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EXECUTIVE SUMMARY

Introduction

The Human Hedth Risk Assessment Workplan (workplan) describes the site-specific approach for
performing the human hedth risk assessment at the Midnite Mine Superfund Site location (Site).
The Site is an inactive open pit uranium mine, located on the Spokane Indian Reservation,
approximately 8 miles northwest of Wellpinit, the nearest population center, in Washington State.
The city of Spokaneis gpproximately 35 miles from the mine sSite. Conditionsin the Ste area have
resulted in releases of radionuclides and metas to media that may pose an unacceptable risk to
human hedith.

The EPA’soverdl god with repect to the Remedid Investigation/Feasibility Study at this Steisto
investigate and remediate, as warranted, to protect human hedth and the environment, and to have
the stakeholdersinvolved in the process of making these Site decisions. The genera approach for
conducting the risk assessment will follow EPA’s risk assessment guidance and data qudity
objectives process..

Data Usability

The firgt gep in the human hedth risk assessment (HHRA) process will be to evduate the historica
data and data generated during the remedid investigation to determine whether they are of adequate
qudity for usein quantifying risks. Higtorica data that may be used in the risk assessment are
available from studies performed by Ecology and Environment, Inc., Shepherd Miller, Inc., and the
U.S. Bureau of Mines. URS has supplemented the historica data with data from two sampling
efforts (Phases 1A and 2A/1B). Datathat ishistorica or generated during the remedia investigation
will be evaluated to determine whether they are of adequate quality for usein quantifying risks.

Data judged to be of adequate quality will be further reviewed to determine whether detection limits
are sufficiently low for the intended risk assessment.

Selection of Chemicals and Radionuclides of Concern (COCs)
Methodology

Chemicals and radionuclides of potentia concern (COPCs) at the Site consist of metas and
radionuclides in the uranium-238, uranium-235, and thorium-232 decay series. COCswill be
selected separately for each medium in each exposure area at the Site. First, concentrations of
COPCsin soils, sediment, surface water, and groundwater will be compared with local background
concentrations to distinguish COPCs devated above background from other COPCs in the Site
area. COPCs with concentrations elevated above background concentrations will be further
evaluated to salect COCsin each specific medium in each exposure area. All COPCs elevated
above background that are detected in specific medium/ exposure areas will be considered COCs,
except for cacium, magnesium, potassium, and sodium which are essentid nutrients without toxicity
factors that do not require quantitative evauation. A risk-based screen will not be used in the
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selection of COCs because assumptions typicaly used in deriving screening levels were not
intended for tribal scenarios.

Exposure Assessment

The exposure assessment section in the Workplan describes the methodology to be used to
esimate human exposure at the site. Specificdly, the section describes Ste setting; current and
future land use and potentialy exposed people; CSM's and the pathways by which people may be
exposed; how EPCs of COCswill be calculated; and the intake equations and exposure factors that
will be used to estimate the intake for each COC, exposure pathway, and receptor

Site Description

The leased area of the mine encompasses approximately 811 acres, of which 321 acres were
developed during mining operations. The mine ceased operations in 1981, leaving approximeately
two and one-half million tons of ore/protore, and 33 million tons of waste rock on site. Oxidation of
sulfide-containing minerds, primarily pyrite, exposed to oxygen on the mine pit wals, waste rock,
and ore/protore materias produces acidic water. This acidic water then chemicaly leaches
uranium, other radioactive congtituents, and other metal's from the waste rock. Dissolved metas can
then be transported in soil, surface water, sediments, and groundwaeter at the Site.

The study areais currently divided into the mined area (MA) and the potentialy impacted area
(PIA). The MA isdefined asthe 321 acres where the ground surface has been visibly disturbed by
mining operations. The PIA isthe area surrounding the MA that may have been affected above
background levels by the previous mining activities.

The mgor MA featuresinclude two large partialy water-filled mining pits (Fits 3 and 4), backfilled
pits, large areas of graded and partialy re-vegetated spoils and waste rock from mining activities,
and numerous stockpiles of ore and protore. Recharge to the groundwater system in the MA is
from precipitation faling on the MA and the Northwest Ridge. The mgority of the water that
infiltrates and becomes groundwater at the site moves through the waste rock and adluvium and
flows across the surface of the bedrock. During the passage through the waste rock, the water
reacts with mineras in the rock which contribute radionuclides, metals, and mgor ions such as
aulfate to the groundwater. Much of thiswater discharges at the three mgor seeps adong the south
face of the South Spoils waste rock. A seep collection system is currently operated by the Dawn
Mining Company to collect seep flows and return the water to Fit 3 for subsequent water trestment
prior to discharge in the East Drainage.

Extensve upland habitat is found within the MA; however, the qudity of the upland habitat has been
physicaly degraded. The physicaly disturbed upland habitat in the MA is generdly of limited extent
and poor qudity for wildlife use, dthough smdl isolated stands of remnant coniferous forest occur
on gpparently undisturbed ground patches within the MA.
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The PIA isthe area surrounding the MA that is potentialy affected by previous mining activities at
the gte. The nature and extent of the mine-affected areawill be characterized based on results of
the Rl studies now in progress. In these studies, concentrations of congtituentsin the area
surrounding the MA will be compared to concentrations at background locations to estimate the
likely extent of mining-related effects.

Extensve upland habitat is found within the PIA, which appears largely undisturbed from mining
activities. Thisupland habitat is dominated by coniferous forest. The dominant forest cover typein
the project areais an overstory of either ponderosa pine or amixture of ponderosa pine and
Douglasfir of uneven aged size class with adengty ranging from light to full. Steep habitat is found
on the west bank of the middle and lower portions of Blue Creek and open habitat is found on the
western bank of the lower portion of Blue Creek.

Seven drainages in the PIA receive runoff from portions of the MA: Western Drainage, Central
Drainage, Eastern Drainage, Northeastern Drainage, Northern Drainage, Far West Drainage, and
Southwestern Drainage. Based on sampling results for surface water and aquatic sediments,
portions of the Western, Central, and Eastern drainages and the downstream parts of Blue Creek
nearest to the site have likely been impacted by contaminant sourcesin the MA. Whether other
drainagesin the PIA have dso been affected above background levels (i.e., mine affected) is
currently being evaluated.

Blue Creek ultimately receives water and sediment from these drainages. Blue Creek flowsto Lake
Roosevdt, gpproximately 4.5 milesfrom the Ste area. Vegetation is relatively dense in and around
the southern drainages and Blue Creek inthe PIA.

There are severd unpaved roads (haul roads) in the PIA that were covered with gravel derived
from stockpile materid from the MA. In addition, these haul roads may have been impacted by ore
from the MA logt from trucks during mining operations.

Identification of Land Use and Potentially Exposed People

The Steislocated entirely within the 154,000-acre Spokane Indian Reservation. The Spokane
Indians are part of the Interior Salish group who inhabited northeastern Washington, northern ldaho,
and western Montana. The Spokane Indian Reservation was origindly set asde by agreement in
1877 between the Spokane Tribe of Indians and the United States. Appendix C presents
additiona historical and current information regarding the Spokane Tribe of Indians.

Current Land Use

No one currently lives on or near the MA or PIA. Land at and near the MA or PIA is primarily
used by members of the Tribe to support atraditiond lifestyle that includes subsstence,
culturd/spiritud, and medicina components.
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The primary current land use & and near the Ste is hunting, gathering, and fishing by members of the
Tribe to support their traditional way of life. These subsistence activities are essentia to support
nutritiona, cultura/spiritud, and medicina needs. Processing of gathered materids includes the
washing and preparation for food, medicine, and other purposes.

Thetraditiona diet for the Tribe includes big game, fish, smal mammals, insects, grubs, frogs, and
plants. Different portions of each plant and anima are used for traditional purposes. For example,
every portion of big game such as deer, ek, bear, cougar, and wolverine, and of livestock is used
for specific subsistence, cultural/spiritud, or medicina purposes. Portions of plants are harvested as
needed (e.g., roots, flowers, and leaves are often harvested without destroying the plant, allowing
for future root growth) and used for subsistence, cultura/spiritua, or medicina purposes. Medicind
uses of plants can include direct ingestion, derma or subdermal application, gpplication in open cuts,
and inhaation (includes smoking). The traditiond diet dso includes home-grown garden produce
and livestock.

Members of the Tribe may work in the MA or PIA collecting environmental samples, engaging in
restoration/reclamation/construction work, and caring for natural and cultura resources and tribal
property. The Site areamay be used by members of the Tribe for conducting swest lodge
ceremonies. In addition, areas dong Blue Creek and at the confluence of Blue Creek and Lake
Roosavelt are currently used by members of the tribe for ceremonial purposes (e.g., pow-wows,
horse races, seasona ceremonid activities). Eldersin the Tribe teach avariety of indoor and
outdoor traditiond activitiesin the MA and PIA.

Parts of the MA and PIA could currently be used for recreationa purposes (e.g., adults and older
kids could wadein creeksinthe PIA). It isnot known whether any members of the Tribe swimin
the two open pits. Thereisarecreationad beach owned by the Tribe at the confluence of Blue
Creek and Lake Roosavet, 4.5 milesfrom the MA. The Tribe has stated that al residents use the
haul roadsin the PIA for transportation.

Groundwater from wellsis not known to be used in the MA or PIA. Water from seeps, springs,
and drainagesin the PIA could currently be used in a sweet lodge ceremony or ingested by hunters,
gatherers, workers, and other vigtorsto the PIA. It is not known whether water from the two open
pitsis used for these purposes.

Future Land Use

Future land use in the Ste arealis expected to remain Smilar to current land use, in that it will be
used for traditiond activities (subsistence, culturd/spiritua, medicind), field work, transportation,
and recreationd purposes and for livestock foraging. In addition, future resdentia use of theland in
the PIA isaposshility. Groundwater in the PIA could be used in the future for domestic purposes
and swest lodge ceremonies if supply wells were to be constructed in the PIA for such purposes.
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Inthe MA, residentia exposure and domestic use of groundwater from wells are each considered
to be extremely unlikdy future scenarios. EPA expects that risks for hypothetica resdentsin the
MA will be shown to be high enough to require a response action, and that restrictions against
resdentia use will be part of any response action. At thistime, any remedy for the MA islikdy to
include containment/capping, which will necessitate restrictions on land use to protect the remedy.

Potentially Exposed People in the Site Area

Potentidly exposed people in the Ste area are assumed to include families currently resding offste
on the reservation and future families resding in the PLIA. The future resdent who livesinthe PIA is
congdered the most exposed receptor based on current and reasonably anticipated future land use.

Residentia exposure with domestic use of groundwater is considered to be an extremey unlikey
future scenario for the MA. Nevertheless, a hypotheticd future resdentia scenario inthe MA will
be evauated for risk management purposes or, if thereisachange in land use, to assess whether a
remedy may need to be reevauated.

By necessity of limitationsin the knowledge of many of the determinants of exposure, the scenarios
evaduated in the workplan require smplifying assumptions. Thisistrue of dl risk assessments, but it
is especidly true at the Midnite Mine Superfund Site because less is known about exposures unique
to members of the Spokane Tribe of Indians asthey practice ther traditiond lifestyle.

For the purposes of quantitative risk assessment, current residents, future resdentsliving in the PIA,
and hypothetical future MA residents will be divided into two age groups based on Smilar aress,
types, and extent of exposure: (1) Infants who are exposed at the residence (in the house or
outdoors in the yard), and (2) children (including youth) and adults (including eders) who spend
gmilar time in common activities at and near the resdence, in a sweat lodge, and on the haul roads;
who spend timein the MA and PIA for various activities (hunting, gethering, teaching and learning
traditiona activities, working, recreating, transportation, and ceremonies); and who eat Smilar types
of plants, wildlife, and livestock.

Therefore, potentially exposed people are:

Current infantswho live offdte and are primarily exposed at the resdence. For therisk
assessment, it will be assumed that these infants are not significantly exposed to COCsin the
Ste area

Current children and adults who live offsite and spend time in the MA and PIA for various non-
resdentid activities.

Future infants who live in the PIA and are primarily exposed at the residence.

Future children and adults who live in the PIA and spend time in the MA and PIA for various
non-resdentia activities.

Hypothetica future infants who live in the MA and are primarily exposed at the resdence.
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Hypothetica future children and adults who live in the MA and spend timein the MA and PIA
for various non-residentia activities.

Conceptual Site Models (CSMs)

CSMs have been developed for the Site area as schematic representations of source aress, release
mechaniams, environmental trangport media, and potentia exposure routes for COCs that may lead
to exposure of the receptors to contaminants in the site area. CSM s were developed for the
following sx potentia sources of contamination: surface materid in the MA, two open pitsin the
MA, groundwater in the MA and PIA, surface water and sedimentsin the PIA, soils and riparian
sedimentsinthe PIA, and surface materid on the haul roads. The CSMs identify the potentialy
complete and significant exposure pathway's to be quantified by risk assessment, and pathway's that
are incomplete or potentialy complete, but negligible, which are not evaluated quantitatively in the
risk assessment. The specific rationd for designating some pathways as potentialy complete but
negligible is provided in the workplan.

Exposure Areas to be Evaluated Quantitatively in the Risk Assessment

Exposure areas for the MA and preliminary exposure areas in the PIA to be evaluated in the risk
assessment include the MA, two open pitsin the MA, the upland PIA, riparian/aguetic areasin the
PIA, and the haul roads.

The surface area of the MA, including roads in the MA, but not the two open pits, will be treated as
one surface exposure area. For domestic groundwater used by hypothetical residentsin the MA,
the exposure areawill include dl groundwater underlying the MA. For exposure in the two open
pits, there will be two exposure areas, one for Pit 3 and one for Pit 4.

The exposure areafor upland PIA surface materias will be determined based on the results of
Phase 2A/1B sampling. The preliminary exposure area for the upland PIA will consist of the
sampled areas in the two primary wind directions. For domestic groundwater use by residents living
in the upland PIA, the exposure areawill be the groundwater plume in areas of the PIA affected by
mining activities For riparian/aquatic exposures in the PIA, the exposure areawill consst of the
Western, Central, and Eastern drainages, and parts of Blue Creek and other riparian/aguatic areas
that are shown to be mine-affected.

For exposures while using the haul roads as trangportation, the one exposure area will include the
two haul roads, the three pump house access roads, and the impacted area on each side of the
roads. The exposure area for livestock is assumed to bethe MA and PIA. Livestock are assumed
to ingest water from the two open pitsin the MA and seeps and surface water in the PIA and to
ingest plants from the MA, and upland and riparian PIA.
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Pathways to be Evaluated Quantitatively in the Risk Assessment

Pethways to be evauated quantitatively in the risk assessment include pathways for residentia
exposures for infants, children, and adults (exposures to COCs in the yard and indoors including in
a swest lodge) and non-residentia exposures (exposures to COCs away from the resdence while
hunting, gathering, working, recresting). Non-residentid exposure pathwaysin the MA, upland
PIA, riparian/aquatic PIA, and haul roads will be assumed to be the same for children and adults
living offgte, inthe PIA, or in the MA. In addition, the exposure areas and pathways for a
hypothetical swimming scenario for children and adults in the two open pits will be evauated.

Methodology for Estimating Exposure Point Concentrations (EPCs)

The EPC for COCsin sampled media (e.g., soil, sediment, water, radon in air) will be estimated
based on analyticd results. The concentration terms will be either the 95% UCL concentration or
the maximum detected concentration, whichever islower, following recommendationsin EPA
guidance.

For some media (e.g., indoor air), models will be used to predict concentrations at exposure points
where environmental monitoring data have not been (or cannot be) collected. These mediamay
include outdoor radon in some aress, indoor radon in aresidence and in a swest lodge; indoor
water vapor in asweset lodge; externa radiation in some areas; suspended particulatesin air;
terredtria plantsin the MA; terrestrid, riparian, and aguatic plantsin the PIA; garden plants;
livestock; and fish.

Modds range from smple, conservative screening level modeds to complex models that use Ste-
specific information. In therisk assessment, every effort will be made to use models and input
parameter values that best describe conditions at the Site.

Pathway-Specific Intake Equations

The workplan presents intake equations and parameter values for estimating intake for each COC
by each exposure pathway for each receptor evauated quantitatively in the risk assessment. The
intake equations and parameter values are presented for each of the three age-groups of receptors
in the risk assessment: infants (under 2 years of age), children (2 to 6 years of age), and adults (7 to
70 years of age). Estimation of intake of non-carcinogens and non-cancer hazard will be calculated
separately for each age group. In addition to presenting estimations of cancer risk in each pathway
for each receptor, intake for infants, children, and adults will be summed to yield one totd lifetime
cancer risk estimate.

In the risk assessment work plan, vaues for exposure variables were sdlected such that the
combination of dl variablesin the risk assessment will result in the maximum exposure that can
reasonably be expected to occur at the Site (i.e,, the RME). Central tendency exposure and risk
will not be estimated in the risk assessment because thereis limited empirica basis or well
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documented sources of information for developing central exposure factors for atraditiond tribal
lifestyle.

Wherever feasble, Ste-specific exposure factor parameter values were derived using information
provided by the Tribe. When ste-gpecific information was not available, values were derived by
URS using EPA guidance documents or standard EPA RME default values were used.

Toxicity Assessment

Reference doses (RfDs) and dope factors (SFs) specific to the ord and inhalation pathways will be
obtained from EPA sources, including Region 10 risk assessors, the IRIS on-line database, the
HEAST, and EPA’ s Nationd Center for Environmental Assessment office.

Dermal toxicity will be assessed as recommended in recent EPA guidance. If leadisaCOC at the
Ste, potentia hedlth hazards will be estimated based on predicted blood lead levels and probabilities
of exceeding ablood lead level of concernin children or fetuses.

Risk Characterization

In the risk characterization step, RfDs and SFs will be applied in conjunction with intake of COCs
to estimate non-carcinogenic and carcinogenic hedth risk. The potentia for non-carcinogenic
effectswill be characterized by comparing estimated chemicd intakes with chemical-specific RfDs.
The resulting ratio is caled a hazard quotient (HQ). If the average daily intake exceeds the RfD
(that is, if the HQ exceeds 1), there may be cause for concern for potential non-cancer effects.

To assess pathway-specific exposures to multiple chemicas, the HQs for each COC will be
summed to yied ahazard index (HI). If areceptor may be exposed by multiple pathways, the HIs
from dl relevant pathways are summed to obtain the total HI for that receptor. If thetotal HI isless
than or equa to 1, multiple-pathway exposuresto COCs at the Ste will be judged unlikely to result
in an adverse effect. If the sum is grester than 1, further evauation of exposure assumptions and
toxicity, including consideration of specific target organs affected and mechanisms of toxic actions of
COCs, will be warranted to ascertain if the cumulative exposure would in fact be likely to harm
exposed individuds.

Potentid for carcinogenic effects will be characterized in terms of the incrementa probability of an
individua developing cancer over alifetime as aresult of Ste-related exposure to a potentia
carcinogen, for both chronic and subchronic scenarios. Excess lifetime cancer risk will be estimated
from the projected lifetime daly average intake and the cancer SF. The risks resulting from
exposure to multiple carcinogens are assumed to be additive. The total cancer risk is estimated by
summing the risks estimated for each COC and for each pathway.

EPA recommends that two separate sets of risk estimates be tabulated: one for radionuclide COCs
and one for non-radionuclide COCs. This recommendation is made because the methodology used
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to derive SFsfor radionuclides is different than the methodology used to derive SFsfor non-
radionuclides. Therefore, cancer risks will be presented two waysin the risk assessment: (1) cancer
risks from radionuclides and non-radionuclide COCs will be summed to yield asingle estimate of
cancer risk and (2) cancer risks for the two types of COCs will be presented separately.

EPA policy must be considered in order to interpret the significance of the cancer risk estimates. In
the Nationa Oil and Hazardous Substances Pollution Contingency Plan, EPA states that: " For
known or suspected carcinogens, acceptable exposure levels are generally concentration levels that
represent an excess upper-bound lifetime cancer risk of between 10 and 10°."

A quditative uncertainty andysiswill be performed that identifies the key factors and assumptions
that contribute to uncertainty in the risk estimates and that assesses their impact on the results and
conclusions of the risk assessment. Uncertainties in the following areas will be discussed: data
usahility, identification of COCs, estimation of EPCs, exposure assumptions, toxicity assessment,
and risk characterization. In addition, the uncertainty specificaly associated with assessing risk from
expaosure to radionuclides will be discussed.
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1.0 INTRODUCTION

1.1 Purpose and Scope

The purpose of this Human Hedth Risk Assessment (HHRA) Workplan (workplan) is to describe
the site-specific gpproach for performing the HHRA at the Midnite Mine Superfund Site (Site)
location. Conditions in the Ste area have resulted in releases of radionuclides and metals to mediain
the Mined Area (MA) and the Potentialy Impacted Area (PIA) that may pose an unacceptable risk
to human hedth.

The U.S. Environmenta Protection Agency’s (EPA’s) overdl god with respect to the Remedia
Investigation/Feasibility Study (RI/FS) at this Site isto investigate and remediate, as warranted, to
protect human hedlth and the environment, and to have the stakeholdersinvolved in the process of
making these Ste decisons.

Does contamination exigt at this Ste relative to what would be expected to occur in an unmined
minerdized area?

If 0, should this Site undergo remediation?

What should be done where?

When has enough been done?

To respond to the first question, EPA is conducting a RI to characterize the nature and extent of
media affected by mining activities to levels above background. A background report will identify
chemicals and radionuclides e evated above background in each mediain the Ste area. The second
guestion can be answered by abasdine risk assessment that organizes and presents risk information
aong with an analyss of uncertainty for making an informed decison. Therisk assessment dso
providesinput for the FS to respond to the third and fourth questions.

Risk and its uncertainties are important factors to be considered in risk management decision
making for the RI/FS. Generdly, exceedance of EPA’s acceptable risk range will trigger some kind
of remedid action. However, there are many non-risk factors influencing the risk management
decision for taking or not taking action, and for selecting the appropriate remedid measure. These
other factors should also be considered by EPA before selecting the most gppropriate option.
These factors may include:

Stakeholder’ s concerns

Schedule

Value of resources to be protected

Compliance/regulatory, poalitical, economic, and technica feasibility

Cogt and availability of funds

Applicable or Relevant and Appropriate Requirements (ARARS)
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Background concentrations

Theterm "remediation” or "restoration” has sometimes been used to mean that a Ste will be
rendered free of contamination, or that it is returned to its "origind" state (i.e., returned to levels that
do not exceed background). For the Site, the concept of “restoration” should be related to
restoring the site to its current or planned use as established by a risk-based approach described in
thiswork plan and congdering background concentrations. This concept is fundamenta in
development of the Site strategy and is consstent with EPA’s policy for cleaning up contaminated
Sites (EPA 1995).

The preamble to the Nationa Oil and Hazardous Substances Pollution Contingency Plan (NCP)
identifies background as atechnical factor to consder when determining an appropriate remedia
leved: “Prdiminary remediation gods[PRGs]...may be revised to a different risk leve within the
acceptable risk range based on the consideration of gppropriate factors including, but not limited to:
exposure factors, uncertainty factors, and technica factors... Technica factors may

include. . .background levels of contaminants...” (EPA 1990, as cited in EPA 20014).

