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Notice

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic Energy Act of
1954 (AEA), areregulated at the US Department of Energy (DOE) facilities exclusively by DOE acting
pursuant to its AEA authority. DOE asserts, that pursuant to the AEA, it has sole and exclusive
responsibility and authority to regulate source, specia nuclear, and byproduct materials at DOE-owned
nuclear facilities. Information contained herein on radionuclidesis provided for process description
purposes only.
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acute reference exposure levels

Agency for Toxic Substances and Disease Registry
area use factor

bi oaccumul ation factor

bioconcentration factor

bi caccumulation equivalency factor

US Bureau of Land Management

Cdlifornia Environmental Protection Agency
committed dose equivalent

Code of Federal Regulations
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chemical of potential concern

conceptual site model
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dose conversion factor
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US Department of Energy
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ecological risk assessment

Emergency Response Planning Guidelines
evolutionarily significant unit

Effluent Treatment Facility

food chain multiplier

Fitzner-Eberhardt Arid Lands Ecology Reserve
Federal Guidance Report

Federal Register

final risk assessment

US Fish and Wildlife Service
gastrointestinal absorption factor

Health Effects Assessment Summary Table
high-efficiency mist eliminator
high-efficiency particulate air

human health risk assessment

Human Health Risk Assessment Protocol
hazard index

high-level waste

hazard quotient

International Atomic Energy Agency
immobilized high-level waste
immobilized low-activity waste
incremental lifetime cancer risk

Integrated Risk Information System
Industrial Source Complex Short Term Model, Version 3
integrated safety management system

ion exchange

lifetime average daily dose

low-activity waste

Liquid Effluent Retention Facility

lowest observed adverse effect level
Mesoscale Model 5
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MTCA Model Toxics Control Act

MW molecular weight

NAAQS National Ambient Air Quality Standard
NAWQC National Ambient Water Quality Criteria
NCEA National Center for Environmental Assessment
NOAEL no observed adverse effect level

ORP Office of River Protection

OSHA Occupational Safety and Health Administration
OSWER Office of Solid Waste and Emergency Response
PAH polycyclic aromatic hydrocarbons

PCB polychlorinated biphenyl

PCDD polychlorinated dibenzo-p-dioxin

PCDF polychlorinated dibenzofuran

pCi picocurie

PEF particul ate emission factor

PIC product of incomplete combustion

PIM pulsejet mixer

PRA pre-demonstration test risk assessment
PSD prevention of significant deterioration
QF quality factor

RAWP risk assessment work plan

RF risk factor

RCF root concentration factor

RfC reference concentration

RfD reference dose

RFD reverse flow diverter

RME reasonable maximum exposure

ROD Record of Decision

ROPC radionuclide of potential concern

RPF relative potency factor

SBS submerged bed scrubber

SF slope factor

SFr soil or sediment ingestion fraction
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temporary emergency exposure limits

toxicity equivalency factor
toxic equivalency

tentatively identified compound
transuranic

toxicity reference value
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temporal use factor
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Universal Treatment Standards
volatile organic compound
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wet electrostatic precipitator
World Health Organization
water-to-plant
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Glossary

abiotic — non-living; used to describe air, soil, sediment, and water to which receptors may be exposed.

anadromous — describing fish that spend most of their adult livesin salt water and migrate to freshwater
rivers and lakes to reproduce.

Ba— biotransfer factor for an animal product, expressed as the ratio of the chemical concentration in fresh
weight tissue to the daily intake of the chemical by the animal.

Bayer — biotransfer factor for beef, expressed as the ratio of the chemical concentration in fresh weight
tissue to the daily intake of the chemical by beef cattle.

Bagicken— biotransfer factor for chickens, expressed as the ratio of the chemica concentration in fresh
weight tissue to the chemical intake from the feed by chickens.

Bagyy — biotransfer factor for eggs, expressed asthe ratio of the chemical concentration in fresh weight
tissue to the chemical intake from the feed by chickens.

Bayiik— biotransfer factor for milk, expressed as the ratio of the chemical concentration in fresh weight
tissue to the daily intake of the chemical by milk cows.

Bayo— biotransfer factor for pork, expressed as the ratio of the chemical concentration in fresh weight
tissue to the daily intake of the chemical by swine.

BAF-S —terrestria invertebrate bioaccumulation factor, used to calculate the transfer of a chemical from
soil to aterrestria invertebrate.

BAF-T, —mammal or bird bioaccumulation factor, used to calculate the transfer of a chemical from a
plant to amammal or bird; the factor is specific to each receptor because it includes the daily intake of
plants by the receptor.

BAF-T—mammal or bird bioaccumulation factor, used to calcul ate the transfer of a chemical from soil
or sediment to amammal or bird; the factor is specific to each receptor because it includes the daily
intake of soil or sediment by the receptor.

BAF-T,, —mammal or bird bioaccumulation factor, used to calculate the transfer of a chemical from
ingested water to amammal or bird; the factor is specific to each receptor because it includes the daily
intake of water by the receptor.

BASF — benthic invertebrate bioaccumul ation factor, used to calculate the transfer of a chemica from
sediment to a benthic invertebrate.

BCFi«, — fish bioconcentration factor, used to cal cul ate the transfer of a chemical from surface water to a
fish.
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BCF;,, — aguatic invertebrate bioconcentration factor, used to calculate the transfer of a chemical from
surface water to an aquatic invertebrate.

BEF —the ratio of bioaccumulation of a polychlorinated dibenzodioxin or dibenzofuran COPC to the
bioaccumulation of 2,3,7,8-tetrachlorodibenzo-p-dioxin.

Benthic — having to do with sediment at the bottom of a stream, pond, river, or lake.

Bioaccumulation factor (BAF) — uptake factor for direct and indirect transfer of chemicals from abiotic
medium and food to an organism, expressed as the ratio of the concentration of a chemical in an organism
and the concentration of the chemical in an abiotic medium that is a direct source of the chemical for the
organism and which the organism’ s food is also exposed.

Bioconcentration factor (BCF) — uptake factor for direct transfer of chemicals from abiotic medium only
to an organism, expressed as the ratio of the concentration of a chemical in an organism and the
concentration of the chemical in an abiotic medium that is a direct source of the chemical for the
organism.

Biomagnification factor (BMF) —the ratio of the concentration of achemical in a consumer and the
concentration of the chemical initsfood.

Br — soil-to-plant uptake factor; uptake is through roots or root hairs.

Brg, — soil-to-plant uptake factor for aboveground plants, accounting for the uptake from soil and the
subsequent transport of chemicals through the roots to the aboveground parts of a plant.

Brootveg — SOIl-to-plant uptake factor for chemicalsin root vegetables, accounting for the uptake from soil
to the belowground root vegetable or produce.

BW —tota body weight of areceptor.

C,— concentration of a COPC or ROPC in the tissue of an animal receptor resulting from ingestion of
contaminated soil, sediment, water, and food.

C.r — concentration of a COPC or ROPC in air resulting from WTP airborne emissions.

CALPUFF —an air dispersion model. This model handles winds more redistically than the ISCST3
model.

Carnivore — an animal that eats other animals.
Ciorage — modeled concentration in forage.
Cyrain — modeled concentration in grain.

C, — concentration of a COPC or ROPC in plants resulting from uptake of WTP airborne emissions
directly and from soil.
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Cuw — concentration of a COPC or ROPC in soil pore water resulting from deposition of WTP airborne
emissions.

Conservation of mass— The conservation of mass is afundamental concept of physics. Within adefined
system, the amount of mass remains constant (that is, mass cannot be created from nothing). For this
discussion, the defined system is the release of chemical emissions from the WTP, subsequent deposition
to soil, and uptake into biological organisms.

Conservative — used in the RAWP to refer to conditions that implicitly or explicitly overestimate
exposure. In some cases the word "conservative" is used to refer to procedures that result in higher risks
than would have been calculated by explicitly using methods in the guidance.

COPC — chemical of potential concern.

CRorage — cONsumption rate of forage by areceptor (quantity consumed per day).

CRyrsin — COnsumption rate of grain by areceptor (quantity consumed per day).

CRuilage — COnsumption rate of silage by areceptor (quantity consumed per day).

CR,i — consumption rate of soil by areceptor (quantity consumed per day).

Cs—modeled concentration in soil or sediment.

Cisilage — Modeled concentration in silage.

Cqii — modeled concentration in soil .

DCF — dose conversion factor, amultiplier used to convert the concentration of an ROPC in air, soil, or
water to the external radiation dose absorbed by a receptor.

Default —a predetermined numerical value that is used in place of a missing value.
Dose — the amount of achemical taken in by an organism.

Driver —a COPC or ROPC that contributes 10 % or more of the threshold incremental lifetime cancer risk
for human risk, or 10 % or more of the threshold hazard index for human or ecological risk.

Exposure duration —time period over which areceptor is exposed.

Feed — For the animals included in this discussion (cattle, wild game, swine, poultry, and wildfowl), feed
may include forage, grain, or silage.

foc — fraction of the dry mass of soil consisting of organic carbon, for example, particle-bound, dissolved,
or emulsified organic chemicals and decaying plant and animal material.

Food chain —a sequence of discrete feeding relationshi ps between different species populations or groups
of smilar organisms.
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Food chain multiplier (FCM) —the ratio of the concentration of a substance in the tissue of an animal
(consumer or predator) and the concentration in the abiotic medium at the base of the food chain (i.e.,
soil, water, sediment). Per the EPA guidance, thisisthe preferred technique for ecological evaluation of
terrestrial food chains even though it was originally developed in aguatic food chains. The ratio of tissue
concentrations in predator and prey is given by FCM yregator/ FCM prey

Hanford offsite maximum — location of maximum predicted ground-level concentrations of both airborne
and deposited emissions outside the Hanford Site boundary. This location will have the highest modeled
exposures on land that DOE does not control.

Herbivore — an animal that eats primarily plant material.

Human Health Risk Assessment Protocol (HHRAP) - the human health risk assessment guidance
document (EPA 1998ain section 11).

ILCR —incrementd lifetime cancer risk.
Insectivore — an animal that eats primarily insects and other invertebrates.

ISCST3 — Industria Source Complex Short-Term Model; an earlier air dispersion model used by the
WTP, now replaced by CALPUFF.

Joule-heated — heated by passing an electric current directly through the material.

Kds — soil-water partitioning coefficient. Per EPA 1999a (see section 11) Kds “describes the partitioning
of acompound between soil pore-water and soil particles, and strongly influences the release and
movement of acompound into the subsurface soils and underlying aquifer”. It is used here to model the
movement of chemicals from soil into plant roots.

Kc — S0il organic carbon-water partitioning coefficient (concentration of chemical in soil, expressed as
soil carbon, rdlative to its solubility in water).

Kow — Octanol/water partitioning coefficient (ratio of the solute concentration in the water-saturated
octanol phase to the solute concentration in the octanol -saturated water phase).

LOAEL —the lowest dose of atoxic chemical that caused an observable adverse effect in atoxicity test
on the endpoint being measured; if the range of doses tested did not include a dose low enough to cause a
NOAEL, it isnot possible to determine how close the LOAEL isto ano adverse effect level dose.

Mass density — the weight of material in aunit area given a specified soil depth.

Mass-limited uptake factor — an uptake factor that resultsin 100 % of an available chemical being
transferred into a biological receptor but no more.

mGy — milliGray, a unit of absorbed radiation equal to 0.001 Joule/kg.

NOAEL — the highest dose of atoxic chemical that did not cause any observable adverse effect in a
toxicity test on the endpoint being measured; if the range of doses tested did not include a dose high
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enough to cause a LOAEL, it is not possible to determine how close the NOAEL isto an adverse effect
level.

Omnivore — an animal that eats both plants and animals.

Onsite ground maximum — location of maximum predicted ground-level concentrations of both airborne
and deposited emissions on the Hanford Site. Thislocation will have the highest modeled exposures for
current workers on the Hanford Site, for potential future residents on the Hanford Site, and for ecological
receptors.

Planktivorous — describing fish that eat plankton.

Plausible — describing exposure scenarios for receptors that currently exist, or may reasonably be
expected to exist in the future, at a given location (for example, afuture resident at the Hanford offsite
maximum location). Exposure parameters for plausible scenarios are conservative.

Product of incomplete combustion (PIC) —a chemical produced when combustion of an organic COPC
does not completely convert the COPC to carbon dioxide and oxides of nitrogen, sulfur, and/or any other
element that makes up the chemical structure of the COPC.

QF — afactor that describes the relative biological activity (i.e., quality) of apharadiation compared to
gamma radiation.

rad —a unit of absorbed radiation equal to 0.01 Joule/kg.

RCF —root concentration factor, used to cal culate the belowground transfer of achemical from the soil to
aroot vegetable.

RDEXxt,, — external radiation dose (rad/d) from airborne ROPCs surrounding the receptor.

RDExtsq —externa radiation dose (rad/d) from ROPCs in sediment; receptor either isimmersed in
sediment or ison or near the surface of the sediment.

RDExts,; — external radiation dose (rad/d) from ROPCs in soil to areceptor that either isimmersed in soil
or ison or near the surface of the soil.

RDEXtyaer imm — €xternal radiation dose (rad/d) from ROPCs in water to areceptor that isimmersed in
water.

RDEXt,aer prox — €Xternal radiation dose (rad/d) from ROPCs in water to areceptor that is above but near
the surface of the water.

RDInt —internal radiation dose (rad/d) to an organism that has incorporated ROPCs.
Regression — a mathematical method that determines how closely an equation fits a series of data points.

Regression can be used to derive a generalized equation from a number of observed values, for example,
the equations to cal cul ate bioaccumulation factors from log Ko, values.
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Sensitive species EC20 — a benchmark calculated from chronic toxicity test data that is intended to allow
no more than a 20 % reduction in weight or number of offspring in 95 % of species.

Slope factor — plausible upper-bound estimate (for chemicals) and central estimate (for radionuclides) of
the probability of a cancer response per unit intake over alifetime.

SFr — soil fraction isthe ratio of the soil ingestion rate to the sum of the plant and animal ingestion rates.

SLERAP — screening-level ecological risk assessment protocol; the ecological risk assessment guidance
document (EPA 1999ain section 11).

Soil pore water —water in the interstitial spaces between the mineral and organic particles of soil.

SP — sediment-dwelling plant bioconcentration factor, used to calculate the transfer of a chemical from
sediment to a sediment-dwelling plant.

SPv — plant bioconcentration factor, used to calculate the transfer of a chemical from soil to a soil-
dwelling plant.

Steady state — the condition where the value of a variable does not change through time.

Surrogate — a chemical with known bioaccumulation or toxicity factors which are used in lieu of those
factors for a COPC for which the factors are not known. The surrogate is sufficiently chemically similar
to the COPC that the COPC is expected to have similar bioaccumulation or toxicity factors to those of the
surrogate.

Target analyte — an analyte that is expected to occur in WTP airborne emissions and can readily be
identified and quantified by chemical analytical methods that will be used at the WTP.

T&E species— plant and animal species that have been designated by law as threatened or endangered.

TEF —the ratio of toxicity of apolychlorinated dibenzodioxin and dibenzofuran COPC to the toxicity of
2,3,7,8-tetrachl orodibenzo-p-dioxin.

Tentatively identified compound — a compound that is detected in environmental samplesthat is not a
target analyte. TICsareidentified generally as aresult of using mass spectrometry techniques. When a
TIC isidentified, it can be definitively identified by analyzing an authentic standard of the putative
unknown.

Tilled soil — soil evenly mixed down to a depth of 20 cm.

Untilled soil — soil evenly mixed down to a depth of 1 cm.

Uptake factor — the ratio of a chemical concentration in one environmental medium to its concentration in
another.

Wetland — an area whose soil is saturated with water; saturation causes low oxygen concentrationsin the
soil and resultsin the growth of plants specidized to live with low oxygen levels.
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Worst-case — describing exposure scenarios for receptors that are not reasonably expected to exist now or
in the future at the specified location (for example, afuture resident at the onsite ground maximum
location). Exposure parameters for worst-case scenarios are conservative.

WP — aquatic plant concentration factor, used to calcul ate the transfer of a chemical from surface water to
an aquatic plant.

Page xvi



=

24590-WTP-RPT-ENS-03-006, Rev O
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Executive Summary

The purpose of thiswork plan isto provide the concepts, methods, and datato be used in an
environmental risk assessment. Theintent of this environmental risk assessment is to ensure that the
airborne emissions from the Hanford Tank Waste Treatment and Immobilization Plant (WTP) will be safe
to anyone who lives near or works on or near the Hanford Site, to Native Americans who use resources on
or near the Hanford Site, and to plants and animals on or near the Hanford Site. It isimportant that
people and the environment are not harmed because potential exposures are overlooked or
underestimated, but it is aso important to maximize the ability of the facility to dispose of the tank wastes
and to protect against the potentia leakage from these tanks into the nearby Hanford Site soil,
groundwater, and ultimately the Columbia River. A balance of these goals will result from the interactive
process of reviewing and improving this work plan and subsequent documents that will contain the actua
environmental risk assessments. Indeed, each stage of thiswork will benefit from interactions with

regul atory agencies, Native American tribes, and the public to assure public health and to protect the
environment. These interactions are expected to be in the form of questions and comments about
methods and data, and other inputs.

Hanford tank wastes consist of approximately 54 million US gallons of highly radioactive and mixed
dangerous wastes that are managed by the US Department of Energy. The wastes consist of solids
(sludge), liquids (supernatant) and salt cake (dried salts that will dissolve in water to form supernatant).
Theterm low-activity waste (LAW) generaly refersto the supernatant portion, while high-level waste
(HLW) usualy refersto the solids; both of these waste categories are subsets of HLW. These wastes are
stored in underground holding tanks and will be pumped to the WTP. At the WTP, wastes will be
pretreated and immobilized using atechnology called vitrification. Vitrification isathermal process that
converts the waste materialsinto durable glass. The vitrified wastes and secondary wastes resulting from
the WTP processes will then be transferred to permitted treatment, storage, or disposal units. The WTPis
scheduled to be in operation for up to 40 years. During the pretrestment and vitrification of the various
types of wastes, some airborne emissions will be created. There are various engineered devices that will
control the nature and amounts of these emissions, but there will still be material in the form of vapors
and small particlesthat will be released viathree tall stacks and severa ventsinto the environment around
the WTP.

Once the vapors and particul ates |eave the facility stacks, they will be carried by air currents and
deposited on the surface of soil and vegetation around the WTP and on the surface of the Columbia River.
An air-dispersion model named CALPUFF will be used to calculate how the emitted chemicals and
radionuclides will be dispersed. Some of the materia will enter terrestrial and aquatic food chains, and
people and animals can ingest the food that contains small amounts of materia from the emissions. The
work plan contains details about these processes; pathways and exposures are defined in very explicit
ways so that a complete and quantitative risk assessment can be conducted. The work plan presents a
thorough explanation of these exposures via various pathways to a variety of receptors, from as many as
470 different chemicals and radionuclides.

The environmental risk assessment will define and evaluate risks, or the potential for harm, to human and
ecological receptors within various distances from the WTP. For example, the air-dispersion model will
model exposure depositions and concentrations within a 50 kilometer radius around the WTP. The area
within a 50 kilometer radius is predominantly located within Benton County in Washington State, and
includes parts of Franklin, Grant, Y akima, and Kittitas counties. The Tri-Cities, comprised of the cities of
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Richland, Kennewick, and Pasco, are adjacent to the southern edge of the Hanford Site. The Tri-Cities
area contains a population of approximately 192,000, the majority of whom reside between 30 kilometers
and 50 kilometers from the WTP Site. There are ho permanent residents on the Hanford Site, but there
are workers. Native American tribes have treaty rights to resources on Hanford Site, and the
environmental risk assessment will evaluate potential risks from food gathering and social activities. A
variety of ecological receptors inhabit the Hanford Site. They include terrestrial and aquatic plants (the
basis of the food chains); terrestrial, aquatic, and sediment-dwelling animals; mammals and birds that eat
the terrestrial and aquatic plants and animals; and aquatic biotain the Columbia River. Thus, Hanford
Site-specific human and ecological receptors will be evaluated in the risk assessments, and there will be
two types of risk assessments: one focusing on humans (the human health risk assessment) and the other
focusing on plants and animals in the environment (the ecological risk assessment).

The human health risk assessment includes four fundamental steps: (1) data evaluation, (2) exposure
assessment, (3) toxicity assessment, and (4) risk characterization. These steps, as well as the collection of
considerable amounts of data and associated estimation methods, are specified by the Washington State
Department of Ecology and the US Environmental Protection Agency. The data evaluation step focuses
on the selection of the chemicals and radionuclides of potential concern and the quantification of
emissions; both of these are described fully in the work plan. Exposure assessment, the second step, deals
with estimating the type, extent, and magnitude of potential exposures. The types of human receptors that
will be used to calculate quantitative estimates of risk are also established at this step. These receptors are
the following: worker, resident (both adult and child), resident subsistence farmer (both adult and child),
resident subsistence fisher (both adult and child), Native American subsistence resident (both adult and
child), nursing infant, and a person who has an acute or short-term exposure. The geographical locations
where the people live and work and the exposure pathways are explained in the work plan. Thethird step
is atoxicity assessment, which involves evaluating the potential of the various chemicals and
radionuclides to cause adverse hedth effectsin exposed individuals. The toxicity assessment will
consider the potential cancer and noncancer effects associated with contaminant exposures. Risk
characterization, the fourth step, involves evaluating the exposure and the toxicity information together to
estimate the potential for various humans under various conditions to experience adverse effects (cancer
and noncancer) as aresult of being exposed to the media contaminated by emissions from the WTP.

Risks are presented as potential incremental lifetime cancer risk, or noncancer hazard quotients and
hazard indices. The information will be presented for each chemica and radionuclide, each pathway,
each set of exposures, and each receptor. In turn, these risk values will be compared to risk thresholds.
Thus, various comparisons will be possible in order to understand and make decisions about the
protection of human health.

The ecological risk assessment includes the same fundamental steps as the human health risk assessment,
although thefirst step is called problem formulation instead of data evaluation. As described above for
the human health risk assessment, these four steps follow alogica order, with additional methodical
substeps. Just asis the case for human health risk methods and data, the methods and the data for the
ecological risk assessment have been specified by regulatory agencies such as the Washington State
Department of Ecology and the US Environmental Protection Agency. Asin the case of human health,
where Hanford Site-specific human receptors are being evaluated, Hanford Site-specific vegetation and
animals are also being evaluated. These receptors are organized into two types according to the habitat
type in which they live: the land or terrestrial habitats around the WTP site, and the aquatic habitats of the
Columbia River. For theterrestrial habitats, the following receptors will be used to quantify potential
risk: plants, soil invertebrates, herbivorous mammals and birds, omnivorous mammals and birds, and
carnivorous mammals and birds. For the Columbia River, the following aquatic receptors will be used:
plants, sediment-dwelling invertebrates, fish (including salmon) and other aguatic organisms, herbivorous
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waterfowl, shorebirds, and fish-eating mammals and birds. Thereis abundant information about the
feeding habits of these organisms and there is also considerable toxicity data. A quantitative
characterization will be provided for as many as 470 chemicals and radionuclides, ng many
pathways in avariety of geographical places, and many exposures to avariety of ecological receptors.
The ecological risk assessment cal cul ates exposure and effectsratios. These ratios, called hazard
guotients and hazard indices, are in turn compared to thresholds. There will be sufficient information to
make decisions about the protection of the environment.

Various types and degrees of uncertainty are introduced into the human health and ecological risk
assessments at every step of the process. This uncertainty occurs because risk assessment is a complex
process, requiring integration of source information, estimates of fate and transport in variable
environments, exposure assessment, and effects assessment. Uncertainty is inherent even when the most
accurate, up-to-date, and appropriate models are used. Throughout the risk assessments, an effort is made
to overestimate, rather than underestimate, the exposures and risks in order to compensate for these
uncertainties. The work plan explains how an uncertainty assessment will be used to place the risk
estimates in proper perspective to allow fully informed risk management decisions.

In summary, chemical and radionuclide contaminants present in underground tanks at the Hanford Site
need to be retrieved and treated before they leak into the nearby soil and groundwater, and possibly into
the Columbia River. The WTP processesto pretreat and vitrify the contents of underground tanks will
help to solve this potential problem. Emissions are expected from these waste treatment processes, and
thiswork plan shows the models and scientific data that will be used to characterize how separate
chemicals and radionuclides may move through the air, soil, surface water, sediment, and food chains
around the WTP in the Hanford Site environment. These airborne releases could potentially expose a
variety of human and ecological receptorsto chemicals and radionuclides.

Thiswork plan will benefit from inputs from regulatory agencies, Native American tribes, and the public.
After inputs are incorporated, the work plan methods and data will be implemented. Computations will
follow, and risk predictions will be compared to appropriate thresholds. These findings will be put into
proper perspective using an uncertainty assessment to allow fully informed risk management decisions.
These decisions will focus on protecting human health, plants, and animals while operating the WTP
successfully.
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1 Introduction

Thisrisk assessment work plan (RAWP) presents the risk assessment protocol for evaluating potential
risks to human health and ecol ogical resources from the Hanford Tank Waste Treatment and
Immoabilization Plant (WTP) at the Hanford Site. The Hanford Siteislocated in southeastern Washington
State, is owned by the US government, and managed by the US Department of Energy (DOE), US Bureau
of Land Management (BLM), US Fish and Wildlife Service (FWS), and Washington State Department of
Fish and Wildlife. The WTP will include two waste vitrification facilities and a pretreatment facility, and
will be built in the 200 East Area of the Hanford Site.

Thiswork plan establishes the methods for conducting the screening-level risk assessment (SLRA) to
estimate potentia risks to human health and ecological resources associated with airborne releases resulting
from processing Hanford tank waste into a stable, glassified form. Airborne releases are the only viable
pathway for receptor exposure; therefore, the US Environmental Protection Agency (EPA) guidance for
airborne releases is being used (see section 2). Other releases, such as releases to water and non-dangerous
solid waste disposal, are permitted through appropriate regulatory programs. Throughout the risk
assessment pracess, the intent isto ensure that the WTP is safe for people living or working on or near the
Hanford Site as well as safe for plants and animals.

The risk assessment, in conjunction with the other portions of the WTP Dangerous Waste Permit
(WA7890008967), will serve to:

o Establish operating conditions for the facilities
o Identify feed congtituents that need to be controlled to stay below acceptable risk thresholds
e Identify what monitoring of WTP componentsis required to verify permit compliance

The limits and monitoring requirements established as aresult of the risk assessment process are not the
only inputs required for control and operation of the WTP. Other inputs will include:

e Equipment control limits and monitoring established as a result of experience with operations from
similar DOE vitrification facilities including: the West Valley Demonstration Project in West Valley,
New Y ork, and the Defense Waste Processing Facility at the Savannah River Site in Aiken, South
Carolina

e Control limits and monitoring recommendations of equipment vendors

e Control limits and monitoring required by other permits, approvals, and authorizations (for example,
air permits)

This RAWP contains a brief statement of the risk assessment approach (section 2) and an engineering
description of the WTP (section 3). Sections 4 through 8 present the key components of the human health
and ecological SLRA protocol as noted below:

o Identification of constituents of potential concern - section 4
e Quantification of airborne emissions - section 5
e Modding of the airborne emissions and other environmental pathways - section 6
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e Screening human health risk assessment - section 7
e Screening ecologica risk assessment - section 8

Section 9 presents the relationship of the risk assessment to the WTP, including the process to establish
risk-based emissions limits, if needed. Section 10 describes how uncertainty will be handled in the
SLRA. References are provided in section 11 and are followed by three appendices and two attachments
providing details of the constituents of potential concern (Appendix A), chemical-specific
physical/chemical and toxicity datafor human health and ecological resources, respectively

(appendices B and C), details of the emissions estimate (Attachment 1), and details of the WTP process
cell emissions (Attachment 2). The public, Native American tribes, and regulatory agencies are being
invited to comment on this work plan and on subsequent documents in order to obtain their input to the
decision-making process.
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2 Risk Assessment Approach

This section describes the overall screening-level risk assessment (SLRA) scope and approach (shown in
Figure 2-1) that will be used to establish operating conditions for cold commissioning (nonradioactive
waste testing) as well as processing of mixed wastes at the Hanford Tank Waste Treatment Plant and
Immobilization Plant (WTP).

The primary regulatory guidance followed for this risk assessment is found in the Human Health Risk
Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 1998a) and the Screening-Level
Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 1999a).

2.1  Scopeof the Screening-L evel Risk Assessment

The SLRA will evaluate exposure and risks to potential human and ecological receptors within a’50 km
radius of the WTP. See section 7 for an additional discussion of the human receptors, and section 8
provides additional details of the ecologica receptors.

The area within the 50 km radiusislocated predominantly within Benton County in Washington State,
with smaller portions located in Franklin, Grant, Y akima, and Kittitas counties. The Tri-Cities; that is,
the combined cities of Richland, Kennewick, and Pasco, are adjacent to the southern edge of the Hanford
Site. The Tri-Cities area contains a population of approximately 192,000 (US Census 2000), the majority
of whom reside between 30 km and 50 km from the WTP site. The population outside the Tri-Cities but
within 50 km of the WTP siteis sparse. There are no permanent residences on the Hanford Site. Native
American tribes have treaty rights to resources on the Hanford Site, and the SLRA includes potential risks
from food gathering and social activities (for more information see section 7.1).

A variety of ecological receptorsinhabit the Hanford Site. They include terrestrial and aguatic plants,
terrestrial, aquatic, and sediment-dwelling invertebrates; mammals and birds that eat terrestrial plants and
animals; fish and other aguatic biota; and mammals and birds that eat fish and other aquatic biota. These
ecological receptors are discussed in more detail in section 8.1.

The SLRA, specifically the pre-demonstration test risk assessment (PRA) and the final risk assessment
(FRA), will address the potential operating life of the WTP. The current WTP Dangerous Waste Permit
(WA 7890008967) covers projected operations of the WTP. The SLRA assumes that the facility will
operate at maximum capacity for its entire design life (40 years from the start of the facility operations).
Risks from the waste in the Hanford double-shell tank system, as well as cumulative risk from the
Hanford Site, are outside the scope of the SLRA.

2.2 Screening-Level Risk Assessment Process

The major components of the SLRA process for airborne emissions are the following (Figure 2-1):

e Work plan for the SLRA - Thiswork plan is submitted to comply with conditions of the WTP
Dangerous Waste Permit (WA7890008967). The work plan establishes the methods for the future

implementation of the SLRA. The PRA and FRA are subparts of the SLRA, as described in this work
plan.
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e Pre-demonstration test risk assessment - The PRA will be performed before performance
demonstration testing of the WTP. The PRA will estimate human health and ecological risk based on
engineering estimates of emissions from WTP units.

e Fina risk assessment - The FRA will be conducted following collection of datafrom performance
demonstration testing of WTP units. The FRA is conducted using an approach very similar to the
PRA. However, estimated emission rates will be supplemented with the results of the environmental
performance demonstration tests, resulting in a more reliable estimate of process emissions and,
therefore, a better estimate of risks associated with the WTP processes.

Participants in the SLRA process are:

e US Department of Energy (DOE)

e Washington State Department of Ecology (Ecology)

e USEnvironmenta Protection Agency (EPA) Region 10
e Yakamalndian Nation

e Confederated Tribes of the Umatilla Indian Reservation
o Nez PerceTribe

e Thegenerd public

e Bechte National, Inc. (WTP co-operator).

All participants are welcome to make contributions to the devel opment this work plan and other
documents.

The SLRA must serve several purposes, including: (1) identifying any potential risks to human health or
ecological resources that may result from emissions from the WTP; (2) providing the information
necessary to determine what, if any, additional permit conditions are necessary for the operation of the
WTP to be protective of human health and ecologica resources; and (3) providing risk information to
Ecology, EPA, DOE, Native American tribes, and the public. For these reasons, the overall approach for
the SLRA istoidentify potential risks associated with both plausible and worst-case scenarios as defined
in the following.

e The plausible exposure scenarios represent more realistic assumptions regarding the location of
potential human and ecological receptors. The exposure scenarios reflect anticipated WTP operations
and the continuation of current uses of the surrounding land and habitats, and make reasonable
assumptions about future land uses while still using upper-bound estimates of exposure pathways and
activity patterns.

e Theworst-case exposure scenarios represent worst-case assumptions regarding the location of human
and ecological receptors, exposure pathways, and activity patterns (for example, subsistence fishing).
The receptor locations used in the worst-case scenario are considered hypothetical since assumed
activities (for example, resident, subsistence farmer) do not currently occur in the worst-case Hanford
Site locations nor are they expected to occur during the WTP's operational lifetime.

The exposure scenarios are intended to provide a better understanding of the range of potential risksto a
variety of human and ecological receptors representing conservative exposures at locations typical of the
Hanford Site area under avariety of land use conditions at current and future times.
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Both the plausible and worst-case exposure scenarios will incorporate conservative assumptions regarding
human and ecological exposures. This approach is consistent with the Environmental Protection Agency
Risk Characterization Policy (EPA 1995a), which directs the “use of several descriptors, rather than a
single description, to enable the EPA to present afuller picture of risk that corresponds to the range of
different exposure conditions encountered by variousindividuals and populations’.

The general technical processfor the SLRA is provided in Figure 2-2. This process starts with the
estimation of air concentration of various chemicas and radionuclides, moves to an estimation of airborne
deposition, and from there to predictions of movement in soil, surface water, and food. Next, exposure to
humans, plants, and animals will be estimated in order to compl ete the risk characterization.

Requirements and assumptions for the FRA will be influenced by the results of the PRA as well as data
collected during environmental performance demonstration tests. The FRA will include estimated
emissions based on engineering calculations (pretreatment system emissions and vapor-phase organic
emissions from WTP process cells) and environmenta performance demonstration tests for the low-
activity waste (LAW) and high-level waste (HLW) vitrification systems. Based on the results of the
environmenta performance demonstration tests, the FRA may involve running new models, modeling
additional chemicals, or changing model parameters. Information that will require updating in the FRA,
as specified in the WTP Dangerous Waste Permit (WA 7890008967), will include:

e Toxicity data current at the time of the submittal

e Compounds newly identified, or updated emissions data from current waste characterization and
emission testing

e Air modeling updated to include stack gas parameters based on most current emissions testing and
current WTP unit design

e Physical/transport properties of constituents current at the time of the submittal

e  Process description based on current WTP unit design

e Emissionsdataand all supporting calculations based on current WTP unit design
e Update of receptor locations based on land use or land use zoning changes, if any

The performance demonstration testing of melter units presents unigque challenges that differ from
incineration-type combustion units, which are used as a starting point for devel oping test plans.
Differences include the systems used to control melter emissions versus those used for flame combustion
units, as well as differencesin the quantities and concentrations of COPCs fed to melter units versus other
flame-type combustion units. In order for the performance demonstration test to be predictive of the
ability of the melter offgas systems to control emissions and demonstrate that human health and
environmental protection standards established by the SLRA are met, it will be necessary to take these
differences into account.

The SLRA processisiterative. It includes review of the PRA findings and revision of risk assessment
assumptions and WTP engineering design and operation for the FRA. Results of the FRA will be used to
calculate risk-based emissions limits to protect human health and the environment. Input from Ecology,
EPA, Native American tribes, and the public will be included at each step of the process. The graphic
description of the process provided in Figure 2-1 identifies points for thisinput.
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1 ThePRA modeling results will be used to formulate FRA approaches. Thus, the PRA is an important
2 first step and the primary emphasis of this work plan.
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1 Figure2-1 Overview of Screening-Level Risk Assessment Processfor WTP Air Emissions
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Figure2-2 Overview of Fate and Transport of Airborne Emissions During the PRA and FRA
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3 Engineering Description

Hanford tank waste consists of approximately 54 million US gallons of highly radioactive and mixed
hazardous wastes stored in underground storage tanks at the US Department of Energy’s (DOE's)
Hanford Site. The Hanford Tank Waste Treatment and Immobilization Plant (WTP) is being constructed
to treat mixed wastes from underground storage tanks. After the tank waste is received from the Hanford
double-shell tank system, it will be pretreated and then immobilized using a process called vitrification.
Vitrification is athermal process that converts the waste materials into adurable glass. The vitrified
wastes and secondary wastes resulting from the WTP processes will be transferred to permitted treatment,
storage or disposal unitsfor disposition. Offgas generated by the pretreatment and vitrification processes
will be treated in independent offgas treatment systems. This section provides an overview of the mixed
waste treatment processes that will be used in the WTP.

3.1 WTPOverview

The WTPislocated at the eastern end of the 200 East Area of the Hanford Site, near the former Grout
Treatment Facility, 241-AP Tank Farm Complex, and Plutonium Uranium Extraction Plant. Figure 3-1
shows the location of the WTP on the Hanford Site.

Waste from the Hanford double-shell tank system will be transferred to the WTP pretreatment facility.
The tank waste consists of solids (sludge), liquids (supernatant), and salt cake (dried salts that will
dissolve in water to form supernatant).

The term low-activity waste (LAW) feed generally refersto the supernatant portion of Hanford's
double-shell tank waste, although it can include high-level waste (HLW) solids. Hanford tank wasteis
from avariety of nuclear processfacility sources. It historically has been managed asHLW. LAW feed
is composed of three waste feed envel opes, which are described below.

e EnvelopeA. Concentrations of certain radionuclides (such as cesium) in this feed envelope are high
enough to warrant their removal so that the immobilized low-activity waste (ILAW) glass will meet
applicable requirements.

e EnvelopeB. Thisfeed envelope contains higher concentrations of cesium than Envelope A. This
envelope aso allows for concentrations of chlorine, chromium, fluorine, phosphates, and sulfates that
are higher than those found in Envelope A, which may limit the rate of waste incorporation into glass.

e Envelope C. Thisfeed envelope contains high enough concentrations of cesium and organically
complexed strontium and transuranics (TRUS) to require removal to meet ILAW glass specifications.

The HLW or solids fraction of the waste contains the long half-life radioactive constituents as well as
other undissolved solids. The HLW feed is composed of a single envelope, which is described below.

o EnvelopeD. HLW feed will bein the form of adurry containing approximately 10 grams to
200 grams of unwashed solids per liter. Most of the Envelope D radionuclides are in unwashed solid
form. Theliquid fraction of the slurry will be composed of residues from Envelope A, B, or C waste;
the solid fraction will be Envelope D waste.
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Figure 3-2 shows alayout of the WTP. Three main process buildings (pretreatment facility, HLW
vitrification facility, and LAW vitrification facility) will contain most of the dangerous waste
management operations and include major areas for pretreating and vitrifying (immobilizing) tank waste.
The pretreatment facility will receive and pretreat the waste prior to vitrification. Two separate
vitrification facilities will be used to immobilize the pretreated waste. The LAW vitrification facility will
immobilize the mgjority of the supernatant and dissolved salt cake from the Hanford tank waste. The
HLW vitrification facility will immobilize the HLW fraction of the Hanford tank waste. Other smaller
support buildings will provide for storage or transfer of materials used in the treatment process and for
storage of wastes.

Figure 3-3 provides asimplified diagram of the WTP processes. Mixed wastes from the double-shell tank
system (shown in the lower left corner of the diagram) will be recelved and processed through the WTP' s
various pretreatment operations (including feed evaporation, ultrafiltration, and ion exchange). The
resultant pretreated wastes will, in turn, be fed to the LAW or HLW vitrification systems. The treatment
of offgas from the pretreatment and vitrification processes will result in point source emissions to the
environment from each of the three processing facility stacks. Figure 3-3 uses shading to distinguish
offgas treatment steps from other process operations.

3.2 Pretreatment Overview

LAW Envelopes A, B, and C will be transferred to the WTP pretreatment facility as solutions that contain
some undissolved solids (Envelope D-type waste or LAW-precipitated salts). HLW Envelope D feed will
be transferred as slurry to the WTP pretreatment facility.

Wastes having sodium molarity less than 5 will be received into the pretreatment facility and concentrated
in the waste feed evaporator. Wastes having a sodium molarity greater than or equal to 5 will bypass the
waste feed evaporator. Once the sodium molarity is acceptable for further processing (either as received
or after evaporation), the waste will go through the following processes:

o LAW envelopes A or B feeds will be blended with HLW feeds (Envelope D) in an ultrafilter
preparation tank. Theratio of LAW to HLW undissolved solids will be established to support the
respective glass production rates. The blended HLW and LAW feed streams will undergo afiltration
process that separates LAW liquid stream (permeate) from the slurry. The LAW permeate will then
be processed through the ion exchange (1X) process discussed below. The concentrated solids durry
will be caustic leached (if warranted), washed, and blended with cesium concentrate from the IX and
strontium (Sr)/TRU solids from *Sr/TRU precipitation (see below), before being transferred to the
HLW vitrification facility.

e Envelope C feedswill contain organic complexants that cause the Sr and some TRU waste to remain
in solution. Thiswaste will undergo a®Sr/TRU precipitation process before filtration. The filtration
step will then separate the *°Sr/TRU solids, manganese oxide solids (a by-product from the
precipitation process), and entrained solids from permeate (LAW stream). The ®Sr/TRU precipitate
will be washed and stored for blending with HLW feed before HLW vitrification. The *Sr/TRU
precipitate (Envelope C solids) will not be caustic leached. Envelope C permeates are processed
through the IX processes.

e After filtration, the permeate will undergo IX to remove **’Cs. The **'Cs eluate will be concentrated
by evaporation; the concentrated eluate will then be blended with pretreated HLW solids before
transfer to the HLW vitrification facility. The last step in the pretreatment process isto concentrate
the treated LAW liquid by evaporation before transferring the waste to the LAW vitrification facility.
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The pretreatment building will also contain a process and vessel ventilation system, an offgas treatment
system, and a stack. Liquid effluents will be either recycled back into the facility or sent to the Hanford
Site Liquid Effluent Retention Facility (LERF) or 200 Area Effluent Treatment Facility (ETF).

3.3 LAW Vitrification

Treated Envelope A, B, and C supernatants from the pretreatment facility will be transferred to the LAW
vitrification facility for processing. The LAW vitrification process will consist of two melter systems
operated in parallel. Each melter system has a set of feed preparation vessels, alarge-capacity
joule-heated ceramic melter, and an offgas treatment system. The facility will also have a secondary
offgas system shared by the two melter systems. The following description appliesto each of the two
LAW melter systems.

Pretreated LAW waste feeds will be received into one of two LAW concentrate receipt vesselsinside the
LAW vitrification building. Batches of concentrated LAW feed will be transferred from these vesselsto
feed preparation vessels, where glass formers and sucrose will be added and blended to form a uniform
batch of feed to the LAW melters. The durry feed will be transferred to the melter feed vessels, where it
isfed continuously to the LAW melters.

Each LAW melter is designed to nominally produce 15 metric tons per day of ILAW glass and operate at
atemperature between 950 centigrade (°C) and 1150 °C. The feed will enter the melter from the top and
form a cold cap above the melt pool. Volatile components in the feed will be evaporated or decomposed,
then drawn off through the melter offgas system. Nonvolatile components will react to form oxides or
other compounds dissolved in the glass matrix. Bubblerswill agitate the mixture to increase the glass
production rate. An airlift system will pour the glass from the melter into stainless steel containers.

Each LAW melter system will have its own primary offgas equipment, including a film cooler,
submerged bed scrubber (SBS), and wet electrostatic precipitator (WESP). Particulates and
condensables, including entrained or volatilized radionuclides in the melter offgas stream, will be
captured in the SBS and WESP. Condensables from the SBS and the WESP will be collected in the
liquid effluent system and recycled to the treated LAW evaporator in the pretreatment facility. The
primary offgas systems will join after the WESP and will be routed to the secondary offgas system. At
this point, the LAW vessdl vent header will join the offgas. The secondary offgas system will provide
final filtration, remove mercury, destroy organics, reduce oxides of nitrogen (NO,), and removes halides.
Thiswill be done by using high-efficiency particulate air (HEPA) filters, atreated activated carbon bed, a
thermal catalytic oxidizer, a selective catalytic reducer, and a caustic scrubber.

34 HLW Vitrification

The HLW vitrification facility will receive the pretreated HLW feed from the pretreatment facility.
Treated Envelope D slurry and the LAW intermediate waste products (separated “Sr/TRU and **'Cs) will
make up the feed to the HLW vitrification facility. The HLW vitrification process will consist of two
joule-heated ceramic melters fed by independent feed and blending vessel trains, a dedicated offgas
treatment system for each melter, and a common secondary effluent collection system. HLW feed
concentrate will be transferred from the pretreatment building to the HLW concentrate receipt vesselsin
the HLW vitrification building. Batches of HLW feed concentrate will then be transferred to one of the
two melter feed preparation vessels. The feed concentrate will be blended with glass-forming chemicals
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and sucrose, then mixed to ensure a uniform mixture. The melter feed durry will be transferred to the
melter feed vessal, where it can be fed to a dedicated HLW melter.

Each of the two HLW melters are designed to operate at a temperature between 950 °C and 1150 °C at a
nominal rate of 1.5 metric tons per day of IHLW glass. Melter feed durry will be introduced at the top of
the melter and form a cold cap on the surface of the melt pool. Water and volatile components will
evaporate or decompose and then be drawn off through the offgas system. Nonvolatile components will
react to form oxides, which will become part of the molten glass.

Each HLW melter will have a dedicated primary and secondary offgas system where the offgas from the
melter will passthrough afilm cooler, SBS, WESP, high-efficiency mist eliminators (HEMEs), and
HEPA filters to remove particulates and radionuclides. The offgas will then pass through a secondary
offgas system consisting of treated activated carbon, silver mordenite, thermal catalytic oxidation, and
selective catalytic reduction. This secondary system will remove mercury and halides, destroy organics,
and reduce NO,.

An airlift system inside the melter will pour molten HLW glassinto stainless steel canisters. Thefilled
canister will then be inspected, the glass sampled as necessary, and the canister sealed. The canisters
from the two melters will be decontaminated by a nitric acid/cerium (HNO4/Ce™) chemical milling
process that dissolves athin layer of the canister outer wall material. Canister decontamination waste
effluents will be recycled to the pretreatment building.

35 Stacksand Flues

The pretreatment, LAW, and HLW vitrification facilities will each have separate stacks where the treated
emissions derived from process operations and other sources will be released to the environment. The
stacks will house a bundle of individual emission units (flues) that are associated with their respective
sources. Thus, each of the three facilities will have one stack only. For additional information about
flues relative to stacks, see Attachment 1.

In addition to the process offgas system, building ventilation systems will be incorporated into each of the
processing plants. Treated building ventilation systems will also be vented to the atmosphere through
dedicated flues. Figure 3-4 shows simplified graphic representations of the expected emission sources
and the associated flues.

The offgases associated with pretrestment processes will be exhausted through the pretrestment stack via
flues PT-S3 and PT-S4. The emissions associated with potential |eaks to processing cells will be
discharged through flue PT-S2 within the pretreatment stack. The treated offgases associated with LAW
vitrification processes will be discharged through the LAW vitrification stack viaflue LV-S3. The
emissions associated with leaks to the LAW vitrification process cells will be discharged through flue
LV-S2. Thetreated offgases associated with HLW vitrification processes will be discharged through
flues HV-S3 and HV -S4 within the HLW vitrification stack. The emissions associated with potential
leaks to process cells will be discharged through the HLW vitrification stack viathe HV-S2 flue.

3.6  Facility Control Philosophy

This section presents an overal control philosophy for the WTP. The goal of the facility control
philosophy isto satisfy the following criteria
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e Preservation of worker and public safety
e Protection of the environment

e Preservation of equipment integrity

e Assurance of product quality

e Minimization of plant lifetime costs

The design, construction, and commissioning of the WTP is being conducted in a manner that is
protective of employees, the public, and the environment. The process systems, piping, vessels, and
equipment have been specifically designed to provide primary confinement of hazardous, radioactive, and
chemical materids. The facility structures, along with their respective ventilation systems, will provide
secondary confinement of airborne and liquid releases. The ventilation system will support confinement
of airborne contamination within the building by directing the flow of air from areas of less contamination
potential to areas of greater contamination potential. The ventilation system will aso filter the building
exhaust air.

Diagnostics will be used to optimize throughput and reduce downtime. A plant information computer
with data entry and reporting capabilities will be provided to process information needed for facilitating
plant optimization. Provisionswill be made for overview and scheduling information.

The confinement and shielding requirements, combined with the need to provide hazard isolation and
accessible areas for plant operation, have led to the building configuration of multiple cells and caves
connected by transfer tunnels and shielded doors. This configuration provides a series of barriers
enclosing the various zones, which are classified according to the contamination potentials.

Throughout the design phase, design reviews are conducted by multidiscipline teams to ensure safety and

provide for feedback and improvement. The process systems, facility structure, and facility design ensure
that operations of the WTP will be safe and protective of human health and the environment.
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Figure3-1 L ocation of the WTP on the Hanford Site
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4 Congtituents of Potential Concern

The Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 1998a)
recommends that the selection of constituents of potential concern focus on compounds that (1) arelikely
to be emitted due to the presence of the compound or its precursors in the waste feed, (2) are potential
products of incomplete combustion (PICs), (3) are potentially toxic to humans, and/or (4) have a definite
propensity for bioaccumulating or bioconcentrating in human and ecological food chains. The process for
identifying constituents of potential concern as described in EPA 1998aincludes six steps:

1 Start withalist of al compounds analyzed for in the environmenta performance demonstration (or
supporting research and technology development testing) and note which compounds were detected
in the test.

2 Evauate the type of waste to be processed to determine whether any of the compounds that were not
detected should be retained as constituents of potential concern because they are potentially present in
the waste.

3 Exclude compounds that are not detected, are not components of the waste, and do not have
toxicological data.

4 Exclude compoundsthat are not detected, are not components of the waste, and do not have a high
potential to be PICs.

5 Evauate the 30 largest tentatively identified compounds (T1Cs) to determine whether any of these
compounds have toxicities similar to the detected compounds. If they do not, consider surrogate
toxicity data.

6 Evauate compounds that may be of concern due to other site-specific factors. Include as constituents
of potential concern any compounds that are a concern due to site-specific factors and may be emitted
by the melter unit.

The process described above requires the use of data collected during the environmental performance
demonstration. This datawill be developed and used to evaluate risk during the final risk assessment
(FRA) process. Because the pre-demonstration test risk assessment (PRA) will be performed before the
environmenta performance demonstration results are available, it is necessary to develop alist of
constituents of potential concern based on design information and assumptions rather than emissions
measurements.

The following sections describe the strategy for identifying PRA chemicals of potential concern (COPCs,
section 4.1) and radionuclides of potential concern (ROPCs, section 4.2). Figure 4-1 summarizes the
COPC and ROPC selection process. The term COPC is used to represent chemicals associated with the
tank waste and melting process, while the term ROPC refersto radioactive constituents of potential
concern.

4.1 Chemicalsof Potential Concern
The process of identifying COPCs for the PRA used the following four steps to identify chemicals that

are likely to be emitted due to the presence of the compound, or its precursors, in the waste feed or as
potential products of incomplete combustion.
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1 Start with thelist of al chemicalsidentified as potentially present in the waste. Thislist was taken
from the Regulatory Data Quality Objectives Supporting Tank Waste Remediation System
Privatization Project (Wiemers and others 1998), also referred to in this document as the “regulatory
DQO”. These chemicals are discussed in section 4.1.1 and listed in Appendix A, tables A-1 and A-2,
of thiswork plan.

2 Add chemicalsthat may be created as PICs (sections 4.1.2 and 4.1.3 and Appendix A, tables A-3 and
A-4)

3 Add chemicals excluded from the regulatory DQO list because of low toxicity but that may be present
in the waste (section 4.1.4 and Appendix A, Table A-5).

4 Add criteria pollutants (section 4.1.5).

The derivation of the list of COPCsis discussed below and summarized in Figure 4-1 and in Appendix A,
tables A-1 through A-5.

4.1.1 Chemicalsfrom the Regulatory DQO

The preliminary list of COPCs was compiled using input from the regulatory DQO (Wiemers and others
1998). Analytesincluded in the regulatory DQO were selected from alarge group of regulated
constituents using technically defensible decision logic. The decision logic was followed to select
compounds that could plausibly be in the waste feed and of concern relative to the permitting activities
and risk assessment. The regulatory DQO is based on (1) analytical datafrom samples of solid and liquid
waste and vapors from the headspace of the tanks, and (2) evaluation of the types of wastes that were
stored in the tanks and the chemical constituents that may have made up these wastes even if they have
never been detected in analytical samples. The results of this decision logic and their use in developing
the COPC list for the WTP are provided here. The reader is urged to refer to the regulatory DQO
document (Wiemers and others 1998) for complete details of the decision logic and data used in the
regulatory DQO. Ecology and EPA have concurred with the result of this process and its use as a starting
point for the WTP COPC lit.

A consolidated list of 850 chemical compounds (Wiemers and others 1998) was used as the input for the
regulatory DQO process. Thislist of compounds included:

e Toxicair pollutant (TAP) lists Class A (WAC 173-460-150, toxic air pollutants; known, probable,
and potential human carcinogens; and acceptable source impact levels) and Class B (WAC
173-460-160, toxic air pollutants, and acceptabl e source impact levels)

e Underlying hazardous constituents (UHC) list (40 CFR 268.48)
e Universal treatment standards list (40 CFR 268.48)

e Double-Shell Tank (DST) System Dangerous Waste Permit Application (DOE-RL 1991) constituents,
except for waste code FO39. To date, no landfill leachate has been added to the tanks. Therefore,
these compounds were not included in the regulatory DQO database used to select the COPCs.

Thelist of 850 compounds was screened to arrive at afinal list of 125 organic and 49 inorganic
compounds. Tables A-1 and A-2in Appendix A of thiswork plan identify these organic and inorganic
COPCs. A brief discussion of the methods and criteria used in the regulatory DQO to narrow theinitial
input list isincluded below. Additional details regarding this process are provided in Wiemers and others
(1998).
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The compounds were reduced from 850 to 174 in the regulatory DQO based on the following:

o Detectability in the single-shell/double-shell waste

e Stability inthe DST environment

e Toxicity and carcinogenicity

e Availability of SW-846 (EPA 1986) analytical methods
e Association with the operations at the Hanford Site

Theresulting list of 125 organic compounds includes polychlorinated biphenyls (PCBs). This class of
compounds includes 209 separate congeners. Fourteen of these congeners (the coplanar PCBs) are
considered to be “dioxin-like” and are evaluated individually. These 14 coplanar PCBs were added to the
regulatory DQO list of 125, resulting in atota of 139 organic compounds shown in Appendix A,

Table A-1.

The inorganics were established by the following:

e Lidting the inorganic compounds and metalsin the input of the starting lists
e Consolidating thelist of metals and ions

e Comparing the resulting list to the Hanford Site waste inventories

e Considering the applicability of SW-846 (EPA 1986) analytical methods

e Assessing aternative sources of information

Toxicity criteriawere not used to screen inorganic chemicals because the starting list of inorganics was so
much shorter than the list of organic chemicals, and there was not as large an unknown component to the
inorganics (that is, fewer compounds that were not detected). The resulting list of 49 inorganic
compoundsis provided in Appendix A, Table A-2.

4.1.2 Environmental Protection Agency Products of Incomplete Combustion

The organic and inorganic chemicals retained by the regulatory DQO process were compared to the

US Environmental Protection Agency (EPA) list of recommended and potentia PICs contained in

Table A.1 of the Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities
(EPA 1998a). All 148 PICsfrom Table A.1 of EPA 1998anot already included as part of the regulatory
DQO were added as COPCs. These additional 148 COPCs are listed in Table A-3 in Appendix A of this
work plan. The 148 organic compounds listed in Table A-3 include the chemicals recommended for
identification and the chemicals for potential identification that were originally identified in tables 1 and 2
of the Draft Exposure Assessment Guidance for Resource Conservation and Recovery Act Hazardous
Waste Combustion Facilities (EPA 1994a) and the compounds identified in combustion unit emissions
and stack emissions originally identified in the Review Draft Addendum to the Methodol ogy for Assessing
Health Risks Associated with Indirect Exposure to Combustor Emissions (EPA 1993d) as cited by

EPA (1998a). These 148 chemicalsinclude PICs from avariety of combustion units but not specificaly
from vitrification units. These PICswere included to ensure a conservative approach.
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4.1.3 Site-Specific Products of Incomplete Combustion

A bench-scaletest of the melter technology was conducted at the Catholic University of America
Vitreous State Laboratory in December 1998 (Matlock and Pegg 1999). A surrogate waste feed was used
for thistest that likely does not represent the constituents in the actual tanks. This surrogate waste was
designed to represent the most difficult-to-destroy chemicals potentially present in the tank waste and,
thus, to provide a conservative estimate of potential PICs. Thistest identified 16 additional potential
PICs. These chemicalsarelisted in Table A-4 of Appendix A.

4.1.4  Chemicals Screened in the Regulatory DQO Process and Added Back to the COPC
List

EPA Region 10 (CCN 064332) did not agree with the removal of chemicals from the COPC list based on
toxicity. Therefore, all chemicals not included in the regulatory DQO due to low toxicity, regardless of
other factors (for example, number of detects), are included in thelist of preliminary COPCs.

The regulatory DQO process eliminated 46 chemicals detected in the liquid or vapor phase of the tank
waste and 65 chemicals that could possibly be in the tanks but which were never detected. These 111
regul ated organic chemicals eliminated from the regulatory DQO were compared to the PICs previoudy
added to thelist of preliminary COPCs (sections 4.1.2 and 4.1.3 of thiswork plan). Based on this
comparison, an additional 26 regulated organic chemicals with positive detects and 41 regulated organic
chemicals with no detects, eliminated by the regulatory DQO process, were added to the list of
preliminary COPCs. These 67 additional chemicals arelisted in Appendix A, Table A-5, of thiswork
plan under the headings “detected chemicals eliminated from DQO” and “nondetected chemicals
eliminated from DQO.”

Many of the organic COPCs that have been retained for risk assessment have not been detected in tank
waste or do not have an established method for analytical detection in tank waste. As part of the ongoing
updates to the risk assessment performed in accordance with the WTP Dangerous Waste Permit, the list
of COPCsfor risk assessment will be considered in conjunction with outcomes from the regulatory DQO
implementation to determine whether changes are warranted.

415 Criteria Pollutants

National ambient air quality standards (NAAQSs) have been established for six criteria pollutants: sulfur
dioxide, particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. These criteria pollutants
will be addressed in the prevention of significant deterioration (PSD) permit application for thisfacility.
In addition, five of these criteria pollutants were added to the list of preliminary COPCs. The sixth, lead,
was previously included in the COPCs identified by the regulatory DQO process.

