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LIST OF DEFINITIONS

LE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARSs) -
Requirements set forth in regulations that implement environmental and public health laws and
must be attained or exceeded by a selected remedy, unless a waiver is invoked. ARARs are
divided into three ca i

mical-specific, location-specific, and action-specific, depending

on whether the req ggered by the presence or emission of a chemical, by a

or by a particular action.

BASELINE RISK
characterize the curré

ESSM - The studies undertaken for Operable Units (OUs) 1-5 to
it and poténtial threats to human health and the environment that may be

posed by contaminants within those operable units. Each Baseline Risk Assessment shali provide
a framework for developing risk information necessary to assist in developing remedial

alternatives, and shall consider the risks that £ ntly exist at the site, if no further response

actions or institutional controls are applie are four steps in the baseline risk assessment

process: data collection and analysis; expo sment; toxicity assessment; and risk
characterization. The baseline risk assess; utes to the site characterization and

propriate response alternatives.

inty spanning perhaps an

order of magnitude or greater) of a daily exposure level for the human population, including

le-tisk:of deleterious effects

sensitive subpopulations, that is likely to be without an appre
during a lifetime. Chronic RfDs are specifically developed to ctive for long-term

exposure to a compound (as a Superfund program guideline, n years to lifetime).

COMPREHENSIVE RESPONSE ACTION RISK EVALUATION- An evaluation that shall be
developed for each OU and included as an appendix to the applicable FS Reports. Each
Comprehensive Response Action Risk Assessment will evaluate the risk associ

proposed alternatives and factor in the cumulative residual risk associated with the o
The purpose of this analysis is to evaluate the potential risk reduction from each pro
alternative in the context of the risk posed by the site as a whole. The cumulative r
contribution from the other OUs will be estimated based upon the selected alternati
Leading Remedial Alternative, which will be initially presented in the Site-Wide Characterization
Report.

KNOX/RA-WP/AB.4-4/10-15-91 1 4
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LIST OF DEFINITIONS
(continued)

SIVE SITE-WIDE OPERABLE UNIT - An evaluation of remedies selected for
uding remedial and removal actions, to ensure that they are protective of human

: ¢ the environment on a site-wide basis, as required by CERCLA, the NCP and
applicable U.S. EPA policy and guidance. The Comprehensive Site-Wide Operable Unit shall
include a Remedial Investigation/Projected Residual Risk Assessment Report, a Proposed Plan
and Record of Decision (ROD)
protectiveness, or

which provide that no additional action is necessary to achieve
Site-Wide Feasibility Study, Proposed Plan and ROD.

CONCEPTUAL
phenomena under

odels that are constructed to describe or represent various
of conditions, or assumptions to estimate the resultant effect(s).
As applied to risk assessment, ¢é6hceptual models are used as a basis for calculational fate and
transport analysis and exposure assessment. Standard industry accepted calculational model
(computer-codes) are utilized for this purpose under FEMP RI/FS.

tween the U.S. EPA and the U.S. DOE for the
106 and 120 of Superfund Amendments and
Reauthorization Act of 1986 (SARA). Agreement signed in April 1990, amends the
July 1986 Federal Facility Compliance . CA), which established the original
framework for the FMPC environmental investigation and cleanup. A modified Consent

Agreement, signed in September 1991, including renegotiated and schedules for

developing, implementing, and monitoring appropriate respo t the site and to facilitate

cooperation, exchange of information and participation of th n such actions.

CONTAMINANTS OF POTENTIAL CONCERN - Chemi
potentially site-related and whose data are of sufficient quali

and radionuclides that are
r use in the quantitative risk
assessment.

CRITICAL SUBPOPULATION - Populations at high potential risk from radi
chemical exposure due to increased sensitivity, special behavior patterns, and/orE cur
exposures from other sources. Critical subpopulations include infants and children,
pregnant and nursing women, individuals with chronic illnesses, and individuals pre
to chemicals or radionuclides during occupational activities or by residing industrial

KNOX/RA-WP/AB.4-4/10-15-91 , 1 5
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LIST OF DEFINITIONS
(continued)

LAND USE - One of the general categories of use of real property at a site that
cribes the current use of the property for purposes of assessing potential human
. These categories include: residential, agricultural, commercial/industrial; and

and future) to ecol
derived constituen

potentially have ad ical impacts. Also referred to as an environmental risk assessment.

EXPOSURE ASSESSMENT - The determination or estimation (qualitative or quantitative) of
the magnitude, frequency, duration, and route of exposure.

EXPOSURE PATHWAY - The course a chemical or physical agent takes from a source to a
receptor organism. Each exposure pathw.

s a source or release from a source, an

exposure point, an exposure route, and a f the exposure point differs from the source,

a transport medium (e.g., air) or media ntermedia transfer) also is included.
EXPOSURE SCENARIO - A chain of events and conditions defining a combination of exposure
pathways and processes that are used to estimate reasonable maximum exposure of individuals or
groups.

FATE AND TRANSPORT MODELING - Modeling used
from source areas to receptor locations through various me

ntaminant movement

.g., groundwater, air). Used in
conjunction with monitoring data, these models estimate co nant concentrations at exposure
point locations where measured contaminant concentration data is not available, such as off-

_property locations, or contaminant distribution in the future.

FEASIBILITY STUDY (FS) - The study that fully evaluates and develops rem
alternatives to prevent or mitigate the migration or release of hazardous substance
contaminants, or hazardous constituents at and from the site. The FS is generally pef
conjunction with the remedial investigation (RI) and uses data gathered during the |
remedial action alternatives, and to undertake an initial screening and detailed ana!w of the

alternatives. The RI data are used to define the objectives of the response action, to develop

KNOX/RA-WP/AB.4-4/10-15-91
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LIST OF DEFINITIONS
(continued)

n alternatives, and to undertake an initial screening and detailed analysis of the
The FS includes a report that describes remedial action alternatives and documents

FEMP - The Fernald Environmental Management Project, the present name for the former Feed
Materials Production Center in Fernald, Ohio, starting August 23, 1991.

FMPC - The form
the Fernald Enviro

als Production Center in Fernald, Ohio, which is now renamed

nagement Project on August 23, 1991 to reflect the change in its
mission from that o facility to an environmental restoration project.

FUTURE POTENTIAL LAND USE - The hypothesized use of property at a site that describes
plausible use of the property in the future for purposes of assessing potential human health risks.

These categories may include: residential; a tural; commercial/industrial; and recreational.

GROUNDWATER - Water in a saturate; tratum beneath the surface of land or water.

INSTITUTIONAL CONTROLS - Me ;
facilities where hazardous substances, pollutants, or contaminants exist or will remain on site.

rally limit human activities at or near

Active institutional controls include engineering controls and an.agtive. security program. Passive

institutional controls include monuments, land and resource eed restrictions,

permitting programs, zoning, government ownership, and dee nstitutional controls may

supplement engineering controls (e.g., treatment and/or cont ‘source material) to

provide protection of human health.