1.2 General Approach

The generd gpproach for conducting the risk assessment will follow EPA’ s risk assessment
guidance and EPA’ s Data Quality Objectives (DQO) process (Section 1.3). The DQO process
congsts of aseries of planning steps based on the scientific method that are designed to ensure that
the type, quantity, and qudity of environmenta data used in decison-making are appropriate for
their intended purpose. The gpproach focuses on clearly defining the problem to be resolved
(identification and, as gppropriate, remediation or control of unacceptable risk) by focusing on the
decisons to be made and the overal qudity of data necessary to make these decisons. Therisk
assessment process produces information necessary for making risk management decisons.

The DQO gpproach will be followed in this risk assessment to identify unacceptable risk to human
hedth. The risk assessment will identify people (receptors) who may be exposed to site
contaminants (contaminants of concern), the means by which people are potentially exposed to the
contaminants (exposure pathways), and the concentrations of contaminants of concern in exposure
media (e.g., ar, water, and soil) for different exposure areas. Based on these elements and the
toxicity of the contaminants, the degree of hazard and risk will be caculated and uncertaintiesin
these cadlculations discussed to form a basis for making risk management decisons.

1.3 Guidance Documents

The technica gpproaches for the risk assessment will be consistent with guidelines established by
the EPA for assessing risk to human hedlth. The chief risk assessment guidance documents thet
form the basis of the gpproaches described in thisworkplan are listed below. Other guidance
documents and scientific literature are cited as appropriate in the text.
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Risk Assessment Guidance for Superfund - Volume I: Human Hedlth Evaluaion Manud, Part A
(EPA 1989).

Risk Assessment Guidance for Superfund - Volume I: Human Hedlth Evaduation Manud, Part B,
Development of Risk-based PRGs (EPA 19914).

Guidance for the DQO Process (EPA 20004).

Guidance for Data Usability in Risk Assessment (Part B) (EPA 19924).

Exposure Factors Handbook (EPA 1989b).

Exposure Factors Handbook (EPA 1997a).

Child-Specific Exposure Factors Handbook, External Review Draft (EPA 2000b).

Human Hedlth Evauation Manud, Supplemental Guidance, Standard Default Exposure Factors
(EPA 1991b).

Superfund' s Standard Default Exposure Factors for the Central Tendency and Reasonable
Maximum Exposure (EPA 19933).

Dermal Exposure Assessment: Principles and Applications (EPA 1992b).

Risk Assessment Guidance for Superfund. Volume I: Human Hedlth Evauation Manud.
Supplemental Guidance. Dermal Risk Assessment. Interim Guidance (EPA 19983).

Integrated Risk Information System (IRIS) (EPA 2001b).

Deveoping Risk-Based Cleanup Leves at Resource Conservation and Recovery Act Sites
(EPA Region 10 19983).

Use of Soil Cleanup Criteriain 40 CFR Part 192 as Remediation Goals for CERCLA sites
(EPA 1998D).

Establishment of Cleanup Levelsfor CERCLA Steswith Radioactive Contamination (EPA
1997h).

Multi-Agency Radiation Survey and Site Investigation Manua (EPA/DOE/DOD/NRC 2000).

Cancer Risk Coefficients for Environmental Exposure to Radionuclides (EPA 1999a) and
Updeate to the Federal Guidance Report No. 13 (CD Supplement) (EPA 2000c).

Externd Exposure to Radionuclidesin Air, Water, and Soil (EPA 1993b).
Rediation Exposure and Risks Assessment Manual (EPA 1996a).

Hedth Effects Assessment Summary Tables (HEAST) (EPA 1997¢).
HEAST — Radionuclides Table (EPA 2001Db).

1.4 Organization of Work Plan

Section 1. Introduction. Presentsthe genera purpose and scope of the workplan, the overdl
gpproach to the HHRA, and the workplan organization.
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Section 2: Data Usability. Summarizes the overdl process that will be gpplied in evauating
data usability.

Section 3: Selection of Chemicas and Radionuclides of Concern (COCs) Methodology.
Describes how COCs will be identified for quantitative risk assessmen.

Section 4: Exposure Assessment. Presents the land use and potentialy exposed people,
conceptud site modds (CSMs), methodology for estimating exposure point concentrations
(EPCs) including fate and trangport models, and intake equations and exposure factor
parameter vaues.

Section 5: Toxicity Assessment. Describes the gpproaches for evaluating chemicd and
radionuclide toxiaity.
Section 6: Risk Characterization. Describes the methodology used for estimation of health

hazard and cancer risk, and discusses sources and implications of uncertainty in the risk
characterization.

Section 7: References. Ligts the references cited in the workplan.

Appendix A: Summarizes the sources of data consdered for use in the HHRA and presentsthe
criteriathat will be gpplied in evaudting data usability.

Appendix B: Summarizes the overdl Shepherd Miller, Inc. (SMI) biologica sampling effort,
evauates the rdative importance of biological mediafor risk assessment, discusses plant species
identified and sampled in relation to plant use by the Spokane Tribe, derives site-specific uptake
factors for Site vegetation, and makes recommendations for use of SMI biologicd datain
HHRA.

Appendix C: Spokane Tribe Subsistence Scenario Memorandum.
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2.0 DATA USABILITY

The first step in the HHRA process isto evauate the historical data and data generated during the
RI to determine whether they are of adequate qudity for use in quantifying risks. Datajudged to be
of adequate qudity will be further reviewed to determine whether detection limits are sufficiently low
for the intended risk assessment. Data qudity is generdly assured through the implementation of
standard operating procedures during sample collection and sample analys's, qudity control checks,
and datareview and vaidation. All chemica and radiochemica datato be used in quantifying risk
will have undergone review to eva uate data qudity.

Appendix A describes the procedures either aready completed or yet to be conducted to
determine the usability of Rl and historica radiochemica and chemica deatafor potentia usein the
risk assessment. Appendix B contains an evauation of SMI biologica datafor usein HHRA.
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3.0 SELECTION OF CHEMICALS AND
RADIONUCLIDES OF CONCERN (COCs)
METHODOLOGY

This section describes the methodology that will be used to select COCs to be eva uated
quantitatively in the risk assessment (Figure 1). Chemicals and radionuclides of potentia concern
(COPCy) a the site consst of metals and radionuclidesin the uranium-238, uranium-235, and
thorium-232 decay series. COCs will be selected separately for each medium in each exposure
area at the Site. Firdt, concentrations of COPCs in soils, sediment, surface water, and groundwater
will be compared with loca background concentrations to distinguish COPCs devated above
backgrounds from other COPCsin the Ste area. The background report will identify COPCs
elevated above backgrounds in each medium. Those COPCswill be further evaluated to select
COCsin each specific medium in each exposure area. All COPCs devated above backgrounds
that are detected in specific medium/exposure areas will be considered COCs, except for calcium,
magnesium, potassium, and sodium which are essentia nutrients without toxicity factors that do not
require quantitetive evaluation in the risk assessment (EPA Region 10 1998a). The following
sections provide additional details regarding the selection of COPCs process.

3.1 Comparison to Background

The primary step in sdlection of COCs will be to compare concentrations of COPCs within the Site
areawith local background concentrations for soils, sediment, surface water, and groundwater to
distinguish COPCs elevated above background levels from other COPCsin the Ste area. COPCs
in samples within the Ste area that occur in concentrations comparable to concentrations at
reference locations will not be considered to be COCs and will be excluded from evauation in the
risk assessment. The specific methodology for the background comparison is discussed in detail in
the Statistical Approach for Discrimination of Background and Impacted Areas (URS 2001).
COPCsidentified in the RI report as elevated above background will be retained for further
evauation in selection of COCs.

3.2 Detected COPCs

COPCs eevated above background that are detected in specific medium/exposure areas will be
retained for further evduation in sdlection of COCs.

3.3 Essential Nutrients and Major Anions

EPA Region 10 guidance recommends that duminum, calcium, iron, magnesium, potassium, and
sodium be diminated from quantitetive evaluation in HHRA because they are not associated with
toxicity under norma circumstances and quantitative toxicity information for these dementsis not
available from EPA (EPA Region 10 1998a). Provisiond toxicity vaues are currently available for
auminum and iron, and concentrations of duminum and iron in some media in the Ste area could
pose an unacceptable risk to human health (see Appendix B). Therefore, duminum and iron that
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are detected in specific medium/exposure areas will be retained as COCs. Cacium, magnesium,
potassum, and sodium do not have toxicity values and will not be evauated in the HHRA.

All other COPCs eevated above background that are detected in specific medialexposure areasin
the site areawill be considered COCs.

3.4 Risk-Based Screen

A risk-based screen will not be used in the selection of COCs because assumptions typicaly used
in deriving screening levels (e.g., Region 9 PRGs, EPA soil screening levels[SSLg|, Oak Ridge
Nationa Laboratory [ORNL] PRGs) were not intended for tribal scenarios.

Typicdly, EPA Region 10 recommends that potentidly hazardous condituentsin each medium
present at maximum concentrations that are below Region 9 PRGs for resdents can be excluded
from further consideration (EPA Region 10 1998a). There are severd problemswith using this
approach to select COCs. First, Region 9 PRGs are not available for radionuclides. Second,
assumptions used in deriving Region 9 PRGs were not intended for triba scenarios.

Risk-based concentrations for resdentid exposure to radionuclides are avallable in EPA’s Sail
Screening Guidance for radionuclides (EPA 2000d) and on the ORNL Risk Assessment
Information Service (RAIS) on-line database; however, the assumptions used in deriving these
screening levels dso were not intended for tribal scenarios.

An assumption in risk-based screening studies is that the risk-based concentrations used in the
screen are protective of dl possible site-specific scenarios. For example, Region 9 residential
PRGs for soil and water, which are based on conservative assumptions related to typicd patterns of
resdential exposure, are also protective of other less exposed individuas (e.g., workers or
recreational users) (EPA Region 9 2000). Region 9 resdentid PRGs for soil and water may not be
protective for Ste-specific subsistence scenarios. For example, risk from ingestion of rootsin the
steareawill likely far exceed risk from other soil-related pathways and risk from inhaation of water
vapor in aswesat lodge will likely far exceed risk from other water-related pathways. Neither of
these pathways is consdered in the Region 9 PRGs.

Risk-based concentrations for resdentia exposure in EPA’s Soil Screening Guidance for
Radionuclides or the ORNL RAIS aso may not be protective of ste-specific subsistence exposure
scenarios for the same reasons described previoudy for the Region 9 PRGs. Therefore, arisk-
based screen will not be used for sdlecting COCs.
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4.0 EXPOSURE ASSESSMENT

This section describes the methodology to be used to estimate human exposure at the Ste.
Specificaly, this section describes:

Site setting

Current and future land use and potentialy exposed people
CSMs and the pathways by which people may be exposed
How EPCs of COCswill be cdculated

The intake equations and exposure factors that will be used to estimate the intake for each
COC, exposure pathway, and receptor

4.1 Site Setting and Description

The Midnite Mine Superfund Site is an inactive open pit uranium mine Situated on a south-facing
hillsde of Spokane Mountain a devations ranging from gpproximately 2,400 to 3,400 feet above
sealevel. Themineislocated on the Spokane Indian Reservation, gpproximately 8 miles northwest
of Wdlpinit, the nearest population center, in Washington State (Figure 2). The city of Spokaneis
goproximatey 35 miles from the mine Ste.

The leased area of the mine encompasses approximately 811 acres, of which 321 acres (an area
goproximatdy 0.5 mileswide by 1 mile long) were developed during mining operations. During the
time the mine was active, severd pits or subpits were excavated. Severa of these were
subsequently backfilled with overburden and waste rock materia as mining progressed. The mine
ceased operations in 1981, leaving gpproximately two and one-haf million tons of ore/protore, and
33 million tons of waste rock on gte. Oxidation of sulfide-containing minerds, primarily pyrite,
exposed to oxygen on the mine pit walls, waste rock, and ore/protore materials produces acidic
water. Thisacidic water then chemicaly leaches uranium, other radioactive congtituents, and other
metas from the waste rock. Dissolved metds can then be transported in soil, surface water,
sediments, and groundwaeter at the Ste.

The study area currently conssts of the MA and the PIA, as described in the following sections.
The MA is defined as the 321 acres where the ground surface has been visibly disturbed by mining
operations. The PIA isthe area surrounding the MA that may have been affected above
background levels by the previous mining activities.

41.1 Mined Area

The mgor MA features include two large partidly water-filled mining pits (Fits 3 and 4) (Figure 3),
large areas of graded and partially re-vegetated spoils and waste rock from mining activities, and
numerous stockpiles of ore and protore.
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Pit water levels vary seasonally, with precipitation, collected seeps, and pumped water from
backfilled pits. During winter, the pit levels rise because the water trestment plant is inoperative and
because of water inflows to the pits from precipitation runoff and pumping of the seep collection
system (into Ait 3 only). Between April and November, the water treatment plant operates and
removes water from both pits which lowers the pit water levels. Water management facilities that
are present include a surface impoundment for collection of seep water (Pollution Control Pond), a
system of seep collection sumps and weirs, severd buildings containing pump equipment and
holding tanks for collected seep water, and awater trestment facility which discharges trested pit
water and seep water viaa permitted outfall to the Eastern Drainage.

Thereisasmdl circular pond called the Blood Pool located east of the water trestment plant near
the eastern edge of the MA. The pond isfed by seeps and is approximately 40 feet in diameter.
The amount of water in the pond ranges from dry to approximately 3 feet deep. Water from the
Blood Pool, when present, drainsinto a ditch and is partialy collected in a sump located
approximately 400 feet downhill (southesst) of the pool. Thiswater is periodicaly pumped to Rt 3.
The quantity of water in the Blood Poal varies directly with precipitation (EPA Region 10 1998b),
but the pool has been mostly dry for the past 2 years. Sampling conducted by EPA (Region 10
1998b) and SMI in 1998 and 1999 indicate that the water contains elevated concentrations of
radionuclides.

Groundwater in the MA flows through natura and disturbed unconsolidated materia's and bedrock.
Unconsolidated materials consst of aluvium, waste rock, and ore/protore stockpiles. Waste rock
from mining operations was deposited across severa existing drainagesin the MA (the northern
extensgons of the Western, Centra and Eastern Drainages). These buried drainages and buried haul
roads likely act to channe flow with the unconsolidated materias (URS 2000a).

Groundwater flow within the bedrock is through discrete fractures, joints, and faults. Maor
geologic structuresin the MA may act as preferred flow paths in the bedrock. One such structure,
sometimes referred to as the Midnite Fault, extends through Pit 4 to the south of Pit 3. Seeps of
water are present on the north highwal of Fit 3 at the location of this structure (URS 2000a).

Recharge to the groundwater system is from precipitation falling on the MA and the Northwest
Ridge. The mgority of the water that infiltrates and becomes groundwater at the Site moves through
the waste rock and dluvium and flows across the surface of the bedrock. During the passage
through the waste rock, the water reacts with minerasin the rock which contribute radionuclides,
metals, and mgor ions such as sulfate to the groundwater. Much of thiswater discharges at the
three mgjor seeps aong the south face of the South Spoils waste rock. The seep collection system
described above is currently operated by the Dawn Mining Company (DMC) to collect seep flows
and return the water to Pit 3 for subsequent water treatment prior to discharge in the East Drainage.
A minor portion of the contaminated groundweter infiltrates into the bedrock and movesto the
south from the disturbed area (URS 20003).
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Groundwater at the MA generaly flows from north to south and converges into the drainages that
flow toward Blue Creek. Under current conditions, Pits 3 and 4 may both serve as groundwater
snksfor water inthe MA. However, the pits may have historically been sources to downgradient
contamination when pit |ake levels were higher. Data dso indicate that the Northwest Ridgeisa
groundwater divide and that flow from Pit 4 is towards the south within the MA (URS 2000a).
Thereisasmall seep flowing out of the base of the hillside dump waste rock pile along the access
road to Pit 4.

Extengve upland habitat is found within the MA; however, the qudity of the upland habitat has been
physicaly degraded. The physicaly disturbed upland habitat in the MA is generdly of limited extent
and poor qudity for wildlife use, dthough smdl isolated stands of remnant coniferous forest occur
on gpparently undisturbed ground patches within the MA. SMI identified and collected plantsin
three upland areas in the MA (discussed in Appendix B). Predominant species differed among
upland areas, and included grasses, clovers, knapweed, arrowleaf balsamroot, common snowberry,
and ponderosa pine. Other speciesidentified by SMI (1999a) as mgor plant species for upland
areas include Douglas fir, Macoun rose, autumn willowherb, 1daho fescue, Prush deervetch,
groundsd, and mullen.

4.1.2 Potentially Impacted Area

The PIA isthe area surrounding the MA that is potentialy affected by previous mining activities a
the ste (Figure 3). The nature and extent of the mine-affected areawill be characterized based on
results of the RI studies now in progress. In these studies, concentrations of congtituentsin the area
surrounding the MA will be compared to concentrations at background locetions to estimate the
likely extent of mining-reated effects.

4.1.2.1 Upland PIA

Upland habitat in the Site area occurs outside the zone of immediate influence of surface water
bodies (e.g., creeks, ponds, seeps) and/or ground water. A variety of sub-habitat types occur in
the uplands including forested, grasdand, open, and steep sub-habitats. The geomorphologica and
topographica features of the dite (e.g., aspect, dope, devation, and soil characteristics) largely
influence the didtribution and diversity of these habitats. These habitats and their associated plant
divergty provide food and cover for avariety of wildlife.

Extensve upland habitat is found within the PIA, which appears largely undisturbed from mining
activities. This upland habitat is dominated by coniferous forest. The forest cover types are
classified as to the dominant forest tree species, Sze class and density. The dominant forest cover
typein the project areaiis an oversory of either ponderosa pine or a mixture of ponderosa pine and
Douglasir of uneven aged size classwith a dengty ranging from light to full. True ponderosa pine
plant communities dominate the warm, dry zones of the reservation (Zamora 1983). As one moves
to more moist and cooler sites, Douglasir plant communities dominate the landscape.
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Steep habitat is found on the west bank of the middle and lower portions of Blue Creek and open
habitat is found on the western bank of the lower portion of Blue Creek.

Detalled descriptions of each plant community and the reptile and amphibian, mammd, and bird
species that may utilize the upland habitats are presented in the Ecological Characterization
Technical Memorandum (URS 2000b).

4.1.2.2 PIA Drainages

Seven drainages in the PIA receive runoff from portions of the MA: Western Drainage, Centra
Drainage, Eastern Drainage, Northeastern Drainage, Northern Drainage, Far West Drainage, and
Southwestern Drainage. Blue Creek ultimately receives water and sediment from these drainages
(Figure 3). A smadl portion of the Northern Drainage may aso receive runoff from asmal portion
of the MA (see Section 4.1.2.2.8). Blue Creek receives water and sediments from the Eastern
Drainage, Turtle Lake, Oyachen Creek southwest of the PIA, and several small unnamed tributaries
upstream of the PIA. Blue Creek flows to Lake Roosevelt, goproximately 4.5 miles from the Site.

Vegetation isrelatively dense in and around the southern drainages and Blue Creek in the PIA. SMI
identified and collected plants in riparian/aguetic areas in the Western, Centrd, and Eastern
drainages and Blue Creek in the PIA (discussed in detail in Appendix B). Numerous species
contributing significantly to biomass and cover in the southern drainage include common snowberry,
dimbing nightshede, oceanspray, Macoun rose, burdock, thimbleberry, barberry, buckbush,
smooth brome, grasses, clovers, eephant ear, horsetail, ponderosa pine, Douglas maple, Douglas
fir, red dder, and black hawthorn. Other speciesidentified by SMI as mgor plant speciesfor the
southern drainage area include the serviceberry, cregping bentgrass, sedge, drooping woodreed,
and Canadathigtle.

In the Blue Creek drainage, numerous species contributing sgnificantly to biomass and cover
include climbing nightshade, burdock, stinging nettle, stout horsetail, red ader, and Douglasfir.
Other speciesidentified by SMI as mgor plant species for the Blue Creek area are Red maple,
serviceberry, narrow leaf cottonwood, Macoun rose, drooping woodreed, Canada thistle, and
prickly lettuce.

Based on sampling results for surface water and aguatic sediments, portions of the Western,
Central, and Eastern drainages and the downstream parts of Blue Creek nearest to the Site have
likely been impacted by contaminant sourcesin the MA. Whether other drainagesin the PIA have
a 30 been affected above background leves (i.e., mine affected) is currently being eval uated.
Drainagesin the PIA are further described in the following sections.

41221 Western Drainage

The Western Drainage is the downstream extension of the topographic surface drainage that
formerly existed within and drained the western portion of the MA. The Western Drainage
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currently extends from the southern MA boundary, just south of the toe of the South Spails, to the
confluence with the Eastern Drainage approximately 2,700 feet to the southeast. Water discharges
from seeps to the Western Drainage where the drainage is truncated by the western portion of the
South Spoils. Water emanating from the seeps is believed to be primarily derived from subsurface
flow pathways in the western portion of the MA. Such pathways include historic drainages now
buried by waste rock or stockpile materia, possble trans-drainage pathways associated with mine
haul roads or other flow barriers, backfilled pits, and bedrock flow pathways. A mgor portion of
the seep water is contained by a collection and pump back system that is operated by the DMC to
control migration of water from the MA to the PIA. However, a portion of the seep water escapes
down the drainage, particularly during high flow conditions.

The Western Drainage a so receives surface water runoff from a ditch extending along the southwest
edge of the South Spoils, and direct runoff from the centra portion of the South Spoils. South of
the MA, the Western Drainage may aso receive water as aresult of groundwater discharge adong
its course, either from flow paths in unconsolidated materias or from bedrock. Groundwater flow
pathways from the western MA are expected to be convergent toward and along the Western
Drainage dignment. Groundwater may flow upwards toward the surface to discharge to the
drainage, or may receive surface water infiltration from the drainage.

41222 Central Drainage

The Centrd Drainage is the downstream extension of the topographic surface drainage that formerly
existed within and drained the centra portion of MA. The Central Drainage currently extends from
the southern MA boundary, just south of the toe of the South Spails, to the confluence with the
Eagtern Drainage gpproximately 1,800 feet to the south. Along the southern margin of the MA,
water is discharged to the Central Drainage from seeps located where the drainage is truncated by
the centra portion of the South Spoils. Water emanating from the seepsis believed to be primarily
derived from subsurface flow pathwaysin the centra portion of the MA, including hitoric drainages
now buried by waste rock or stockpile material, possible trans-drainage pathway's associated with
mine haul roads or other flow barriers, backfilled pits, and bedrock flow pathways. A mgor
portion of the seep water is contained by a collection pump back system that is operated by the
DMC to control migration of water from the MA to the PIA.