4.2 Radionuclides of Potential Concern

Thelist of 46 preliminary ROPCs was established based upon Sandard Inventories of Chemicals and
Radionuclides in Hanford Site Tank Wastes (Kupfer and others 1997). Information used to establish the
global inventories originated from key historical records, various chemical flowsheets used in
reprocessing of irradiated Hanford Site reactor fuels, and cal culations of radionuclide isotope generation
and decay. Thislist includes 16 radionuclides identified as contributing greater than 99.99 % of the
radioactivity in the tank waste (Kupfer and others 1997) plus an additional 30 radionuclides included due
to their toxicity. The ROPCs are listed in Table A-6 in Appendix A.
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4.3 ldentification of COPCsand ROPCsfor the Quantitative Preliminary Risk
Assessment

The COPCs and ROPCsidentified in tables A-1 through A-6 in Appendix A include an extensive list of
chemicals and radionuclides (1) potentialy present in the waste to be processed and (2) potentially
produced as PICs during the processing of waste. The process of identification of COPCs and ROPCs for
the quantitative PRA used the following conditions to identify chemicals that are potentially toxic to
humans or ecological resources, and/or have a definite propensity for bioaccumulating or
bioconcentrating in human and ecological food chains.

Final COPCs and ROPCs carried through the quantitative risk assessment will be all COPCs and ROPCs
for which:

e Appropriate physical/chemical parameters are available to quantitatively estimate potential emissions
or fate and transport behavior of the constituent through the environment

e Appropriate human health or ecological toxicity datais available to quantitatively evaluate potential
effects of the constituent

Tables A-7 through A-11 in Appendix A provide a summary of which COPCs and ROPCs can be carried
through the quantitative human health risk assessment (HHRA) for each human receptor group and
exposure pathway. Tables A-12 through A-14 provide a summary of which COPCs and ROPCs can be
carried through the quantitative ecological risk assessment (ERA) for each ecological receptor. Receptors
and pathways are described in sections 7 (human health) and 8 (ecological) of thiswork plan. Sources of
chemical specific toxicity and physical/chemical data, including the use of afew Ecology- and
EPA-approved surrogate values where chemical -specific values are not available, are described in section
7.2, section 8.3, and Appendices B-1 and C.

Constituents not included in the quantitative risk assessment will be discussed qualitatively as part of the
uncertainty assessment.

4.3.1 Identification of Organic COPCsfor Inclusion in the Quantitative PRA

The 370 preliminary organic COPCs identified per the method described in section 4.1 and Figure 4-1 of
thiswork plan are listed in Table 4-1 and have been grouped into the following classes based on chemical
structure and molecular weight (MW):

Volatile Organic Compounds (VOCs) Semivolatile Organic Compounds (SVOCs)
Aromatic halogenated hydrocarbons Dioxin and furan compounds
Aromatic nonhalogenated hydrocarbons PCBs
Nonaromatic nonhal ogenated hydrocarbons Phthalates
Nonaromatic halogenated hydrocarbons Light polynuclear aromatic hydrocarbons (PAHS)
(MW < 200 g/mole)
Heavy PAHs (MW > 200 g/mole)

Light substituted benzene compounds (MW < 200
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Volatile Organic Compounds (VOCs) Semivolatile Organic Compounds (SVOCs)

g/mole)

Other light SVOCs (MW < 200 g/mole€)
Other heavy SVOCs (MW > 200 g/mole)
Herbicides and organochlorinated pesticides

EPA (1994a) has identified several of these categories (dioxins/furans, PAHs, PCBs, phthalates, other
chlorinated organics and nitroaromatics) as having the highest potential to cause increased risk to human
health. Thus, the WTP list includes the classes of organic chemicals considered to be most important to
EPA (1994a).

The number of organic COPCs that can be carried through the quantitative risk evaluation is summarized
below:

e Toxicity and physical/chemical data appropriate for evaluation of chronic human exposuresis
available for 284 of the 370 organic COPCs.

e Toxicity data appropriate for the evaluation of potential effects resulting from acute (that is, one-hour)
exposure to COPCs s available for 313 of the 370 organic COPCs.

e Toxicity data appropriate for evaluation of chronic ecological exposuresis available for 162 of the
370 organic COPCs.

In all, 343 of the 370 organic COPCs listed in Table 4-1 can be quantified in some way for at |east some
of the receptors included in the risk assessment. Tables A-7 through A-14 in Appendix A provide a
detailed breakdown of the human and ecological receptors and human exposure pathways for which risks
can be quantified for each of these COPCs.

4.3.2 ldentification of Inorganic COPCsfor Inclusion in the Quantitative PRA

The 54 preliminary inorganic COPCs identified per the method described in section 4.1 and Figure 4-1
arelisted in Table 4-2 and have been grouped into three classes: metals, nonmetals and anions, and
criteria pollutants. As noted about the organic chemicals, these classes were not used in selecting COPCs;
rather, the evaluation includes al the classes considered important to EPA.

The number of inorganic COPCsthat can be carried through the quantitative risk evaluation is
summarized below:

e Toxicity and physical/chemical data appropriate for evaluation of chronic human exposuresis
available for 24 of the 54 inorganic COPCs.

e Toxicity data appropriate for the evaluation of potential effects resulting from acute (that is, one-hour)
exposure to COPCsis available for 48 of the 54 inorganic COPCs.

e Toxicity data appropriate for evaluation of chronic ecological exposuresis available for 31 of the
54 inorganic COPCs.

In all, 50 of the 54 inorganic COPCs listed in Table 4-2 can be quantified in some way for at least some
of the receptorsincluded in the risk assessment. Tables A-7 through A-14 provide a detailed breakdown
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of the human and ecological receptors and human exposure pathways for which risks can be quantified
for each of these COPCs.

Thislist of inorganic COPCs includes the stable form of the 12 chemicalslisted below, aso evaluated as
ROPCs:

antimony iodine tin

barium nickel uranium
cadmium selenium yttrium
cobalt strontium zirconium

The chemical toxicity (that is, not associated with radioactivity) of these constituents will be evaluated in
the PRA.

4.3.3 Identification of ROPCsfor Inclusion in the Quantitative PRA

The 46 preliminary ROPCs identified per the method described in section 4.1 and Figure 4-1 arelisted in
Table 4-3. Toxicity and physical/chemica data appropriate for evaluation of chronic human health, acute
human health, and chronic ecological exposuresto ROPCsis available for all 46 of the preliminary
ROPCs. Tables A-7 through A-14 in Appendix A provide a detailed breakdown of the receptors and
exposure pathways for which risks can be quantified for each of these ROPCs.

4.4  Uncertainty in COPC and ROPC List

The identification of COPCs and ROPCs for the PRA is uncertain because these constituents are
identified before operation of the WTP and must, therefore, rely on assumptions regarding what may bein
the waste feed and what may be produced as PICs. Test datathat will be collected for the FRA during the
environmenta performance demonstration will reduce but not eliminate this uncertainty because this test
datawill include uncertainty due to TICs, detection limits, and variations in actual waste feed.

In both the PRA and FRA, uncertainty isintroduced into the risk assessment by COPCs that cannot be
carried through the quantitative assessment due to lack of toxicity data (all ROPCs have adequate toxicity
datato be carried through the quantitative assessment).

Sources of uncertainty in the identification of COPCs and ROPCs for the PRA are described briefly

below. An overview of how these uncertainties will be evaluated, along with uncertaintiesin all other
steps of the risk assessment, is provided in section 10 of thiswork plan.

4.4.1 Uncertainty in Identification of COPCsand ROPCsfor PRA
Sources of uncertainty in the identification of COPCs and ROPCs include

e Uncertainty in the waste feed from the DSTs
e Uncertainty in PICs produced by the WTP

While a considerable amount of analytical datais available for the contents of the DST's, the contents of
al tanks have not been fully characterized. To compensate for deficitsin the anaytical data, the
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regulatory DQO that was used as the basis for the COPC list incorporated constituents that could be
present in the tanks, based on Hanford activities, even if these constituents have not been detected in
analytical samples.

Limited PIC datais available from bench-scale tests performed on surrogate waste at the Catholic
University of America Vitreous State Laboratory in December 1998 (Matlock and Pegg 1999). This
surrogate waste was designed to represent the most difficult-to-destroy chemicals potentially present in
the tank waste and, thus, to provide a conservative estimate of potential PICs. To maintain a conservative
biasin the PRA, PICsidentified by EPA (1998a) as present in stack emissions from existing hazardous
waste incinerators were included in the COPC list along with WTP-specific PICs identified in the bench-
scale testing. ROPCs are not produced as PICs.

4.4.2 Uncertainty in COPCs Not Included in the Quantitative Assessment

Some COPCsidentified as potentially present in the waste or as PICs cannot be carried through the
guantitative risk assessment because appropriate toxicity datais not available to characterize their
potential effects on human or ecological receptors. Four hundred and seventy COPCs and ROPCs were
identified for evaluation in the PRA: 370 organic COPCs, 54 inorganic COPCs, and 46 ROPCs. Toxicity
information is available to conduct a quantitative chronic HHRA on over 300 of these constituents and an
ecological assessment on over 200 constituents.

Constituents without toxicity information will not be included in the quantitative human health or
ecological risk assessments. If these constituents are similar in their toxicity and persistence to the
constituents with toxicity data, the total risk or hazard would be underestimated by a factor of
approximately 1.4 (that is, 424 COPCs/308 COPCs with toxicity data). Similarly, for ecological
receptors, if the toxicity and persistence of the constituents without toxicity data are similar to the toxicity
and persistence of the constituents with toxicity data, the total hazard would underestimated by a factor of
2.2 (that is, 424 COPCs/193 COPCs with toxicity data). It ismore likely that the nonquantified
constituents will have lower toxicity, persistence, or both, and this can be addressed through an evaluation
of the types of chemicals with and without toxicity data. For example, inorganic COPCs without toxicity
datainclude essentially nontoxic chemicals such as calcium, iron, potassium, sodium, chloride, and
hydroxide, while afew organic COPCs without toxicity data (such as two coplanar PCBs) are potentially
toxic.

45 Summary of Identification of COPCsand ROPCs

Thelist of 470 COPCs and ROPCs sdlected for the PRA includes many more compounds than are
expected in actual facility emissions. Thelist islong because assumptions were used to compensate for
the uncertainty regarding the exact make-up of the waste and the lack of environmental performance
demonstration data. (That is, it was assumed that all chemicals potentially present in the waste will be
emitted along with al chemicalsidentified as PICs from any type of combustion unit.) The list of
preliminary COPCs and ROPCs includes numerous chemicals (especially organic chemicals) that have
never been detected in the tank waste.

Figure 4-1 summarizes the process used to identify 470 preliminary COPCs and ROPCs for the PRA.

The inorganic and organic COPCs and ROPCs are summarized in tables 4-1 (organics), 4-2 (inorganics),
and 4-3 (radionuclides).
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Tables 4-1 through 4-3 summarize the current availability of datato quantitatively evaluate the
preliminary COPCs and ROPCs. These tables also provide alist of the COPCs and ROPCs that will be
guantitatively evaluated in the PRA. Some type of quantitative risk/hazard analysis can be conducted for
435 of the 470 preliminary congtituents of potential concern. Preliminary COPCs and ROPCs not
included in the PRA will be addressed qualitatively in the uncertainty assessment.

Tables A-7 through A-11 in Appendix A identify the human receptor groups and exposure pathways for
which risks/hazards can be quantified for each COPC and ROPC based on the availability of
physical/chemical parameters for fate and transport modeling and toxicity data for evaluating effects on
human health receptors. The human receptorsidentified in these tables are as follows:

e Hanford siteindustrial worker (Appendix A, Table A-7)

o Residential receptors (Appendix A , Table A-8)

o Native American subsistence receptors (Appendix A ,Table A-9)
e Nursing infant (Appendix A ,Table A-10)

e Acutereceptor (Appendix A ,Table A-11)

Tables A-12 through A-14 in Appendix A identify the ecological receptors for which hazards can be
guantified for each COPC and ROPC based on the availability of toxicity datafor evaluating effects on
ecological receptors. The ecological receptorsidentified in these tables are asfollows:

e Tarestria plants and invertebrates (Appendix A ,Table A-12)
o Terrestrial mammals and birds (Appendix A ,Table A-13)
e Aquatic biota, sdlmonids, and benthic invertebrates (Appendix A ,Table A-14)

The COPC and ROPC lists will be reevaluated for the final risk assessment (FRA) following the
environmenta performance demonstration. This reevaluation will take into account any new information
gathered during the PRA and performance demonstration test and will include input and approval by
Ecology and EPA.
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegistry Toxicity Regulatory EPA Addition
Constituent Number Values DQO" to DQO® pIc?
Aromatic Halogenated Hydr ocarbons

2,3,4,6-Tetrachlorophenol 58-90-2 ne X
5 4-Chloro-3-methylphenol 59-50-7 ae X
= Aromatic Nonhalogenated Hydrocarbons
T:u 2-Nitrotoluene 88-72-2 na X
@ 4-Nitrobiphenyl 92-93-3 a X
= Benzene 71-43-2 cnae X PIC
= Ethyl benzene 100-41-4 cnae X PIC
= m-Xylene 108-38-3 nae X PIC
3 o-Xylene 95-47-6 na X PIC
% p-Xylene 106-42-3 na X PIC
Q Styrene 100-42-5 nae X PIC
8 Toluene 108-88-3 nae X PIC
8 Non-aromatic Nonhalogenated Hydr ocarbons
% 1,2-Epoxybutane 106-88-7 n, a X
O 1,3-Butadiene 106-99-0 ca X PIC
ﬁj 1,4-Dioxane 123-91-1 c,ae X PIC
i 1-Methylpropy! acohol 78-92-2 na X
1% 1-Nitropropane 108-03-2 n,a X
& 2,2,4-Trimethylpentane 540-84-1 na X PIC
3 2-Butanone 78-93-3 nae X PIC
® 2-Butena dehyde (2-Butenal) 4170-30-3 nae X PIC
g 2-Heptanone 110-43-0 n,a X
u 2-Hexanone 591-78-6 nae X
; 2-Methyl-2-propanol 75-65-0 na X
= 2-Methyl-2-propenenitrile 126-98-7 nae X PIC
8 2-Methylaziridine 75-55-8 na X
‘i 2-Methylpropy! acohol 78-83-1 nae X
5 2-Pentanone 107-87-9 n, a X
8 2-Propanone (Acetone) 67-64-1 nae X PIC
2 2-Propene-1-ol 107-18-6 nae X
T: 2-Propy! acohol 67-63-0 nae X
£ 3-Heptanone 106-35-4 n,a X
g 3-Methyl-1-butanol 123-51-3 na X
2 3-Methyl-2-butanone 563-80-4 n,a X
e 3-Pentanone 96-22-0 n X
g 4-Heptanone 123-19-3 n, a X
o} 4-Methyl-2-pentanone 108-10-1 nae X PIC
z 4-Methyl-3-penten-2-one 141797 na X
S 5-Methyl-2-hexanone 110-12-3 na X
g Acetaldehyde 75-07-0 cna X PIC
'S‘ Acetamide 60-35-5 n,a X
5 Acetic acid 64-19-7 n,a X
8 Acetic acid ethyl ester 141-78-6 nae X
§ Acetic acid n-butyl ester 123-86-4 na X
E Acetonitrile 75-05-8 n,a X PIC
0 Acrolein 107-02-8 nae X PIC
8 Acrylonitrile 107-13-1 cnae X PIC
E Bis(isopropyl)ether 108-20-3 n X
g Butane 106-97-8 n,a X
IN Carbon disulfide 75-15-0 nae X PIC
8 Cyclohexane 110-82-7 n a X
E Cyclohexanone 108-94-1 na X
“ Cyclohexene 110-83-8 na X
8 Cyclopentane 287-92-3 na X
g Ethyl acohol 64-17-5 na X
5 Ethyl ether 60-29-7 nae X
) Formaldehyde 50-00-0 cnae X PIC
8’ Formamide 75-12-7 na X

Formic acid 64-18-6 na X PIC

Formic acid, methyl ester 107-31-3 na X

Methyl acetate 79-20-9 n X
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegistry Toxicity Regulatory EPA Addition

Constituent Number Values DQO" to DQO® pIc?
'8 Methyl acohol 67-56-1 nae X
w® Methyl isocyanate 624-83-9 n,a X PIC
= Methyl tert-buty! ether 1634-04-4 n,a X PIC
3 Methylacetylene 74-99-7 n,a X
= Methylcyclohexane 108-87-2 na X PIC
= N,N-Dimethylacetamide 127195 na X
= n-Butyl alcohol 71-36-3 nae X
§ n-Heptane 142-82-5 nae X
g n-Hexane 110-54-3 nae X PIC
a Nitromethane 75-52-5 na X
8 n-Nonane 111-84-2 na X
8 n-Octane 111-65-9 na X
% n-Pentane 109-66-0 n a X
O n-Propional dehyde 123-38-6 n,a X PIC
§j n-Propyl acohol 71-23-8 na X
i n-Valeradehyde 110-62-3 n X
g Oxirane 75-21-8 ca X PIC
S Propionic acid 79-09-4 n,a X
§ Propionitrile 107-12-0 n,a X
< p-tert-Butyltoluene 98-51-1 n X
a( Triethylamine 121-44-8 n,a X
u Trimethylamine 75-50-3 na X
o Vinyl acetate 108-05-4 n,ae X PIC
= Non-aromatic Halogenated Hydr ocar bons
8 1,1,1,2- Tetrachloroethane 630-20-6 cnae X PIC
D> 1,1,1-Trichloroethane 71-55-6 nae X PIC
5 1,1,2,2-Tetrachloroethane 79-34-5 c,ae X PIC
‘_E 1,1,2,2-Tetrachloroethene 127-18-4 c,nae X PIC
2 1,1,2-Trichloroethane 79-00-5 c,nae X PIC
% 1,1,2-Trichloroethylene 79-01-6 cnae X PIC
% 1,1-Dichloroethane 75-34-3 nae X PIC
s 1,1-Dichloroethene 75-35-4 c,nae X PIC
2 1,2,2-Trichloro-1,1,2-trifluoroethane 76-13-1 n,a X PIC
= 1,2-Dichloro-1,1,2,2-tetrafluoroethane 76-14-2 a X
3 1,2-Dichloroethane 107-06-2 cnae X PIC
g 1,2-Dichloroethylene 540-59-0 nae X
= 1,2-Dichloropropane 78-87-5 c,nae X PIC
] 1-Chloroethene 75-01-4 cnae X PIC
% 2,2-Dichloropropionic acid 75-99-0 n X
"; 3-Chloropropene (Allyl chloride) 107-05-1 na X
S Bromochloromethane 74-97-5 a X PIC
B Bromodichloromethane 75-27-4 cnae X PIC
§ Bromomethane 74-83-9 nae X PIC
B Carbon tetrachloride 56-23-5 cnae X PIC
K Chlorodifluoromethane 75-45-6 n,a X PIC
§ Chloroethane 75-00-3 na X PIC
& Chloroform 67-66-3 cnae X PIC
s Chloromethane 74-87-3 c,na X PIC
N Chloropentafluoroethane 76-15-3 a X
ﬁﬁ cis-1,3-Dichloropropene 10061-01-5 a X
|-E Dichlorodifluoromethane 75-71-8 nae X PIC
o Dichlorofluoromethane 75-43-4 a X
B Dichloromethane 75-09-2 c,nae X PIC
E Hexafluoroacetone 684-16-2 a X
E trans-1,2-Dichloroethylene 156-60-5 nae X PIC
- trans-1,3-Dichloropropene 10061-02-6 a X
s Trichloroacetic acid 76-03-9 a X
g Trichlorofluoromethane 75-69-4 nae X PIC
5 Trifluorobromomethane 75-63-8 a X
o
[og
a
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegistry Toxicity Regulatory EPA Addition
Constituent Number Values DQO" to DQO® pIc?

-g Dioxin and Furan Compounds (PCDDs/PCDFs)
® Dibenzofuran 132-64-9 nae X PIC
% Polychlorinated Biphenyls (PCBs)
3 Polychlorinated biphenyls (PCBs) 1336-36-3 c,nae X PIC
13 Phthalates
5 Bis(2-ethylhexyl) phthalate (DEHP) 117-81-7 cnae X PIC
= Butylbenzyl phthalate 85-68-7 nae X PIC
§ Dibutyl phthalate 84-74-2 nae X PIC
g Diethyl phthalate 84-66-2 nae X PIC
2 n-Dioctyl phthalate 117-84-0 n ae X PIC
§ Light Polycyclic Aromatic Hydrocar bons (molecular weight <200 g/mole)
8 2-Chloronaphthalene 91-58-7 nae X PIC
% Acenaphthene 83-32-9 nae X
O Acenaphthylene 208-96-8 a e X
§§ Anthracene 120-12-7 nae X PIC
i Fluorene 86-73-7 nae X PIC
g Indene 95-13-6 a X
S Naphthalene 91-20-3 nae X PIC
% Phenanthrene 85-01-8 ae X bench
© Pyrene 129-00-0 n ae X PIC
a( Heavy Polycyclic Aromatic Hydrocarbons (molecular weight >200 g/mole)
"': 3-Methylcholanthrene 56-49-5 a X
; Benzo[a]anthracene 56-55-3 cae X PIC
= Benzo[a]pyrene 50-32-8 cae X PIC
8 Benzo[b]fluoranthene 205-99-2 cae X PIC
'a Benzo[g,h,i]perylene 191-24-2 ae X PIC
5 Benzo[k]fluoranthene 207-08-9 cae X PIC
r_g Chrysene 218-01-9 cae X PIC
3 Dibenz[a,h]anthracene 53-70-3 cae X PIC
% Dibenzo[a,€] pyrene 192-65-4 a X
.% Fluoranthene 206-44-0 nae X PIC
5 Hexachloronaphthalene 1335-87-1 a X
2 Indeno[1,2,3-cd] pyrene 193-39-5 cae X PIC
pt QOctachloronaphthalene 2234-13-1 a X
8 Light Substituted Benzene Compounds (molecular weight <200 g/mole)
g 1,2,4-Trichlorobenzene 120-82-1 nae X PIC
P 1,2-Dichlorobenzene 95-50-1 nae X PIC
8 1,3-Dichlorobenzene 541-73-1 ae X PIC
% 1,4-Dichlorobenzene 106-46-7 cnae X PIC
"; 1,4-Dinitrobenzene 100-25-4 na X PIC
B 2,4,5-Trichlorophenol 95-95-4 nae X PIC
B 2,4,6-Trichlorophenol 88-06-2 cae X PIC
‘a; 2,4-Dichlorophenol 120-83-2 nae X PIC
B 2-Chlorophenol 95-57-8 n a X PIC
@ 2-Chlorotoluene 95-49-8 nae X bench
§ 2-Nitrophenol 88-75-5 ea X PIC
& alpha-Methylstyrene 98-83-9 n X
s Chlorobenzene 108-90-7 nae X PIC
N} Cumene 98-82-8 nae X PIC
8 m-Cresol 108-39-4 nae X PIC
£ Nitrobenzene 98-95-3 nae X PIC
Py 0-Cresol 95-48-7 nae X PIC
B Phenol 108-95-2 nae X PIC
£ p-Nitrochlorobenzene 100-00-5 a X
E Other Light Semivolatile Compounds (molecular weight <200 g/mole)
e 1,1-Biphenyl 92-52-4 nae X PIC
s 1,1-Dimethylhydrazine 57-14-7 ca X
g 2-Propenoic acid 79-10-7 nae X
5 Acetophenone 98-86-2 nae X PIC
o Cyclohexanol 108-93-0 a X
g Dimethylaniline 121-69-7 nae X

di-n-Propylnitrosamine 621-64-7 c a X PIC
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegistry Toxicity Regulatory EPA Addition
Constituent Number Values DQO" to DQO® pIc?
Ethylene dibromide 106-93-4 c,na X PIC
Ethylene glycol monobutyl ether 111-76-2 nae X PIC
Methylhydrazine 60-34-4 ca X
N,N-Diphenylamine 122-39-4 nae X PIC
Nitric acid, propyl ester 627-13-4 a X
> N-Nitrosomorpholine 59-89-2 a X
% N-Nitroso-N,N-dimethylamine 62-75-9 ca X PIC
S Oxalic acid 144-62-7 a X
g’ p-Phthalic acid 100-21-0 n X
= Pyridine 110-86-1 nae X PIC
% . Quinoline 91-22-5 ca X PIC
5 8 Tetrahydrofuran 109-99-9 a X PIC
2 S Other Heavy Semivolatile Compounds (molecular weight >200 g/mole)
= g 2,6-Big(tert-butyl)-4-methylphenol 128-37-0 none X
S > 2-sec-Butyl-4,6-dinitrophenol 88-85-7 nae X
g E 4-Bromophenylphenyl ether 101-55-3 ae X
- 8 Bis(3-tert-butyl-4-hydroxy-6-methyl-
§ £ phenyl)sulfide 96-69-5 a X
g 2 Dibutylphosphate 107-66-4 a X
2 2 Hexachlorobenzene 118-74-1 cnae X PIC
S 5 Hexachlorobutadiene 87-68-3 cnae X PIC
33 Hexachloroethane 67-72-1 cnae X PIC
09 Mirex 2385-85-5 c.nae X
& 8 Pentachl oronitrobenzene 82-68-8 cnae X PIC
% % Pentachlorophenol 87-86-5 c,nae X PIC
= c Picric acid 88-89-1 a X
E = Terphenyls 26140-60-3 a X
< g Tributyl phosphate 126-73-8 a X
N Trifluralin 1582-09-8 cnae X
ﬁ % Herbicides and Organochlorinated Pesticides
E« 245T 93-76-5 nae X
= 0 2,4-D and esters 94-75-7 na X PIC
85 4,4-DDD 72-54-8 cae X
g g 4,4-DDE 72-55-9 cae X PIC
§ (o) 4,4-DDT 50-29-3 c,nae X
=8 Aldrin 309-00-2 cnae X
8 apha-BHC 319-84-6 cae X PIC
g beta-BHC 319-85-7 cae X PIC
5 deltaBHC 319-86-8 e X
o Dieldrin 60-57-1 c,nae X
8‘ Endrin 72-20-8 nae X
gamma-BHC (Lindane) 58-89-9 c,nae X PIC
Heptachlor 76-44-8 c,nae X PIC
Isodrin 465-73-6 a X
Methoxychlor 72-43-5 nae X PIC
Silvex (2,4,5-TP) 93-72-1 nae X
Toxaphene 8001-35-2 cae X
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)
CASRegistry Toxicity Regulatory EPA Addition

Constituent Number Values DQO" to DQO® pIc?

B §§ Aromatic Nonhalogenated Hydrocarbons

SE Benzyl alcohol 100-51-6 n a e fate

E o5 . Non-aromatic Nonhalogenated Hydrocarbons

o % E Methyl methacrylate 80-62-6 nae bench

3 < S p-Cymene 99-87-6 n bench

E ?ﬂ g Non-aromatic Halogenated Hydr ocar bons

§ 2 > lodomethane 74-88-4 a bench

S g > cis-1,2-Dichloroethene 156-59-2 n a bench

33 E Light Polycyclic Aromatic Hydrocar bons (molecular weight <200 g/mole)

g < g 2-Methyl naphthalene 91-57-6 nae bench

i g =N Light Substituted Benzene Compounds (molecular weight <200 g/mole)

ilj © 2 1,2,3-Trichlorobenzene 87-61-6 ae bench

z ° § n-Propyl benzene 103-65-1 a bench

g g 3 n-Butyl benzene 104-51-8 a bench

2 =4 4-Chlorotoluene 106-43-4 a bench

E28 Bromobenzene 108-86-1 a bench

& g sec-Butyl benzene 135-98-8 a bench

O § tert-Butyl benzene 98-06-6 a bench

a5 1,2,4-Trimethyl benzene 95-63-6 n,a bench
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)
CASRegistry Toxicity Regulatory EPA Addition
Constituent Number Values DQO" to DQO® pIc?
8‘ Aromatic Nonhalogenated Hydrocarbons
w Benzadehyde 100-52-7 nae PIC
,—:U Non-aromatic Nonhalogenated Hydrocarbons
5 Propargyl acohol 107-19-7 nae PIC
5 Glycidylaldehyde 765-34-4 nae PIC
-% Propylene glycol monomethy! ether 107-98-2 n,a PIC
= 2-Methoxyethanol 109-86-4 na PIC
§ 2-Ethoxyethanol 110-80-5 na PIC
s Cyanogen 460-19-5 na PIC
o Phosgene 75-44-5 n,a PIC
8 Ethyl methacrylate 97-63-2 n a PIC
8 Non-aromatic Halogenated Hydr ocar bons
% Bromoform 75-25-2 c,nae PIC
O 1,3-Dichloropropene 542-75-6 cnae PIC
§j Chlorodibromomethane 124-48-1 cnae PIC
i 1,2,3-Trichloropropane 96-18-4 c,nae PIC
7 1,4-Dichloro-2-butene 764-41-0 ca PIC
g 1,2-Dibromo-3-chloropropane 96-12-8 cna PIC
5 Cyanogen bromide 506-68-3 nae PIC
3 Cyanogen chloride 506-77-4 nae PIC
§ Pentachl oroethane 76-01-7 ae PIC
8 Bromoethene 593-60-2 na PIC
a Methylene bromide 74-95-3 na PIC
8 2-Chloropropane 75-29-6 n a PIC
& Dioxin and Furan Compounds (PCDDS/PCDFs)
8 QOctachlorodibenzofuran 39001-02-0 ca PIC
% QOctachlorodibenzo(p)dioxin 3268-87-9 ca PIC
> 1,2,3,7,8-Pentachl orodibenzofuran 57117-41-6 cae PIC
< 1,2,3,4,6,7,8-Heptachl orodibenzofuran 67562-39-4 ca PIC
g 1,2,3,4,7,8,9-Heptachl orodibenzofuran 55673-89-7 ca PIC
§ 1,2,3,4,6,7,8-Heptachl orodibenzo(p)dioxin 35822-46-9 ca PIC
= 1,2,3,7,8,9-Hexachlorodibenzofuran 72918-21-9 ca PIC
8 2,3,7,8-Tetrachlorodibenzofuran 51207-31-9 cae PIC
o) 1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 c,ae PIC
(é 2,3,4,6,7,8-Hexachl orodibenzofuran 60851-34-5 ca PIC
B 1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 ca PIC
S 1,2,3,7,8,9-Hexachlorodibenzo(p)dioxin 19408-74-3 ca PIC
E 1,2,3,6,7,8-Hexachlorodibenzo(p)dioxin 57653-85-7 ca PIC
© 1,2,3,4,7,8-Hexachlorodibenzo(p)dioxin 39227-28-6 ca PIC
® 2,3,4,7,8-Pentachl orodibenzofuran 57117-31-4 c,ae PIC
% 2,3,7,8-Tetrachlorodibenzo(p)dioxin 1746-01-6 cae PIC
g 1,2,3,7,8-Pentachl orodibenzo(p)dioxin 40321-76-4 ca PIC
£ Polychlorinated Biphenyls (PCBs)
o 2,3,4,4',5,5-Hexachlorobiphenyl 52663-72-6 c PCB
bl 2,3,3',4,4"-Pentachl orobiphenyl 32598-14-4 c PCB
@ 2'3,4,4' 5-Pentachlorobipheny 65510-44-3 c PCB
= 3,3',4,4'-Tetrachl orobiphenyl 32598-13-3 c PCB
g 3,4,4' 5-Tetrachlorobiphenyl 70362-50-4 c PCB
8 2,3,3,4,4' 5,5'-Heptachl orobiphenyl 39635-31-9 c PCB
B 2,3,4,4'5-Pentachl orobiphenyl 74472-37-0 c PCB
S 2,3,3',4,4' 5-Hexachl orobiphenyl 38380-08-4 c PCB
g 2,3,3,4,4'5'-Hexachl orobi phenyl 69782-90-7 c PCB
‘_é 2,3',4,4',5-Pentachl orobiphenyl 31508-00-6 c PCB
= 3,3',4,4',5-Pentachl orobiphenyl 57465-28-8 c PCB
8 3,3,4,4',5,5'-Hexachlorobipheny! 32774-16-6 C PCB
T Phthalates
< Dimethyl phthalate 131-11-3 ae PIC
'g Light Substituted Benzene Compounds (molecular weight <200 g/mole)
E Aniline 62-53-3 cna PIC
o Benzy! chloride 100-44-7 ca PIC
= o-Toluidine 95-53-4 ca PIC
© Benzotrichloride 98-07-7 ca PIC
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)

CASRegistry Toxicity Regulatory EPA Addition
Constituent Number Values DQO" to DQO® pIc?

p-Toluidine 106-49-0 ca PIC

2,4-Dinitrotoluene 121-14-2 cnae PIC
3 2,6-Dinitrotoluene 606-20-2 cnae PIC
§ 4-Nitrophenol 100-02-7 ae PIC
8 2,4-Dimethylphenol 105-67-9 nae PIC
a 2,4-Dinitrophenol 51-28-5 nae PIC
8 p-Chloroaniline 106-47-8 nae PIC
8 1,3-Dinitrobenzene 99-65-0 nae PIC
= 4,6-Dinitro-o-cresol 534-52-1 a PIC
a p-Cresol 106-44-5 na PIC
g 1,3,5-Trimethyl benzene 108-67-8 n,a PIC
5 o-Dinitrobenzene 528-29-0 na PIC
3 Toluene-2,6-diamine 823-40-5 na PIC
3 o-Nitroaniline 88-74-4 n,a PIC
@ Other Light Semivolatile Compounds (molecular weight <200 g/mole)
g Epichlorohydrin 106-89-8 cna PIC
g Dichloroisopropy! ether 108-60-1 ca PIC
< Ethylene thiourea 96-45-7 cnae PIC
§' 1,2-Diphenylhydrazine 122-66-7 cae PIC
o N-Nitrosodi-n-butylamine 924-16-3 c PIC
g Bis(2-chloroethyl) ether 111-44-4 ca PIC
< 1,2-Dimethylhydrazine 540-73-8 ca PIC
! Dichloromethyl ether 542-88-1 ca PIC
§ Phthalic anhydride 85-44-9 nae PIC
o Maleic hydrazide 123-33-1 nae PIC
8 Benzoic acid 65-85-0 nae PIC
% -8 Ethylene glycol 107-21-1 nae PIC
O = Furfural 98-01-1 nae PIC
8 > 4,4-Methylenedianiline 101-77-9 a PIC
B3 Quinone 106-51-4 a PIC
23 Bis(2-chloroethoxy)methane 111-91-1 a PIC
3 -% 1,3-Propane sultone 1120-71-4 a PIC
=] Ethyl carbamate (Urethane) 51-79-6 a PIC
% 5 2,4-Toluene diisocyanate 584-84-9 a PIC
= O Ethyl methanesulfonate 62-50-0 a PIC
E Dimethyl sulfate 77-78-1 a PIC
- o-Anisidine 90-04-0 a PIC
b Safrole 94-59-7 a PIC
ﬁ Malononitrile 109-77-3 na PIC
i Ethylene glycol monoethyl ether acetate 111-15-9 n,a PIC
= Methy! styrene (mixed isomers) 25013-15-4 n PIC
§ 2-Chloroacetophenone 532-27-4 n PIC
£ Other Heavy Semivolatile Compounds (molecular weight >200 g/mole)
S Captan 133-06-2 cna PIC
o 3,3-Dimethoxybenzidine 119-90-4 ca PIC
8 Chlorobenzilate 510-15-6 cna PIC
‘; 3,3-Dichlorobenzidine 91-94-1 ca PIC
s Azobenzene 103-33-3 c PIC
_8' Strychnine 57-24-9 nae PIC
O Hexachlorocyclopentadiene 77-47-4 nae PIC
'§ Pentachlorobenzene 608-93-5 nae PIC
» 1,3,5-Trinitrobenzene 99-35-4 nae PIC
g Hexachlorophene 70-30-4 nae PIC
= Pronamide 23950-58-5 ne PIC
g 1,2,4,5-Tetrachlorobenzene 95-94-3 nae PIC
3 2-Cyclohexyl-4,6-dinitrophenol 131-89-5 ne PIC
o Dimethyl aminoazobenzene 60-11-7 a PIC
E Hexamethylene-1,5-diisocyanate 822-06-0 n, a PIC
s} Herbicides and Organochlorinated Pesticides

Chlordane 57-74-9 cnae PIC

Endothall 145-73-3 n, e PIC
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Table4-1 Organic Chemicals of Potential Concern (COPCs) for Pre-Demonstration Test Risk Assessment (PRA)
CASRegistry Toxicity Regulatory EPA Addition
Constituent Number Values® DQO" to DQO* pIc?*
o 'g Non-aromatic Halogenated Hydr ocar bons
2 § Trichlorofluoroethane 27154-33-2 none X
= Difluorodibromomethane 75-61-6 none X
'5 g 1,1,1,2-Tetrachloro-2,2-difluoroethane 76-11-9 none X
% O 1,1,2,2-Tetrachloro-1,2-difluoroethane 76-12-0 none X
; ﬁ Light Polycyclic Aromatic Hydrocar bons (molecular weight <200 g/mole)
5E 5-Nitroacenaphthene 602-87-9 none X
E Light Substituted Benzene Compounds (molecular weight <200 g/mole)
D 5 = Trimethyl benzene 25551-13-7 none X
_F:>“ % E Other Light Semivolatile Compounds (molecular weight <200 g/mole)
5RBE Dipheny! ether 101-84-8 none X
g g ‘% Heavy Polycyclic Aromatic Hydrocarbons (molecular weight >200 g/mole)
2 us 5-Methylchrysene 3697-24-3 none X
E ; 3 Benzo[a,i]pyrene 191-30-0 none X
5= § Benzo[j]fluoranthene 205-82-3 none X PIC
5 8 = Dibenz[a h]acridine 226-36-8 none X
o Dibenz[aj]acridine 224-42-0 none X
ﬁ g = Dibenzo[a,h]pyrene 189-64-0 none X
c B Dibenzo[a,i]pyrene 189-55-9 none X
. §; Pentachloronaphthalene 1321-64-8 none X
g % Tetrachloronaphthalene 1335-88-2 none X
g < Trichloronaphthalene 1321-65-9 none X
5 .‘:” Other Heavy Semivolatile Compounds (molecular weight >200 g/mol€)
oo Nitrofen 1836-75-5 none X
CD)‘ E Ammonium perfluorooctanoate 3825-26-1 none X
S Triphenylamine 603-34-9 none X
~ B g § Polychlorinated Biphenyls (PCBs)
[0}
g k. g 3 3 2,2',3,4,4'5,5-Heptachlorobiphenyl 35065-29-3 none PCB
£ S 8 E ; 2,2',3,3',4,4' 5-Heptachl orobiphenyl 35065-30-6 none PCB
SEOF 8
&-: 'EE 8 E Other Light Semivolatile Compounds (molecular weight <200 g/mole)
C280 3
é_ '% E % ‘g Chlorocyclopentadiene 41851-50-7 none PIC
330 8% Dichloropentadiene 61626-71-9 none PIC
2E8&T
5 5 >3 E Heavy Polycyclic Aromatic Hydrocar bons (molecular weight >200 g/mole)
55883
B0 % <= Benzo[e]pyrene 192-97-2 none PIC
*g E o % § Dibenzo[a,e]fluoranthene 5385-75-1 none PIC
E 5 é s Dibenzo[a,h]fluoranthene No CAS# none PIC
S c <

®*Toxixity Values - denotes toxicity information where:
¢ - carcinogenic values available
n - non-carcinogenic toxicity values available
e- ecological toxicity values available
a- acute toxicity values available
"Regulatory DQO - "X" indicates this compound was one of the priority-regulated organic constituents listed in Table 4.4 of the regulatory DQO.
°EPA Addition to DQO - "X" indicates this compound was added by EPA despite being eliminated in the Reg DQO due to low toxicity.
9pIC - indicates the constituent is identified as a product of incomplete combustion in EPA's Human Health Risk Assessment Protocol
for Hazardous Waste Combustion Facilities, Table A-1, Information on Compounds of Potential Interest, Volume 2, Peer Review Draft.
Thereis no need to consider feed characterization for chemicals that are only evaluated as PICs.
CAS = Chemical Abstracts Service.
DQO = Data quality objective.
WTP = Hanford Tank Waste Treatment and |mmobilization Plant.
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Table4-2 Inorganic Chemicals of Potential Concern (COPCs) for Preliminary Risk Assessment

CAS Registry Regulatory
Constituent Number Toxicity Values® DQO"
Metals
Aluminum 7429-90-5 ae X
Antimony 7440-36-0 nae X
Arsenic 7440-38-2 c,nae X
Barium 7440-39-3 nae X
Beryllium 7440-41-7 c,nae X
Bismuth 7440-69-9 a X
Boron 7440-42-8 nae X
Bromide 24959-67-9 e X
Cadmium 7440-43-9 c,nae X
Calcium 7440-70-2 a X
Chromium 18540-29-9 c,nae X
Cobalt 7440-48-4 ae X
Copper 7440-50-8 ae X
Iron 7439-89-6 ae X
Lead 7439-92-1 a e X
Lithium 7439-93-2 ae X
Magnesium 7439-95-4 a X
Manganese 7439-96-5 nae X
Mercury 7439-97-6 nae X
Molybdenum 7439-98-7 nae X -
Nickel 7440-02-0 cnae X DQO Chemicals:
Potassium 7440-09-7 a X These 45 chemicals have toxicity data and
Rhodium 7440-16-6 a X were on theoriginal regulatory DQO list.
Selenium 7782-49-2 nae X These COPCs can be quantitatively
Silicon 7440-21-3 a X evaluated.
Silver 7440-22-4 nae X
Sodium 7440-23-5 a X
Strontium 7440-24-6 nae X
Thallium 7440-28-0 n,ae X
Tin 7440-31-5 nae X
Tungsten 7440-33-7 a X
Uranium 7440-61-1 nae X
Vanadium 7440-62-2 nae X
Yttrium 7440-65-5 a X
zZinc 7440-66-6 n,ae X
Zirconium 7440-67-7 ae X
Non-metals and Anions
Ammonia/ Ammonium 7664-41-7 nae X
Cyanide 57-12-5 nae X
Fluoride 16984-48-8 nae X
lodine 7553-56-2 ae X
Nitrate 14797-55-8 n,a X
Nitrite 14797-65-0 n X
Phosphorus 7723-14-0 a X
Sulfate 14808-79-8 a X
Total sulfur 63705-05-5 a X
- Criteria Pollutants Criteria Pollutants:
Cgrbon mqno>_<|de 630-08-0 a These 5 chemicals wereincluded as COPCs
Nitrogen dioxide 10102-44-0 a because they are criteria pollutants. These
Ozone 10028-15-6 a COPCs can be quantitatively evaluated.
Particulate matter No CAS# a . S
o Thereisno need for feed characterization
Sulfur dioxide 7446-09-5 a .
for these chemicals.
Metals
Tanta!um 7440-25-7 none X DQO Chemicals
Chloride 16887-00-6 none X ) -

. These 4 chemicals do not have toxicity data
Hydroxide 14280-30-9 none X but were on theregulatory DQO list. These
Phosphate 14265-44-2 none X u equiatory S

COPCs cannot be evaluated quantitatively.

#Toxicity Values - denotes toxicity information where:
¢ - carcinogenic values available
n - non-carcinogenic toxicity values available
e- ecological toxicity values available
a- acute toxicity values available
PRegulatory DQO - "X" indicates this compound was one of the priority regulated inorganic constituents listed in the regulatory DQO.
CAS = Chemica Abstracts Service.
DQO = Dataquality objective.
WTP = Hanford Tank Waste Treatment and Immobilization Plant.
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Table4-3 Radionuclides of Potential Concern (ROPCs) for Preliminary Risk Assessment

CASRegistry

Constituent Number Toxicity Values®
Americium-241 1596-10-2 cae A\
Antimony-125 14234-35-6 caei
Barium-137 13981-97-0 caei
Cadmium-113 14336-66-4 caei
Cesium-134 13967-70-9 cae
Cesium-137 10045-97-3 cae Primary Radioactivity:
Europium-154 15585-10-1 cae These 16 radionuclides have toxicity data
Europium-155 14391-16-3 cae > and contribute greater than 99.99 % of the
Niobium-93 7440-03-1° cae radioactivity in thetank waste. These
Plutonium-239 15117-48-3 cae ROPCs can be quantitatively evaluated.
Plutonium-241 14119-32-5 c,ae
Samarium-151 15715-94-3 c,ae
Strontium-90 10098-97-2 caei
Technetium-99 14133-79-7 c,ae
Tritium 10028-17-8 c,ae
Y ttrium-90 10098-91-6 Cae6i
Actinium-227 14952-40-0 c,ae
Americium-243 14993-75-0 c,ae
Carbon-14 14762-75-5 c,ae
Cobalt-60 10198-40-0 caei
Curium-242 15510-73-3 c,ae
Curium-243 15757-87-6 c,ae
Curium-244 13981-15-2 c,ae
Europium-152 14683-23-9 c,ae
lodine-129 15046-84-1 caei
Neptunium-237 13994-20-2 c,ae
Nickel-59 14336-70-0 caei
Nickel-63 13981-37-8 caei
Plutonium-238 13981-16-3 c,ae
Plutonium-240 14119-33-6 c,ae
Plutonium-242 13982-10-0 c,ae
Protactinium-231 14331-85-2 c,ae
Radium-226 13982-63-3 c,ae Additional Radionuclides:
Radium-228 15262-20-1 c,ae These 30 radionuclides wereincluded as
Ruthenium-106 13967-48-1 cae ROPCs because of their toxicity. These
Selenium-79 15758-45-9 caei ROPCs can be quantitatively evaluated.
Thorium-229 15594-54-4 c,ae
Thorium-232 7440-29-1 c,ae
Tin-126 15832-50-5 caei
Uranium-232 14158-29-3 caei
Uranium-233 13968-55-3 caei
Uranium-234 13966-29-5 caei
Uranium-235 15117-96-1 caei
Uranium-236 13982-70-2 caei
Uranium-238 7440-61-1 caei
Zirconium-93 15751-77-6 Cae6i

*Toxicity values - denotes toxicity information where:
¢ - carcinogenic values available
e- ecological toxicity values available
a- acute toxicity values available
i - the stable form of this radionuclide is eval uated as an inorganic COPC for health effects not associated with radioactivity.
® CAS Registry Number for niobium metal.
CAS = Chemical Abstracts Service.
COPC = Chemical of potential concern.
WTP = Hanford Tank Waste Treatment and Immobilization Plant.
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Chemicals of Potential Concern

850

+26

+41

+5

(COPCs)

Consolidated list of compounds used asinput for regulatory DQO list
(Wiemers and others 1998)

e Toxic Air Pollutant (TAP) lists Classes A (WAC 173-460-150) and B
(WAC 173-460-160).

e Underlying Hazardous Constituents (UHC) list (40 CFR 268.48).
® Universal Treatment Standards (UTS) list (40 CFR 268.48).

o Double-Shell Tank System (DST) Dangerous Waste Permit Application

(DOE-RL 1991) constituents except for waste code FO39.
o Double-Shell Tank Waste Stream Profile Sheet constituents.

Chemicals screened out based on:

Organics
e Detectability and availability of analytical methods, stability in the
DST environment, association with Hanford waste inventories.

Inorganics
o Availability of analytical methods, Hanford waste inventories.

Chemicals potentialy present in tank waste as identified by regulatory
DQO process plus 14 coplanar PCBs.

e 139 organics (Appendix A, Table A-1).
® 49inorganics (Appendix A, Table A-2).

Potential Products of Incomplete Combustion (PICs) recommended
by EPA (1998a) (organics [Appendix A, Table A-3]).

Potential PICs measured in bench-scale trials (organics [Appendix A,
Table A-4]).

Organic chemicals detected in tank waste and eliminated in the
regulatory DQO process due to low toxicity and infrequent detection
(Appendix A, Table A-5).

Organic chemicals not detected in tank waste and eliminated in the
regulatory DQO process due to low toxicity (Appendix A, Table A-5).

Inorganic criteria pollutants

Chemical COPCs (370 organics, 54 inorganics)

Selection of Constituents of Potential Concern

Radionuclides of Potential Concern

(ROPCs)
Radionuclidesin tank waste
representing > 99.99 % of total
radioactivity.

A J
+30 Radionuclides considered
important due to toxicity.

A

ROPCs (Appendix A, Table A-6).

470 Preliminary COPCs and ROPCs identified for

evaluation in the PRA
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5 Estimation of Emissions

The Hanford Tank Waste Treatment and Immobilization Plant (WTP) is being designed to pretreat and
vitrify radioactive mixed waste. A bounding estimate of stack emissions from the WTP has been
developed to alow for numerical quantification of the human and ecological risks associated with
airborne emissions. The emissions estimate individually considers 470 organic, inorganic, and
radionuclide constituents of potential concern that could result from processing Hanford tank waste
through the WTP. This section provides an overview of the assumptions and methodology used to arrive
at the WTP stack emission estimates.

5.1 Emissions Sources
The screening-level risk assessment (SLRA) considers potential emissions from the following sources.

Process Emissions. Process emissions are defined as chemicals and radionuclides released from the
WTP plant stacks as aresult of normal (also known as routine) operations. Emissions associated with
waste processing are discussed in section 5.2.

Process Upset Emissions. Process upset emissions are defined as chemicals and radionuclides rel eased
from the WTP stacks as aresult of nonroutine operations (such as a process malfunction). Process upset
emission rates are assumed to be higher than normal process emission rates because the upset condition is
assumed to result in decreased offgas treatment efficiency or increased formation of products of
incomplete combustion (PICs). However, process upset emissions are for a shorter duration. For the
pre-demonstration test risk assessment (PRA), the conservative assumption that all upset conditions result
in increased emission rates for short durations will be used. Process upset conditions are further
described in section 5.3.

Non-Steady State Operations Emissions. The WTP may have idle time and will have maintenance
time. Changeout of HEPA filter-media and replacement of catalysts are examples of maintenance
activities. These non-steady state operations are assumed to be bounded by the upset factor multipliers
(See section 5.3).

Fugitive Emissions. Fugitive emissions are defined as emissions of chemicals and radionuclides from
non-stack sources. The WTP processing buildings that will manage the Hanford tank waste will be
operated under negative pressure, and the air from the process buildings will be released to the
atmosphere through one of the stacks or flues described in section 3.5. Since the WTP will not have
emissions that do not pass through a stack or flue, by definition, the fugitive emissions from the facility
will be zero. However, the WTP emissions will consist of vapor phase organics that are assumed to be
derived from leaking valves and other ancillary equipment located in WTP process cells. These vapor-
phase organic emissions are analogous to fugitive emissions, in that they will be unabated by the offgas
treatment systems (that is, high-efficiency particulate air [HEPA] filtration systems) that control
emissions from process cells. Fugitive emissions and unabated organic emissions from process cells are
further described in section 5.4.

The SLRA will not consider emissions associated with accidental releases or with the retrieval and

transfer of wastes from the Hanford double-shell tank (DST) system. Accident scenarios, such asthe
rupture of atank or vessel line, are addressed in the hazards analysis and other nuclear and process safety
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documents. Emissions associated with the transfers from the Hanford DST system are expected to be
sufficiently bounded by the WTP process emissions estimates, as described in section 5.5.

5.2  Process Emissions

The methods, assumptions, and resulting process emission rates are documented in the Integrated
Emissions Baseline Report for the Hanford Tank Waste Treatment and I mmobilization Plant
(24590-WTP-RPT-PO-03-008). Thisreport isincluded as Attachment 1 to thiswork plan and is
summarized below.

The process emissions estimate was devel oped using the WTP project’ s baseline steady-state flowsheet
model. The steady-state flowsheet tracks modeled constituents across the pretreatment, low-activity
waste (LAW) vitrification, and high-level waste (HLW) vitrification facilities, and provides a steady-state
representation of process stream compositions at unit operation locations. The steady-state conditions
provide an overal material and energy balance with time-averaged flow rates. The steady-state flowsheet
allows for the use of simple equipment decontamination factors or more complex thermodynamic
calculations to evaluate the modeled constituents of concern. Decontamination factors are defined as the
ratio of the constituent concentration going into a unit operation to the concentration of the constituent
coming out of the unit operation. Evaporator partitioning and organic vessel vent emissions were
predicted from known liquid-phase concentrations using vapor-liquid equilibrium expressions. Henry’s
Law constants were compiled for the organic vapor-liquid equilibrium calculations.

The steady-state flowsheet tracks the main constituents expected to have the greatest impact on the
material and heat balance of the plant. The constituents tracked in the steady-state flowsheet account for
117 of the constituents of potential concern. Specifically, 51 of the 250 feed organics, 35 of the

49 inorganics, 28 of the 46 radionuclides, and 3 of the 5 criteria pollutants are part of the basdline
steady-state flowsheet. The emission ratesfor constituents of potential concern not analyzed directly in
the steady-state flowsheet (with the exception of PICs) were estimated using the modeling output from a
constituent that was in the steady-state flowsheet. The correlations of modeled and unmodeled
constituents were based on constituents having similar physical properties with an adjustment made for
differing feed concentrations, if applicable.

The emission rates of PICs were estimated based on research and technology testing data from
small-scale melter runs spiked with hazardous organic constituents at the Vitreous State L aboratory of the
Catholic University of America. The PIC emission rates are based on an assumption that, after offgas
treatment, PICs will be present in the stack at concentrations equal to the analytical detection limit
concentrations from the small-scale melter tests.

Additional details on process emissions estimation, including the basis for feed composition, treatment
efficiencies, the correlation of modeled and unmodeled constituents, and PIC emission rates are described
in the Integrated Emissions Baseline Report for the Hanford Tank Waste Treatment and Immobilization
Plant (24590-WT P-RPT-PO-03-008).

5.3 ProcessUpset Emissions
Process upset conditions include periods of startup, shutdown, process malfunction (that is, the unit is
operating outside the permitted operating conditions), or equipment failure. Periodswhen process

equipment is being maintained or in an idle condition are also included. Process upset conditions are
generally assumed to result in greater than normal stack emissions during the short period of the upset.
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However, the US Environmental Protection Agency (EPA) has indicated that upsets are not generally
expected to significantly increase stack emissions over the lifetime of afacility (EPA 1998a).

The potential for increased emissions during upset events will be addressed through the application of
upset factors. These upset factors, as described below, will be applied (that is, adjustments will be made)
to the estimated emissions that are environmentally modeled. These upset factors are based on the
amount of time the facility is expected to operate in an upset condition and the estimated magnitude of
stack emissions during upset relative to routine operating conditions. The preferred method for
estimating this upset factor is through the use of data from existing facilities that have operating
conditions similar to the proposed WTP. The frequency and duration of upset events may be estimated
based on EPA 1998a:

o Datafrom continuous emissions monitoring systems that measure operating parameters such as stack
carbon monoxide or oxygen

e Dataon combustion chamber, air pollution control system (APCS), or stack gas temperature
¢ Ratio of automatic waste feed cut-off frequency and duration to operating time
e Vaiationsinthe APCS operating conditions

The potential magnitude of emissions during upset events may be estimated based on stack test data
collected during upset conditions.

EPA default upset factors represent worst-case conditions and will be used for the PRA unless sufficient
process information is available to estimate site-specific upset factors. EPA default upset factors are
based on the data described above from operating hazardous waste combustion facilities. The default
upset factors are expected to over-predict upset emissions from the WTP for several reasons, including:

e Carbon monoxide is frequently used as an indicator of upset conditions, and automatic waste feed
cut-offs are often triggered by increased stack gas concentrations of carbon monoxide. However,
routine operations, such as adjusting waste feed or air intake rates, will cause brief spikesin carbon
monoxide concentration.

o Test data used for these defaults is based on hazardous waste combustion facilities designed for the
destruction of liquid or solid organic waste, or both. The technology and waste feed of the WTP
melters are different and less subject to upset than these facilities.

EPA 1998a default upset factors are 2.8 for organic chemicals and 1.45 for metals calculated as shown
below.

Organics. A default facility is assumed to operate under upset conditions 20 % of the time and stack
emissions are assumed to be 10 times greater than normal during this time.

Upset Factor = (0.80) (1) + (0.20) (10) = 2.8

Metals. A default facility is assumed to operate under upset conditions 5 % of the time with stack
emissions 10 times greater than normal during thistime.

Upset Factor = (0.95) (1) + (0.05) (10) = 1.45
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EPA has not determined a default upset factor for radionuclides. For the PRA, radionuclides are assumed
to behave similarly to metals with an upset factor of 1.45. The same upset factors will be used for both
the plausible and worst-case scenarios in the PRA and the final risk assessment (FRA).

These default upset factors (2.8 for organics and 1.45 for inorganics and radionuclides) will be used for
all vapor-phase emissions. An upset factor of 1 will be used for al particle and particle-bound emissions
as described below.

The entire pretreatment and vitrification processes will be contained within buildings designed such that
the only exitsfor air and emissions will be through one or more HEPA filters. When the processis
operating normally, all air and emissions will pass through numerous air pollution control devices.
However, even if the process experiences an upset condition or shuts down and all of the active pollution
control devices operate poorly or fail completely, the only way for air and emissions to pass out of the
facility will be through the HEPA filters. Therefore, an upset factor of 1 will be applied to the particulate
and particulate-bound emissions estimates for organics, inorganics, and radionuclides because the HEPA
filter removal efficiency used in the emissions estimate already includes an assumption of decreased
removal efficiency due to upset conditions such as moisture in the filters.

54  Fugitive Emissions

Fugitive emissions are defined as “ emissions, which could not reasonably pass through a stack, chimney, vent,
or other functionally equivalent opening” (WAC 173-400-030). The WTP process buildings that manage the
Hanford tank waste will be operated under negative pressure, and the air from the process buildings will be
released to the atmosphere through astack or flue. Transfer lines between buildings that will contain Hanford
tank waste will be double-wall pipe. The WTP will, therefore, not emit fugitive emissions.

Building ventilation and process offgases will be treated by abatement systems that employ best available
control technology for criteria pollutants, radionuclides, and toxic air pollutants prior to release to the
environment through a stack or flue. Organic compounds could be released into the process cells from
ancillary equipment. These emissionswill be treated by HEPA filters that will abate particulate or
particle-bound organic compounds. Organic compounds existing in the vapor phase will not be captured
by the HEPA filters. These organic emissions from process cells have been quantified for purposes of
risk assessment.

Organic emissions from process cells will be quantified by establishing the total organic emissions
associated with ancillary equipment in process cells. Thistotal includes particle, particle-bound, and
vapor-phase contributions that are associated with ancillary equipment, such as valves, pump seals,
compressor seals, and connectors. The methodol ogy and emissions factors used to estimate releases from
ancillary equipment are consistent with the EPA guidance document Protocol for Equipment Leak Emission
Estimates (EPA 1995b). After establishing the total hazardous organic emissions, the fraction of
emissions considered to be particle or particle-bound in the offgas will be removed. The particle and
particle-bound organic constituents will be captured by HEPA filtration systemsin the process cell
ventilation system where the concentration is reduced by afactor of 200,000
(24590-WTP-RPT-PO-03-008). The remaining vapor-phase organic fraction will be carried forward to the
corresponding facility flue where the emission rates are considered in conjunction with other process
emissions for risk assessment.
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A detailed discussion of the methods, calculations, and results associated with organic emissions from
process cellsis described in Estimated Organic Emissions from Process Cells
(24590-WTP-HAC-50-00001). Thiscaculation isincluded as Attachment 2 to this work plan.