"INTAKE - A measure of exposure. For chemicals, it is expressed as the mass of a chemical in
contact with the receptor per unit body weight per unit time (e.g., mg chemical/kg body welght-

day). For radionuclides, it is expressed as the activity of a radionuclide (e.g., B into

an organism. Intake by inhalation, ingestion and dermal absorption are the three mast important
exposure routes for both chemicals and radionuclides.

ON-SITE - The areal extent of contamination and all suitable areas in very close p

contaminaiion necessary for implementation o

KNOX/RA-WP/AB.4-4/10-15-91 1 7
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LIST OF DEFINITIONS
(continued)

ING REMEDIAL ALTERNATIVE - The remedial alternative which, based upon all

remedy and shall be used only for the purpose of estimating and evaluating the risk presented by
the entire Site during the FS/Comprehensive Response Action Risk Assessments for OUs 1-5.
The Leading Remedial Alternative shall be modified as necessary to reflect new data and

' scribe or restrict the selection of the remedy for the OU 1-5

: tion that comprises an incremental step toward
comprehensively addressing Site problems.

PERCHED GROUNDWATER - Groundwater within the glacial overburden that is present in

isolated pockets or zones; that is distinct fr egional aquifer; and that contains a limited

volume of water.

POINTS OF COMPLIANCE - All appr
remediation goals are to be attained.

ions in the media of concern at a site where
pliance also define the locations from

which a sample or set of samples could be selected for the purpose of monitoring the progress of
remediation activities or for determining when chemical-specific_remediation goals have been
achieved.

POINT OF DEPARTURE - The risk level of 10 that is use
"protectiveness” goal) for determining the most appropriate rig
designed to attain as described in 40CFR300.430(e)(9)(iii).

rting point (or initial
vel that alternatives should be

REASONABLE MAXIMUM EXPOSURE (RME) - The exposure that is reasonably expected
to occur at a site under both current and future land-use conditions and define ive

exposure parameters. The intent of the RME is to estimate a conservative exposure

well above the average case) that is still within the range of possible exposures. It d
embrace all hypothetical possibilities, but rather is limited to situations and condition:
likely to occur". RMEs are estimated for individual pathways. If a population is po

exposed via more than one pathway, an RME must be estimated for the combinaiion of pathways.
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LIST OF DEFINITIONS
(continued)

A member of human, animal, or plant populations that may be exposed to
hazardous materials.

REMEDIAL ACTION - A comprehensive response action that provides a permanent remedy to
mitigate risks associated with hazardous waste under CERCLA and to remedy any condition that
could lead to future

isks....A remedial action should include a monitoring system to ensure that
such action protects Ith and welfare and the environment and, where appropriate,

trol activities.

(RAO:x) - Site-specific, quantitative goals that define the
ve CERCLA response objectives. RAOs specify contaminants
of concern, media of concern, potential exposure pathways, and remediation goals for the site.

extent of cleanup re

REMEDIATION GOALS (RGs) - A subs
of each contaminant of concern in each envi

RAOs that specify the allowable concentration

ntal medium of concern that should be

achieved by a remediation effort. Prelimi jation goals are developed based on readily
(e.g., MCLs) or other reliable

, as necessary, as more information

available information such as chemical-s
information. Preliminary remediation g¢
becomes available during the RI/FS. Final remediation goals are determined when the remedy is
selected.

REMEDIAL INVESTIGATION (RI) - The investigation co
and extent of the release or threat of release of hazardous su

Jully determine the nature
ces, pc;llutants, contaminants,

or hazardous constituents. The RI emphasizes data collection site characterization. The RI
includes sampling and monitoring, as necessary, and includes the gathering of sufficient

information to support the Feasibility Studies and the risk assessments.

REMOVAL ACTION - The cleanup or removal of released hazardous substan
environment taken in the event of the imminent threat of release of hazardous substanges into

the environment.
RESPONSE ACTION - The action that encompasses all response measures, includin

action and remediai action, consisieni wiih ihe National Contingency Plan, to reduce the

imminent threat of release of hazardous substances into the environment (removal action) and/or
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LIST OF DEFINITIONS
(continued)

rmanent remedy to mitigate risks associated with hazardous waste and to remedy
hat could lead to future risks (remedial action) to protect the public health or
the environment.

RISK CHARACTERIZATION - The part of the risk assessment that summarizes and combines
outputs of the exposure and toxicity assessments to characterize baseline risk, both in quantitative

expressions and quali nts. During risk characterization, chemical-specific toxicity

information is compa th measured contaminant exposure levels and those levels
predicted through

at or near the site

rt modeling to determine whether current or future risk levels
concern.

SEDIMENT - The unconsolidated inorganic and organic material that is suspended in and is
transported by surface water, or has settled out and has deposited into beds.

SITE - Areas within the property boundary P and any other areas that received or

potentially received released hazardous sut ollutants, contaminants, or hazardous
constituents. The term shall have the sam s "facility”" as defined by Section 101(9) of

CERCLA, 42 U.S.C. § 9601(9).

SITE-WIDE BASELINE RISK ASSESSMENT - The baseli
contributions to potential adverse health effects (current or fu

sment that includes
he entire site (including
all operable unites).

it summary of all site data available
as of December 1, 1991. Based upon this data, and upon best professional judgement, U.S. DOE
shall present Leading Remedial Alternatives for OUs 1-5. Additionally, this report shall contain a

Preliminary Baseline Risk Assessment which characterizes the current and potential threats to
human health and the environment that may be posed by contaminants at the entire:Si

Preliminary Baseline Risk Assessment shall consider the risks which currently exist Site, if
no further response actions or institutional controls are applied.

SITE-WIDE FEASIBILITY STUDY (SITE-WIDE FS) - A study undertaken in th t US.
EPA determines that further remediai actions, are necessary (0 €nsufe proteciion o
health and the environment as documented in the Site-Wide RI/Projected Residual RA. This

™
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LIST OF DEFINITIONS
(continued)

evaluate and develop remedial action alternatives which, in conjunction with the
emoval actions previously taken or selected at the Site, ensure that response
;..protectlve of human health and the environment. However, if U.S. EPA determines
that the results of the Site-Wide RI/Projected Residual RA Report indicate that the selected
removal and remedial alternatives for OUs 1-5 are protective of human health and the

environment on a site-wide basis, a Site-Wide FS Study will not be required.