The Centra Drainage receives direct runoff from the eastern portion of the South Spoils. South of
the MA, the Centra Drainage may aso receive groundwater discharge adong its course, either from
flow pathsin unconsolidated materids or from bedrock. Groundwater flow pathways from the
central MA are expected to be convergent toward and dong the Centra Drainage dignment.
Groundwater may flow upwards toward the surface to discharge to the drainage, or may receive
surface water infiltration from the drainage. Groundwater flow may aso occur aong the dignment
of the Centrd Drainage, but beneath the drainage without interaction with the surface weter in the
drainage.
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4.1.2.2.3 Eastern Drainage

The Eagtern Drainage is the topographic surface drainage that exists immediately eest of the
southeastern portion of the MA. For the purposes of the RI/FS, the Eastern Drainage is defined to
extend from the Nationa Pollution Discharge Elimination System (NPDES) outfal (i.e, located just
north of the northernmost extent of the mine haul road) to the confluence with Blue Creek,
approximately 6,400 feet to the south. The Eastern Drainage aso includes two northwest-southeast
trending tributary drainages extending from the MA boundary to the main drainage. The East Seep
Pumpback Systemislocated in the western of these tributaries just north of the MA boundary.
Surface water flows to the Eastern Drainage from the upstream Northeastern Drainage and from the
NPDES outfal located immediately north of the haul road.

Water aso enters the drainage from the East Seep. A mgjor portion of the seep water is contained
by a collection and pump back system that is operated by the DMC to control migration of water
from the MA to the PIA. Water emanating from the seep is believed to be derived from subsurface
flow pathways in the eastern portion of the MA, including historic drainages now buried by waste
rock or stockpile materid, possible trans-drainage pathway's associated with mine haul roads or
other flow barriers, and bedrock flow pathways. The Eastern Drainage aso receives direct runoff
from waste rock deposited aong the southeast MA boundary. SMI (1999b) identifies seven seeps
aong the Eagtern Drainage.

The Eastern Drainage may aso receive water as a result of groundwater discharge along its course,
@ther from flow pathsin unconsolidated materids or from bedrock. Groundwater flow pathways
from a portion of the eastern MA are expected to be toward and dong the Eastern Drainage
adignment. Groundwater may flow upward to discharge to the drainage, or may receive surface
water infiltration from the drainage. Groundweter flow may adso exist dong the dignment of the
Eagtern Drainage, without interaction with the surface water in the drainage.

41224 Northeastern Drainage

The Northeastern Drainage is the topographic surface drainage that exists immediately east of the
mgority of the northern portion of the MA. The Northeastern Drainage consists of dl surface
drainages that intersect the eastern MA boundary between the top of the Pit 4 headwall and the Site
NPDES outfdl (i.e., which serves as the boundary between the Northeastern Drainage and the
Eastern Drainage).

Surface water runoff and groundwater enter the Northeastern Drainage from the northern portion of
the MA south of the top of the Pit 4 headwal. This drainage receives direct runoff from waste rock
deposited east of the northern portion of Fit 4. Sediments eroding from the eastern portion of this
area of waste rock have been transported into the Northeastern Drainage.

The Northeastern Drainage a0 receives direct runoff from disturbed naturd materid, including a
former mine truck ready-line east of the southern portion of Pit 4. Based on the available data, and
the Site potentiometric surface map, bedrock groundwater from the portion of the MA north of Pit 3
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and east of Pit 4 does not appear to flow toward the Northeastern Drainage. Immediately east of
At 3 and At 4, there is a groundwater divide that coincides with the topographic divide, along which
the hydraulic gradients are either toward the Northeastern Drainage or toward Pit 3 and Pit 4.

41.225 Northern Drainage

The Northern Drainage is the topographic surface drainage that existsimmediately east of the
northernmost portion of the MA. The Northern Drainage consists of the surface drainage that
drainsthe MA north of Fit 4. Surface water runoff and groundwater enter the Northern Drainage
from the far northern portion of the MA that is north of the top of the Pit 4 headwal. The Northern
Drainage receives direct runoff from disturbed natural materid, including exposed minerdized rock.
Bedrock groundwater from the portion of the MA north of Pit 4 may flow toward the Northern
Drainage or, more likely, may flow toward Fit 4.

41226 Far West Drainage

The Far West Drainage is the topographic surface drainage that exists immediately west of the
southern portion of the MA.

Surface water runoff and groundwater enter the Far West Drainage from the extreme western
portion of the MA between the Northern and Southern Topsoil Piles. This portion of the MA
includes the Vehicle Shop and the Mine Offices Area. The Far West Drainage dso contains apile
of overburden materia, possibly waste rock, located immediately west of the Vehicle Shop area.
The Far West Drainage receives direct runoff from the western portion of the VVehicle Shop and the
Mine Offices Area and from the waste rock pile. Bedrock groundwater from the western portion
of the Vehicle Shop and Mine Offices Area and from the waste rock pile area may aso flow
toward the Far West Drainage.

4.1.2.2.7 Southwestern Drainage

The Southwestern Drainage is the topographic surface drainage that exists southwest of the southern
portion of the MA.

Surface water runoff and groundwater enter the Southwestern Drainage from the southwestern
portion of the MA between the Southern Topsoil Pile and the Western Drainage. Vehicle parking
and maintenance areas may have been present in the MA potentially upgradient of the Southwestern
Drainage. During past mining operations, soil staining has been identified based on detailed
evaluation of historica aeria photographs (Peters, 1999). The Southwestern Drainage does not
recalve direct runoff from the MA. Surface water runoff from the southwestern portion of the South
Spoilsis captured by a diverson ditch before reaching the Southwestern Drainage. The
Southwestern Drainage may receive bedrock groundwater flow from the southwestern edge of the
MA.
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4.1.2.2.8 Northwest Ridge
The Northwest Ridge is the topographic ridge to the northwest of the MA.

The mgority of the Northwest Ridge is outside and uphill from the MA. Surface water runoff from
the mgority of the Northwest Ridge flows toward the MA, but is diverted from entering the MA by
severd berms and diversion ditches. The far northeast edge of the Northwest Ridge is adjacent to
the area of exposed mineralized rock at the extreme northern end of the MA. Bedrock
groundwater along the southern dope of the Northwest Ridge generdly flows toward the MA.
However, there is a potentid for migration of bedrock groundwater from the exposed mineradized
rock toward the north.

4.1.2.3 Haul Roads

There are severd unpaved roads (haul roads) in the PIA that were covered with gravel derived
from stockpile materid from the MA (Figure 3). The roads were surfaced with one inch of gravel
(crushed cd-dlicate rock) suspected to originate from the protore stockpile located near the waste
treatment plant. I1n addition, these haul roads may have been impacted by ore from the MA lost
from trucks during mining operations.

The East and West Haul Roads extend from the MA through the PIA to the paved Ford-Wellpinit
Road (Figure 3). The East Haul Road is about 40 feet wide and extends gpproximately 9,700 feet
from the east stockpile area to the Ford-Wellpinit Road. Thiswas the main haul road to the Ford
Mill during the later stages of mining and is currently used to haul dudge from the water trestment
plant to the Ford Mill twice daily. The West Haul Road is about 40 feet wide and extends
approximately 2,300 feet from the mine buildings area to Ford-Wellpinit Road. Thiswasused asa
haul road during early mining operations and is currently used for accessto the ste area by DMC
workers (it is not currently used for hauling). In addition, there are three pump house access roads
that extend from the Pollution Control Pond to the Western and Centrd drainage seep pump
houses. These roads are about 20 feet wide and atotd of approximately 2,000 feet in length.
These roads were never used for hauling and are currently used by DMC workersto get to the
pump houses. In addition to the contaminated materids on the surface of the haul roads, surface
water, sediment, and surface soil in the PIA near the haul roads may have been affected by surface
runoff and windblown dust. The haul roads will include any identified impacted area to each Sde of
the roads.

4.2 ldentification of Land Use and Potentially Exposed People

The Siteislocated entirdy within the 154,000-acre Spokane Indian Reservation. The nearest town
to the Siteis Wellpinit, located approximately 8 miles southeast of the mine,
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4.2.1 The Spokane Tribe of Indians

Information presented in this section was obtained from AESE (2001), which isincluded as
Appendix C.

The Spokane Indians are part of the Interior Salish group who inhabited northeastern Washington,
northern 1daho, and western Montana. The Spokane Indian Reservation was originaly set aside by
agreement in 1877 between the Spokane Tribe of Indians and the United States. Because of the
Tribe' s dependence on fisheries and other river resources, the Reservation boundaries were set by
an 1881 Executive Order to include portions of three border streamsto their far banks: The
Columbia and Spokane Rivers on the west and south, respectively, and Chamokane Creek on the
east.

The traditiona Spokane Triba economy was characterized by a complex and highly structured
system of food source production, distribution, and consumption. Salmon was the most important
commodity in the early Spokane tribal economy. It provided both an excellent food source, as well
asaunique trade item. The importance of sdmon is reflected in native names for some of the
Spokane peoples that are associated with particular stretches of rivers and other resources, such as
Fisherman, People of the Steelhead Trout Place, and Samon-Trout People (Ray 1977, as cited in
AESE 2001). The Spokane Tribe s fish diet was supplemented with large and smadl game and a
wide variety of roots, berries and other plants gathered locally. Because subsistence materials
were plentiful on the reservation, the Spokane Indians were not awidely nomadic culture. The wide
variety of food sources aso alowed for rapid adaptation to harsh climate events or other
circumstances depleting a given food source.

Spokane economic and socid life centered around seasond cycles. In the spring, usually beginning
in March, winter camps digpersed into smaler groups to gather food, hunt, and fish. By early
summer, sdlmon fishing, hunting and root digging were the main activities. During the summer and
early fal, the schedule included root digging and berry picking. Thiswasthetime of year that inter-
tribal socid activities were at their highest as neighboring tribes joined the Spokanes in one genera
areafor thefdl runs of sdmon, root gethering, and berrying. In early winter, smaler units regrouped
and formed their winter camps. These camps were |located in favorable places aong rivers or
creeks affording water and shelter. Mogt of the winter months were spent participating in
ceremonies, making materia goods, and trading (Wynkoop 1969, as cited in AESE 2001).

Indian reservations were, and are, intended to provide permanent homelands for members of the
reservation’stribes. Assuch, it istheright of the tribe to use reservation natural resources for
subsistence, religious, and other cultura purposes. It isthelegd and political policy of the Spokane
Tribe of Indians to preserve and protect the natura resources of the Spokane Indian Reservation in
amanner that supports the Reservation’ s use as a permanent homeland, including subsistence,
religious, and other cultura purposes.

The importance of water to the Spokane tribe is represented by the following selection from the
Tribe swater quality code:
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Water is, and has been, centra to the culture, rigion, subsistence and way of life of
the Spokane Tribe of Indians snce timeimmemoria. Much of the Tribe' s language
isbased on water. Unwritten laws of the Tribe have controlled use of weter for
thousands of years[Law and Order Code of the Spokane Tribe of Indians, Ch. 30,
Surface Water and Ground Water Protection, Sec. 30-2.01].

In addition to the water quaity laws, the Tribe has also sought to preserve its culture through the
enactment of other laws protecting critical reservation natural resources, such as the fish and wildlife
code. The section of that code which describes its purposes and intent states:

Pursuant to the powersin the Congtitution of the Spokane Tribe of Indians, the
Business Council of the Tribe sets forth the following Chapter of the Law and Order
Code to regulate fishing, hunting and recreationa activities which take place on all
lands and waters where the Spokane Tribe exercisesits jurisdiction. The Business
Council recognizes the vaue of the fish, wildlife and recreationa resources within al
the lands and waters within itsjurisdiction. Fish, wildlife and recregtiond resources
are an irreplacesable assat of the Spokane Tribe. Regulation and protection of these
asstsisthe duty of the Business Council. Unregulated use of these resources
would threaten the politica integrity, economic security and hedth and welfare of
the Spokane Tribe. [Law and Order Code of the Spokane Tribe of Indians,

Ch. 17, Fish, Wildlife and Recresation, Sec. 17-1.01].

Smilarly, in the Vison Statement of The Integrated Resource Management Plan for the Spokane
Indian Reservation (IRMP), adopted in 1996, the Tribe listed the values that were fundamental to
the IRMP (ST1 1996). At thetop of thelist isthe “protection and preservation of cultura heritage.”
According to the IRMP, “[t]he predominant vaues expressed by the Spokane Tribal members
during the IRMP scoping process can be summarized as “the Spokane language, ceremonia
traditions, traditional/medicina plants and animds, and sacred Sites’ (ST1 1996, as cited in AESE
2001).

The reservation provides enough resources for some tribal membersto live afairly traditiond
lifestyle, and for dl tribal membersto obtain traditional foods. Since the construction of Columbia
Rivers dams, anadromous salmon are no longer available. Asareault, the Tribe has subgtituted
large game as the main source of protein. Over time, Triba Elders redized that the portion of their
culture associated with slmon was being lost and was not being passed onto the next generations.
This portion of the subsistence dietary lifestyle is most valued and encouraged by the Tribe because
it is centra to preserving the remainder of the Tribe' s culture. In an attempt to retain this portion of
their culture, kokanee sdmon (landlocked sockeye salmon) were introduced into Lake Roosevelt,
and today are dowly replacing the amount of big game in the Tribe' s diet.

The way of life of the Spokane Indian Tribe is part of alarge Eco-Culturd system that includes
humans, plants, fish and wildlife in severa different habitats. It has been reported that Spokane
Indians use over 200 varieties of plants (Nugent 1997). In particular, two varieties of camas (lily
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family) and bitteroot are consdered staple plant food items and are till gathered in many aress. A
wide variety of pharmacologicaly active medicind plants are dso used internaly and externdly.
Many plants are used for materia goods, including cattail and tule (mats, insulation), wild parsnip
(fly repdlent), red willow (fish traps, platters, and baskets), and cedar roots (bags and baskets)
(Turner 1997, 1998).

4.2.2 Current Land Use

Lands a and near the site include Spokane Tribe lands owned in trust by the federd government
and dlotment lands owned in fee by the tribe or by descendants of the initia recipients of the
dlotments. Leases from the tribe and dlottees were issued by the Bureau of Indian Affairsfor
mining purposes and for access and haul roads. One dlotment extends over much of the MA, while
two others are to the east and southeast of the MA (Figure 3). The tribe has prepared aland use
planning document for Tribal land, the IRMP (ST 1996). The Triba IRMP rediricts land usesin the
Ste areaagang resdentiad and commercia development.

No one currently lives on or near the MA or PIA. Land at and near the MA or PIA is primarily
used by members of the Tribe to support atraditiond lifestyle that includes subsistence,
cultural/spiritud, and medicind components. Thistype of land useis very specific to the Tribe, and
is not well reflected by any typicad CERCLA categories of human land use (eg., resdentid,
commercid, recregtiona). Additiona information on current land useis provided below.

Current Hunting, Gathering, and Fishing

The primary current land use & and near the Site is hunting, gethering, and fishing by members of the
Tribe to support their traditiond way of life. These subs stence activities are essentia to support
nutritiondl, cultural/spiritual, and medicind needs. The Steis owned by the Tribe, therefore, tribal
members may each hunt, gather, and fish anywhere a and near the Site.

Hunting, gathering, and fishing are done on a daily basis to keep the extended family unit stocked
with awide variety of aguatic, riparian, and terrestrid plants and wildlife used for subsstence,
cultura/spiritud, and medicina purposes. While in the fied performing these activities, tribal
members live off the land by consuming water, plants, and wildlife.

Johnson (1997, as cited in SMI 1999c) reported that fishing is limited to 2 miles upstream of where
Blue Creek enters Lake Roosevelt, up to and including Lake Roosevelt. Other documents report
that fish nearer to the MA are present only seasondly due to low water conditions and in insufficient
sze and number to support sustainable fish harvesting (Scholtz et d. 1988; EPA 1986a; Plotnicoff
et a. 1988 as cited in SMI 1999c). However, the above documents were written prior to the
gartup of water treestment plant operations which has increased water flow in the Eastern Drainage
and, potentidly, in Blue Creek. Further coordination with the Tribe may be necessary to determine
whether the PIA contains drainages that support significant harvesting of fish.
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Current Processing

Processing includes the washing and preparation of gathered materias used for food, medicine, and
other purposes. Exposure during processing could occur while washing; smoking; pedling; cooking;
basketmaking and quillwork with mouth contact; matmaking; cleaning, dressing, and tanning hides,
drying vegetd food or medicines; etc.

Current Subsistence Use

Subs stence use refers to exposures that occur during use of plants, wildlife, and livestock for food,
clothing, or other purposes.

The traditiond diet for the Tribe includes big game, fish, smal mammals, insects, grubs, frogs, and
plants. Different portions of each plant and animd are used for traditional purposes. For example,
every portion of big game such as deer, ek, bear, cougar, and wolverine, and of livestock is used
for specific subsistence, cultural/spiritua, or medicina purposes. Portions of plants are harvested as
needed (e.g., roots, flowers, and leaves are often harvested without destroying the plant, allowing
for future root growth) and used for subsistence, cultura/spiritua, or medicina purposes. Medicind
uses of plants can include direct ingestion, derma or subderma application, gpplication in open cuts,
and inhdation (includes smoking).

The traditional diet dso includes home-grown garden produce and livestock. Mogt livestock
owned by the Tribe are free to forage throughout the reservation. Therefore, the MA or PIA could
be used by livestock for foraging.

Current Field Work

Members of the Tribe may work in the MA or PIA collecting environmental samples, engaging in
restorati on/reclamation/construction work, and caring for natura and cultura resources and tribal

property.

Current Ceremonies

Parts of the Site may be used by members of the Tribe for conducting swest lodge ceremonies. The
dally use of the sweet lodgeis an integrd part of the lifestyle that Sarts at 2 years of age. Sweat
lodges are congtructed of naturd materias (i.e., branches, moss, leaves) near a source of surface or
groundwater. Swest lodges that use groundwater have spiritudly different significance than those
congtructed near sources of surface water. Groundwater from wellsin the MA or PIA isnot
currently known to be used for swest lodge ceremonies. However, swest lodge ceremonies using
water in drainages, seeps, and springs could currently be conducted inthe PIA. It is not known
whether swest lodge ceremonies are currently conducted in the MA.
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In addition, areas dong Blue Creek and at the confluence of Blue Creek and Lake Roosevet are
currently used by members of the tribe for ceremonial purposes (e.g., pow-wows, horse races,
seasonal ceremonid activities). However, it is not yet known whether areas used for ceremonid
purposes have been impacted by the Site.

Current Teaching
Eldersin the Tribe teach a variety of indoor and outdoor traditiona activitiesin the MA and PIA.

Current Recreational Use

Parts of the MA and PIA could currently be used for recreationa purposes (e.g., adults and older
kids could wadein creeksinthe PIA). It is not known whether any members of the Tribe swimin
the two open pits. Thereisarecregtiond beach owned by the Tribe at the confluence of Blue
Creek and Lake Roosevdt, 4.5 milesfrom the MA. Data are currently being anayzed to evaduate
whether this beach area has been impacted by the Ste. Results of this data evauation will be
provided in the RI report.

Current Transportation

Parts of the MA and PIA are used regularly for transportation. For example, the Tribe has stated
that dl resdents use the haul roads for transportation, (walking, bicycling, or driving) (AESE 2001).

Current Residential

No one currently livesin or near the MA or PIA.

Current Water Use

Groundwater from wellsis not known to be used in the MA or PIA. Water from seeps, sorings,
and drainagesin the PIA could potentialy be used in a swest lodge ceremony or ingested by
hunters, gatherers, workers, and other visitorsto the PIA. It isnot known whether water from the
two open pitsis used for these purposes.

4.2.3 Future Land Use

Future land use in the Ste arealis expected to remain Smilar to current land use, in that it will be
used for traditiond activities (subsistence, culturd/spiritua, medicind), field work, transportation,
and recreationd purposes and for livestock foraging. In addition, future resdentia use of theland in
the PIA isapossibility. For example, residences could be built on parcels of land inthe PIA
currently owned by individua members of the Tribe. Groundwater in the PIA could be used in the
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future for domestic purposes and swest lodge ceremoniesif supply wells were to be congtructed in
the PIA for such purposes.

Inthe MA, residentia exposure and domestic use of groundwater from wells are each considered
to be extremely unlikely future scenarios. The Triba IRMP (STI 1996) redtricts land usesin the
area againd resdential and commercid development. Because exceptions could be made for this
gte, particularly since it has been cleared and has roads and some electrica hookups, EPA is
planning to include a smplified residentia risk estimate to support risk management decisons. EPA
expects that risks for resdents in the MA will be shown to be high enough to require aresponse
action, and that retrictions againgt residentid use will be part of any response action. At thistime,
any remedy for the MA islikely to include containment/capping, which will necesstate restrictions
on land use to protect the remedy.

4.2.4 Potentially Exposed People in the Site Area

By necessity of limitationsin our knowledge of many of the determinants of exposure, the scenarios
evauaed will require smplifying assumptions. Thisistrue of dl risk assessments, but it is especidly
true a the Midnite Mine Superfund Site because less is known about exposures unique to members
of the Spokane Tribe of Indians as they practice their traditiond lifestyle. Thisuncertainty is
compounded because much of the information required to quantify potential exposuresin the Ste
area, which is specific to the Spokane Tribe of Indians, is unavailable from the Tribe or other
sources. The available exposure information prepared by the Spokane Tribe isincluded as
Appendix C.

Potentidly exposed people in the Site area are assumed to include families currently residing offsite
on the resarvation and future families resding in the PLIA. The future resdent who livesinthe PIA is
considered the most exposed receptor based on current and reasonably anticipated future land use.
Current resdents of the reservation do not livein the MA or PIA, but will be assumed to vigt those
aress. Groundwater from wellsin the MA and PIA isnot currently known to be used. Future
resdentid use of theland in the PIA including groundwater from wellsis a posshility.

Residentid exposure with domestic use of groundwater is considered to be an extremely unlikely
future scenario for the MA. EPA (1995) indicates that risk to human health and cleanup levels
should be based only on current and reasonably anticipated future land use scenarios and not on
land use scenarios that are unlikely. Neverthdess, a hypothetica future resdentid scenario in the
MA will be evauated for risk management purposes or, if thereis achange in land use, to assess
whether aremedy may need to be reeva uated.

The types and extent of exposure for current and future residents described in the following sections
are age-specific. The assumed time to be spent by people in various activitiesis presented in
Section 4.7.1 and shown in Table 9.
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4.2.4.1 Infants

Infants under 2 years of age are assumed to spend their time primarily at the place of residence (in
the house or outdoors in the yard). Although some infants on the reservation are breast fed, it is
unlikely that thisis a significant route of exposure rdative to direct exposures. Instead of breast
feeding, infants will be assumed to ingest formula made from water at the resdence. Thisisa
consarvative assumption because concentrations of COCs would likely be higher water in the MA
or PIA than in breast milk. Infants are assumed not to ingest plants, wildlife, or livestock;
participate in swest lodge ceremonies or other cultura activities; or use the haul roads. In fact,
infants may receive limited exposure to plants, wildlife, livestock, and the haul roads. However,
these pathways are likely negligible relative to other exposures & the resdence.

Asareault of these assumptions, there are no complete and significant pathways for current infants
living offgte. The risk assessment will evauate future infants assumed to live in the PIA or MA.