55 Uncertainty in WTP Emissions Estimate

Although there are uncertainties associated with the parameters used to arrive at estimated process
emissions, these uncertainties have been recognized and managed through conservative assumptions
applied throughout the emissions estimation process. For example, thereisanaytical uncertainty
associated with the organic, inorganic, and radionuclide characterization data that describes the waste
feed streams to the WTP. To accommodate characterization uncertainties, the inorganic and radionuclide
source terms are based upon the highest known concentration for constituents in tanks that the WTP
expects to process during the initial 10 years of mixed waste operations. Similar conservatism has been
applied with respect to the organic feed vector. For organic compounds, the emission estimate assumes
that incoming organic concentrations are 280 times higher than the detected concentrations (or detection
limits) of organic constituents analyzed in high-organic-bearing tanks at Hanford
(24590-WTP-RPT-PO-03-008). The methodologies applied to assigning feed concentrations should
ensure that the actual concentrations of organic, inorganic, and radionuclide constituents encountered
during operations will be conservatively bounded by the emissions estimate assumptions.

The conservatism applied to the feed vector is also applied to the assignment of equipment
decontamination factors. In cases where a particular treatment process has arange of achievable
treatment efficiencies, the lower end of the range (which trandates to the higher offgas emission rate) has
been applied in the emissions estimate. The ranges of treatment efficiencies for individua treatment
processes are derived from avariety of sources, including research and technology data, engineering
studies, vendor literature, and regulatory guidance. For example, in establishing filtration removal
efficiencies, the dual-HEPA filtration systems used in the WTP offgas treatment systems have an
assumed decontamination factor of 200,000 for particle and particle-bound constituents in the offgas
(24590-WTP-RPT-PO-03-008). This decontamination factor is consistent with the assumptions used
across other Hanford permitting applications and is considered conservative, even for particle sizes of 0.3
pm, which are most likely to pass through HEPA filtration.

The WTP emissions estimate does not estimate the emissions that could result from retrieval of waste
feed from the Hanford DST. Although these emissions are not included, the risks associated with
retrieval of DST feeds will be sufficiently bounded for the following reasons:

o TheWTP feed vector assumes receipt of the entire DST inventory and has been developed to
conservatively overestimate the constituent concentrations present in the tank contents. As described
above, the organic feed vector scaled up expected feed concentrations by afactor of 280 to account
for uncertainties in characterization information.

e DST retrieval operations would be infrequent and, therefore, the assumed continuous 24 hours per
day, 7 days per week, operation of WTP at 100 % efficiency would dominate any long-term risk
calculations. Any acute risks associated with the DST retrieval are not expected to coincide with
either the timing or location of acute risks estimated for the WTP due to temporal and spatial
differences.

e Entrainment losses of particle-bound constituents from the DST tank system would be comparable to
the control in the WTP facility (that is, both offgas discharge streams are controlled by HEPA
filtration systems that provide a high removal efficiency for particulates).
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e Lossesof al constituents are being assessed and controlled under regiona air-permitting control
authorities.

If it is determined through air-permitting that significant airborne release risk pathways exist for the DST
retrieval, the risk assessment will revisit the new information and assess an appropriate path forward.
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6 Environmental Modeling

Environmental modeling refersto severa types of models used to simulate the route of chemicals and
radionuclides from the stack toward human and ecological receptors. This section describes the
environmental modeling approach for the Hanford Tank Waste Treatment and Immobilization Plant
(WTP). Air dispersion modeling is discussed first (section 6.1), followed by soil accumulation modeling
(section 6.2), surface water accumulation modeling (section 6.3), sediment accumulation modeling
(section 6.4), and terrestrial plant accumulation modeling (section 6.5). Modeling for other media (such
as specific animals and fish) is briefly discussed in section 6.6 (more detailed information is provided in
sections 7 and 8, because these media are modeled slightly differently for human health and ecological
risk). Uncertainties related to environmental modeling are discussed in section 6.7. A summary of
environmental modeling is presented in section 6.8.

6.1  Air Dispersion Modeling

Air dispersion modeling will be used to estimate the ambient air quality and deposition rates resulting
from emissions of chemicals and radionuclides during operations of the WTP. This section provides
details of the approach that will be used in this task.

6.1.1 Modd Seection

The Industrial Source Complex Short Term Model, Version 3 (ISCST3) (EPA 1995¢, EPA 2002a) was
initially proposed to evaluate the air quality in the vicinity of the WTP. This model, preferred by the US
Environmental Protection Agency (EPA) (Guideline on Air Quality Models, 40 CFR Part 51,

Appendix W), is generally considered a conservative model for applications such as the screening level
risk assessment (SLRA). The model uses emissions source data and hourly meteorological datato
estimate ambient air concentrations and deposition rates of gases and particles at locations (receptors) of
interest in the vicinity of the facility (EPA 2002a). ISCST3 isan Eulerian “plume” model that sends
emissions out in a straight line from the emission source, in the direction of the wind, at the time of
release. The plume continues spreading out and traveling away from the emission source, becoming more
and more dilute with distance. The use of this model was evaluated for application to the WTP.

After thisinitial evaluation, it was determined that the CALPUFF model, a Lagrangian “ puff” model,
would be more appropriate in this application. EPA has just adopted CALPUFF as a guideline model
(Federal Register, 15 April 2003), giving it equivalent status to the ISCST3 model. In addition, there are
several advantages to using the CALPUFF modeling system (version 5.6) for this application, which
would result in amore redlistic and representative characterization of the air quality.

e Gaussian puff dispersion formulation: Plumes are treated as a series of Gaussian puffs that move and
disperse according to local conditions that vary in time and space.

e Meteorology: Wind and other meteorol ogical variables are allowed to vary in athree-dimensional
space.

e Wet- and dry-deposition mechanisms: Deposition processes are included for both particles and
gaseous pollutants that depend on the characteristics of the pollutant, the surface geophysical
parameters, and meteorological conditions; the model accounts for the mass of pollutant removed
from the plume when deposition occurs.
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e  Other improvements and refinements: The algorithmsin CALPUFF have been designed to take
advantage of recent improvementsin scientific understanding of boundary layer meteorol ogy
dispersion modeling and chemistry.

The most significant advantage the CAL PUFF modeling system provides, in comparison to other
dispersion models (such as ISCST 3) that use meteorological datafrom a single station, is amore realistic
treatment of the wind field including upper air data. The CALPUFF model gets the upper air datainput
from the Mesoscale Moddl, version 5 (commonly known as MM5). The MM5 model was run for
Washington, Oregon, part of Idaho, and British Columbia by the University of Washington. MM5isa
prognostic model that produces gridded upper air wind fields and is used asinput into the CALPUFF
model. “Gridded wind fields” indicates that the model provides wind speeds and direction at specific
intervals (12 km) over the modeling region and at approximately 20 levels through the atmosphere. So
the CALPUFF upper air input is much more comprehensive than simply using a single set of upper air
datafrom one station. Also, note that rather than performing external calculations of the mixing height
and providing these results as input into the model (as done when using ISCST3), CALPUFF handles
those calculations internally, sinceit has a very comprehensive set of meterological data asinput. Surface
wind regimes typically have complex, three-dimensional qualitiesthat are significantly influenced by
geophysical parameters, such as topography, so that a single-surface observation site is often not
sufficient to accurately characterize the wind flow regimein aregion. CALPUFF s three-dimensional
wind field provides a more accurate representation of the wind flow influencing regional air quality
impacts. The CALPUFF model releases the pollutant puffsinto that three-dimensiona wind field, which
has varying wind flow patterns and accounts for complex terrain features, thereby producing a more
realistic depiction of dispersion.

One of the unique characteristics of Hanford is that Battelle' s Pacific Northwest National Laboratory
(PNNL) operates the meteorological monitoring network in and around the Hanford site. A total of 30
surface monitoring stationsis included in the network, which provides a comprehensive set of
meteorological conditions throughout the Hanford site and in surrounding areas (8 stations are located
outside the Hanford site boundary). Datafrom 27 of these stations will be included in the CALPUFF run
to provide a very representative picture of surface meteorological conditionsin the region around the
WTP site.

All of the monitoring stations measure wind speed and direction at 10 m and temperature at 1 m. Other
variables to be used in the modeling, including relative humidity, dew point temperature, barometric
pressure, cloud cover, and ceiling height, are only measured at the main Hanford Meteorol ogical Station,
which islocated near the center of the Hanford site and approximately 5 miles west of the 200 East Area
location where the WTP will be located. These supplemental datais expected to be representative of
atmospheric conditions at the WTP.

The most recent version of the CALPUFF model will be used in this analysis and will be supplemented
by EPA’s Risk Assessment Guidance for Superfund (RAGS), Part A (EPA 1989), and RAGS Part B
(EPA 1991) models for radionuclides. This model can handle alarge number of sources that could occur
from atypica industria source, including point sources (such as stacks) and area sources (such as
fugitive emissions from an open area). In the case of the WTP, there are no fugitive emissions and
CALPUFF will be used exclusively for point source emissions.

The CALPUFF model will be used to cal culate ambient concentrations, and wet and dry deposition rates,

for chemicals of potential concern (COPCs) and radionuclides of potential concern (ROPCs) at
pre-determined exposure locations. The terrain elevation of each receptor will be included in the model
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input. Terrain elevationswill be obtained from digitized maps of the Hanford Site for receptors |ocated
within the site or from US Geologica Survey (USGS) digitized maps for receptors located outside of the
Site.

6.1.2 Detailed Discussion of CALPUFF Modeling

In the following sections an overview of the componentsin the CALPUFF modeling system, the
application of the CALPUFF model, and post-processing of CALPUFF results to determine air quality
impacts are presented, and results for the subsequent health risk assessment are summarized.

The CALPUFF system consists of three main components: CALMET, CALPUFF, and CALPOST.
Sufficient datais available from a variety of sources to run these components. The CALMET moduleis
used to combine various types of meteorological and geophysica data with the necessary control
information into the particular format required for use in the dispersion modeling component of the
CALPUFF model. CALPOST isthen used as a post-processing program to read the formatted output file
generated by CALPUFF and summarize modeled results. The objective of this section is to describe the
collection, preparation, and application of al data necessary to run the CALPUFF modeling system.

6.1.21 CALMET Modeling

The CALMET model uses a grid system consisting of square horizontal cells (NX by NY) and vertical
layers (NZ) to create athree-dimensiona wind field over a specified domain area. To develop the wind
field in the domain area, the model must start with aninitial “guess” field. Several options are available
for initializing the wind field, including a spatially uniform guess field or objective analysis of all
available wesather observations, however, use of output data from a gridded prognostic model (such as
Pennsylvania State’ s Mesoscale Model 5 or MM5) is preferred dueto its ability to provide a spatially
varying wind field and take into account geographic features influencing mesoscale wind patterns. Once
defined, thisinitial wind field is adjusted objectively using local geophysica data and surface
meteorological observations.

In addition to MM5 data, the CALMET model incorporates avariety of other meteorological and
geophysical datasets in developing the three-dimensional wind fields, including upper air, surface,
precipitation, terrain, and land use data. Surface and upper air observations are used to refine the MM5
predictions to account for local scale effects not resolved by the MM5 prognostic model. Inclusion of
geophysical data further influences the development of the wind fields, especially in complex flow
applications and light wind situations where terrain-induced flows dominate surface wind patterns.
Hourly precipitation datais necessary within the CALPUFF modeling system for accurate wet deposition
estimates. The CALMET model is used to combine MM5 simulation data with surface meteorological
observations, upper air observations, and geophysical datainto the format required by the dispersion
modeling component CALPUFF.

In the following sections, the preparation of the meteorol ogical and geophysical datasets, as well asthe
application of the CALMET module, are briefly discussed.

6.1.2.2  Preparation of Data

MM5 Data. A one-year subset of archived MM5 data from MFG, Inc. (MFG) spanning 1 August 2000
to 31 July 2001 was obtained and used in this modeling application. MFG processed the subset from the
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University of Washington's archived MM5 output files using the CALMM5 module, which processes the
MMS5 data for direct input into the CALMET model.

Theorigina MM5 model run was conducted using a 12 km grid size spanning a 696 km by 672 km
region covering part of the Pacific Ocean near the northwestern US coast, southern British Columbia,
Washington, Oregon, and Idaho. For this modeling application, the original MM5 domain will be
reduced to a 240 km by 240 km grid (20 cells by 20 cells) centered on the Hanford Site, to conserve
computer memory and reduce processing time. Thus, the Hanford Site, in southeastern Washington, lies
directly in the center of the revised MM5 modeling domain, ensuring adequate representation mesoscale
meteorological conditions.

Surface Data. Surface meteorological measurements will be used in the construction of CALMET input
files to supplement the MM5 wind data in defining the three-dimensional wind field. Hourly surface
meteorological datafor the 1 August 2000 to 31 July 2001 period from 27 of the 30 stations comprising
the Hanford Meteorol ogical Monitoring Network was obtained. These stations cover all quadrants of the
Hanford Site and provide a comprehensive set of representative surface wind datafor the area. All of this
data will be used in developing the three-dimensional wind field for each hour of the one-year modeling
period. In addition, the main Hanford Meteorological Station, located near the center of the Hanford Site,
also collects precipitation and cloud cover datathat will be used in the model. PNNL operates the
stations on a continuous basis and maintains a comprehensive quality assurance program to ensure the
guality of the data collected in the Hanford Meteorological Monitoring Network.

Integration of MM S and Surface Data. The three-dimensional wind field model uses a combination of
upper-level MM S data and surface data to adequately describe wind conditions at plume height. Most
surface datais collected from 10 m high towers and the highest tower is 124 m high.

Geophysical Data. Land use and terrain data are both incorporated into the CALMET modul e to modify
wind field projections and, subsequently, affect dispersion calculations in the CALPUFF model. Terrain
height and land use data are obtained electronically from the USGS' s website (US Geological Survey
2003) and pre-processed using the software provided in the CALPUFF modeling system. Terrain datais
availablefor 1 °digital elevation model data with each file covering a1 © by 1 © area corresponding to the
east or west half of a 1:250,000 topographic map. The terrain dataset’ s resolution varies from 70 mto

90 min North America, with an absolute accuracy of 130 m in the horizontal and 30 min the vertical.

Land use datais also available from the USGS' s website (US Geological Survey 2003) at the
1:250,000-scale. Each land use file coversthe full 1 ° (latitude) by 2 ° (longitude) area corresponding to a
1:250,000-scal e topographic map with approximately 200 m resolution.

6.1.2.3 CALMET Application

The first phase of this modeling analysis will involve the production of the three-dimensional
meteorological fields to be used by the CAL PUFF modeling system to characterize pollutant dispersion.
The CALMET model is used to generate these wind fields, which are then input into the second module
of the system, the dispersion model CALPUFF. A CALMET input fileis developed to define al control
information and coordinate all datasets necessary for amodel run. CALMET is applied using the
previoudy described datasets and the methods explained below.

The CALMET model will be run for a 100 km by 100 km grid with a 1 km grid mesh size and 9 vertical
levels, ranging from the surface to 3000 m. The CALMET grid is centered in the middle of the Hanford
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Site, near where the WTP facilities are to be built, so that the CALMET model grid extends
approximately 50 km out in al directions from the WTP facility (see Figure 6-1).

6.1.24 CALPUFF Modeling

This section describes the preparation of the input data necessary for the second module of the CALPUFF
system, the dispersion model CALPUFF. This dataincludes source characteristics, modeling options, and
receptor locations. Air quality impacts of emissions from the proposed WTP at the Hanford Site are
estimated from CALPUFF model simulations using the year of CALMET-generated meteorological fields
previoudy discussed.

Building wake effects can have a significant impact on the dispersion of emissions near astack. The
turbulence induced by buildings produces a phenomenon, known as building downwash, in which a stack
plume can be brought downward toward the ground much sooner than if the buildings were not there,
resulting in localized areas of high-emission concentrations. The CALPUFF model has built-in
algorithms to evaluate the potentia for downwash.

6.1.25 CALPUFF Model Options

EPA has provided guidance for the operation of both the CALMET and CALPUFF models

(Earth Tech Inc. 2000a, 2000b). This guidance will be used in determining the most appropriate model
options and settings used for these models. Some of the key options proposed for this application of the
CALPUFF model are asfollows:

e Wind speed profile: Industria Source Complex model - rural

e Plume element modeled: puff

e Pasquill-Gifford dispersion curves used with other default dispersion options

o CALPUFF partial path treatment of terrain

e Transtiona plume rise, stack downwash, and partial plume penetration modeled
o Default wet and dry deposition parameters for the particle and gaseous deposition

The model will be run for five scenarios to determine the location of the maximum impacts, ensure that
the grid is sufficiently extended to capture the worst-case depositions, and focus on areas of particular
interest to the risk assessment:

e Theentire 100 km by 100 km grid (1 km receptor grid spacing), to determine the maximum impact
areas

e Point of maximum onsite impact (100 m receptor grid spacing)
¢ Inthevicinity of Gable Mountain (500 m receptor grid spacing)
e Along the Columbia River (500 m receptor grid spacing)

o Maximum offsite impact area (500 m receptor grid spacing)
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6.1.3 Other Modeling Parameters

This section discusses the modeling input parameters for the air dispersion and deposition modeling
including emissions data, meteorological data, exposure locations, calculations of deposition rates, and
model variable settings.

6.1.3.1 Emissions Sour ce I nfor mation

Identification of emission sources and quantification of emission rates for each specific COPC and ROPC
are described in section 5, Estimation of Emissions. Stack heights for the WTP have been established at
about 200 feet (about 61 m) high. Other datarequired for model execution, such as stack diameters, stack
gas flow velocities, and stack gas temperatures, will be provided in the pre-demonstration test risk
assessment (PRA) along with all model output data.

Unit Emission Rates. The CALPUFF model will be run with a unit (normalized) emission rate of 1.0 g/s
for each individua flue or stack. Thereisalinear relationship between the emissions rate from asingle
flue and the modeled impacts (air concentrations and deposition rates) at an individual location.
Therefore, the modeled impact at that 1ocation, based on a unit emissions rate from a single flue, can
simply be multiplied by the actual emissions rate of an individual COPC and ROPC to determine the
actual depositions. By using spreadsheets, the impacts from a specific flue can be determined for each
COPC and ROPC at each location in the receptor grid.

Analysis of Multiple Flues. The present WTP design is based on nine flues located in the pretreatment,
high-level waste (HLW) vitrification, and low-activity waste (LAW) vitrification facilities; however, only
eight flues will be model ed because two adjacent melter offgas and process vessel vent flues with
identical configurations will be combined and evaluated as asingle flue. The flueswill be modeled
separately in the air dispersion modeling process.

6.1.3.2  Calculation of Deposition Rates

The determination of deposition rates is an important input into the human health and ecological risk
assessments being conducted for the WTP. The CALPUFF model will be used to calculate both wet and
dry deposition rates, in addition to ambient concentrations, at each exposure location.

Dry deposition occursin the absence of precipitation, while wet deposition isinfluenced by precipitation
type and rate. The two types of deposition result from different physical processes and, therefore, must be
considered separately. CALPUFF has agorithms built into the model to cal culate these processes.
CALPUFF requires the use of many parameters. Two references that document many of the parameter
values are:

e Bonneville Power Administration, 2001 (Modeling Protocol, Regional Air Quality Modeling Sudy,
Bonneville Power Administration, available on the Internet at
http://www.efw.bpa.gov/portal/Organi zations/Government/Federal /Dept_of Energy/BPA/Environme
nt/NEPA/AirQuality/cimp.pdf)

e Energy Northwest and Duke Energy North America 2001 (SATSOP Combustion Turbine Project
Application for Prevention of Sgnificant Deterioration [PSD] Permit, available from the Washington
State Department of Ecology).
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Dry Deposition. The CALPUFF model calculates the deposition velacity from particle diameter, mass
fraction, and particle density, which are the datainput into the model for each particle size-fraction. The
calculation of deposition velocities within the model includes the effects of Brownian motion, inertial
impaction, and gravitational settling. Particularly for the larger particles, the key parameter governing the
rate of dry deposition isthe terminal settling velocity. The terminal settling velocity, in turn, is affected
primarily by the particle size and density: large particles have the highest terminal velocities (and,
therefore, the highest deposition rates), and small particles have lower terminal velocities. It isimportant
to note that particles have a positive terminal settling velocity and, therefore, are subject to dry deposition.

Wet Deposition. The wet-deposition flux is calculated by using a scavenging ratio to model the wet
removal of particles and gasesin the atmosphere. The scavenging coefficient appearsto depend on a
complex combination of the characteristics of the COPC and ROPC (such as solubility and reactivity for
gases, size distribution for particles) as well as the nature of the precipitation (such asliquid or frozen).
The input screens of the CALPUFF model have suggested scavenging coefficients for use in the model.

Deposition Rate Calculations. COPC and ROPC emissions can occur in either the vapor or particle
phase, and COPCs and ROPCs in both phases are subject to wet and dry deposition. Particle sizeisa
primary influence on the calculation of both dry and wet deposition of COPCs and ROPCs in the particle
phase, as discussed above. Therefore, distribution of particle sizesin the stack emissions at the WTPis
an important input parameter in the model for determining deposition rates. A single particle size of

1 micron will be assumed to be representative for all particles released from the stacks because of the use
of HEPA filtration.

6.1.4 Mode Output

The modeled output from CALPUFF will be combined from each flue or stack, at each exposure location,
so emissions from the WTP will be presented at each exposure location. Tables of the results will be
provided for use in the risk assessment. In addition, plots will be used to graphically represent the
concentrations and deposition rates of emissions from the WTP.

6.1.4.1  Chronic Output

Chronic output from the WTP, to be evaluated in the risk assessment, will be based on the annual average
ambient air concentrations and deposition rates for each COPC and ROPC at each exposure location, as
calculated by the CALPUFF model. The annual average concentrations and deposition rates will be
calculated for the period 1 August 2000 to 31 July 2001 when the MM5 and Hanford surface
meteorological data are available.

6.1.4.2  AcuteOutput

The acute output from the WTP, to be evaluated in the risk assessment, will be based on the highest
one-hour average air concentrations as required by EPA guidance (EPA 1998a) for each COPC and
ROPC at each exposure location, as calculated by the CALPUFF model. The use of one-hour average air
concentrationsis to support the analysis of worst-case acute effectsin the risk assessment. An acute
inhalation scenario is recommended by EPA (19984) becauseit is possible for air concentrations of
COPCs and ROPCsto significantly exceed the annual average concentration for a brief time and, thus,
result in acute effects to receptor populations viainhalation and external exposure to radiation. Because
the acute effects are only due to direct inhalation and external exposure to radiation, deposition rates are
not important in determining the acute risk. Concentrationsin soil and other media reflect long-term
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deposition of COPCs and ROPCs. The long-term cumulative concentration in these mediawill be greater
than the concentration resulting from any single acute event. Therefore, the acute exposure scenario is
only applicable to the inhalation pathway.

The highest one-hour average concentration will be calculated for the worst-case hour (that is, the hour
with the meteorological conditions that result in the highest concentration). Acute emissions estimates
include process upset and fugitive emissionsin addition to normal stack emissions as described in
section 5. Acute emissions modeling does not include accidental (that is, catastrophic) releases.

6.1.4.3  Exposure Point Concentrations

Exposure point concentrations (EPCs) used for estimating doses of COPCs and ROPCs depend on the
location of the maximum depositiona areas. The location of the various receptor populations identified
for the quantitative risk assessment will correspond to the receptor grid nodes defined during air
dispersion modeling. In keeping with the conservative approach used in the risk assessment, the location
with the maximum concentration of COPCs and ROPCs will be used in estimating EPCs. Because the
point of maximum concentration may be different for airborne COPCs and ROPCs and COPCs and
ROPCs deposited via wet and dry deposition mechanisms, EPA (1998a) recommends the following
method for selecting the point of maximum concentration. Emissions will be modeled separately for
eight flues (pretreatment C5, vessel vent, and reverse flow diverters/pulse jet mixers [RFDS/PIMs]; LAW
C5 and melter offgas and process vessel vent; and HLW C5, RFD/PIM, and two melter offgas and
process vessel vent flues that will be combined and evaluated as asingle flug) with six points of
maximum concentration possible from each flue:

o Maximum vapor-phase air concentration

e Maximum particle- and particle-bound-phase air concentration
¢ Maximum vapor-phase wet deposition

e Maximum particle- and particle-bound-phase wet deposition

¢ Maximum vapor-phase dry deposition

e Maximum particle- and particle-bound-phase dry deposition

Thus, there are atotal of 48 possible maximum concentrations (8 flues ¢ 6 phases). All 48 possible
maximum concentrations will be evaluated in the determination of exposure point concentrations.
Because more than one maximum concentration often occurs at the same receptor grid node, it is more
likely that a dozen grid nodes or less with maximum concentrations will be identified (rather than 48). To
further reduce the number of points evaluated, points of maximum concentration will be grouped based
on geographic proximity to each other.

6.2  Soil Accumulation Modeling

Concentrations of COPCs and ROPCs in soil will be estimated from deposition rates predicted by the air
dispersion modeling. For the SLRA, deposition is assumed to occur for the potential operating lifespan of
the facility (40 years). COPC and ROPC concentrationsin soil will be calculated for both vapor-phase
and particle-phase (including both particle and particle-bound) emissions; the emissions report, found in
Attachment 1 of thiswork plan, indicates which COPCs and ROPCs are in vapor phase and which
COPCs and ROPCs arein particle phase. Both wet and dry deposition of particles and vaporswill be
considered in the soil modeling.
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Various equations are used in the soil accumulation modeling. Some parameter values used in this
modeling are functions of other parameters, which are functions of yet other parameters. To avoid
confusion, the primary equations for soil accumulation modeling appear in section 6.2;
supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
supporting/intermediary equations is presented in this section.

EPA guidance (EPA 1998a, 1999c) for calculating emissions concentrationsin soil includes terms that
account for loss of COPCs by several mechanisms, including:

o Degradation (bictic and abiotic)
e Leaching

e Surface runoff

e Volatilization

e Soil erosion

Although not mentioned in EPA guidance, radiological decay for ROPCs is comparable to degradation
for COPCs and is also considered as a soil oss mechanism in the soil modeling. Therefore, all six sail
loss mechanisms will be considered as possible soil 0ss mechanismsin the ca culation of soil
concentrations. Equations to calculate the soil 10ss mechanisms can be found in Appendix B-2.

A number of soil loss parameters are dependent on the available water, calculated as (P+I-RO-E,), which
isrelated to precipitation (P), irrigation (1), surface runoff (RO), and evapotranspiration (E,) in the
Hanford Site area. Climate in the region resultsin greater evapotranspiration than precipitation (DOE
1997). Some areas are irrigated; however, the high evapotranspiration and scarce water resources
minimize the potential for runoff dueto excessive irrigation. Therefore, neither natural precipitation nor
irrigation provides adequate water to generate surface runoff, and these processes should have a
negligible effect on the concentration of COPCs and ROPCs in soil.

All six soil loss mechanisms are possible, with varying degrees of influence on the soil modeling.
However, based on the discussion above on available water, the calculation of soil concentrationsis likely
to include soil loss due to degradation (biotic and abiotic), radiologica decay, leaching, and volatilization.
The calculation of soil concentrationsis likely to not include soil loss due to surface runoff and soil
erosion. For completeness, the equations presented below and in Appendix B-2 will include all six sail
loss mechanisms.

Because some of the soil loss mechanisms are cal culated with depth-specific parameters, the total soil loss
across all soil loss mechanisms shown above is depth-specific. For this risk assessment, soil
concentrations are determined for three specific soil depths: tilled soil, untilled soil, and root zone soil.

Thetilled soil condition assumes that deposited emissions are mixed to atilled depth of 20 cm for plants
grown in domestic scenarios (for example, produce grown by afarmer and grain and silage grown for
consumption by domestic animals).

The untilled soil condition assumes emissions are deposited on the top 1 cm of soil and stay there (that is,

no mixing occurs). Untilled soil concentrations are used to calculate direct exposure to soil (such as
ingestion) by human and ecological receptors, but the untilled soil depth of 1 cm is considered too

Page 6-9



O©CO~NOOUITAWNPEF

24590-WTP-RPT-ENS-03-006, Rev O
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

shallow to estimate plant concentrations for consumption by human and ecological receptors (that is, no
plant concentrations are modeled from the untilled soil concentrations).

The root-zone soil depth is where deposited emissions are assumed to be mixed to aroot-zone depth of
15 cm for exposure of invertebrates and wild plants collected by Native American receptors and forage
ingested by domestic and wild animals. Use of root zone soil concentrations for these pathwaysis
conservative because:

e Mixing will occur naturally as aresult of plant roots and digging by worms, insects, and larger
animals

e Plant roots and soil invertebrates will exist below 1 cm and, therefore, be exposed to clean soil below
this depth

Because soil concentrations may require many years to reach steady state, the equations used to calculate
the average soil concentration over the period of deposition are derived by integrating the instantaneous
soil concentration equation over the period of deposition. For thisrisk assessment, the time period over
which deposition may occur (denoted astD) is 40 years. For soil modeling, the time period at the
beginning of the WTP operation (denoted as T,) is 0 years and the length of exposure duration (denoted
as T,) isassumed to be 40 years.

In order to apply the appropriate equation for soil modeling, each contaminant must be classified as either
acarcinogen or noncarcinogen. For thisrisk assessment, a contaminant is classified as a carcinogen if
thereis acancer dope factor (SF) available or if the EPA classification isA, B1, B2, or C (see

section 7.2.1.1 for more detail s on cancer SFs and the EPA classifications for contaminants; also, note
that all ROPCs are classified as carcinogens). A COPC is classified as a noncarcinogen if thereisan oral
or inhalation reference dose (RfD) available (see section 7.2.1.1 for more details on RfDs) or if thereisno
cancer SF or RfD available (note that only COPCs have RfDs; ROPCs do not have RfDs). Some
contaminants may be classified as both a carcinogen and a noncarcinogen (if they have both a cancer SF
and a RfD); in this case, both the carcinogenic soil model (see Eg. 6-1 and Eq. 6-2 below) and the
noncarcinogenic soil model (see Eq. 6-3 and Eq. 6-4 below) will be used to estimate soil concentrations.

Four soil equations are provided below for the various scenarios encountered (that is, the combinations of
whether the contaminant is carcinogenic or noncarcinogenic and whether the soil loss constant is a
positive value [meaning thereis soil loss] or zero [meaning thereis no soil loss]). Some of the parameters
(such asthe soil loss) within the soil equations must be calculated. Some of these supporting equations
have other parameters that must be calcul ated.

Different equations are used for calculating soil concentrations, depending on whether the COPC is
carcinogenic (see Eq. 6-1 and Eq. 6-2 below) or noncarcinogenic (Eq. 6-3 and Eq. 6-4 below). These
equations follow; parameters for al four equations are defined after Eq. 6-4. Supporting equations are
shown in Appendix B-2.

Per the EPA guidance (EPA 19984), because the length of exposure duration isless than or equal to the
operating life of the WTP (T, < tD), the following equation (Eq. 5-1C in EPA 1998a) is used to model the
cumulative soil concentration for carcinogenic COPCs and ROPCs, when the soil loss (denoted by ks) is
greater than zero:
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CS=L
ks-(tD—T,)

(Eq. 6-1)

(—kstD) (—ksTy)
e —-€
-@D—n+ j

ks

The limiting equation for carcinogenic COPCs and ROPCs (that is, when the soil lossis zero) is:

_ Ds-(tD+T)
2

Cs (Eq. 6-2)

The following equation is used to model the cumulative soil concentration for COPCs determined to be
noncarcinogenic and when the soil lossis greater than zero (Eg. 5-1E in EPA 1998a):

Ds- 1 e=)]
Cs, = Eq. 6-3
Sio ks (Eq )
The limiting equation for noncarcinogenic COPCs (that is, when the soil lossis zero) is:
Csp =Ds-th (Eq. 6-4)
For Eq. 6-1 through Eq. 6-4, the following parameters are used:
Cs = average soil concentration over the exposure duration (mg/kg for COPCs and pCi/g for
ROPCs)
Csp = cumulative soil concentration for noncarcinogenic COPCs at time tD (mg/kg)
Ds = depositiontermto soil (mg/kg-yr for COPCs and pCi/g-yr for ROPCs). Dsis
calculated in Eg. B2-11 through Eq. B2-15, Appendix B2.
ks = tota COPC and ROPC soil loss constant due to biotic and abiotic degradation,

radiological decay, leaching, surface runoff, and volatilization (yr). ksis calculated in
Eqg. B2-10, Appendix B2.

tD = time period over which deposition occurs (time period of WTP operation) (yr). A
value of tD = 40 yr (Table 6-1) is used as the operating lifetime of the WTP.
T, = timeperiod a the beginning of WTP operation (yr). T, =0yr (Table 6-1).
e = base of the natural logarithm (unitless). e= Z% ~ 2.718282.
i=0 -

6.3  Surface Water Accumulation Modeling

Concentrations of COPCs and ROPCs in surface water will be estimated from deposition rates predicted
by the air dispersion modeling. For this risk assessment, deposition is assumed to occur for the potentia
operating lifespan of the facility (40 years). COPC and ROPC concentrations in surface water (water in a
pond, stream, river, or other water body, that is, the Columbia River) are calculated for both vapor-phase
and particle-phase emissions. The emissions report, found in Attachment 1 of thiswork plan, indicates
which COPCs and ROPCs are in vapor phase and which arein particle-phase. Both wet and dry
deposition of particles and vapors will be considered in the surface water modeling.
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Various eguations are used in the surface water accumulation modeling. Some parameter values used in
this modeling are functions of other parameters, which are functions of yet other parameters. To avoid
confusion, the primary equations for surface water accumulation modeling appear in section 6.3;
supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
supporting/intermediary equations is presented in this section.

COPC and ROPC concentrations in surface water will be calculated for the drinking water, dermal contact,
and fish ingestion pathways in this risk assessment. The COPC and ROPC surface water concentrations are
determined after cons dering the following mechanisms loaded into the water column (that is, avolume of
water of uniform horizontal cross-section that extends from the surface to the bottom of the water body):

e Direct deposition
o Direct diffusion of vapor phase COPCs and ROPCs into the surface water

¢ Runoff from impervious surfaces within the watershed (that is, the area potentially contributing water
to the Columbia River)

¢  Runoff from pervious surfaces within the watershed
e Soil erosion over the total watershed

e Chemical, biological, or radiological transformation of compounds within the surface water body
(that is, a discrete element of surface water, such as apond, lake, stream, or river)

As noted previously in section 6.2, evapotranspiration exceeds precipitation in the Hanford Site area,
resulting in insufficient water available to cause significant erosion or runoff of COPCs and ROPCs
(since evapotranspiration exceeds precipitation, there is no water to run off; the water goes back up into
theair). Thus, surface runoff and soil erosion are expected to be insignificant soil loss mechanisms and
insignificant surface water loading mechanisms. Therefore, surface runoff and soil erosion will not be
included as surface water |oading mechanisms unless they are included as soil 10ss mechanisms (note that
EPA 1998a recommends that the soil loss due to soil erosion should not be included in the soil
accumulation modeling). Also, asnoted in EPA 1998a, the chemical, biological, or radiological
transformation of compounds within the surface water body should not be included as aload to the
surface water body because of limited data and uncertainty associated with this mechanism.

Therefore, contaminant loading to surface water for the PRA will be from direct deposition and vapor
phase dry deposition diffusion. For completeness, the equations presented below include all potential
surface water loading mechanisms.

COPCs and ROPCs in surface water will be estimated using equations presented below. These equations
are from EPA 1998a; however, because this guidance does not address ROPCs, minor changes (for
example, the use of unit conversion factors) have been made to these equations to address ROPCs.
Supporting and intermediate equations are presented in Appendix B-2 of thiswork plan. Valuesfor the
Hanford-specific and site-specific parameters used in surface water modeling are presented in Table 6-2.
Vauesfor the COPC- and ROPC-specific parameters are presented in Appendix B-1, tables B1-1 (for
organic COPCs), B1-2 (for inorganic COPCs), and B1-3 (for ROPCs).

The site-specific equation used to quantify the total COPC and ROPC load to the surface water body
(similar to EQ. 5-28 in EPA 19984 is:

Lt =Loes + Lo +La +Lee +Le (Eq. 6-5)
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where:

L+ = total COPC or ROPC load to the water body, including deposition, runoff, and erosion
(g/yr for COPCs and Ci/yr for ROPCs). Note that because there are multiple flues from
the facility, L+ is calculated for each individual flue before summing across fluesto
obtain atotal direct deposition load to the water body.

total (wet and dry) particle-phase and total (wet and dry) vapor-phase direct deposition
load to water body (g/yr for COPCs and Ci/yr for ROPCS). Lpgpiscalculated in Eq.
B2-16 through Eq. B2-19.

Loir = vapor-phase dry deposition diffusion load to water body (g/yr for COPCs and Ci/yr for
ROPCs). Lpriscaculated in Eq. B2-20 through Eq. B2-24.

Lr = runoff load from impervious surfaces (g/yr for COPCs and Ci/yr for ROPCs). Lg is
calculated in Eqg. B2-25 through Eq. B2-28.

Lre = runoff load from pervious surfaces (g/yr for COPCs and Ci/yr for ROPCS). Lgpis
calculated in Eq. B2-29 and Eq. B2-30.

Le = soil erosion load to the surface water body (g/yr for COPCs and Ci/yr for ROPCs). Lg
iscalculated in Eq. B2-31.

I—DEP

Note that special equations for mercury modeling of each of these load parameters are stipulated in

EPA 1998a and provided in Appendix B-2. The HHRAP (EPA 1998a) and SLERAP (EPA 1999a) state
the assumption that stack emissions contain a variable mix of e ementa and divalent mercury, but no
methyl mercury. These guidance sources state that it should be assumed that 48% of the divalent mercury
and 2% of the elemental mercury is deposited. Inthe RAWP it is assumed that al stack emissions are of
mercury will bein the divalent form. Therefore, 48% of the total mercury emitted will be deposited
(Appendix B-2, equations B2-13 (land) and B2-17 and B2-26 (surface water). Methyl mercury is
assumed to be formed only after deposition to soil or surface water. Per EPA guidance (EPA 1998aand
1999a), it is assumed that the fraction of methyl mercury in dry soil is 2% (Appendix B-2, equations
B2-14 and B2-15) and the fraction of methyl mercury in surface water is 15% (Appendix B-2, equations
B2-18, B2-19, B2-23, B2-24, B2-27, and B2-28). Note also that because there are multiple flues from the
facility, each load type will be calculated for each individual flue before summing across flues to obtain a
total load across al flues.

Once the total load to the water body (L) is estimated, the total water body COPC or ROPC
concentration (Cy) Will be calculated. Thistotal water body concentration is subsequently used to
estimate the total concentration in the water column (see below), as well as the concentration sorbed to
the bed sediment (see section 6.4). The equation used to estimate the total water body concentration for
COPCs (Eq. 5-35in EPA 19989 is:

L

C — T
e fo fwc+kvvt 'AN'(dwc+dbs)

(Eq. 6-6)
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and the equation used to estimate the total water body concentration for ROPCs (comparable to Eq. 5-35
for COPCsin EPA 19983) is:

Cutor = b CReCh, (Eq. 6-7)
fo' fWc +kwt AN '(dwc+dbs)
where:

Cuot = total water body COPC or ROPC concentration, including the water column and bed
sediment (mg/L for COPCs and pCi/L for ROPCs)

Lt = total COPC or ROPC |oad to the water body (g/yr for COPCs and Ci/yr for ROPCs).
Lriscaculatedin Eq. 6-5.

Vf, = averageannua volumetric flow rate through the water body (m>/yr). Vf,is
site-specific. A value of Vf,= 4.0E+11 m*/yr from Water Resources of Washington
State (2002) is used (Table 6-2).

fae = fraction of the total water body COPC or ROPC concentration in the water column
(unitless). f,.rangesfrom0to 1 andiscaculated in Eq. B2-32.

kw = overdl tota water body COPC or ROPC dissipation rate constant (1/yr). Ky is
calculated in Eq. B2-34.

A, = averageannua water body surface area (m?). A valueof A, = 6.0E+06 m®is used
based on map measurements (Table 6-2).

dw = average annual depth of the water column (m). An estimated value of dy,c =7.5m
(modeling data from Columbia Basin Research 1996) is used (Table 6-2).

dis = depth of the upper benthic sediment layer (m). The recommended default value of 0.03

m (EPA 1998a) is used (Table 6-2).
CF, = unitsconversion factor of 1 x 10 (m%L), used only for ROPCs in Eq. 6-7
CF, = unitsconversion factor of 1 x 10" (pCi/Ci), used only for ROPCsin Eq. 6-7

Once the total water body COPC and ROPC concentration (Cy) IS estimated, the total COPC and ROPC
concentration in the water column (C,«or) Will be calculated. Thistotal concentration in the water column
will subsequently be used to estimate the dissolved-phase water concentration (see below). The tota
concentration in the water column includes both dissolved COPCs and ROPCs and COPCs and ROPCs
sorbed to suspended solids. The equation used to estimate the total concentration in the water column
(Eq. 5-45in EPA 19983) is:

d, +d
chtot = fWc ) vatot ( W(;j bSJ (Eq. 6-8)

where:

Cutot = total COPC or ROPC concentration in the water column (mg/L for COPCs and pCi/L
for ROPCs)

fae = fraction of the total water body COPC or ROPC concentration in the water column
(unitless). f,.rangesfrom0to 1 andiscaculated in Eq. B2-32.
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Cuot = tota water body COPC or ROPC concentration, including the water column and bed
sediment (mg/L for COPCs and pCi/L for ROPCs). Cy. iscalculated in Eq. 6-6 and
Eq. 6-7.

dw = average annua depth of the water column (m). An estimated value of dy,c =7.5m
(modeling data from Columbia Basin Research 1996) is used (Table 6-2).

dis = depth of the upper benthic sediment layer (m). The recommended default value of 0.03

m (EPA 1998a) is used (Table 6-2).

Once the total COPC and ROPC concentration in the water column (Cor) iS estimated, the dissolved
phase COPC and ROPC water concentration (Cg,) Will be calculated. The equation for this concentration
(Eq. 5-46 in EPA 19989) is:

C
C,, = wetot Eq. 6-9
“ 1+Kd,,-TSS-CF (Eq.&9)

where:

Caw = dissolved-phase water concentration (mg/L for COPCs and pCi/L for ROPCs)

Cweot = total COPC or ROPC concentration in the water column (mg/L for COPCs and pCi/L
for ROPCs). Cot is calculated in Eq. 6-8.

Kdsy = suspended sediments/surface water partition coefficient (L/kg). Kdsyisshownin
Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
(ROPCs). If no Kds, value exists for a constituent, avalue of 0 L/kg is used for Kds, to
estimate Cy,.

TSS = total suspended solids concentration (mg/L). The recommended default val ue of
10 mg/L (EPA 19983) is used (Table 6-2).

CF = unitsconversion factor of 1 x 10° (kg/mg)

The dissolved-phase COPC and ROPC water concentration (Cq,,) Will be used in the risk assessment as
the source of drinking water, the source of water for the Native American sweat |odge scenario, and,
depending on the constituent, for the modeling of fish concentrations (see section 7.1.7.5).

6.4  Sediment Accumulation Modeling

Sediment concentrations are modeled using the previously modeled total water body concentrations (see
section 6.3). Sediment concentrations are used in the ecological risk assessment (ERA) and to model fish
concentrations for specific COPCs (see section 7.1.7.5).

Various equations are used in the sediment accumulation modeling. Some parameter values used in this
modeling are functions of other parameters, which are functions of yet other parameters. To avoid
confusion, the primary equations for sediment accumulation modeling appear in section 6.4;
supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
supporting/intermediary equations is presented in this section.

The equation for calculating COPC concentrations sorbed to bed sediment (Eq. 5-47 in EPA 19984) is:
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Cod = fos *Cua ( K, ]-(dm * dst (Eq. 6-10)

Hbs + des ’ CBS dbs

and the equation for cal culating ROPC concentrations sorbed to bed sediment (comparable to Eq. 5-47 for
COPCsin EPA 19983) is:

Coy=fr -Co ( Kdy, ].(dwc + s J .CF (Eq. 6-11)

where:

gbs + des ’ CBS dbs

COPC or ROPC concentration in bed sediment (mg/kg for COPCs and pCi/g for
ROPCs)

fraction of total water body COPC or ROPC concentration in the benthic sediment.
(unitless). fysrangesfrom0to 1 andiscalculated in Appendix B2, Eq. B2-36.

total water body COPC or ROPC concentration, including the water column and bed
sediment (mg/L for COPCs and pCi/L for ROPCs). Cyq iscaculated in Eg. 6-6 and
Eq. 6-7.

bed sediment/sediment pore water partition coefficient (L/kg). Kdysisshownin
Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
(ROPCs). If no Kdys value exists for a congtituent, avalue of 0 L/kg is used to estimate
Caa-

bed sediment porosity (L pore water/ L seiment).  The recommended default val ue of

0.6 L pore water/ L sediment (EPA 199843) is used (Table 6-2).

bed sediment concentration (g/cm®). The recommended default value of 1 g/cm®
(EPA 19983) is used (Table 6-2).

average annua depth of water column (m). An estimated value of dy,c = 7.5m
(modeling data from Columbia Basin Research 1996) is used (Table 6-2).

depth of upper benthic sediment layer (m). The recommended default value of 0.03 m
(EPA 19983) is used (Table 6-2).

units conversion factor of 1 x 10 (kg/g), used only to estimate Cq for ROPCsin
Eq. 6-11

6.5 Terrestrial Plant Accumulation Modeling

The models used to calcul ate concentrations of contaminantsin plants consumed by both human and
nonhuman receptors will be the same. The use of the same models for human and nonhuman receptorsis
based on previous stakeholder and triba nations' requests. Plants, such as homegrown vegetables or wild
produce, are consumed by humans and animals (for example, as forage for browsing animals and as

silage).

Various equations are used in the terrestrial plant accumulation modeling. Some parameter values used in
this modeling are functions of other parameters, which are functions of yet other parameters. To avoid
confusion, the primary equations for terrestrial plant accumulation modeling appear in section 6.5;
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supporting/intermediary equations appear in Appendix B-2. A cross-reference to these
supporting/intermediary equations is presented in this section.

COPC and ROPC concentrationsin plants will be estimated for aboveground produce and belowground
produce. Aboveground produce will be exposed to particulate deposition (that is, direct deposition onto the
plant surfaces) and vapor phase contamination (that is, air-to-plant transfer), aswell as root uptake from soil
and subsequent transfer to aboveground foliage. Aboveground plant parts are categorized as protected (that
is, the plant structure prevents accumulation of contaminants through the deposition and air-to-plant
pathways) and unprotected. For example, corn kernels are protected by the husk. Protected plant parts
will be limited in this evaluation to grain used as animal feed. All other plant parts for human and animal
consumption will be considered unprotected (that is, not physically shielded from deposition).
Belowground produce will only be exposed to contaminants from the soil through root uptake.

Concentrations of COPCs and ROPCs in plants will be estimated using the equations presented below as
recommended by EPA 1998a. Plant modeling for carbon-14 and hydrogen-3 (tritium) are special cases,
based on guidance from Regulatory Guide 1.109 (NRC 1977) and are discussed below in section 6.5.2.
Note that for all COPCs and ROPCs, except carbon-14 and tritium, concentrations for various types of
plants (for example, aboveground plant due to direct deposition, belowground plant due to root uptake)
are modeled. For carbon-14 and tritium, asingle “concentration in vegetation” is modeled and used in the
subsequent risk assessment. Vaues for site-specific parameters used in plant modeling are found in Table
6-3, while values for the chemical-specific parameters are presented in Appendix B-1.

6.5.1 Aboveground Plants/Direct Deposition

The equations used to estimate the aboveground plant concentration due to direct deposition are presented
below. Special consideration is given to modeling for total mercury, divalent mercury, and methyl
mercury. No estimates of aboveground plant concentration due to direct deposition will be made for
carbon-14 and tritium (see section 6.5.2). The aboveground plant concentrations due to direct deposition
will be estimated for the following plant types: produce, forage, and silage.

The equation to cal culate the aboveground plant concentration due to direct deposition for all COPCs
except total mercury, divalent mercury, and methyl mercury, and for all ROPCs except carbon-14 and
tritium (Eq. 5-14 in EPA 1998a), is.

by CF-Q-(-F,)- [Dydp + (Fw- Dywp)]- Ro - [L- e~ ™ ] (Eq. 6-12)
Yp-kp

and the equation to calcul ate the aboveground plant concentration due to direct deposition for total
mercury (equation for mercury modeling found in Table B-2-7 in EPA 19983) is:

 0.48-CF-Q-(1-F,)-[Dydp + (Fw- Dywp)]- Rp- [L- e*™ ] (Eq. 6-13)
(Hg) — Yp . kp

Pd
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concentration of COPC or ROPC in aboveground plant due to direct (wet and dry)
deposition (mg COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW)

concentration of total mercury in aboveground plant due to direct (wet and dry)
deposition (mg COPC/kg plant tissue DW)

units conversion factor of 1000 (mg/g) for COPCs and 1 x 10° (pCi-kg/Ci-g) for
ROPCs

COPC or ROPC-specific emission rate (g/s for COPCs and Ci/s for ROPCs), derived as
described in section 5

fraction of COPC or ROPC air concentration in vapor phase (unitless). F,isshownin
Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
(ROPCs). The model uses F, = 1 for constituents modeled as only vapor phase except
for total mercury where F, = 0.85. Otherwise, the model uses F, = 0 for constituents
modeled in particle-phase or particle-bound phase.

unitized yearly average dry deposition from particle phase (§m?yr). Dydp, from the
air dispersion modeling, is flue-specific.

fraction of COPC or ROPC wet deposition that adheres to plant surfaces (unitless). A
value of 0.2 is used for anions and two specific organic COPCs (p-chloroaniline and n-
nitrosodi-n-propylamine) that ionize to anionic forms (EPA 1998a). A valueof 0.6is
used for cations and all other organics (EPA 1998a). See Table 6-3.

unitized yearly average wet deposition from particle phase (§m?-yr). Dywp, from the
air dispersion modeling, is flue-specific.

interception fraction of the edible portion of plant for aboveground produce (unitless).
Rp is plant-type-specific, with a value of 0.39 (representing a weighted average of
fruits and vegetables, EPA 1998a) used for produce, a value of 0.05 for forage

(EPA 1998a), and a value of 0.459 (calculated per methods in EPA 1998a) for silage.
See Table 6-3.

0

base of the natural logarithm (unitless). e= Z% ~ 2.718282.
i-o I
plant surface loss coefficient (yr). The recommended default value of 18 yr™

(EPA 19984) is used for al constituents (see Table 6-3).

length of plant exposure to deposition per harvest of edible portion of plant for
aboveground produce (yr). The recommended default values from EPA (1998a) of
0.164 yr for produce, 0.12 yr for forage, and 0.16 yr for silage are used (Table 6-3).

yield or standing crop biomass of the edible portion of the plant for aboveground
produce (productivity) (kg/m?). Yp is site-specific and plant-type-specific. The
recommended default value of 2.24 kg/m* (representing a weighted average of fruits
and vegetables; EPA 1998a) is used for produce, while avalue of 0.0195 kg/m?
(estimated from values found in Wisiol 1984) is used for forage, and a value of 0.8
kg/m® (EPA 1998a) is used for silage. See Table 6-3.

multiplier for modeling of total mercury (unitless), as shown in EPA 1998a
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Per EPA (19984), the equation to cal cul ate the aboveground plant concentration due to direct deposition
for divalent mercury (see the equations for mercury modeling found in Table B-2-7 in EPA 19983q) is:

Pd 2., =0.78-Pd (Eq. 6-14)

(HgZ+

and the equation to calculate the aboveground plant concentration due to direct deposition for methyl
mercury (see the equations for mercury modeling found in Table B-2-7 in EPA 1998a) is:

Pd ) =0.22-Pd (Eq. 6-15)
where:
Pdng:y = concentration of divalent mercury in aboveground produce due to direct (wet and
dry) deposition (mg COPC/kg plant tissue DW)
Pdwhg = concentration of methyl mercury in aboveground produce due to direct (wet and
dry) deposition (mg COPC/kg plant tissue DW)
Pdng = concentration of total mercury in aboveground produce due to direct (wet and dry)

deposition (mg COPC/kg plant tissue DW). Pdyg is calculated in Eq. 6-13 above
for produce, forage, and silage.

multiplier for modeling of divalent mercury (unitless), as shown in EPA 1998a
multiplier for modeling of methyl mercury (unitless), as shown in EPA 1998a

0.78
0.22

Note that in the equations to calcul ate the concentration in aboveground plants due to direct deposition,
several parameters are flue-specific. This necessitates estimating the concentration in aboveground plants
due to direct deposition for each flue individually. Then the individual concentrations from the flues will
be summed to obtain the overall concentration in aboveground plants due to direct deposition.

Also, note that in the equations to calculate the concentration in aboveground plants due to direct
deposition, severd parameters are plant-type-specific (produce, forage, and silage, for example). That is,
when estimating the concentration in aboveground plants due to direct deposition for produce, the
produce-specific parameters will be used. Likewise, when estimating the concentration in aboveground
plants due to direct deposition for forage and silage, the forage-specific parameters and the silage-specific
parameters will be used, respectively.

6.5.2  Aboveground PlantgAir-to-Plant Transfer

The equations used to estimate the aboveground plant concentration due to air-to-plant transfer are
presented below. Per EPA guidance (EPA 1998a), special consideration is given to modeling for total
mercury, divalent mercury, and methyl mercury. Special consideration is aso given to modeling for
carbon-14 and tritium (see detailed discussion below, based on guidance from NRC 1977). The
aboveground plant concentrations due to air-to-plant transfer are estimated for the following plant types:
produce, forage, and silage.
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The equation to calculate the aboveground plant concentration due to air-to-plant transfer for al
vapor-phase COPCs, except total mercury, divalent mercury, and methyl mercury (Eq. 5-18in
EPA 1998a), is:
Q ’ I:v CyV Bvag 'VGag
Pa

Pv (Eq. 6-16)

and the equation to calcul ate the aboveground plant concentration due to air-to-plant transfer for all
ROPCs, except carbon-14 and tritium (comparable to Eq. 5-18 for COPCsin EPA 19984d), is:

CF -Q-F,-Cyv-Bv,, VG,
Pv =
Pa

(Eq. 6-17)
and the equation to calcul ate the aboveground plant concentration due to air-to-plant transfer for total

mercury (equation for mercury modeling found in Table B-2-8 in EPA 19983) is:

0.48-Q-F, -Cyv-Bv,, -VG,,
Pa

(Eq. 6-18)

(Hy) —

where:

2
1]

concentration of COPC or ROPC in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW)

Pvig = concentration of total mercury in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW)

COPC- or ROPC-gpecific emission rate (g/s for COPCs and Ci/sfor ROPCs), derived
as described in section 5

F, = fraction of COPC or ROPC air concentration in vapor phase (unitless). F,isshownin
Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
(ROPCs). The model uses F, = 1 for constituents modeled as only vapor phase except
for total mercury where F, = 0.85. Otherwise, the model uses F, = 0 for constituents
modeled in particle-phase or particle-bound phase.

Cyv = unitized yearly average air concentration from vapor phase (ug-s/g-m® for COPCs and
mCi-s/Ci-m® for ROPCs). Cyv, from the air dispersion modeling, is flue-specific.

Bvyg = COPC or ROPC air-to-plant biotransfer factor for aboveground plant (unitless). Bvag
is shown in Appendix B-1, tables B1-1 (organic COPCs) and B1-2 (inorganic
COPCs). The Bv,g value for produce is used to estimate aboveground plant
concentration due to air-to-plant transfer for produce, while the Bv,, value for forage
(denoted as BVigage iN Appendix B-1, tables B1-1 and B1-2) is used to estimate
aboveground plant concentration due to air-to-plant transfer for both forage and silage
(EPA 1998a). Note that because no values for Bv,y could be found for radionuclides
that are in vapor phase, Pv for air-to-plant transfer cannot be quantified for afew
ROPCs.

VG, = empirical correction factor for the aboveground plant due to air-to-plant transfer
(unitless). For produce, the recommended default values (EPA 1998a) for VG, are

O
I
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used: avalue of 0.01 for COPCs and ROPCs with alog of the octanol/water
partitioning coefficient (Ko,) > 4 and aV G,y value of 1 for COPCs and ROPCs with a
log Kow < 4. 1f no K, value exists for a congtituent, the model conservatively uses
VGy = 1. Koy is COPC-specific and shown in Appendix B-1, Table B1-1, for organic
COPCs. For forage and silage, the recommended default values of 1 and 0.5,
respectively (EPA 1998a), are used for VG4 See Table 6-3.

pa = density of air (g/m°). The recommended default value of 1200 g/m® (EPA 19983) is
used (Table 6-3).

CF = unitsconversion factor of 1 x 10° (pCi/mCi); used for ROPCsin Eq. 6-17 only

0.48 = multiplier for modeling of total mercury (unitless), as shown in EPA 1998a

Per EPA (1998a), the equation to calculate the aboveground plant concentration due to air-to-plant
transfer for divalent mercury (see the equations for mercury modeling found in Table B-2-8 in
EPA 19983) is:

Pv_,. =0.78-Pv (Eq. 6-19)

(Hg?") (Hg)
and the equation to cal cul ate the aboveground plant concentration due to air-to-plant transfer for methyl
mercury (see the equations for mercury modeling found in Table B-2-8 in EPA 1998ad) is:

PViung) = 0-22- PV, (Eqg. 6-20)
where:
Pvug+) = concentration of divalent mercury in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW)
Pviig = concentration of methyl mercury in aboveground plant due to air-to-plant transfer
(mg COPC/kg plant tissue DW)
Pvug = concentration of total mercury in aboveground plant due to air-to-plant transfer

(mg COPC/kg plant tissue DW). Pvgg is calculated in Eq. 6-18 above.
multiplier for modeling of divalent mercury (unitless), as shown in EPA 1998a
multiplier for modeling of methyl mercury (unitless), as shown in EPA 1998a

0.78
0.22

Note that in the equations to cal cul ate the concentration in aboveground plants due to air-to-plant transfer,
several parameters are flue-specific. This necessitates estimating the concentration in aboveground plants
due to air-to-plant transfer for each flueindividualy. Then theindividua concentrations from the flues
will be summed to obtain the overall concentration in aboveground plants due to air-to-plant transfer.