SITE-WIDE
REPORT (SITE-
following finalizatio

GATION/PROJECTED RESIDUAL RISK ASSESSMENT
PROJECTED RESIDUAL RA REPORT) - A report prepared

s for OUs 1-5. The Site-Wide RI shall incorporate by reference
all data collected pursuant to the“RIs for OUs 1-5 or the removal actions and shall summarize any
data collected after finalization of the OU 1-5 RODs. The Site-Wide RI shall also gather any
additional sampling data if necessary to support the Site-Wide Feasibility Study. Additionally, the
Projected Residual RA shall document all risk:##Hich is anticipated to remain at the Site following
s embodied in the OU 1-5 and the selected

ment shall be used to determine whether the

the implementation of the selected response:
removal actions. The Projected Residual Risk As
previously selected response actions are -human health and the environment as

required by CERCLA, the NCP and apy PA policy and guidance.

is of the potential adverse
t the Site (including all
oncentrations that are

health effects that could be caused by hazardous substances t
operable units) after completion of all response actions at the
used to calculated the risks are the final actually measured co trations of the contaminants
that remain at the Site, which include "new" chemicals that w ot previously identified during
the baseline risk assessment, but that may have resulted from remedial actions.

SLOPE FACTOR - A plausible upper-bound estimate of the probability of a response per unit

intake of a chemical or radionuclide over a lifetime. The slope factor is used to:

upper-bound probability of an individual developing cancer as a result of a lifetime o osure to
a particular level of a potential carcinogen.

SOIL All unconsohdated matenals normally found o
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LIST OF DEFINITIONS
(continued)

ACE WATER - All water that is open to the atmosphere and subject to surface runoff.

ASSESSMENT - The part of the baseline risk assessment that considers: 1) the
types of adverse health effects associated with chemical exposures; 2) the relationship between

magnitude of exposure and adverse effects; and 3) related uncertainties such as the weight of
evidence of a particular chemical’s carcinogenicity in humans.

WORK PLAN AD
scope and specific
FS.

supplement to the RI/FS Work Plan that established the
r risk assessment and risk management activities in the RI and

KNOX/RA-WP/AB.4-4/10-15-91
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* The RI/FS work performed to date at the

RI/FS Risk Assessmem%\grSPlan

Date: 10/15/91
Vol. WP - Section 1.0
Page 1 of 11

1.0 INTRODUCTION

2 with the provisions of the modified Consent Agreement, dated September 1991,

S. Environmental Protection Agency (EPA) and the U.S. Department of Energy
thodology has been prepared for performing risk assessments and establishing risk-
dial action goals at the Fernald Environmental Management Project (FEMP) (formerly
the Feed Materials Production Center [FMPC]). This addendum to the Remedial
Investigation/Feasibility Study (RI/FS) Work Plan for the FEMP presents this methodology and
has been prepared to fulfi

1l the requirements of Section X, Paragraph B.1, of the modified
Consent Agreement '

1.1 OBJECTIVES
This Work Plan Ad
establish specific risk*assessment‘methodology to be followed in RI and FS risk assessment work
for the FEMP; (2) establish the scope of risk assessment work; and (3) document the specific
approach to be followed when determining whether estimated risks associated with selected

LAN ADDENDUM
en prepared to achieve the following three objectives: (1)

remedial alternatives for the entire site are p ive of human health and the environment.

revealed key technical issues and

programmatic uncertainties that have ha ocument review and approval process.

Efforts to resolve key technical issues hi
is intended that this Work Plan Addendum address and effect resolution of those technical issues
pertaining to risk assessment. One of the goals of this addendum. i ure EPA approval of
DOE’s positions on these issues before proceeding with additi Tisk “assessment activities under
the new schedules for preparing primary RI/FS documents.
Examples of topics to be discussed include the models and équ ns used to estimate exposures,
the numerical parameter values used in these models and equ s, and assumptions affecting
receptor location and reasonable maximum exposure (RME) scenarios. Other issues include the
basis for selecting constituents of potential concern, the basis for selecting environmental

transport and exposure pathways for quantitative evaluation, the methodology usé€

risks corresponding to the estimated exposures, the basis for identifying and selecting
human receptors for quantification of RME scenarios, and the identification of critica
subpopulations.

24
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Clearly defining the scope of risk assessment activities in the Work Plan Addendum is critical for

mpletion of the RI/FS at such a complex site. All parties involved, including the
E, EPA. ¢ontractors, and the State of Ohio, must have a common understanding of what is to

environment. This goal applies to the entire site. Because site remediation is being managed on
the basis of operable units covering distinct portions of the site, it is critical to establish a
mechanism for determining whether estimated risks associated with selected remedial alternatives
" rotective when considered collectively.

©ORK PLAN ADDENDUM
ork Plan contains neither sufficient nor current descriptions of

the risk assessment s¢ope and methodology. It is insufficient because:
*  New risk assessment guidance has become available since its approval.

*  The risk assessment guidance ir uately addresses certain issues.

*  The operable unit approach
previous Work Plan was ap

incorporated into the RI/FS process since the

This addendum to the Work Plan includes new risk assessment guidance available to date and
describes the technical approach to be used in the absence of guidance on specific, critical issues.
This addendum describes operable unit and site-wide risk asse
performed during the RI/FS.

1.3 ORGANIZATION OF WORK PLAN ADDENDUM
This Work Plan Addendum consists of ten sections - distinct, ¢losely related. Section 1.0
includes discussion of the intent and justification for an addendum to the work plan, the
organization of the addendum, an introduction to the operational history at the site, an
introduction to the RI/FS process at the site, and an introduction to plans for co

RI/FS at the site.

Section 2.0 presents the strategy for completing risk assessment tasks for the RI/FS. section

also presents the relative sequence and interrelationships of risk assessment tasks and deliverables
In addition, risk assessment concerns are addressed from an operable unit and a site-wide
perspective.

KNOX/RA-WP/AB.4-4/10-15-91 ' 25
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Section 3.0 initiates the discussion of the risk assessment process itself and briefly addresses
information and analytical data to be used in the risk assessments for the FEMP RI/FS.
roceeds with a discussion of contaminants of potential concern for the risk

Section 5.0 addresses development of exposure scenarios. Section 6.0 presents a

e fate and transport modeling used in the risk assessment process for the FEMP.
presents the methodology for quantification of intakes for exposure scenarios
previously developed in Section 5.0. Toxicity assessment for contaminants of potential concern is
addressed in Section 8.0. Section 9.0 presents methodology for characterization of risks associated
with the intakes quantified in Section 7.0. A strategy for simultaneously managing risks on an

operable unit and a is presented in Section 10.0. The risk assessment process is

also summarized in
the RI/FS process a

terms of the results of risk assessment and their significance in
nagement decision-making process for the FEMP.