4.2.4.2 Children and Adults - Common Activities

From the age of 2 years and older, residents are assumed to spend the same amount of timein
certain activities (common activities), regardless of age group, which include (1) indoor and outdoor
activities a and near the residence, (2) sweat lodge ceremonies near the residence, (3) culturd
activities on Blue Creek, and (4) use of the haul roads for transportation. Indoor and outdoor
activities a and near the residence could include house and yard work, playing, hunting, gathering,
processing, gardening, deeping, etc. The other common activities (sweet lodge, culturd, haul roads)
have been described in detail in Section 4.2.2. Residents 2 years and older are assumed to eet the
sametypes of plants, wildlife, and livestock.

4.2.4.3 Children and Adults - Specific Activities

In addition to common activities described above, residents 2 years and older are assumed to spend
amilar timein various activitiesin the PIA and MA, dthough the types of activities differ for different
age groups. These age-specific activities have been described in detail in Section 4.2.2 and are
listed below.

42431 Child (2 to 6 years of age)
Beginning a age 2, the child accompanies the mother as she gathersin the PIA and MA.

42432 Youth (ages 7-16)

It is assumed that youth spend time learning to hunt, gather, and fish, and playing outdoorsin the
MA and PIA.

4.2.4.3.3 Adults (ages 17-55)
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It is assumed that adults spend their time working, hunting, fishing, gathering, processing, and
gardening. In generd, the men work in the Ste area (collecting environmental samples, engaging in
restoration/reclamation/construction work, and caring for natural and cultura resources and tribal
property), and hunt, fish, and process game. The women also work in the Site area (same types of
work as listed for the men), gather and process plantsin the MA and PIA, and garden at the place
of resdence. For dl of these activities, adults spend some time near water in the Site area (e.g., on
activities such as washing plants or game, gathering aguatic plants and wildlife), exposed to the
sediment and surface water.

42434 Elders (ages 56-70)

It isassumed that eders gather plants and medicines, prepare them, use them (e.g., making baskets
or medicines), and teach a variety of indoor and outdoor traditiond activitiesin the MA and PIA.
Elders aso provide child care in the home.

4.2.4.4 Receptor Summary

For the purposes of quantitative risk assessment, current resdents, future resdentsliving in the PIA,
and hypothetical future MA residents will be divided into two age groups based on smilar aress,
types, and extent of exposure: (1) Infants who are exposed at the residence (in the house or
outdoorsin the yard), and (2) children (including youth) and adults (including e ders) who spend
amilar time in common activities a and near the residence, in a swest lodge, and on the haul roads;
who spend time in the MA and PIA for various activities (hunting, gethering, teaching and learning
traditiona activities, working, recreating, transportation, and ceremonies); and who eat Smilar types
of plants, wildlife, and livestock.

Therefore, potentially exposed people are:

Current infants who live offste and are primarily exposed at the residence. For therisk
assessment, it will be assumed that these infants are not significantly exposed to COCsin the
Stearea

Current children and adults who live offsite and spend time in the MA and PIA for various non-
resdentia activities.

Future infants who live in the PIA and are primarily exposed at the resdence.

Future children and adults who livein the PIA and spend timein the MA and PIA for various
non-residentia activities.

Hypothetica future infants who live in the MA and are primarily exposed & the resdence.

Hypothetica future children and adults who live in the MA and spend timein the MA and PIA
for various non-resdentia activities.
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4.3 Conceptual Site Models

The groups of people described previoudy may be exposed to COCs at the Site through various
pathways. CSMs have been developed for the Site area as schematic representations of source
aress, release mechanisms, environmentd transport media, and potentia exposure routes for COCs
that may lead to exposure of the receptors to contaminants in the Site area (Figures 4 through 9).
The purpose of the CSM isto represent COC sources and exposure pathways that may result in
human hedth risks, to aid in developing a sampling plan to represent the exposure pathways which
incur the most risk.

Potentialy complete and significant exposure pathways are quantified by risk assessment (see
Section 4.4 and Tables 1 through 6). A complete exposure pathway includes al of the following
eements

A source and mechanism of contaminant release

A transport or contact medium (e.g., groundwater or soil)

An exposure point where humans can contact the contaminated medium
An exposure (intake) route (such as ingestion or inhalation)

The absence of any one of these e ements results in an incomplete exposure pathway. Where there
is no potentia exposure, thereis no potentia risk. EPA's risk assessment and risk characterization
guidance (EPA 19893, 1992¢) does not require that al plausible exposure scenarios and exposure
pathways be assessed. Pathways that are incomplete or potentialy complete, but negligible, are not
evauated in the risk assessment. A pathway may be potentidly complete but negligible if the
trangport process is considered to be inggnificant resulting in negligible concentrations of COCsin
the exposure medium, or if the amount of exposure to the medium is considered to be negligible.
Potentidly complete, but negligible, pathways will not be evauated quantitatively because these
pathways would be unlikely to measurably impact risk estimates or cleanup decisons. In addition,
some pathway's cannot be quantified even if they are potentially complete and significant because
key information islacking. Potentidly complete pathways that are not evaluated quantitatively in the
risk characterization will be discussed qualitatively in the uncertainty section of the risk assessment.

CSM s have been developed for the following potentia sources of contamination: surface materid in
the MA, two open pitsin the MA, groundwater in the MA and PIA, surface water and sedimentsin
the PIA, soils and riparian sedimentsin the PIA, and surface materid on the haul roads. The CSMs
(Figures 4 through 9) depict the pathways that are summarized below. Sections 4.3.1 through 4.3.6
describe potentialy complete and significant pathways in each CSM, and Sections 4.3.7 and 4.3.8
discuss potentialy complete but negligible pathways and incomplete pathway's, respectively.

4.3.1 Surface Material in the MA
The CSM for surface materid in the MA isshown in Figure 4.
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4.3.1.1 Potential Sources in the MA

Surface materia in the MA includes ore, protore or waste rock deposited on the ground surface or
in the backfilled pits, and MA soil potentidly impacted by COCs trangported in windblown dust or
in surface runoff. The source dso includes haul roads and other impacted areas in the MA. It does
not include materid in the two open pits or other surface water bodiesin the MA.

4.3.1.2 Potential Release Mechanisms in the MA

COCsin surface materid can enter outdoor ar in the MA viafugitive and vehicle generated dust
and from radon emanation. COCs in surface materia can be taken up or adhered to terrestrid and
garden plants growing in the MA and wildlife and livestock that forage in the MA. COCsin surface
materid in the MA could be transported into hypothetica residences on shoes and clothing.
Externd radiation is emitted from radionuclides in surface materid in the MA.

In some cases, the release mechanisms may carry COCs beyond the MA surface to other media or
areas. COCsin surface materia in the MA may be trangported vialeaching to MA groundwater or
to PIA surface water and sediments. These media are addressed in CSMs shown in Figures 6 and
1.

In addition, materids from the MA were used to build the haul roads and may dso have spilled
aongsde the hauls roads from trucks trangporting ore to the mill. The CSM from haul roadsis
included in Figure 9.

4.3.1.3 Potential Exposure Media in the MA

Exposure media potentidly impacted by surface materid in the MA addressed in Figure 4 include
surface materias, outdoor air, indoor air, terrestrial and garden plants, wildlife, and livestock, each
inthe MA, and construction material and indoor dust at current and future residences.

4.3.1.4 Potentially Exposed People in the MA

Exposure to people in the MA will be evaluated for the following groups: 1) people who currently
reside off-gite, but who frequent the MA; 2) potentia future residents of the PIA; and 3)
hypothetical future residents of the MA (Tables3to 6). Asnoted previoudy, resdentia land useis
not anticipated to occur in the MA, but will be evauated nonethel ess.

4.3.1.5 Potentially Complete and Significant Exposure Pathways

Potentialy complete and significant pathways by which receptors could be exposed to COCs from
surface materid in the MA are discussed in the following text.
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Current Offsite Residents and Future Residents of the PIA

There are no complete and significant pathways for surface materid in the MA for infants living
offgteor inthe PIA. Exposure pathways for children and adults living offste or in the PIA who may
gpend timein the MA for various activities include:

Ingestion and dermd exposure to surface materid in the MA

Inhalation of outdoor air containing fugitive dust and radon and daughter productsin the MA

Exposure to externd radiation in the MA

Ingestion of terredtrid plants growing in the MA

Ingestion of terrestrid wildlife and livestock thet live or forage in the MA

Hypothetical Residents of the MA

Exposure pathways for infants living in the MA include:
Ingestion and dermal exposure to surface materid in the yard and indoor dust at the resdencein
the MA

Inhalation of outdoor air containing fugitive dust and radon and daughter products a the
resdence in the MA

Exposure to externd radiation at the residence inthe MA
Inhaation of radon and daughter products in indoor ar at the resdence in the MA

Exposure pathways for children and adults living in the MA include:
Ingestion and derma exposure to surface materid in the yard and away from the residence and

indoor dust at the resdencein the MA

Inhalation of outdoor air containing fugitive dust and radon and daughter products at and away
from the resdence in the MA

Exposure to externd radiation at and away from the residence in the MA
Inhaation of radon and daughter products in indoor air at the resdence in the MA
Ingestion of terrestrid plants growing in the MA

Ingestion of terregtriad wildlife and livestock thet live or forage in the MA

4.3.1.6 Potentially Complete, But Negligible Pathways in the MA
Pathways consdered potentidly complete but negligible are discussed in Section 4.3.7.
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4.3.1.7 Incomplete Pathways in the MA
Pathways considered incomplete are discussed in Section 4.3.8.

4.3.2 Two Open Pits in the MA
The CSM for the two open pitsin the MA is shown in Figure 5.

4.3.2.1 Potential Sources for Two Open Pits

Water and sediments in the two open pitsin the MA have been impacted by (1) erosion and
leaching of materia from the pit walls into the pits, (2) groundwater discharge into the pits, and (3)
surface water and suspended sediments pumped to the pits. This source consists of pit wals, dried
bank sediments, and surface water in the open pits.

4.3.2.2 Potential Release Mechanisms for Two Open Pits

COCsin the two open pits can enter outdoor air viafugitive dust from pit walls and dried sediments
and viaradon emisson from pit walls, bank sediments, and water. COCsin surface water can be
taken up viawildlife and livestock. Externd radiation exposure can be released from radionuclides
in pit wals and bank sediments.

In some cases, the release mechanisms may carry COCs beyond the two open pits to other media
or areas. COCsin water in the two open pits can flow into groundwater in the MA or be pumped
to the water treatment plant, then discharged to surface water inthe PIA. These mediaare
evauated in separate CSMs shown in Figures6 and 7.

4.3.2.3 Potential Exposure Media for Two Open Pits

Exposure media potentidly impacted by the two open pits addressed in Figure 5 include dried
sediments, surface water, outdoor ar, wildlife, and livestock. The pit wals are not considered
direct exposure mediafor humans due to the inherent danger in climbing pit wals.

4.3.2.4 Potential Exposure in the Two Open Pits

People potentidly exposed in the two open pitsin the MA include current residents, future resdents
livinginthe PIA, and hypothetical MA residents.

4.3.2.5 Potentially Complete and Significant Exposure Pathways

Potentially complete and significant pathways by which people could be exposed to COCs from the
two open pitsin the MA are discussed in the following text. Becauseit is not know whether
children and adults currently swvim or intentiondly ingest water from the pits, a hypothetica
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swimming scenario for children and adults in the open pits will be evauated separate from the other
scenarios.

Hypothetical Swimming Scenario
Current and future children and adults could use the two open pits for recreationa purposes.
Exposure pathways for this swvimming scenario include:
Ingestion, dermal, and inhaation exposure to dried bank sedimentsin the open pits
Inhaation of radon and daughter products in the open pits
Exposure to externd radiation in the open pits
Incidental ingestion to surface water while swvimming in the open pits

Residents

Infants are assumed not to spend timein the two open pits. Children and adults living offgte, in the
PIA, or inthe MA could be exposed to COCs from the two open pits indirectly viaingestion of
wildlife and livestock that ingest surface water from the open pits. Therefore, this pathway will be
included in the risk assessment.

4.3.2.6 Potentially Complete, but Negligible Pathways for Two Open Pits
Pathways consdered potentidly complete but negligible are discussed in Section 4.3.7.

4.3.2.7 Incomplete Pathways for Two Open Pits
Pathways considered incomplete are discussed in Section 4.3.7.

4.3.3 Groundwater in the MA and PIA
The CSM for groundwater in the MA and PIA isshown in Figure 6.

4.3.3.1 Potential Groundwater Sources

Groundwater in the MA has been impacted by leaching of COCs from surface and subsurface
materiadsin the MA and movement of surface water from the two open pits into groundwater.
Groundwater in the PIA has been impacted by movement of groundwater from the MA into
groundwater in the PIA, and, potentidly, by leaching of COCs from surface and subsurface
materidsin the PLA including the haul roads,
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4.3.3.2 Potential Groundwater Release Mechanisms

COCsin groundwater in the MA or PIA can enter resdences viainfiltration through a basement, be
brought into a resdence via domestic use of groundwater or into a sweset |odge during ceremonies,
and be taken up by garden plants from irrigation.

Groundwater in the MA can be transported to groundwater and seeps/springsin the PIA. COCsin
seepg/springs in the PLA can enter outdoor air via radon emission and can be taken up by livestock
and wildlife that ingest seep/spring water.

COCsin seepg/springsin the PIA can enter surface water and sedimentsin the PIA via overland
transport or be pumped to the water treatment plant, then discharged to surface water in the PIA.
These media are evaluated in a separate CSM shown in Figure 7.

4.3.3.3 Potential Exposure Media from Groundwater

Exposure media potentialy impacted by groundwater in the MA and PIA addressed in Figure 6
include groundwater in the MA and PIA, indoor air in the MA and PIA (in aresidence or Swegt
lodge), garden plantsin the MA and PIA, seeps/springsin the PIA, outdoor air inthe PIA, and
livestock and wildlife who forage in the PIA.

Seepgsorings a the Site may be smilar to groundwater in terms of concentrations of COCs, but are
different than groundwater in terms of exposure because seep water can be directly used by people
and wildlife who vigt the ste (without the need for awel). Seeps/'springs may aso be smilar to
surface water in terms of exposures by people and wildlife, but the concentrations of COCsin
seeps may be very different than in surface water.  Therefore, seeps/springs will be evauated asa
Separate exposure media from groundwater and surface water in the Site area.

4.3.3.4 People Potentially Exposed to Groundwater

People potentialy exposed to groundwater in the MA and PIA include current resdents, future
resdentsliving in the PIA, and hypotheticdl MA resdents.

4.3.3.5 Potentially Complete and Significant Groundwater Exposure Pathways

Potentially complete and significant pathways by which receptors could be exposed to COCs from
groundwater in the MA and PIA are identified in the following section.

Current Offsite Residents

There are no complete and sgnificant pathways for groundwaeter in the MA and PIA for infants
living offgte, because these infants are assumed not to spend time in the MA or PIA. Exposure
pathways for children and adults currently living on the reservation include:
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Intentiona ingestion of seep/spring water in the PIA
Ingestion of livestock and wildlife that ingest water from seepg/springs in the PIA

Future Residents of the PIA
Exposure pathways for future infants living in the PLA include:

Ingestion of groundwater in aresidencein the PIA
Inhaation of indoor air impacted by groundwater in aresdencein the PIA
Exposure pathways for future children and adults living in the PIA include:

Ingestion of groundwater in aresdence in the PIA

Inhalation of indoor air impacted by groundwater in aresidence in the PIA

Ingestion and inhaation exposure to groundwater during a swest lodge ceremony inthe PIA
Intentional ingestion of seep/spring water in the PLIA

Ingestion of garden plants irrigated with groundwater from the PIA

Ingestion of livestock and wildlife that ingest water from seeps/springsin the PLIA

Hypothetical Residents of the MA

Exposure pathways for hypothetical resdents of the MA are the same as those listed above for
future residents of the PIA except that the residentia exposures for hypothetical residents of the MA
would occur inthe MA.

4.3.3.6 Potentially Complete, But Negligible Pathways
Pathways considered potentially complete but negligible are discussed in Section 4.3.7.

4.3.3.7 Incomplete Pathways
Pathways considered incomplete are discussed in Section 4.3.8.

4.3.4 Surface Water and Sediments in the PIA
The CSM for surface water and sedimentsin the PIA is shown in Figure 7.

4.3.4.1 Potential Surface Water and Sediment Sources

Surface water and sediments in the PIA have been impacted by overland trangport from the surface
of the MA and PIA, discharge from the water treatment plant, and discharge from groundwater and
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seepg/springs. This source conssts of surface water, and bank, channel, and suspended sediments
inthe PIA. Riparian sedimentsin the PIA are evdluated in a separate CSM in Figure 8.

4.3.4.2 Potential Surface Water and Sediment Release Mechanisms

COCsin dried bank sedimentsin the PIA can enter air viafugitive dust and release of radon and
daughter products. COCsin sediments and surface water can be taken up into aguatic plants and
wildlifeinthe PIA. COCsin surface water in the PIA could enter aresidencein the PIA via
domestic use of surface water; enter a swest |odge during ceremonies; and be taken up by garden
plants from irrigation or by livestock and terrestrid wildlife in the PIA. externd radiation can be
released from radionuclides in sedimentsin the PIA.

4.3.4.3 Potential Exposure Media from Surface Water and Sediments

Exposure media potentialy impacted by surface water and sedimentsin the PIA addressed in
Figure 7 include surface water in the PIA; bank, channdl, and suspended sedimentsin the PIA;
outdoor air inthe PIA; indoor ar in aresdencein the PIA; indoor air in asweet lodgeinthe PIA;
garden plants and aguetic plants and wildlife in the PIA; and livestock and terrestrid wildlife who
may forageinthe PIA.

4.3.4.4 People Potentially Exposed to Surface Water and Sediments

People potentialy exposed to surface water and sedimentsin the PIA include current residents,
future resdentsliving in the PIA, and hypotheticd MA resdents.

4.3.4.5 Potentially Complete and Significant Surface Water and Sediment Exposure
Pathways

Potentidly complete and significant pathways by which people could be exposed to COCs from
surface water and sedimentsin the PIA are discussed next.

The extent of the area adjacent to the MA that has been impacted by mining activities has not yet
been ddlinested. Therefore, it is not yet known whether drainagesin the PIA that support significant
harvesting of fish are part of the Ste. Even if the Site does include drainages that support sgnificant
harvesting of fish, it is not yet known whether the types of COCs in those drainages would be taken
up to aggnificant extent in fish.

Therefore, the ingestion of fish pathway will be preliminarily assumed to be potentidly complete and
ggnificant while further information is obtained. The pending background investigation will delineste
any impectsto drainagesin the PIA. Any identified impacts to mediain drainages (e.g., sedimernt,
surface water, or groundwater) will then be evauated for potentia impacts to fish which may be
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harvested by Triba members. Because there is a possibility that the fish ingestion pathway may be
evauated in the risk assessment, exposure factors for fish ingestion are provided in Section 4.7.2.1.
Current Offsite Residents
There are no complete and significant pathways for surface water and sedimentsin the PIA for
infants living offgte.
Exposure pathways for children and adults living offste who may spend time in the PIA for various
activitiesinclude:

Ingestion of surface water inthe PIA

Ingestion and derma exposure to sedimentsin the PIA

Ingestion of aguatic plants from the PIA

Ingestion of agquatic wildlife from the PIA

Ingestion of terredtrid wildlife and livestock thet forage in the PIA

Future Residents of the PIA
Exposure pathways for future infants living in the PIA are ingestion of surface water used asa
domestic water source and inhalation of indoor air. Exposure pathways for future children and
adultsliving inthe PIA:

Ingestion of surface weter in aresdencein the PIA

Ingestion and dermal exposure to sedimentsin the PIA

Inhaation of indoor air in the resdence inthe PLA

Ingestion and inhalation exposure to surface water during a sweet lodge ceremony in the PIA

Ingestion of garden plantsirrigated with surface water from the PIA

Ingestion of aguatic plants from the PIA

Ingestion of aguatic wildlife from the PIA

Ingestion of terrestrid wildlife and livestock that forage in the PIA

Hypothetical Residents of the MA
There are no complete and sgnificant pathways for surface water and sedimentsin the PIA for
future infants living in the MA. Exposure pathways for future children and adultsliving in the MA
who may spend time in the PIA for various activitiesinclude:

Ingestion of surface water inthe PIA

Ingestion and derma exposure to sedimentsin the PIA
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Ingestion of aguatic plants from the PIA
Ingestion of aguatic wildlife from the PIA
Ingestion of terrestrid wildlife and livestock that forage in the PIA

4.3.4.6 Potentially Complete, But Negligible Pathways
Pathways consdered potentidly complete but negligible are discussed in Section 4.3.7.

4.3.4.7 Incomplete pathways
Pathways considered incomplete are discussed in Section 4.3.8.

4.3.5 Soilsinthe PIA
The CSM for soilsin the PIA is shown in Figure 8.

4.3.5.1 Potential Sources

Soilsin the PIA include soil in upland areas and riparian sediments in riparian areas. Soilsin the
PIA may have been impacted by (1) fugitive dust and radon and daughter products from the MA
and haul roads, and (2) overland transport of surface materia from the MA and haul roads,
discharge from the water treatment plant, and discharge from seeps/springs. each potentialy
deposited as riparian sediments. This source consists of surface and subsurface soil in upland areas
and surface and subsurface riparian sedimentsin riparian areasin the PIA.

4.3.5.2 Potential Release Mechanisms

COCsfrom the MA and haul roads could enter outdoor air in the PIA viafugitive particulates and
radon and daughter products. In addition, COCs from soilsin the PIA could enter outdoor air in
the PIA viafugitive dust and radon emission and could enter indoor ar viaradon emission and
infiltration through afoundation. COCsin soils (i.e.,, surface materias) in the PIA could be
trangported into residences by vehicles, clothing, shoes, or pets or be taken up via garden plants at
aresdence, riparian or terregtrid plants growing in the PIA, and wildlife and livestock that forage in
the PA. Additiondly, radionuclidesin soils from the PIA may emit radigtion externdly.

COCsin soilsin the PIA could aso be trangported vialeaching to groundwater in the PIA and via
overland trangport to surface water and sedimentsin the PIA. However, soilsin the PLA may not
represent a significant source of COCs to groundwater and surface water.
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4.3.5.3 Potential Exposure Media

Exposure media potentialy impacted by soilsin the PIA addressed in Figure 8 include soil; outdoor
ar; indoor ar; riparian, terrestrid, and garden plants; wildlife and livestock that forage in the PIA;
and indoor dust at current and future residences.

4.3.5.4 Potentially Exposed People

People potentialy exposed to soilsin the PIA include current residents, future residents living in the
P A, and hypotheticad MA residents.

4.3.5.5 Potentially Complete and Significant Exposure Pathways

Potentially complete and significant pathways by which people could be exposed to COCs from
soilsinthe PIA areidentified in the following text.