Also note that in the equations to cal culate the concentration in aboveground plants due to air-to-plant
transfer, several parameters are plant-type-specific. That is, when estimating the concentration in
aboveground plants due to air-to-plant transfer for produce, the produce-specific parameters are used.
Likewise, when estimating the concentration in aboveground plants due to air-to-plant transfer for forage
and silage, the forage-specific parameters and the silage-specific parameters are used, respectively.

As mentioned above, special consideration is given to modeling for carbon-14 and tritium. Risk
calculations for most ROPCs are based on the assumption that radionuclides are present as particul ates or
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vapors. However, specia consideration must be given to carbon-14 and tritium, as these ROPCs are
processed by vegetation with natural carbon and hydrogen, respectively. Thus, the vegetation ingestion
pathway for carbon-14 and tritium is dependent on the exchange of carbon and hydrogen between plants
and the environment. For this assessment, guidance from Regulatory Guide 1.109 (NRC 1977) isused to
account for the bioaccumulation of carbon-14 and tritium in plants that could lead to human exposure
through vegetation ingestion. Thisis achieved through the use of correction factors and using the
assumptions that all carbon-14 isreleased by the WTP in oxide form (CO or CO,) and tritium is released
in water vapor. These correction factors will be applied to the concentration (for example, pCi/L)
estimated at the point of exposure by the air model.

The concentration of carbon-14 in vegetation is calculated assuming that itsratio to the natural carbonin
vegetation is equal to the ratio of carbon-14 to natural carbon in the atmosphere surrounding the
vegetation (NRC 1977):

Cacog "P-0.11
= Eq. 6-21
C:\/(c—14) 0.16 (Eq )
where:
Cvci1g = concentration of carbon-14 in vegetation (pCi ROPC/g plant tissue DW)
Cac14y = concentration of carbon-14 in the surrounding air (pCi/ m3). Ca(c-14) IS Obtained from
the air dispersion modeling.
p = ratio of thetotal annua release time to the total annual time during which
photosynthesis occurs; a conservative ratio of 1.0 is used
0.11 = fraction of the total plant massthat is natural carbon (dimensionless)
0.16 = concentration of natural carbon in the atmosphere (g/m°)

The concentration of tritium in vegetation will be calculated based on the equilibrium between moisture
in the air and water in plants (NRC 1977):

C\/(H—3) = CA(H_s) -0.75- (0.5+ Humidity) (Eq. 6-22)
where:

Cvn-gy = concentration of tritium in vegetation (pCi ROPC/g plant tissue DW)

Can-sy = concentration of tritium in the surrounding air (pCi/m3). Cha(-3 IS obtained from

the air dispersion modeling.

0.75 = fraction of the total plant massthat iswater (dimensionless)

0.5 = ratio of tritium concentration in plant water to tritium concentration in atmospheric
water (dimensionless)

Humidity = humidity of the atmosphere (g/m?). A site-specific value of 68%, or 0.68 g/m® (US

Forest Service, Nationa Park Service, and US Fish and Wildlife Service 2000) is
used.

The concentration of carbon-14 and tritium in vegetation will be used asthe total plant concentration for
these ROPCs throughout the risk assessment, instead of estimating concentrations for specific types of
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plants (such as produce, forage, silage, and grain) and specific parts of the plants (that is, aboveground
and bel owground).

6.5.3 Root Uptake

The concentration of COPCs and ROPCs in plants due to root uptake from the soil will be calculated for
aboveground and bel owground plants. These concentrations are calculated for all COPCs and all ROPCs
except carbon-14 and tritium (see section 6.5.2). The concentration of plants due to root uptake from the
soil isafunction of the soil concentration and a soil-to-plant bioaccumulation uptake factor. Section
6.5.3.1 discusses the modeling of aboveground plants due to root uptake. Section 6.5.3.2 discusses the
modeling of belowground plants due to root uptake. A discussion of uptake factorsis presented in
section 6.5.3.3.

6.5.3.1  Root Uptake/Aboveground Plants

The concentration in aboveground plants due to root uptake is afunction of the soil concentration and the
soil-to-plant bioaccumul ation uptake factor for aboveground plants. The aboveground plant
concentrations due to root uptake will be estimated for the following plant types. produce, forage, silage,
and grain. No estimates of aboveground plant concentration due to root uptake will be made for
carbon-14 and tritium, because a “ vegetation concentration” will be estimated as the total plant
concentration for these two isotopes (see section 6.5.2). Also, the untilled soil depth of 1 cmis
considered too shallow to estimate plant concentrations for consumption by human and ecol ogical
receptors; thus, only root zone soil concentrations (depth of 15 cm) and tilled soil concentrations (depth of
20 cm) are used to model aboveground plants due to root uptake.

The equation used to calcul ate the aboveground plant concentration due to root uptake (Eq. 5-20A in
EPA 1998a) for all COPCs and for al ROPCs, except carbon-14 and tritium, is:

Pr, =Cs-Bry, (Eq. 6-23)

where:

Prog = concentration of COPC or ROPC in aboveground plant due to root uptake (mg
COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW). Pryyiscalculated
separately for tilled soil (20 cm depth) and root-zone soil (15 cm depth). Seethe
discussion below for appropriate combinations of plant types (that is, produce, forage,
silage, and grain) and soil depths.

Cs = sail concentration (mg/kg for COPCs and pCi/g for ROPCs). Csis depth-specific and
calculated in Eq. 6-1 through Eq. 6-4.
Brog = plant-soil bioconcentration factor for aboveground produce (unitless). Br,gisshownin

Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3
(ROPCs). Separate Br,y values are used for produce (denoted as Br,g), forage (denoted
as Briorage), Silage (per EPA 19984, Briqrage IS Used to estimate both forage and silage),
and grain (denoted as Brg,n). The valuesfor Bryg in Appendix B-1, Table B1-1
(organic COPCs), will be compared against the cal culated mass-limited uptake factors
that are described in section 6.5.3.3 (values shown in Table 6-4), and the smaller of the
two values will be used in the calculation of the aboveground plant concentration due
to root uptake (Prag). The use of the smaller value in this comparison prevents the
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overestimation of Pry,, because in some cases, the derived uptake factors (Bryg) are not
physically possible, leading to the prediction of more chemical being accumulated by
an organism from the soil than is released from the facility and deposited onto the soil.
In this situation, use of the mass-limited uptake factor prevents the overestimation of
Prag.

Note that in the equations above, four different plant types (produce, forage, silage, and grain) are
modeled. When estimating the concentration in aboveground plants due to root uptake for produce, the
produce-specific parameters are used. Likewise, when estimating the concentration in aboveground
plants due to root uptake for forage, silage, and grain, the forage-specific parameters, silage-specific
parameters, and grain-specific parameters will be used, respectively.

Note also that in the equations above, two different soil depths (tilled soil and root-zone soil) are used
because untilled soil (1 cm depth) is considered too shallow for plants with root uptake. However, not
every combination of the two soil types with the four plant types is appropriate. The following
combinations of soil types and plant types will be used in estimating the aboveground plant concentration
due to root uptake:

¢ When estimating concentrations for aboveground plants due to root uptake for produce, the tilled soil
concentrations will be used.

¢ When estimating concentrations for aboveground plants due to root uptake for wild produce (for
consumption by Native Americans), the root-zone soil concentrations will be used.

e When estimating concentrations for aboveground plants due to root uptake for forage, the root-zone
soil concentrations will be used.

e When estimating concentrations for aboveground plants due to root uptake for silage, thetilled soil
concentrations will be used.

¢ When estimating concentrations for aboveground plants due to root uptake for grain, both the tilled
soil concentrations and root-zone soil concentrations will be used. Grain modeled from tilled soil will
be used in subsequent modeling of domesticated animals (for example, animals on afarm, such as
chickens), while grain modeled from root-zone soil will be used in subsequent modeling of wild
animals (for example, animals ultimately hunted and consumed by Native Americans, such aswild
fowl).

6.5.3.2  Root Uptake/Belowground Plants

The concentration in belowground plants due to root uptake is a function of the soil concentration, the
soil-to-plant bioaccumul ation uptake factor for belowground plants, and a correction factor for
belowground produce. The belowground plant concentrations due to root uptake will be estimated for
only one plant type: produce. No estimates of belowground plant concentration due to root uptake will be
made for carbon-14 and tritium, because a “vegetation concentration” will be estimated as the total plant
concentration for these two isotopes (see section 6.5.2). Also, the untilled soil depth of 1 cmis
considered too shallow to estimate plant concentrations for consumption by human and ecol ogical
receptors; thus, only root zone soil concentrations (depth of 15 cm) and tilled soil concentrations (depth of
20 cm) will be used to model belowground plants due to root uptake.
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The equation used to calcul ate the bel owground plant concentration due to root uptake (Eqg. 5-20B in
EPA 1998a) for all COPCs and for al ROPCs, except carbon-14 and tritium, is:

Pr,, =Cs-Br

where:

Cs =

Br, ootvegy

\ Grootveg =

VG (Eq. 6-24)

rootveg rootveg

concentration of COPC or ROPC in belowground plant due to root uptake
(mg COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW). Pryyis
calculated separately for tilled soil (20 cm depth) and root-zone soil (15 cm depth).

soil concentration (mg/kg for COPCs and pCi/g for ROPCs). Csis depth-specific
and calculated in Eq. 6-1 through Eg. 6-4.

plant-soil bioconcentration factor for belowground plants (unitless). Breotveq IS
shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs),
and B1-3 (ROPCs). Notethat per EPA 19983, for organic COPCS, By Can be
calculated as RCF + (Kds x CF), where RCF is the root concentration factor
(mL/g), Kdsisthe soil-water partition coefficient (L/kg), and CF is a units
conversion factor of 1 (kg-mL)/(g-L). Valuesfor RCF and Kds are shown in
Appendix B-1, Table B1-1, for organic COPCs. The valuesfor Briogteg iN
Appendix B-1, Table B1-1, (organic COPCs) will be compared against the
calculated mass-limited uptake factors for produce that are described in section
6.5.3.3 (valuesin Table 6-4), and the smaller of the two values will be used in the
calculation of the belowground plant concentration due to root uptake (Pryg). The
use of the smaller value in this comparison prevents the overestimation of Pry,,
because in some cases, the derived uptake factors (Brqoveg) are not physically
possible, leading to the prediction of more chemical being accumulated by an
organism from the soil than is released from the facility and deposited onto the soil.
In this situation, use of the mass-limited uptake factor prevents the overestimation
of Prbg.

empirical correction factor for belowground plants (unitless). For belowground
plants, the recommended default values (EPA 1998a) for V G;oneg are used: avalue
of 0.01 for COPCs and ROPCswith alog Koy > 4 and aV G,queg Vaue of 1 for
COPCs and ROPCswith alog Koy < 4 (see Table 6-3). If no K, value exists for a
constituent, the model conservatively uses V Giooveg = 1. Kow is COPC-specific and
shown in Appendix B-1, Table B1-1, for organic COPCs.

Note that in the equation above, two different soil depths (tilled soil and root-zone soil) will be used
because untilled soil (1 cm depth) is considered too shallow for plants with root uptake. Root vegetables
grown in tilled soil (20 cm depth) will be used in subsequent human health risk equations for the resident
(that is, non-Native American) consuming produce, while root vegetables grown in root-zone soil (15 cm
depth) will be used in subsequent human health risk equations for the Native American consuming wild

produce (see section 7

.1.3 for adescription of the receptors and exposure pathways).

6.5.3.3 Mass-Limited Soil-to-Plant Uptake Factors

The concentrations of

contaminants in plants due to root uptake, for both aboveground and belowground

plants, are afunction of the soil concentration and soil-to-plant bioaccumulation uptake factor. Soil
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concentrations used in the modeling of aboveground and belowground plants due to root uptake will be
from the root-zone depth (15 cm) and from the tilled soil depth (20 cm); the untilled soil depth (1 cm) is
considered too shallow for the modeling of aboveground and belowground plants due to root uptake. The
uptake factors for organic chemicals recommended in the Human Health Risk Assessment Protocol
(HHRAP) (EPA 1998a) and the Screening-Level Ecological Risk Assessment Protocol (SLERAP) (EPA
19994) are cd culated from regression equations developed for afew chemicals and exposure situations.
In some cases these derived uptake factors are not physically possible because they predict that more
chemical will be accumulated by an organism from the soil than is released from the facility and
deposited onto the soil. This problem affects a subset of the 370 organic chemicals being evaluated for
the WTP.

For example, if 1 mg of methyl alcohol is deposited per square meter of soil at the point of maximum
deposition (calculated as [total deposition rate] [total years of deposition] [units conversion factor]), then
using the root-to-aboveground produce transfer factor recommended by EPA guidance (EPA 1998a)
would result in an accumulation of 4.28 mg of methyl alcohal in the aboveground edible tissues of plants
in one growing season in a 1 square meter area (calculated as [concentration in soil] [EPA uptake factor]
[EPA default value for yield for produce]). Thisis more than 4 times the amount of chemical available
from 40 years of WTP emissions (4.28 + 1.0 = 4.28). This overestimate would then be carried through
the risk assessment. For example, if the aboveground plant concentration were overestimated by a factor
of more than 4, then risk to human and ecological receptors from ingestion of aboveground plant tissue
would also be overestimated by afactor of morethan 4. This uptake factor problem does not apply to all
COPCs but is limited to some organic chemicals. Uptake factorsfor organic chemicals are calculated
using regression equations; uptake factors for inorganic chemicals and radionuclides are taken from more
empirical sources, are sufficiently known, and are not included in this discussion.

There are a variety of ways that the above problem may be corrected, depending on the source of the
original uptake factor and the amount of uptake information available. Possible solutions include:

o Identify published, empirically derived uptake factors for the organic chemicals, including
development of more representative equations for estimating uptake factors for organic chemicals.

e Conduct laboratory experiments to measure redlistic, site-specific, uptake factors.

e Calculate “mass-limited” uptake factors assuming all of the chemica deposited onto the soil istaken
up by an organism.

For thisrisk assessment, the calculation of “mass-limited” uptake factors has been determined to be the
most reasonable option and has been performed. Maximum (mass-limited) uptake factors based on
simple conservation of mass (that is, that result in transfer of 100 % of the deposited chemical into the
receiving organism, but no more) can be calculated. These calculations can be shown to be a function of
the soil density and the plant yield. Since the soil density is dependent on the soil depth and since the
root-zone and untilled soil depths apply to the plant concentration due to root uptake, separate
determinations of the soil-to-plant, mass-limited uptake factor must be made for these two depths.

Theinitia soil-to-plant, mass-limited uptake factor (that is, before adjustments are made for the length of
operation for the facility and to divide aboveground and bel owground produce) is calculated as:

Initial Uptake Factor = Soil Density + Plant Yield (Eq. 6-25)
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where:

initial calculation of soil-to-plant uptake factor (kg soil/m? per kg DW
plant/m?)

soil density (kg soil/m?), calculated as bulk density (in kg soil/m®)
times soil depth (in meters) (that is, mass per areafor a specific depth).
For example, using a soil bulk density of 1.3 g/em® (1300 kg/m®) and a
soil depth of 15 cm (0.15 m), the soil density is

(1300 kg/m®) (0.15 m) = 195 kg/m?. The soil density for tilled soil
(that is, at the 20 cm depth) is (1300 kg/m®) (0.2 m) = 260 kg/m?. Both
soil depths are used to estimate separate mass-limited uptake factors.

yield for the plant (kg DW plant/m?). Plant yields used are 2.24 kg/m?
for aboveground produce (EPA 1998a), 0.75 kg/m? for bel owground
produce (Washington Agricultural Statistics Service 2001),

0.0195 kg/m? for forage (Wisiol 1984), 0.8 kg/m? for silage

(EPA 1998a), and 0.25 kg/m? for grain (Washington Agricultural
Statistics Service 2001); see Table 6-4.

Initial Uptake Factor

Soil Density

Plant Yield

As seen above, the initia soil-to-plant, mass-limited uptake factor is afunction of the soil density (which
is dependent on the depth of soil) and the plant yield. These mass-limited uptake factors assume that:

¢ Inonegrowing season, the plant takes up all of the chemical deposited over 40 years.
e The plant concentrates all of the deposited chemical into the aboveground edible portion of the plant.

These assumptions directly contradict other assumptions recommended in the risk assessment guidance
(EPA 1998a):

e |f the plant takes up the entire deposited chemical in one growing season, a human receptor cannot be
exposed to this concentration for the recommended exposure durations (which are longer than one
year for the various adult receptors).

e |f plantstake up al of the deposited chemical in the aboveground portion, the concentration in the
belowground portion (that is, root vegetables) must be zero.

To prevent this contradiction, reasonable maximum uptake factors can be cal culated using the following
assumptions:

e The plantstake up one year’s worth of deposition each growing season so that for each year of
exposure, the plants take up all the deposition available that year.

e The plants take up one-half of the available chemical into the edible aboveground portion and
one-half into the edible belowground portion.

Using these assumptions, reasonable maximum uptake factors can be calculated as:

Mass-limited Uptake Factor = Initial Uptake Factor « Modifying Factor (Eg. 6-26)
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where:

Mass-limited Uptake Factor final mass-limited, soil-to-plant uptake factor (kg soil/m? per kg

DW plant/m?)
Initial Uptake Factor = initia estimate of uptake factor, calculated in Eq. 6-25
Modifying Factor = adjustments necessary for aboveground versus belowground

portions of the plant and for operating duration of the facility
that is producing emissions

There are two types of modifying factors used to estimate the mass-limited uptake factor; these modifying
factors are dependent on the type of plant (that is, produce, forage, silage, and grain). One type of
modifying factor is applied to plant types that have both aboveground and belowground concentrations.
For produce, a modifying factor of 1/2 is applied to aboveground produce due to root uptake, and a
modifying factor of 1/2 is applied to belowground produce due to root uptake (so asto equally divide the
mass-limited uptake factor between aboveground and belowground produce due to root uptake).
However, this modifying factor related to aboveground versus belowground is not applied to forage,
silage, or grain since the edible portions of these plant types are all totally aboveground. The second type
of modifying factor (a modifying factor of 1/40) is used to apportion the depositions over the 40-year
duration of the facility. This second type of modifying factor is applied to produce, silage, and grain
because these products will be harvested and the chemicalsin them removed from the soil. This 40-year
modifying factor is not applied to forage because some of the forage will remain and decay in place, thus
returning the chemicalsto the soil. Therefore, the modifying factors (combining the two types of
modifying factors, as appropriate) are:

e 1/80 for aboveground produce dueto root uptake (1/2 -1/40)
e 1/80 for belowground produce due to root uptake (1/2 -1/40)
e 1 forforage (no modifying factor applied)

e 1/40for silage (/2 modifying factor not applied)

e 1/40for grain (1/2 modifying factor not applied)

Soil-to-plant, mass-limited uptake factors are provided in Table 6-4. Thefinal step in this mass-limited
uptake factor approach isto compare the uptake factors as specified in the HHRAP guidance

(EPA 1998a) to these calculated mass-limited uptake factors, on a chemical-by-chemical basis for
organic COPCs. The smaller of the two values will be used in the estimation of plant concentrations.

6.6 Other Media
Modeling for various animal products (such as wild game and fish) is aso necessary for thisrisk
assessment. However, since this modeling effort is dightly different for the human health risk

assessment (HHRA), as opposed to the ERA, the modeling will be described in section 7.1.7.5 for
human health receptors and in section 8.2.3.1 for ecological receptors.

6.7 Uncertainty in Fateand Transport Modeling
Uncertainties will be presented in the risk assessment for each aspect of the environmental fate and

transport modeling. Thisincludes air dispersion modeling, soil accumulation modeling, surface water
modeling, sediment modeling, and plant accumulation modeling. The uncertainty assessment will be
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presented in the form of both text and tables summarizing the primary contributors and potential
magnitude of uncertainties.

A variety of conservative assumptions are used throughout the modeling process to compensate for
uncertainties. One limitation of the air dispersion and deposition modeling will result in the
overestimation of COPC and ROPC concentrationsin al media. This overestimation results from the
double counting of COPCs and ROPCsin air and deposited on soil, plants, and surface water. Air
dispersion and deposition components of the modeling are conducted separately. Therefore, when
estimating ambient air concentrations for inhalation exposure, the model assumes no loss due to
deposition. When estimating deposition, the deposition rate at each point on the receptor grid assumes no
loss of COPCs and ROPCsinthe air due to deposition at any other grid or receptor location. Some
important sources of uncertainty in each type of modeling are summarized in the following sections.

6.7.1  Uncertainty in Air Dispersion Modeling
A number of sources of uncertainty exist in the air dispersion modeling, such as:

e Input values, such as stack emission characteristics

e Emission rates of individual COPCs and ROPCs

e Meteorological data

e Accurate simulation of the atmospheric dispersion of emissions plume from each flue

Some of these uncertainties are based on the limited data available, such as estimated emission rates as
described in section 5.5. Other uncertainties become larger when the model is used at the limits of its
normal application (for instance, in very complex terrain as distances from the source increase).

6.7.2  Uncertainty in Soil Accumulation Modeling

Estimating soil concentrations incorporates numerous uncertainties, which are inherent in the assumptions
that are the basis for the calculations. Examples of uncertainty in the parameters would be soil mixing
depth, soil bulk density, and volumetric water content, which are assigned a single value, but may vary
widely over arelatively small area. The concentration of COPCs and ROPCsin soil will be subject to
loss due to biotic and abiotic degradation; however, transformation and subsequent increase of secondary
COPCs (that is, degradation products) will not be considered in the assessment. Transformation of
ROPCs and formation of daughter products will be included in this assessment through the use of toxicity
values that include daughter products.

6.7.3  Uncertainty in Surface Water Accumulation Modeling

Uncertainty in the estimation of surface water and fish concentrations of COPCs and ROPCs results from
the assumptions used in the calculations. The equations assume that the water body reaches a steady-state
condition; however, for application to the Columbia River and any other flowing surface water, this
assumption is extremely conservative. Additionaly, many of the equations used to model the fate of
COPCs and ROPCs deposited into the water body greatly simplify the mechanisms occurring within such
adynamic system and may overestimate or underestimate the concentration of given COPCs and ROPCs
in the surface water. It isaso assumed that the maximum deposition of COPCs and ROPCs occurs over
the entire depositional area of the water body, which is a source of additional uncertainty and
conservatism.
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6.7.4  Uncertainty in Sediment Accumulation Modeling

There is uncertainty in assigning COPCs exclusively to either water column or bed sediment for purposes
of estimating fish-tissue concentrations as described in the EPA guidance for human health (EPA 1998a)
and concentrations of other organisms as described in the SLERAP (EPA 1999a). The problem isthat
this approach to partitioning COPCs in the aquatic environment may not reflect the multiple pathways by
which different kinds of organisms are potentially exposed to any given contaminant.

The EPA approach estimates concentrations of organisms using bioconcentration factors (BCFs) and
dissolved water concentrations for COPCs with low values for K, bioaccumulation factors (BAFs) and
whole-water concentrations for COPCs with moderate values for K,,,, and BAFs and sediment
concentrations for COPCs with high values for K,,,. The uncertainty liesin the source and meaning of the
different biotransfer factors used for the different media. If the EPA (1998a) biotransfer factors do not
incorporate al the pathways to all organisms from the single medium where each COPC is assumed to
predominate, then the exposure will be underestimated. 1t is unlikely that the EPA transfer factors
account for al pathways relevant to all fish.

Fish take up contaminants into their tissue viathe water in contact with their gills and via the ingestion of
water, abiotic particulates, and biota. Some organisms will be exposed by primarily one pathway, while
others will be exposed over multiple pathways:

o Dissolved contaminants are primarily taken up across the gill membrane; thus, all organismslivingin
the water column will be exposed to dissolved contaminants.

o Filter-feeding organisms, which usually live in the water column, will also be exposed to
contaminants bound to suspended particulates that they filter out of the water and ingest.

e Sediment-ingesting organisms that live in the water column will also be exposed to sediment
contaminants by direct ingestion.

e Predatory fish, which are also water-column dwellers, will aso be exposed to dissolved,
particul ate-bound, and sediment contaminants by ingesting prey that were so exposed, as well as by
direct uptake from the water column and ingestion of suspended particul ates.

In fact, there are probably few organisms that are exposed to only dissolved contaminants, perhaps only
those that live in the water column and selectively feed on planktonic animals to the exclusion of abiotic
particulates. Therefore, assigning each contaminant to a particular class of media (dissolved water, whole
water, and bed sediment), based on its tendency to adsorb to particles or organic carbon, potentially
neglects pathways from other media. Further discussion of uncertainty related to these pathwaysis
presented in the ecological section (section 8.6) of thiswork plan.

6.7.5 Uncertainty in Plant Accumulation Modeling

Calculation of COPC and ROPC concentrations in biotaincorporates the uncertaintiesinherent in
calculation of air and soil concentrations because the air and soil are the sources of COPCs and ROPCs to
plants. Uncertainties also arise from the assumption that the location of maximum soil concentration is
the location of exposure to biota over amultiple-year period. Additionaly, although COPCs and ROPCs
are incorporated into plants and animal tissue, it is assumed that the COPC and ROPC concentration in
soil does not decrease due to these processes. Assumptions of the animal feed ingestion rates introduce
additional uncertainty because they are based on average rates.
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Additional pathways, such as fugitive dust emissions or entrainment of soil in rainwater splash, may
contribute to COPC and ROPC concentrations in biota. However, no equations are available to quantify
these pathways. In addition, the chemical transport through inedible portions of plants (such as corn
husks) may contribute to COPC and ROPC concentrations in edible portions of plants (such as corn
kernel). Transfer factors for this type of chemical transport are not available.

6.8 Summary of Environmental Modeling

Air dispersion modeling will be used to determine COPC- and ROPC-specific concentrations and
deposition rates resulting from emissions of the WTP. The assessment area will be a 50 km radius
extending out from the WTP. These results will be used as input into the human health and ecological
risk assessments.

The CALPUFF modéel will be used for the air quality modeling task. The WTP emissions, as determined
by the design engineers, and one year of Hanford Site meteorological data collected by the Hanford Site
Meteorological Station will be used as input into the model. COPC and ROPC-specific concentrations
and deposition rates will be calculated at a gridded network of receptors and at specific sensitive receptors
identified by the risk assessment analysts.

Fate and transport modeling will be used to estimate COPC and ROPC concentrations in various exposure
media (air, soil, surface water, sediment, plants, and animal tissue). This modeling effort will utilize
assumed emissions rates with a combination of site-specific and default parameters to describe the
movement of COPCs and ROPCs through the environment. This modeling is predictive and cannot be
confirmed by sampling environmental media since the emissions source does not yet exist. The
uncertainty associated with this predictive modeling is addressed through the use of conservative
assumptions whenever possible. Estimated media concentrations resulting from this modeling effort will
be used in the exposure assessment for the human health (section 7) and ecological (section 8) risk
assessments. Environmental modeling will be the same for the PRA and final risk assessment (FRA) with
the possible inclusion of additiona site-specific modeling parametersin the FRA.
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Table6-1 Site-Specific Parameters Used in Modeling Soil Concentrations

Value Unit of
Parameter Description Used | Measure Source Used to Estimate’
a Empirical intercept coefficient 0.6 unitless |EPA 19983, based on expected watershed area | Soil loss due to erosion
AL Total watershed area receiving COPC deposition 4.00E+09 m’ Estimated as half the study area Soil loss due to erosion
(g soil)/
BD Soil bulk density 1.3 ﬁBw soil) |Halvorson and others. 1998 V arious soil 10ss mechanisms
C USL E cover management factor 0.1 unitless |EPA 1998a Soil loss dueto erosion
ER Soil enrichment ratio for organic COPCs 3 unitless |EPA 1998a Soil loss due to erosion
Soil enrichment ratio for inorganic COPCs 1 unitless |EPA 1998a Soil loss due to erosion
Converted from 0.33 mm/day; National
E, Average annual evapotranspiration 12.045 | cmlyear |Environmental Research Park 2002 Soil loss due to leaching
foc Fraction of organic carbon in soil 0.01 unitless |EPA 1998a Soil loss due to volatilization
[ Average annual irrigation 0 cm/year |Assumption Soil loss due to leaching
K USLE erodibility factor 0.36 ton/acre |EPA 1998a Soil loss due to erosion
LS USLE length-slope factor 15 unitless |EPA 1998a Soil loss due to erosion
P Average annua precipitation 18.19 cm/year |Western Regional Climate Center 2002 Soil loss due to leaching
PF USLE supporting practice factor 1 unitless |EPA 1998a Soil loss due to erosion
atm-m%/
R Universal gas constant 8.205E-05| mol-°K |EPA 1998a Soil loss due to volatilization
RF USLE rainfall (or erosivity) factor 50 Lyr [EPA 1998a Soil loss due to erosion
Ps Solids particle density 2.65 Qon EPA 1996a Soil loss due to volatilization
Estimated: assumes the mgjority of rainfall
RO Average annua surface runoff 25 cmlyr |recharges or evaporates Soil loss due to leaching
T, Time period at the beginning of combustion 0 years |Assumption Soil concentration
T, Length of exposure duration 40 years |Assumption Soil concentration
Time period over which deposition occurs (time
O period of combustion) 40 years Assumption Soil concentration
Osw Volumetric soil water content 2.00E-01 | mL/cm® |EPA 1998a Various soil loss mechanisms
Tk Water body temperature 298 °K EPA 1998a Soil loss due to volatilization
Various soil loss mechanisms
Z Soil mixing zone depth; and soil concentration
untilled soil 1 cm EPA 1998a
root zone soil 15 cm  |Assumption
tilled soil 20 cm EPA 1998a

COPC = chemical of potential concern.

EPA = US Environmental Protection Agency.

USLE = Universal Soil Loss Equation.

#This column indicates the parameters that are estimated by the parameter listed in the first column. For example, BD (soil bulk density) is used to estimate various soil loss
mechanisms. For specific use of these parameters in specific equations for soil modeling, see equations 6-1 through 6-4 and equations B2-1 through B2-15.
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Table6-2 Site-Specific ParametersUsed in M odeling Surface Water and Sediment

Value Unit of
Parameter Description Used | Measure Source Used to Estimate®
Based on watershed
a Empirical intercept coefficient 0.6 unitless |area (EPA 1998a) Watershed sediment delivery ratio (SD)
Estimated: assumes
deposited COPCs
Impervious watershed area are all mixed with Load to water body from pervious soil runoff (Lgp) and
A receiving COPC deposition 0 m’ soil load to water body from impervious soil runoff (Lg, )
Load to water body from pervious soil runoff (Lgp),
Total watershed areareceiving Estimated as half of benthic burial rate constant (k, ), and
AL COPC deposition 4.00E+09 m’ the study area watershed sediment delivery ratio (SD)
Total water body concentration (C, ), load to water body from
Estimated from map direct deposition (Lpgp), load to water body from dry vapor
A, Water body surface area 6.00E+06 m’ measurements diffusion (L), and benthic burial rate constant (k)
b Empirical slope coefficient 0.125 unitless |EPA 1998a Watershed sediment delivery ratio (SD)
(g sail)/ [Halvorson and others
BD Soil bulk density 13 (cm® soil) {1998 Load to water body from pervious soil runoff (Lgp)
USLE cover management
C factor 0.1 unitless [EPA 1998a Unit soil lossrate (X.)
Sediment concentration (Cyy ), fraction of water body
concentration in water column (f,,. ), and
Cas Bed sediment concentration 1 Qon EPA 1998a benthic burial rate constant (k)
Total water body concentration (C,, ), total concentration in water
column (C,er ), Sediment concentration (Cyyq ), fraction of water
Depth of upper benthic body concentration in water column (f,),
Oy sediment layer 0.03 m EPA 1998a total water body depth (d, ), and benthic burial rate constant (kj,)
Total water body concentration (C,, ), total concentration in water
Modeling data from column (C, ot ), Sediment concentration (Cyy ), fraction of water
ColumbiaBasin body concentration in water column (f,,.) and
(o Depth of water column 75 m Research 1996 total water body depth (d,)
K USLE erodibility factor 0.36 ton/acre [EPA 1998a Unit soil lossrate (X,)
Value for flowing
Kg Gas-phase transfer coefficient 36,500 mfyr  [system (EPA 1998a) Overall transfer rate coefficient (K, )
LS USLE length-slope factor 15 unitless |EPA 1998a Unit soil loss rate (X,)

Page 6-33




24590-WTP-RPT-ENS-03-006, Rev O
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Table6-2 Site-Specific ParametersUsed in M odeling Surface Water and Sediment

Value Unit of
Parameter Description Used | Measure Source Used to Estimate®
USL E supporting practice
PF factor 1 unitless [EPA 1998a Unit soil lossrate (X.)
atm-m°/ Load to water body from dry vapor diffusion (Lpr) and
R Universal gas constant 8.205E-05 | mol-°K |EPA 1998a overall transfer rate coefficient (K, )
USLE rainfall (or erosivity)
RF factor 50 Vyr |EPA 1998a Unit soil lossrate (X.)
Estimated: assumes
the majority of
Average annual surface rainfall recharges
RO runoff 25 cm/yr  |or evaporates Load to water body from pervious soil runoff (Lgg)
Load to water body from dry vapor diffusion (Lp,e) and
0 Temperature correction factor 1.026 unitless [EPA 1998a overal transfer rate coefficient (K, )
L porewater / Sediment concentration (Cyy) and fraction of water body
Ops Bed sediment porosity 0.6 Legimen: |EPA 1998a concentration in water column (f,,.)
Ogn Soil volumetric water content 0.2 mL/cn?® |EPA 1998a Load to water body from pervious soil runoff (Lgp)
Dissolved phase water concentration (Cg, ), fraction of water body
concentration in water column (f,,.),
Total suspended solids water column volatilization rate constant (k, ), and
TSS  [concentration 10 mg/L  |EPA 1998a benthic burial rate constant (k)
Load to water body from dry vapor diffusion (Lp,e) and
Tk Water body temperature 298 °K EPA 1998a overall transfer rate coefficient (K, )
Modeling data from
ColumbiaBasin
u Current velocity 15 m/s  |Research 1996 Liquid-phase transfer coefficient (K, )
Average volumetric flow Water Resources of Total water body concentration (C,,) and benthic burial rate
Vi, rate through water body 4.00E+11 m’lyr  |Washington State 2002 constant (k)

COPC = Chemica of potential concern.
EPA = US Environmental Protection Agency.
USLE = Universal Soil Loss Equation.

@ This column indicates the parameters that are estimated by the parameter listed in the first column. For example, the parametea (the empirical intercept coefficient) is used to
estimate the watershed sediment delivery ratio (SD). For specific use of these parameters in specific equations for surface water and sediment modeling, see equations 6-5

through 6-11 and equations B2-16 through B2-42.
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Table6-3 Site-Specific Modeling Parametersfor Estimating Exposure Point Concentrationsin Plants

Value Unit of
Par ameter Description Used® Measure Used to Estimate’

Fraction of constituent wet deposition that adheres to plant surfaces, for anions and
two specific organic COPCs (p-chloroaniline and n-nitrosodi-n-propylamine) that

Fw ionize to anionic forms 0.2 unitless All plants (direct deposition)
Fraction of constituent wet deposition that adheres to plant surfaces,
for cations and most organics (p-chloroaniline and n-nitrosodi-n-propylamine, which
ionize to anionic forms, are the exceptions) 0.6 unitless All plants (direct deposition)
Interception fraction of the edible portion of plant tissue, for produce

Rp (weighted average of fruits and vegetables) 0.39 unitless Produce (direct deposition)

Rpiruit Interception fraction of the edible portion of plant tissue, for fruits 0.053 unitless Fruits (direct deposition)

Rpyeg Interception fraction of the edible portion of plant tissue, for vegetables 0.982 unitless Vegetables (direct deposition)
RProrage Interception fraction of the edible portion of plant tissue, for forage 0.05 unitless Forage (direct deposition)
RPsiiage Interception fraction of the edible portion of plant tissue, for silage 0.459° unitless Silage (direct deposition)

kp Plant surface |oss coefficient 18 <mm1 All plants (direct deposition)
Length of plant's exposure to deposition per harvest for edible portion of plant - 60/365
Tp produce (fruits and vegetabl es) (0.164) years Produce (direct deposition)
TProrage Length of exposure to deposition per harvest for edible portion of plant - forage 0.12 years Forage (direct deposition)
TPslage Length of exposure to deposition per harvest for edible portion of plant - silage 0.16 years Silage (direct deposition)
Yield or standing crop biomass of the edible portion of the plant for produce (weighted
Yp average of fruits and vegetables) 2.24 (kg _u<<\3mv Produce (direct deposition)

Y Prruit Yield or standing crop biomass of the edible portion of the plant, for fruits 0.25 (kg DW/m?)  |Fruits (direct deposition)

Y Preg Yield or standing crop biomass of the edible portion of the plant, for vegetables 5.66 (kg U<<\3Nv V egetables (direct deposition)
Y Prorage Yield or standing crop biomass of the edible portion of the plant, for forage 0.0195" (kg _u<<\3mv Forage (direct deposition)

Y Psilage Yield or standing crop biomass of the edible portion of the plant, for silage 0.8 (kg U<<\3Nv Silage (direct deposition)
VGy Empirical correction factor for aboveground produce with log K, > 4 0.01 unitless Produce (air-to-plant transfer)
Empirical correction factor for aboveground produce with log K, <4 1 unitless Produce (air-to-plant transfer)
VGygoragey |Empirical correction factor for forage 1 unitless Forage (air-to-plant transfer)
VGyysilagg  |Empirical correction factor for silage 0.5 unitless Silage (air-to-plant transfer)
Pa Density of air 1200 gm’ All plants (air-to-plant transfer)
VGiootveg Empirical correction factor for belowground produce with log Ky, >4 0.01 unitless Belowground produce (root uptake)
Empirical correction factor for belowground produce with log K,,, <4 1 unitless Belowground produce (root uptake)

& Parameters taken from Human Health Risk Assessment Protocol (HHRAP) (EPA 1998a) unless otherwise noted.

® This column indicates the parameters that are estimated by the parameter listed in the first column. For example, Fw (fraction of constituent wet deposition that adheres to plant
surfaces) is used to estimate plant concentrations from direct deposition. For specific use of these parameters in specific equations for plant modeling, see equations 6-12 through 6-26.

¢ Calculated per HHRAP (EPA 1998a) using default value for Y Psiiage RPiscalculated as 1 - exp[-(y )(Yp)] = 1 - exp[-(0.769)(0.8)] = 0.459 where y is the empirical constant and Y p
istheyield for silage.

4 Fresh yield value of 1500 kg/ha reported for Richland, Washington, in Estimating Grazingland Yield from Commonly Available Data (Wisiol 1984) converted to dry yield
assuming 87 % moisture content. The calculation is made asfollows: (1500 kg/ha fresh yield) “ (1 ha/ 10,000 m2) “ (1 - 0.87) = 0.0195 kg/m2 dry yield.
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Yield M ass-Limited Uptake Factor s®
Plant Type (kg/m?) Source Tilled” Untilled® Root Zone”
Aboveground Produce® 2.24 |Default value (EPA 1998a) 1.45 NA 1.09
Belowground Produce® 0.75 [WA Ag. Statistical Service 2001 4.33 NA 3.25
_uo:\u@mq 0.0195 |Valuefor Richland, WA (Wisiol 1984) NA NA 10000
Silage’ 0.8 |Default value (EPA 1998a) 8.13 NA NA
) Value for processing sweet corn (WA Ag.
(¢]
Grain 0.25 Statistical Service 2001) 26 NA 195

NA = Not applicable.

¢ Calculated as [Soil density (kg/m?) / Plant yield (kg DW/m?)] x modifying factor.
® Tilled soil is mixed to adepth of 20 cm. Soil density = 260 x@\BN (1300 _A@\wa 0.2m). Tilled soil values are used for plants grown for
ingestion by resident and subsistence farmer receptors, and feed (silage and grain) grown for domestic animals.
¢ Untilled soil is used for direct contact pathways only.
4 Root zone is mixed to adepth of 15 cm. Soil density = 195 kg/m? (1300 kg/m> x 0.15 m). Root zone values are used for vegetation
ingested by Native Americans and forage for domestic and wild animals.
® Modifying factor for produce is 1/2 (for split between above and belowground produce) x 1/40 (for operating duration) = 1/80.
f Modifying factor for forageis 1.
9 Modifying factor for silage and grain is 1/40.
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Figure6-1 Exposure Gridsin Each Concentric Zone
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7 Screening Human Health Risk Assessment

The human health risk assessment (HHRA) process includes four fundamental components: (1) data
evaluation, (2) exposure assessment, (3) toxicity assessment, and (4) risk characterization. The data
evaluation step is the selection of chemicals of potential concern and radionuclides of potential concern
(COPCs and ROPCs) discussed in section 4 of this work plan and the quantification of emissions
discussed in section 5. Each of the remaining three componentsis discussed below:

e Exposure assessment — section 7.1
e Toxicity assessment — section 7.2
e Risk characterization — section 7.3

The SLRA isdesigned to identify, early in the process, any potential risks associated with the WTP. The
SLRA has been designed to overestimate potential risks by using conservative exposure assumptions
combined with conservative toxicity values. The HHRA is one part of the screening-level risk assessment
(SLRA) that focuses on human health.

7.1  Exposure Assessment

Exposure assessment is the process of estimating the magnitude, frequency, duration, and type of
potential exposuresto COPCs and ROPCs. This section presents the exposure scenarios and approach for
conducting the quantitative exposure assessment.

A human health conceptual exposure model identifies exposure scenarios that are defined by potentially
exposed populations and exposure pathways. The conceptual exposure model used for thiswork planis
shown as Figure 7-1 and was developed from guidance and information obtained from the Human Health
Risk Assessment Protocol for Hazardous Waste Combustion Facilities (HHRAP) (EPA 1998a), the
Screening Assessment and Requirements for a Comprehensive Assessment: Columbia River
Comprehensive Impact Assessment (DOE-RL 1998), A Native American Exposure Scenario (Harris and
Harper 1997), and discussions with the Washington State Department of Ecology (Ecology),

US Environmental Protection Agency (EPA), and Native American tribal representatives.

The conceptual exposure model focuses on identifying complete exposure pathways for potentially
exposed populations. An exposure pathway is the means through which an individual may comein
contact with achemical in the environment. Exposure pathways are determined by:

e Environmental conditions (such as location of receptors, vegetative cover, and wind speed and
direction)

e The potentia for chemical migration through environmental media (such as soil, vegetation, or air)

o Lifestylesand work activities of potentially exposed populations

Although several potential pathways may exist, not all may be complete. For a pathway to be complete,
all of the following four factors must exist:

e COPC or ROPC release into the environment
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e Release and transport mechanism (such as deposition to soil) that moves the COPC or ROPC from
the source to other locations

e Point of contact for receptors to be exposed to the affected media
o Exposure pathway such as breathing vapors or ingesting affected media

These four factors were considered in the development of the conceptual exposure model. The sources of
COPC and ROPC release are the WTP stacks and flues (see section 5). Transport processes, potential
points of contact, and compl ete exposure pathways are identified to formul ate exposure scenarios that will
be the focus of the quantitative risk assessment. The process of exposure assessment is detailed in the
following subsections.

7.1.1 Characterization of Exposure Setting

Characterizing the exposure setting is the first step in identifying potentially exposed populations. This
characterization includes identifying the location of human populations within the study area and types of
activities that can be expected under current and reasonable potential future land use. The brief site
characterization provided in this section is adequate to identify most possible human receptors, especialy
the most significantly exposed receptors. A more detailed site characterization will be supplied in the
pre-demonstration test risk assessment (PRA) to describe all the populations eval uated.

The study areais defined as the area within a 50 km radius of the WTP. Whileit is possible for human
populations to be exposed beyond this 50 km radius, the concentration of airborne and deposited
emissions will be orders of magnitude |ess than those within the study area, essentially approaching zero.
EPA (1998a) reportsthat at other facilities the most significant deposition of airborne emissions has been
observed within a3 km radius of a source. The Hanford Site boundary extends approximately 9 km to
28 km from the WTP. The Columbia River islocated approximately 8 km to more than 20 km from the
WTP. Therefore, the potentid for offsite impacts is expected to be minimal; however, because of the
importance of the Columbia River as a potable water and recreational resource, it will be included in the
guantitative risk assessment. Currently, no residential receptors are present on the Hanford Site, nor are
there likely to be any in the near future (that is, within the next 50 years). Game animals that browse on
Hanford Site property and plants that grow on Hanford Site property may be harvested by Native
Americansliving off site.

Characterization of the exposure setting includes the following:

e Characterization of the physical setting, including location of important physical features such as
Gable Mountain, surface water bodies, and watersheds

e Characterization of potentially exposed populations, including identifying the location and activity

patterns of current populations relative to the facility, determining plausible future land use, and
identifying subpopulations of potential concern

Characterization will concentrate on the areas potentially most impacted by emissions, based on the
results of the air-dispersion modeling and will include both current and future land use. The exposure
assessment will focus on four locations of interest:
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e Onsite ground maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions. This location generally represents worst-case human and
ecological exposures because very few receptors are expected to be present here.

e Hanford offsite maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions outside the Hanford Site boundary. Thislocation represents a more
plausible location for most human receptors and is an important point of compliance.

e Gable Mountain maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions at Gable Mountain. Thislocation isincluded dueto itsimportance
to Native American populations in the Oregon-Washington area.

e Columbia River maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions at the Columbia River. Thislocation is used to evaluate potential
risks to aquatic ecological receptors and as a source of potable water for human receptors.

7.1.2 ldentification of Receptor Types

EPA (1998a) recommends that the following receptor types be evaluated for ng potential risks
from thermal treatment facilities:

e Resident (adult and child)

e Subsistence farmer (adult and child)
e Subsistence fisher (adult and child)
e Nursing infant

e Acuterisk

The nursing infant scenario is recommended by EPA guidance (EPA 1998a) to address specific concerns
regarding exposure to polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo-p-furans
(PCDFs) because these chemicals are known to accumulate in human milk. EPA guidance recommends
inclusion of the nursing infant only for PCDD</PCDFs; however, coplanar polychlorinated biphenyls
(PCBs) will also be evaluated for this pathway in the SLRA due to their potential to behave,
physiologically, like PCDDs/PCDFs. Because radionuclides are amajor component of the waste to be
treated at the facility, several ROPCs will also be evaluated for this pathway. The ROPCs strontium (Sr-
90), iodine (1-129), and cesium (Cs-134 and Cs-137) will be evaluated for the nursing infant scenario.
These radionuclides were selected because they are potentialy present in the waste, are judged to have
the highest potential for accumulation in milk, and due to their toxicity (CCN 064327). No other COPCs
or ROPCs will be evaluated for the nursing infant scenario, because other COPCs and ROPCs have not
been shown to accumulate in human milk. Nursing infant exposure will be eval uated based on intakes for
the Hanford Site industrial worker, resident adult, resident subsistence farmer adult, and Native American
subsistence resident adult.

Special subpopulations are defined as human receptors or segments of the population that potentially may
be at higher risk due to receptor sensitivity to COPCs and ROPCs or due to unique lifestyle activities. To
address potentially sensitive subpopulations, the following additional exposure scenarios will be
evaluated:

e Hanford Site industrial worker
e Native American subsistence resident
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Workers employed at the WTP will not be included in the risk assessment because other regulations exist
for occupational exposures within the WTP boundary (for example, DOE standards for occupational
safety and health). However, because of the WTP' s location within the Hanford Site, the closest and most
likely receptors are other Hanford Site workers located outside the WTP boundary. Therefore, the
Hanford Siteindustrial worker scenario will be included in the risk assessment.

Native American tribes (Nez Perce Tribe, Y akama Indian Nation, and Confederated Tribes of the
Umatillalndian Reservation [CTUIR]) ceded the land currently occupied by the US government’s
Hanford Site. However, these tribes retained the rights to the use of resources on thisland.
Representatives of these tribes have expressed a desire to be able to use this land to conduct a traditional
lifestyle. A wide range of possible Native American activitiesrelated to traditional lifestyles exists. The
Native American scenario will address a variety of potential exposures associated with food gathering
(including hunting, fishing, and Native American plant gathering), as well as cultural and socia activities
(for example, use of a sweat lodge).

The exposure scenarios included in the quantitative risk assessment are designed to cover awide range of
possible receptor activities, age groups, and lifestyles. These receptors represent the most highly exposed
populations that could work or live near the Hanford Site, including adult workers, adult and child
residents and farmers, and Native Americans living atraditional lifestyle. The exposure assessment and
risk characterization results for the selected receptors are designed to be protective of other populations
and special subpopulations of interest. For example, the resident child receptor provides a bounding
estimate for other child activities such as children attending school or daycare. This scenario assumes a
high level of potential exposure (for example, the resident child is present 7 days per week, 24 hours per
day and ingests homegrown produce) at the location of maximum contaminant concentration. Hence,
risk-management decisions based on these conservative assumptions will be protective of other child
populations (for example, at a school or daycare center where exposure would be less because a child may
be present 5 days per week for less than 12 hours per day). Other possible special subpopulations are
being evaluated by identifying their locations and determining whether they are located in areas that are
potentially at risk from WTP emissions. Figure 7-2 provides a map showing (1) the location of the WTP,
(2) the locations of potential receptor populations (such as cities), and (3) locations of potentially sensitive
subpopul ations (such as daycare centers and preschools, schools, hospitals, and nursing homes).

7.1.3 Description of Exposure Scenarios

Exposure scenarios to be addressed by the risk assessment are described in more detail below and
summarized in Table 7-1. Exposure scenarios are defined for current and future land-use conditions. For
the SLRA, current and future are defined as follows.

Current Land Use. For thiswork plan, current is defined as the 40-year operating lifetime of the WTP
beginning in approximately 2008. This period corresponds approximately to the period addressed by the
Final Hanford Comprehensive Land-Use Plan (CLUP) Environmental Impact Statement (DOE 1999a) of
at least 50 years from publication of the Record of Decision (ROD) (DOE 1999b), that is, 1999 through
2049.

Current land use within the 50 km study areais characterized based on aerial photographs, zoning maps,
land devel opment plans, and information presented in the CLUP and the following additional documents:
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e Record of Decision (ROD): Hanford Comprehensive Land-Use Plan Environmental Impact Statement
(DOE 1999b)

e The Futurefor Hanford: Uses and Cleanup (DOE 1992)

Figure 7-3 shows existing land use within the study area as of 1996 (DOE 1999a). Figure 7-4 shows
current (that is, over approximately the next 40 years) land use on the Hanford Site as defined by the
CLUP. Representatives of the Nez Perce Tribe, Y akama Indian Nation, and CTUIR are also being
consulted in evaluating current land use in the study area.

FutureLand Use. For thiswork plan, future exposure scenarios begin after WTP shutdown (following
40 years of operation). For example, the future resident subsistence farmer is assumed to be exposed
from year 40 to year 80.

Plausible future land use is characterized based on information presented in the documents listed above.
Representatives of the Nez Perce Tribe, Y akama Indian Nation, and CTUIR are also being consulted in
evaluating future land usein the study area.

In addition to the information in DOE 1999b and DOE 1992, DOE has indicated that:

e The 200 Areas (a.k.a. Central Plateau) will remain industrial past the 50-year timeframe of the CLUP
because mixed waste has been, and will continue to be, buried there as aresult of remedial activities
at the rest of the Hanford Site.

e Therewill not be any onsite residential development (within the Hanford site boundary) in the
foreseeable future

Both current and future land-use assumptions must also consider the newly created Hanford Reach
National Monument, which includes the Saddle Mountain National Wildlife Refuge north of the
Columbia River and the Arid Lands Ecology Reserve in the western portion of the Hanford Site.

Within these timeframes, exposure scenarios may be classified as being either plausible or worst case as
defined below.

Plausible exposure scenarios represent receptors that currently exist, or may reasonably be expected to
exist in the future, at agiven location. For example, workers are currently present in the 200 Areas,
therefore, the Hanford Site industrial worker is a current plausi ble exposure scenario at that location. This
does not mean that the exposure scenario as described here (aworker present at the point of maximum
emissions concentration, 8 hours per day, 250 days per year, for 20 years) portrays actual current workers,
but rather, that this type of receptor (onsite worker) is plausible at that location.

Worst-case exposure scenarios represent receptors that are not reasonably expected to exist now or in the
future at the specified location. For example, aresident subsistence farmer will be evaluated as afuture
worst-case receptor at the point of maximum emissions concentrations (likely at the 200 Areas), but it is
unlikely that (1) residential development will ever occur in thislocation, or (2) such areceptor (atotaly
self-sustaining farmer) will ever exist at thislocation.
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7131 Hanford Site Industrial Worker

General Description

This receptor is an adult worker employed near the WTP and living offsite. Workers employed at the
WTP will not be included in the risk assessment because other regulations exist for occupational
exposures within the WTP boundary (such as DOE standards for occupational safety and health). The
Hanford Site industrial worker will be evaluated using occupational exposure assumptions primarily from
DOE-RL 1995 and residential exposure assumptions primarily from EPA (1998a, 2003a, CCN 063810,
CCN 063807, CCN 063805, CCN 064331, CCN 063806, CCN 063816), as described in section 7.1.6.

Exposur e Pathways

The Hanford Site industrial worker is exposed on site (during work hours) through inhal ation of
emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, and external
exposure to radionuclidesin air and soil. Thisworker is also assumed to be exposed while at home
through these same pathways and through ingestion of homegrown produce.

Current Exposure Location

This receptor is assumed to work at the onsite ground maximum. The onsite ground maximum location is
a100 m by 100 m area (defined in section 6.1) represented by the point or points predicted to have the
highest concentration of airborne and deposited emissions. This receptor is assumed to live at the
Hanford offsite maximum. This offsite location is a 500 m by 500 m area represented by the single grid
point predicted to have the highest concentration of airborne and deposited emissions. The Hanford Site
industrial worker is assumed to obtain drinking water from the Columbia River maximum. Current
exposure of a Hanford Site industrial worker is considered a plausible scenario since workers are present
in this area and may live off site.

Future Exposure L ocation

The current and future exposure locations for the Hanford Site industrial worker are the same. Future
exposure of a Hanford Site industrial worker is also considered a plausible scenario because workers are
present and are expected to continue to be present in thisarea. A future scenario with the Hanford Site
industrial worker living at the onsite ground maximum is not evaluated because that |ocation cannot be
industrial and residential at the same time.

7.1.3.2  Nursing Infant of Hanford Site Industrial Worker

General Description
The nursing infant of the Hanford Site industrial worker istheinfant of the worker described above.

Exposur e Pathways

The nursing infant of the Hanford Site industrial worker is assumed to be exposed to PCDDS/PCDFs,
PCBs, and four ROPCs through ingestion of breast milk from the worker exposed through:

¢ Inhalation of emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water,
and external exposure to radionuclides in air and soil while at work

e Inhalation of emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water,
external exposure to radionuclidesin air and soil, and ingestion of homegrown produce while at home
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Current Exposure L ocation

The nursing infant of the Hanford Site industrial worker is assumed to reside with the worker described
above at the Hanford offsite maximum point or points. Current exposure of a nursing infant of the
Hanford Site industrial worker is considered a plausible scenario since workers are present in this area
and may live (be aresident) off site.

Future Exposure L ocation

The current and future exposure locations for the nursing infant of the Hanford Site industrial worker are
the same because if the onsite ground maximum remains industrial (that is, aworker isthere), then this
areaisnot residential. Future exposure of aHanford Site industrial worker is also considered a plausible
scenario since workers are present and are expected to continue to be present in this area.

7133 Resident

General Description

Theresident is assumed to live, work, and play at asingle location and, thus, is assumed to be home

24 hours per day, 350 days per year, with 2 weeks per year on vacation or otherwise away from the home.
This receptor is assumed to have a garden that supplies fruit and vegetables. Both an adult and a child
resident will be evaluated using EPA default (1998a) and other EPA-recommended (CCN 063810, CCN
063807, CCN 063805, CCN 063806) exposure assumptions described in section 7.1.6.

Exposur e Pathways

Theresident (adult and child) is assumed to be exposed through direct inhalation of airborne emissions,
ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, externa exposure to
radionuclidesin air and soil, and ingestion of homegrown produce.

Current Exposure Location

The closest resident at the time of thiswork plan (2003) islocated more than 20 km from the WTP.
However, in thiswork plan, current is defined as the 40-year operating lifetime of the WTP (beginning in
approximately 2008). Therefore, it is assumed that a current resident may be located at the Hanford
offsite maximum sometime during this 40-year period. This offsite location is a500 m by 500 m area
represented by the single grid point or points predicted to have the highest concentration of airborne and
deposited emissions. The resident is assumed to obtain drinking water from the point of maximum
concentration in the Columbia River. Current exposure of aresident at the Hanford offsite maximum s
considered a plausible scenario since residents are present outside the site boundary and residential
development could occur at the offsite maximum point or points within the next 40 years.

Future Exposure L ocation

Residential development is assumed to occur at the onsite ground maximum sometime in the future. This
location isa 100 m by 100 m area (defined by the air dispersion modeling grid) represented by the grid
point or points predicted to have the highest concentration of airborne and deposited emissions. The
resident is assumed to obtain drinking water from the point of maximum concentration in the Columbia
River. Future exposure of aresident at the onsite ground maximum is considered a worst-case scenario
because future devel opment at thislocation is unlikely due to the presence of other industrial and mixed
waste operationsin the 200 Areas.
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7.1.34  Nursing Infant of Resident

General Description
The nursing infant of the resident is the infant of the adult resident described above.

Exposur e Pathways

The nursing infant of the resident is assumed to be exposed to PCDDSPCDFs, PCBs, and four ROPCs
through ingestion of breast milk from the adult resident exposed through inhalation of emissions,
ingestion of sail, inhalation of resuspended soil, ingestion of drinking water, and ingestion of homegrown
produce.

Current Exposure Location

The nursing infant of the resident is assumed to reside with the resident described above at the Hanford
offsite maximum point or points. Current exposure of a nursing infant of the resident at the Hanford
offsite maximum is considered a plausible scenario since residents are present outside the site boundary
and residential development could occur at the offsite maximum point or points within the next 40 years.

Future Exposure L ocation

The nursing infant of the resident is assumed to reside with the resident described above at the onsite
ground maximum sometime in the future. Future exposure of anursing infant of aresident at the onsite
ground maximum is considered a worst-case scenario because future development at thislocation is
unlikely due to the presence of other industrial and hazardous waste operations in the 200 Areas.

7.1.35 Resident Subsistence Far mer

General Description

The resident subsistence farmer is assumed to live, work, and play at asingle location (that is, the resident
farmer is assumed to be at home 24 hours per day, 350 days per year, with 2 weeks per year on vacation
or otherwise away from the home). Thisreceptor is assumed to maintain afarm that supplies his or her
produce (fruit and vegetable), meat (beef, pork, and poultry), dairy products, and eggs. Both an adult and
achild resident subsistence farmer will be evaluated using EPA default (1998a) and other
EPA-recommended (CCN 063807, CCN 064331, CCN 063806, CCN 063804) exposure assumptions
described in section 7.1.6.