1.4 HISTORY OF THE SITE
The FEMP is a government-owned, contractor-operated federal facility, which produced pure

uranium metals for DOE. The FMPC began operations at the Fernald site, located in
southwestern Ohio in the early 1950s as part
Energy Commission (AEC) to establish an
complex. The entire site was operational
National Lead Company of Ohio), a sub:
Company), New York, entered into con
the FMPC. NLO, Inc. continued as the FMPC co
Westinghouse Environmental Management Company of Ohio
Materials Company of Ohio [WMCO]), a wholly-owned subsi
Corporation, began contract responsibilities for management

ong-term plan by the United States Atomic

ed in-house uranium processing production

d of 1954. In 1951, NLO, Inc. (formerly

. Industries (formerly the National Lead

OE (formerly the AEC) as operator of

t operator until January 1, 1986, when the

(formerly Westinghouse
ie ‘Westinghouse Electric
perations and facilities

The FMPC utilized a wide variety of chemical and metallurgical processes to produce uranium
metals. These operations were generally confined to specific areas of the site. The FMPC
converted both uranium ore concentrates and "recycle materials” into high purity:aranium:metal

having several standard isotopic assays. The isotopic values ranged up to 1.4 percent
(U-235) by weight of the total uranium content of the product. However, most of th
produced by the FMPC was depleted uranium. This metal was cast into ingots and s
DOE facilities located at Reactive Metals, Incorporated (RMI), Ashtabula, Ohio, for

A o

into bars. Some of the extrusions were reiurned to the FMPC for heat treating and fabrication

into target element cores for DOE reactors. Production peaked in 1960 at approximately 10,000
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metric tons (MT) of uranium per year. A production decline began in 1964 and reached a low of
i year in 1975. Production increased again in the early 1980s, and all production
‘summer of 1989.

ranium foundry operations, the FMPC processed small amounts of thorium during
1954 through 1975. These operations were performed in the metals fabrication plant,
recovery plant, special products plant, and the pilot plant. Since 1975, the FMPC has received,
assayed, and stored quantities of thorium-bearing materials for potential use in future DOE

programs. The site -term storage facilities for a variety of thorium materials as part

of its role as the tho

Additional informat
1988a) and subsequ

1.5 PHYSICAL DESCRIPTION OF THE SITE

The FEMP property houses an inactive industrial site on 1050 acres in Hamilton and Butler
nnati, Ohio (Figure 1-1). Bounded on the
regularly shaped property is completely

counties, approximately 20 miles northwest o
west and south sides by roads, the perimete
A second inner fence line surrounds the

fenced, with the exception of two road ent Is.

production area and waste disposal area. ntains several large buildings made of a
variety of materials including concrete, bj | wood, as well as several waste ponds and
storage silos. The structures contain stored materials and inactive process equipment. A railroad
spur runs along the north side of the production and waste disposal:areas;: There are currently no

residences on the FEMP property.

Situated on relatively flat terrain, the FEMP property slopes gently from the northeast to the

southwest. The property is generally open grassland, with wooded areas on its southern, western,
and northern portions. The primary topographic feature on the p;operty is a gully containing

Paddys Run, an intermittent stream located to the west of the production area and waste storage
area. A small tributary of Paddys Run known as the Storm Sewer Outfall Ditch is located to the

south and east of the production area.

Additional descriptions of the site and its environs are found in the RUFS Work Plan
1988a) and subsequent RI/FS reports.
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1.6 RI/FS ACTIVITIES

yrmed on the RI/FS to date has provided extensive characterization of environmental

plete the site characterization process. Results from these studies are needed before

operable unit and site-wide RI/FS reports can be finalized; however, work on many RI/FS report
tasks are continuing while additional field investigation studies are being conducted.

Work performed on ess has led to the development of an understanding of the site
e RI/FS. The planned approach for completion of the RI/FS

erable unit RI/FS resources and documents. Key features of the

that is crucial to com;
maximizes the use of:

plan for completion of:the RI/FS:process at the site include:
.. Continue with the operable unit approach in the RI and FS processes.

*  Revise the definitions of operablg:units.

. Address site-wide risk conce
Preliminary Site-Wide. Baseli
Action Risk Evaluations.

plementing the operable unit approach with a
sessment and FS Comprehensive Response

*  Apportion site-wide risk e units through an iterative mechanism
implemented in parallel with the operable unit FS processes. This is intended to
provide a mechanism for developing and refining:remediation goals.

Continuation of the operable unit approach includes generati ary RI and FS reports for

each operable unit. The RI report for each operable unit wil ain a baseline risk assessment.

The FS report for each operable unit will contain risk assessm for each remedial alternative.

In addition, an FS Comprehensive Response Action Risk Evaluation will be included in the FS
report for each operable unit. This site-wide risk assessment will address the cumulative
protectiveness of selected operable unit remedial alternatives for the entire site.

Continuation of the operable unit approach will be accomplished within the framewor f revised
operable unit definitions. The most technically and programmatically meaningful defi ;
operable units have evolved as a result of insight gained during RI and FS activities condt
date. Although some rework of previous RI/FS efforts will be necessary as a result of ‘the
redefinition, it is intended that the revised definitions for operable units facilitate the overall
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completlon of the RI/FS at the FEMP. The revised operable unit definitions are addressed in

nit FS risk assessments will be supplemented with FS Comprehensive Response

aluations in order to ensure that estimated risks associated with remediation are
human health and the environment when the site is considered as a whole. The
comprehensive evaluation will be revised to accommodate changes in the remedial alternatives for
the site as the preferred altematxve is selected in the FS for each operable unit. Iterations of this
site-wide assessment

eal the contribution of 1nd1v1dual operable units to site-wide

be allotted to each oj
each operable unit.
for contaminants of p

1.7 OPERABLE UNIT DEFINTTIONS
Operable unit definitions for the RI/FS at the FEMP have been revised in accordance with the
modified Consent Agreement. Operable Uni
In Figure 1-2, state planar coordinates for Oj

hrough 5 are shown in Figures 1-2 through 1-4.
e Units 1, 2, and 4 are tabulated and these
itions of Operable Units 3 and 5 are noted

boundaries are illustrated on the site map.
" at the bottom of Figure 1-2. The revised re presented below:

] Operable Unit 1 is defined througf) 6, the Clearwell, the Burn Pit,
berms, liners, and associated contaminated soil within the operable unit boundary.

*  Operable Unit 2 is defined as the fly ash piles, o
lime sludge ponds, the sanitary waste landfill, be
contaminated soil within the operable unit boun

ield disposal areas, the
and associated

*  Operable Unit 3 is defined as the production area and production-associated
facilities and equipment (includes all above- and:below-grade improvements)
including, but not limited to, all structures, equipment, utilities, drums, tanks, solid
waste, waste, product, thorium, effluent lines, K-65 transfer line, wastewater
treatment facilities, fire training facilities, scrap metal piles, feedstocks, and the coal
pile.

. Operable Unit 4 is defined as Silos 1, 2, 3, and 4, berms, the decant tan
and associated contaminated soils within the operable unit boundary.

tem,

e Operable Unit 5 is defined as perched and regional groundwater, soils (
associated with other operable units), surface water, sediments, flora, and*fauna.
Evaluation of contaminated groundwater-related risk and treatment technologies is

o
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to be considered in Operable Unit 5, except as required under removal actions for
other operable units.