Current Offsite Residents

There are no complete and significant pathways for soilsin the PIA for infants living offate. As
discussed in Section 4.2.4.1, infants are assumed to spend their time at their place of residence.
Exposure pathways for children and adults living offste include:

Ingestion and derma exposure to soil in the upland PIA

Inhalation of outdoor ar in the upland PIA containing radon and daughter products

Exposure to externd radiation in the upland PIA

Ingestion and dermal exposure to riparian sedimentsin the riparian PIA

Inhalation of outdoor ar in theriparian PIA containing radon and daughter products

Exposure to externd radiation in the riparian PIA

Ingestion of terrestrid and riparian plants growing in the PLA

Ingestion of wildlife and livestock thet live or foragein the PIA

Future Residents of the PIA
Exposure pathways for future infants living in the PLA include:

Ingestion and dermd exposure to soil and indoor dust at the resdence in the PLA

Inhalation of outdoor air containing radon and daughter products & the resdence in the PIA
Exposure to externd radiation at the resdence inthe PIA

Inhaation of indoor air a the resdenceinthe PIA
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Expaosure pathways for future children and adultsliving in the PIA include:

Ingestion and dermal exposure to soil in the PIA at and away from the residence

Inhalation of outdoor air containing radon and daughter productsin the PIA a and away from
the resdence

Exposure to externd radiation in the PIA at and away from the residence
Ingestion and dermal exposure to indoor dust &t the resdence in the PIA
Inhaation of indoor air a the resdenceinthe PIA

Ingestion of terrestria and riparian plants growing in the PIA

Ingestion of wildlife and livestock thet live or forageinthe PIA

Hypothetical Residents of the MA
There are no complete and sgnificant pathways for soilsin the PIA for future infants living in the
MA who are assumed to spend their time at their residence. Exposure pathway's for future children
and adultsliving in the MA include:
Ingestion and derma exposure to soil in the upland PIA
Inhalation of outdoor air in the upland PIA containing radon and daughter products
Exposure to externd radiation in the upland PIA
Ingestion of terredtrid plants growing in the upland PIA
Ingestion and derma exposure to riparian sedimentsin the riparian PIA
Inhalation of outdoor air in the riparian PIA containing radon and daughter products
Exposure to externd radiation in the riparian PIA
Ingestion of riparian plants growing in the riparian PIA
Ingestion of wildlife and livestock thet live or foragein the PIA

4.3.5.6 Potentially Complete, But Negligible Pathways
Pathways considered potentially complete but negligible are discussed in Section 4.3.7.

4.3.5.7 Incomplete Pathways
Pathways consdered incomplete are identified in Section 4.3.8.

4.3.6 Haul Roads Source
The CSM for the haul roads source is shown in Figure 9.
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4.3.6.1 Potential Source

The haul roads were made from materid from the MA. In addition, the haul roads may have been
impacted by ore from the MA lost from trucks during mining operations. This source conssts of the
surface and subsurface materid that make up the haul roads. Exposure to surface materia will be
evauated specificdly for travel upon the haul roads.

4.3.6.2 Potential Release Mechanisms

COCsin the haul roads can enter outdoor air viaresuspension of dust generated by wind and
vehicles and from radon emission. COCsin surface materia on the haul roads could be transported
into residences by vehicles and on shoes, clothing, or pets. Externa radiation is emitted by
radionuclides in surface materid on the haul roads.

COCsin the haul roads could aso be transported via the wind to air and soil in the PIA near the
haul roads, vialeaching to groundwater in the PIA, and via overland transport to surface water and
sedimentsin the PIA. These media are evaluated in separate CSMs shown in Figures 6, 7, and 8.

4.3.6.3 Potential Exposure Media

Exposure media potentidly impacted by the haul roads source addressed in Figure 9 include surface
material, outdoor air, and indoor dust at current and future residences.

4.3.6.4 Potentially Exposed People

People potentialy exposed to surface materid on the haul roads include current residents, future
resdentsliving in the PIA, and hypothetical MA residents.

4.3.6.5 Potentially Complete and Significant Exposure Pathways
Potentidly complete and sgnificant pathways by which people could be exposed to COCs on the
haul roads are discussed next.

There are no complete and sgnificant pathways for the haul roads for infants living offste or future
infants living in the MA or PIA who are assumed to spend their time at the resdence and who rarely
gpend time in the haul roads. Exposure pathways for current and future children and adults who use
the haul roads for trangportation include:

Ingestion and dermal exposure to surface materid on the haul roads

Inhalation of outdoor air at the haul roads containing dust and radon and daughter products

Exposure to externd radiation at the haul roads
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4.3.6.6 Potentially Complete, But Negligible Pathways
Pathways considered potentially complete but negligible are discussed in Section 4.3.7.

4.3.7 Potentially Complete, but Negligible Pathways

The following pathways are consdered potentialy complete, but negligible, and will not be
evaduated quantitatively in the risk assessment because they are considered to be unlikey to
measurably impact risk estimates or cleanup decisons. These pathways will be discussed
quditatively in the uncertainty section of the risk assessment.

4.3.7.1 Infants Living Offsite

All pathways for infants living offgite, that are considered potentialy complete, are consdered
negligible, because it is assumed that infants living offsite do not spend significant time in the Site
area

4.3.7.2 Non-residential Pathways for Infants Living in the MA or PIA

All non-resdentia pathways for infantsliving in the MA or PIA, that are conddered potentidly
complete, are ds0 considered negligible, because infants are assumed to primarily remain a their
resdencesinthe PIA or MA.

4.3.7.3 Ingestion of Plants, Wildlife, and Livestock by Infants

Ingestion of plants, wildlife, and livestock by infants are considered potentially complete, but
negligible pathways because infants are assumed to primarily ingest formula made with water
obtained at the residence (discussed in Section 4.2.4.1).

4.3.7.4 Exposure of Residents to Indoor Dust Transported Long Distances

Exposure of resdents to indoor dust containing COCs transported long distances on vehicles,
clothing, or pets (e.g., from the MA or haul roads to current residences on the reservation) is
congdered potentialy complete but negligible because indoor dust will be primarily compaosed of
soil from the resdentia yard (EPA 1998c). Additional components contributing sgnificantly to
indoor dust include clothing and carpet fibers, pet and human skin scales, and hair, molds, and dust
mites. Using standard risk assessment methodology, exposure to indoor dust containing COCs
from yard soil will be evauated for resdents of the MA and PIA (yard soil and indoor dust
concentrations will be assumed to be the same).
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4.3.7.5 Dermal Exposure to Inorganics in Water

Dermd contact with metas in water, although a potentially complete pathway, will not be quantified
in the HHRA because metals in water are not well absorbed through the skin. The uptake of
inorganic chemicas through the skin from water is primarily limited to compounds dissolved in
water. While water soluble metals are absorbed at higher rates than insoluble ones, the penetration
rate of water through the skin is dow (0.001 centimeter/hour [cr/hr]) (EPA 1992b). Severa
investigators have aso shown that eectrolytesin dilute solution penetrate the skin poorly (EPA
1992b). Absorption rates smilar to that of water have been observed for the chloride salts of zinc,
cadmium, and mercury, and for sodium chromate and slver nitrate (Wahlberg 1968; Sog and
Wahlberg 1964). The recommended derma permesbility factor for metasis quite low at 0.001
cm/hour (EPA in press) and it gpplies only to the dissolved fraction.

4.3.7.6 Dermal Exposure to Inorganics in Soil

Limited skin absorption data exist for arsenic and cadmium (EPA Region 10 1998g; EPA in press)
and these metals are considered more mobile in the environment than other metals because
cadmium is soluble in water and arsenic has multiple oxidation states (EPA 1985). Therefore,
dermd absorption of metds through the skin will be quantified for arsenic and cadmium as
recommended by EPA (in press).

Data on the amount of other types of metals in soil absorbed through the skin is extremdly limited
(EPA 1992b). In addition, available dataindicate that the contribution of derma exposure to soil to
overdl risk istypicaly smdl (EPA Region 4 1995, EPA in press). In generd, metasin soil are
strongly adsorbed and will not leach except under strongly acidic conditions. Therefore, absorption
of metasin soil through the skin is probably very dow. Inorganics other than arsenic and cadmium
that lack dermal absorption data will not be evauated quantitatively in the risk assessment (EPA in
press).

The derma route of exposure is generdly not important for radionuclides compared to other
exposure routes (e.g., external radiation, ingestion, inhalation) (EPA 1999b; EPA 2000d). In
addition, data on the amount of radionculides in soil absorbed through the skinislimited. Region 10
risk assessment guidance does not clearly address whether to evaluate derma exposure to
radioactive inorganics and does not provide a method for evauating such exposures (EPA Region
10 19984). Therefore, dermd exposure to radionuclides will not be evauated quantitetively in the
risk assessmen.

4.3.7.7 Dermal Exposure to Inorganics in Sediments

The combination of a potentialy larger exposed skin surface area and wet media may cause
stronger adherence of sediments to the skin (Kissel et d. 1996, 1998; Duff and Kissel 1996;
Holmeset d. 1996). Thismay lead to enhanced contact, so this pathway was quantified in the
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HHRA. Aswith soil, dermd contact will be evauated only for arsenic and cadmium (EPA Region
10 1998a; EPA in press).

4.3.7.8 Dermal and Inhalation Exposure to Plants

Dermd and inhdaionexposure to plants (for example, through medicina application, contact during
gathering or processing, or inhdation during smoking) are congdered potentialy complete, but
negligible, because these pathways are likely not important compared to the ingestion route of
exposure. In addition, derma and inhaation exposures to plants can not be easily quantified.

4.3.7.9 Dermal Exposures to Wildlife

Dermd exposures to wildlife (for example, while processing mest or wearing hide) are consdered
potentialy complete, but negligible, because these pathways are likely not important compared to
the ingestion routes of exposure and dermd exposures to wildlife can not be easily quantified.

4.3.7.10 Inhalation of Fugitive Dust in the PIA

Inhaation of fugitive dust in the PIA is congdered potentidly complete, but negligible as discussed
below (fugitive dust in the MA, two open pits, and the haul roads will be evaluated in the risk
assessment).

Inhalation of outdoor ar containing fugitive dust is often evauated in risk assessment, but rardy
contributes sgnificantly to risk. For example, using screening level estimates of human exposure
recommended in EPA’s SSL. Guidance (EPA 1996h), intake of soil from the inhdation pathway is
less than 0.0002-times that for the ingestion pathway (1SSl 1999). Similarly, based on generic
SSLsfor radionuclides, cancer risks from plant ingestion, soil ingestion, and externd radiation
generdly far outweigh risks from inhaation of fugitive dust (EPA 2000d).

EPA Region 10 guidance states that when soil ingestion and fugitive dugt inhdation are evauated
together, the risks and hazards associated with ingestion are significantly greeter than those
associated with inhaation. Therefore, EPA Region 10 (1998a) recommends that the fugitive dust
pathway be limited to hexavadent chromium, cadmium, and other compounds known to exert
ggnificant toxicity viadust inhdation. Becausethe PIA is generdly covered with vegetation and
fugitive dust generation islikely low, fugitive dust in the PIA is consdered to be a potentidly
complete but negligible pathway that will not be eva uated.

In contragt to the PIA, high dust levels may occur in the MA, Fit 3, Pit 4, and on the haul roads.
Dust leves have been observed (1) exceeding action levels (0.5 to 2.5 miligram/cubic meter
[mg/n]) identified in the URS site-specific Hedlth and Safety Plan (URS 2000c) for controlling dust
during field work a the Site and (2) reaching visible levels (2 to 3 mg/nT) (persona communication
with Tim Joseph, URS Hedlth and Safety specidist for the Site). These levels of dust are severd
thousand times higher than the defauilt value for windblown dust of 0.76 microgram (ug) dust/nt®
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assumed in EPA guidance for caculating SSLs (EPA 1996b). Therefore, the fugitive dust pathway
will be evaluated for dl COCsfor receptors exposed in the MA, in the open pits, and on the haul
roads.

4.3.7.11 Incidental Ingestion of Surface Water in the PIA

Incidentd ingestion of surface water in the PIA while hunting and gathering is consdered potentidly
complete, but negligible, because incidentaly ingested amounts of water are smdl, probably within
the uncertainties of estimates of intentiond water ingestion. Based on recommendations from the
Spokane Tribe, it will be assumed that people intentionally ingest 1 liter of surface weter each day in
the PA. Theincidentd ingestion of a smdl amount of water from the fingertips (perhaps 0.005
liter/day) is consdered to be within the uncertainties associated with the estimate of intentional
ingestion of 1 liter/day.

4.3.7.12 Inhalation of Radon in Outdoor Air Emitted from Seeps/Springs

Inhaation of radon emitted from seeps/springs into outdoor air is considered to be potentialy
complete, but negligible, because the radon contribution from seeps/springsis smal compared to
other sources of radon in outdoor air inthe PIA. Receptorsin the PIA will be evaluated for
exposure for radon measured in outdoor air.

4.3.7.13 Inhalation of Radon in Outdoor Air Emitted from Bank, Channel, and
Suspended Sediments in Creeks in the PIA

Inhalation of radon in outdoor air emitted from bank, channdl, and suspended sedimentsin creeksin
the PIA is consdered to be potentialy complete, but negligible because the radon contribution from
bank, channdl, and suspended sedimentsis small compared to other sources of radon in outdoor air
inthe PIA. Inhalation of radon in outdoor air emitted from large areas of dried sediments, such as
riparian sedimentsin the PIA (see Figure 6) will be consdered a potentidly complete and significant
pathway. Receptorsin the PIA will be evaluated for exposure to radon measured in outdoor air.

4.3.7.14 Inhalation of Fugitive Dust in Outdoor Air Emitted from Dried (Bank) Sediments
in Creeks in the PIA

Inhaation of fugitive dust in outdoor air emitted from dried (bank) sedimentsin creeksin the PIA is
considered to be potentialy complete, but negligible because the source areais smal.

4.3.7.15 External Radiation from Bank, Channel, and Suspended Sediments in Creeks in
the PIA

Externd radiation from bank, channel, and suspended sediments in creeksin the PIA is consdered
to be potentidly complete, but negligible because the source areaissmal. Externd radiation
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emitted from large areas of dried sediments, such as riparian sedimentsin the PIA (covered in
Figure 8) is conddered a potentidly complete and significant pathway.

4.3.8 Incomplete Pathways

Thefollowing pathways are considered to be incomplete and will not be evaluated further in therisk
assessment.

Resdential exposures (e.g., garden plants, sweet lodge, domestic water, indoor exposures) in
the MA for receptorsthat don't live in the MA

Resdentia exposuresin the PIA for receptors thet don't livein the PIA

Exposure of infants to water in a sweset lodge ceremony because infants do not participate in
swest lodge ceremonies.

All exposure by infants in the two open pits because infants are assumed not to spend time in
the two open pits

Intentiona ingestion of water in the two open pits

Exposure of infants to seeps/springsin the PIA, because it is assumed that infants do not drink
directly from the seeps/springs nor is domestic use of water from seeps/springs anticipated.

Exposure of dl receptors to the Blood Pooal, because it is smdll, generdly dry, and thereé sno
known reason for people to have contact with the Blood Poal.

4.4 Exposure Areas to be Evaluated Quantitatively in the Risk
Assessment

An exposure areais the location where exposure is evaluated in the risk assessment. Exposure
areasfor the MA and prdiminary exposure areasin the PIA are described in the following sections.
Fina exposure areas will be identified in the impacted area outside of the MA after the nature and
extent of contamination are characterized, which will be evduated by the Rl studies now in
progress.

441 The MA

The surface area of the MA, including roads in the MA, but not the two open pits, will be treated as
one surface exposure area. It is assumed that hypotheticd MA resdentslive in this exposure area
and that children and adults living offgte or in the PIA use the MA exposure area for hunting,
gathering, teaching and learning traditiond activities and working.
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4.4.2 Two Open Pits in the MA

For exposure in the two open pits, there will be two exposure areas, one for Pit 3 and one for Pit 4.
Children and adults will be assumed to be indirectly exposed to COCsin the two open pits via
ingestion of wildlife and livestock that ingest surface water from the open pits. In addition, a
recreational scenario where children and adults are assumed to swim in each of the two open pits
will be evaluated separate from the other exposure scenarios. Infants are assumed not to svim in
the two open pits.

For domestic groundwater used by hypothetica resdentsin the MA, the exposure areawill include
al groundwater underlying the MA.

443 The Upland PIA

The exposure area for the upland PIA surface materials will be determined based on the results of
Phase 2A/1B sampling (URS 2000d). Upland areas that may have been impacted by the site
include sampled areas in the two primary wind directions (southwestern and northeastern areas of
the PIA). Therefore, the preliminary exposure areafor the upland PIA will consigt of the sampled
areasin the two primary wind directions. It is assumed that PIA residents live in this exposure area,
and that children and adultsliving offgte, in the PIA, or in the MA use this exposure area for
hunting, gathering, teaching and learning traditiona activities, working, and recregting. For domestic
groundwaeter use by resdentsliving in the PIA, the exposure area will be the groundwater plumein
aress of the PIA affected by mining activities.

4.4.4 Riparian/Aquatic Areas in the PIA

For the Phase | sampling, the riparian/aguatic PIA was divided into nine Aress of Interest
corresponding with potentially impacted drainages or ridges surrounding the MA: Western
Drainage, Central Drainage, Eastern Drainage, Northeastern Drainage, Northern Drainage,
Northwest Ridge, Far West Drainage, Southwestern Drainage, and Blue Creek. However, not all
of these drainages are known to be impacted by the Site. Analyses are currently underway to
evauate the nature and extent of mine-affected media The RI report will identify those drainages
consdered to be impacted, each of which will be evauated in the HHRA.

Itislikely that the RI report will show that portions of the Western, Central, and Eastern drainages
nearest to the MA have been affected. It isaso possible that parts of Blue Creek near the
confluence with the Eastern Drainage have been affected. For riparian/aguatic exposuresin the
PIA, the exposure areawill consist of the Western, Central, and Eastern drainages, and parts of
Blue Creek and other riparian/aquatic areas that are shown to be mine-affected.

It is assumed that children and adults living offgite, in the PIA, or in the MA use the riparian/aquatic
areasin the PIA for hunting, gathering, teaching and learning traditiond activities, working, and
recreating and that future residents living in the PIA use surface water in the PIA as adrinking water
source.
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Other than the two open pits, there are no aguatic areas in the MA where human exposure is
anticipated. There are also no riparian areas in the MA.

445 Haul Roads

For exposures while using the PIA haul roads as transportetion, the one exposure areawill include
the two haul roads, the three pump house access roads, and the impacted area on each side of the
roads. It isassumed that children and adults living offgte, in the PIA, or in the MA use this
exposure area for trangportation.

4.4.6 Large Wildlife and Livestock

The exposure area for livestock is assumed to be the MA and PIA. Livestock are assumed to
ingest water from the two open pitsin the MA and seeps and surface water in the PIA and to ingest
plants from the MA, and upland and riparian PIA.

4.5 Pathways to be Evaluated Quantitatively in the Risk
Assessment

Tables 110 6 list pathways to be evauated quantitatively in the risk assessment for each receptor in
each exposure area. These include pathways for residentia exposures for infants, children, and
adults (exposures to COCs in the yard and indoors shown in Tables 1 to 4) and non-residential
exposures (exposures to COCs away from the residence while hunting, gathering, working,
recregting shown in Table 5). Non-residentid exposure pathways in the MA, upland PIA,
riparian/aguatic PIA, and haul roads are assumed to be the same for children and adultsliving
offgte, inthe PIA, or in the MA. In addition, the exposure areas and pathways for a hypothetical
swimming scenario for children and adults in the two open pitsare listed in Table 6.

4.6 Methodology for Estimating Exposure Point Concentrations

To cdculate a cancer risk or anon-cancer hazard, an estimate must be made of the chemical
concentration in the exposure medium (e.g., air, water, megt) to which an individua must be
exposed. According to EPA (EPA 1992d), the EPC should be the estimate of the average
concentration measured over the area to which an individual would be exposed for asgnificant
portion of alifetime. Because of the uncertainty associated with estimating the true average
concentration at asite, EPA recommends the use of the 95 percent upper confidence limit of the
mean (95% UCL) as the appropriate estimate of the average site concentration for an reasonable
maximum exposure (RME) scenario (EPA 1992d). At the 95% UCL, the probability of
underestimating the true mean isless than 5 percent.
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4.6.1 EPCs for Sampled Media

The EPC for COCsin sampled media (e.g., soil, sediment, water, radon in air) will be estimated
based on analyticd results. The concentration terms will be either the 95% UCL concentration or
the maximum detected concentration, whichever islower, following recommendations in Risk
Assessment Guidance for Superfund (EPA 1989a) and “ Supplemental Guidance to RAGS:
Cdculating the Concentration Term” (EPA 1992d).

The formula used to calculate a 95% UCL depends on the distribution of data, (i.e., the shape of
the digtribution curve [EPA 1992d]). EPA experience shows that most environmenta contaminant
data sets have alognormal digtribution (EPA 1992d). However, in cases where the digtribution is
questionable or unknown, EPA recommends (1) performing a statistical test to determine the best
digtribution assumption for the data set and (2) graphing the data.

Didtributions for the environmenta data will determine which method will be used to caculate
corresponding 95% UCLs. The Shapiro-Wilk W-test as modified by Royston (1982) will be
performed on each data set. Thistest will determineif the data set best matches anormal,
lognormd, or neither distribution (EPA 1992d). The W-test is described in further detall in
“Statigtical Methods for Environmenta Pollution Monitoring” (Gilbert 1987) and in “ Stetigtical
Guidance for Ecology Site Managers’ (WDOE 1992).

If the result of adidribution test indicates anormaly distributed data set, a norma 95% UCL will be
caculated with an equation reflecting a Student’ s t-distribution as described in EPA guidance (EPA
1992d). If the resultsindicate alognormd distribution of the data set, a one-sided 95% UCL wiill
be cal culated using the bootstrap method as recommended by EPA (1997d) based on the
coefficient of variation, skewness, and sample Sze, as described in the following paragrgph. This
particular method will aso be applied to data sets where both the norma and lognormal
assumptions of the distribution are rejected.

The bootstrap method is a non-parametric satistica technique, which can construct approximete
confidence intervals for the population mean. This gpproach makes no assumptions regarding the
digtribution for the underlying population. EPA’stechnica issue paper recommending the bootstrap
procedure under certain circumstances (EPA 1997d) focused primarily with the problems
associated with calculating a 95% UCL when the distribution of the contaminant concentration
appearsto be highly skewed. Postively skewed distributions are usualy modeled by the lognormal
digribution. However, this skewnessis possibly due to biased sampling, multiple populations, or
outliersand is not necessarily due to lognormally distributed data (EPA 1997d). Statigticians
showed that incorrectly assuming alognormd distribution may lead to erroneous results (Gilbert
1993; Stewart 1994). After presenting severa smulated examplesin itsissue paper (EPA 1997d),
EPA concluded that the use of severd other methods (e.g., Jacknife, Bootstrap, and Centra Limit
Theorem) is more accurate than the H-statistic 95% UCL (lognorma 95% UCL cdculation
previoudy recommended by EPA 1992d). Therefore, the bootstrap method will be used. The
bootstrap method is discussed in further detail in “The Jacknife, the Bootstrap, and other
Resampling Plans’ (Effron 1982).
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To amplify the risk assessment calculations, concentrations of COCs in aboveground plant tissue in
the MA and riparian PIA will be assumed to be the same asin plant roots.