Exposur e Pathways

The resident subsistence farmer (adult and child) is assumed to be exposed through inhalation of
emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, external exposure
to radionuclidesin air and soil, and ingestion of homegrown produce, beef, pork, poultry, dairy products,
and eggs.

Current Exposure Location

The closest resident at the time of thiswork plan (2003) is located more than 20 km from the WTP.
However, in thiswork plan, current is defined as the 40-year operating lifetime of the WTP (beginning in
approximately 2008). Therefore, it isassumed that a current resident subsistence farmer may be located
at the Hanford offsite maximum. This offsite location is a 500 m by 500 m area represented by the single
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grid point-predicted to have the highest concentration of airborne and deposited emissions. The resident
subsistence farmer is assumed to obtain drinking water from the point of maximum concentration in the
Columbia River. Current exposure of aresident subsistence farmer at the Hanford offsite maximum s
considered aworst-case scenario because, while resident farmers may be present outside the site
boundary, the defined exposure scenario (that is, afarmer producing his or her own food, as described in
section 7.1.6.2, within a 500 m by 500 m area) is unlikely.

Future Exposure L ocation

Residential development is assumed to occur at the onsite ground maximum location sometime in the
future. Thislocationisa 100 m by 100 m area (defined by the CALPUFF air dispersion modeling grid)
represented by the single grid point-predicted to have the highest concentration of airborne and deposited
emissions. The resident subsistence farmer is assumed to obtain drinking water from the point of
maximum concentration in the Columbia River. Future exposure of aresident subsistence farmer at the
onsite ground maximum is considered a worst-case scenario because future development at thislocation
isunlikely due to the presence of other industrial and hazardous waste operations in the 200 Areas and
because the defined exposure scenario (that is, afarmer producing his or her own food, as described in
section 7.1.6.2, within 2100 m by 100 m area) is considered unlikely.

7.1.3.6  Nursing Infant of Resident Subsistence Far mer

General Description

The nursing infant of the resident subsistence farmer is the infant of the adult resident subsistence farmer
described above.

Exposur e Pathways

The nursing infant of the resident subsistence farmer is assumed to be exposed to PCDDS/PCDFs, PCBs,
and four ROPCs through ingestion of breast milk from the adult resident subsistence farmer exposed
through inhalation of emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking
water, and ingestion of homegrown produce, beef, pork, poultry, dairy products, and eggs.

Current Exposure Location

The nursing infant of the resident subsistence farmer is assumed to reside with the resident subsistence
farmer described above at the Hanford offsite maximum point or points. Current exposure of a nursing
infant of the resident subsistence farmer at the Hanford offsite maximum is considered a worst-case
scenario because, while resident farmers may be present outside the site boundary, the defined exposure
scenario (that is, an infant nursed for one year by afarmer producing her own food at a single grid node)
isunlikely.

Future Exposure L ocation

The nursing infant of the resident subsistence farmer is assumed to reside with the resident subsistence
farmer described above at the onsite ground maximum sometime in the future. Future exposure of a
nursing infant of aresident at the onsite ground maximum is considered a worst-case scenario because
future development at thislocation is unlikely due to the presence of other industrial and hazardous waste
operationsin the 200 Areas and because the defined exposure scenario (that is, aninfant nursed for one
year by afarmer producing his or her own food within asmall home area) is worst-case.
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7.1.3.7 Resident Subsistence Fisher

General Description

The resident subsistence fisher scenario is the same as the resident scenario with the addition of fish
ingestion. Thisreceptor isassumed to live, work, and play at asingle location (that is, theresident is
assumed to be at home 24 hours per day, 350 days per year, with 2 weeks per year on vacation or
otherwise away from the home). This receptor is assumed to have a garden that supplies fruit and
vegetables and to obtain fish from the Columbia River. Both an adult and a child resident subsistence
fisher will be evaluated using the EPA default (1998a) and other EPA-recommended (CCN 063810,
CCN 063807, CCN 063805, CCN 063806) exposure assumptions described in section 7.1.6.

Exposur e Pathways

The resident subsistence fisher (adult and child) is assumed to be exposed through inhalation of
emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, external exposure
to radionuclidesin air and soil, ingestion of homegrown produce, and ingestion of locally caught fish.

Current Exposure Location

The closest resident at the time of thiswork plan (2003) is located more than 20 km from the WTP.
However, for this risk assessment work plan (RAWP), current is defined as the 40-year operating lifetime
of the WTP (beginning in approximately 2008). Therefore, it isassumed that a current resident
subsistence fisher may be located at the Hanford offsite maximum point or points sometime during this
40-year period. This offsite location is a 500 m by 500 m area represented by the single grid point
predicted to have the highest concentration of airborne and deposited emissions. The resident subsistence
fisher is assumed to obtain drinking water and fish from the point of maximum concentration in the
Columbia River. Current exposure of aresident subsistence fisher at the Hanford offsite maximum is
considered a worst-case scenario because, while residents might be present outside the site boundary and
fish the Columbia River, the defined exposure scenario (that is, afisher growing fruit and vegetables and
ingesting locally caught fish every day) is unlikely.

Future Exposure L ocation

Residential development is assumed to occur at the onsite ground maximum sometime in the future. This
location isa 100 m by 100 m area (defined in section 6.1) represented by the single grid point predicted to
have the highest concentration of airborne and deposited emissions (excluding the 200 Areas, which will
remain industrial due to buried waste). The resident subsistence fisher is assumed to obtain drinking
water and fish from the point of maximum concentration in the Columbia River. Future exposure of a
resident subsistence fisher at the onsite ground maximum is considered a worst-case scenario because
future development at thislocation is unlikely due to the presence of other industrial and hazardous waste
operationsin the 200 Areas and because the defined exposure scenario is unlikely in any location.

7138 Native American Subsistence Resident

General Description

The Native American subsistence resident is assumed to live atraditional subsistence lifestyle. The
traditional lifestyles of the Nez Perce, Y akama Indian Nation, and Confederated Tribes of the Umatilla
Indian Reservation (CTUIR) were historically based on a seasonal cycle of travel among hunting, plant
gathering, and fishing areas. The most common foods were salmon, roots (including camas bulb,
bitterroot, wild carrot, and wild potato), berries (including service berries, gooseberries, huckleberries,
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chokecherries, and wild strawberries), deer, and elk. Each of these foods was collected in different
locations during different seasons. The seasona cycle of food gathering encompassed alarge area
including the lowlands along the Columbia River and its tributaries, foothills and prairies, and higher
mountainous areas. Presently, tribal members may hunt in areas such as the North Sope (a.k.a. Saddle
Mountain National Wildlife Refuge, north of the Columbia River), fish near the Vernita bridge (where the
Columbia River enters the western boundary of the Hanford Site), and occasionally gather food at sites
such as the McGee Ranch (south of the Columbia River at the western boundary of the Hanford Site).
Members of the three tribes potentially impacted at Hanford would be individuals pursuing a traditional
lifestyle. Thetraditiona lifestyle of these three tribesis heavily dependent on fish (primarily salmon) in
addition to game and plants; therefore, a separate hunter/gatherer and fisher would not exist. A more
reaistic receptor is a combination hunter/gatherer/fisher.

The Native American subsistence resident is assumed to hunt and fish to supply his or her meat (game
and wildfowl), egg (from wildfowl), and fish needs, and to gather native plantsto supply his or her plant
(fruit and vegetable) needs. Both an adult and a child Native American subsistence resident will be
evaluated using exposure assumptions from A Native American Exposure Scenario (Harris and Harper
1997), EPA Region 10 (CCN 063810, CCN 063824, CCN 063805, CCN 064331, CCN 063806), and the
CTUIR (CCN 064333) provided in section 7.1.6.

Exposure Pathways

The Native American subsistence resident (adult and child) is assumed to be exposed through inhalation
of emissions; ingestion of soil; inhalation of resuspended soil; ingestion of drinking water; external
exposure to radionuclides in air and soil; and ingestion of wild plants, game, wildfowl, fish, and wildfowl
eggs. In addition to these pathways, the Native American subsistence resident adult is also assumed to be
exposed through inhal ation and dermal exposure to resuspended constituents from water in a sweat lodge.

Current Exposure L ocation

The Native American subsistence resident is assumed to live off site at the Hanford offsite maximum,
visit the Gable Mountain maximum for ceremonial activities, consume fish from the Columbia River
maximum, and consume wild game, wildfowl, wildfowl eggs, and plants harvested on site. The Native
American subsistence resident is a so assumed to obtain drinking water and water for use in a traditional
sweat lodge from the Columbia River maximum. The locations for each of these activities are described
in more detail below.

Current Residential Location. The Native American subsistence resident is assumed to live off site at
the Hanford offsite maximum. This offsite location is a 500 m by 500 m area represented by a single grid
point predicted to have the highest concentration of airborne and deposited emissions.

Hunting and Gathering Location. The Native American subsistence resident is assumed to consume
food (wild game, wildfowl, wildfowl eggs, and wild plants) harvested on site. The hunting and gathering
areas for the Native American subsistence resident are based on the following assumptions:

e Thevarious types of plants eaten or used for ceremonial or medicinal purposes are collected from a
variety of habitats (such asriver corridor, foothills and mountains, meadow, and shrub-steppe). The
exact collecting locations and types of plants collected are unknown; however, it is known that Gable
Mountain isimportant for ceremonial activities, and plants are collected approximately once per year
at the McGee Ranch west of the 200 Areas.
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e While onsite hunting is currently limited to the area north of the Columbia River, deer and other game
may browse anywhere on site.

e Thehome range of deer at Hanford islocated primarily along the riparian corridor of the Columbia
River.

o Thetraditional subsistence lifestyleisacommunal lifestyle; therefore, the hunting and gathering area
must support more than asingleindividual or even asingle family.

e A conservative scenario should include the locations of maximum emissions concentrations (ground
maximum), and the locations of maximum emissions concentrations where it is known that some
important activities occur (Gable Mountain maximum, Columbia River maximum).

To meet these needs, two hunting/gathering areas have been identified. The first hunting/gathering area
(shown in Figure 7-5) includes the Hanford Reach National Monument and Gable Mountain. Thisarea
includes the portions of the Hanford Site most likely to be used by game animals and most likely to be
used by Native Americans for collecting wild plants. The second hunting/gathering area (shown in
Figure 7-5) includes the entire Hanford Site excluding the 200 Areaindustrial zones. Like thefirst
hunting/gathering area, this second areaincludes the riparian zones along the Columbia River, where
game animals and important wild plants are likely to be present, and Gable Mountain. This second area
also includes the area of maximum contaminant concentrations near the WTP (that is, the onsite ground
maximum). This second hunting/gathering areaisintended to provide a more conservative estimate of
potential exposure and risk by including the area where concentrations are at their maximum but food
gathering activities are not likely to occur.

Ceremonial Location. The Native American subsistence resident is assumed to visit the Gable Mountain
maximum location to conduct ceremonia activities. This onsite location isa 500 m by 500 m area
represented by the single grid point predicted to have the highest concentration of airborne and deposited
emissions at Gable Mountain.

Surface Water Location. The Native American subsistence resident is assumed to obtain fish, drinking
water, and water for the sweat lodge from the Columbia River maximum.

This approach is conservative because it includes the points of maximum concentration, expected to be
|ocated east of the 200 East Area, as well asthe areas west and north of the 200 East Areawhere actua
hunting, gathering, and fishing activities currently occur.

Current exposure of a Native American subsistence resident is considered a plausible scenario since

(1) residents are present outside the site boundary and devel opment could occur at the offsite maximum
point or points, and (2) Native American people are presently allowed to access the Hanford Site.
However, this accessis limited to individuals with security badges, and then only for limited purposes,
such as religious purposes or to gather foods (approximately once per year) for ceremonies.

Future Exposur e L ocation

The Native American subsistence resident is assumed to live on site at the onsite ground maximum
location, consume fish from the Columbia River maximum, and consume wild game, wildfowl, wildfowl
eggs, and wild plants harvested onsite. The Native American subsistence resident is also assumed to
obtain drinking water and water for usein atraditional swesat |odge from the Columbia River maximum.
The future hunting and gathering areas are defined as described above and shown in Figure 7-5 (that is,
[1] the Hanford Reach National Monument and Gable Mountain, and [2] the entire Hanford Site). Future
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exposure of a Native American subsistence resident is considered a worst-case scenario because future
development at thislocation is unlikely due to the presence of other industrial and mixed waste operations
in the 200 Aress.

Because the location of sacred sitesis confidential within the tribes, representatives of the three tribes will
be consulted during the risk assessment process to discuss potential impacts to sacred sites.

7.1.3.9  Nursing Infant of Native American Subsistence Resident

General Description

The nursing infant of the Native American subsistence resident is the infant of the adult Native American
subsistence resident described above.

Exposur e Pathways

The nursing infant of the Native American subsistence resident is assumed to be exposed to
PCDD</PCDFs, coplanar PCBs, and four ROPCs through ingestion of breast milk from the adult Native
American subsistence resident exposed through inhalation of emissions; ingestion of soil; inhalation of
resuspended soil; ingestion of drinking water; and ingestion of wild plants, wild game, wildfowl and
wildfowl eggs, and fish.

Current Exposure L ocation

The nursing infant of the Native American subsistence resident is assumed to reside with the Native
American subsistence resident described above at the Hanford offsite maximum point or points. Current
exposure of anursing infant of the Native American subsistence resident at the Hanford offsite maximum
is considered a plausible scenario because residents are present outside the Hanford site boundary and
development could occur at the offsite maximum point or points within the next 40 years.

Future Exposure L ocation

The nursing infant of the Native American subsistence resident is assumed to reside with the Native
American subsi stence resident described above at the onsite ground maximum sometime in the future.
Future exposure of a nursing infant of a Native American subsistence resident at the onsite ground
maximum is considered a worst-case scenario because future development at thislocation is unlikely due
to the presence of other industrial and mixed waste operations in the 200 Areas.

7.1.3.10 AcuteExposure

EPA (1998a) recommends evaluating potential acute exposures in addition to the chronic exposures
evaluated by previously described exposure scenarios. The acute exposure scenario includes direct
inhalation of airborne COPC and ROPC emissions and exposure to externa radiation from airborne
ROPC emissions at the estimated maximum one-hour concentration. The receptor for the acute exposure
scenario islocated at the point of maximum one-hour concentration and is independent of land use.
Because the acute exposure scenario is based on the maximum-model ed concentration and assumes that a
receptor will be present at the location of that maximum during the hour in which it occurs, thisis
considered a worst-case scenario.

This acute scenario is designed to evaluate the worst-case air concentration resulting from normal
emissions combined with short-term meteorological conditions that result in higher than normal air
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concentrations. The acute scenario is not an accident (for example, fire, explosion) scenario. Accident
scenarios are evaluated in separate documents to support nuclear licensing regquirements.

7.1.4 Exposure Pathways

Exposure pathways to be evaluated for each of these exposure scenarios are summarized in Table 7-1 and
the conceptual exposure model (Figure 7-1). Both direct exposure to emissions and indirect exposure to
other media (such as soil and food) contaminated by emissions will be evaluated. Direct exposure
pathways to be included in the quantitative risk assessment are as follows:

e COPCsand ROPCs
— Direct inhaation of emissions
e ROPCsonly
— External exposure to radionuclidesin air

Indirect exposure pathways to be included in the quantitative risk assessment are as follows:

e COPCsand ROPCs
— Ingestion of soil
— Inhalation of resuspended soil
— Ingestion of homegrown or wild gathered produce
— Ingestion of homegrown beef, milk, chicken, eggs, and pork
— Ingestion of wild game, wildfowl, and wildfowl eggs
— Ingestion of drinking water
— Ingestion of fish
— Inhalation of vapors and suspended particulatesin sweat lodge
— Dermal absorption in the sweat lodge
e ROPCsonly
— External exposure to radionuclides in soil
e PCDDsPCDFs, PCBs, and sdlected ROPCs (Sr-90, 1-129, Cs-134, and Cs-137) only
— Ingestion of breast milk

External radiation exposure will be quantitatively evaluated for radionuclidesin air and soil. External
radiation exposure is not expected to be significant for surface water because of the following.

e Distance from the WTP to the Columbia River will result in extremely low concentrations of ROPCs
through deposition.

o ROPC concentrationsin air near the WTP and in soil following deposition and accumulation will far
exceed surface water concentrations.

e Exposureto air and soil is continuous, while potential exposure to surface water is intermittent.
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Therefore, externa radiation exposure will not be evaluated for surface water because the distance from
the WTP to the Columbia River will result in extremely low concentrations of ROPCs through deposition
compared with other media.

EPA (1998a) has identified three exposure pathways that are generally insignificant contributors to risk at
thermal treatment facilities; they are asfollows:

e Groundwater pathways
¢ Resuspended dust
e Dermal contact

Groundwater pathways are generally not significant contributors to risk from airborne emissions because
exposure concentrations in groundwater following air dispersion, deposition, leaching, and groundwater
dispersion are much less than concentrationsin air, soil, and other media. Conditions at the Hanford Site
(that is, low precipitation) will make the contribution to groundwater even less than at other sites.
Therefore, exposure to groundwater will not be included in the quantitative risk assessment. However,
surface water concentrations will be used to evaluate the ingestion of drinking water, aswell asinhalation
and dermal absorption for the Native American swest |odge scenario.

Inhalation of resuspended dust can be an important exposure pathway at contaminated sites where the
contaminant source is at the surface or in the soil, as explained in the air dispersion modeling section (6)
of thiswork plan. At these sites, dust resuspension generally represents the only source of inhalation
exposure (unless significant volatiles are present). At sites such as the WTP where the source of COPCs
and ROPCs s airborne emissions, direct, continuous inhalation of these emissionsis a much more
important exposure pathway than periodic inhalation of fugitive dust. Although it is considered generally
insignificant at most sites, because of the dry, dusty conditions at the Hanford Site, inhalation of
resuspended dust will be included in the SLRA (CCN 064332).

Dermal exposure pathways (to soil, surface water, or air) will not be included in the SLRA with the
exception of the Native American sweat lodge scenario. Thisisanon-conservative assumption (that is, it
will underestimate exposure to contaminantsin soil, surface water, and air), because dermal contact will
occur. However, dermal exposure pathways have been identified as insignificant contributors to risk in
numerous risk assessments prepared or reviewed, or both, by EPA for airborne emissions from thermal
treatment facilities (that is, the amount that exposure that is underestimated due to excluding this pathway
isinsignificant). If initial PRA resultsindicate that the soil ingestion pathway resultsin risksthat are
borderline for any plausible receptor, then the dermal exposure pathway may be included in the PRA. A
discussion of the potential impact associated with exclusion of this minor pathway from the quantitative
risk assessment will be included in the uncertainty assessment of the PRA.

7.1.5 Quantification of Exposure

The following subsections provide the equations that will be used to quantify intake (or dose) for each
COPC and ROPC. The equations used to quantify exposuresto COPCs and ROPCs differ dightly.
Estimates of COPC intake will be quantified as the lifetime average daily dose (LADD) and average daily
dose (ADD) in units of mg/kg-day. The LADD defines adose level that is distributed (averaged) over an
entirelifetime. Unlike the LADD, the ADD is averaged over a specific incremental exposure period
rather than an entire lifetime. Estimates of ROPC intake will be quantified as atotal intake in units of
picocuries (pCi).
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The equations that will be used to quantify each of the exposure pathways are based on those presented in
Appendix C of EPA 1998a; these equations are subject to change as the guidance is modified. Exposure
point concentrations (EPCs) of each exposure medium (such as air and soil) will be calculated as
described in sections 6 and 7.1.7 of this RAWP. EPCsfor COPCs have units of mass per mass (mg/kg
for soil, sediment, and food) and mass per volume (mg/L for surface water and pg/m? for air). EPCsfor
ROPCs have units of activity per mass (pCi/g for soil and food) and activity per volume (pCi/L for
surface water and pCi/m® for air). Receptor-specific exposure parameters (such as exposure frequency
and duration) are summarized in tables 7-2 (Hanford Site industrial worker), 7-3 (resident, resident
subsistence farmer, resident subsistence fisher), and 7-4 (Native American subsistence resident). The
equations provided in the following subsections, along with the source of the EPCs and exposure
parametersthat will be used in these equations, are summarized below:

Sour ce of L ocation of
Exposure Point Receptor-Specific
Exposure M edium and Pathway Equation Concentrations Exposure Parameters
Air (Section 7.1.5.1)
Inhalation of emissions 7-1 Section 6.1 Tables 7-2, 7-3, 7-4
External exposureto ROPCsin 7-2 Section 6.1 Tables 7-2, 7-3, 7-4
ar
Soil (Section 7.1.5.2)
Incidental ingestion 7-3 Equations 6-1 and Tables 7-2, 7-3, 7-4
6-3
Inhalation of resuspended dust 7-4 Equation 7-4 Tables7-2, 7-3, 7-4
External exposureto ROPCsin 7-5 Equations 6-1 and Tables 7-2, 7-3, 7-4
soil 6-3
Foodstuffs (Section 7.1.5.3)
Ingestion of produce and wild 7-6 Equations 6-12 Tables7-2, 7-3, 7-4
plants through 6-24
Ingestion of beef, pork, chicken, 7-7 Equations 7-13 Tables7-3, 7-4
wild game, wildfowl, milk, and through 7-20
€ggs
Ingestion of fish 7-8 Equations 7-23 Tables 7-3, 7-4
through 7-25
Surface Water (Section 7.1.5.4)
Drinking water ingestion 7-9 Equation 6-9 Tables7-2, 7-3, 7-4
Native American Sweat L odge (Section 7.1.5.5)
Inhalation in sweat lodge 7-10 Equation 6-9 Table7-4
Dermal exposurein sweat lodge 7-11 Equation 6-9 Table7-4
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7.15.1  Direct Exposureto Air

Direct exposure to air includes inhalation of vapor and particulate emissions (Eq. 7-1) and externa
exposureto ionizing radiation in air (Eq. 7-2).

Direct Inhalation

Equation 7-1 will be used to calculate the inhalation of vapor phase and particul ate emissions.

_Ca-IR-ET-EF-ED-CF

COPCs: |, (Eq. 7-18)
BW - AT -CF,

ROPCs: |, =Ca-IR-ET-EF -ED (Eq. 7-1b)

where:
limm = intake of COPCsor ROPCs through inhaation of emissions (mg/kg-day or pCi)
Ca = concentration of COPC or ROPC in air (ng/m® or pCi/m°) calculated as described in
section 6.1

IR = inhaation rate (m%hr)

ET = exposuretime (hr/day)

EF = exposurefrequency (day/yr)

ED = exposureduration (yr)

CF, = unitsconversion factor of 0.001 (mg/ug)

BW = body weight (kg)

AT = averaging time for carcinogens (ATc) or noncarcinogens (ATy) (yr)
CF, = unitsconversion factor of 365 (day/yr)

External Exposurein Air

Equation 7-2 will be used to caculate the external exposure to ionizing gammaradiation in air from
ROPCs.

ROPCs: |, =Ca-EF -ED-CF, - AF -CF, (Eq. 7-2)
where:

lia = externa exposureto gammaradiation from ROPCsin air (Bg-sec/m’)

Ca = averageair concentration of ROPC (pCi/m®) cal culated as described in section 6.1

EF = exposurefrequency (day/yr)

ED = exposureduration (yr)

CF, = unitsconversion factor of 86,400 (sec/day)

AF = agefactor (unitless). The model assumes AF = 1 for adults and 1.3 for children.

CF, = unitsconversion factor of 0.037 (Bg/pCi)
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7.15.2  Exposureto Soil

Exposure to soil includes ingestion of soil (Eq. 7-3), inhalation of resuspended soil (Eq. 7-4), and external
exposureto ROPCs in soil (Eq. 7-5).

I ngestion of Sail
Equation 7-3 will be used to calculate the ingestion of soil.

_ Cs:CR,, -F -EF-ED

COPCs: | (Eq. 7-38)
BW . AT -CF,
ROPCs: |, =Cs-CR, -F, -EF -ED-CF, (Eq. 7-3b)
where:
lwi = intake of COPC or ROPC dueto soil ingestion (mg/kg-day or pCi)
Cs = concentration of COPC or ROPC in soil (mg/kg or pCi/g) calculated per section 6.2,

Eg. 6-1 and Eqg. 6-3
CRyi = consumption rate of soil (kg/day)

F = fraction of ingested soil that is contaminated (unitless)

EF = exposurefrequency (day/yr)

ED = exposureduration (yr)

BW = body weight (kg)

AT = averagingtimefor carcinogens (AT¢) or noncarcinogens (ATy) (yr)
CF, = unitsconversion factor of 365 (day/yr)

CF, = unitsconversion factor of 1000 (g/kg)

Inhalation of Resuspended Sail

Equation 7-4 will be used to cal cul ate exposure resulting from inhalation of resuspended soil using the
particulate emission factor (PEF) approach from the EPA soil screening guidance (EPA 1996a, 1996b,
2000z, 2000b).

COPCs I, = Cs 'IR-ET-EF'ED (Eq. 7-43)
PEF BW . AT -CF,
Cs
ROPCs: | i =| =—= |- CF, - IR-ET -EF -ED (Eq. 7-4b)
PEF
where:
limsoit = intake of COPC or ROPC through inhalation of resuspended soil (mg/kg-day or pCi)
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Cs = soil concentration of COPC or ROPC (mg/kg or pCi/g) calculated per section 6.2,
Eg. 6-1 and Eq. 6-3

PEF = particulate emission factor (m*/kg); PEF is described below

IR = inhaation rate (m¥hr)

ET = exposuretime (hr/day)

EF = exposure frequency (day/yr)

ED = exposureduration (yr)

BW = body weight (kg)

AT = averagingtimefor carcinogens (AT¢) or noncarcinogens (ATy) (yr)

CF, = unitsconversion factor of 365 (day/yr)

CF, = unitsconversion factor of 1000 (g/kg)

The PEF relates the concentration of contaminant in soil with the concentration of dust particlesin the air.
The presence of vegetation, gravel, pavement, or other cover will prevent the generation of fugitive dust.
EPA default PEF values assume 50 % vegetative cover and 50 % open soil. EPA provides site-specific
dispersion modeling and meteorol ogical factors for 29 cities in the United States and recommends
developing a site-specific PEF by identifying the climatic zone for the site (Figure A-1, EPA 2000b)
followed by selecting modeling parameters corresponding to the site’ s climatic zone and size. The
Hanford Siteislocated in climatic zone 4. Using the modeling parameters provided for the five
representative cities in zone 4, along with an assumed 30-acre source area and 50 % vegetative cover,
results in average and 10th percentile PEF values of 6.22E+09 and 1.41E+09 m®/kg, respectively. The
10th percentile value is used in this human health risk assessment (HHRA) to provide a conservative
estimate of fugitive dust exposure. The 10th percentile value is used rather than the 90th percentile value
because air concentration is dependent on the inverse of the PEF value.

Exter nal Exposur eto Sail

Equation 7-5 will be used to calculate the external exposure to ionizing gamma radiation in soil from
ROPCs.

ROPCs: | _CsEF-ED. [ET, +ET - (1- So)] (Eq. 7-5)
irs — CF

where:

= externa exposure to gamma radiation from ROPCs in soil (pCi-yr/g)

Iirs

Cs = soil concentration of ROPC (pCi/g) calculated per section 6.2, Eq. 6-1 and Eq. 6-3

EF = exposurefrequency (day/yr)

ED = exposureduration (yr)

ET, = exposuretime fraction outdoors (unitless); receptor-specific ET, values are described
below

ET; = exposuretime fraction indoors (unitless); receptor-specific ET; values are described
below

Se = shiddingfactor (unitless); Seis described below

CF = unitsconversion factor 365 (day/yr)

Page 7-19



O©CO~NOOUITAWNPEF

33

35
36
37
38

39
40

M
42

24590-WTP-RPT-ENS-03-006, Rev O
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

The exposure time fraction outdoors (ET,) represents the fraction of the day that the receptor is on site
and outdoors while the fraction indoors (ET;) represents the fraction of the day that the receptor is on site
and indoors.

For the resident scenario, it is assumed that adults spend 94 % of their time indoors and 6 % outdoors
(EPA 1997a) while children spend 77 % of their time indoors and 23 % outdoors. The median percent of
time spent outdoors on afarm (adults and children) isreported as 12 %, and the 90th percentile is reported
as42 % (EPA 1997a). For the resident subsistence farmer and subsistence fisher scenarios, receptors
(both adults and children) are assumed to spend 42 % of their time outdoors and 58 % indoors
(approximately an additional 8 hours outdoors each day). For the Native American subsistence resident,
the time spent outdoors is assumed to be comparable to the resident subsistence farmer and resident
subsistence fisher (that is, 58 % indoors, 42 % outdoors for both adults and children).

For the Hanford Site industrial worker scenario, it is assumed that work is performed both outdoors and
indoors; therefore, workers spend 50 % of their work day indoors and 50 % outdoors.

A shielding factor of 0.4 is used, consistent with Office of Solid Waste and Emergency

Response Directive 9355.4-14 (EPA 2000d), to account for shielding while the receptor isindoors. No
shielding is assumed while the receptor is outdoors, as the gamma radiation originating in soil is not
impeded by a solid obstacle prior to intercepting the receptor.

7.15.3  Exposureto Foodstuffs

Exposure to foodstuffs includes ingestion of produce by the resident; ingestion of produce, beef, pork,
milk, chicken, and eggs by the resident subsistence farmer; ingestion of produce and fish by the resident
subsistence fisher; and ingestion of wild plants, wild game, wildfowl, wildfowl eggs, and fish by the
Native American subsistence resident.

Ingestion of Produce

Equation 7-6 will be used to calculate the ingestion of COPCs and ROPCs in homegrown produce or wild
plants.

COPCs _[(Pd+ Pv+Pr)-CRy +Pry-CRy, + P -CR, |- F-EF ED  (Eq.7:69

& AT -CF,

ROPCs: |,, =|(Pd + Pv+Pr,)-CR, +Pr,-CR, +Pr,-CR,|-F, - EF - ED - BW - CF, (Eq. 7-6b)

where:
lg = intakeof COPC or ROPC through ingestion of produce (mg/kg-day or pCi)
Pd = COPC or ROPC concentration in aboveground produce due to direct deposition onto
plant surfaces (mg/kg or pCi/g) calculated per section 6.5, Eq. 6-12 through Eq. 6-15
Pv = COPC or ROPC concentration in aboveground produce due to air-to-plant transfer

(mg/kg or pCi/g) calculated per section 6.5, Eq. 6-16 through Eq. 6-22
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COPC or ROPC concentration in aboveground produce due to root uptake (mg/kg or
pCi/g) calculated per section 6.5, Eq. 6-23

consumption rate of aboveground unprotected produce (kg/kg-body weight/day)
consumption rate of aboveground protected produce (kg/kg-body weight/day)

COPC or ROPC concentration in belowground produce due to root uptake (mg/kg or
pCi/g) calculated per section 6.5, Eq. 6-24

consumption rate of belowground produce (kg/kg-body weight/day)
fraction of ingested produce that is contaminated (unitless)
exposure frequency (day/yr)

exposure duration (yr)

averaging time for carcinogens (AT¢) or noncarcinogens (ATy) (yr)
units conversion factor of 365 (day/yr)

body weight (kg)

units conversion factor of 1000 (g/kg)

Ingestion of Animal Products

Equation 7-7 will

be used to calculate the ingestion of COPCs and ROPCs in homegrown beef, milk,

pork, poultry, wildfowl, eggs, and wild game.

COPCs; |

ROPCs: |

where:

Ifood -

Af =

CR =

EF =
ED =
AT =
CF =
BW =
CFr, =

A, -CR-F -EF -ED
food = AT .CF,

(Eq. 7-7a)

= A, -CR-F,-EF -ED-BW - CF, (Eq. 7-7b)

food

intake of COPC or ROPC from animal product (such as lye, Imik) (Mg/kg-day or pCi)
concentration of COPC or ROPC in animal product (mg/kg or pCi/g) calculated per
section 7.1.7.4, equations 7-13 (beef), 7-14 (milk), 7-15 (pork), 7-16 (chicken), 7-17
(wildfowl), 7-18 (chicken eggs), 7-19 (wildfowl eggs), 7-20 (game), 7-23, 7-24, and
7-25 (fish)

consumption rate of animal product (kg/kg-day)

fraction of ingested animal tissue that is contaminated (unitless)

exposure frequency (day/yr)

exposure duration (yr)

averaging time for carcinogens (AT¢) or noncarcinogens (ATy) (yr)

units conversion factor of 365 (day/yr)

body weight (kg)

units conversion factor of 1000 (g/kg)
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Ingestion of Fish
Equation 7-8 will be used to calculate the ingestion of COPCs and ROPCsiin fish.

Ciisn '(CRfish + CRorgans)' F-EF-ED

COPCs: | 44, = AT CF, (Eq. 7-88)
ROPCS: | 14, = C e - (CRygy + CRygas)- F; - EF - ED - BW - CF, (Eq. 7-8b)
where:

lfish = intake of COPC or ROPC from fish (mg/kg-day or pCi)

Ciish = concentration of COPC or ROPC in fish (mg/kg or pCi/g); Css, Will be calculated
from surface water and sediment concentrations cal culated per sections 6.3 and 6.4,
Eq. 6-9 (surface water), and Eq. 6-10 and Eq. 6-11 (sediment).

CRisn = consumption rate of fish fillets (kg/kg-body weight/day)

CRogans = consumption rate of fish parts (kg/kg-body weight/day)

F = fraction of ingested fish that is contaminated (unitless)

EF = exposure frequency (day/yr)

ED = exposure duration (yr)

AT = averaging time for carcinogens (ATc) or noncarcinogens (ATy) (yr)

CF, = units conversion factor of 365 (day/yr)

BW = body weight (kg)

CF, = units conversion factor of 1000 (g/kg)

7.154  Exposureto Surface Water

Exposure to surface water includes the ingestion of surface water as drinking water (Eg. 7-9) and Native
American sweat |odge exposures through inhalation and dermal contact (section 7.1.5.5).

Ingestion of Drinking Water
Equation 7-9 will be used to calculate the ingestion of COPCs and ROPCs in drinking water.

_ C,,-CR,,-F,-EF-ED

COPCs: |, BW.AT.CF (Eq. 7-93)

ROPCs: |,,=C,, ' CR,,-F -EF-ED (Eq. 7-9b)
where:

low = intake of COPC or ROPC from drinking water (mg/kg-day or pCi)

Cqw = dissolved-phase COPC or ROPC water concentration (mg/L or pCi/L) calculated per
section 6.3, Eq. 6-9

CRyy = consumption rate of drinking water (L/day)
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fraction of ingested drinking water that is contaminated (unitless)
exposure frequency (day/yr)

exposure duration (yr)

body weight (kg)

averaging time for carcinogens (AT¢) or noncarcinogens (ATy) (yr)
units conversion factor of 365 (day/yr)

Native American Sweat L odge Exposures

Two exposure pathways will be evaluated for the Native American sweat lodge: inhaation (Eq. 7-10) and
dermal absorption (Eg. 7-11).

Inhalation in Sweat L odge

Equation 7-10 will be used to calculate inhalation exposure for Native American adults inside the sweat
lodge. Volatile and semivolatile organic COPCs and volatile ROPCs (**C and *H) may be released as
vapors from water used in the sweat lodge. Due to the many uncertainties and the potential that aerosols
may be generated by mechanical entrainment in addition to volatilization, nonvolatile inorganic COPCs
and ROPCs are also evaluated for this scenario.

Caw [szJ IR-ET - EF -ED
COPCs: |, = R (Eq. 7-10a)
BW . AT -CF
o=
ROPCs: |, =Cy, | ——5 | IR-ET-EF -ED (Eq. 7-10b)
% eI
where:
limm = intake of COPCsand ROPCs from inhalation in the sweat lodge (mg/kg-day or pCi)
Caqw = dissolved surface water concentration of COPCs and ROPCs (mg/L or pCi/L)
calculated per section 6.3, Eg. 6-9
Vw = volume of water (L); seethe discussion of V, below
s = theconstant pi (unitless); © ~ 3.14159265359
r = radiusof sweat lodge (m); r = D/2 where D isthe diameter of the swest |odge (m)
IR = inhalation rate (m%hr)
ET = exposuretime (hr/day)
EF = exposurefrequency (day/yr)
ED = exposureduration (yr)
BW = body weight (kg)
AT = averagingtimefor carcinogens (ATc) or noncarcinogens (ATy) (yr)
CF = unitsconversion factor of 365 (day/yr)
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Within the sweat lodge, water is splashed onto heated rocks to produce steam. It is assumed that atotal of
4 L of water are used during a one-hour sweat |odge ceremony. For the HHRA, it is conservatively
assumed that the entire concentration of volatile COPCs (all organics) and ROPCs (*H and **C) inthe 4 L
of water may be volatilized and available for inhaation in the sweat lodge (that is, Vw =4 L). Itis
possible that nonvolatile COPCs (inorganics) and ROPCs (all except *H and **C) may become airborne as
an aerosol mist. The quantity of nonvolatile constituents that may be airborneis limited by the amount of
water that may bein the air at any given time (CCN 064329). A hemispheric sweat lodge with a diameter
of 2m hasavolume of 2.094 m®. At 150 °F and 100 % humidity, 0.34 L of water could be airbornein a
sweat lodge of thissize (that is, V,, =0.34 L).

Dermal Exposurein Sweat L odge

Equation 7-11 will be used to calculate the dermal absorption of organic COPCs from water vapor in the
sweat |odge.

_ C,,-SA-Kp-ET-EF-ED-CF,

COPCs: |4 (Eq. 7-11)
BW . AT -CF,
where:
lg = intakeof COPCsfrom adult dermal absorption within the sweat lodge (mg/kg-day)
Caqw = dissolved-phase surface water concentration (mg/L) calculated per section 6.3, Eq. 6-9
SA = body surface area available for contact (m?)
Kp = permeability constant (cm/hr); Kp is COPC-specific and provided in Appendix B-1.
ET = exposuretime (hr/day)
EF = exposurefrequency (day/yr)
ED = exposureduration (yr)
CF, = unitsconversion factor of 10 (L/m*-cm)
BW = Dbody weight (kg)
AT = averagingtimefor carcinogens (ATc) or noncarcinogens (ATy) (yr)

CF, = unitsconversion factor of 365 (day/yr)

Dermal absorption of inorganic COPCs and ROPCs is not included because this pathway is considered to
be insignificant compared to inhalation for all inorganic COPCs and ROPCs except tritium (see Appendix
B-3 for further discussion on thistopic). Previoudy, the inhalation cancer slope factor (SF) provided in
the Health Effects Assessment Summary Tables (HEAST) (EPA 1995c¢) for tritium included a 50 %
contribution from dermal absorption. The new inhalation SF for tritium provided in the updated HEAST
(EPA 2001b) does not include the contribution from dermal absorption; therefore, dermal absorption of
tritium from water vapor in the sweat lodge is evaluated separately. The internal dose from immersion in
aplume of tritiated water vapor is approximately 50 % from inhalation and 50 % from dermal absorption
(Till and Meyer 1983); therefore, the dose received from dermal absorption of tritium is accounted for by
multiplying the inhaation dose for this ROPC by 2.
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7.15.6  Nursing Infant Exposure

Ingestion of Breast Milk

Equation 7-12 will be used to calculate the ADD of COPCs and intake of ROPCs for an infant exposed to
COPCs and ROPCsiin breast milk.

COPCs: | e =(

ROPCs: |,

where:
I infant

m

CF

fa

fa

fa
IRtk
ED

. .h- f..-f -IR.. -ED
m-CF -h fl '3 l4 Rm|lk (Eq 7-123.)
0.693- f, BW, o - AT
m-h- f;
_ f.-f .IR.. -ED-EF Eq. 7-12b
nfant [vainfam . 0693 ng 3 4 lelk ( q )

infant intake of COPCs or ROPCs from breast milk (pg/kg-day for chemicals or pCi
for radionuclides)

maternal intake of COPCs or ROPCs from all adult exposures (mg/kg-day for
chemicals or pCi/day for radionuclides) calculated as:

Hanford Siteindustrial worker and resident:
M=l + T + Diohsot +1ag + Taw

resident subsistence farmer:

M=l + T + Dionsot +1ag + Toeer T Ttk T 1 pork T 1 eticken + egg + 1 aw
Native American subsistence resident:
M=l + e + Dionsot +1ag T T game T Niictowt T 1egg T T game + T eisn + Taw

where theindividual intake termswill be calculated from equations 7-1, 7-3, 7-4,
7-6, 7-7, and 7-8 without the ED, EF, AT and 365 day/yr terms

units conversion factor of 1E+09 (pg/mg)

biological half-life of COPC or ROPC in adults (days); h is COPC- and ROPC-
specific and provided in Appendix B-1

fraction of ingested COPC or ROPC that is stored in fat (unitless)

fraction of mother’ sweight that isfat (unitless)

fraction of breast milk that isfat (unitless)

fraction of ingested COPC or ROPC that is absorbed (unitless)

ingestion rate of breast milk by infant (kg/day)

exposure duration (yr)
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BWinar = body weight of infant (kg)
AT = averaging time (yr)
EF Exposure frequency (days/yr)

7.1.6  Exposure Parameters

The equations presented above are the basis for quantifying the exposure to COPCs and ROPCs
experienced by a potential receptor. The values that will be used for each parameter identified in the
equations are provided in tables 7-2, 7-3, and 7-4 and described below. These parameters are
conservative to ensure that the exposures calculated in the SLRA overestimate, rather than underestimate,
risk.

7.16.1 Hanford Site Industrial Worker

For the Hanford Site industrial worker scenario, exposure values are presented in Table 7-2 and are taken
primarily from the Hanford Ste Risk Assessment Methodology (DOE-RL 1995).

The Hanford Site industrial worker is assumed to work both indoors (4 hours per day) and outdoors
(4 hours per day) and to consume 200 mg soil per day rather than the default 50 mg per day because of
this outdoor activity.

The Hanford Site industrial worker is assumed to live at the Hanford offsite maximum in addition to
working at the onsite ground maximum. Exposure assumptions for the time spent at home are the same
asthose for aresident (section 7.1.6.2) corrected for time spent at work. For example:

e Thisreceptor is assumed to spend 16 hours per day at home for the 250 days per year he or sheisalso
at work, and 24 hours per day at home for the 100 days per year he or sheis not at work.

e Thisreceptor consumes atota of 2 L to 3 L per day of drinking water from the Columbia River
maximum (that is, on workdays the receptor consumes 2 L at work and 1 L at home, on nonwork days
the receptor consumes 2 L at home).

e Thisreceptor isassumed to spend 20 years working at the onsite ground maximum and living at the
Hanford offsite maximum and another 10 years living at the Hanford offsite maximum (for a total
residential exposure duration of 30 years).

Sail ingestion rates are assumed to be independent of exposure time and, therefore, are not corrected for
time spent at work and at home (that is, the worker consumes 200 mg soil per day at work and 100 mg
soil per day at home for atotal of 300 mg soil per day, 250 days per year and 100 mg soil per day, 100
days per year).

7.16.2 Residential Scenarios

For residential scenarios (resident, resident subsistence farmer, resident subsistence fisher, and nursing
infants), exposure values are presented in Table 7-3 and are taken primarily from the HHRAP

(EPA 1998a). Several exposure parameters (inhalation rate, soil ingestion rate, drinking water ingestion
rate) differ from the HHRAP default valuesin order to be consistent with other EPA Region 10
assessments (CCN 063805, CCN 063806, CCN 063807). The source of each exposure parameter is
provided, along with the value used, in Table 7-3.
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The adult resident and resident subsistence fisher are assumed to live at the Hanford offsite maximum for
30 years during operation of the WTP for current exposures and at the onsite ground maximum for

30 years starting at WTP shutdown for future exposures. The resident subsistence farmer is assumed to
live at the Hanford offsite maximum for 40 years during operation of the WTP for current exposures and
at the onsite ground maximum for 40 years starting at WTP shutdown for future exposures. The childis
assumed to be exposed for 6 years (from age 1 to 7) for all three residential scenarios.

Consumption rates of food are for contaminated food grown at the receptor’s home (or from the Columbia
River maximum for fish) and do not include food purchased from uncontaminated sources. Food
consumption rates are presented in Table 7-3 in units of kg dry weight (DW) produce per kg body weight
per day and kg fresh weight (FW) animal product per kg body weight per day. To put these valuesinto
perspective, consumption rates for a 70 kg adult are summarized bel ow:

Consumption Rate Approximate

Food Product kg DW/kg-day Ib FW/day Servings/day ?

Resident and Resident Subsistence Fisher

Aboveground produce 8.70E-04 09"
Belowground produce 1.40E-04 0.1°

Total produce 1.01E-03 1.0 4
Fish 1.17E-03 0.18 1

Resident Subsistence Farmer

Aboveground produce 3.12E-03 3.2°
Belowground produce 5.52E-04 0.6°
Total produce 3.67E-03 3.8 15
Beef 4.20E-03 0.6
Pork 2.00E-03 0.3
Poultry 2.27E-03 0.4
Eggs 1.60E-03 0.2
Tota meat and eggs 1.01E-02 16 10
Dairy 4.4E-03 0.7 1

& Approximate servings based on USDA-recommended servings sizes of 4 oz per serving of fruits and vegetables,
2 0z to 3 0z per serving of meat, fish, and poultry, and 8 oz per serving of milk.

® Produce converted from dry to wet weight assuming an average 85 % moisture content.

Page 7-27



O B~ WNPEF

24590-WTP-RPT-ENS-03-006, Rev O
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Exposure parameters for the nursing infant are for an infant from ages 0 to 12 months. Exposure
parameters for the mother of the nursing infant are the same as those presented for the adult resident and
resident subsistence farmer.

7.1.6.3 Native American Subsistence Resident

For the Native American subsi stence resident, exposure values are presented in Table 7-4 and are taken
primarily from A Native American Exposure Scenario (Harris and Harper 1997). This scenario is most
accurate for the CTUIR and less accurate for other Northwestern tribes.

The Native American subsistence resident is assumed to live at the Hanford offsite maximum (current) or
onsite ground maximum (future). This receptor spends 1 day (24 hours) per month (12 days per year) at
the Gable Mountain maximum conducting ceremonial activities and the remaining 353 days per year a
home.

Three separate exposure duration values will be used for this scenario:

o Therecommended (Harris and Harper 1997) exposure duration of 70 years assumes that this receptor
is exposed during his or her entire lifetime. This exposure duration will be used for adult exposures
through all pathways except those noted below.

e Anadult exposure duration of 40 years (the operating lifetime of the WTP) will be used for direct
exposure to contaminantsin air (inhalation and external radiation in air) because these exposures will
last only as long as emissions from the WTP are occurring. A 40-year exposure duration will also be
used for ingestion of carbon-14 and tritium in plants because these ROPCs are transferred directly to
plant tissue from air, rather than being transferred from soil (see section 6.5), and will only
accumulate these ROPCs as long as emissions from the melter are occurring

e Anexposure duration of 6 years (from ages 1 to 7) will be used for the child Native American
subsistence resident.

The Native American subsistence resident is assumed to obtain wild food gathered from the Hanford Site.
Consumption rates of wild food gathered from on site presented in Table 7-4 do not include food
purchased or collected from uncontaminated sources. Food consumption rates are presented in units of kg
dry weight produce per kg body weight per day and kg fresh weight animal product per kg body weight
per day. To put these values into perspective, consumption rates for a 70 kg adult are summarized below.

Consumption Rate Approximate

Food Product kg DW/kg-day Ib FW/day Servings/day ®
Aboveground produce 3.08E-03 32°
Belowground produce 7.06E-04 0.7°
Total produce 3.78E-03 39° 16
Wild game 3.57E-03 0.6
Wildfowl 3.29E-04 0.1
Fish 8.48E-03 13

Page 7-28



©oO~NOOOThAWNPE

24590-WTP-RPT-ENS-03-006, Rev O
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Consumption Rate Approximate

Food Product kg DW/kg-day Ib FW/day Servings/day ®
Wildfowl eggs 3.00E-04 01
Tota meat and eggs 1.27E-02 20 13

& Approximate servings based on USDA-recommended servings sizes of 4 oz per serving of fruits and vegetables,
and 2 oz to 3 oz per serving of meat, fish, and poultry.

® Produce converted from dry to wet weight assuming an average 85 % moisture content.

An inhalation rate of 30 m® per day will be used for the Native American subsistence resident adult per
Stuart Harris of the CTUIR (CCN 064333). A discussion of thisvalueis provided in Appendix B-4. The
assignment of inhalation rate is highly uncertain; several alternative default inhaation rates will be
evaluated as part of the uncertainty assessment in the PRA. Exposure parameters for the nursing infant
arefor an infant ages 0 to 12 months. Exposure parameters for the mother of the nursing infant are the
same as those presented for the adult Native American subsi stence resident.

7.1.7 Exposure Point Concentrations

The EPCs used for estimating intakes/doses of both COPCs and ROPCs are dependent on the location of
the receptor. The location of the various receptor populations identified for the quantitative risk
assessment will correspond to the receptor grid nodes defined during air dispersion modeling

(section 6.1). In keeping with the protective approach for the SLRA, the location with the maximum
concentrations of COPCs and ROPCs will be used in estimating EPCs.

Air dispersion modeling will be used to identify points of maximum emission concentrations and
deposition at four locations of interest: at the location of maximum concentration (that is, the onsite
ground maximum), at Gable Mountain, outside the Hanford Site boundary (that is, the Hanford offsite
maximum), and at the Columbia River. To simplify the risk assessments, it will be assumed that receptor
populations are present at these exposure locations. For example, while offsite residential receptor
populations are present (for example, in Richland), residents may not be present at the Hanford offsite
maximum. However, for the risk assessment, it is assumed that a variety of residential receptors are
present at this location.

The four exposure locations are described in section 7.1.1 and again, briefly, below:

e Onsite ground maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions

e Hanford offsite maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions outside the Hanford Site Boundary

e Gable Mountain maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions at Gable Mountain

e Columbia River maximum - location of maximum predicted ground-level concentrations of both
airborne and deposited emissions at the Columbia River
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Because the point of maximum concentration may be different for airborne COPCs and ROPCs and
COPCs and ROPCs deposited through wet and dry deposition mechanisms, EPA (1998a) recommends
the following method for selecting the point of maximum concentration. Emissions will be modeled
separately for eight flues (pretreatment C5, vessel vent, and reverse flow diverters/pulse jet mixers
[RFD/PIM]; LAW C5 and melter offgas and process vessel vent; and HLW C5, RFD/PJM, and two
melter offgas and process vessel vent flues that will be combined and evaluated as a single flue) with six
points of maximum concentration possible from each flue:

e Maximum vapor-phase air concentration

¢ Maximum particle- and particle-bound-phase air concentration
o Maximum vapor-phase wet deposition

e Maximum particle- and particle-bound-phase wet deposition

e Maximum vapor-phase dry deposition

¢ Maximum particle- and particle-bound-phase dry deposition

Thus, there are atotal of 48 possible maximum concentrations (8 flues « 6 phases) at each of the four
locations of interest. Because more than one maximum concentration often occurs at the same receptor
grid node, it is more likely that a dozen grid nodes or less with maximum concentrations will be identified
a each location of interest (rather than 48). To further reduce the number of points evaluated, points of
maximum concentration will be grouped based on geographic proximity to each other.

7.1.71  Exposure Point Concentrationsin Air

EPCs will be calculated as described in section 6.1 (air dispersion modeling). Chronic air concentrations
are assumed to remain the same for the entire 40-year operating lifetime of the WTP. Acuteair
concentrations represent the worst-case, one-hour meteorological conditions and will be used for
evaluating the acute scenario only.

7.1.7.2  Exposure Point Concentrationsin Soil, Surface Water, and Sediment

Concentrations of COPCs and ROPCsin soil, surface water, and sediment are estimated from deposition
rates predicted by the air dispersion modeling as described in sections 6.2 (soil), 6.3 (surface water), and
6.4 (sediment). Deposition is assumed to occur for the potential operating lifespan of the facility (40
years).

Separate soil concentrations will be estimated for the current and future exposure periods as described
below:

e Current soil concentrations of carcinogenic COPCs and ROPCs are estimated as the average soil
concentration over the 40-year operating lifetime of the WTP.

e Future soil concentrations of carcinogenic COPCs and ROPCs are estimated as the average soil
concentration over the 40 years immediately following WTP shutdown.

e Current and future soil concentrations of noncarcinogenic COPCs are estimated as the sail
concentration at year 40 (that is, after 40 years of deposition).
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Annual average surface water and sediment concentrations calcul ated based on deposition of emissions
during WTP operations are used for both current and future exposures to these media

7.1.7.3  Exposure Point Concentrationsin Plants

Exposure point concentrations for produce (fruits and vegetables) and wild plants will be calculated as
described in section 6.5. Current EPCs for homegrown and wild plants will include vapor-phase transfer
from air to plants, deposition from air onto plants, and root uptake from soil into the aboveground and
belowground portions of plants. Future EPCs for home grown and wild plants will include root uptake
from soil into the above and bel owground portions of plants only because airborne emissions will not be
present following WTP shutdown.

7.1.74  Exposure Point Concentrationsfor Animal Tissue (Domestic Livestock and Wild
Game)

Exposure point concentrationsin animal products (such as beef, milk, wild game) will be modeled as
described here. Asnoted in section 6.6, this modeling effort is slightly different for the human health risk
and ecological risk assessments. See section 8 for the modeling required for the ecological risk
assessment. This section describes the modeling for use in the HHRA and includes modeling to
determine EPCs for the following animal tissue:

e Beef

o Milk

o Pork

e Chicken

e Wildfowl

e Chicken eggs

e Wildfowl eggs
o Wild game (deer)

Edible tissue concentrations will be calculated for the HHRA using feed concentrations, ingestion rates,
bioaccumulation factors, and other parameters in model equations from EPA 1998a. Current and future
feed concentrations (such as soil, forage, silage, and grain concentrations) will be determined as described
in section 6.5. Ingestion rates and other parameters are generally from the HHRAP (EPA 1998a) and can be
found in Table 7-5. Bioaccumulation factors are COPC- and ROPC-specific and can be found in Appendix
B-1. Aswith the plant modeling (see section 6.5.3), the bioaccumulation factors used to model animal
tissue and animal products must be corrected to account for mass balance. The mass balance correction
for animal tissueis presented at the end of this section.

Exposure Point Concentrationsin Beef

Beef cattle are assumed to consume forage, silage, and grain, aswell as surface soil (that is, 1 cm untilled
soil). The equation to determine concentrations in beef tissue (EPA 1998a) for all constituentsis:

3
Abeer = Hz Fi 'Qpi(beef) ) Pi(beer)j"' stoil(beef) -Cs- BS] Babeef -MF (EQ- 7'13)
i=1
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concentration of COPC or ROPC in beef (mg/kg for COPCs and pCi/g for ROPCs)

fraction of plant-typei grown on contaminated soil and ingested by the beef cattle
(unitless). The three plant types consumed by the beef cattle are forage, silage, and
grain. The recommended default value of 1.0 (EPA 1998a) shownin Table 7-5 as
Foant IS used for all plant types.

quantity of plant type i eaten by the beef cattle per day (kg/day). Qpipeer) is Shown
in Table 7-5. The recommended values (EPA 1998a) for beef cattle raised by
subsistence farmers are used: QProrageee) = 8.8 kg/day is the amount of forage eaten
by the beef cow, Qpsiageesry = 2.5 kg/day for is the amount of silage eaten by the
beef cow, and QpPgrainiesry = 0.47 kg/day is the amount of grain eaten by the beef
Cow.

concentration of COPC or ROPC in plant typei that isingested by the beef cattle
(mg/kg for COPCs and pCi/g for ROPCS). P, e is COPC- and ROPC-specific and
calculated asfollows:

Pforage(beef) = Pdforage + PVforage + Prag(forage)
Psilage(beef) = Pdsilage + PVs'Iage + Prag(silage)
I:)grain(beeff) = I:)rag(grajn)

where, for al constituents except carbon-14 and tritium:

Pdiorage 1S calculated in Eq. 6-12 to Eq. 6-15

PViorage IS calculated in Eq. 6-16 to Eq. 6-20

Pragiorage 1S Calculated in Eq. 6-23 using 15 cm soil (root-zone)
Pdsiage IS calculated in Eq. 6-12 to Eq. 6-15

Pvsiage IS calculated in Eq. 6-16 to Eq. 6-20

Pragasilage) 1S Calculated in Eq. 6-23 using 20 cm soil (tilled)
Praggrain 1S calculated in Eq. 6-23 using 20 cm soil (tilled)

For carbon-14 all plant concentrations (that iS, Prorage(eet), Prsitage(bee, 8N Prgrain(bes))
take on the plant concentration value calculated from Eq. 6-21, and for tritium, all
plant concentrations take on the plant concentration value cal culated from Eqg. 6-22.

guantity of soil ingested by the beef cattle (kg/day). The recommended default
value of 0.5 kg/day (EPA 19983) is used (see Table 7-5 of thiswork plan).

soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for ROPCs)
calculated in Eq. 6-1to Eq. 6-4

soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 19983) is used (see Table 7-5).

biotransfer factor for beef (day/kg). Bayes is COPC- and ROPC-specific and
shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs),
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and B1-3 (ROPCs). If no valueisavailable for Bayes, then Apes Cannot be
calculated and the ingestion of beef pathway cannot be evaluated in the HHRA.
The values for Bayes in Appendix B-1, Table B1-1 (organic COPCs), will be
compared against the calculated mass-limited uptake factor for beef (shown in
Table 7-6) and the smaller of the two values will be used in the calculation of the
beef concentration (Apee).

metabolism factor (unitless). MF is COPC- and ROPC-specific. The

recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for
all other constituents (EPA 1998a) are used (see Table 7-5).