The Comprehensive Site-Wide Operable Unit represents the entire site and is

defined as an operable unit for the purpose of evaluating the remedies selected for
the five operable units (including remedial and removal response actions) to ensure
that they are protective of human health and the environment on a site-wide basis.

The definitions of Operable Units 1 through 4 each include water encountered during response
actions associated with those operable units.
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2.0 RISK ASSESSMENT PROGRAMMATIC APPROACH

f the work plan describes the overall objectives of a risk assessment and the specific
4 baseline and an FS risk assessment. The objectives of the site-specific baseline and
ments for the individual operable units and for the entire site are discussed in

“and 2.3, respectively. The Site-Wide Characterization Report is briefly discussed in
relation to the risk assessment process in Section 2.4. The technical approach for integrating the
site-specific risk assessments is presented in Section 2.5. The format for presentation of the site-
specific risk assessments is described in Section 2.6.

2.1 OBJECTIVES
The mandate of the
Liability Act of 198
current and potential threats posed by uncontrolied hazardous substance releases. The potential

threat to human health and the environment is evaluated and documented via the risk assessment
process. The goal of the risk assessment process is to provide risk information necessary to assist

decision-making at remedial sites. This risk information is developed in the baseline risk

assessment during the RI process and in the essment for remedial alternatives during the

FS process. The objectives of the baselin sk assessments are discussed below.

2.1.1 Objectives of a Baseline Risk Ass nt ,
The objective of a baseline risk assessment is to evaluate and document the potential risks to

human health and the environment associated with current and.pr
Llion“provides a basis for
: rmined in the baseline

uture exposures to site-
related contaminants if no remedial action is taken. This info
determining whether remediation is necessary at the site. The

risk assessment represent the risk for the no-action alternative risk assessment. In

the
addition, the baseline risk assessment provides a basis from wh uring the FS, acceptable levels

of contaminants that can remain on site are determined.

The process used to accomplish the objectives of a baseline risk assessment is summarized in
Figure 2-1. The following tasks are conducted in a baseline risk assessment:

*  Identify all radionuclides and chemicals of potential concern at the sit

¢  Conduct exposure assessments for site-related radionuclides and chemic;
potential concern.

*  Assess the toxicity of site-related radionuclides and chemicals of potential concern.

35
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2940

XS

Data Collection and Analysis

® Gather and anaiyze relevant site data
@ |dentify potential chemicals of concern

Y

Toxicity Assessment

@ Evaluate qualitative weight of
evidence that chemicals cause
adverse effects in humans

@ ldentify potential exposure
pathways and routes

® Evaluate quantitative evidence

and determine toxicity reference
values

® Estimate exposure point
concentrations for pathways

® Estimate contaminant intakes
for pathways :

Risk Characterization

@ Estimate potential for advers
. effects to occur

® Evaluate uncertainty
® Summarize risk information

Source: Adapted from EPA, 1989a

FIGURE Z-i
BASELINE RISK ASSESSMENT PROCESS
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*  Quantify risks to human health.

Quantify risks to ecological receptors.

on goals, final remediation goals, and remedial action objectives.

2.1.2 Obijectives of an FS Risk Assessfnent
e considered in an FS has various benefits and risks associated

adverse impacts on human health and the environment from
aluation must provide an assessment of the long-term

effectiveness and perinanence of‘each alternative for reducing the magnitude of residual risks
present after remediation. Additionally, the FS risk assessment must assess the short-term
effectiveness of the alternative to protect the community, the workers, and the environment

during remediation. The results of the FS ris essment must be presented in a form that

allows for the following:
*  Evaluation of the overall pro

e  Comparison of the risks for.

*  Determination of the degree to which preliminary and final remediation goals and
remedial action objectives are met

2.2 OPERABLE UNIT RISK ASSESSMENTS
Operable unit risk assessments deal with those risks to human h and the environment which
are associated with the individual operable units at the FEMP and:any remedial action

alternatives for those operable units.

2.2.1 Operable Unit Baseline Risk Assessments
A baseline risk assessment will be performed on each operable unit. Each baseli

assessment will compile and evaluate all pertinent information currently available for t
operable unit. These operable unit databases will be compiled from the data sources |
Section 3.0. Each operable unit database will provide the information needed to:

*  Characterize the source(s) associated with that operable unit.
*  Determine the contaminants of concern for that operable unit.
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10
11
12
13
14
15

16

17

18

19

20
21

23

24
25
26
27
28

29
30



2249

RI/FS Risk Assessment Work Plan
Date: 10/1591
Vol. WP - Section 2.0

*  Identify the significant exposure pathways for that operable unit.

s  Assess contaminant transport from that operable unit over the next 1000 years.
Quantify significant exposures attributable to the operable unit.

. Select the RME scenario for the operable unit.

ted with the operable unit will be assessed for the RME scenario assuming no
remediation. Credit will not be taken for removal actions within an operable unit unless the
removal action has been completed at the time of the operable unit baseline risk assessment.
Agency decision-makers will review the calculated baseline risks to determine if the configuration

of the operable un tly protective of human health and the environment, both now and

in the future, if no If it is determined that human health and the environment

are not sufficiently p edial alternatives will be developed and the baseline risk will be

compared with the r d with the remedial alternatives.

The baseline risk assessment will provide documentation on the methodology used to determine
the risks from the operable unit. It will also clearly present the resulting estimated doses and
risks associated with the baseline scenario.

2.2.2 Operable Unit FS Risk Assessments
During the detailed analysis of alternativ he FS process, various remedial alternatives

will be evaluated with respect to a specifi ria, including the criteria listed in Section

2.1.2. The risk assessment portions of pro volve the identification and quantification

of risks associated with each alternative considered. Each operable unit FS risk assessment will:

e Calculate and present the estimated short- and erm risks associated with each

proposed FS alternative.
e Provide input into the FS Comprehensive Res Action Risk Evaluation
(Section 2.3.2).

e Summarize the results of the above tasks and document both the methodology and
data sources used to perform them.

The FS risk assessment will provide a documented estimate of the human health an ogical
risks associated with each remedial alternative; and will be used by decision makers in overall

evaluation of alternatives in the FS process.

KNOX/RA-WP/AB.4-4/10-15-91 3 8
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2.3 SITE-WIDE ASSESSMENTS

of assessments deals with those risks to human health and the environment which are

ry Site-Wide Baseline Risk Assessment
ry Site-Wide Baseline Risk Assessment, a part of the Site-Wide Characterization

predicted future scenarios if no action is taken. The Preliminary Site-Wide Baseline Risk
Assessment will present all pertinent information available as of December 1, 1991 on the five

operable units, as w hole site. The data for the Preliminary Site-Wide Baseline

Risk Assessment wi from the sources listed in Section 3.0. These data will be

evaluated as part o ry Site-Wide Baseline Risk Assessment to:
ential sources of contaminant release to the environment.

*  Determine the contaminants of potential concern for the site.