4.6.2 EPCs for Media Not Sampled

For some media (e.g., indoor air), models will be used to predict concentrations at exposure points
where environmenta monitoring data have not been (or cannot be) collected. Models range from
smple, consarvative screening level modd s to complex modd s that use Site-specific information. In
the risk assessment, every effort will be made to use modeds and input parameter vaues that best
describe conditions &t the Site.

4.6.2.1 Outdoor Radon

In areas where outdoor radon was not measured, outdoor radon concentrations will be modeled
from soil radium-226 concentrations using a correlaion factor devel oped from radium-226 in soil
and radon in outdoor air measured at background locations. If the correlation between radium-226
and outdoor radon concentrations at background locations is poor, then other methods for
predicting radon from radium-226 will be explored (e.g., RESRAD Computer Program, DOE
2000).

4.6.2.2 Indoor Radon in a Residence

Indoor radon concentrations in aresdence will be modded using the equations from the RESRAD
computer program (DOE 2000) or from EPA’ s Diffuse Norm Waste Guidance. This model
determines radon concentrations based on contribution from soil, as well as contribution from water
use. The soil modd is based on the volume of the interior space, interior surface area, foundation
congtruction, ventilation rate, and aradon diffusion coefficient. The water model is based on the
trandfer efficiency of radon from water to air, household water use, ventilation rate, and volume of
the house. Site-gpecific information regarding these assumptions will be used when available,

4.6.2.3 Indoor Radon Gas in a Sweat Lodge

Indoor radon gasin a swest lodge will be assumed to be the same concentration asindoor radon
gasinaresdence. Thisassumption may over- or underestimate concentrations of radon in a swest
lodge, which probably has a higher rate of influx of radon than a residence with a foundation but
probably aso has a higher rate of radon loss than aresdence. Radon in water vapor generated in a
seet |odge will be evaluated as a separate pathway from radon gas.

4.6.2.4 Indoor Water Vapor in a Sweat Lodge

Water vapor is generated in a Sweat lodge by pouring groundwater or surface water over heated
rocks. Thewater vapor likely conssts primarily of aerosols (large water droplets) containing COCs
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dissolved inthewater. This principle has been gpplied to swest lodge scenarios at the Hanford site
in Richland, Washington by the Washington Department of Health (WDOH) (1999) and in the
Columbia River Comprehensive Impact Assessment (CRCIA) (1998). In the risk assessment,
volatilization factors (VFs) were used to estimate the concentration of water vapor inthearr ina
swest lodge, and it was assumed that water dropletsin the air contain COCs at the same
concentrations as in the water poured on the rocks. WDOH (1999) used a VF vaue of 1.9 liter
(L) water/n?’ air, based on 4 liters of water in avolume of air in the swest lodge of 2.09 nt.
CRCIA (1998) used aVF vaue of 0.1 L water/n? air based on asaturation level for water in ar.
The 0.1 L water/n value will be used in the risk assessment, because the maximum concentration
of water vapor inthe air isthe saturation level. Water dropletsin the air will be assumed to contain
COCs at the same concentrations as in the water poured on the rocks. The caculation of the EPC
for inhaation of COCs in water vapor will be:

Concentration of COC in water (mg or picocurie (pCi) of COCl/liter water) x 1.9 L water/nT air =
mg or pCi COC/n? air.

4.6.2.5 External Radiation

Externd radiation exposure at the site will be determined in two ways. First, measured gamma
levels will be used asfollows. The gammaradiation survey was donewithalinchx 1linch
unshielded sodium iodide detector giving results in counts per minute (cpm). Cdibration congtants
from the site will be used to convert cpm to microentgen (UR)/h. Then, Ste-specific factors will be
used to convert uR/hr to microrem (urem)/hr. This dose will be multiplied by the total exposure
duration in hours to determine the lifetime exposure dose in prem.  The lifetime exposure dose will
then be multiplied by the generic risk coefficient in lifetime fata cancer risk per prem to determine a
lifetime excessfatd cancer risk. Therisk coefficient will be calculated using methodology in EPA
(19993, 2000c), taking into consderation morbidity and fatality rates. The measurements from the
detector were not shielded to minimize interference from background, therefore, background levels
will be subtracted from the cpm measurements. These results will be compared to locations where
radium-226 in soil has been measured in addition to the gamma radiation readings. The correlation
will be determined to evauate the direct gamma resuilts.

Secondly, in areas where gamma levels were not measured, externd radiation will be predicted
from radium-226 concentrations in soil using a Ste-specific mathematica correlation developed by
SMI (1999d).

4.6.2.6 Suspended Particulates

Sgnificant levels of dust are generated in the MA and haul roads, sometimes at visblelevels (2to 3
mg/nT). For the purposes of estimating outdoor dust exposure concentrationsin the MA, Pit 3, Fit
4, and the haul roads, a dust concentration of 2.5 mg/nT will be assumed. It will be assumed that
inhaation of indoor dust does not occur.
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4.6.2.7 Terrestrial Plants in the Upland PIA

Mesasured concentrations of some COPCs are available for usein the risk assessment for evaluating
ingestion of terrestrid plantsin the MA (SMI 1999¢), but not in the upland PIA. Measured soil
concentrations in the upland PIA will be used with site-gpecific and literature-based uptake factors
to estimate concentrations of COCsin terrestrid plants in the upland PIA. Site-gpecific uptake
factorsfor terrestrid plants were developed using datafrom SMI (1999e/f) for 17 metalsand 3
uranium isotopes (Appendix B). Literature uptake vaues will be used for COCs for which Ste-
gpecific uptake factors are not available.

To smplify the risk assessment, concentrations of COCs in aboveground plant tissue in the upland
PIA will be assumed to be the same as estimated for plant rootsin the upland PIA. The high
observed concentrations in plant roots are expected to account for a significant secondary source of
s0il and sediment ingestion because of the quantity of soil and sediments adhered to root surfaces.

4.6.2.8 Aquatic/Riparian Plants in the PIA

Measured concentrations of some COPCs are available for usein the risk assessment for riparian
plant roots and aguatic plants in the Western, Centra, and Eastern drainages and in Blue Creek
(SMI 1999). If additiona drainages are shown to be impacted by the site, then measured
concentrations of COCsin aguetic and riparian sedimentsin the drainages will be used with Ste-
specific and literature-based uptake factors (see Appendix B) to estimate concentrations of COCs
in riparian plant roots and aguatic plants. Site-gpecific uptake factors for riparian plant roots and
aquatic plants were developed using data from SMI (1999e,g) for 17 metas and 3 uranium
isotopes (Appendix B). Literature uptake vaues will be used for COCs for which site-specific
uptake factors are not available.

To amplify the risk assessment, concentrations of COCs in aboveground plant tissue in the riparian
PIA will be assumed to be the same asiin plant rootsin the riparian PIA.

4.6.2.9 Garden Plants

It will be assumed that EPCs in garden plants at residences in the MA are the same as EPCs
estimated from measured concentrations in terrestrid plant rootsin the MA (Appendix B). It will
also be assumed that EPCs in garden plants at resdencesin the PIA are the same as EPCs
estimated for terrestria plant rootsin the upland PIA.

4.6.2.10 Ingestion of Meat

The EPCsin livestock meat will be estimated according to the Food Chain Moded s for Risk
Assessment from the RAIS a ORNL (http:/risk.Isd.ornl.gov). This model can be used to
determine concentrations in mest for livestock based on the following ingestion pathways by
livestock:
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Direct ingestion of contaminated soil
Ingestion of contaminated water
Ingestion of contaminated food materids

It will be assumed that the concentrations of EPCs in big game, rabbits, and birds (assumed to dso
be ingested by the Tribe) are the same as EPCs in livestock.

4.6.2.11 Aquatic Wildlife

If aquatic areas adjacent to the MA that have been affected above background levels and are
assumed to support significant harvesting of fish and shellfish, then measured concentrations of
COCsin sediments and surface water will be used to mode concentrations of COCsinfish. The
methodology used to mode concentrations in fish will be developed in the ecological risk
assessment.

4.7 Pathway-Specific Intake Equations

In the exposure assessment, exposure factors (e.g., soil or groundwater ingestion rates, exposure
frequency and duration, and body weight) are used with COC concentrationsin risk assessment to
edimate intake for each COC by each exposure pathway for each receptor evaluated quantitatively
in the risk assessment. The estimates of intake are later combined with toxicity information to yield
edimates of potentia health risk.

Chemical intake (i.e., for non-radionuclide COCs) will be expressed in terms of milligrams of
chemicd per kilogram of body weight per day (mg/kg-day).

The generd equation for calculating chemica intake in terms of mg/kg-day is

chemical cnc. x contact rate x exposure frequency x exposure duration

Intake = - ——
body weight x averaging time

Omitting chemical concentration from the intake equation yidlds a pathway-specific “intake factor.”
The intake factor (kg soil/kg body weight-day, | water/kg-day, nt air/kg-day) can then be multiplied
by the EPC of each chemicd in the exposure medium to obtain the pathway-specific intake for that
chemicd.

The variable "averaging time" is expressed in daysto cdculate daly intake. For non-carcinogenic
chemicds, intakes are calculated by averaging over the exposure duration to yield an average daily
intake for the period of exposure. For carcinogens, intakes are calculated by averaging the total
dose over alifetime, yidding "lifetime average daily intake."

Different averaging times are used for carcinogens and non-carcinogens because it is thought that
their effects occur by different mechanisms. The gpproach for carcinogensis based on the scientific
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opinion and EPA palicy that a high dose received over a short period of timeis equivdent to a
corresponding low dose spread over alifetime, and that even very low doses of carcinogens have
the potentia to cause cancer. Therefore, the intake of a carcinogen is averaged over alifetime
(EPA 1989a). Intake of non-carcinogensis averaged only over the period of exposure in order to
compare an estimate of daily dose during the exposure to a reference dose considered to be without
appreciable risk of adverse effects during asmilar exposure time.

There are three age-groups of receptors in the risk assessment, together representing a lifetime of
exposure by residents of the reservation: infants (under 2 years of age), children (2 to 6 years of
age), and adults (7 to 70 years of age). Egtimation of intake of non-carcinogens and non-cancer
hazard will be caculated separately for each age group. 1n addition to presenting estimations of
cancer risk for each carcinogenic COC in each pathway for each receptor, intake for infants,
children, and adults will be summed to yield one totd lifetime cancer risk estimate.

Intake of radionuclides will be caculated using equations smilar to those for caculating intake of
chemicas. Intake of radionuclides by ingestion or inhdation is afunction of radionuclide activity,
intake rate (or the amount of contaminated medium contacted per unit time or event), and exposure
frequency and duration. The only difference between calculating intake for radionuclides and non-
radioactive substances is that averaging time and body weight are excluded from the intake
equations for radionuclides (EPA 19893). Lifetime interna radionuclide intake is expressed in terms
of activity (pCi). The generd equation for calculaing radionuclide inteke is.

Intake = radionuclide activity concentration x contact rate x exposure frequency x exposure duration

Aswith other carcinogens, radionuclide intake for infants, children, and adults will be summed to
yield one lifetime cancer risk esimate.

EPA recommends that RME and an average or central tendency (CT) exposure be evauated in
order to provide arange of risk estimates for use by risk managers. The CT exposure is estimated
by sdecting vaues so that the combination results in the typical exposure that would occur & the
gte.

Centrd tendency exposure and risk will not be estimated in the risk assessment because the Tribal
exposure scenarios are considered protective because of the high levels of exposure assumed.
Thereislimited empirical basis or well documented sources of information for developing centrd
exposure factors for atraditiond tribd lifestyle. Typicdly, cleanup decisons at Superfund Stes are
based on RME estimates of hazard/risk based upon a suburban lifestyle representative of the
mgjority of the populace.

In thisrisk assessment, triba exposure parameters represent RME levels. In this risk assessment
work plan, vaues for exposure variables were sdected such that the combination of dl variablesin
the risk assessment will result in the maximum exposure that can reasonably be expected to occur at
theste(i.e, the RME).
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4.7.1 Soil Ingestion

Intake from soil ingestion for non-radionuclide COCs will be estimated using the following generd
equation:

Intake = Csx IRsx ME x EF x ED x CFs

BW x AT
where:
Intake = Chemica intake, mg/kg-day
Cs = Chemica concentration in soil, mg/kg
IRs = Soil ingestion rate, mg/day
ME = Matrix effect, unitless
EF = Exposure frequency, daysyear
ED = Exposure duration, years
CFs = Conversion factor, 10° kg/mg
BW = Body weight, kg
AT = Averaging time, days

A chemica-specific matrix effect may be used to account for lower bioavailability (and toxicity) of
COCsin soil compared to the media used to derive toxicity vaues (Appendix A in EPA 1989).
For example, arsenic ingested in soil is considered to be less toxic than soluble arsenic ingested in
drinking water or food, because arsenic formsin soil are often insoluble and arsenic adsorbs to soil.
Both of these factors would make arsenic less available for absorption, and therefore, less toxic per
mg ingested compared to soluble arsenic in water. 1t iscommon practice in risk assessment to
derive rdative bioavailability factors to account for lower availability (and toxicity) of arsenic in soil
(EPA Region 8 1993, 1997a; EPA Region 10 1996; and Walker and Griffin 1998). Good
correlaions between arsenic in soil and urinary arsenic levelsin human receptors have been
reported at a Ste where site-gpecific relative bioavailability factors (0.18 to 0.25) were used to
account for lower bioavailability of arsenic in soil (Walker and Griffin 1998). EPA Region 10
recommends using arelative bioavailability factor of 0.6 in risk assessment to account for lower
bioavailability of arsenic in soil relative to arsenic in food and water (EPA Region 10 2000a).
Therefore, a matrix factor of 0.6 will be gpplied to estimates of arsenic intake in soil.

If leed isaCOC in s0il @ the Site, the EPA default matrix factors will be used in both EPA’s
Integrated Exposure Uptake Biokinetic (IEUBK) mode for children and Adult Lead Exposure
Modd (ALEM) for adults in the absence of compelling site-specific data.
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Intake of radionuclide COCs from soil ingestion will be estimated using the following generd
equation:

Intake = Csx IRsx EF x ED x CFs

where:
Intake = Radionuclide intake, pCi
Cs = Radionuclide activity in soil, pCi/kg

4.7.2 Sediment Ingestion

Intake from sediment ingestion for non-radionuclide COCs will be estimated using the following
generd equation:

Intake = Csad x IRsed x ME x EF x ED x CFs

BW x AT
where:
Intake = Chemica intake, mg/kg-day
Csed = Chemica concentration in sediment, mg/kg
IRsed = Sediment ingestion rate, mg/day
ME = Matrix effect, unitless
EF = Exposure frequency, daysyear
ED = Exposure duration, years
CFs = Conversion factor, 10° kg/mg
BW = Body weight, kg
AT = Averaging time, days

Intake of radionuclide COCs from sediment ingestion will be estimated using the following generd
equation:

Intake = Csed x IRsed x EF x ED x CFs

where:
Intake = Radionuclide intake, pCi
Csed = Radionuclide activity in sediment, pCi/kg
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4.7.3 Soil Dermal Contact

Chemicd intake through absorption of chemicasin soil through skin, which will be quantified only
for arsenic and cadmium if they are COCsin s0il, is estimated using the following equetion:

Intake = Csx SAsx AB x FC x AFsx EF x ED x CFs

BW x AT
where:
Intake = Chemical intake, mg/kg-day
Cs = Chemica concentration in soil, mg/kg
SAs = Surface area for soil dermal contact, cnf/day
AB = Absorption factor, unitless
FC = Fraction from contaminated source, unitless
AFs = Soil adherence factor, mg/cn?
EF = Exposure frequency, daysyear
ED = Exposure duration, years
CFs = Conversion factor, 10° kg/mg
BW = Body weight, kg
AT = Averaging time, days

The fraction from the contaminated source (FC) will be used to account for derma exposuresto
s0il in severd different exposure aress a the Site.

Absorption Factors: The parameter AB is a chemica-specific value describing the fraction of
contaminant in soil or sediment that is absorbed by the skin. Chemica-specific AB vaues for soil
listed in EPA Region 10 guidance of 0.03 for arsenic and 0.01 for cadmium will be used (EPA
Region 10 19983, Table 4-5).

47.4 Sediment Dermal Contact

Chemicd intake through absorption of chemicalsin sediments through skin, which will be quantified
only for arsenic and cadmium if they are COCs in sediment, is estimated using the following generd
equation:
Intake = Csed x SAsed x AB x AFsed x EF x ED x CFs
BW x AT
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where:

Intake = Chemica intake, mg/kg-day

Csed = Chemicd concentration in sediment, mg/kg

SAsed = Surface area for sediment dermél contact, cn/day
AB = Absorption factor, unitless

AFsed = Sediment adherence factor, mg/cn?

EF = Exposure frequency, daysyear

ED = Exposure duration, years

CFs = Conversion factor, 10° kg/mg

BW = Body weight, kg

AT = Averaging time, days

The chemica-gpecific AB vaues for arsenic and cadmium in soil will be used to evauate dermdl
exposure to these metasin sediment.

475 Inhalation of Air

Chemicd intake through inhalation expasure routes will be esimated using the following generd
equation:

Intake = Cax IN x ET x EF x ED

BW x AT
where:
Intake = Chemica intake, mg/kg-day
Ca = Chemical concentration in air, mg/nt
IN = Inhalation rate, mé/hr
ET = Exposure time, hr/day
EF = Exposure frequency, daysyear
ED = Exposure duration, years
BW = Body weight, kg
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AT = Averaging time, days

Intake of radionuclide COCs from inhdation of air will be estimated using the following genera
equation:

Intake = Cax IN x ET x EF x ED

where:
Intake = Radionuclide intake, pCi
Ca = Radionudlide activity in air, pCi/nt

4.7.6 Water Ingestion
Chemicd intake from water ingestion will be estimated using the following equation:

Intake = Cw x IW x EF x ED

BW x AT
where:
Intake = Chemica intake, mg/kg-day
Cw = Chemica concentration in water, mg/L
W = Ingestion rate, L/day
EF = Exposure frequency, daysyear
ED = Exposure duration, years
BW = Body weight, kg
AT = Averaging time, days

Intake of radionuclide COCs from water ingestion will be estimated using the following generd
equation:

Intake = Cw x IW x EF X ED

where:
Intake = Radionuclide intake, pCi
Cw = Radionuclide activity in water, pCi/L
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4.7.7 Plant Ingestion

Intake from plant ingestion for non-radionuclide COCs will be estimated using the following generd
equation:

Intake = Cpx IRpXx FC x EF x ED x CFp

BW x AT
where:
Intake = Chemica intake, mg/kg-day
Cp = Chemica concentration in plant, mg/kg
IRp = Plant ingestion rate, g/day
FC = Fraction from contaminated source, unitless
EF = Exposure frequency, daysyear
ED = Exposure duration, years
CFp = Conversion factor, 10° kg/g
BW = Body weight, kg
AT = Averaging time, days

The fraction from the contaminated source (FC) will be used to distinguish ingestion of plants from
the gte and from other sources (e.g., tore-bought). It is expected that even future resdents living
on the site would obtain some of their ingested fruits, vegetables, and grain from sources outside the
gte.

Intake of radionuclide COCs from plant ingestion will be estimated using the following genera
equation:

Intake = Cp x IRpx FC x EF x ED x CFp

where:
Intake = Radionuclide intake, pCi
Cp = Radionuclide activity in plant, pCi/kg
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4.7.8 Meat Ingestion

Intake from meat ingestion for non-radionuclide COCs will be estimated using the following generd
equation:

Intake = Cmx IRMXx FC x EF x ED x CFm

BW x AT
where:
Intake = Chemica intake, mg/kg-day
Cm = Chemica concentration in meat, mg/kg
IRm = Mest ingestion rate, g/day
FC = Fraction from the contaminated source, unitless
EF = Exposure frequency, dayslyear
ED = Exposure duration, years
CFm = Conversion factor, 10° kg/g
BW = Body weight, kg
AT = Averaging time, days

The fraction from the contaminated source (FC) will be used to distinguish ingestion of mest from
the site and from other sources (e.g., store-bought meat). It is expected that even future residents
living on the site would obtain some of their ingested mest and fish from sources outside the Ste.

Intake of radionuclide COCs from meat ingestion will be estimated using the following genera
equation:

Intake = Cm x IRm x FC x EF x ED x CFm

where:
Intake = Radionuclide intake, pCi
Cm = Radionuclide activity in meet, pCi/kg

47.9 External Radiation

Dose from messured or estimated gamma levels outdoors will be estimated as follows:
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Dose (uremlyear) = (Xm-Xb) (CFy) (CF) (So) (ETo)

where:

Xm = measured exposure rate, cpm

Xb = average background exposure rate, cpm

CF1L = Site-gpecific conversion factor (mR/hr per cpm)

CF2 = Site-specific converson factor (mem/nR)

So = outdoor shielding factor, unitless (only needed for certain circumstances)
ETo = hrslyear (exposure area pecific)

Dose from measured gamma levels outdoors for indoor exposures will be estimated as follows.

Dose (uremlyear) = (Xm-Xb) (CFy) (CF) (S) (ETI)

where:
S = indoor gamma shiding factor, unitless
ETi = exposure time indoors (hrsyear)

The lifetime expasure dose will then be multiplied by arisk coefficient in lifetime fata cancer risk per
prem to yidd lifetimerisk. Therisk coefficient will be caculated usng methodology in EPA (19993,
2000c), taking into consideration morbidity and fatality rates.

4.8 Exposure Factor Values

In this risk assessment work plan, values for exposure variables were selected such that the
combination of dl variablesin the risk assessment will result in the maximum exposure that can
reasonably be expected to occur at the site (i.e., the RME) (EPA 1989).

Exposure factors are generdly developed using various guidance documents, including the Exposure
Factors Handbook (EPA 1989b); Risk Assessment Guidance for Superfund, Parts A and B (EPA
19893, 1991a); “ Standard Default Exposure Factors’ (EPA 1991b); “Superfund Standard Default
Exposure Factors for the Central Tendency and Reasonable Maximum Exposure’ (EPA 19933);
the Exposure Factors Handbook (EPA 1997a); Derma Exposure Assessment: Principles and
Applications (EPA 1992b); and Supplementa Guidance to RAGS Dermal Risk Assessment,
Interim Guidance (EPA 19984). In addition, EPA Region 10 RCRA guidance for risk-based
cleanup levels was reviewed for exposure factor information (EPA Region 10 1998a).

EPA recommends the use of site-gpecific exposure factor va ues based on ste-specific information
and professond judgment in risk assessment. Land inthe PIA and MA is primarily used by
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members of the Tribe to support atraditiond lifestyle that includes subsistence, cultura/spiritua, and
medicind components. Exposure scenarios related to thistype of land use are very specific to the
Tribe, and are not well reflected by any typical CERCLA categories of human land use (eg.,
resdential, commercid, recregtiond, etc.). Therefore, wherever feasible, Ste-gpecific exposure
factor parameter vaues were derived based on information provided by the Tribe. When site-
specific information was not available, vaues were derived by URS using EPA guidance documents
or sandard EPA RME default vaues were used.