Exposur e Point Concentration in Milk

Dairy cattle are assumed to consume forage, silage, and grain, aswell as surface soil (that is, 1 cm
untilled soil). The equation to determine concentrationsin milk (EPA 19984) for all constituentsis:

3
Amk = Kz Fi 'Qpi(m‘lk) ' Pi(milk)j-l_QSsoil(n"ilk) -Cs- BS}' Bamilk -MF (EQ- 7'14)
i=1

where:

Amilk

Qpi(milk

Pimil

concentration of COPC or ROPC in milk (mg/kg for COPCs and pCi/g for
ROPCs)

fraction of plant-typei grown on contaminated soil and ingested by dairy cattle
(unitless). The three plant types consumed by the dairy cattle are forage, silage,
and grain. The recommended default value of 1.0 (EPA 1998a) shown in

Table 7-5 as Fyay is used for all plant types.

quantity of plant type i eaten by the dairy cattle per day (kg/day). Qpigmii IS
shown in Table 7-5. The recommended values (EPA 1998a) for dairy cattle raised
by subsistence farmers are used: Qprorage(mitky = 13.2 kg/day is the amount of forage
eaten by the dairy cow, Qpsiiageqmily = 4.1 kg/day is the amount of silage eaten by
the dairy cow, and Qpgrainmity = 3.0 kg/day is the amount of grain eaten by the
dairy cow.

concentration of COPC or ROPC in plant type i that isingested by the dairy cattle
(mg/kg for COPCs and pCi/g for ROPCs). Pl is COPC- and ROPC-specific
and calculated as follows:

I:)fora.ge(milk) = Pdforage + PVforage + Prag(forage)
Psilage(mitky = PUsilage + PVsilage + Prag(silage)
Pgrain(mity = Praggrain)

where, for all constituents except carbon-14 and tritium:

Pdiorage 1S calculated in Eq. 6-12 to Eq. 6-15
PViorage IS Calculated in Eq. 6-16 to Eq. 6-20
Pragiorage 1S Calculated in Eq. 6-23 using 15 cm soil (root-zone)
Pdsiage IS calculated in Eq. 6-12 to Eq. 6-15
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Pvsiage IS calculated in Eq. 6-16 to Eq. 6-20
Pragasilage) 1S Calculated in Eq. 6-23 using 20 cm soil (tilled)
Pragrain 1S calculated in Eq. 6-23 using 20 cm soil (tilled)

For carbon-14, al plant concentrations (that is, Proragemiik), Prsitagemil, @nd
Prgrainmily) take on the plant concentration value calculated from Eq. 6-21; for
tritium, all plant concentrations take on the plant concentration value calcul ated
from Eq. 6-22.

quantity of soil ingested by the dairy cattle (kg/day). The recommended default
value of 0.4 kg/day (EPA 19984) is used (see Table 7-5).

soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for ROPCs
calculated in Eq. 6-1 to EQ. 6-4)

soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 19984) is used (see Table 7-5).

biotransfer factor for milk (day/kg). Bawik is COPC- and ROPC-specific and
shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs),
and B1-3 (ROPCs). If no valueisavailable for Bay, then Ay« cannot be
calculated, and the ingestion of milk pathway cannot be evaluated in the HHRA.
The valuesfor Bayx in Appendix B-1, Table B1-1 (organic COPCs), will be
compared against the calculated mass-limited uptake factor for milk (shownin
Table 7-6), and the smaller of the two values will be used in the calculation of the
milk concentration (Anin).

metabolism factor (unitless). MF is COPC- and ROPC-specific. The
recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for
al other constituents (EPA 1998a) are used (see Table 7-5).

Exposur e Point Concentration in Pork

Swine are assumed to consume silage and grain, as well as surface soil (that is, 1 cm untilled soil). The
equation to determine pork concentrations (EPA 1998a) for all constituentsis:

3
Apork = Hz F 'Qpi(pork) ) Pi(pork)j + stoil(pork) -Cs- BS] Bapork -MF (Eq. 7-15)
i=2
where:

Apork = concentration of COPC or ROPC in pork (mg/kg for COPCs and pCi/g for
ROPCs)

F = fraction of plant-typei grown on contaminated soil and ingested by the swine
(unitless). The two plant types consumed by the swine are silage and grain. The
recommended default value of 1.0 (EPA 1998a) shown in Table 7-5 as Fyan iS
used for both plant types.

QPipory = quantity of plant typei eaten by the swine per day (kg/day). Qpigpork iSShownin

Table 7-5. The recommended values (EPA 1998a) for swine raised by subsistence
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farmers are used: QPsiiageporky = 1.4 kg/day is the amount of silage eaten by the
swine, and QpPgrainporky = 3.3 kg/day is the amount of grain eaten by the swine.
concentration of COPC or ROPC in plant type i that is ingested by the swine
(mg/kg for COPCs and pCi/g for ROPCs). P por is COPC- and ROPC-specific
and calculated as follows:

I:)sila(;je(pork) = Pdsilage + PVs'Iage + Prag(silage)
I:)grain(pork) = I:)rag(grajn)

where, for al constituents except carbon-14 and tritium:

Pdsiage IS calculated in Eq. 6-12 to Eq. 6-15
Pvsiage IS calculated in Eq. 6-16 to Eq. 6-20
Pragasilage) 1S Calculated in Eq. 6-23 using 20 cm soil (tilled)
Pragrain 1S calculated in Eq. 6-23 using 20 cm soil (tilled)

For carbon-14, both plant concentrations (that is, Prsiageporky 8Nd Prgraingork)) take on
the plant concentration value cal culated from Eq. 6-21; for tritium, both plant
concentrations take on the plant concentration value calculated from Eq. 6-22.

quantity of soil ingested by the swine (kg/day). The recommended default value
of 0.37 kg/day (EPA 19983) is used (see Table 7-5).

soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for ROPCS)
calculated in Eq. 6-1 to Eq. 6-4.

soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

biotransfer factor for pork (day/kg). Bapk is COPC- and ROPC-specific and
shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs),
and B1-3 (ROPCs). If no valueis available for Bapk, then Ayqk cannot be
calculated, and the ingestion of pork pathway cannot be evaluated in the HHRA.
The values for Bay,« in Appendix B-1, Table B1-1 (organic COPCs), will be
compared against the calculated mass-limited uptake factor for pork (shownin
Table 7-6), and the smaller of the two values will be used in the calculation of the
pork concentration (Apork)-

metabolism factor (unitless). MF is COPC- and ROPC-specific. The
recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for
al other constituents (EPA 1998a) are used (see Table 7-5).

Exposure Point Concentration in Chicken

Chickens are assumed to consume grain grown on afarm, as well as surface soil (that is, 1 cm untilled
soil). The grain eaten by chickensis grown intilled (20 cm depth) soil. The equation to determine
chicken concentrations (EPA 1998a) for al congtituentsis:

A:hicken = (Fgrajn 'ngrajn(chicken) ’ Pgrajn(chicken) + stoil(chicken) -Cs- BS)' Bachicken (ECI- 7'16)
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concentration of COPC or ROPC in chicken meat (mg/kg for COPCs and pCi/g
for ROPCs)

fraction of grain grown on contaminated soil and ingested by the chicken
(unitless). The recommended default value of 1.0 (EPA 1998a) shown in
Table 7-5 as Fy 4 is used for grain.

quantity of grain eaten by the chicken per day (kg/day). The recommended
value of QpPgyrain(chickeny = 0.2 kg/day (EPA 1998a) shown in Table 7-5 for
chickens raised by subsistence farmersis used.

concentration of COPC or ROPC in grain that isingested by the chicken
(mg/kg for COPCs and pCi/g for ROPCS). Pyrain(chicken) 1S COPC- and ROPC-
specific and calculated as follows:

Pgrain(chicken) = Prag(grain)
where, for al constituents except carbon-14 and tritium:
Praggrain 1S calculated in Eq. 6-23 using 20 cm soil (tilled).

For carbon-14 and tritium, Prgaincnicken) takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

quantity of soil ingested by the chicken (kg/day); the recommended default
value of 0.022 kg/day (EPA 1998a) is used (see Table 7-5).

soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs) caculated in Eq. 6-1 to Eq. 6-4

soil bioavailability factor (unitless); the recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

biotransfer factor for chicken (day/kg); Bagicken IS COPC- and ROPC-specific
and shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic
COPCs), and B1-3 (ROPCs). If no valueis available for Bagicken, then Acicken
cannot be calculated, and the ingestion of chicken pathway cannot be eval uated
inthe HHRA. The valuesfor Bagien iN Appendix B-1, Table B1-1 (organic
COPCs), will be compared against the calculated mass-limited uptake factor
for poultry (shown in Table 7-6), and the smaller of the two values will be used
in the calculation of the chicken concentration (A icken)-

Exposur e Point Concentration in Wildfowl

Wildfowl are assumed to consume grain grown in the wild, as well as surface soil (that is, 1 cm untilled
soil). The grain eaten by wildfowl is grown in root-zone (15 cm depth) soil. The equation to determine
wildfowl concentrations (EPA 1998a) for all constituentsis:

A‘fowl = (Fgrain 'ngrain(fowl) ) Pgrain(fowl) + stoil(fowl) -Cs: BS)' Bafovvl (EQ- 7'17)
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concentration of COPC or ROPC in wildfowl (mg/kg for COPCs and pCi/g for
ROPCs)

fraction of grain grown on contaminated soil and ingested by the wildfowl
(unitless). The recommended default value of 1.0 (EPA 1998a) shown in
Table 7-5 as Fyay is used for grain.

quantity of grain eaten by the wildfowl per day (kg/day). The recommended
value of Qpgraintouy = 0.2 kg/day (EPA 1998avalue for chickens) shown in
Table 7-5 as QpPgrain(chicken) 1S Used for wildfowl.

concentration of COPC or ROPC in grain that isingested by the wildfowl
(mg/kg for COPCs and pCi/g for ROPCS). Pyezingou) iS COPC- and ROPC-
specific and calculated as follows:

I::’grain(fowl) = Prag(grain)
where, for al constituents except carbon-14 and tritium:
Praggrain 1S calculated in Eq. 6-23 using 15 cm soil (root-zone)

For carbon-14 and tritium, Pyaingow) takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

quantity of soil ingested by the wildfowl! (kg/day); the recommended default
value of 0.022 kg/day (EPA 1998avalue for chickens) shown in Table 7-5 as
QSuil (chicken) 1S Used for wildfowl.

soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs) cdculated in Eq. 6-1 to Eq. 6-4

soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

biotransfer factor for wil fowl (day/kg). Baxw is COPC- and ROPC-specific
and shown as Bagicken in Appendix B-1, tables B1-1 (organic COPCs), B1-2
(inorganic COPCs), and B1-3 (ROPCs). If no valueisavailable for Bag,y, then
Asw cannot be calculated, and the ingestion of wildfow! pathway cannot be
evaluated in the HHRA. The valuesfor Bagcen in Appendix B-1, Table B1-1
(organic COPCs), will be compared against the calculated mass-limited uptake
factor for poultry (shown in Table 7-6), and the smaller of the two values will
be used in the calculation of the wildfowl concentration (Asow)-

Exposur e Point Concentration in Chicken Eggs

Chicken eggs are from chickens that are assumed to consume grain grown on afarmin tilled (20 cm
depth) soil aswell as surface soil (that is, 1 cm untilled soil). The equation to determine chicken egg
concentrations (EPA 1998a) for all congtituentsis:

A\agg = (Fgrajn ’ ngrajn(chicken) ’ I:)grajn(chicken) + stoil(chicken) -Cs- BS) Baegg (Eq 7_18)
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where:
Acgg = concentration of COPC or ROPC in chicken eggs (mg/kg for COPCs and pCi/g
for ROPCs)
Forain = fraction of grain grown on contaminated soil and ingested by the chicken

(unitless). The recommended default value of 1.0 (EPA 1998a) shown in Table
7-5 as Fyay is used for grain

quantity of grain eaten by the chicken per day (kg/day). The recommended
value of QpPgyrain(chickeny = 0.2 kg/day (EPA 1998a) shown in Table 7-5 for
chickens raised by subsistence farmersis used.

concentration of COPC or ROPC in grain that isingested by the chicken
(mg/kg for COPCs and pCi/g for ROPCS). Pyrain(chicken) 1S COPC- and ROPC-
specific and calculated as follows:

ngrai n(chicken)

I:)grai n(chicken)

Pgrain(chicken) = Prag(grain)
where, for al constituents except carbon-14 and tritium:
Praggrain 1S calculated in Eq. 6-23 using 20 cm soil (tilled).

For carbon-14 and tritium, Prgaincnicken) takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

QSwilcnickeny = quantity of soil ingested by the chicken (kg/day). The recommended default
value of 0.022 kg/day (EPA 1998a) is used (see Table 7-5).

Cs = soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs) cdculated in Eq. 6-1 to Eq. 6-4

Bs = soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 1998a) is used (see Table 7-5).

Bagyg = biotransfer factor for chicken eggs (day/kg). Bagg is COPC- and ROPC-
specific and shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2
(inorganic COPCs), and B1-3 (ROPCs). If no value is available for Bagg, then
A cannot be calculated, and the ingestion of chicken eggs pathway cannot be
evaluated in the HHRA. The valuesfor Bayg in Appendix B-1, Table B1-1
(organic COPCs), will be compared against the calculated mass-limited uptake
factor for eggs (shown in Table 7-6), and the smaller of the two values will be
used in the calculation of the chicken egg concentration (Aegg).

Exposur e Point Concentration in Wildfowl Eggs

Wildfowl eggs are from wildfowl, which are assumed to consume grain grown in the wild in root-zone
(15 cm depth) soil, aswell as surface soil (that is, 1 cm untilled soil). The equation to determine wildfowl
egg concentrations (EPA 1998a) for al constituentsis:

A\agg(fowl) = (Fgrain 'ngrajn(fowl) ’ Pgrain(fowl) + stoil(fowl) -Cs- BS)' Baegg(fowl) (Eq. 7-19)
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concentration of COPC or ROPC in wildfowl eggs (mg/kg for COPCs and pCi/g
for ROPCs)

fraction of grain grown on contaminated soil and ingested by the wildfowl
(unitless). The recommended default value of 1.0 (EPA 1998a) shown in
Table 7-5 as Fyay is used for grain.

quantity of grain eaten by the wildfowl per day (kg/day). The recommended
value of QpPgraintowty = 0.2 kg/day (EPA 1998a value for chickens) shownin
Table 7-5 as QpPgrain(chicken) 1S Used for wildfowl.

concentration of COPC or ROPC in grain that is ingested by the wildfowl (mg/kg
for COPCs and pCi/g for ROPCS). Pgringow) IS COPC- and ROPC-specific, site-
specific, plant type-specific, and calculated as follows:

Pgrain(fowi) = Prag(grain)
where, for al constituents except carbon-14 and tritium:
Praggrainy 1S calculated in Eq. 6-23 using 15 cm soil (root-zone).

For carbon-14 and tritium, Pyingow) takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

guantity of soil ingested by the wildfow! (kg/day). The recommended default
value of 0.022 kg/day (EPA 1998avalue for chickens) shown in Table 7-5 as
QSyil (chicken) 1S Used for wildfowl.

soil concentration at the 1 cm soil depth (mg/kg for COPCs and pCi/g for
ROPCs). Csis COPC- and ROPC-specific, site-specific, and calculated in Eq. 6-
1to Eq. 6-4.

soil bioavailability factor (unitless). The recommended default value of 1.0
(EPA 19983) is used (see Table 7-5).

biotransfer factor for wildfowl eggs (day/kg). Baeggowy IS COPC- and ROPC-
specific and shown as Bagg in Appendix B-1, tables B1-1 (organic COPCs), B1-
2 (inorganic COPCs), and B1-3 (ROPCs). If no valueisavailable for Bagggowi),
then Aggrowy CaNNOL be calculated and the ingestion of wildfowl eggs pathway
cannot be evaluated in the HHRA. The values for Bagg in Appendix B-1, Table
B1-1 (organic COPCs), will be compared against the calculated mass-limited
uptake factor for eggs (shown in Table 7-6), and the smaller of the two values
will be used in the calculation of the wildfowl egg concentration (Aeggiow)-

Exposur e Point Concentration in Wild Game

Wild game animal's (such as deer) are assumed to consume forage grown in root-zone (15 cm) soil only.
The equation to determine concentrations in game tissue (EPA 1998a) for all constituentsis:

Agame = (Fforage ’ prorage(deer) ’ Pforage(deer) ) Badeer -MF (Eq 7_20)
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concentration of COPC or ROPC in wild game animals (mg/kg for COPCs and
pCi/g for ROPCs)

fraction of forage grown on contaminated soil and ingested by the wild game
animals (unitless). The recommended default value of 1.0 (EPA 1998a) shownin
Table 7-5 as Fyay is used for forage.

guantity of forage eaten by the wild game animals per day (kg/day). A calculated
value of Qprorage(desr) = 1.463 kg/day (using values from Higley and Kuperman
1996) is used for wild game animals.

concentration of COPC or ROPC in forage that isingested by the wild game
animals (mg/kg for COPCs and pCi/g for ROPCS). Piyragedesr) IS COPC- and
ROPC-specific and calculated as follows:

Pforage(deer) = Pdforage + I:>Vf0rage + Prag(forage)
where, for al constituents except carbon-14 and tritium:

Pdiorage 1S calculated in Eq. 6-12 to Eq. 6-15
PViorage 1S Calculated in Eq. 6-16 to Eq. 6-20
Pragiorage) 1S calculated in Eq. 6-23 using 15 cm soil (root-zone).

For carbon-14 and tritium, Py ageceer) takes on the plant concentration value
calculated from Eq. 6-21 and Eq. 6-22, respectively.

biotransfer factor for wild game animals (day/kg). Bager is COPC- and ROPC-
specific. The biotransfer factor for beef is used as a surrogate biotransfer factor
for wild game animals and is shown (as Bawe) in Appendix B-1, tablesB1-1
(organic COPCs), B1-2 (inorganic COPCs), and B1-3 (ROPCs). If novaueis
available for Bayeer, then Agame Cannot be calculated, and the ingestion of game
pathway cannot be evaluated inthe HHRA. The valuesfor Bayes in Appendix
B-1, Table B1-1 (organic COPCs), will be compared against the calculated
mass-limited uptake factor for beef (shown in Table 7-6), and the smaller of the
two values will be used in the calculation of the wild game concentration (A game).

Metabolism factor (unitless). MF is COPC- and ROPC-specific. The
recommended default MF values of 0.01 for bis (2-ethylhexyl) phthalate and 1.0
for al other congtituents (EPA 1998a) are used (See Table 7-5).

Feed-to-Animal Tissue Biotransfer Factors. Mass Balance | ssues

The EPA (1998a) recommended sources for uptake factors (Ba) for organic chemicals sometimes result in
animals predicted to take up more chemical into their tissues than is present in their food.

For example, for n-dioctyl phthalate, using the default uptake factors, more chemical is predicted to
accumulate in beef cattle than is available in their feed. Using an assumed soil concentration of

1E-08 mg/kg, the total mass of n-dioctyl phthalate in soil and feed ingested by a steer is 49 mg (calculated
as the sum of [concentration of n-dioctyl phthalatein soil and food, such as silage, grain, and forage] x
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[respective consumption rate of soil and food] x [730 days exposure duration to raise a steer to market
weight]). Using the recommended default uptake factor for beef, the predicted total mass of

n-dioctyl phthalate in the beef is 2050 mg (calcul ated as the sum of [concentration of n-dioctyl phthalate
in soil and food, such as silage, grain, and forage] x [respective consumption rate of soil and food] x
[default beef uptake factor for n-dioctyl phthalate] x [567 kg, the average live weight for cattle taken to
daughter]). Thus, for agiven concentration of n-dioctyl phthalate in soil and feed, cattle are predicted to
take up more than 40 times the amount of n-dioctyl phthalate than is available in the soil and feed that is
ingested over atwo-year period (that is, 2050 mg in beef/49 mg in feed).

A conservative solution to this mass balance problem isto calculate an uptake factor that allows 100 % of
the available chemical to transfer to animal tissue, but no more. This mass-limited uptake factor is not
chemical-specific but rather it is afunction of exposure duration and body weight. The feed-to-animal
tissue mass-limited uptake factor is calculated as:

Feed-to-Animal Tissue Uptake Factor = (Exposure Duration) + (Tissue Weight) (Eq. 7-21)
where:

Uptake Factor = mass-limited feed-to-animal tissue uptake factor (days/kg)

Exposure Duration = duration to bring animal to market weight (days)

Tissue Weight = total mass of animal at market weight (kg)

This mass-limited uptake factor assumes that the animals concentrate the entire mass of chemical ingested
into their edible tissue, with no degradation or excretion of the chemical over the exposure duration
period. This mass-limited uptake factor can be used to calcul ate a conservative estimate of potential dose
and risk to human receptors without defying the law of conservation of mass.

Equation 7-21 is used to estimate mass-limited feed-to-animal tissue uptake factors for beef, pork, and
poultry. Estimating a mass-limited feed-to-animal uptake factor for animal products (that is, milk and
eggs) isdightly different. The mass limited feed-to-animal product uptake factor is a function of the
daily product weight for the animal. The equation for the mass-limited feed-to-animal product uptake
factor is:

Feed-to-Animal Product Uptake Factor = 1 + (Daily Product Weight) (Eq. 7-22)
where:

Uptake Factor = mass-limited feed-to-animal product uptake factor (days/kg)
Daily Product Weight = total expected weight of animal product each day (kg/day)

Equation 7-22 is used to estimate mass-limited feed-to-animal product uptake factors for milk and eggs.
All calculated feed-to-animal tissue/product mass-limited uptake factors are shownin Table 7-6. The
final step in this mass-limited uptake factor approach is to compare the uptake factors as specified in the
HHRAP (EPA 1998a) to the calculated mass-limited uptake factors, on a chemical-by-chemical basis for
organic COPCs. The lesser of the two values will be used in the estimation of animal tissue/product
concentrations.
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7.1.75  Exposure Point Concentrationsin Fish

Exposure point concentrationsin fish tissue for the human health evaluation will be modeled as described
here. Asnoted in section 6.6, this modeling effort is dightly different for the human health and
ecological risk assessments. See section 8 for the modeling required for the ecological risk assessment.
This section describes the models that will be used to calculate fish tissue concentrations and the uptake
factors to be used in these models.

COPCs and ROPCsiin fish will be estimated using the equations presented below as recommended by
EPA 1998a. ROPCswill be evaluated using equations similar to those presented for COPCsin

EPA 1998a. Vduesfor the chemical-specific parameters are presented in Appendix B-1; other parameter
values are presented in Table 7-5. It should be noted that the Hanford Surface Environmental
Surveillance Program collects and analyzes fish tissues from the Hanford Reach of the Columbia River.
However, since the SLRA will be conducted prior to release of emissions from the WTP, the fish data
collected does not represent contamination contributed by the WTP and thus cannot be used to calibrate
the fish model.

For organic COPCs other than dioxins, furans, and PCBs, where log K, islessthan 4, and al inorganic
COPCs and ROPCs with values for BCF, fish concentrations will be estimated as:

COPCs. C,, =C,, - BCF (Eq. 7-23q)
ROPCs: Cq, =CF -C,, - BCF, (Eq. 7-23b)

where:

Ciish = concentration of COPC or ROPC in fish (mg/kg for COPCs and pCi/g for ROPCs)

Caw = dissolved-phase water concentration (mg/L for COPCs or pCi/L for ROPCs)
calculated in Eq. 6-9

BCFis, = bioconcentration factor for COPCs and ROPCsin fish (L/kg). BCFg, is COPC- and
ROPC-specific and is shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2
(inorganic COPCs), and B1-3 (ROPCs).

CF = units conversion factor of 1E-03 (kg/g), used in Eq. 7-23b for ROPCs only

For organic COPCs other than dioxins, furans, and PCBs, wherelog K, is greater than 4, and all
inorganic COPCs and ROPCs with values for BAF, fish concentrations will be estimated as:

COPCs: Cq, =C,, - BAF, (Eq. 7-243)

dw

ROPCs: C,;y, =CF -C,, - BAF (Eq. 7-24b)

where:

Ciisn
de

concentration of COPC or ROPC in fish (mg/kg for COPCs and pCi/g for ROPCs)

dissolved-phase water concentration (mg/L for COPCs or pCi/L for ROPCs)
calculated in Eq. 6-9
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BAF:y, = bioaccumulation factor for COPCsand ROPCsin fish (L/kg). BAF;4 is COPC- and
ROPC-specific and is shown in Appendix B-1, tables B1-1 (organic COPCs), B1-2
(inorganic COPCs), and B1-3 (ROPCs).

CF = units conversion factor of 1E-03 (kg/g), used in Eq. 7-24b for ROPCs only

For dioxins, furans, and PCBs, fish concentrations will be estimated from sediment concentrations and
BSAF values using the following equation:

Csed ) flipid ’ BSA‘Ffish

Cis = Eq. 7-25
fish oC.., (Eq )
where:
Ciish = concentration of COPC in fish (mg/kg)
Ceed = COPC concentration in bed sediment (mg/kg) calculated in Eq. 6-10
fiipid = fishlipid content (unitless). The recommended default value of 0.07 (EPA 1998a)

is used for fiisiq (See Table 7-5).
BSAF:y, = biotato-sediment accumulation factor (unitless) for fish. BSAF4, is COPC-
specific and is shown in Appendix B-1, Table B1-1.

OClyq = fraction of organic carbon in bottom sediment (unitless). The recommended
default value of 0.04 (EPA 1998a) is used for OCgyq (See Table 7-5).

Fish Uptake Factorsfor Human Health Risk Assessment

In order to estimate fish concentrations from surface water or sediment concentrations, uptake factors are
needed. Asdiscussed inthe HHRAP (EPA 1998ad), three types of uptake factors are used:

e Bioconcentration factors (BCFs)
e Bioaccumulation factors (BAFs)
e Biota-sediment accumulation factors (BSAFS)

Per the HHRAP, for compounds with log K, less than 4.0, BCFs are used to estimate fish concentrations
from surface water concentrations. For COPCs with log K, greater than 4.0, except for extremely
hydrophaobic compounds (such as, dioxins, furans, and PCBs), BAFs are used to estimate fish
concentrations from surface water concentrations. Since extremely hydrophobic compounds have a high
tendency to biocaccumulate, they are expected to be sorbed to the bed sediments more than being
associated with the water phase. Therefore, BSAFs are used to estimate fish concentrations from
sediment concentrations for dioxins, furans, and PCBs.

The first source of values for BCFs, BAFs, and BSAFsisthe HHRAP (EPA 1998a). For values not
availablein the HHRAP, aliterature search (including the SLERAP [EPA 1999a]) was conducted. For
values not availablein literature, the approaches shown below were used to estimate fish uptake factors
(BCFs, BAFs, and BSAFs). Thefina uptake factors collected or calculated from these sources are
provided in Appendix B-1, tables B1-1 (organic COPCs), B1-2 (inorganic COPCs), and B1-3 (ROPCs).
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For organic COPCs where published BCFs are not available and where log K, islessthan 4.0, BCFs are
calculated using the following equation, from Lyman and others 1982, and cited in the HHRAP
(EPA 1998a):

log BCFigh =-0.23+ 0.76 log Koy (Eq. 7-26)

For organic COPCs that are not dioxins, furans, or PCBs, where published BAFs are not available and
wherelog K, is greater than 4.0, the following approach is used to obtain BAFs:

1 Caculate an estimate of BCF by using the following equation, from Bintein and others 1993 and cited
in EPA 1999

log BCFigy = 0.91 - 10g K gy — 1.975 - l0g (6.8E-07 - Koy, +1.0) —0.786 (Eq. 7-27)
2 Obtain food chain multipliers (FCMs) for trophic level 3 and 4 fish.
3 Estimate the BAF using the following equation, from the HHRAP (EPA 1998a):

BAFs, = BCFisn - FCM (Eq. 7-28)

where FCM isthe largest FCM when considering FCMsfor trophic level 3 and 4 fish.
For dioxins, furans, and PCBs where published BSAFs are not available, the approach shown in the
SLERAP (EPA 1999a) will be used to obtain BSAFs. This approach uses the following equation from
Southworth and others, 1978 (cited in EPA 1999a):

log BCFyi, = 0.819 - log Koy, - 1.146 (Eq. 7-29)

The BSAF value for the dioxins, furans, and PCBsis assumed to be equal to the BCF calculated using
Eq. 7-29.

7.2  Toxicity Assessment
The purpose of the toxicity assessment is to evaluate the potential for COPCs and ROPCs to cause
adverse health effects in exposed individuals. Toxic effects have been evaluated extensively by the EPA.

This section provides the results of the EPA evaluation of the COPCs and ROPCs that may be emitted by
the WTP.

7.21  General Toxicity Information and EPA Guidance for COPCs

This section provides the toxicity values that will be used for evaluating COPCsin the PRA and the
source/rationale for these values.

7.21.1  Chronic Toxicity of COPCs

Chronic toxicity data has been obtained according to the following hierarchy:
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1 Integrated Risk Information System (IRIS) (EPA 2003b). IRISisan online database that provides
toxicity values for chronic oral and inhalation exposures. All data contained in IRIS is verified by an
EPA work group. Assuch, IRIS serves as the primary source of toxicity valuesfor the risk
assessment.

2 Health Effects Assessment Summary Tables (HEAST) (EPA 1997b). HEAST isan EPA
document that supplements IRIS by providing nonverified toxicity values. Informationin HEAST is
used as a secondary source for chemicals when information is not available from IRIS.

3 Provisional Values. Inthe absence of established valuesfrom IRIS or HEAST, provisional toxicity
values are used from several sources (National Center for Environmental Assessment’s[NCEA' 9|
Superfund Technical Support Center, EPA regional toxicologists, and Agency for Toxic Substances
and Disease Registry [ATSDR] toxicologica profiles).

4 Surrogate Values. When toxicity values for a chemical are not available from the sources listed
above, the use of a surrogate value may be necessary. This process involves applying atoxicity value
established for one chemical to another chemical for which no value has been established. The
application of surrogate valuesis based on similarities in structure, mechanism of action, and toxicity.
Surrogate values for the SLRA are identified by Ecology and EPA Region 10 (CCN 064330, CCN
063814, CCN 063802, CCN 063817, CCN 063818, CCN 063812, CCN 063803).

The same approach will be used for the toxicity assessment in both the PRA and FRA. Any new toxicity
values that become available prior to development of the FRA will be incorporated in the final
assessment.

Chronic Noncar cinogenic Toxicity of COPCs

Noncarcinogenic effects of COPCs will be evaluated by comparing a calculated intake or dose with an
acceptable daily intake criterion (referred to as the reference dose [RfD]) established by EPA (1997b,
2003b).

It iswidely accepted that most biological effects of chemicals occur only after athreshold doseis
exceeded (Klaassen and others 1996, Paustenbach 1989). For purposes of establishing noncarcinogenic
health criteria, this threshold doseis usually estimated from the no observed adverse effect level
(NOAEL) or lowest observed adverse effect level (LOAEL) determined from animal or human studies.
NOAEL isdefined asthe exposure level at which no statistically or biologically significant increases are
present in the frequency or severity of adverse effects (EPA 1989). The LOAEL isthe lowest exposure
level at which there are statistically or biologically significant increases in frequency or severity of
adverse effects (EPA 1989). The LOAEL or NOAEL from the most sensitive animal or human study is
used by the EPA to establish long-term health criteria. An RfD is defined as an estimate (with uncertainty
spanning perhaps an order of magnitude) of the dose of achemica (expressed in mg/kg-day) that is likely
to be without an appreciable risk of deleterious effects during alifetime (EPA 1989). Similarly, a
reference concentration (RfC) represents the concentration of achemical in air (expressed as mg/m°) that
islikely to be without an appreciable risk of deleterious effects during alifetime (EPA 1989). When
deriving RfDs or RfCs, aNOAEL value is used preferentially over a LOAEL valueif both are available
from the key study. EPA derives RfDs and RfCs by applying uncertainty factors to the NOAEL or
LOAEL valueto provide amargin of safety. The equation for deriving an RfD or RfC is shown below:

RfD or RfC = (NOAEL or LOAEL)/(UF x MF) (Eq. 7-30)
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where:
RfD = reference dose (mg/kg-day)
RfC = reference concentration (mg/m?)
NOAEL = no observed adverse effect level (mg/kg-day or mg/m?)
LOAEL = lowest observed adverse effect level (mg/kg-day or mg/m®)
UF = uncertainty factor (unitless)
MF = modifying factor (unitless)

Uncertainty factors can range from 1 to 10,000 and may include a factor of up to 10 to account for each of
the following:

e Variation in sensitivity within human populations

e Extrapolation of effects observed in animals to humans

e Extrapolation from less-than-lifetime exposures in the critical study to lifetime exposures
e Extrapolation fromaLOAEL to aNOAEL, if necessary

In some cases a modifying factor, usually ranging from 1 to 10 (or <1 for most essential nutrients

[EPA 1989]), dso isapplied to the NOAEL/LOAEL. Thisvalue reflects a qualitative professional
assessment of additional uncertaintiesin the critical study and in the entire database for the chemical not
explicitly addressed by the above uncertainty factors (EPA 1989). EPA establishes RfDs and RfCs for
evaluating both subchronic (less than 7 years) and chronic (7 years or more) exposures. Chronic RfDs
will be used to evaluate all exposure scenarios, except the acute scenario, and are presented in tables 7-7
(organic COPCs) and 7-8 (inorganic COPCs).

EPA generally reports only RfC values for inhalation in IRIS and HEAST because the EPA observes that
it istechnically more accurate to base toxicity values directly on measured air concentrations than to
make an estimate of the administered dose. Inhalation RfDs are calculated from the corresponding RfC
values, when necessary, using the following equation:

RfD = (RfC x IR) / BW (Eq. 7-31)
where:

RfD = chemical-specific inhaation RfD (mg/kg-day)
RfC = chemical-specific inhalation RfC (mg/m°)

IR = defaultinhalation rate (20 m*day)

BW = default body weight (70 kg)

Uncertainties associated with this type of conversion include those surrounding deposition and absorption
of the chemical in the lung, both of which depend on physico-chemical properties of the chemical, the
phase of the chemical in air (that is, vapor, particle, or particle-bound), and characteristics of the exposed
species. Use of the default inhalation rate of 20 m*/day can also introduce uncertainty where it differs
from the assumed inhalation rate used for areceptor (for example, the Native American subsistence
resident has an assumed inhalation rate of 30 m*/day). EPA recognizes the need for expressing toxicity
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valuesin terms of a dose (mg/kg-day) for risk assessment purposes and acknowledges that, in many cases,
the conversion of an RfC to a dose does not add significant uncertainty to the risk assessment process
(EPA 1997b). In addition, the appropriateness of this conversion depends on the toxicological endpoint
observed in the key study. For example, it may be inappropriate to estimate an internal dose for
compounds that act at the point of contact (that is, sensitizers and irritants of the upper respiratory tract).
In these cases, the toxicological endpoint depends only on the concentration of the chemical in air and not
on the chemical dose expressed on a per-body-weight basis. For example, a chemical irritant will irritate
nasal passages and lungs at a given concentration regardless of whether the exposed individual weighs

15 kg or 70 kg. In addition, this conversion might inappropriately imply effects to other organ systems or
effects from other exposure routes.

RfC values are provided in tables 7-9 (organic COPCs) and 7-10 (inorganic COPCs). These RfC values
were used to calculate the inhalation RfD values presented in tables 7-7 and 7-8 as described above.

Carcinogenic Toxicity of COPCs

The health risk from exposure to a carcinogen is defined in terms of probability. This probability is
defined as the likelihood of a carcinogenic responsein an individual that receives a given dose of a
particular compound. Cancer risks are estimated using chemical-specific slope factors (SFs). For
chemicals, the SF is defined as a plausible upper-bound estimate of the probability of aresponse (that is,
cancer) per unit intake of achemical over alifetime (EPA 1989). An SFis provided for potentialy
carcinogenic COPCsin Table 7-7 for organic COPCs and Table 7-8 for inorganic COPCs.

In addition to the quantitative SF, a qualitative weight-of -evidence classification is assighed to
characterize the quality and quantity of data used to evaluate the potential carcinogenicity of chemicals.
As defined by EPA (1989), chemicals may be assigned to any of six weight-of-evidence groups:

e GroupA - Human carcinogen (sufficient evidence of carcinogenicity in humans)

e GroupBl1l - Probablehuman carcinogen (limited evidence of carcinogenicity in humans)

e GroupB2 - Probable human carcinogen (sufficient evidence of carcinogenicity in animals, with
inadeguate or lack of evidence in humans)

e GroupC - Possiblehuman carcinogen (limited evidence of carcinogenicity in animals, or lack
of human data)

e GroupD - Notclassifiable asto human carcinogenicity (inadequate or no evidence)

e GroupE - Evidence of noncarcinogenicity for humans (no evidence of carcinogenicity in

adequate studies)

Consistent with EPA guidance (EPA 1989), chemical s assigned a weight-of -evidence classification of A,
B1, or B2 are quantitatively evaluated for carcinogenic dose-response. All Group C carcinogens are also
guantitatively evaluated for carcinogenic effects. The list of COPCsincludes six Group A carcinogens:
benzene, 1-chloroethene, dichloromethyl ether, arsenic, hexavalent chromium, and nickel (as nickel
refinery dust).

EPA sometimes reports cancer potency as a unit risk (UR) based on chemical concentration in air or
drinking water. For chemicals, the UR is defined as a plausible upper-bound estimate of the probability
of aresponse (that is, cancer) per unit concentration of achemical over alifetime (EPA 1989) and is
expressed in units of risk per pg/m? (air) or risk per pg/L (water).
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Inhalation and oral SFs are calculated from the corresponding UR values, when necessary, using the
following equation:

SF=(URxBW x CF)/IR (Eq. 7-32)
where:

SF = chemical-specific inhalation or oral SF (mg/kg-day)™

UR = chemical-specific inhalation or drinking water UR (ug/m®)™* or (ug/L)™

BW = default body weight (70 kg)

CF = conversion factor (1000 pg/mg)

IR = defaultinhalation rate (20 m*day) or drinking water ingestion rate (2 L/day)

Expression of the drinking water UR in terms of dose is necessary to evaluate cancer risk associated with
exposure media other than drinking water (such as soil). EPA recognizes the need for expressing toxicity
valuesin terms of dose (mg/kg-day) for risk assessment purposes and acknowledges that, in many cases,
this conversion does not add significant uncertainty to the risk assessment process (EPA 1997h).
Uncertainties associated with this conversion are similar to those described for the conversion of RfC to
RfD. UR values are provided in Table 7-9 (organic COPCs) and Table 7-10 (inorganic COPCs).

Chronic Dermal Toxicity of COPCs

Oral and inhalation RfDs and SFs are currently available for many of the COPCs. Dermal RfDs and SFs
are estimated for COPCs from oral toxicity values using chemical-specific gastrointestinal absorption
factors (GAFs) to calculate total absorbed dose. This conversion is necessary because most oral RfDs and
SFs are expressed as the amount of chemical administered per time and body weight; however, dermal
exposure is expressed as an absorbed dose. Dermal toxicity factors are calculated from oral toxicity
factors as shown below (EPA 2001a):

RfDgerma = RfDora x GAF (Eq. 7-33)
Chemical-specific GAF values are used when available. Not all COPCs have chemical-specific GAF
values. When quantitative data was not available, default GAF values of 0.8 for VOCs, 0.5 for SVOCs,
and 0.2 for inorganics are used (Ecology 2002). GAF values are provided in tables 7-7 and 7-8 along
with the resulting dermal RfD and SFs.

7.2.1.2  Acute Toxicity of COPCs

Acute effects from direct inha ation of airborne COPCs (vapor and particulate) are evaluated by
comparison of modeled one-hour maximum air concentrations to acute inhalation exposure criteria
(AIEC). The AIEC values for COPCs were selected based on the following hierarchy:

1 Vauesfromthe NCEA (as provided by EPA Region 10)
2 Acute reference exposure levels (ARELs) from California EPA
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3 Acute exposure guideline levels (AEGL-1). If an AEGL-1 valueisnot available but an AEGL -2
value is available, the AEGL-2 value will be used unless a more conservative value is available from
one of the other sourcesin the hierarchy.

4 Emergency response planning guidelines (ERPG-1)
5 Temporary emergency exposure limits (TEEL-1)

The AIEC values selected using this hierarchy are provided in Table 7-11. Only one NCEA provisiona
value (for PCBs) isused. The ARELs from California EPA include potential effects of intermittent acute
exposures. AEGL-1, AEGL-2, and ERPG-1 values are available in units of parts per million (ppm). All
units have been converted to mg/m®in Table 7-11. Values are provided in their original units, along with
conversion factors, in Table 7-12.

7.21.3  Toxicity of COPCsto Nursing Infant

Potential infant exposures to PCDD/PCDFs and coplanar PCBsin human breast milk will be evaluated in
the SLRA. Theinterpretation of infant exposure is limited by the lack of infant dose-response data. EPA
Region 6 (EPA 1998b) recommends eval uating infant exposures to dioxins in breast milk by comparing a
site-specific calculated dose to the infant (ADD;) to a background ADD;y.

A background infant ADD of 64 pg/kg-day of PCDD/PCDFs as 2,3,7,8-tetrachl orodibenzo-p-dioxin toxic
equivalents (TEQ) has been calculated by the EPA based on an average background 2,3,7,8-TCDD TEQ
concentration of 17 parts per trillion (ppt) measured in breast milk (Lorber and Phillips 2002).

This background approach will aso be used for evaluating potentia risks to the nursing infant for
exposureto “dioxin-like” coplanar PCBs. The estimated dose (as 2,3,7,8-TCDD equivalents) of coplanar
PCBs will be compared to a background infant dose of 23 pg/kg-day (from maternal milk concentration
of 8 ppt per Lorber and Phillips 2002). In addition to evaluating dioxin and PCB exposures separately, a
total infant dose of dioxin-like compounds (PCDDs/PCDFs and coplanar PCBs expressed as 2,3,7,8-
TCDD equivalents) will be calculated and compared to atotal background dose of dioxin-like compounds
of 87 pg/kg-day. This background dose may overestimate current exposures because dioxin exposures
have been decreasing for many years. The source of this value and potential range of background doses
will be discussed further in the uncertainty assessment of the PRA report.

This approach is based on the assumption that, if the estimated dose to a nursing infant from site-related
dioxinsis below the nationwide background dose of dioxinsto nursing infants, the site-related risk of
cancer or noncancer effectsis not significant.

According to the Office of the US Surgeon General (2000), “ Scientific evidence states that human milk
contains an abundance of factors that are active against infection. Breastfed infants, compared to
formula-fed infants, produce enhanced immune responses to polio, tetanus, diphtheria, and common
respiratory infections. Recent research al so suggests that breastfeeding reduces the risk of chronic
diseases among children, including diabetes, inflammatory bowel disease, alergies and asthma, and
childhood cancer. These positive effects have been noted despite the ubiquitous presence of dioxin and
dioxin-like compounds in the breast milk of U.S. women.”

In discussing infant exposure to background concentrations of dioxins, EPA (1994b) notes that
“breast-feeding infants have higher intakes of dioxin and related compounds for a short but
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developmentally important part of their lives. However, the benefits of breast feeding are widely
recognized to outweigh the risks.”

Although background intakes of dioxins by nursing infants (64 pg/kg-day, Lorber and Phillips 2002) are
relatively high compared to adult intakes (1 to 3 pg/kg-day, EPA 1998a), the body burden of nursing
infantsis only about two times that of adults, and the contribution of infant exposure to adult body burden
issmall. Thereduced body burden in nursing infants (relative to intake) may be due to the rapid growth
of theinfant and afaster elimination/excretion rate in infants. Background concentrations of dioxinsin
environmental media have been declining in the United States since the 1970s. The background exposure
to adults and nursing infants is expected to continue to decline (EPA 2000€).

Transplacental transfer of dioxins from the mother to the fetus may also be a significant source of
exposure. Dioxins may produce a broad range of effects in experimental animals exposed in-utero, and
limited epidemiologica studies have been conducted (EPA 2000e). Potentia effects (cancer or
noncancer, including developmental effects) of prenatal exposures are not included in the quantitative
evaluation of risk.

EPA 2003e, Supplemental Guidance for Assessing Cancer Susceptibility from Early-Life Exposure to
Carcinogens, provides draft EPA guidance for evaluating early-life exposures to carcinogens. This
guidance recommends that cancer risk (including risk from infant exposure to breast milk) be calculated
as LADD times acancer SF, but notes that the timing of exposure to carcinogens may be important,
specifically:

o Early life exposuresto carcinogens may have alarger or smaller impact on lifetime cancer risk than
later exposures, even if the total lifetime exposure isthe same.

e Exposures near the end of life may have little effect on lifetime cancer risk.

EPA 2003e recommends cal culating a combined lifetime risk rather than separate infant, child, and adult
risks. To account for the potentia impact of the timing of exposure on risk, EPA 2003e recommends
calculating lifetime risk as:

Risk = X[ADD x (ED/70) x AF x SF] (Eq. 7-35)
where:

ADD = average daily dose for the receptor (mg/kg-day)

ED = exposureduration for the receptor (years)

70 = lifetime (years)

AF = adjustment factor for cancer slope factor for mutagenic chemicals (unitless)

SF = cancer sopefactor (mg/kg-day)™

For mutagenic chemicals, early life exposures have alarger impact than later exposures on lifetime risk.
Thisimpact can be quantified using the following adjustments (EPA 2003¢):

e For exposures before 2 years of age, a 10-fold adjustment
e For exposures between 2 and 15 years of age, a 3-fold adjustment
e For exposures after 15 years of age, no adjustment
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For carcinogens that act by mechanisms other than mutagenicity, early life exposure may have a larger,
smaller, or no impact on lifetime cancer risk. Thisimpact would be chemical- or mechanism-specific and
cannot be quantified at this time; therefore, no adjustment factor is recommended. The potentia impact
of exposures near the end of life aso cannot be quantified.

Radionuclides are mutagens; therefore, these adjustment factors will be used in calculating lifetime risks
for nursing infants exposed to ROPCs. PCDDS/PCDFs and PCBs are not mutagens; therefore, lifetime
risk for these compounds will be cal culated with no adjustment to the SF.

Thereis currently no consensus regarding the most appropriate single approach to quantitatively evaluate
potential risks associated with exposure to dioxin-like compounds by nursing infants. Alternative
approaches to the two methods described above (that is, comparison to background and lifetime risk)
include calculating infant risks using (1) theinfant ADD cal cul ated with a one-year exposure duration and
aone-year averaging time, and (2) the infant LADD cal culated with a one-year exposure duration and a
70-year averaging time. These alternative methods will be presented in the uncertainty assessment of the
PRA report.

7.2.2  Toxicity Information and EPA Guidance for Specific COPCs

Thetoxicity assessments for several COPCs and classes of COPCs with unique toxicity characteristics or
methods for assessment are described below.

7221 Chromium

Hexavalent chromium (Cr*®) is the most toxic valence state of chromium and has been shown to be a
human carcinogen through inhalation. Trivalent chromium (Cr*®) has not been shown to be carcinogenic
in either humans or laboratory animals; however, the mechanism of Cr*® carcinogenicity in the lungis
believed to be its reduction to Cr*® and its generation of reactive intermediates (Goyer 1996 in K laassen
and others 1996). While chromium emitted from the melter is not likely to be in the hexavalent form, the
PRA will conservatively assume that 100 % of the facility emissions are hexavalent chromium

(EPA 19983).

For the FRA, chromium may be assumed to exist in the trivalent form. If this assumption is madein the
FRA, the rationale will be provided at that time. Performance test data or design information may also be
used to provide more realistic estimates of Cr*®/Cr* emissions from the WTP for the FRA.

7222 Lead

The EPA has not derived an RfD or SF for lead. The potentia for adverse health effects associated with
exposure to lead will be characterized through comparison of predicted air and soil concentrations with
the following health-based levels as recommended by EPA Region 6 (EPA 1998a).

EPA Region 6
Exposure Medium Health-Based Target Level for Lead
Soil 100 mg/kg
Air 0.2 ug/m?
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Thetarget level for soil isbased on acceptable lead concentrations in blood. The EPA recommends that
lead exposures be limited so that 95 % of the sensitive subpopulation (children) will have blood lead
concentrations below 10 pg/dL. EPA modeling estimates that lead levelsin the blood of at least 95 % of
children exposed to soil lead concentrations of 400 mg/kg will have blood lead concentrations below

10 pg/dL. EPA Region 6 hasincorporated a margin of safety by allowing only 25 % of this 400 mg/kg
threshold level as their recommended target level of 100 mg/kg.

The recommended target level of 0.2 pg lead/m? for air is 25 % of the National Ambient Air Quality
Standard (NAAQS) quarterly average air concentration of 1.5 pg/m® translated to an annual value of
0.9 pg/m°.

7.22.3  Nickel

EPA (1998a) recommends that nickel be evaluated as an inhalation carcinogen because some forms of
nickel, including nickel carbonyl, nickel subsulfide, and nickel refinery dust, are considered to be
carcinogens. Thisiscontrary to EPA’s previous analysis of the toxicity of nickel emissions from
hazardous waste combustion units because it was previously assumed that nickel can only be emitted as
nickel oxide which, by itself, is not considered to be acarcinogen. Nickel oxide is amajor component of
nickel refinery dust (other major components include nickel subsulfide and nickel sulfide), whichis
identified as a potential human inhalation carcinogen. The components responsible for the
carcinogenicity of nickel refinery dust have not been conclusively established. Therefore, nickel
emissions are evaluated as a potential carcinogen through the inhalation pathway using the inhalation SF
for nickel refinery dust. For exposure pathways other than inhalation, nickel has not been shown to be
carcinogenic and will be evaluated as a noncarcinogen using the oral RfD for nickel-soluble salts.

7224 Particulates

Toxicity values (that is, RfDs) are not available to quantitatively evaluate potential adverse health effects
associated with inhaling particulates. Therefore, modeled annua average concentrations of respirable
particulates will be compared with the following NAAQS values:

Particle Diameter NAAQsvalue®
< 10 pm (PMy0) 50 pg/m®
< 2.5pum (PM,s) 15 pg/m®

&/ alues are for annual average concentrations.

For air modeling purposes, it is assumed that all particulates released from the facility will have a
diameter of 1 um; therefore, the PM, 5 standard will be used for comparison to predicted air
concentrations.

7.225  Polycyclic Aromatic Hydrocarbons

Potential cancer risks associated with the seven polycyclic aromatic hydrocarbons (PAHS) considered to
be carcinogenic (benzo [a] pyrene, benzo[ alanthracene, benzo[ b]fluoranthene, benzo[k]fluoranthene,
chrysene, dibenz[ a,h]anthracene, and indeno[1,2,3-cd]pyrene) will be evaluated using atoxicity
equivalency approach. Adequate toxicity datais available to determine an SF only for benzo[a]pyrene. A
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relative potency factor (RPF) is assigned to each of the other six carcinogenic PAHs as compared to
benzo[a]pyrene. Using the method, exposure concentrations are converted to equivalent concentrations of
benzo[a] pyrene by multiplying the concentration by the appropriate RPF. This approach resultsin
toxicity equivalent (TEQ) concentrations of each carcinogenic PAH. The SF for benzo[a]pyrene will then
be used to evaluate risk from the equivalent concentration of each PAH. RPFs, available from

EPA (1993a), are presented in Table 7-13. This method will be applied to both oral and inhalation
exposure pathways. One limitation to this approach isthat it does not measure point-of-action effects.

RPFs are available from California EPA (CalEPA) for additiona potentially carcinogenic PAHs and may
be considered if PAHSs are determined to be important risk drivers (that is, cancer risks close to 10°) at the
facility. CalEPA RPFsare available for the following PAHs (CARB 1994):

benzo[a]pyrene 7H-dibenzo[ c,g] carbazole 1-nitropyrene
benz[ a]anthracene dibenzo[a,e]pyrene 4-nitropyrene
benzo[ b]fluoranthene dibenzo[a,h]pyrene 1,6-dinitropyrene
benzo[j]fluoranthene dibenzo[a,i]pyrene 1,8-dinitropyrene
benzo[k]fluoranthene dibenzo[a,|]pyrene 6-nitrochrysene
dibenz[aj]acridine indeno[1,2,3-cd]pyrene 2-nitrofluorene
dibenz[a,h]acridine 5-methylchrysene chrysene

No RfD values are available for evaluating noncancer effects for PAHs of interest. If PAHs are predicted
to be important emissions from the facility based on their estimated cancer risks, surrogate toxicity values
may be considered. Any selection of surrogates would be conducted by Ecology and EPA toxicologists.
The WTP will provide Ecology and EPA with alist of PAHs for which surrogate values are needed.
PAHs with Ecology/EPA-provided surrogates will then be included in the quantitative evaluation. PAHs
lacking Ecology/EPA-approved surrogates will be evaluated qualitatively in the uncertainty assessment in
the PRA.

7.2.2.6  Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans, and
Polychlorinated Biphenyls

Chlorinated dioxins, chlorinated dibenzofurans, and chlorinated biphenyls are thought to act through a
common mechanism of toxicity by binding to a protein known as the arylhydrocarbon receptor (AR) (for
review, see ATSDR 1997 or WHO 1998). The AR-ligand complex is responsible for the activation of
genes that have a deleterious effect when they are not under proper regulation by the receptor’ s hormones.
Interaction of dioxins and similar compounds with AR, therefore, can cause immunological, neurological,
endocrine, embryotoxic, and many other effects.

The similarity in action of these compounds is thought to result from their structural similarity. Dioxinis
composed of two benzene rings joined by two carbon-oxygen-carbon bonds on two adjacent carbons of
each benzenering. Dibenzofurans have two benzene rings joined by a carbon-oxygen-carbon bond and a
carbon-carbon bond on two adjacent carbons of each benzenering. Biphenyls consist of two benzene
ringsjoined by a single carbon-carbon bond. To form the polychlorinated derivatives, chloro groups are
attached at various locations, as designated in the names of the compounds. Benzene rings are planar
(that is, flat) in conformation. Because two adjacent carbons on each benzenering are joined in dioxins
and dibenzofurans, both benzene rings are held in the same plane, and the chloro groups are also in that
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plane. Therefore, these molecules are said to be coplanar. The coplanar structure appears to be essential
for interaction with AR. The benzene rings in biphenyl can rotate relative to each other, unless there are
added groups that interfere with rotation (such as 2,2',6,6'-chloro groups, which occupy the carbons
immediately on both sides of the carbon-carbon bond joining the rings). PCB congenersthat are able to
form a coplanar molecule (and are called coplanar PCBs) can interact with AR when they arein that
configuration. Therefore, coplanar PCBs are included among the COPCs with similar action to dioxins
and dibenzofurans.

Potential cancer risks associated with PCDDS/PCDFs and coplanar PCBs will be evaluated using the
cancer SF for 2,3,7,8- TCDD of 1.0E+06 (mg/kg-day)™ proposed in the Exposure and Human Health
Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds (EPA 2000e) at
the direction of Ecology and EPA Region 10 (CCN 063809). While the proposed SF has not yet been
approved by EPA, it is more conservative than the current SF published in HEAST.

A discussion of risk results using both the current (HEAST) and proposed (dioxin reassessment) SFs will
appear in the uncertainty section of the PRA.

Because these contaminants have a common mechanism of action, it is assumed that their toxicity to biota
isadditive (WHO 1998, EPA 1998a). That is, the risksfrom all dioxins, dibenzofurans, and coplanar
PCBswill be added.

Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofurans

EPA (1998a) recommends evaluating all PCDD/PCDF congeners with chlorine molecules substituted in
the 2, 3, 7, and 8 positions as carcinogens. Potential cancer risks associated with these PCDD/PCDFs will
be evaluated using atoxicity equivalency approach. This approach assigns arelative toxicity of each of
the seventeen 2,3,7,8-substituted PCDDS/PCDFs as compared to 2,3,7,8-TCDD. Using the method,
exposure concentrations are converted to equivalent concentrations of 2,3,7,8-TCDD by multiplying the
concentration by the appropriate toxicity equivalence factor (TEF). Thisconversion resultsin TEQ
concentrations of each congener. The SFfor 2,3,7,8-TCDD isthen used to evaluate risk from the total
TEQ concentration. The most recent TEFs, available from the World Health Organization (WHO 1997)
and provided in Table 7-13, will be used.

Toxicity values are not available for evaluating potential noncancer effects of PCDDSPCDFs.
EPA (1998a) recommends evaluating potential noncancer hazards by comparing predicted exposures to
the national average background exposure levels of 1 to 3 pg/kg-day for adult and child receptors.

Polychlorinated Biphenyls

Coplanar PCBs and PCDDS/PCDFs are similar structurally and may act through common mechanisms of
toxicity. EPA (1996c) isimplementing the use of dioxin TEFsfor coplanar, dioxin-like PCBs. Using this
approach, exposure concentrations of coplanar PCBs are converted to equivalent concentrations of
2,3,7,8-TCDD by multiplying the concentration by the appropriate TEF. The SF for 2,3,7,8-TCDD is
used to evaluate risk from the total TEQ concentration. Potentia cancer risks associated with coplanar
PCB emissions will be estimated using TEFs available from WHO (1997) and listed in Table 7-13. Note
that TEFs are available for 12 of the 14 coplanar PCBs.

The estimated dose of coplanar PCBs, expressed as 2,3,7,8-TCDD equivalents, will be added to the tota

estimated dose of dioxins and used to estimate total risk from “dioxin-like” compounds in addition to
evaluating coplanar PCB dose separately.
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Other (noncoplanar) PCBs will be evaluated using the SF for PCBs shown in Table 7-7. EPA (1996c¢)
recommends different SFsfor different exposure routes and chlorine contents. The most conservative SF
(that is, SF from the high-risk persistencetier) is presented in Table 7-7 and will be used for the PRA.

Noncancer effects of PCBswill be evaluated using the RfD for Aroclor-1254.

7.23 Surrogate Values

When chemical-specific toxicity values for achemical are not available, the use of a surrogate value may
be necessary. This process involves applying atoxicity value established for one chemical to another
chemical for which no value has been established. The application of surrogate valuesis based on
similaritiesin structure, mechanism of action, and toxicity. The following surrogate values for the SLRA
have been identified by Ecology and EPA Region 10:

e m-, 0-, and p-Xylene - xylene mixed isomers will be used.
o 2-methylnaphthal ene - naphthalene will be used.

e Petroleum hydrocarbons - The Washington State Model Toxics Control Act (Ecology 2001) method
will be used to calculate surrogate toxicity values for the inhalation pathway for hydrocarbons lacking
chemical-specific values.

7.24  Toxicity Information and EPA Guidance for ROPCs

This section provides the toxicity values that will be used for evaluating ROPCs in the PRA and the
source/rationale for these values.

7.24.1  Chronic Noncarcinogenic Toxicity of ROPCs

ROPCs are not evaluated for noncarcinogenic effects. However, the stable form of ROPCs with
noncarcinogenic effects are evaluated as COPCs. For example, the potential cancer effect of Sr-90is
evaluated as an ROPC while the potential noncancer effects of stable strontium are evaluated as a COPC.
Thelist of inorganic COPCs includes the stable form of 12 ROPCs (antimony, barium, cadmium, cobalt,
iodine, nickel, selenium, strontium, tin, uranium, yttrium, and zirconium).