*  Identify the pathways capéble of producing significant exposures from the site.

e Assess contaminant transport or from the site over the next 1000 years.

*  Combine comparable hum

, s, from multiple pathways and multiple
contaminants to common receptors.

. Select the RME scenarios for the FEMP.

Risks associated with contaminants at the FEMP will be assess
no remediation. Evaluation of operable unit baseline risks an

will:

. Provide information needed to determine if current or future conditions at the
FEMP are sufficiently protective of human health and the environment on a
comprehensive basis. ...........................

e  Identify and rank individual sources contributing to the total risk from t
*  Provide a basis for prioritizing further removal actions.

*  Support development of site-wide preliminary remediation goals.

KNOX/RA-WP/AB.4-4/10-15-91

RME scenarios assuming
seline risks for the entire FEMP

A - T T T - (T 7, B -

10
11

12

13

14

15

16

17
18

19

20
21

23

24

26

27

28



2249

RI/FS Risk Assessment Work Plan
Date: 10/1591

Vol. WP - Section 2.0

Page 6 of 12

*  Provide the risk estimates for the "no-action" alternative in the Comprehensive
Response Action Risk Evaluation (Section 2.3.2) in the operable unit FS.

Site-Wide Baseline Risk Assessment will provide documentation on the
used to perform all tasks required to quantify the risks from the site. It will present
nt results and conclusions of previous RI/FS documents.

2.3.2 FS Comprehensive Response Action Risk Evaluations

Each operable unit remedial alternative has some degree of long-term and short-term risk

associated with it. F - is likely that each operable unit alternative will have some

level of long-term I‘lS th it. Although the intention of many of the proposed

remedial alternatives is to remove, isolate, or immobilize contaminants, these

remedial actions may of mobile contaminants or "residuals” on site. The potential
risks to future receptors from these residuals will be known as "residual risks" throughout this
RI/FS process. The combined residual risks from all operable units must be evaluated to

ascertain if their aggregate residual risks remain protective of human health and the environment.

The activities associated with each remedial ve are expected to generate short-term risks

to remediation workers and the public. The de of these risks and their target populations
must be assessed to determine if these ris
etc.) are sufficiently protective of huma
receptors from other operable units.

""" echanism to assess the
ion. As part of the FS

timated for each remedial

The FS Comprehensive Response Action Risk Evaluation pro

cumulative impact of risks associated with each operable unit’
process for each operable unit, the level of residual risk will b
alternative considered for that unit. The remaining risks from most likely configuration of the
other operable units, after their remediation, also will be determined. To do this, the remedial
alternative most likely to be implemented for each operable unit must first be determined. If an

operable unit has successfully completed the FS portion of the RI/FS process, the selected

alternative and accompanying risk estimates will be used to assess its site-wide im
operable unit has not completed the FS process, then a surrogate FS alternative, know
as the "Leading Remedial Alternative," and an estimate of its risks will be used. The
Remedial Alternative for each operable unit will be identified and presented in the Si
Characterization Report (Section 2.4). The Leading Remedial Alternative does not re
pre-selection of a remedy and will be used only for the purpose of estimating and evaluating the
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risks presented by the entire site during the FS/Comprehensive Response Action Risk Evaluation

ble Units 1 through 5.

ooperable unit residual risks then will be summed to estimate the short-term and

will be evaluated on a progressive basis during the course of each individual operable unit FS.

2.3.3 Site-Wide Projected Residual Risk Assessment
The Site-Wide Proj

that are anticipated

e FEMP following implementation of the selected response
f Decision (RODs) for Operable Units 1 through 5 and the
-Wide Projected Residual Risk Assessment will be based on
d in the supporting documents for the RODs for Operable'

actions embodied in
selected removal ac

site-specific measurements inc
Units 1 through 5 and supplemented by environmental transport modeling results for future

hypothetical exposure scenarios. The assessment will:

¢ Include previous fate and tran
the operable unit baseline a

nd exposure modeling results produced for
assessments, where appropriate.

*  Provide a comprehensive
alternatives actually sele

potential risks associated with remedial
ions of the site.

*  Present and incorporate any additional FEMP characterization data not in any
earlier report.

*  Refine the estimate of impacts of locating an o
once all anticipated waste volumes, types, and f;
part of a remedial alternative.

e waste management facility
own, if such a facility

*  Identify significant remaining sources of residua
*  Establish the basis for additional actions if the final planned combination of

operable unit remedial actions produces residual risks that are generally not
protective of human health and the environment.

2.3.4 Site-Wide Feasibility Study Risk Assessment
A Site-Wide Feasibility Study of additional remedial action alternatives will be neces

the residual risks from the FEMP, as determined by the Site-Wide Projected Residu

attributable to the FEMP as a whole. Thus, the cumulative long-term (i.e., residual)
term risks corresponding to the selected or surrogate alternative for every operable unit

1] Risk Assessment will present an assessment of site-wide risks

is

Assessment, are not considered to be protective of human health and the environment. This task

provides a mechanism that will ensure the final combination of FS remedial alternatives will

KNOX/RA-WP/AB.4-4/10-15-91
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produce a site-wide residual risk that is protective of human health and the environment. This
will:

nclude the Site-Wide Projected Residual Risk Assessment as the no-action
Iternative.

Provide a comprehensive assessment of potential risks associated with any
additional remedial alternatives proposed for the site.

*  Address the impacts of placing any additional waste in an on-site waste
management facility.

2.4 SITE-WIDE CHARACTERIZATION REPORT

Data pertaining to the site conditions as of early 1988 were assembled by DOE as part of the
RI/FS Work Plan process. Since that time, a considerable amount of new information on the
potential sources of contaminants and the nal nd extent of environmental contamination at
the site has been generated through the RI perable units and through other
environmental programs at the FEMP. Although:much of this information has been compiled
and presented in RI/FS reports for individ . units, there has not been a presentation of

all data to characterize the entire site.

In order to bring together characterization data for the entire pport the operable

unit and site-wide RI/FS activities, a Site-Wide Characterizatio port will be prepared. This
cember 1, 1991. The
sment (Section 2.3.1) that

the environment that may be

report will provide a one-time summary of all site data availab
report will also contain a Preliminary Site-Wide Baseline Risk
characterizes the current and potential threats to human healt
posed by contaminants at the entire site.

judgement, the Leading Remedial Alternatives for Operable Units 1 through 5 will*be" identified

and presented in the report. The Leading Remedial Alternative for each operable un
remedial alternative considered most likely to be selected as the preferred alternative
operable unit. As stated previously, it does not represent the pre-selection of a remedy but will
be used only to estimate and evaluate the risks presented by the entire site within the
Comprehensive Response Action Risk Evaluations of the Operable Unit FS reports (Section

42
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2.3.2). The Leading Remedial Alternative will in no way prescribe or restrict the selection of the
perable Unit 1 through 5 RODs.