Exposure factors and other information used to estimate intake for the receptors and pathways to
be evauated in the HHRA are presented in Tables 7 to 25.

4.8.1 General Exposure Factor Values

4.8.1.1 Exposure Frequency

The ste-specific RME exposure frequency is 365 days/year because members of the Tribe
generdly remain on the reservation throughout the year.

4.8.1.2 Exposure Duration

The site-gpecific RME exposure duration for resdents of the reservation will be equd to the EPA
default value for alifetime of 70 years (EPA 1989a), because members of the Tribe typicaly stay
on thereservation for their entire life. Exposure durations for specific receptor subgroups will be 2
years for infants (under 2 years of age), 4 yearsfor children (2 to 6 years of age), and 64 years for
adults (7 to 70 years of age).

4.8.1.3 Body Weight

EPA (1989a) recommends using centra tendency (average) body weight values for RME
cdculations. The 9.1 kg vaue for infantsis the age-weighted average body weight for the 50"
percentile for males and femaesin the U.S,, under 2 years of age (EPA 1997a). The caculation of
thisvaueisshownin Table 7. The 17.2 kg vdue for children is the age-weighted average body
weight for the 50" percentile for males and femaesin the U.S,, 2 to 6 years of age (EPA 19974).
The caculation of thisvalueis shownin Table 7.

The 70 kg vaue for adults is the standard EPA default value for body weight for adultsinthe U.S.
(EPA 1989a).

Thus, RME body weightswill be 9.1 kg for infants, 17.2 kg for children, and 70 kg for adults.
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4.8.1.4 Exposure Time for Activities

Site-specific vaues were derived for exposure time required for various activities a the Ste (Table
9), based in part on information provided by the Tribe (AESE 2001). For children and adults, it
will be assumed that 17 hrs/day are spent at the residence including 4.5 hrs/day outdoors, 10.5
hrs/day indoors, and 2 hrs/day in aswest lodge. In addition to the time spent at the resdence,
children and adults are assumed to spend 3 hrg/day in the MA away from the residence, 1.5 hrs/day
in the upland PIA away from the resdence, 1.5 hr/day in the riparian PIA, and 1 hr/day on the haul
roads.

Infants are assumed to spend 24 hrg/day at ther residence. Information on time spent by infants
indoors and outdoors at the residence was not obtained from the Tribe. Therefore, it will be
assumed that infants spend the same amount of time indoors at the residence as children and adults
(10.5 hrs/day) and that the rest of the time (13.5 hrs/day) is spent outdoors at the residence.

4.8.2 Media-specific Exposure Factor Values

This section discusses media-specific exposure factor vaues for infants, children, and adults.

4.8.2.1 Children and Adults

Exposure to Drinking Water
Exposure factors for children and adults exposed to water are shown in Table 10.

The Tribe has recommended an RME totd water ingestion rate for adults of 4 L/day (AESE 2001).
The 4 L/day ingestion rate will be used in the risk assessment, apportioned as follows: 1L while at
home from the household water supply, 1L taken from the household water supply and ingested
during use of the sweset lodge, 1L taken from household water supply and ingested while away from
the resdence (tota of 3 L/day from the household water supply), and 1L of surface water
consumed from sources in the aquatic PIA (AESE 2001). Harris and Harper (1997) estimated
total water ingestion of 3 L/day by adults in The Confederated Tribes of the Umatilla Indian
Reservation. Water ingestion rates from 3-6 L/day were used in Native American scenariosin
CRCIA (1998). Therisk assessment in the Coeur d’ Alene Basin assumed that adultsin the Coeur
d Alene Tribeingest 3 L/day (EPA 2000e).

It will be assumed that children ingest about one-haf as much water as adults, or 2 L/day,
gpportioned asfollows: 1.5 L/day from the household water supply and 0.5 L/day consumed from
sourcesin the aguatic PIA. The gpproach used here (assuming that ingestion of water by young
children is one-hdf of the water ingestion rate for adults) is consstent with EPA Region 9 guidance
(EPA Region 9 2000). The risk assessment in the Coeur d’ Alene Basin assumed that childrenin
the Coeur d' Alene Tribe, O to 6 years of age, ingest 1.5 L/day (EPA 2000e).
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Exposure to Soil

Soil a the site includes outdoor soil, indoor dust, and riparian sediments. Exposure factors for
children and adults exposed to soil are shown in Table 11.

RME soil ingestion by children and adults will be 300 mg/day. The 300 mg/day vaueis consdered
by U.S. EPA Region 10 to be the appropriate ingestion rate for contact intensive exposure
scenarios of short duration such as camping (based on van Wijnen et . 1990; EPA 1997a; Stanek
et d. 1997) (EPA Region 10 2000b). Thisvadueis higher than EPA RME default vaues of 200
mg/day for child residents and 100 mg/day for adult resdentsin the U.S. (EPA 1989a). The 300
mg/day vaue proposed here reflects the high exposure of resdents of the reservation to soil during
numerous outdoor activities that include hunting; gathering; fishing; gardening, preparation and
consumption of native and garden plants, wildlife, and livestock; teaching and learning traditiond
activitiesin the fidd; other fidld work; recregting; trangportation; and ceremonies.

Soil ingestion rates of 200 mg/day (WDOH 1999; Harris and Harper 1997; CRCIA 1998) and
300 mg/day (EPA 2000e) have been used for young children and adults in other Native American
exposure scenarios.

Based on time spent for various activities (discussed in Section 4.7.1), ingestion of soil by children
and adults will be gpportioned asfollows:

Ingestion of 200 mg/day of soil and indoor dust &t the resdence
Ingestion of 25 mg/day of soil inthe MA away from the resdence
Ingestion of 25 mg/day of soil in the upland PIA away from the resdence
Ingestion of 25 mg/day of riparian sedimentsin theriparian PIA

Ingestion of 25 mg/day of soil from the surface of the haul roads

The RME surface area for dermal exposure of adults to soil will be 5,700 crré/day based on the
skin surface areafor face, hands, forearms, lower legs, and feet (EPA 2001d). Thisvaueishigher
than the 5,000 cn/day value recommended for other Native American exposure scenarios (Harris
and Harper 1997; CRCIA 1998).

For exposure of children to soil, exposed skin surface area was assumed to be the face, hands,
forearms, lower legs, and feet. These body parts account for gpproximately 34% of total skin
surface areain for children 2-6 years of age. The cdculation of thisvaueis shown in Table 12.
The whole body surface area of 6,880 cn¥ for children 2-6 years of age is the average of 50"
percentile vaues for children inthe U.S. 2-3, 3-4, 4-5, and 5-6 years of age (EPA 19974). The
calculation of thisvaueis shown in Table 13. Therefore, a surface area of 2,340 cnf/day
(approximately 34% of the whole body surface area of 6,880 cn) will be used to estimate dermal
exposure of children to soil.
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RME dermal adherence factors for soil will be 0.2 mg/cn? for children and adults (Holmes et d.
1999; EPA in press). Thevaue of 0.2 mg/cn is based upon aweighted average of dermal
surfaces following a staged, high-contact activity consisting of children playing in raised beds of
moistened, bare soil. Thisvaue is consdered protective because it represents the level of
adherence immediately following the intensve soil activity which is used in combination with the
chemical-specific fraction absorbed. The fraction absorbed assumes a constant, 24-hour dermal
adherence factor, which islikely to spontaneoudy decrease over time following the immediate
exposure and subsequent bathing

FC vaues will be used to account for dermd expaosure of children and adults to soil in different
exposure aress (Table 11). The FC values, based on exposure times for activities discussed in
Section 4.7.1, are 0.71 for time spent at the residence, 0.13 for time spent in the MA away from
the resdence, 0.063 for time spent in the upland PIA away from the resdence, 0.063 for time spent
intheriparian PIA, and 0.042 for time spent on the haul roads.

The exposure times used to derive the FC vaues are 17 hr/day at the residence, 3 hrg/day in the
MA away from the resdence, 1.5 hrs/day in the upland PIA away from the residence, 1.5 hrs/day
intheriparian PIA, and 1 hr/day on the haul roads (Table 9). Therefore, it is assumed that soil from
the siteisin contact with the skin for 24 hrg/day. Thisis a conservative (hedth protective)
assumption, because it is unlikely that exposed skin on receptors will be covered with soil for 24 hrs
each day (people are expected to bathe).

Exposure to Aquatic Sediments in the PIA
Exposure factors for children and adults exposed to aguatic sediments are shown in Table 14.

RME ingetion of aquatic sedimentsin the PIA by children and adults will be 100 mg/day. Thisis
congdered an appropriate value for exposures that are expected to be brief (1.5 hrs/day spent in
the riparian/aguatic PIA) but intense (while harvesting aguatic plants and invertebrates and washing
and preparing gathered materials). EPA (2000e) assumed that child and adult members of the
Coeur d’ Alene Tribe ingest 300 mg/day of sediments (but no soil) while living in the flood plain of
the Coeur d' Alene Basin (EPA 2000€). In this assessment, children and adults of the Spokane
Tribe are assumed to ingest atota of 400 mg/day of soil plus aquatic sediments.

The RME surface areafor dermal exposure to aquatic sediments will be 5,700 crrf/day for adults
and 2,340 cn¥/day for children (the same surface areas as for exposure to soil).

An RME dermal adherence factor of 0.2 mg/cn will be used for exposure of children and adults to
aquatic sediments (based on recommendation of Marc Stifelman, Risk Assessor for EPA Region
10). The FC vdue for dermd contact with aguatic sediments for children and adults will be 0.063,
basad on exposure time for the riparian/aquatic PIA discussed in Section 4.7.1. Thisisa
conservative assumption because exposed skin is assumed to be covered with both soil and
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sediments during 1.5 hours of activities in the riparian/aguatic PIA, and with soil from other parts of
the MA or PIA for the remainder of each day.

Exposure to Air
Exposure factors for children and adults exposed to air are shown in Table 15.

An RME inhalation rate of 30 n/day (1.25 n/hr) will be used for adults. Thisvaue, whichis
higher than the EPA default RME vaue of 20 nv/day for adult residentsin the U.S,, reflects the
more active lifestyle of adult members of the Tribe. This vaue has been used for other Native
American exposure scenarios (WDOH 1999; CRCIA 1998). The EPA RME default value of 10
nr/day (0.42 me/hr) will be used as the inhaation rate for young children (EPA 1989a).

The RME exposure times for inhalation of air by children and adults are based on times for activities
discussed in Section 4.7.1. These exposure times include 10.5 hrs/day indoors at the residence and
2 hrg/day in aswest lodge. Outdoor exposuresto air include 4.5 hrg/day at the residence, 3
hrs/day in the MA away from the resdence, 1.5 hrs/day in the upland PIA away from the residence,
1.5 hrg/day in theriparian PIA, and 1 hr/day on the haul roads.

Dietary Exposures

It will be assumed that food in the Site area meets 100% of the caloric requirements associated with
the active lifestyle of members of the Tribe. These caoric requirements which range from 2,500 to
3,000 kilocaories (kca)/day are described in Appendix C.

Exposure to Plants
Exposure factors for children and adults exposed to plants are shown in Table 16.

Vaues for subsstence ingestion of fruits and vegetables by some Native Americansinclude 574 g
wet weight/day (Harris and Harper 1997), and 660 g wet weight/day (CRCIA 1998). Much higher
values of 1,300 g/day roots plus 1,400 g/day other vegetation (total 2,700 g/day) have been
reported for atraditiona subsistence ColumbiaBasin diet (Hunn 1990). The risk assessment in the
Coeur d’ Alene Basin assumed that adultsin the Coeur d' Alene Tribe consume 574 g wet
weight/day (al water potatoes) in a“traditiona subsistence scenario” or 20% of that (115 g wet
weight/day) for a“modern subsistence” scenario (EPA 2000e).

The Tribe has proposed atotd plant ingestion rate by adults of 1,600 g/day, dl from plants growing
at the gte. Thisis equivaent to atotd plant ingestion rate for adults of about 3.5 pounds per day
and is much higher than the 95™ percentile vaues for fruit ingestion (961g/day) and vegetable
ingestion (682 g/day) by Native Americans (EPA 1997a) and the 660 g/day vaue used by (CRCIA
1998) for Native Americans.
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For the current risk assessment, the total plant ingestion rate of 1600 g/day proposed by the Tribe
will be used. Based on information provided by the Tribe (AESE 2001), plant ingestion for adults
at the stewill be apportioned as follows:

240 g/day of terredtrid plants from the MA away from the residence

240 g/day of terredtria plants from the upland PIA away from the residence
480 g/day of riparian plantsin the riparian PIA

320 g/day of aquatic plants

320 g/day of garden plants at the resdence

The Tribe did not provide information on plant ingestion by children. Therefore, plant ingestion
rates for adult residents were used to estimate plant ingestion rates for children on the reservation.
One way to estimate plant ingestion by children would be based on relative body weights of children
and adults. Using the body weight of 17.2 kg for children the estimated total plant ingestion rate for
children at the site would be 400 g/day or about 25% as much as adults.

However, children inthe U.S. typically ingest more plants per body weight than do adults (EPA
1997a). For example, childreninthe U.S. (3to 5 years of age) in the 50" percentile ingest 6.4 g/kg
bw-day of fruit, 5.8 g/kg bw-day of vegetables, and 8.9 g/kg bw-day of grain (EPA 19973, Tables
9-3, 9-4, and 12-1), wheress adults in the U.S. in the 50™ percentile ingest 1.1-1.4 g/kg bw-day of
fruit, 3.2-3.4 g/kg bw-day of vegetables, and 2.5-2.7 g/kg bw-day of grain) (EPA 1997a, Tables
9-3, 9-4, and 12-1).

Therefore, data on relative ingestion of plants by children and adultsin the U.S. was used to
edimate plant ingestion by children of the reservation. Children in the U.S. (3-5 years of age) ingest
about 415 g/day of plants, based on average ingestion rates for fruit, vegetables, and grain (143
g/day of fruits, 100 g/day of vegetables, and 181 g/day of grain) (EPA 1997a, Tables 9-14, 9-16,
and 12-13). Adultsinthe U.S. (19-74 years of age) ingest about 147 g/day of fruit, 233 g/day of
vegetables, and 201 g/day of grain, based on average ingestion rates. The caculation of the vaues
for adultsis shown in Teble 17.

Therefore, children inthe U.S. (3to 5 years of age) ingest on the average about 45% (100 g/day ,
233 g/day) as much vegetables as adultsin the U.S. For the risk assessment, it will be assumed that
children at the Site ingest about 720 g/day of plants (45% of 1,600 g/day). Thisisequivaent to a
total plant ingestion rate for children of about 1.6 pounds per day.

Plant ingestion for children will be apportioned as follows:

108 g/day of terregtrid plants from the MA away from the residence (45% of adult value of 240
g/day)

108 g/day of terredtria plants from the upland PIA away from the resdence
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216 g/day of riparian plantsin the riparian PIA
144 g/day of aguatic plants
144 g/day of garden plants a the residence

Exposure to Meat and Fish

The Tribe has provided information on meat and fish ingestion for two diets ahigh fish diet and a
high game diet (AESE 2001). Each diet includes both mesat and fish.

Exposure factors for children and adults exposed to meat and fish are shown in Table 17.

Ingestion of Meat by Adults

The Tribe has proposed a large game ingestion rate (including livestock) for adults of 885 g/day for
the high game diet and 100 g/day for the high fish diet. In addition, the Tribe has proposed an
ingestion rate for adults of 25 g/day of rabbits. Other vaues for subsstence ingestion of large game
by Native Americansinclude 204 (CRCIA 1998), 250 (Harris and Harper 1997), and 275 g/day
(beef including dl organs, WDOH 1999). These diets are mixed, meaning that other protein intake
isaso assumed. For ingance, the Harris and Harper paper assumed that fish was dso eaten in
roughly equa amounts.

The Tribe has proposed a wild bird ingestion rate by adults of 25 g/day. Other vaues for ingestion
of birds by Native Americansinclude 7 (waterfowl, CRCIA 1998), 18 (upland birds, CRCIA,
1998), and 44 g/day (meat and eggs, Harris and Harper 1997). CRCIA (1998) aso included an
estimate for ingestion of wild bird eggs of 45 g/day.

For the high game di€t, the proposed tota ingestion rate of meat by adultsin the Tribe is 935 g/day
or about 2.1 pounds aday. Thisismuch higher than EPA’s recommended value for the 95"
percentile for ingestion of meat by adultsin the U.S. of 6.8 g/kg-day mulltiplied by a body weight of
70 kg (6.8 x 70 = 475 g/day) (EPA 1997a). To smplify calculation of risk, it will be assumed that
members of the Tribe who have a high game diet ingest 935 g/day of livestock only, based on the
Tribe' singestion rate for livestock plus big game plus smal game.

For the high fish diet, meet ingestion by adults will be assumed to be the Tribe' s proposed vaue of
100 g/day, al aslivestock.

Ingestion of Fish by Adults

The primary source of fish in the Ste area (Blue Creek) isa smd| stream with only limited numbers
of fish (SMI 1999¢). The population of rainbow trout in Blue Creek has been estimated to range
from 1,174 to 5,164 (Scholtz et d. 1988), corresponding to about 330 to 1,560 kg total of
rainbow trout. It isnot yet known whether portions of Blue Creek that support sgnificant fish and
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shellfish harvesting have been impacted by the Site. Also, it is not know whether water levelsin the
Eastern Drainage, which have increased due to releases from the water trestment plant, are
aufficient to support fish populations. Therefore, it is not known whether fish or shdlfish ingestion
will be evduated in the risk assessment.

The Tribe has recommended fish ingestion rates for adults of 835 g/day for ahigh fish diet and 75
g/day for ahigh game diet. In addition, the Spokane Tribe has recommended ingestion rates of
aquatic invertebrates (e.g., mussdls, crayfish) by adults of 175 g/day.

AESE (2001) reported that historically, the Spokane Tribe consumed roughly 1,000 to 1,200 g/day
of salmon and other fish. Walker (cited in Scholz et d. 1985) estimated intake of 1,200 pounds per
year of salmon per adult in the Spokane Tribe, or 1,426 g/day. Shdlfish (mussasand crayfishin
particular) have been an important part of the Spokane Tribe diet (Nugent 1997; Ray 1977; Ross
and Ogterman 1985). Other values for subsistence ingestion of fish by Native Americans include
540 (Harris and Harper 1997), and 648 g wet weight/day (CRITFC 1994). Harris and Harper
(1997) recommended including additional ingestion of 54 g/day of other organs of fish (heeds, fins,
tails, skeletons, and eggs) for atotal of 594 g/day. EPA (1997a) recommends a 95" percentile
value for subsistence fish ingestion by Native Americans of 170 g/day. The risk assessment in the
Coeur d’' Alene Basin assumed that adults in the Coeur d’ Alene Tribe consumed 540 g wet
weight/day in a“traditional subsstence scenario” or 170 g wet weight/day for a“modern
subsistence” scenario (EPA 2000e).

If the fish ingestion pathway is evaluated in the risk assessment, it will be assumed that members of
the Tribe who have a high fish diet ingest 1,060 g/day of fish, based on the Tribe s ingestion rate for
fish plus shdllfish. Thisvaueis about 6 times higher than EPA’s recommended 95™ percentile value
for subsstence fish and shdlfish ingestion by Native Americans of 170 g/day. Thisis much higher
than EPA’s recommended value for the 95™ percentile for ingestion of meat by adultsin the U.S. of
6.8 g/kg-day multiplied by abody weight of 70 kg (6.8 x 70 = 475 g/day) (EPA 1997a).

For the high game di«t, fish ingestion by adults will be assumed to be the Tribe' s proposed value of
250 g/day for fish and shdllfish.

Ingestion of Meat and Fish by Children

The Tribe did not provide information on megt or fish ingestion by children. Therefore, meat and
fish ingestion rates for adult residents were used to estimate ingestion rates for children on the
reservation. One way to estimate meat and fish ingestion by children would be based on relaive
body weights of children and adults. Using the body weight of 17.2 kg for children the estimated
total meat ingestion rate for children at the site would be about 25% as much as adults.

However, children in the U.S. typically ingest more meat per body weight than do adults (EPA
1997a). For example, childreninthe U.S. (3to 5 years of age) in the 50" percentile ingest about
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3.5 glkg bw-day of meat, wheress adultsin the U.S. 20-69 years of age in the 50™ percentile ingest
only about 1.6-1.7 g/kg bw-day of meat (EPA 19973, Table 11-1).

Therefore, data on relative ingestion of meat and fish by children and adultsin the U.S. was used to
estimate meat and fish ingestion by children of the reservation. Children inthe U.S. 3-5 years of
age, ingest on the average about 121 g/day of mest, poultry, and fish (EPA 19973, Table 11-10).
Adultsin the U.S. 19-74 years of age, ingest on the average about 229 g/day of mest, poultry, and
fish. The caculation of the vaue for adultsis shown in Table 18. Therefore, children ingest about
52% (121 g per day/229 g per day) as much meat and fish as adults. For the risk assessmernt, it
will be assumed that children ingest about 50% as much as adults, apportioned as follows:

468 (high game diet) or 38 g/day (high fish diet) of livestock

530 (high fish diet) or 125 g/day (high game diet) of fish (assumption to be used only if the fish
ingestion pathway is evaluated in the risk assessment)

Tota ingestion of meet by children is assumed to be about 468 g/day for the high game diet which is
about pound per day.

Tota ingestion of fish by children on the high fish diet is 530 g/day. This vaue is more than three
times as high as EPA’ s recommended 95™ percentile value of 170 g/day for subsistence fish and
shdllfish ingestion by Native Americans.

Exposure while Swimming in the Two Open Pits

A hypothetica swimming scenario in Fit 3 will be evauated for children and adult resdents of the
reservation, separate from other exposure scenarios. Exposure factors for children and adults
exposed in the two open pits are shown in Tables 20 through 22.

EPA’ s sandard default RME vaue for exposure time while svimming of 1 hr/day will be used

(EPA 1997a). It will be assumed that swvimming in the open pits occurs twice weekly during the
four warmest months of the year. Therefore, the children and adults will be assumed to be exposure
in the open pitsfor 36 dayslyear. EPA’s sandard default RME vaue for ingestion rate of surface
water while svimming of 30 ml/hour will be used (EPA Region 10 19983).

The ingestion rate, skin surface area, and derma adherence factor for exposure to sedimentsin the
open pitswill be the same as for exposure to agquatic sedimentsin the PIA.

Exposure to External Radiation

Key exposure factors for older children and adults exposed to external radiation are time spent
indoors and outdoors. Based on time spent for various activities (Section 4.7.1), exposure to
externd radiation by older children and adults will be assumed to occur for 10.5 hrs/day indoorsin
the resdence, 2 hrg/day in a swest lodge, 4.5 hrs outdoors at the residence, 3 hrs outdoors in the
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MA away from the residence, 1.5 hrsin the upland PIA away from the residence, 1.5 hrsin the
aquatic/riparian PIA away from the residence, and 1 hour on the haul roads avay from the
residence.