7.24.2  Carcinogenic Toxicity of ROPCs

lonizing radiation, and therefore all ROPCs, is considered to be a Group A carcinogen. Cancer risk from
exposure to ROPCs through ingestion, inhalation, and external exposure to radionuclidesin soil is
estimated using a SF. Ingestion and inhalation SFs are central estimates from alinear model of the
age-averaged, lifetime radiation cancer incidence risk per unit of activity inhaled or ingested, and are
expressed in units of risk/pCi (that is, pCi™). Ingestion SFs are taken from the Health Effects Assessment
Summary Tables (HEAST) 2001 Update (EPA 2001b) and are tabulated separately for ingestion of tap
water, dietary intakes, and incidental soil ingestion. Inhalation SFs (EPA 2001b) are provided separately
for inhalation of particulates and vapors or gas.

For externa exposure to radionuclidesin soil, SFs are central estimates of lifetime radiation cancer risk

for each year of exposureto external radiation from photon-emitting radionuclides distributed uniformly
in athick layer of soil. These SFs are expressed as risk/yr per pCi/gram soil (that is, [pCi-yr/g]™). The
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SFs provided for external exposure in HEAST (EPA 2001b) are derived from risk coefficients listed in
Federal Guidance Report No. 13 (FGR No. 13) (EPA 1999q) that assume an infinite depth of
contaminated soil. For the WTP, however, it is expected that ROPCs will be deposited on the surface and
will be uniformly distributed over the top 1 cm of soil and not to an infinite depth (EPA 1998a).

FGR No. 12 (EPA 1993b) also provides dose coefficients for a soil depth of 1 cm. HEAST SFs are,
therefore, adjusted using dose coefficients provided in FGR No. 12 (EPA 1993b), assuming that risk
coefficients (and SFs) scale proportionally with dose coefficients and depth. Using this approach,
adjustments to HEAST factors are made using the following equation (CCN 064328):

CSF.g = CSFeast x (DCy + DCiry) (Eq. 7-36)
where:

CSFy = adjusted cancer slope factor for 1 cm depth

CSFueast = HEAST factor for an infinite depth

DC, = FGR No. 12 dose coefficient for 1 cm depth

DCi = FGR No. 12 dose coefficient for infinite depth

The resulting depth-corrected SFs are provided in Table 7-14.

Cancer risk (morbidity) from external exposure toionizing radiation in air is evaluated using a cancer risk
factor (RF) expressed in units of (Bg-sec¥m’)™. RFs are obtained from FGR No. 13 (EPA 1999g) and
are provided in Table 7-14.

Some ROPCs are given the suffix “+D” to indicate that cancer risk estimates using these SFsinclude
contributions to toxicity from short-lived decay products. For example, the +D slope factor for Sb-125
includes the contribution of Te-125m, which is assumed to be in equilibrium with the parent. Risksare
calculated using these +D SFs. Because the +D SFsfor Sr-90 and Cs-137 include the contributions from
their short-lived decay products Y-90 and Ba-137m, separate risks are not calculated for these decay
products (Y -90 and Ba-137m). Quantifying separate cancer risksfor Y-90 and Ba-137m, in addition to
using +D slope factors for Sr-90 and Cs-137, would result in double counting the toxicity of these two
ROPCs.

7.24.3  Chronic Dermal Toxicity of ROPCs

Dermal absorption of ROPCs will be evaluated for tritium. Theinternal dose from immersion in a plume
of tritiated water vapor is approximately 50 % from inhalation and 50 % from dermal absorption (Till and
Meyer 1983); therefore, dermal absorption of tritium will be accounted for in the exposure assessment by
multiplying the inhalation dose for this ROPC by 2. Dermal absorption of other ROPCs will not be
evaluated because this pathway is considered to be insignificant compared to inhalation for al ROPCs
except tritium (see Appendix B-3 for further discussion).

7.24.4  AcuteToxicity of ROPCs

Acute effects from a one-hour exposure to ROPCs will be estimated based on atotal acute dose limit of
0.1 rem. Appendix B-3 provides areview of the literature that establishes the basis for defining a LOAEL
for radionuclides. Based on this literature review, the lowest dose where clinically significant
nonstochastic effects (that is, the acute effects of radiation) have been observed is approximately 10 rem.
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Applying the California EPA methodology from The Determination of Acute Reference Exposure Levels
for Airborne Toxicants (CaEPA 1999), a default uncertainty factor of 10 is applied to convert this
LOAEL toaNOAEL of 1rem. The acute dose limit is then estimated by applying a second default
uncertainty factor of 10 to account for intraspecies variability to provide protection to sensitive
subpopulations. For radiation effects, children represent a sensitive subpopulation. This acute dose limit
appliesto asingle exposure and does not account for intermittent exposures. This approach is very
conservative. Unless5 rem to 25 rem are delivered in a very acute exposure, there would be no adverse
effect; by using 0.1 rem, one would not anticipate any effect at thislevel. It must be noted that the one-
hour radionuclide exposure is not comparable to the one-hour chemical exposures, and 0.1 remisnot an
acute criterion.

For each of the ROPCs, acute radionuclide exposure criteria (AREC) corresponding to an acute dose of
0.1 rem were calculated as described below. The calculated ARECs include two exposure pathways
associated with submergencein acloud of particulate and vapor phase radionuclides: external gamma
exposure and inhalation. The following equations were used to calculate ARECs for these two pathways:

External Gamma Exposure:

AREC: =DL / (CDE x CF; x CF, x ET x CF3 x CFy) (Eq. 7-37)
Inhalation:

AREC,=DL / (CDE x CF; x CF, x BR x ET x CF,) (Eq. 7-38)
Total:

ARECr= V/(/ARECg + 1/AREC)) (Eq. 7-39)
where:

AREC: = acuteradionuclide exposure criteriafor external gamma (uCi/cm?)

AREC, = acuteradionuclide exposure criteriafor inhalation (uCi/cm®)

AREC; = total acute radionuclide exposure criteria (UCi/cm®)

DL = doselimit of 0.1 rem (100 mrem)

CDE = committed dose equivalent for radionuclidei (Sv-m*/Bg-s for external gamma;

Sv/Bq for inhalation)

CF, = conversion factor (mrem/Sv)

CF, = conversion factor (Bg/uCi)

ET = acute exposuretime (1 hr)

CF; = conversion factor (s/hr)

CF, = conversion factor (cm*/m®)

BR = breathing rate of standard man (1.2 m*hr)

ROPC decay products are represented in the cal cul ation based on their respective decay probabilities.
Parent radionuclides are given the “+D” designation to indicate that decay products are considered.
Table 7-14 lists the parent and decay productsincluded in the calculations. The following equation was
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used to calculate the committed dose equivalent (CDE) for the combination of a parent and decay product
radionuclides:

CDE+D =X CDE; x f, (Eq. 7-40)

where:

CDE+D
CDE;
fi

committed dose equivalent for radionuclide i and its daughter products
committed dose equivalent for radionuclide i
decay probability of radionuclide i

The calculated ARECs shown result in adose of 0.1 rem from each of the 46 ROPCs; therefore, when
combined for all 46 ROPCs, these concentrations would result in atotal dose of 4.4 rem. These
concentrations are adjusted to ensure that the overall dose from all 46 ROPCs will not exceed 0.1 rem for
an acute exposure of one hour as shown below:

ARECy = ARECR /44 (Eq. 7-41)
where:
AREC, = acuteradionuclide exposure criteriafor ROPC i corrected for the presence of
multiple ROPCs (uCi/cm?)
AREC; = acuteradionuclide exposure criteriafor ROPC i as calculated above (uCi/cm®)
44 = total number of individually quantified ROPCs (Ba-137m and Y -90 are included as

daughter products and are not quantified separately)

The AREC,, values for each of the ROPCs are provided in Table 7-15.

7.245  Toxicity of ROPCsto Nursing Infant

Nursing infant scenarios will be evaluated for exposure to *Sr, I, ***Cs, and **'Cs. Background
concentrations of *Sr, |, *¥*Cs, and *'Csin human breast milk are not available. The potential toxicity
of these ROPCsto an infant will be evaluated using the ingestion SF for each of the ROPCs to calculate
lifetime cancer risk as described in section 7.2.1.3. Radionuclides are mutagens; therefore, the adjustment
factorslisted in section 7.2.1.3 will be applied for thislifetime risk calculation.

7.3 Risk Characterization

The purpose of the risk characterization is to evaluate the information obtained through the exposure
(section 7.1) and toxicity (section 7.2) assessments to estimate the potential for receptors to experience
adverse effects (cancer risks and noncancer hazards) as aresult of exposure to media contaminated by
emissions from the WTP. Potential health risks will be characterized separately for noncarcinogenic and
carcinogenic endpoints, and chemical (that is, nonradiological) and radiological cancer riskswill be
evaluated and presented separately.
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7.3.1 Risk Characterization for Carcinogens
For carcinogens, risk is expressed as the probability that an individual will develop cancer over alifetime
asaresult of exposure to acarcinogen. Cancer risk from exposure to contamination is expressed as
incremental lifetime cancer risk (ILCR), or the increased chance of cancer above the normal background
rate of cancer. Cancer risk from external exposure to ionizing radiationin air is expressed in terms of
morbidity.
Cancer risk is estimated for each potentially carcinogenic COPC and ROPC as:
For al pathways except exposureto ROPCsin air:

ILCR=LADD x SF (Eq. 7-42)
For exposure to ionizing radiation in air:

ILCR= LADD x RF (Eq. 7-43)

where:

LADD lifetime average daily dose (mg/kg-day, or pCi [ingestion or inhalation of ROPCg|,
or pCi-yr/g [external exposure to ionizing radiation in soil] or Bg-sec/m® [external

exposureto ionizing radiation in air])

SF = cancer slope factor ([mg/kg-day] ™ or pCi™* for ingestion or inhalation of ROPCs, or
[pCi-yr/g]™ for external exposure to ionizing radiation in soil)
RF = cancer incidence risk factor (Bg-sec/m®)™*

Thethreshold for the total ILCR for COPCs, thetotal ILCR for ROPCs, and the chemical-specific ILCR
for COPCs and ROPCsis 1E-05 or 1 in 100,000 exposed individuals (EPA 1998b).

7.3.1.1  Additivity of Dioxinsand PCBs

Chlorinated dioxins, chlorinated dibenzofurans, and coplanar chlorinated biphenyls are similar
structuraly and may act through common mechanisms of toxicity. Because they may have a common
mechanism of action, it is assumed that the toxicity of these chemicalsis additive (WHO 1998,

EPA 19984). Thisadditivity isaddressed in the risk characterization by presenting atotal risk from
PCDDs, PCDFs, and coplanar PCBs in addition to presenting individual risks from these chemicals.

7.3.1.2  Additivity of Other Potential Carcinogens

The assumption of strict additivity of chemical carcinogens assumes that (1) intakes of individual
chemicals are small, and (2) there is no interaction among chemicals (that is, no synergism or
antagonism). Uncertainties associated with the assumption of additivity of chemical carcinogenswill be
discussed in the uncertainty section of the PRA. Despite the uncertainty, atotal ILCR from exposure to
all carcinogenic COPCs will be calculated as the sum of the chemical-specific ILCRs.

The assumption of strict additivity of cancer risk from radionuclidesis much lessuncertain. A total ILCR
from exposure to al ROPCs will be calculated as the sum of the radionuclide-specific ILCRs.
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7.3.2 Risk Characterization for Noncar cinogens

Noncarcinogenic health hazards are characterized using a hazard quotient (HQ) and hazard index (HI)
approach. The HQ isthe ratio of the calculated ADD to the reference or “safe” dose as shown below:

HQ = ADD/RfD (Eq. 7-44)

where:

HQ
ADD
RfD

hazard quotient (unitless)
average daily dose (mg/kg-day)
reference dose (mg/kg-day)

HQs will be calculated for each noncarcinogenic COPC. ROPCs having potentia health effects not
associated with radioactivity (that is, noncancer effects) will be evaluated as inorganic COPCs. An HQ of
1 or lessindicates that the chemical-specific ADD is below the level associated with adverse effect. An
HQ threshold level of 0.25 has been selected as a risk management decision by Ecology and EPA Region
10 to provide a conservative evaluation of hazard and is consistent with other EPA guidance (EPA
1998b).

Additivity of Noncar cinogens

Multiple chemical exposures can result in synergism, antagonism, and/or additivity of biological
responses when the chemicals act on similar target organs or when they are metabolized by the same
enzymatic pathways. Additivity of noncarcinogenic health effects should only be considered if the
chemicals have the same toxicological endpoint (for example, organ or enzyme system), which implies
the same mechanism of action. Additivity for al chemicals will initially be assumed for the SLRA
regardless of toxicological mechanism or endpoint. This approach islikely to overestimate the true
human health risks associated with exposure to the COPCs since many chemicals may act on different
target organs. If thetarget HI is exceeded, a segregation of the HI by toxicological endpoint will be
considered. If segregation by toxicologica endpoint is used, chemical groupings by endpoint will be
assigned with approval by Ecology and EPA. In addition to multiple chemicals, receptors may be
exposed through more than one pathway. As EPA (1989) notes:

There are two steps required to determine whether risks or hazard indices for two or
more pathways should be combined for a single exposed individual or group of
individuals. Thefirgt isto identify reasonable exposure pathway combinations. The
second isto examine whether it is likely that the same individuals would consistently
face the “reasonable maximum exposure” for more than one pathway.
The simplified equation for calculating a generic HI is presented bel ow:
HI = ADD,/RfD; + ADD,/RfD, + ... + ADD/RID, (Eq. 7-45)

An HI threshold level of 0.25 will be used in the SLRA to provide a conservative evaluation of hazard.
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7.3.3 Risk Characterization for Acute Effects

Acute health hazards are characterized using an acute hazard quotient (AHQ). The HQ isthe ratio of the
one-hour acute air concentration to the appropriate acute reference val ue as shown bel ow:

COPCs: AHQ = C,,/AIEC (Eq. 7-463)
ROPCs: AHQ = C4,/ARECy, (Eq. 7-46b)

where:

Cair one-hour acute air concentration (mg/m?® or puCi/m°)
AHQ = acute hazard quotient (unitless)

AIEC acute inhal ation exposure criteria (mg/m°)

ARECy, acute radionuclide exposure criteria (uCi/cm?)

As defined by the above equation, an AHQ of 1 or less indicates that the maximum one-hour air
concentration is below the reference value. An AHQ threshold level of 1 isused to providea
conservative evaluation of hazard per EPA (CCN 063809).

7.4  Uncertainty in Human Health Risk Assessment

This section provides an overview of some of the primary sources of uncertainty unique to the HHRA.
Uncertainties associated with the COPC and ROPC selection, emission rates, and environmental
modeling, described in previous sections, also contribute to the uncertainty in the HHRA. Asdescribed in
Chapter 10 of this RAWP, an uncertainty assessment will be included in the SLRA to evaluate the
contributors to, and potential impact of, uncertainty in the risk assessment.

7.4.1  Uncertainty in Exposure Assessment
Sources of uncertainty in the exposure assessment include:

¢ Contaminant concentrations in exposure media
e Land-use assumptions
e Selection of representative human receptor populations and exposure parameter values

Each of these sources of uncertainty in the exposure assessment is described briefly below.

Contaminant Concentrationsin Exposure Media

The uncertainty associated with estimating exposure concentrations in air, soil, surface water, sediment,
and plantsis described in section 6.7 of this RAWP. The HHRA also includes ingestion of animal
products (such as beef and eggs). The uptake models used to estimate contaminant concentrationsin
animal products are highly uncertain. Conservative assumptions used to compensate for this uncertainty
include the assumption that animals feed exclusively on contaminated plants and the use of conservative
uptake factors, including some mass-limited uptake factors.
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Land-Use Assumptions

Land use can change at any time; therefore, even defining current land use (that is, during WTP
operations) has some uncertainty associated with it, and defining future land use (that is, after WTP
shutdown) has even greater uncertainty. To compensate for this uncertainty, receptors are assumed to be
present at the locations of maximum concentration regardless of actual land use at those locations. For
example, a current residential scenario will be evaluated at the Hanford offsite maximum regardless of
whether or not thislocation is presently in residentia use.

Selection of Representative Receptor Populations and Exposur e Parameter Values

Every individual is unique, with different activity patterns (for example, amount of time spent at home or
work) and different physiologic characteristics (for example, body weight). Therefore, modeling broad
categories of receptors (for example, resident) introduces uncertainty because (1) alimited number of
general receptor categories are evaluated, and (2) exposure parameters are assigned within each receptor
category to represent the activity patterns and physiologic characteristics of that receptor type. To
compensate for this uncertainty, receptor types representing the highest potential for exposure are
evaluated in the risk assessment, and these receptors are model ed using upper-bound assumptions to
describe their activity patterns. For example, evaluation of aresident who is assumed to be at home 24
hours per day, 350 days per year at the point of maximum contaminant concentration will overestimate
the risk to many other receptor types not included in the quantitative risk assessment, such as a school
child at the same location who may be at school 8 hours per day, 180 days per year.

While most assumptions used in the HHRA are designed to overestimate risk, some assumptions could
underestimate the risk because of prior experience. For example, dermal exposure to contaminantsin soil
and air will not be included in the PRA because dermal exposure pathways have been identified as
insignificant contributors to risk in numerous risk assessments prepared or reviewed by EPA for airborne
emissions from thermal treatment facilities.

7.4.2 Uncertainty in Toxicity Assessment

Sources of uncertainty in the toxicity assessment include uncertainties surrounding the following:

Toxicity values (RfDs and SFs)

Cancer weight-of-evidence classifications
Toxicity value data gaps

Route-to-route extrapol ations

Each of these sources of uncertainty in the toxicity assessment is described briefly below.

Toxicity Values

Because most of the toxicity values (RfDs and SFs) are based on laboratory exposures of animals, actual
effects of environmental exposures to humansin unknown. Therefore, EPA-derived toxicity values are
designed to provide an upper-bound estimate of risk (for example, by incorporating numerous uncertainty
factors).
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Cancer Weight-Of-Evidence Classification

Uncertainty in the cancer weight-of-evidence classification will be considered in the HHRA by evaluating
al Class A (human carcinogen), Class B (probable human carcinogen), and Class C (possible human
carcinogen) chemicals as carcinogens.

Toxicity Value Data Gaps

The lack of toxicity datafor some COPCs will contribute to an underestimation of risk if these chemicas
are present in the emissions and are toxic to humans at the concentration emitted.

Route-To-Route Extrapolations

Uncertainties are associated with the estimation of dermal toxicity values from oral values, and the
conversion of toxicity values from exposure concentration to dose (that is, UR to SF, RfC to RfD).

7.4.3 Uncertainty in Risk Characterization

Therisk characterization combines the results of the exposure assessment and toxicity assessment;
therefore, al of the uncertainty in these two steps, as well as the steps prior to the exposure assessment
(for example, fate and transport modeling), contributes to the uncertainty in the risk characterization.
Additional uncertainty in therisk characterization step surrounds the practice of summing cancer risks
and noncancer hazard results across all chemicals and exposure pathways, regardiess of the mode of
action, as described below.

The assumption of strict additivity of chemical carcinogens that will be used in the SLRA assumes that
(1) intakes of individual chemicas are small, and (2) there is no interaction among chemicals (that is, no
synergism or antagonism). The assumption of strict additivity of cancer risk from radionuclides is much
less uncertain than for chemicals because the mode of action is the same for al radionuclides.

Multiple chemical exposuresto noncarcinogens can result in synergism, antagonism, and/or additivity of
biological responses when the chemicals act on similar target organs or when they are metabolized by the
same enzymatic pathways. The assumption of additivity will be used in the SLRA and islikely to
overestimate the true human health risks associated with exposure to the COPCs, since many chemicals
may act on different target organs.

In addition to multiple chemicals, receptors may be exposed through more than one pathway. Asthe
EPA (1989) notes:

There are two steps required to determine whether risks or hazard indices for two or
mor e pathways should be combined for a single exposed individual or group of
individuals. Thefirst isto identify reasonable exposure pathway combinations. The
second isto examine whether it is likely that the same individuals would consistently face
the “ reasonable maximum exposure” for more than one pathway.

To maintain the conservative bias of the risk assessment, it is assumed that each receptor is exposed to all
COPCs and ROPCs by all pathways.
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744  Summary of Uncertainty

Human health risk assessment is a multi-step process and uncertainty is introduced at al steps of the
process, including COPC and ROPC selection, estimating emission rates, environmental modeling,
exposure assessment, toxicity assessment, and risk characterization. Whenever possible, conservative
assumptions are used to compensate for uncertainties so that the final estimate of risk represents an
overestimate, rather than an underestimate, of risk to actual receptor populations.

As described in section 10 of this RAWP, an uncertainty assessment will beincluded in the SLRA to
eval uate the contributors to, and potential impact of, uncertainty in the risk assessment. The purpose of
the uncertainty assessment isto identify and discuss areas of uncertainty associated with the quantitative
estimates of risk for the WTP. This discussion serves to place the risk estimates in proper perspective to
allow fully informed risk management decisions.

7.5 Summary for Human Health Risk Assessment

Risks to human health from the potential emission of COPCs and ROPCs result from (1) exposure to the
COPC or ROPC, and (2) thetoxicity of the COPC or ROPC. The screening HHRA utilizes estimated
emission rates (section 5) and results of the fate and transport modeling (section 6) to calcul ate potential
human exposure to COPCs and ROPCs. This exposure information is combined with toxicity datato
estimate the potentia for adverse effects to human populations in the vicinity of the WTP.

The PRA will use conservative exposure assumptions to compensate for the high level of uncertainty
associ ated with conducting a risk assessment for afacility that is still in the design phase. The PRA will
include a qualitative uncertainty anaysis.

COPCs or ROPCs that exceed risk goalsin the PRA will be revisited to determine whether unrealistic
parameters were assigned to themin the PRA. If the analysis conducted in the PRA is considered
reasonable, it may be necessary to alter operational or design characteristics of the WTP in order to be
within acceptable risk limits.

The FRA will focus on COPCs and ROPCs that exceed risk goalsin the PRA and may utilize additional
site-specific emission, fate and transport, and exposure data collected after completion of the PRA.
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24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Table 7-2  Exposure Parameters for Human Health Risk Assessment: Hanford Site
Industrial Worker Scenario®
Parameter |Description Units Value Used”
Exposure at Work
EF Exposure frequency days/year 250°
ED Exposure duration years 20
BW Body weight kg 70
AT, Averaging time for carcinogens years 70
ATy Averaging time for noncarcinogens years 20
IR Inhalation rate m’/hour 1.5°
CR,,4 Ingestion rate for soil kg/day 0.0002°
CR;  |Ingestion rate for drinking water L/day 2°
ET Exposure time for inhalation hr/day 3
Fi Fraction of media from contaminated area unitless 1
Se Shielding factor for external exposure to ROPCs in soil unitless 0.4
ET, Exposure time factor for outdoor exposure to ROPCs in soil unitless 424°
ET; Exposure time factor for indoor exposure to ROPCs in soil unitless 4024
AF Age factor for external exposure to ROPCs in air unitless 1
Residential Exposure of Worker®
EF Exposure frequency days/year 350
ED Exposure duration years 30
IR Inhalation rate m’/hour 0.833°
CR,,; Ingestion rate: soil kg/day 0.0001°
CRy,, Ingestion rate: drinking water (workdays) L/day 1°
CRg., Ingestion rate: drinking water {(non-workdays) L/day 2
ET, Exposure time for inhalation: workdays hr/day 16
ETg Exposure time for inhalation: non-workdays hr/day 24
Se Shielding factor for external exposure to ROPCs in soil unitless 0.4°
AF Age factor for external exposure to ROPCs in air unitless 1
FI Fraction of media from contaminated area unitless 1°
ED Exposure duration years 30
ET, Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.06"
ET, Exposure time factor for indoor exposure to ROPCs in soil unitless 0.94"
CR,. Consumption rate: aboveground unprotected produce kg/kg-day DW 3.00E-04
CR,, Consumption rate: aboveground protected produce kg/kg-day DW 5.70E-04
CRy, Consumption rate: belowground produce kg/kg-day DW 1.40E-04
Nursing Infant of Worker
Infant
EF Exposure frequency days/year 365
ED Exposure duration years 1
BW,.. |Body weight kg 72!
AT Averaging time years 1
IR it Ingestion rate: breast milk kg/day 0.8
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24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Table 7-2  Exposure Parameters for Human Health Risk Assessment: Hanford Site
Industrial Worker Scenario®

Parameter |Description Units Value Used”
CF Conversion factor pg/mg 1.00E+09
h Half-life of COPC/ROPC in adult days cs
f; Fraction of ingested COPC/ROPC stored in fat unitless 0.9
f, Fraction of mother's weight that is fat unitless 0.3
f, Fraction of mother's breast milk that is fat unitless 0.04
f, Fraction of ingested COPC/ROPC that is absorbed unitless 0.9

ROPC = Radionuclide of potential concern
® The worker is assumed to be a resident during the hours per day and days per year not spent at work.

b Exposure parameters from DOE-RL 1995, unless otherwise noted.
“EPA Region 10 personal communication (CCN 064331).
¢ EPA 2000a. Soil Screening Guidance for Radionuclides: User’s Guide , EPA/540-R-00-007.
¢ Assumes worker spends 4 hours at work in outdoor activities and 4 hours at work in indoor activities.
FSaito and others (1998).
& Default exposure parameters from Human Health Risk Assessment Protocol for Hazardous Waste Combustion
Facilities (EPA 1998a), unless otherwise noted.
hExposurc factors Handbook (EPA 1997a). Child farmer is assumed to be the same as the adult. Adult and chiid fisher
are assumed to be the same as the farmer.
“ Body weight of infant 0 to 12 months old per CCN 063806.
}CS = Constituent specific values for h:
2,3,7.8-TCDD 2535 days
PCBs 2555 days
Cesium-134 i14 days
Cesium-137 114 days
{odine-129 138 days
Stroatium-90 2907 days
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Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Table 7-3 Exposure Parameters for Human Health Risk Assessment: Residential Scenarios

Value Used®
Parameter [ Description Units Adult | Child
All Residential Scenarios”
EF Exposure frequency daysf/year 350 350
BW  |Body weight kg 70 15
AT.  |Averaging time for carcinogens years 70 70
ATy  |Averaging time for noncarcinogens years ED ED
IR Inhalation rate m’/hour 0.833° 0.417°
CR,  |Ingestion rate: drinking water L/day 2° 1
ET Exposure time for inhalation hr/day 24 24
Se Shielding factor for external exposure to ROPCs in soil unitless 0.4° 0.4°
AF | Age factor for external exposure to ROPCs in air unitless 1° 1.3°
F; Fraction of media from contaminated area unitless 1° 1°
Resident
ED Exposure duration years 30 6
CR,; |Ingestion rate: soil kg/day 0.0001° 0.0002°
ET, Exposure time factor for outdoor exposure to ROPCs in soeil unitless 0.06' 0.23"
ET; Exposure time factor for indoor exposure to ROPCs in soil unitless 0.94" 0.77"
CR,, Consumption rate: aboveground unprotected produce kg/kg-day DW | 3.00E-04 | 4.20E-04
CR,, |Consumption rate: aboveground protected produce kg/kg-day DW | 5.70E-04 | 7.70E-04
CR;, |Consumption rate: belowground produce kg/kg-day DW { 1.40E-04 | 2.20E-04
Resident Subsistence Farmer
ED Exposure duration years 40 6
CR,,; (Ingestion rate: soil kg/day 0.0002" 0.0002°
CR,; _|Consumption rate: aboveground unprotected produce kg/kg-day DW | 1.756E-03% | 1.756E-03%
CR,, |Consumption rate; aboveground protected produce ke/kg-day DW | 1.364E-03" | 1.364E-03"
CR,, |Consumption rate: belowground produce ke/kg-day DW | 5.52E-04' | 5.52E-04'
CRy,.; |Consumption rate: beef kg/kg-day FW | 4.20E-03' | 1.90E-03'
CR,x  |Consumption rate: milk kg/kg-day FW | 4.40E-03' 4.40E-03
CR,,x [Consumption rate: pork kg/kg-day FW | 2.00E-03' | 1.50E-03’
CRyoumy |Consumption rate: poultry kg/kg-day FW | 2.27E-03 | 1.60E-03
CRger _|Consumption rate: eggs ke/kg-day FW 1.60E-03' | 1.30E-02
ET, Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.42° 0.42°
ET, |Exposure time factor for indoor exposure to ROPCs in soil unitless 0.58" 0.58'
Resident Subsistence Fisher
ED Exposure duration years 30 6
CR,,; |Ingestion rate: soil kg/day 0.0001° 0.0002°
CR,;  |Consumption rate: aboveground unprotected produce kg/kg-day DW | 3.00E-04 | 4.20E-04
CR,,  |Consumptior rate: aboveground protected produce kg/kg-day DW | 5.70E-04 | 7.70E-04
CR;,  |Consumption rate: belowground produce kg/kg-day DW | 1.40E-04 | 220E-04
CRys»  [Consumption rate: fish kg/kg-day FW | 1.17E-03 7.59E-04
ET, Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.42° 0.42F
ET; Exposure time factor for indoor exposure to ROPCs in soil unitless 0.58" 0.58"
Nursing Infant of Resident
Infant
EF Exposure frequency days/year NA 365
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Table 7-3 Exposure Parameters for Human Health Risk Assessment: Residential Scenarios

Value Used®
Parameter |Description Units Adult Child

ED Exposure duration years NA 1

BW,, |Body weight kg NA 7.2
AT Averaging time years NA 1

IR, |Ingestion rate: breast milk kg/day NA 0.8

CF Conversion factor pg/mg NA 1.00E+09

h Half-life of COPC/ROPC in adult days NA cs'

f; Fraction of ingested COPC/ROPC stored in fat unitless NA 0.9

f, Fraction of mother's weight that is fat unitless NA 0.3

1, Fraction of mother's breast milk that is fat unitless NA 0.04

f, Fraction of ingested COPC/ROPC that is absorbed unitless NA 0.9

ROPC = Radionuclide of potential concern.
COPC = Chemical of potential concern.
NA = Not Applicable.
® Default exposure parameters from Human Health Risk Assessment Protocol for Hazardous Waste Combustion
Facilities (EPA 1998a), unless otherwise noted.
® These exposure parameters apply to the resident, resident subsistence farmer, and resident subsistence fisher scenarios.
“ EPA Region 10 personal communication (CCN 064331).
4EPA 2000a. Soil Screening Guidance for Radionuclides: User's Guide , EPA/540-R-00-007.
®Saito and others (1998).
fExposure factors Handbook (EPA 1997a). Child farmer is assumed to be the same as the adult. Adult and child fisher are
assumed to be the same as the farmer.
& The consumption rates for aboveground unprotected produce are based on the 95th percentile per capita intakes of exposed
fruits (7.009 g/kg-d) and aboveground exposed vegetables (4.7 g/kg-d) for the West Region of the US (EPA 1997a). Intake rates
are converted from "as consumed"” basis to "dry weight" basis, assuming 85 % water content for the fruits and vegetables
[TR (dry weight) = IR (as consumed) x (1 - 0.85)]. Thus, the total aboveground unprotected produce consumption rate is
1.651E-03 kg/ke-d (exposed fruits) + 7.05E-04 kg/kg-d {(exposed aboveground vegetables) = 1.756E-03 kg/kg-d (per CCN 064331},
b The consumption rates for aboveground protected produce are based on the 95th percentile per capita intakes of protected
fruits (7.836 g/kg-d) and protected aboveground vegetables (1.257 g/kg-d) for the West Region of the US (EPA 1997a). Intake
rates are converted from "as consumed" basis to "dry weight” basis, assuming 85 % water content for the fruits and vegetables
[TR (dry weight) = IR (as consumed) x (1 - 0.85)]. Thus, the total aboveground protected produce consumption rate is
1.175E-03 kg/kg-d (protected fruit) + 1.89E-04 kg/kg-d (aboveground protected vegetables) = 1.364E-03 kg/ke-d (per CCN 06433 1).
' The consumption rates for belowground produce are based on the 95th percentile per capita intakes of root vegetables
(3.683 g/kg-d) for the West Region of the US (EPA 1997a). Intake rates are converted from "as consumed” basis to "dry weight"
Dbasis, assuming 85 % water content for the root vegetables [IR (dry weight) = IR (as consumed) x (1 - 0.85)]. Thus, the total
belowground produce consumption rate is 5.52E-04 kg/kg-d (per CCN 064331).
J Consumption rates are based on 95th percentile intakes for home-produced meat products from the West Region of the US
(EPA 1997a per CCN 064331).
¥ Body weight of infant 0 to 12 months old per CCN 063806.
'CS = Constituent specific values for h:
2,3,78-TCDD 2555 days
PCBs 2555 days
Cesium-134 114 days
Cesium-137 114 days
lodine-129 138 days
Strontium-90 2907 days
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Table 7-4 Exposure Parameters for Human Health Risk Assessment: Native American Subsistence
Resident Scenario”

Value Used”
Parameter |Description Units Adult Child
EF, Exposure frequency at residence days/year 353 353
EF, Exposure frequency at Gable Mountain days/year 12 12
EF, Exposure frequency for ingestion of food and drinking water days/year 365 3635
Exposure duration (ingestion of soil, inhalation of resuspended soil,
external exposure to s0il, ingestion of food products, inhalation and dermal
ED contact in sweat lodge, ingestion of drinking water) years 70 6°
ED Exposure duration (Inhalation of emissions, external exposure to air) years 40? 6°
BW__ [Body weight kg 70 15°
AT,  |Averaging time for carcinogens years 70 70
ATy  |Averaging time for noncarcinogens years ED ED
IR |Inhalation rate m’/hour 1.25° 0.625¢
CR,,; |Ingestion rate: soil kg/day 0.0002 0.0002°
CR,,  |Ingestion rate: drinking water L/day 3 1.5%
ET Exposure time for inhalation of emissions and resuspended soil hr/day 24 24
F, Fraction of media from contaminated area unitless 1 1
Se Shielding factor for external exposure to ROPCs in soil unitless 04" 04"
ET, Exposure time factor for outdoor exposure to ROPCs in soil unitless 0.42' 0.42'
ET; Exposure time factor for indoor exposure to ROPCs in soil unitless 0.58' 0.58'
AF Age factor for external exposure to ROPCs in air unitless 1 1.3
CR,, _|Consumption rate: aboveground unprotected produce kg/kg-day DW 1.247E-03% | 1.247E-03*
CR,, |Consumption rate: aboveground protected produce ke/kg-day DW | 1.827E-03' | 1.827E-03'
CR;, [Consumption rate: belowground produce kg/kg-day DW | 7.06E-04" | 7.06E-04"
CRgue |Consumption rate: venison, elk, and other game tissue ke/kg-day FW | 3.57E-03" | 1.60E-03"
CRouipy | Consumption rate: poultry and wild fowl kg/kg-day FW | 3.29E-04° | 2.30E-04°
CReges | Consumption rate: eggs kg/kg-day FW | 3.00E-04° [ 2.10E-04°
CR;y  |Consumption rate: fish kg/kg-day FW | 7.71E-03° | 5.00E-03°
CRorgans Consumption rate: fish parts (e.g., head, fins, tails, etc.) kg/kg-day FW | 7.71E-04° | 5.00E-04°
Sweat Lodge Exposures
EF Exposure frequency for sweat lodge days/year 365 365
Vy Volume of water used in sweat lodge L 4 NA
Vi Volume of water in sweat lodge air at 100 % humidity L 0.341 NA
D Diameter of sweat lodge m 2 NA
ET  |Exposure time for sweat lodge hr/day 4' NA
SA Dermal Surface Area m’ 2 NA
Nursing Enfant of Native American Subsistence Resident
Infant
EF Exposure frequency days/year NA 365
ED  |Exposure duration years NA 1’
BW,e _|Body weight kg NA 7.2°
AT |Averaging time years NA ¥
IR,;; |Ingestion rate: breast milk kg/day NA 0.742
CF Conversion factor pg/mg NA 1.00E-+09
h Half-life of COPC/ROPC in adult days NA Cr
f, Fraction of ingested COPC/ROPC stored in fat unitless NA 0.9
f, Fraction of mother's weight that is fat unitless NA 0.3
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Table 7-4  Exposure Parameters for Human Health Risk Assessment: Native American Subsistence
Resident Scenario®

Value Used”
Parameter [Description Units Adult Child
f, Fraction of mother's breast milk that is fat unitless NA 0.04°
f; Fraction of ingested COPC/ROPC that is absorbed unitless NA 0.9
ROPC = Radionuclide of potential concern.
COPC = Chemical of potential concern.
NA =Not Applicable.
CS = Constituent-specific values for h:
2.,3,7.8-TCDD 2555 days Cesium-134 114 days lodine-129 138 days
PCBs 2555 days Cesium-137 114 days Strontium-90 2907 days

" These exposure parameters apply to the subsistence hunting, gathering, and fishing, )

* Default exposure parameters from A Native American Exposure Scenario (Harris and Harper 1997), unless otherwise noted.

¢ ED and BW values for children are consistent with those found in Human Health Risk Assessment Protocol (HHRAP) (EPA 1998a).

d Exposure duration for direct exposure to emissions in air is set equal to operation duration of the facility.

*The inhaltion rate of 30 m*/day for adults (CCN 064333) was converted to m3/hr by dividing by 24 hours per day.

The child inhalation rate is assumed to be one-half that of the adult.

T Adult soil ingestion rate is from Harris and Harper 1997; this same rate (200 mg/day) is commonly used as a child's soil
ingestion rate (EPA 1989). Therefore, this same rate is used for the Native American child soil ingestion rate.

% Value obtained from personal communication with B. Harper (CCN 063811).

" EPA 2000a. Soil Screening Guidance for Radionuclides: User's Guide , EPA/S40-R-00-007.

! Assumes Native American exposure time factors are similar to resident subsistence farmer.

1 Qaito and others (1998).

¥ The consumption rates for aboveground unprotected produce are based on the 95th percentile per capita intakes of exposed fruits
(4.157 g/kg-d) and aboveground exposed vegetables (4.155 g/kg-d) for Native Americans (EPA 1997a). Intake rates are converted
from "as consumned" basis to "dry weight" basis, assuming 85 % water content for the fruits and vegetables [IR (dry weight) =
IR (as consumed) x (1 - 0.85)]. Thus, the total aboveground unprotected produce consumption rate is 6.24E-04 kg/kg-d (exposed
fruits) + 6.23E-04 kg/kg-d (exposed aboveground vegetables) = 1.247E-03 kg/kg-d (per CCN 063805).

! The consumption rates for aboveground protected produce are based on the 95th percentile per capita intakes of protected fruits
(10.354 g/kg-d) and protected aboveground vegetables (1.826 g/kg-d) for Native Americans (EPA 1997a). Intake rates are converted
from ™as consumed” basis to "dry weight" basis, assuming 85 % water content for the fruits and vegetables [IR (dry weight) =
IR (as consumed) x (1 - 0.85)]. Thus, the total aboveground protected produce consumption rate is 1.553E-03 kg/kg-d (protected
fruits) + 2. 74E-04 kg/kg-d (aboveground protected vegetables) = 1.827E-03 kg/kg-d (per CCN 063805).

™ The consumption rates for belowground produce are based on the 95th percentile per capita intakes of roct vegetables (4.705 g/kg-d)
for Native Americans (EPA 1997a). Intake rates are converted from "as consumed” basis to "dry weight" basis, assuming 85 % water
content for the root vegetables [IR (dry weight) = IR (as consumed) x (1 - 0.85)]. Thus, the total belowground produce consumption
rate is 7.06E-04 kg/ke-d (per CCN 063805).

" Adult ingestion rate of 250 g/day for a 70 kg adult from Harris and Harper (1997). Child ingestion rate is based on 9.6 % of the adult
value of 250 g/day and a child body weight of 15 kgs (per CCN 0638053).

° Reported Native American consumption rate of 44 g/day of fow] includes both bird and eggs (Harris and Harper 1997); based on a
ratio of 0.54 poultry:0.491 eggs for non-Native American intakes (Tables 11-5 and 11-7 in EPA 1997a), the fowl intake of 44 g/day is
subdivided as 23 g/day fowl and 21 g/day eggs. The adult consumption rate is then calculated from the corresponding body weight of
70 kgs. The child consumption rate for fowl is based on 14.9 % (3.4 g/day) of the adult rate of 23 g/day and a child body weight of 15
kes. The child consumption rate for eggs is based on 15.1% (3.17 g/day) of the adult rate of 21 g/day and a child body weight of 15 kgs
(per CCN 063805).

P Adult consumption rate of fish is estimated based on ingestion rate of 540 g/day and adult body body weight of 70 kg. Child
consumption rate of fish is based on 14 % (75.6 g/d) of the adult rate of 540 g/day and a child body weight of 15 kg. Adult consumption
rates for fish parts are based on 10 % (54 g/day) of the fish consumption rate of 540 g/day and an adult body weight of 70 kgs. Child
consumption rates for fish parts are based on 14 % (7.56 g/d) of the adult rate of 54 g/day and a child body weight of 15 kg (per CCN 063803).

9 For a hemispheric sweat lodge of 2m diameter (2.094 m’® total volume) at a temperature of 150 degrees F and 100 % humidity.

" Values from infant ingestion of breast milk scenario in EPA 1998a.

* Body weight of infant 0 to 12 months old per CCN 063806.

'CCN 064333,
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24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Table 7-6 Mass Limited Feed-to-Animal Tissue Biotransfer Factors

Mass-Limited

Tissue Type Exposure Duration Mass of Tissue or Product Biotransfer Factor
Animal Tissue * days kg FW

Beef 730 (Montana 4-H 1996) 567 (WA Ag Statistical Service 2001) 1.3

Pork 162 (fowa State Univ. 4-H 1992) 99.8 (Iowa State Univ. 4-H 1992) 1.6

(Northern Territory Govt. of . .

Poultry Australia 1999) 2.6 (MD Ag Statistical Service 2001) 16.2
Animal Products ®  days kg FW/day

Milk 1 milk production is per day 28 (WA Ag Statistical Service 2001) 0.036

(WA Ag Statistical Service 2001
Epgs 1 egg production is per day 0.044 and measured weight) 22.5

# Mass-limited biotransfer factors for animal tissue calculated as Exposure duration (days) / Mass of tissue (kg FW).
® Mass-limited biotransfer factors for animal products calculated as 1/daily product weight (kg FW/day).
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS Chronic Reference Dose (RfD) Cancer Slape Factor (SF)
Registry (mg/kg-day) (mg/kg-day)” EPA
Chemical of Poteatial Concern Number [GAF' Oral | Dermal’ | Inhalation® Oral | Dermal” | Inhalation | Cyaee

Ar tic Halog d Hydrocarbons
2,3,4,6-Tetrachlorophenol 58-90-2 [0.50] 3.00E-02 1.50E-02 - - o - -
4-Chlore-3-methylphenol 59-50-7 1 0.50 — - - - - - -

Ar ic Nonhalog d Hydrocarbons
2-Nitrotoluene 88-72-2 [0.80] 1.00E-02 ¢ | 8.00E-03 - - - - -
4-Nitrobiphenyl 92-93-3 §0.50 - - - - - - -
Benzaldehyde 100-52-7 1 0.80| 1,00E-01 f 8.00E-02 - - - - —
Benzene 71-43-2 | 080 1.00E-03 " | 8.00E-04 | 2.57E-03" [ 5.50E-027 | 6.88E-02 | 273E-02 % | A'
Benzyl alcohol 100-51-6 | 0.50| 3.00E-01°% | 1.50E-01 - - - — -
Ethyl benzene 100414 | 0.80| 1.00E-01 © | 8.00E-02 | 2.86E-01° - - - pf
m-Xylene 108-38-3 | 0.80| 2.00E-01' | 1.60E-01 | 2.86E-02' - - - _
o-Xylene 95-47-6 | 0.80| 2.00E-01"' | 1.50E-01 | 2.86E-02' - — - -
p-Xylene 106-42-3 [ 0.80] 2.00E-01" | 1.60E-01 | 2.86E-02' - - - -
Styrene 100-42-5 | 0.80| 2.00E-01 " | 1.60E-01 | 2.86E-01 - - - -
Toluene 108-88-3 [ 0.80) 2.00E-01 " | 1.60E-01 | 1.14E-01° - - - D'

Non-ar ic Nonhalogenated Hydrocarbons
1,2-Epoxybutane 106-88-7 | 050 - - 571E-03 - - - -
1,3-Butadiene 106-99-0 | 0.80 - -- 5.71E-04 1 - - 1.05E-01 5 | B2 ©
1,4-Dioxane 123-91-1 | 0.80 - -~ | 57iE+00* | 1.10E02 7 | 1.38E-02 - B2
1-Methylpropyl alcohol 78-92-2 | 0.50 -- - 5.71E+00 ¥ — - - -
1-Nitropropane 108-03-2 | 0.50 - - Us7E+o0* — - - -
2.2 4-Trimethylpentsne 540-84-1 | 0.50 - - 8.57E-02 F - - ~ _
2-Butanone 78-93-3 | 0.80] 6.00E-01 " | 4.80E-01 | 2.86E-01 " - - - pf
2-Butenaldehyde (2-Butenal) 4170-30-3 | 0.50 - —- i 571E+00 - - - N
2-Ethoxyethanol 110-80-5 | 0.50] 4.00E-018 | 2.00E-01 | 5.71E-02 " - - - —
2-Heptanone 110-43-0 | 0.50 - -~ | smE+0* - - ~ -
2-Hexanone 591-78-6 | 0.80 | 4.00E-02 ' | 3.20E-02 | 1.43E-03' - — - -
2-Methoxyethanol 109-864 | 0.50{ 1.00E-03 ™| 5.00B-04 | 5.71E-03 " — - - -
2-Methyl-2-propanol 75-65-0 | 0.50 - - 5.71E+00 © - — - -
2-Methy}-2-propenenitrile 126-98-7 | 0.80| 1.00E-04 © | 8.00E-05 | 2.00E-04 *" - — - -
2-Methylaziridine 75-55-8 | 0.50 -- - 571E+00 - — - -
2-Methylpropyl alcohot 78-83-1 [ 0.80] 3.00E-01 7 [ 2.40E-01 | 5.71E+00 © - - - -
2-Pentanone 107-87-9 | 0.50 - - | 571E+00 * - -~ - -
2-Propanone {Acetone) 67-64-1 | 0.80{ 1.00E-01 " [ 8.005-02 | 5.71E+00 * - — - pf
2-Propene-1-ol 107-18-6 | 0.50| 5.00B-03 T | 2.50E-03 | 5.71E+00 © - - - -
2-Propyl aleohot 67-63-0 | 0.80 - - 5.71E+00 © - - . _
3-Heptanone 106-35-4_| 0.50 - ~ | 5.71E+00 * - - - -
3-Methyl-1-butanol 123-51-3 | 0.50 - ~ | s71E+00 - - - -
3-Methyl-2-butanone 563-80-4 | 0.50 - - | 5.71E+00 — - . -
3-Pentanone 96-22-0 | 0.50 - -~ | 5.71E+00 * - - - -
4-Heptanone 123-19-3 | 0.50 - — | s71E+00 " - — - -
4-Methyl-2-pentanone 108-10-1 | 0.80 | 8.00E-02 ¥ | 6.40E-02 | 2.29E-02 ** - - ~ -
4-Methyl-3-penten-2-one 141-79-7 | 0.50 - - 5.71E+00 © - - - -
5-Methyl-2-hexanone 110-12-3 | 0.50 - - | 5.71E+00 " - - N -
Acetaldehyde 75-07-0_|0.80 - - | 257803' - - 770E-03 9 | p2*
Acetamide 60-35-5 | 0.50 - - | 571E+00 - - _ —
Acetic acid 64-19-7 | 0.50 - - | 571E+00* - - - -
Acetic acid ethyl ester 141-78-6 | 0.80| 5.00E-01 © | 7.20E-01 | 5.71E+00 * - - — —
Acetic acid n-butyl ester 123-86-4 | 0.50 — - 5 71E+00 © - - - -
Acetonitrile 75-05-8 | 0.80 - " - 1.71E-02 ¢ - - - b’
Acrolein 107-02-8 | 0.80} 2.00E-02 5 | 1.60E-02 | 5.71E-06 " - — - c!
Acrylonitrile 107-13-1 | 0.80| 1.00E-03 % | 8.00E-04 | 5.71E-04 " | 5.40E-01 " | 6.75E-01 | 2.40E-01% | B1'
Bis(isopropylether 108-20-3 | 0.50 — - 5.71E+00 © — - - -
Butane 106-97-8 | 0.50 - ~ | 5371E+00 " - - - -
Carbon disulfide 75-15-0 ] 0.80] 1.00E-01 ¥ | 8.00E-02 | 2.00E-01°" - - - -
Cyanogen 460-19-5 | 0.80 | 4.00E-027 | 3.20E-02 | 5.71E+00 - - - -
Cyclohexane 110-82-7 | 0.50 [ 5.71E+00 ® | 2.85E+00 | 5.71E+00 " - — - -
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS Chronic Reference Dose (RfD) Cancer Slope Factor (SF)
Registry {mg/kg-day mg/kg-day)” EPA
Chemical of Potential Concern Number [GAF' Oral Dermal® | Inhalation® Oral Dermal’ | Inhalation Class” |
Cyclohexanone 108-54-1 | 0.50{ 5.00E+00 * | 2.50E+00 | 5.71E+00 & - - - -
Cycloh 110-83-8 | 0.50 - -~ | 571E+00* - - - .
Cyclopentane 287-92-3 | 0.50 - —~ 1 571E+H0 " - - - -
Ethyl alcohol 64-17-5 | 0.50 - —- | s7E+0F - - - -
Ethyl ether 60-29-7 | 0.80] 2.00E-01 " | 1.60E-01 | 5.71E+00 * — - - .
Ethyl methacrylate 97-632 | 0.80] 9.00E-02¢ | 7.20E-02 | 5.71E+00 © - - — -
Formaldehyde 50-00-0 | 0.80| 2.008-01 7 [ 1.60E-01 - - - 4.50E-02% | B1°'
Formamide 75-12-7 | 0.50 - - 5.71E+00 * - - - -
Formic acid 64-13-6 | 0.50]2.00E+00 8 | 1.00E+00 | 5.71E+00 -~ - - -
Formic acid, methyl ester 107-31-3 | 0.50 - —~ | s7iE+00 — — ~ _
Glycidylaldehyde 765-34-4 | 0.50| 4.00E-04 © | 2.00E-04 | 2.86E-04 % - - - B2 '
Methy] acetate 79-20-9 | 0.50 | 1.00E+00 ® | 5.00E-01 | 5.71E+00 - - - -
Methyl alcohol 67-56-1 | 0.80| 5.00E-01 " | 4.00E-01 { 5.71E+00 ¥ - - - _
Methyl isocyanate 624-83-9 | 0.50 - - 5.71E+00 — - . -
Methyl methacrylate 80-62-6 |0.80] 1.40E+00 © | 1.12E+00 | 2.00E-01 f — - - Ef
Methyl tert-butyl ether 1634-04-4 | 0.80 - - 8.57E-01 - - - -
Methylacetylene 74-99-7 | 0.50 — - | 5.71E+00 % - - - -
Methylcyclohexane 108-87-2 | 0.80 - - 8.57E-01 & - - - -
N,N-Dimethyl id 127-19-5 | 0.50 - - | 571E+00 - - - -
n-Butyl alcohol 71-36-3 | 0.50| 1.00E-017 | s5.008-02 | 5.71E+00 * - - - pf
n-Heptane 142-82-5 | 0.80 — - | s7E+r00* - — - D'
n-Hexane 110-54-3 | 0.80} 6.00E-02* { 4.80E-02 | 5.71E-02 ' - - - _
Nitromethane 75-52-5 1 0.50 - - | 5.71E+00 ¢ - - - _
n-Nonane 111-84-2 | 0.50 - - 8.57E-02 ¥ - - - -
n-Octane 111-65-9 | 0.50 - - 8.57E-02 ¢ - - - -
n-Pentane 109-66-0 | 0.50 -- - | 5.71E+00F - - - -
n-Propionaldehyde 123-38-6 | 0.50 - ~ | 571E+00 ¥ - - - -
n-Propyl alcohol 71-23-8 | 0.50 — — | 571E+00 * — - _ -
n-Valeraldehyde 110-62-3 | 0.50 - — | s7E+00* - - - -
Oxirane 75-21-8 | 0.80 - - - 1.02E+00 * | 1.285+00 | 3.50E-01° ] BI ®
p-Cymene 99-87-6 | 0.80 - — 8.57E-02 - - - -
Phasgene 75-44-5 | 0.50 - - | s71E+00* - - . -
Propargyl alcohol 107-19-7 | 0.80| 2.005-03 © | 1.60E-03 | 5.71E+00 " - - - ~
Propionic acid 79-09-4 [ 0.50 - — | smiE+00* - — - .
Propionitrile 107-12-0_} 0.50 - — | sTE+00* - - - -
Propylene glycol menomethyl ether 107-98-2 10.50| 7.00E-01 % 3.50E-01 5.71E-01 - - - -
p-tert-Butyltoluene 98-51-1 | 0.50 - - | smE+00* - N - _
Triethylamine 121-44-8 | 0.80 - - 2.00E-03 - - - -
Trimethylamine 75-50-3 | 0.50 - —~ | s7iE+00*F - - - -
Vinyl acetate 108-05-4 | 0.80 | 1LOOE+00 * | 8.00E-01 | 5.71E-02' - - - -
Non-ar tic Hal ted Hydrocarbons

1,1,1,2-Tetrachloro-2,2-difluoroethane 76-11-9 | 0.50 - - - -- - - -
1,1,1,2-Tetrachloroethane 630-20-6 | 0.80| 3.00E-02 © | 2.40E-02 - 260E-02° | 325502 | 260E-02% | cf
1,1,1-Trichloroeth 71-55-6 | 0.80] 2.00E-01' | 1.60E01 | 6200 - - - D’
1,1,2 2-Tetrachlore-1,2-difluoroethane 76-12-0 | 0.50 - - - - — - -
1,1,2,2-Tetrachloroeth 79-34-5 | 0.80 - - - 200E-01 T | 2.50E-01 [ 2008018 | Cf
1,1,2,2-Tetrachloroethene 127-18-4 {080 6.00E-02" | 4.80E-02 | 1.108-01" | 5.20E-02' | 6.50E-02 | 200E-03° | -
1,1,2-Trichloroethane 79-00-5 | 0.80| 4.00E-03 © | 3.20E-03 - s70E02 " | 7.13E02 | 5708028 | Cf
1,1,2-Trichloroethylene 79.01-6 | 0.80| 3.00E-04 " | 2.40E-04 | 1.14E-02" | 4.00E-01" | S00E-01 ] 400E01* | —
1,1-Dichloroethane 75-34-3 | 0.80| 1.00E-01® | 8.00E-02 | 1.43E01°*" - - - cf
1,1-Dichloroethene 75354 | 0.80| 500602 ' | 400802 | 5718027 | 6.00E-01" | 7.50E-01 | 1.20E+008 | C'
1,2,2-Trichloro-1,1,2-triflucroethane 76-13-1 | 0.80{3.00E+01 © | 2.40E+01 | 8.57E+00 ¢ - - - -
1,2,3-Trichloropropane 96-18-4 | 0.80 | 6.00E-03 © | 4.80E-03 - 7.00E+00 & | 8.75E+00 - B2 ¢
1,2-Dibromo-3-chloropropane 96-12-8 | 0.80 — - 571E-05 " | 1.40E+00% | 1.75E+00 | 2.40E-03F | B2 °®
1,2-Dichloro-1,1,2,2-tetrafluorcethane 76-14-2 | 0.80 -- - - - - - -
1,2-Dichloroethane 107-06-2 | 0.80 | 3.00E02 " | 240602 | 140E-03" | 9108027 | 114601 | 9.10E-025 | B2
1,2-Dichloroethylene 540-59-0 | 0.80 | 9.00E-03 ¢ | 7.20E-03 — - - — -
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS Chronic Reference Dose (RfD)) Cancer Slope Factor (SF)
Registry (mg/kg-day me/ke-day)’ EPA
Chemical of Potential Concern Number [GAF Oral Dermal’ | Inhalation® Oral Dermal’ { Inhalation | Clags
1,2-Dichloropropane 78-87-5 | 0.80 - - 1.14E-03 © | 6.80E-02 ® | 8.50E-02 - BZ_"I
1,3-Dichloropropene 542756 | 0.50| 3.00E02F | 1.50E-02 | 5.71E-03" [ 1.00E-01® | 200E-01 | 140E-02% | B2f
1,4-Dichloro-2-butene 764-41-0 | 0.80 - — -~ - -~ 930E+00* | B2 ®
1-Chlorocthene 75-01-4 | 0.80| 3.00E-03 240E-03 | 286E-02" | 1.40E+00 © | 1.75E+00 | 3.08E-02 b At
2,2-Dichloropropionic acid 75-99-0 | 0.50] 3.00E-02 1.50E-02 - — -- - -
2-Chloropropane 75-29-6 | 0.80 - - 2.86E-02 & - - -- -
3-Chloropropene (Ally! chloride) 107-05-1 | 0.80 - " - 2.86E-04 © - - - ct
Bromochlor h 74-97-5 1 0.80 - - - - s - D!
Bromodichloromethane 75-27-4 | 0.80| 2.008-02 1.60E-02 - 6.20E-02 " | 7.75B-02 — B2’
Bromosthene 593-60-2 | 0.80 - - 8.57E-04 ' - - - " |m*
Bromoform 75-25-2 | 0.80| 2.008-02 * | 1.60E-02 - 7.90E-03 " | 9.83E-03 [ 3.90E-03% | B2
Bromoinethane 74-83-9 | 0.80] 1.40E-03 ° | 1,12E-03 | 143E-03 7 - - - p’
Carbon tetrachloride 56-23-5 | 0.80] 7.008-04 5.60E-04 — 1.30E-01 © 1.63E-01 | 5.30E-02¢ | B2!
Chlorodibromomethane 124-48-1 | 0.80| 2.00E-02 ' | 1.60E-02 - 8.40E-02 © | 1.05E-01 - c'
Chlorodiflucromethane 75-45-6 | 0.80 - -~ | 143E+01 ] - - - -~
Chloroeth 75-00-3 | 0.80 - - | 286E+00 7 - - - -
Chloroform 67-66-3 | 0.80] 1.00E-02 8.00E-03 | 8.57E-p5' 6.10E-03 763E-03 | 8.10E02° | B2T
Chloromethane 74-87-3 1 0.80 - - | 2smE02f - - - D'
Chloropentafluoroethane 76-15-3 10.50 - — - - -- -- -
cis-1,2-Dichloroethene 156-59-2 | 0.80[ 1.00E-02® | 8.00E-03 - -- -~ -- pf
cis-1,3-Dichlgropropene 10061-01-5] 0.80 - - - - - — -
Cyanogen bromide 506-68-3 {0.80] 9.00E-02 " | 7.206-02 - - - - -
Cyanogen chloride 506-774 | 0.80| 5.00E-02 " | 4.00E-02 -~ - - - —
Dichloredifiuoromethane 75-71-8 | 0.8¢| 2.00E-01 * | 1.60E-01 | 5.71E-02 -~ -- - -
Dichlorofluoromethane 75-43-4 | 0.50 - - - - - - -
Dichlor h 75092 | 0.80] 6.00E-02 ' | 4.805-02 | 857E-01% | 7.50E-03" 938E-03 | 1.658-03 Y | B2 '
Difluorodibromomethane 75-61-6 | 0.50 - - - - - - -
Hexafluoroacetone 684-16-2 | 0.50 -- -- - - - - -
lodomethane 74-88-4 | 0.80 -~ -- - - -- - -
Methylene bromide 74-95-3 | 0.80 | 1.00E-02 *™| 8.00E-03 -- - - - -
Pentachloroethane 76-01-7 | 0.50 -- - - - -- - -
trans-1,2-Dichloroethylene 156-60-5 | 0.80 | 2.00E-02 " 1.60E-02 - — - - -
trans-1,3-Dichloropropene 100661-02-61 0.80 - -- - - - - -
Trichloroacetic acid 76-03-9_| 0.50 - - - - ~ - ct
Trichlorofluoroethane 27154-33-2] 0.50 -- — - - - - -
Trichlorofluoromethane 75-69-4 0.80| 3.00E-01 ' 2.40E-01 2.00E-01 & - - - -
Triflucrobromomethane 75-63-8 | 0.50 - — -- - — -- -
Dioxin and Furan Compounds (PCDDs/PCDFs)