ESSMENT TECHNICAL APPROACH

k assessment technical approach is developed within the context of the entire

ess for the FEMP. The DOE will complete the RI/FS for the FEMP by implementing
the RI and FS processes for each operable unit of the site. Consistent with the operable unit
approach, an ROD will be prepared at the end of each operable unit RI/FS. In addition, an
ROD for the entire si
for each operable un

issued following the determination that the selected alternatives

ive of human health and the environment when considered
either individually or erefore, the risk assessment technical approach is predicated

on completion of th

ss based on the operable unit concept. This technical approach
¢ 22. The figure identifies specific RI and FS risk assessment
FEMP. It also identifies other RI/FS tasks and interactions
among these tasks and the risk assessment tasks.

is presented concept
tasks for each opera

pproach, the mechanism for evaluating

Within the context of the operable unit technical:
protection of human health and the environ m the entire site is dependent on inclusion of
an FS Comprehensive Response Action Ri ion appended to each operable unit FS
report. These site-wide assessments will ‘the selected remedial alternative from each

operable unit FS or a Leading Remedial ; om each operable unit FS that has not

completed the selection process. Since the operable unit FS processes will not be synchronized,
the FS Comprehensive Response Action Risk Evaluations will be, i i

, reflecting selection of
an alternative for a particular operable unit as its FS schedule “completion. This iterative
mechanism will provide estimates of site-wide risks associated diation of the entire site
beginning at an early stage in the RI/FS process. The iteratio undergo refinement

through later stages of the RI/FS process.

The results of the FS Comprehensive Response Action Risk Evaluations will reveal whether
proposed remedial actions at a given operable unit will afford protection when integrated into the
site-wide strategy. If overall protection is not indicated, remedial alternatives mus

examined to determine what changes might be made to one or more operable unit re
alternatives to achieve overall protection from the site.

The technical approach facilitates timely performance of RI/FS tasks. The operable u
approach accommodates initiation of operabie unit RI and FS tasks based on work that has been
performed to date. Results generated from planned and ongoing field investigations that will
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complete the site characterization effort will be systematically incorporated into the process as
available. Complete characterization of an operable unit is only required before the

ts for that operable unit are finalized.

PRESENTATION OF RISK ASSESSMENTS

a addresses the presentation format for RI and FS risk assessment reports and
identifies the risk assessment reports that will be generated. The discussion in this section
addresses baseline and FS risk assessments for operable units and a Site-Wide RI/Projected

Residual Risk Asses following completion of operable unit reports.

2.6.1 General Risk A

The EPA provides detailed guidance concerning the format of the baseline risk assessment report.
This guidance is presented in the Risk Assessment Guidance for Superfund, Volume I: Human
Health Evaluation Manual, (Part A) (EPA 1989a). This guidance document is a source of
baseline risk assessment methodology as well

port format guidance. The suggested outline
for a baseline risk assessment report is includ
in Attachment I of this addendum. This o
RI/FS baseline risk assessments. The suggi

e EPA guidance document and is reproduced
s the basis for the format to be used in the
utline will be modified, however, to
accommodate assessment of ecological i
RI report. “

2.6.1.2 FS Risk Assessment Format

The EPA does not provide guidance concerning a format or
The EPA guidance for conducting the RI/FS under CERCLA
criteria that must be used to evaluate remedial alternatives.

FS risk assessment format
adopted for the FEMP will address risk within the context of the evaluation criteria specified by
EPA.

2.6.2 Operable Unit RI/FS Risk Assessments

2.6.2.1 RI Baseline Risk Assessments
The risk assessment for the RI will be conducted for each operable unit. Complete d of the

baseline risk assessment will be appended to each RI report in a format consistent with EPA
guidance. The salient features and results of the baseline risk assessment will aiso be reiterated
and summarized in the text of the RI report. Section 6.0 of the RI report will present a summary

45
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of the baseline risk assessment. Each baseline risk assessment will only address concerns related

These FS risk assessments will be appended to each FS report. The salient features

and results of the FS risk assessments will also be discussed in those sections of the FS report that

present evaluations of each remedial alternative with respect to the evaluation criteria specified by

ponse Action Risk Evaluation will be appended to each

idual Risk Assessment

risks from all contami

ual Risk Assessment will present an evaluation of the combined
posure pathways of concern from the entire site to confirm the

efficacy of previous risk management decisions for each operable unit and the entire site. The

Site-Wide RI/Projected Residual Risk Assessment report will follow completion of operable unit

reports and will be prepared as a stand-alone
operable unit FS risk assessments.

KNOX/RA-WP/AB.4-4/10-15-91
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3.0 OVERVIEW OF INFORMATION AND DATA UTILIZED
IN RI/FS RISK ASSESSMENTS

sectiony addresses the types and sources of data and other site-specific information used in
sessments. The types of data used in RI/FS risk assessments are categorized in this

e Data that characterize the site
e Data used to model the fate and transport of constituents
* Data used to estimate exposures

rocess are evaluated via the quality assurance (QA) program.

: of sufficient or greater quality to meet scientific and legal

scrutiny.

¢ Data will be gathered or develdped in accordance with procedures appropriate for
the intended use of the data.

e Data will be of known or acce
representativeness, and comp;

ecision, accuracy, completeness,
5 required for the FEMP.

documented in the Quality Assurance
Project Plan (QAPP) and supporting procedures that direct quality-related activities. The QAPP
AAAAAAAAA of the Work Plan
sion 3" (DOE 1988a). This
erformance to meet

governing QA practices to be implemented for the FEMP RI
Requirements and is entitled "Quality Assurance Project Plan

document includes the data quality objectives, the requiremen
these objectives, the means for verifying that the objectives ha en met, and a discussion of

the data validation process.

Data generated in the RI/FS process are given first consideration in risk assessments because

these data are the most current and most reliable based on the RI/FS quality assurance/quality.
control (QA/QC) practices. Data generated in the DOE litigation studies will b
because of the strict QA/QC practices applied in anticipation of their use in litigation.

databases generated by WEMCO and its subcontractors in routine environmental mon
in the Characterization Investigation Study (Weston 1987) will be considered as secondaty sources

he QA/QC procedures on these data are not as well documented. Secondary sources
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will only be used when primary sources do not contain the data sought. If a secondary data
ed, the source of the data will be clearly identified.

A CTERIZATION DATA

ization data will be presented in the RI report. These data will not be repeated
7in the baseline risk assessment, which is a part of the RI. These data will be
summarized, as necessary, in the risk assessment report.

Site characterization data indicate the extent of contamination in the environment from the site.
The extent of contam

e environment is determined from examination of naturally-
occurring constitue ns and constituent concentrations that can be attributed to
releases from the si ita are obtained from a variety of sources such as, but not limited

to, the supplementa ackground data presented in Table 3-1. Data from these sources

are used in RI/FS risk“assessments according to the following hierarchy:

* Data to be considered first: site-specific data obtained from the RI/FS database,
including data collected during removal actions

» Data to be considered second
environmental monitoring an
studies that complement th
Investigation Study, Facemi
1990]) )

site-specific data from sources such as the

acterization process (e.g., Characterization
survey of the FMPC site [Facemire et al.