4.8.2.2 Infants

Exposure to Water

Exposure factors for infants exposed to water are shown in Table 23. It is assumed that dl
exposure of infants to water occurs at the residence.

A daily water ingestion rate of 0.90 L/day will be used for infants, approximately equa to the 90"
percentile value of 0.88 L/day for water ingestion by children in the U.S. of 0 to 1 year of age (EPA
2000b, Table 4-15).

Exposure to Soil

Exposure factors for infants exposed to soil and indoor dust are shown in Table 24. 1t is assumed
that al exposure of infants occurs at the residence.

RME soil ingestion by infants will be assumed to be the EPA default vaue of 200 mg/day (EPA
1989a).

For exposure of infants to soil, exposed skin surface area was assumed to be the face, hands,
forearms, lower legs, and feet. These body parts account for approximately 32% of total skin
aurface areain infants 0 to 2 years of age. The cdculation of thisvaueis shown in Table 25. EPA
(1997a) and the draft child-specific Exposure Factors Handbook (EPA 2000b) did not have
surface area information on children less than 2 years of age. Therefore, the whole body surface
areafor infants of 5,615 cnf/day was estimated based on the surface arealbody weight ratio of
0.0617 mé/kg in EPA (19973, Table 6-9), assuming a body weight of 9.1 kg. The caculation is:
9.1kg x 0.0617 n¥/kg = 0.5615 nt (5,615 cn¥). The surface area value for infants exposed to soil
will be 1,800 crré/day, which is approximately 32% of 5,615 cn/day.

An RME derma adherence factor of 0.2 mg/cn? will be used for exposure of infants (based on
recommendation of Marc Stifdman, Risk Assessor for EPA Region 10).

Exposure to External Radiation

Key exposure factors for infants exposed to externd radiation are time spent indoors and outdoors.
Based on time spent for various activities (Section 4.7.1), exposure to externa radiation by infants
will be assumed to occur for 10.5 hrg/day indoorsin the residence and 13.5 hrs/day outdoors &t the
residence.
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Exposure to Air
Exposure factors for infants exposed to air are shown in Table 26. 1t is assumed that al exposure
of infantsto air occurs at the residence.

Aninhaation rate of 5.7 nv/day (0.24 nv/hr) will be used for infants. Thisvaue isthe average of
inhdation rates for childreninthe U.S. <1 and 1-2 years of age (EPA 1997a, Table 5-23).

It is assumed the infants spend 24 hrg/day at their resdence, and that 10.5 hrg/day are spent indoors
and 13.5 hrg/day are spent outdoors.
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5.0 TOXICITY ASSESSMENT

Toxicity vaues specific to the ora and inhaation pathways will be obtained from the sources listed
below in the following hierarchy, based on EPA Region 10 (1998a):

Toxicity vaues obtained in consultation with Region 10 risk assessors
IRIS on-line database (EPA 2001b)
HEAST (EPA 1997c, 2001c)

Provisond toxicity values obtained from EPA’s Nationd Center for Environmental Assessment
office

5.1 Non-cancer Toxicity Assessment

The Reference Dose (RfD) is a pathway-specific (e.g., ord or inhdation) estimate of a daily
chemicd intake per unit body weight that is likely to be without deleterious effects (EPA 1989a).
The EPA derives RfDs to protect senstive populations such as children. The EPA has developed
many chronic RfDs to evauate long-term exposures (7 years to alifetime), and afew subchronic
RfDs to evaluate exposures of shorter duration (2 weeksto 7 years). Along with RfDs, tablesin the
risk assessment will list the confidence levels, critica effect and target organs, and uncertainty and
modifying factors that EPA used in developing the RfDs.

Chronic ord RfDs are currently available from one of the above sources for the following COPCs
a thegte duminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper,
iron, manganese, mercury, molybdenum, nicke, sdenium, siver, thalium, vanadium, total uranium,
and zinc.

Chronic inhaation reference concentrations or RfDs are currently available from one of the above
sources for the following COPCs at the Ste: duminum, barium, beryllium, cadmium, manganese,
and mercury. Chronic inhaation RfDs listed in Region 9 PRGs that are based on route-to-route
extrapolation will not be used per EPA guidance (see Section 5.6). A subchronic inhdation RfD
vaue different from the chronic inhdation reference dose vaue is currently available for barium.

EPA toxicity vaues are often reeva uated and sometimes changed. For example, the RfD for
uranium listed on IRIS of 3E-03 mg/kg-day may change (persond communication, Rick Poeton,
EPA Region 10 Hedth Physicist and Bill Ruoff, URS Risk Assessor). Up-to-date RfDs for the ord
and inhdation routes of exposure will be obtained for COCs when the risk assessment is
performed.

Mog arsenic in fish and shdllfish isin non-toxic organic forms (arsenobetaine and arsenocholine)
(ATSDR 1999). Weiler (1987) and EPA (1988) reported that 10% of tota arsenic in freshwater
fishisin theinorganic form. In estimating aleve of concern for arsenic in shdlfish, U.S. Food and
Drug Adminigtration (FDA) assumed that 10% of tota arsenic in shdlfishisin theinorganic form
(FDA 1993). EPA Region 10 (19984) recommends using a vaue of 10% for inorganic arsenic in
seafood.
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If the Site contains drainages that support signification harvesting of fish, it will be assumed that 10%
of tota arsenic in fish and shdllfish isin the inorganic form. For quantifying hazard/risk from
ingestion of inorganic arsenic in fish and shellfish, EPCs for totd arsenic will be adjusted downward
by afactor of 0.1 (EPCtotal asenic X 0.10= EPCinorganic arsenic)-

Risks from egting plants containing arsenic will be caculated assuming 100% of the arsenic in
produce isinorganic (the toxic form of arsenic). The assumption that 100% is inorganic arsenic may
be an overegtimate of inorganic arsenic in plants, since some produce have asllittle as 25% of its
arsenic content in the inorganic form (Schoof et a. 1999; Yost et a. 1998). Controlled experiments
indicate that edible produce can accumulate high concentrations of inorganic arsenic when the
contaminant is present. In the absence of ste-specific speciated arsenic data and acknowledging
that many different types of plants are consumed, the 100% assumption for inorganic arsenic is not
unreasonable.

These assumptions regarding the toxicity of arsenic ingested in the diet are considered reasonable
and protective.

5.2 Cancer Toxicity Assessment

The EPA dope factors (SFs) used for estimating cancer risks for non-radionuclides are upper 95"
percentile confidence limits of the probability of response per unit intake of chemica (by ord or
inhaation routes) over alifetime. SFs are based on mathematical extrapolation from experimenta
anima data and epidemiologica sudies, when available. SFs are expressed in units of risk per mg
chemical intake per kg body weight per day or (mg/kg-day)™. Because SFs are upperbound
estimates, actual cancer potency of COCs are likely lower than estimated (EPA 19894).

EPA has classfied dl radionudlides as Group A carcinogens (known human carcinogen) based on
thelr property of emitting ionization radiation and on the extensve weight of evidence provided by
epidemiologica studies of radiogenic cancersin humans. EPA’s Office of Radiation and Indoor Air
caculates radionuclide SFs based on the unique chemical, metabolic, and radioactive properties,
avallablein EPA (1997c, 2001c). Unlike SFsfor non-radionuclide, SFsfor radionuclides are
characterized as centra tendency estimates of the age-averaged lifetime tota radiation cancer
incidence risk per unit intake or exposure. In other words, if aradionuclide and a (non-radioactive)
carcinogen result in equa cancer risks, the risk attributable to the radionuclide may merit more
concern.

Externd SFs are cancer risk estimates per unit exposure to a uniform radionuclide concentration in
soil. Thesefactors are cd culated using volume and surface dose factors derived using the computer
code DFSOIL (Soreen et d. 1984 ascited in EPA [1997c]). External radiation SFs used in the
risk assessment will be corrected using site-specific vaues for surface area and thickness of
contamination.
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Ora SFsare currently available for the following COPCs at the Ste: arsenic and al radionuclides,
except for radon-220 and radon-222. Inhalation SFs are available for arsenic, beryllium,
cadmium, nickel, and dl radionuclides. Inhaation SFslisted in Region 9 PRGsthat are based on
route-to-route extrapolation will not be used per EPA guidance (see Section 5.6). Externd
radiation SFs are available for dl radionuclides except radon-222+D (EPA 1997c, 2001c¢).

In some cases, SFs are available for radionuclides including the contributions from their short-lived
decay products assuming equa activity contributions (i.e., secular equilibrium) (EPA 1997¢).
Radionuclide decay chains consdered explicitly in SFsin HEAST arelisted in EPA (1997c, Table
4). EPA (1997c) recommends using site-specific anaytica datato establish the degree of
equilibrium between each parent radionuclide and its decay products in each mediasampled. In
case of non-equilibrium, EPA (1997¢) recommends using SFsfor subchains or individua
radionuclides.

Data have been collected to evauate the equilibrium in the uranium and thorium decay series. Per
EPA guidance, hedlth physicists will evaluate the Ste-specific andytical data to determine the degree
of equilibrium between parent radionuclides and decay members of contiguous decay chains and
will assg in identifying the combination of gppropriate radionuclides and SF values to be used & the
site (EPA 1997¢).

EPA toxicity values are often reevaluated and sometimes changed. Up-to-date SFsfor the ord and
inhalation routes of exposure for COCswill be obtained when the risk assessment is performed.

5.3 Dermal Toxicity Assessment

There are no toxicity vaues specific to derma exposure. Therefore, EPA recommends that ora
toxicity values be used to assessrisks from dermal exposure. The general gpproach is described in
Appendix A of EPA’s Risk Assessment Guidance for Superfund (EPA 19894).

The ord toxicity factor relates toxic response to an administered dose of chemicd, only some of
which may be absorbed by the body, whereas chemical intake from derma contact is estimated as
an absorbed dose using chemica-specific permesbility constants for absorption from water and
dermal absorbed fraction from soil (EPA 1998a). To ensure that dermal toxicity is not
underestimated, EPA recommends adjusting ord toxicity factors by chemica-specific
gastrointestina absorption fractions to evauate toxic effects of a dermally absorbed dose (EPA
19984).

EPA Region 10 guidance (1998a) specifically identifiesthe ORNL RAIS (2001) as a source of
chemica-gpecific gastrointestinal absorption factors. Per Region 10 guidance, the gastrointestina
absorption factor for cadmium from food of 2.5% reported by EPA (2001b) will be used to adjust
the ord RfD to evaduate dermd toxicity of cadmium in soil. For arsenic, a gastrointesting
absorption factor of 95% will be used to adjust the oral RfD and SF to evauate derma toxicity
(EPA 19983).
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5.4 Lead Toxicity

Inorganic lead does not currently have an RfD or SF. EPA’s RfD Workgroup has stated that it
would be ingppropriate to develop an RfD for lead, because some effects of lead may occur at
levels so low as to be essentidly without athreshold (EPA 2001b). Instead, the potential hedlth
hazard from exposure to environmenta lead is estimated based on predicted blood leed levels and
probabilities of exceeding ablood lead leve of 10 micrograms of lead per deciliter of blood (ug/dl)
(EPA 19944).

Children: EPA usesthe 10 pg/dl leve of concern established by the Centers for Disease Control
and Prevention (CDC) as a benchmark to assess hedlth hazards from lead exposure (EPA 1994g;
EPA 1998h; CDC 1991; CDC 1997).

The primary human hedlth concern for lead is blood lead levelsin children. CDC (1991) determined
that:

Recent studies indicate significant adverse effects of lead exposure in children at blood lead
levels previoudy believed to be safe. Some adverse hedth effects have been documented at
blood lead levels at least aslow as 10 ng/dL of whole blood. Primary prevention efforts (that
is, dimination of lead hazards before children are poisoned) must receive more emphasis as
the blood lead levels of concern are lowered.

Recently adverse hedlth effects have been suggested at blood lead levels below 10 ny/dl (Lanphear
2000).

EPA’sIEUBK mode (EPA 1994b) was designed to estimate the probability distribution of blood
lead concentrations in populations of children up to 84 months of age, based on assumptions about:

Intake of lead in air, water, the dit, soil, and indoor dust
Uptake of lead from these mediainto the bloodstream
Digribution of lead to tissues and organs

Excretion of lead

If leed isidentified asa COC at the ste, EPA’s IEUBK modd will be used to evduate the potentia
for unacceptable hedth effects in young children.

Adults EPA’s Technicd Review Workgroup for Lead has developed interim guidance (ALEM)
for assessing lead risks and establishing cleanup gods that will protect adults and fetuses from lead
in soil (EPA 1996¢). The guidance does not provide a specific target soil lead cleanup levd, but
proposes amethodology which alows for the input of either Site-specific data or recommended
default values to assessrisk and, if necessary, develop site-specific cleanup gods. The primary
assumption in the ALEM methodology is that the most sengitive receptor in adult scenariosisthe
developing fetus. EPA (1996d) identified the developing fetus as part of the sengitive population.
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The ALEM methodology relates site lead concentrations to blood lead concentration in the mother
and developing fetus based on the following additiona assumptions (EPA 1996¢):

Feta blood lead levels are proportiona to materna blood lead levels.

Maternal blood lead levels can be predicted based on starting blood lead concentrations and an
expected Site-related increase.

The Ste-rdated increase in materna blood lead concentrations can be estimated using alinear
biokinetic SF which is multiplied by the estimated lead uptake.

Lead uptake can be estimated based on site concentrations of lead and assumptions regarding
adult ingestion rates and the estimated absorbed fraction of ingested lead.

A lognorma model can be used to estimate the distribution of blood lead concentrationsin a
populaion of individuas who contact smilar environmentd leed levels.

The ALEM was specifically devel oped to address potentia threats to workers exposed to lead in
soil. However, the ALEM can be modified to address non-working scenarios and some media
other than soil (EPA 2000f). If lead isidentified asa COC e the site, EPA’s ALEM will be used
to evauate potentia for unacceptable hedth effects.

5.5 Manganese Toxicity

EPA Region 10 (1998a) recommends that the chronic oral RfD for manganese of 0.14 mg/kg-day
be used for exposure to manganese in the diet and that a modifying factor of 3 for exposure to
manganese in water be used, yielding achronic ord RfD for water of 0.05 mg/kg-day. For
manganese in soil, EPA Region 10 recommends using a chronic RfD of 0.05 mg/kg-day at Stes
where infants could be exposed to soil. At Steswhere it is a reasonable assumption that infants will
not be exposed to soil, a chronic RfD for manganese in soil of 0.14 mg/kg-day is recommended. If
manganese isa COC in soil, an RfD of 0.05 mg/kg-day will be used to eva uate infants exposed to
soil and an RfD of 0.14 mg/kg-day will be used to evauate children and adults exposed to soil. The
EPA Region 10 guidance (1998a) is based on the toxicological profile on EPA’s IRIS database
(EPA 2001b).

5.6 Chemicals Without Toxicity Values

Inhalation toxicity vaues are avallable for radionuclides and metds a the Ste except for antimony,
chromium, cobalt, copper, iron, sdenium, slver, thalium, tota uranium, vanadium, and zinc.

Inhdation RfDs or SFslisted in Region 9 PRGs that are based on route-to-route extrapol ation will
not be used in the risk assessment. EPA does not recommend smply subgtituting oral toxicity

va ues to assess toxicity from inhalation exposures for COCs where no inhdation toxicity vaues are
available (EPA 1996h). For example, route-to-route extrapolations are not typically performed for
inorganics due to porta of entry effects and known differences in absorption efficiency for the two
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routes of exposure. Instead, EPA recommends that route-to-route extrapol ation be evaluated on a
case-by-case basis. The use of EPA Region 9 PRGs devel oped based on toxicity vaues from
route-to-route extrapolation is recommended only for screening procedures (EPA Region 9 2000).

It may be necessary to derive toxicity values for some key COCs at the Site. For example,
information necessary to derive an ord RfD for sulfate may be available in EPA Region 8 (1997b)
and an ora SF for radon, used to develop the proposed MCL for radon, is available in Nationa
Academy of Science (NAS 1999).

Consgtent with EPA guidance, the implications of the absence of toxicity values will be discussed in
the uncertainty section of the risk assessment report (EPA 19894).

5.7 Toxicological Profiles

Brief toxicologica profileswill be developed for key COCs contributing significantly to overal risk
a thegte.
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6.0 RISK CHARACTERIZATION

In therisk characterization step, the toxicity factors (RfDs and SFs) will be gpplied in conjunction
with intake of COCsto estimate non-carcinogenic and carcinogenic health risk. This section
describes how the risk calculations will be performed. All risk calculations will be presented in
detail in an gppendix in the risk assessment report.

Contribution to non-carcinogenic and carcinogenic hedth risk will be estimated for COCs with both
RfDsand SFs (eg., arsenic, beryllium cadmium, uranium)

6.1 Estimation of Non-cancer Hazard

For both chronic and subchronic scenarios, the potentia for non-carcinogenic effects will be
characterized by comparing estimated chemicd intakes with chemica-gpecific RfDs. The resulting
ratio is cdled ahazard quotient (HQ). It is derived in the following manner:

Non-cancer HQ = Chemicd Intake (mg/kg-day)
RfD (mg/kg-day)

Use of the RfD assumes that thereisalevd of intake (the RfD) below which it isunlikely that even
sengtive individuas such as children will experience adverse hedth effects over the period of
exposure. If the average daily intake exceeds the RfD (that is, if the HQ exceeds 1), there may be
cause for concern for potential non-cancer effects (EPA 19894). It should be noted, however, that
the level of concern does not increase linearly as the RfD is gpproached or exceeded. Since the HQ
does not define a dose-response relationship, its numerica vaue cannot be construed as a direct
estimate of risk (EPA 1986b). Rather, aHQ above 1 indicates apotentiad cause for concern for
non-cancer hedth effects, which might indicate the need for reevauating actua exposure conditions
or concentrations or consderation of risk management aternatives.

To assess pathway-specific exposures to multiple chemicas, the HQs for each COC are summed
to yidd ahazard index (HI). The assumption of additive effects reflected in the HI is most properly
applied to substances that induce the same effect by the same biological mechanism (EPA 1986b).
Consequently, summing HQs for substances that are not expected to induce the same type of toxic
effect will overestimate the potentia for adverse hedth effects. The HI provides a measure of the
potentia for adverse effects, but it is conservative and dependent on the quality of experimenta
evidence.

If areceptor may be exposed by multiple pathways, the His from dl relevant pathways are summed
to obtain the totd HI for that receptor. If the tota HI islessthan or equa to 1, multiple-pathway
exposures to COCs a the site will be judged unlikely to result in an adverse effect. If the sumiis
greater than 1, further evauation of exposure assumptions and toxicity, including consderation of
specific target organs affected and mechanisms of toxic actions of COCs, will be warranted to
acertain if the cumulative exposure would in fact be likely to harm exposed individuas.
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6.2 Estimation of Cancer Risk

Potentid for carcinogenic effects will be characterized in terms of the incrementd probability of an
individua developing cancer over alifetime as aresult of Ste-related exposure to a potentia
carcinogen, for both chronic and subchronic scenarios. Excess lifetime cancer risk will be estimated
from the projected lifetime daily average intake and the cancer SF, which represents an upperbound
estimate of the dose-response relationship. Excess lifetime cancer risk for chemica and
radionuclide carcinogens is caculated by multiplying the average dally intake by the cancer SF, as
follows

Cancer Risk = Chemicd Intake (mg/kg-day or pCi or pCi-yr/g) x SF (risk per mg/kg-day or risk
per pCi or risk per pCi-year/g soil)

The risks resulting from exposure to multiple carcinogens are assumed to be additive. The tota
cancer risk is estimated by summing the risks estimated for each COC and for each pathway. This
gpproach is likely to overestimate the incremental cancer risk, especidly if severd carcinogens are
present, because the 95™ percentile estimates are not strictly additive (EPA 1989a).

Although there are severd ways to express the potentia for hedlth effects from exposure to
radionuclides (e.g., radiation dose, cancer risk), EPA (1997b) specificaly recommends that cancer
risk estimates be developed for radionuclides &t CERCLA stes asfollows. “EPA has a condstent
methodology for assessing cancer risks and determining PRGs at CERCLA dites, no matter the type
of contamination. Cancer risks for radionuclides should generaly be estimated using the SF
gpproach identified in this[EPA 19894 guidance ... [and]..... cancer risk from both radiochemical
and non-radiochemica COCs should be summed to provide risk estimates for persons exposed to
both types of carcinogenic COCs.”

Therefore, cancer riskswill be estimated for radionuclides and summed with cancer risk from non-
radionuclidesto yield atotd lifetime excess cancer risk estimate for the Site. Radiation dose will not
be estimated in the HHRA. An exception is for externd radiation, where measured gammallevels
will befirst converted to dose, as described in Section 4.5.2.5. However, estimates of dose for the
externd radiation exposure pathway will then be used to estimate lifetime excess fatd cancer risk.
These cancer risk estimates will be summed with cancer risks from other radionuclide and non-
radionuclide pathwaysto yield atota lifetime excess cancer risk estimate for the Site. Etimates of
radiation dose may be required in the RI/FS for comparison to radiation dose-based ARARS.

EPA (1989a) recommends that two separate sets of risk estimates be tabulated: one for
radionuclide COCs and one for non-radionuclide COCs. This recommendation is made because
the methodology used to derive SFsfor radionuclidesis different than the methodology used to
derive SFsfor non-radionuclides. Therefore, cancer risks will be presented two ways in the risk
assessment: (1) cancer risks from radionuclides and non-radionuclide COCs will be summed to
yidd asngle estimate of cancer risk and (2) cancer risks for the two types of COCswill be
presented separately.
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EPA policy must be considered in order to interpret the significance of the cancer risk estimates. In
NCP (EPA 1990), EPA states that: "For known or suspected carcinogens, acceptable exposure
levels are generdly concentration levels that represent an excess upper-bound lifetime cancer risk of
between 10 and 10°."

6.3 Uncertainty Analysis

Uncertainties are inherent in the risk assessment process because of the numerous assumptions that
are made in estimating exposure, toxicity, and potentia risk. Typicaly, conservative assumptions
are made a every step of the process so as not to underestimate potentia risk. An evauation of
uncertainties related to the risk assessment isimportant in order to place the Ste risk estimatesin
perspective and to support risk managers in risk-based decison making.

A quditative uncertainty andysiswill be performed thet identifies the key factors and assumptions
that contribute to uncertainty in the risk estimates and that assesses their impact on the results and
conclusions of the risk assessment. Uncertainties in the following areas will be discussed: data
usability, identification of COCs, estimation of EPCs, exposure assumptions, toxicity assessment,
and risk characterization. In addition, the uncertainty specificaly associated with assessing risk from
exposure to radionuclides will be discussed (NCRP 1997; NAS 1990; EPA 1999a). The
uncertainty andysiswill dso include identification of sgnificant data gaps, if any, that may affect the
exposure and risk estimates.
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