1,2.3,4,6,7,8-Heptachlorodibenzo(p)dioxin | 35822-46-9{ 0.50 - - -- TEF * TEF ? TEF *? —
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-41 0.50 - - -~ TEF ? TEF? TEF P -
1,2.3,4,7,8 9-Heptachlorodibenzofuran 55673-89-7| 0.50 - — - TEF P TEF? TEF ? -
1,2.3,4,7,8-Hexachlorodibenzo{p)dioxin 39227-28-6] 0.50 - - - TEF ? TEF? TEF ? -
1,2,3.4,7,8-Hexachlorodibenzofuran 70648-26-9] 0.50 - - - TEF ° TEF* TEF * -
1,2,3,6,7,8-Hexachlorodibenzo(p)dioxin ] 57653-85-7/ 0.50 - - - TEF? | TEF? TEF® | --
1,2,3,6,7,8-Hexachloradibenzofuran 57117-44-9] 0.50 - - - TEF ° TEF? TEF * -
1,2,3,7,8,9-Hexachlorodibenzo(p)dioxin 19408-74-3] 0.50 - - - TEF ¢ TEF ° TEFY | B2 !
1,2,3,7,8,9-Hexachlorodibenzofuran 72918-21-9] 0.50 -- - - TEF * TEF? TEF ? -
1,2,3,7,8-Pentachlorodibenzo{p)dioxin 40321-76-4] 0.50 - - - TEF * TEF? TEF ? -
1,2.3,7,8-Pentachlorodibenzofuran 57117-41-6| 0.50 - - - TEF ? TEF* TEF -
2.3 4,67 8-Hexachlorodibenzofuran 60851-34-5| 0.50 - - - TEF TEF P TEF P -
2,3,4,7,8-Pentachlorodibenzofuran 57117-31-4] 0.50 - - - TEF P TEF® TEF? | -
23,7 8-Tetrachlorodibenzo(p)dioxin 1746-01-6 | 0.50 - - - 1.00E+06 ¥ | 2.00E+06 | 1.00E+06 ™ | B2 &
2,3,7,8-Tetrachlorodibenzofuran 51207-31-91 0.50 - - - TEF ? TEF? TEF P -
Dibenzofuran 132-64-9 | 0.50 | 4.00E-03 ' 2.00E-03 - - - - —
Qctachlorodibenzo(p)diexin 3268-87-9 | 0.50 - - - TEF * TEF* TEF P -
Octachlorodibenzofuran 39001-02-0 0.50 - - - TEF ? TEF? TEF ? -
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS Chronic Reference Dose (RfD) Cancer Slope Factor (SF)
Registry (mg/kg-day) (mg/]ig—day)‘l EPA
Chemical of Potential Concern Number [GAF" Oral | Dermal® | Inhalation® Oral | Dermal’ | Inhalation Class' |

Polychlorinated Biphenyls (PCBs)
2.2'3,3 4 4',5-Heptachlorobiphenyl 35065-30-6 ] 0.80 - - - TEF ' TEF ' TEF * --
2.2',3,4,4',5,5'-Heptachlorobiphenyl 35065-29-3] 0.80 - - - TEF ' TEF* TEF ' -
2,3,3' 4 4" 5'-Hexachlorobiphenyl 69782-90-7| 0.80 - — - TEF ' TEF " TEF ' -
2,3,3' 4,4, 5-Hexachlorebiphenyl 38380-084 ] 0.80 - — -- TEF ' TEF® TEF ' —
2,3,3' 4.4 5,5'-Heptachiorobiphenyl 39635-31-2] 0.80 - .- - TEF ' TEF® TEF ' -
2,3,3.4,4"-Pentachiorobiphenyl 32598-14-4 | 0.80 - - - TEF * TEF© TEF ' -
2.3' 44,5, 5" Hexachlorobiphenyl 52663-72-6 | 0.80 - - — TEF ' TEF® TEF * -
2,3,4,4',5-Pentachlorobiphenyl 74472-37-0( 0.80 .- - — TEF * TEF' TEF * -
23' 4. 4' 5-Pentachlorobiphenyl 31508-00-61 0.80 — - -- TEF " TEF® TEF * —~
2'3,4,4',5-Pentachlorobiphenyl 65510-44-3 | 0.80 - - - TEF * TEF' TEF * --
3.3 4.4'5 5 Hexachlorobiphenyl 32774-16-6| 0.80 - - - TEF* | TEF' TEF® | -
3,3' 4,4',5-Pentachlorobiphenyl 57465-28-8| 0.80 - - - TEF * TEF' TEF * -
3,3' 4,4"-Tetrachlorobiphenyl 32598-13-31 0.80 - - - TEF * TEF' TEF ' -
3,4,4',5-Tetrachlorobiphenyl 70362-50-41 0.80 - - - TEF ’ TEF' TEF ' -
Polychlorinated biphenyls (PCBs) 1336-36-3 | 0.80 | 2.00E-05 * | 1.60E-05 — 2.00E+00 ™ | 2.50E+00 | 2.00E+00 ™ | B2 |

Phihal
Bis(2-ethylhexyl) phthalate (DEHP) 117-81-7 | 0.50| 2.00E-02 © | 1.00E-02 - 140502 ¢ | 2.80E-02 - B2 !
Butylbenzyi phthal 85-68-7 |0.50| 2.00E-017 | 1.00E-01 - - - - cf
Dibutyl phthalate 84742 |0.50} 1.00E-617 | 5.00E-02 - - - - Df
Dicthyl phthalate 84-66-2 | 0.50| 8.00E-01 7 | 4.00E-01 - - - — D'
Dimethy! phthal 131-11-3 | 0.50 " - - - - — Df
n-Dioctyl phthalate 117-84-0 | 0.50| 2.00E-02 ® 1.00E-02 - - - - -

Light Polycyclic Aromatic Hydrocarbons (molecular weight <200 g/mole
2-Chloronaphthalens 91-58-7 | 0.58| 8.00E-02 7 | 4.64E-02 — - - - -
2-Methyl naphthalene 91-57-6 | 0.58] 2.00E-02 ' 1.16E-02 | 857604 - - - -
5-Nitroacenaphtt 602-87-9 10.58 - - -- - - - -
Acenaphthene 83-32-9 | 0.58| 6.00E-02 " | 3.48E-02 - - - - -
Acenaphthylene 208-96-8 | 0.58 - - - - - - -
Anthracene 120-12-7 | 0.58 | 3.00E-01 1.74E-01 — - - - Df
Fluorene 86-73-7 | 058 400602 " | 2.32E-02 - - - - D'
Indene 95-13-6 | 0.58 — - - - -~ - -
Naphthalene 9120-3 |058| 200602 | 1.16E02 | B57E-04 f - - - c’
Phenanthrene 85-01-8 | 0.58 - - - - - - D'
Pyrenc 129-00-0 | 0.58] 3.00E-02 £ | 1.74E-02 - -~ - - pf

Heavy Polycyclic Aromatic Hydrocarbons (molecular weight >200 g/mole)
3-Methylcholanthrene 56-49-5 | 0.58 - - - - - — -
5-Methylchrysene 3697-24-3 | 0.58 -- - - - - - -
Benzo[a)anthracene 56-55-3 | 0.58 - - - TEF" | TEF* TEF" | B2'
Benzo[a]pyrene 50-32-8 | 0.58 - - - 7.306+00 ¥ | 1.26E+01{ 3.10E+00" | B2 '
Benzo[a,i]pyrene 191-30-0 | 0.58 - - - — - -- -
Benzo[b]fluoranthene 205-99-2 |0.58 _ - - TEF® | TEF® TEF" | B2f
Benzo[e]pyrene 192-97-2 1 0.58 -- - - - - - -
Benzo[g hi]perylene 191-24-2 [ 0.58 - - - - - - D'
Benzo[j]fluoranthene 205-82-3 | 0.58 - - — - -- - -
Benzo[k]fluoranthene 207-08-9 {0.58 - - - TEF " TEF" TEF" | B2
Chrysene 218-01-9 [ 058 - - - TEF * TEF" TEF® | B2f
Dibenz{a h]acridine 226-36-8 | 0.58 - -- -- - - - -
Dibenz[a,h]anthracene 53-70-3 | 0.58 - -- - TEF * TEF" TEF" | B2
Dibenz[a,jJacridine 224-42-0 {0.58 - - - - - - —
Dibenzo[a,e]fiuoranthene 5385-75-1 1 0.58 - — - - - — -
Dibenzo[a,e]pyrene 192-65-4 | 0.58 - - -- - - - -
Dibenzo{a,h]fluoranthene No CAS # | 0.58 - - - - - - -
Dibenzo{a,h]pyrene 189-64-0 | 0.58 - - - - - - --
Dibenzo[a,i]pyrene 189-55-9 1 0.58 - — - -~ - - -
Fluoranthene 206-44-0 | 0.58] 4.00E-027 | 2.32E-m2 - - - - D’
Hexachloronaphthal 1335-87-1 | 0.58 — - — — - - --
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CAS Chronic Reference Dose (RfD) Cancer Slope Factor (SF)
Registry (mg/kg-day me/kg-day)” EPA
Chemical of Potential Concern Number [GAF' Oral Dermal’ | Inhalation® Oral Dermal® | Inhalation Class” |
Indeno(1,2,3-cd]pyrene 193-39-5 | 0.58 - - - TEF " TEF" TEF" | B2
Octachloronaphthalene 2234-13-1 | 0.58 - - - - - .- -
Pentachlorcnaphthalene 1321-64-8 ] 0.58 - - - - - - -
Tetrachloronaphthal 1335-88-2 | 0.58 - - — - - - -
Trichloronaphthalene 1321-65-9 | 0.58 - - - - - - -
Light Substituted B C. ds (molecular weight <200 g/mole)
1,2,3-Trichlorobenzene 87-61-6 | 0.80 -- - - - - - -
1,2 4-Trichlorobenzene 120-82-1 | 0.50] 1.00E-02 ' | 5.00E-03 | 5.71E-02 ¢ - - - Dt
1,2,4-Trimethyl benzene 95-63-6 | 0.80] 5.00E-02' | 4.00E-02 | 1.71E-03! — - - -
1,2-Dichlorobenzene 95.50-1 [0.50| 9.00E-02 " | 4.50E-02 | 5.71E-02 " -- - - Dt
1,3,5-Trimethyl benzene 108-67-8 |0.80| 5.00E-02' | 4.00E-02 | 1.71E-03! - - - —
1,3-Dichlorobenzene 541-73-1 ] 0.50 - - - - - - pDf
1,3-Dinitrobenzene 99-65-0 | 0.50| 1.00E-04 © | 5.00E-05 - - - - pf
1,4-Dichlorobenzene 106-46-7 | 0.50 = - 229E-01 ° | 2.40E-02 % | 4.80E-02 -~ [k
1,4-Dinitrobenzene 100-25-4 | 0.50| 4.00E-04 ® | 2.00E-04 -- - - — -
2 4,5-Trichlorophenol 95-95-4 | 0.50| 1.00E-01 © | 5.00E-02 - - - — -
2,4,6-Trichlorophenol 88-06-2 [ 0.50 - - - 1.10E-02 © | 2.20E-02 | 100E-02®% | B2
2 ,4-Dichlorephenol 120-83-2 | 0.50 | 3.00E-03 1.50E-03 - - - - -
2,4-Dimethylphenol 105-67-9 | 0.50] 2.008-02 © | 1.00E-02 - - - - -
2 4-Dinitrophenol 51-28-5 | 0.50| 2.00E-03 © | 180E-03 - - - - -
2 4-Dinitrotolueng 121-14-2 | 0.50] 2.00E-03 * | 1.00E-03 - 6.80E-01 ™ | 1.36E+00 - B2!
2,6-Dinitrotoluene 606-20-2 | 0.50 | 1.00E03 ® | 5.00E-04 - 6.80E-01 ™ | 1.36E+00 - B2’
2-Chlorophenol 95-57-8 | 0.50| 5.00E-03 1 | 2.50E-03 - - - - -
2-Chlorotoluene 95.49-8 | 0.80 | 2.00E-02 1,60E-02 — - - - -
2-Nitrophenol 88-75-5 | 0.50 - - - - - - -
4 6-Dinitro-o-cresol 534-52-1 10.50 - - - — - - -
4-Chlorotoluene 106-43-4 | 0.80 - - - - - - -
4-Nitrophenol 100-02-7 | 0.50 - — - - - - -
alpha-Methylstyrene 98-83-9 | 0.80| 7.00E-02 *"| 560E-02 - - - - -
Aniline 62-53-3 10.50 - - 286E-04 " | 570E-03 7 | 1.14E-02 - B2f
Benzotrichloride 98-07-7 050 — -- - 130640t T | 2.60E+01 - B2
Benzyl chloride 100-44-7 1 0.80 - - - 1.70E-01 | | 2.13E-01 - B2'
Bromobenzene 108-86-1 | 0.80 - - - - - - -
Chlorobenzene 108-90-7 | 0.80{ 2.00E02 " | 1.60E-02 | 5.71E-03 #" — - — D’
Cumene 98-82-8 | 080/ 1.00E01" | 8.00E02 | 1.14E-01° - - - Df
m-Cresol 108-39-4 | 0.50] 5.00E-02 " | 2.50E-02 - — - - c!
n-Butyl benzene 104-51-8 | 0.80 — - - - - - -
Nitrobenzene 98-95-3 | 0.50| 5.00E-04 7 [ 2.50F-04 | 571E-04 * - -- - nf
n-Propyl benzene 103-65-1 1 0.80 - - - - — - -
o-Cresol 95-48-7 {050 5.00E-02 ¢ | 2.50E-02 - - - - c!
o-Dinitrobenzene 528-29-0 | 0.50 | 4.00E-04 £ | 2.00E-04 - -- — - D’
o-Nitroaniling 88-74-4 | 0.50 - - 5.71E-05 ¢ - - - -
o-Toluidine 95-53-4 | 0.50 - - - 2.40E-01 % | 4.80E-01 -- B2 ¢
p-Chloroaniline 106-47-8 | 0.50 | 4.00E-03 © | 2.00E-03 - - - - -
p-Cresol 106-44-5 | 0.50| 5.00E-03 ¢ | 2.50E-03 — - - - cf
Phenol 108-95-2 | 0.50] 3.00E-01 © | 1.50E-01 - - - - Df
p-Nitrochlorobenzene 100-00-5 | 0.50 - - - - - - .
p-Toluidine 106-49-0 | 0,50 — — - 1.90E-01 ® | 3.80E-01 - CcE
sec-Butyl b 135-98-8 1 0.80 —~ - - - - - -
tert-Butyl benzene 98-06-6 | 0.80 - - - - — - -
Toluene-2,6-diami §23-40-5 | 0.50| 2.00E-01 8 | 1.00E-01 - - - - -
Trimethyl benzene 25551-13-7] 0.50 - — -- — - - -
Other Light Semivolatile Compounds (molecular weight <200 g/mole)

1,1-Biphenyl 92-52-4 |0.50] 5.00E-02 " | 2.50E-02 - -- - - D!
1,1-Dimethylhydrazine 57-14-7 | 0.50 - - - 2.60E+00 " | $.20E+00 | 3.50E+00" | -
1,2-Dimethylhydrazine 540-73-8 | 0.50 - - - 3.70E+01 " | 7.40E+01 | 3.70E+01 " | B2 &
1,2-Diphenylhydrazine 122-66-7 | 0.50 - - - 200E-01 ¥ | 1.60E+00| 800E-01% | B2
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CAS Chronic Reference Dose (RiD) Cancer Slope Factor (SF)
Registry (mg/kg-day mg/kg-day)y”’ EPA
Chemical of Potential Concern Number [GAF" Oral Dermal” | Inhalation® Orat Dermal’ | Inbalation Class®
1,3-Propane sultone 1120-71-4 | 0.50 - — - - - - -
2 4-Toluene diisocyanate 584-84-9 | 0.50 - - - — - - -
2-Chloroacetophenone 532-27-4 | 0.50 - - 8.57E-06 © — - - -
2-Propenoic acid 79-10-7 |0.50| 5.00E-01 " | 2.50E-01 | 2.86E-04F - — - -
4.4'-Methylenedianiline 101-77-9 | 0.50 -- - - - " - - -
Acetophenone 93-86-2 | 0.50] 1.00E-01 " | 5.00E-02 - " - — - D'
Benzoic acid 65-850 | 0.50| 4.00E+60 © | 2.00E+00 -- - - — pf
Bis(2-chloroethoxy)methane 111-91-1 ] 0.50 - - - - - - D'
Bis(2-chioroethyl) ether 111-44-4 | 0.50 - - - L10E+00 © | 2.20E+00 | 1.10E+00% | B2 '
Chlorocyclopentadiene 41851-50-7| 0.50 - -- -- — - — D!
Cyclohexanol 108-93-0 { 0.50 - - - - - - -
Dichloroisopropyl ether 108-60-1 | 0.50 - - - 7.00E-02 * | 1.40E-01 | 3.50E-02° (ol
Dichloromethyl ether 542-88-1 [ 0.50 - - - 2.20E+02 © | 4.40E+02 | 2.20E+02 ¢ Af
Dichloropentadiene 61626-71-9{ 0.50 - - - - - — .
Dimethyl sulfate 77-78-1 [0.50 - - - - - - B2f
Dimethylaniline 121-69-7 | 0.50| 2.00E-03 1.00E-03 — - - - -
di-n-Propylnitrosamine 621-64-7 | 0.50 - - - 7.00E+00 | 1.40E+01 - B2f
Diphenyl ether 101-84-8 | 0.50 - - - — - - -
Epichlorohydrin 106-89-8 | 0.50 | 2.00E-03 ® 1.00E-03 | 2.86E-04 ' | 9.90E-03 1.986-02 | 4.20E-03% | B2 '
Ethyl cart {Urethane) 51-79-6 | 0.50 - - - - - - -
Ethyl meth lfonate 62-50-0 10.50 - - - - - - -
Ethylene dibromide 106-93-4 | 0.50 - - S7IE-05°% |850E+01° | 1.70E+02| 7.60E-01% | B2 '
Ethylene glycol 107-21-1 | 0.50 | 2.00E+00 " | 1.00E+00 - - - - -
Ethylene glycol monobutyl ether 111-76-2 | 0.50] 5.00E-01 © | 2.50E-01 | 3.71E+00 " - — - -
Ethylene glycol monoethyl ether acetate 111-15-9 | 0.50| 3.00E0% ™| 1.50E-01 - - - — -
Ethylene thiourea 96-45-7 | 0.50| 8.00E05 " | 4.00E-05 - LIOE-01® | 2.20E-01 - B2 ¢
Furfurai 93-01-1 | 0.50 | 3.00E-03 1.50E-03 | 1.43E-02 " - -- - -
Maleic hydrazide 123-33-1 | 0.50| 5.00E-01 © | 2.50E-01 - - - - -
Malononitrile 109-77-3 | 0.50 | 2.00E-05 ® 1,00E-05 - -- - - -
Methyl styrene (mixed isomers) 25013-15-4| 0.50 | 6.00E-03 *™| 3.00E-03 | 1.14E-02 %" - - - -
Methylhydrazine 60-34-4 | 0.50 - - - 1.10E+00 & | 2.20E+00 | 1.10E+00 ° -
N,N-Diphenylamine 122-39-4 {0.50| 2.50E-02 1,25E-02 - - - - -
Nitric acid, propyl ester 627-13-4 | 0.50 - — - - - - -
N-Nitrosodi-n-butylamine 924-16-3 [ 0.50 - - - 540E+00 © | 1.08E+01 | 540E+00% | B2 '
N-Nitrosomorpholine 59-89-2 | 0.50 - — - -- - - --
N-Nitroso-N,N-dimethylamine 62-75-9 | 0.50 - — - 5.10E+01 * 1,02E+02 § 5.10E+01 % B2
o-Anisidine 90-04-0 | 0.50 - - - - - - -
Oxalic acid 144-62-7 { 0.50 - - - - — - -
Phthalic anhydride 85-44-9 | 0.50 | 2.00E+00 ' 1.00E+00 | 3.43E-02 % - - - —
p-Phthalic acid 100-21-0 | 0.50 | 1L.OOE+00 ¥ | 5.00E-01 - - - - -
Pyridine 110-86-1 | 0.50] 1.005-03 5.00E-04 - - - - -
Quincling 01-22-5 | 0.50 - -- - 1.20E+01 & | 2.40E4+01 - [
Quinone 106-51-4 | 0.50 -- - - - - — -
Safrole 94-59-7 [ 0.50 - - — -- - - -
Tetrahydrofuran 109-99-9 } 0.50 - - - - - - -
Other Heavy Semivolatile Compounds (molecular weight >200 g/mole)
1,2,4,5-Tetrachlorobenzene 95-94-3 [0.50] 3.00E-04 ° 1.50E-04 -~ - — - -
1,3,5-Trinitrobenzene 99-35-4 | 0.50] 3.00E-02 1.50E-02 - -- - - -
2,6-Bis(tert-butyl)-4-methylpheno] 128-37-0 { 0.50 - - - - — - -
2-Cyclohexyl-4,6-dinitrophenol 131-89-5 | 0.50] 2.00E-03 T 1.00E-03 - - - - -
2-sec-Butyl-4,6-dinitrophenol 88-85-7 |0.50] 1.00E-03 7 | 5.00E-04 - — - - p!
3,3-Dichlorobenzidine 91-94-1 [0.50 - - - 4.50E-01 7 | 9.00E-01 - B2
3,3-Dimethoxybenzidine 119-90-4 | 0.50 - - - 140E-02 % | 2.80E-02 - B2 ¢
4-Bromophenylphenyl ether 101-55-3 | 0.50 - - - - - - pDf
Ammonium perfluorooctanoate 3825-26-1 { 0.50 - - - - - - -
Azobenzene 103-33-3 [ 0.50 - - -- 110601 T | 2.20E-01 | L10E-01° | B2f
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CAS Chronic Reference Dose (RfD) Cancer Slope Factor (SF)
Registry (mg/kg-day mg/kg-day)” EPA
Chemical of Potential Concern Number [GAF Oral Dermal” | Inhalation® Oral Dermal’ | Inhalation | Class®
Bis(3-tert-butyl-4-hydroxy-6-methyl-
iphenyl)sulfide 96-69-5 | 0.50 - - - - - - —
Captan 133-06-2 | 0.50| 1.30E-01 © | 6.50E-02 - 3.50E-03 & | 7.00E-03 - B2 ®
Chlorobenzilate 510-15-6 | 0.50| 2.00E-02 © | 1.00E-02 - 2.70E-01 % | 540601 ] 270E-01% i B2°®
Dibutylphosphate 107-66-4 | 0.50 - - - - - -- -
Dimethyl aminoazob 60-11-7 1050 - - - — - - —
Hexachlorobenzene 118-74-1 [ 0.50| 8.00E-04 © | 4.00E-04 - 1.60E+00 | | 3.20E+00 | 1.60E+00% | B2 F
Hexachlorobutadi 87-68-3 | 0.50| 2.00E-04 | 1.00E-04 - 780E-02° | 1.56E-01 | 7.80E-025 { C°
Hexachlorocyclopentadi 77-47-4 10.50] 7.00E-03 ¢ | 3.50E-03 | 5.71E-05% - ~ - Df
Hexachloroethane 67-72-1 | 0.50] 1.00E-03 © | 5.00E-04 - 140E-02 7 | 2.80E-02 | 1.40E-02% [ c”
Hexachlorophene 70-30-4 | 0.50| 3.00E-04 1.50E-04 — - - - -
Hexamethylene-1,5-diisocyanate 822-06-0 | 0.50 - - 2.86E-06 -- -- - -
Mirex 2385-85-5 | 0.50 | 2.00E-04 ¥ | 1.00E-04 - 1.80E+00 " | 3.60E+00 | 1.80E+00° | B2 8
Nitrofen 1836-75-5 | 0.50 - - - - - - -
Pentachlorobenzene 608-93-5 | 0.50| 8.00E-04 4 00E-04 -~ -~ -- - Df
Pentachlorenitrobenzene 82-63-8 | 0.50] 3.00E-03 7 | 1.50E-03 = 2.60E-01 ® | 5.20E-01 - c?
Pentachlorophenol 87-86-5 | 0.76]| 3.005-02 " | 2.28E-02 - 1.208-01 ' | 1.58E-01 - p2f
Picric acid 88-89-1 | 0.50 - - - - - — -
Pronamide 23950-58-5| 0.50| 7.50E-02 ' | 3.75E-02 - - - - -
Strychnine 57-249 | 0.50! 3.00E-04 " | 1.50E-04 - - — - -
Terphenyls 26140-60-3 [ 0.50 -- - - - — -- -
Tributyl phosphate 126-73-8 | 0.50 - - - - - - -
Trifluralin 1582-09-8 [ 0.50 | 7.50E-03 © [ 3.75E-03 - 7.70E-03 © | 1.54E-02 - cf
Triphenylamine 603-34-9 | 0.50 - - - - - - -
Herbicides and Organochlorinated Pesticides

24.5T 93.76-5 |0.50] 100E-02" | 5.00E-03 - — - - -
2,4-D and esters 94-75-7 | 0.90] 1.00E-02 7 | 9.00E-03 - - - - -
4,4-DDD 72-54-8 | 0.50 - - - 240E-01 T | 4.80E-01 - B2 f
4,4-DDE 72-55-9 | 0.50 - - - 340E-01 " | 6.80E-01 - B2’
4,4'DDT 50-29-3 | 0.70| 5.00E-04 ¢ | 3.50E-04 - 340601 ¥ | 4.865-01 | 3405018 | B2 '
Aldrin 309-00-2 | 0.50| 3.00E-05 " | 1.50E-05 - 1.70E+01 ¥ | 3.40E401 | 1.70E4018 | B2 f
alpha-BHC 319-84-6 | 0.50 - - - 6.30E+00 T | 1.26E+01 | 6.30E+00 ¢ | B2
beta-BHC 319-85-7 | 0.50 - - - 1.80E+00 © | 3.60E+00 | 1.808+00¢ | Cf
Chlordane 57749 |080| 5006047 | 4.00E-04 | 2.00E-04 © | 3.50E-017 | 4.38E-01 | 1.30E+00® | B2 '
delta-BHC 319-86-8 | 0.50 - - - - - - Df
Dieldrin 60-57-1 !0.50| 5.00E-05 F | 2.50E-05 - 1.60E+01 ¢ | 3.20E+01 | 1.60E+01* | B2
Endothall 145-73-3 [ 0.50| 2.00E-02 © | 1.00E-02 - - - - -
Endrin 72-20-8 |0.50] 3.00E-04 " | 1.50E-04 - - - - Df

BHC (Lindane) 58-89-9 | 0.50| 3.00E-04 " | 1.50E-04 - 1.30E+00 & | 2.60E+00 - B2 ?
Heptachlor 76-44-8 |0.50| 5.008-04 " | 2.50E-04 - 4.50E+00 ¢ | 9.00E+00 | 4.50E+00% | B2
Isodrin 465-73-6 | 0.50 - - - - — - -
Methoxychlor 72-43-5 | 0.50| s.00E-03 7 | 2.50E-03 - - - - D
Silvex (2,4,5-TP) 93-72-1 ]0.50] 8.00E-03* | 4.00E-03 - - - - Df
Toxaphene 3001-35-2 | 0.50 - - - 1.10E+00 © | 2.20E+00 | 1.10E+008 | B2 '
-- = no value available

* GAF = Gastrointestinal absorption factor {unitless). Values taken from Risk Assessment Guidance for Superfund (RAGS), Part E (CCN 064329), which fists values for
specific chemicals, as well as values for groups of chemicals (for example, 80 % for other volatile crganics). Where a range of values is provided in RAGS Part E, the lower value
in the range (the most conservative value) is used.

® Dermal reference dose (RID,) calcutated from oral RfD (RED,) and GAF as: RfDy = RID, x GAF,

¢ Calculated from reference concentration (RfC). RIC values are provided in Table 7-9.

4 Dermal slope factor (SF,) caleulated from oral SF (SF,) and GAF as: SF,; = SF/GAF.

= US Environmental Protection Agency (EPA) cancer classification: A = human carcinogen; B = probable human carcinogen (B1 indicates limited human evidence, B2
indicates sufficient evidence in animals and inadequate or no evidence in humans); C = possible human carcinogen; D = not classifiable as to human carcinogenicity; and
E = evidence of noncarcinogenicity for humans.

" Source: Integrated Risk Information System (IRIS).

8 Source: Health Effects Assessment Summary Table (HEAST).
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Table 7-7 Toxicity Values for Human Health Risk Assessment: Organic COPCs

CAS Chronic Reference Dose (RID) Cancer Slope Factor (SF)
Registry (mg/kg-day) (l'llg/kg—dly)'l EPA
Chemical of Potential Concern Number GAF'|  Oral | Dermal’ | Inhalation’ Oral | Dermal’ | Inhalation | Clags®

® Value withdrawn from IRIS or HEAST.
° Route-to-route extrapolation (between oral and inhalation values).
P Exposure concentrations are converted to equivalent concentrations of 2,3,7,8-Tetrachlorodibenzo(p)dioxin (2,3,7,8-TCDD) by multiplying the concentration by the
toxicity equivalency factor (TEF). The resulting 2,3,7,8-TCDD equivalent concentration is evaluated using the SFs for 2,3,7,8-TCDD. TEF values are provided in Table 7-13.
9 IRIS reports a slope factor for Hexachlorodibenzo(p)dioxin mixtures; however, this value is not used in the quantitative risk assessment. Instead, these congeners are
included in the evaluation of the 2,3,7,8-TCDD equivalent concentration.
" Exposure concentrations of coplanar "dioxin-like" PCBs are converted to equivalent concentrations of 2,3,7,8-TCDD by muitiplying the concentration by the TEF.
The resulting 2,3,7,8-TCDD equivalent concentration is evaluated using the SFs for 2,3,7,8-TCDD. TEF values are provided in Table 7-13.
* Value for Aroclor-1254.

* The cancer potency of polychlorinated biphenyl (PCB) mixtures is determined using a three-tiered approach that depends on the information available. Criteria for use of

the High Risk and Persistence Tier include: food chain exp ; sedi or soil ingestion; dust or aerosol inhalation; dermal exposure if an absorption factor has been
applied; any early-life exposure; and the presence of dioxin-like, tumor-promoting, or persistent congeners. This value, 2.00E+00 per (mg/kg)/day, is the upper-bound slope
factor for the High Risk and Persistence Tier. The central-estimate slope factor for this tier is 1.00E+00 per (mg/kg)/day.

* Exposure concentrations are converted to equivaient concentrations of benze[alpyrene by multiplying the concentration by the TEF. The resulting benzo[alpyrene
equivalent concentration is evaluated using the slope factors for benzo[a]pyrene. TEF values are provided in Table 7-13.

¥ Listed as "Dinitrotoluene mixture, 2,4-/2,6-" in IRIS. The value is based on a study using technical-grade DNT.

¥ Value from EPA Headquarters, as directed by EPA Region 10.
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Table 7-8 Toxicity Values for Human Health Risk Assessment: Inorganic COPCs

CAS Chroenic Reference Dose (RfD) Cancer Slope Factor (SF)

Registry {mg/kg-day) mg/kg-day)’ EPA
Chemical of Potential Concern | Number GAF* Oral l I)ermal"l Inhalation® Oral Dermal® Inhalation | Class®

Metals
Aluminum 7429-90-5 | 0.20 - - - - — - -
Antimony 7440-36-0 | 0.15 | 4.00E-04 f { 6.00E-05 - — - - -
Arsenic 7440-38-2 | 095 | 3.00E-04 f | 2.85F-04 - 1.50E+00 f | 1.58E+00| 1.51E+01 "8 | Af
Barium 7440-39-3 [ 007 | 7.008-02° | 4.90E-03 | 1.43E-04" — - - Df
Beryllium 7440-41-7 { 0.007 | 2.00E-03 * | 1.40E-05 | 571E-06 " - ! - 840E+00" | B
Bismuth 7440-69-9 | 0.20 - - - - - - —
Boron 7440-42-8 | 020 | 9.00B-02 7 | 1.80E-02 | s71E03 " - — - -
Cadmium (diet and soil) 7440-43-9 [ 0.025]| 1.00B-03 ¥ | 2.50E-05 -- - - 6.30E+00 & | B1 Y
Cadmium {water) 7440-43-9 | 0.05 | 5.00E-04 ¥ | 2.50E-05 — — - 630E+00 % | B1 !
Calcium 7440-70-2 | 0.20 - — — - — - -
Chromium (as Cr™) 18540-29-9( 0.025]| 3.00E-03 f | 7.50E-05 | 2.86E-05 % - - 420E+01 % | A
Cobalt 7440-48-4 | 0.20 - — - - - - -
Copper 7440-50-8 | 0.20 - - - -- - - Df
Iron 7439-89-6 | 0.20 - - - - - - —
Lead 7439-92-1 | 0.20 - - - - - _ Y
Lithium 7439-93-2 | 0.20 - - — - - - _
Magnesium 7439-95-4 | 0.20 - -- - - - - -
|Manganese {diet) 7439-96-5 | 0.04 | 1.40E-01 *' | 560E-03 - - - - Df
Manganese (water and soil) 7439-96-5 | 0.04 | 4.60E-02"' | 1.84E-03 | 1.43E-05 ' — - - Df
Mercury 7439-97-6 | 0.74 - — 8.57B-05 ' - - - Df
Mercury - Hg+2 7487-94-7 | 007 | 3.00E-04 F | 2.10E-05 — - - — cf
Methylmercury 22967-92-6| 0.95 | 1.00E-04 © | 9.50E-05 - — — - cf
Molybdenum 7439.98-7 | 0.20 | 5.00B-03 © | 1.00E-03 - - - - -
Nickel 7440-02-0 | 0.04 | 2.00E-02 "™ | 8.00E-04 - - - 840E01 " A"
Potassium 7440-09-7 | 0.20 - - - - - - _
Rhodium 7440-16-6 | 0.20 - - - _ _ - _
Selenium 7782-49-2 | 030 | 5.00E-03 f | 1.50E-03 - - - - D!
Silicon 7440213 | 0.20 - — - - - - _
Silver 7440.22-4 | 0.04 | 5.00E-03 7 | 2.00E-04 - — - - Dt
Sodium 7440-23-5 | 0.20 - — - — - - -
Strontium 7440-24-6 | 0.20 | 6.00E-01° | 1.20E-01 — — - - .
Tantalum 7440-25-7 | 0.20 - — - - - - -
Thaltium 7440-28-0 | 1.00 | 6.60E-05 7 | 6.60E-05 — — - - D'
Tin 7440-31-5 | 0.20 | 6.00E-01® | 1.20E-01 — - - - -
Tungsten 7440-33-7 | 0.20 - - - - — - -
Uranium 7440-61-1 | 0.20 | 3.005-03 ¥ | 6.00E-04 - — - - .
Vanadium 7440-62-2 | 0.026| 7.00E-03 " | 1.82E-04 — - — - -
Yttrium 7440-65-5 | 0.20 — _ - — - - -
Zinc 7440-66-6 | 0.19 | 3.00E-01 © | 5.70E-02 — — — - Df
Zirconium 7440-67-7 | 0.20 - - - - - - -

Non-metals and Anions
Ammonia/Ammonium 7664-41-7 | 0.20 - - 2.86E-02 — - - -~
Bromide 24959-67-9| 0.20 - — - - ~ - _
Chloride 16887-00-6| 0.20 — — - - - - _
Cyanide 57-12-5 | 047 | 200E-02 7 | 9.40E-03 — - - — Df
Fluoride 16984-48-8} 0.20 | 6.00E-02 7 | 1.20E-02 - — - - _
Hydroxide 14280-30-9| 0.20 - — - - - - -
Todine 7553-56-2 | 0.20 - - - - - - _
Nitrate 14797-55-8| 0.20 | 1.60E+00 " | 3.20E-01 — — — - -
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Table 7-8 Toxicity Values for Human Health Risk Assessment: Inorganic COPCs

CAS Chroenic Reference Dose (RfD) Cancer Slope Factor (SF)
Registry {mg/kg-day) mg/kg-day)’ EPA
Chemical of Potential Concern| Number | GAF' Oral Dermal® | Inhalation® Oral Dermal’ | Inhalation | Class®
Nitrite 14797-65-0| 0.20 | 1.00E-01 f 2.00E-02 - - . - -
Phosphate 14265-44-2| 0.20 - — - - - - -
Phosphorus 7723-14-0 | 0.20 - - - - - - —
Sulfate 14808-79-8]| 0.20 - - - - - - -
Total sulfur 63705-05-5| 0.20 — -- -- - - - -
Criteria Pollutants
Carbon monoxide 630-08-0 [ 0.20 — - - - - - -
Nitrogen dioxide 10102-44-0| 0.20 ~- ¢ - - - - - -
Ozone 10028-15-6] 0.20 - - - - - - -
Particulate matter No CAS # | 0.20 - - - - - - -
Sulfur dioxide 7446-09-5 | 0.20 - -- - - - - -

-- = no value available.

" GAF = Gastrointestinal absorption factor {unitless). Values taken from Risk Assessment Guidance for Superfind (RAGS), Part E (CCN 064329), which lists values
for specific chemicals, as well as values for groups of chemicals {e.g., 20 % for other inorganics). Where a range of values is provided in RAGS Parnt E, the lower value
in the range (the most conservative value) is used.

® Dermal reference dose {RfDy) calculated from oral RfD (RfD,) and GAF as: RfD, = RfD, x GAF.

© Calculated from reference concentration (RfC). RfC values are provided in Table 7-9.

4 Dermal slope factor (SFy) calculated from oral SF (SF,) and GAF as: SFy = SF,/GAF.

* US Environmental Protection Agency (EPA) cancer classification: A = human carcinogen; B = probable human carcinogen (B1 indicates limited human evidence, B2
indicates sufficient evidence in animals and inadequate or no evidence in humans); C = possible human carcinogen; D = not classifiable as to human carcinogenicity; and
E = evidence of noncarcinogenicity for humans.

"Source: Integrated Risk Information System (IRIS).

£ The inhalation slope factor was calculated from inhalation unit risk. Unit risk values are provided in Table 7-10.

" Source: Health Effects Assessment Summary Table (HEAST),

1 value withdrawn from TRIS or HEAST.

i The oral toxicity values for "Cadmium (Diet)" are used for soil and food uses while the oral toxicity values for "Cadmium (Water)" are used for water uses only.

¥ Value shown is for chromium V1 particulates.

YIRIS no longer separates manganese values for chronic oral RfDs into water and diet RfDs. The chronic oral RfD for the total oral intake of manganese is
1.40E-01. However, when assessing exposure to manganese from drinking water or soil, IRIS recommends using a2 modifying factor of 3, thereby lowering the
RfD to 4.67E-02, which has been rounded to 4.6E-02. Rounding to 4.7E-02 is more accurate, but makes the value less conservative. HEAST values remain
separated into water and diet subchronic RfDDs.

™ This entry was formerly listed in IRIS as Nickel (metallic) with the CAS number 7440-02-0. The chemical name was changed to nickel (soluble salts) so that it

more accurately indicates the chemicals used in the studies from which the values were derived. Several different nickel salts were used, so the listing of one
CAS number has been replaced in IRIS with the word various,

" Value shown is for nickel refinery dust.
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical CAS Reference Inhalation Inhalation Inhalation
of Registry | Concentration (RfC)| Reference Dose (RfD) Unit Risk Cancer Slope Factor
Potential Concern Number (mg/m’) (mg/kg-day) (mg/m’)" {mg/kg-day)”

Aromatic Halogenated Hydrocarbons

Aromatic Nonhalegenated Hydrocarbons
Benzene 71-432 9.00E-03 ® 2.57E-03 ** 7.80E-03 2.73E-02 ©°
Ethyl benzene 100-41-4 1.00E+00 ° 2.86E-01 °* - -
m-Xylene 108-38-3 1.00E-01* 2.86E-02 ** - -
o-Xylene 95-47-6 1.0DE-01 " 2.86E-02 ™ - -
p-Xylene 106-42-3 1.00E-01 " 2.86E-02 ™ - -
Styrene 100-42-5 1.0E+00 © 2.86E-01 * - -
Toluene 108-88-3 4.00E-01 ° 1.14B-01 - —

Non-aromatic Nonhalogenated Hydrocarbons
1,2-Epoxybutanc 106-88-7 2.00E-02 5.71E-03 ** - -
1,3-Butadiene 106-99-0 2.00E-03 5.715-04 ™ 3.00B-02 ¢ 1.0SE-01 °**
1,4-Dioxane 123-91-1 2.00E+01 * 5.71E+00 - -
1-Methylpropyl alcohol 78-92-2 2.00E+01 * 5.71E+00 ™ - -
1-Nitropropane 108-03-2 2.00E+01 * 5.71E+00 ™ - -
2,2,4-Trimethylpentane 540-84-1 3.00E-01 8.57E-02 *F - -
2-Butanone 78-93-3 1.O0E+00 © 2.86E-01 *© - —
2-Butenaldehyde (2-Butenal) 4170-30-3 2.00E+01 5.71E+00 - -
2-Ethoxyethanol 110-80-5 2.00E-01 5.71E-02 ™ - -
2-Heptanone 110-43-0 2.00E+01 f 5.71E+00 * - -
2-Hexanone 591-78-6 5.00E-03 1.43E-03 - -
2-Methoxyethanol 109-86-4 2.00E-02 5.71E-03 *° — -
2-Methyl-2-propanol 75-65-0 2.00E+01 5.71E+00 ™ - -
2-Methyl-2-propenenitrile 126-98-7 7.00E-04 & 2.00E-04 "% - -
2-Methylaziridine 75-55-8 2.00E+01 | 5.71E+00 - -
2-Methylpropyl alcohol 78-83-1 2.00E+01 7 5.71E+00 *f - ~
2-Pentanone 107-87-9 2.00E+01 { 5.71E+00 > - -
2-Propanone (Acetone) 67-64-1 2.00E+01 £ 5.71E+00 * - -
2-Propene-1-0l 107-18-6 2.00E+01 ! 5.71E+00 *f - -
2-Propyl alcohol 67-63-0 2.00E+01 ¢ 5.71E+00 - -
3-Heptanone 106-35-4 2.00E+01 * 5. 71E+00 ™ - -
3-Methyl-1-butanol 123-51-3 2.00E+01 { 5. 71E+00 ™ - -
3-Methyl-2-butanone 563-80-4 2.00E+01 ° 5.71E+00 ™ - -
3-Pentanone 96-22-0 2.00E+01 * 5.715+00 *f - -
4-Heptanone 123-193 2.00E+01 * 5.71E+00 *f - -
4-Methyl-2-pentanone 108-10-1 8.00E-02 ¥ 2.26E-02 & - -
4-Methyl-3-penten-2-one 141-79-7 2.00E+01 5.71E+00 ™ - -
5-Methyl-2-hexanone 110-12-3 2.00E+01 ¢ 5.71E+00 ™ - -
Acetaldehyde 75-07-0 9.00E-03 ¢ 2.57E-03 % 2.20E-03 ° 7.70E-03 °
Acetamide 60-35-5 2.00E+01 * 5.71E+00 > - -
Acetic acid 64-19-7 2.00E+01 f 5. 71E+00 ™ - -
Acetic acid ethyl ester 141-78-6 2.00E+01 f 5.71E+00 ™ - -
Acetic acid n-butyl ester 123-86-4 2.00E+01 * 5.71E+00 *F - -
Acetonitrile 75-05-8 6.00E-02 1.71E-02 b - -
Acrolein 107-02-8 2.00E-05 5.71E-06 *° - —
Acrylonitrile 107-13-1 2.00E-03 ° 5.73E-04 ¢ 6.80E-02 2.40E-01 ®
Bis(isopropyl)ether 108-20-3 2.00E+01 ' 5TIE+00 - -
Butane 106-97-8 2.00E+01 ° 5.71E+06 - -
Carbon disulfide 75-15-0 7.00E-01 ° 2.00E-01 °* - -
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical CAS Reference Inhalation Inhalation Inhalation
of Registry | Concentration (RfC)|{ Reference Dose (RfD) Unit Risk Cancer Slope Factor
Potential Concern Number (mg/m’) (mg/kg-day) (mg/m’)” (mg/kg-day)"
Cyanogen 460-19-5 2.00E+01 f 5.71E+00 ™ - -
Cyclohexane 110-82-7 2.00E+01 ° 5.71E+00 ** - -
Cyclohexanone 108-94-1 2.00E+01 f 5.71E+00 ™ - -
Cyclohexene 110-83-8 2.00E+01 ¢ 5.71E+00 ™ - -
Cyclopentane 287-92-3 2.00E+01 ° 5.71E+00 - -
Ethy} alcohol 64-17-5 2.00E+01 £ 5.71E+00 * - -
Ethy} ether 60-29-7 2.00E+01 ¢ 5.71E+00 ¥ - -
Ethyl methacrylate 97-63-2 2.00E+01 ¢ 5.71E+00 % - -
Formaldehyde 50-00-0 - - 1.30E-02 °© 4.50E-02 *
Formamide 75-12-7 2.00E+01 ¢ 5.71E+00 ™ - —
Formic acid 64-18-6 2.00E+01 ¢ 5.71E+00 ™ - -
Formic acid, methyl ester 107-31-3 2.00E+01 ¢ 5.71E+00 *f - —
Glycidylaldehyde 765-34-4 1.00E-03 & 2.86E-04 "¢ - —
Methyl acetate 79-20-9 2.00E+01 5.71E+00 * - —
Methyl alcohol 67-56-1 2.00E+01 5.71E+00 - -
Methyl isocyanate 624-83-9 2.00E+01 5.71E+00 * - -
Methyl methacrylate 80-62-6 7.00E-01 ° 2.00E-01 = -
Methyl tert-butyl ether 1634-04-4 3.00E+00 © 8.57E-01 - -
Methylacetylene 74-99-7 2.00E+01 ¢ 5.71E+00 ** - -
Methylcyclohexane 108-87-2 3.00E+00 * 8.57E-01 %8 - -~
N, N-Dimethylacetamide 127-19-5 2.00E+01 * 5.71E+00 ™ - -
n-Butyl alcohol 71-36-3 2.00E+01 * 5.71E+00 - —
n-Heptane 142-82-5 2.00E+01 5.71E+00 *f - -
n-Hexane 110-54-3 2.00B-01 ° 5.71E-02 *° - -
Nitromethane 75-52-5 2.00E+01 * 5.71E+00 *F - -
n-Nonane 111-84-2 3.00B-01 8.57E-02 ™ - -
n-Octane 111-65-9 3.00B-01 8.57E-02 f - -
n-Pentane 109-66-0 2.00E+01 | 5.71E+00 > - -
n-Propionaldehyde 123-38-6 2.00E+01 ' 5.71E+00 - -
n-Propyl alcohol 71-23-8 2.00E+01 © 5.71E+00 > - -
n-Valeraldehyde 110-62-3 2.00E+01 * 5.71E+00 - -
Oxirane 75-21-8 - — 1.00E-01 ® 3.50E-01 *
p-Cymene 99-87-6 3.00E-01 8.57E-02 ™ - -
| Phosgene 75-44-5 2.00E+01 5.71E+00 ™ - -
Propargyl alcohol 107-19-7 2.00E+01 { 5.71E+00 * — -
Propionic acid 79-09-4 2.00E+01 * 5.71E+00 - -
Propionitrile 107-12-0 2.00E+01 ' 5.71E+00 ™ - -
Propylene glycol monomethyl ether 107-98-2 2.00E+00 © 5.71E-01 ¢ - --
p-tert-Butyltoluene 98-51-1 2.00E+01 | 5.71E+00 - -
Triethylamine 121-44-8 7.00E-03 © 2.00E-03 *° ~ -
Trimethylamine 75-50-3 2.00E+01 5.71E+00 - -
Vinyl acetate 108-05-4 2.00E-01 © 5.71E-02 "¢ - -
Non-aromatic Halogenated Hydrocarbons

1,1,1,2-Tetrachloroethane 630-20-6 - - 7.40E-03 ° 2.60E-02
1,1,1-Trichloroethane 71-55-6 2.20E+00 6.29E-01 ™ - -
1,1,2,2-Tetrachlorogthane 79-34-5 - - 5.80E-02 2.00E-01 &
1,1,2,2-Tetrachloroethene 127-184 3.85E-01 * 1.10E-01 ** 5,80E-04 * 2.00E-03 ¢
1,1,2-Trichloroethane 79-00-5 - - 1.60E-02 © 570B-02
1,1,2-Trichloroethylene 79-01-6 4.00E-02 ° 1.14E-02 ** - 4.00E-01 *
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical CAS Reference Inhalation Inhalation Inhalation
of Registry | Concentration (RfC)| Reference Dose (RfD) Unit Risk Cancer Slope Factor
Potential Concern Number (mg/m”) (mg/kg-day) {mg/m”)" (mg/kg-day)™
1,1-Dichlorethane 75-34-3 5.00E-01 * 1.43E-01 % - -
1,1-Dichloroethene 75-354 2.00E-01 ° 5.71E-02 ** 5.00E-02 1.20E+00 &
1,2,2-Trichloro-1,1,2-triflucroethane 76-13-1 3.00E+01 & 8.57E+00 *% - -
1,2-Dibromo-3-chloropropane 96-12-8 2.00E-04 °© 5.71E-05 ™* 6.90E-04 & 2.40E-03 &
1,2-Dichloroethane 107-06-2 4.90E-03 * 1.40E-03 2.60E-02 © 9.10E-02 **
1,2-Dichloropropane 78-87-5 4.00E-03 ° 1.14E-03 ** -~ -
1,3-Dichloropropene 542-75-6 2.00E-02 °© 5.71E-03 " 4.00E-03 ° 1.40E-02 *°
1,4-Dichloro-2-butene 764-41-0 - - 2.60E+00 & 9.30E+00 &
1-Chloroethene 75-014 1.00B-01 ° 2.86E-02 °* 8.80E-03 ° 3.08E-02 °°
2-Chleropropane 75-29-6 1.00E-01 & 2.86E-02 "% - -
3-Chloropropene (Allyl chloride) 107-05-1 1.00E-03 © 2.86E-04 ** - -
Bromoethene 593-60-2 3.00E-03 ° 8.57E-04 ** - -
Bromoform 75-25-2 - - 1.10E-03 © 3.90E-03 &
Bremomethane 74-83-9 5.00E-03 © 1.43E-03 ** - -
Carbon tetrachloride 56-23-5 - - 1.50E-02 © 5.30E-02 &
Chiorodifluoromethane 75-45-6 5.00E+01 ° 1.43E+01 > - -
Chloroethane 75-00-3 1.00E+01 © 2.86E+00 ** - -
Chloroform 67-66-3 3.00E-04 " 8.57E-05 > 2.30E-02 ° 8.10E-02 *
Chloromethane 74-87-3 9.00E-02 ° 2.576-02 >° - -
Dichlorodifluoromethane 75-71-8 2.00E-01 & 5.71E-02 ¥ - -
Dichloromethane 75-09-2 3.00E+00 8 8.57E-01 >¢ 4.70E-04 © 1.65E-03 *°
Trichlorofluoromethane 75-69-4 7.00E-01 & 2.00E-01 "% - -
Polychlorinated Biphenyls (PCBs)
Polychlorinated biphenyls (PCBs) 1336-36-3 | - - I s7iem | 2.00E+00
Phthalates
Light Polycyclic Aromatic Hydrocarbons (molecular weight <200 g/mole)
2-Mcthyl naphthalene 91-57-6 3.00E-03 " 8.57E-04 ™ - -
Naphthalene 91-20-3 3.00E-03 ° 8.57E-04 *° - -
Heavy Polycyclic Aromatic Hydrocarbons (molecular weight >200 g/mole)
Benzo[a]pyrene 50-32-8 - - [ 310E+00®
Light Substituted Benzene Compounds (molecular weight <200 g/mole)
1,2,4-Trichlorobenzene 120-82-1 2.00E-01 ® 5.71E-02 B¢ - --
1,2,4-Trimethyl benzene 95-63-6 6.00E-03 " 1.71E-03 ™ - -
1,2-Dichlorobenzene 95-50-1 2.00E-01 & 5.71E-02 b - —
1,3,5-Trimethyl benzene 108-67-8 6.00E-03 " 1.71E-03 * - —
1,4-Dichlorobenzene 106-46-7 8.00E-01 © 2.29E-01 ** - -
2,4,6-Trichlorophenol 88-06-2 - - 3.10E-03 © 1.00E-02 ®
Aniline 62-53-3 1.00E-03 © 2.86E-04 b* - -
Chlorobenzene 108-90-7 2.00E-02 & 5.71E-03 " - -
Cumene 98-82-8 4.00E-01 © 1.14E-01 ¢ - -
Nitrobenzene 98-95-3 2.00E-03 ¥ 5.71E-04 > - -
o-Nitroaniline 88-74-4 2.00E-04 ® 5.71E-05 *2 - -
Other Light Semivolatile Compounds (molecular weight <200 g/mole)
1,1-Dimethyihydrazine 57-14-7 - - - 3.50E+00
1,2-Dimethylhydrazine 540-73-8 - - - 3.70E+01*
1,2-Diphenylhydrazine 122-66-7 - - 2.20E-01 © 8.00E-01 &
2-Chloroacetophenone 532-274 3.00E-05 ¢ 8.57E-06 *¢ - -
2-Propenoic acid 79-10-7 1.00E-03 © 2.86E-04 b* - —
Bis{2-chloroethyl) ether 111-44-4 - - 3.30E-01 ° 1.10E+00 ®
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Table 7-9 Toxicity Values for Human Health Risk Assessment in Original Units: Organic COPCs

Chemical CAS Reference Inhalation Inhalation Inhalation
of Registry | Concentration (RfC) | Reference Dose (RfD) Unit Risk Cancer Siope Factor
Potential Concern Number (mg/m”) (mg/kg-day) (mg/m’)" (mg/kg-day)"
Dichloroisopropyl ether 108-60-1 - - 1.00E-02 ® 3.50E-02 *
Dichloromethyl ether 542-88-1 - - 6.20E+01 © 2.20EH02 ¢
Epichlorohydrin 106-89-8 1.00E-03 © 2.86E-04 b* 1.20E-03 ° 4.20E-03 &
Ethylene dibromide 106-934 2.00E-04 & 5.71E-05 ™* 2.20E-01 © 7.60E-01 *
Ethylene glycol monobutyl ether 111-76-2 1.30E+01 © 3.71E+00 >° -- -
Furfural 98-01-1 5.00E-02 & 1.436-02 °& - -
Methy] styrene (mixed isomers) 25013-154 4.00B-02 & 1.14E-02 b - —
Methylhydrazine 60-34-4 - - 1.10E+00 ™
N-Nitrosodi-n-butylamine $24-16-3 - - 1.60E+00 © 5.40E+00
N-Nitroso-N,N-dimethylamine 62-759 - -- 1.40E+01 © 5.10E+01 ®
Phthalic anhydride 85-44-9 1.20E-01 ® 3.43E-02 ** - -
Other Heavy Semivolatile Compounds (molecular weight >200 g/mole)
Azobenzene 103-33-3 - - 3.10E-02 © 1.10E-01 ®
Chlorobenzilate 510-15-6 - - 7.80E-02 & 2.70E-01 #
Hexachlorobenzene 118-74-1 - -- 4.60E-01 © 1.60E+00 ®
Hexachlorobutadiene 87-68-3 - - 2.20E-02 © 7.80E-02 *
Hexachlorocyclopentadiene 77-474 2.00E-04 5.71E-05 * - -
Hexachloroethane 67-72-1 - -- 4.00E-03 * 1.40E-02 *
Hexamethylene-1,5-diisocyanate 822-06-0 1.00E-05 © 2.86E-06 - -
Mirex 2385-85-5 - - -- 1.80E+00 *
Herbicides and Organochlorinated Pesticides
4.4-DDT 50-29-3 - - 9.70E-02 ° 3.40E-01 ®
Aldrin 309-00-2 - -- 4 90F+00 © 1.70E+01 &
alpha-BHC 319-84-6 - - 1.80F+00 © 6.30E+00 &
beta-BHC 319-85-7 - - 5.30E-01 © 1.80E+00 &
Chlordane 57-74-9 7.00E-04 © 2.00E-04 *° 1.00E-01 © 1.30E+00 ¢
Dieldrin 60-57-1 - - 4 60E+00 © 1.60E+01 &
Heptachlor 76-44-8 - -- 1.30E+00 © 4.50E+00 *
Toxaphene 8001-35-2 - - 3.20E-01 © 1.10E+00 ®

-- = no value available.

® Provisional value from National Center for Environmental Assessment (NCEA).

® The inhalation RfD was calculated from the inhalation RfC,

¢ Source: Integrated Risk Information System (IRIS).

4 provisional values provided by the Superfund Health Risk Technical Support Center as noted in the Risk Assessment Information System (RAIS),
maintained by the Oak Ridge National Laboratory (see hutp.//risk.sd.oml. gov/tox/tox_values.shtml).

© The inhalation slope factor was calculated from inhalation unit risk.

 Recommended reference doses for petroleum fractions and individual hazardous substances (MTCA hydrocarbon guidance).

8 Source: Health Effects and Environmental Affects Summary Table (HEAST).

" Provisional value from EPA Region 10,

! These noncancer toxicity values are found in agency documents, but were calculated by alternative methods that are not currently practiced
by the RFD/RC Work Group. These values are considered to be adequate provisional values for risk assessment purposes at Superfund and RCRA sites, but
are subject to be reviewed by the RED/RfC Work Group.

i Withdrawn value from IRIS 