The RI/FS database also includes the results from a number
of the RI/FS which will support the ecological risk assessmen

, tudies conducted as part
ese are the following:

*  Analyses of radionuclides and chemicals in plants, terrestrial animals, and aquatic
organisms collected from the FEMP

*  Surveys of macroinvertebrate communities in Paddys Run and the Great
Miami River

* Toxicity tests of FEMP effluents

* Delineation of jurisdictional wetlands on FEMP property

dta acae o 2t mmed cndiemn
xicity iesis of soil and sediment samples from
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TABLE 3-1
SOURCES OF BACKGROUND CONCENTRATION DATA
SUPPLEMENTING THE RI/FS DATABASE

Sources

Shacklette et al. 1984; Kabata-Pendias 1984;

WMCO Environmental Monitoring Annual Reports?;

ODH 1988; Myrick et al. 1983; USDA 1982a; USDA 1982b;
Weston 1987

WMCO Environmental Monitoring Annual Reports

Sediment

Groundwater ‘WMCO Environmental Monitoring Annual Reports

Surface Water WMCO Environmental Monitoring Annual Reports

Air WMCO Environmental Monitoring Annual Reports
Gamma Radiation Myrick et al. 1983
Exposure

4Westinghouse Environmental Monitorin eports - WMCO 1986; WMCO 1987a;

WMCO 1988; WMCO 1989; WMCO 1
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As described in Section 2.4, the Site-Wide Characterization Report will provide a comprehensive

ite characterization data available for RI/FS risk assessments as of December 1,

ite-Wide Characterization Report will incorporate and support the development of

Site-Wide Baseline Risk Assessment. Information from the Site-Wide

n Report, supplemented with results of scheduled sampling and analysis plans, will

rt the operable unit risk assessments and the risk assessments for the Comprehensive

Site-Wide Operable Unit.

3.2 FATE AND TRANSPORT MODELING DATA
Fate and transport

support the development and implementation of fate and
transport models us P to predict the migration of constituents from the site through
environmental med
(Section 3.3). The equired for fate and transport modeling include information on
the geology, hydrogeology, surface hydrology, and meteorology of the site and vicinity. These
data are obtained from a variety of sources and are used in RI/FS risk assessments according to

the following hierarchy:

ansport modeling is an integral part of the exposure assessment

¢ Data to be considered first:

* Data to be considered secon te-specific data from sources such as the
environmental monitoring county soil surveys, and site-specific
studies that complement th terization process (e.g., the

¢ Data to be considered third: generic fate and tr
reference documents. Examples of EPA referen
fate and transport modeling data include EPA 1
1985a, and EPA 1991c

eling data from EPA
ts that provide typical
EPA 1989b, EPA 1987a, EPA

¢ Data to be considered fourth: generic fate and
secondary sources, subject to EPA approval

port modeling data from

Sections 6.1 through 6.5 contain detailed presentations of the models, typical data values, and
sources of data that are used in RI/FS risk assessments to predict the migration
from the FEMP.
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3.3 EXPOSURE ASSESSMENT DATA
assessment data are used to estimate gamma radiation exposures and intakes of

d radionuclides by receptors. In addition to the results of fate and transport

data include values for parameters that quantitatively describe exposure scenarios
n rate, exposure frequency, exposure duration, biotransfer factors, absorption
raging time, and body weight. Exposure assessment data are used in RI/FS risk

assessments according to the following hierarchy:

e Data to be considered first: site-specific data obtained from the RI/FS database

d second: other regional and site-specific data from studies
RI/FS characterization process

d third: generic exposure assessment data from EPA reference

* Data to be considered fourth: generic exposure assessment data from secondary
sources, subject to EPA approval

Section 7.0 contains detailed presentations o odel equations, data values, and sources of

data that are used for exposure assessmen

3.4 TOXICITY DATA _
Toxicity data are used to quantify the human health hazard and hazard to ecological receptors
from exposure to chemicals and radionuclides. The toxicity d in RI/FS risk assessments

are obtained from the following EPA sources:

* For carcinogens,
- The EPA Integrated Risk Information Syste
(EPA 1991b)

for carcinogenic chemicals

- The EPA Health Effects Assessment Summary Tables (HEAST) for
radionuclides (EPA 1991a)

- The EPA National Emission Standards for Hazardous Air Pollut
(NESHAPS) cancer risk coefficient per unit radiation dose (EP-.

* For noncarcinogens,
- The EPA IRIS database (EPA 1991b) and the most current HEAS
1991a) for noncarcinogenic hazardous chemicals (EPA 1991a)

(EPA

- DOE-response data from the open literature
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If it is found that a reference dose is not available and toxicity data from the open literature must
imated reference doses will be developed with the aid of EPA toxicologists. Section

ncertainties associated with the information and data used in each phase of RI/FS risk
assessments. These uncertainties are due to a number of factors, including parameter bias,
parameter variability (random errors or natural variations), and improper model formulation. As
EPA has pointed out in their
determine what actio
analysis (EPA 1989a
each risk assessment

idance for health risk assessments, information is developed to
ary to reduce risks and not to eliminate all uncertainty from the
associated with information and data will be evaluated in

ovide the spectrum of information regarding the overall quality
of the risk assessment;: Additi discussions of uncertainties of the risk assessment process are

given in Section 7.0 (exposure ‘asséssment), Section 8.0 (toxicity assessment), and Section 9.0 (risk

characterization).

02
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40 IDENTIFICATION OF CONTAMINANTS OF POTENTIAL CONCERN

SIS OF DATA
data obtained from the sources listed in Section 3.0 will be evaluated prior to use

tative baseline risk assessment. The criteria for evaluating the suitability of the data
primarily on EPA guidance (EPA 1989a). These criteria are listed below:

e The methodology used to obtain concentration data and chemical forms will be
con51dered Data obtained via the following analytical methods are not considered

e quantitative risk assessment: (1) analytical methods that are not

lar chemical or radionuclide (except total uranium), such as

or total organic halogen, and (2) field screening instruments

rganic vapor analyzers. The methodology used to obtain specific

line risk assessment will be described in the RI reports.

ion. limits associated with the analytical data will be identified if
avallable Unusually high sample quantitation limits will not be included in the data
analysis if they cause the calculated exposure concentration to exceed the maximum
detected concentration for a particular sample set.

e Matrix spike and matrix spike |
data as stipulated in Volume
chemicals will be reported
These qualifiers will guide
-suggested in Exhibit 5-4 (
constituents will be repo

te data will be analyzed in the RI/FS sampling

. QAPP (DOE 1988a). Analytical results for

ct Laboratory Program (CLP) data qualifiers.
e in the quantitative risk assessment, as

989a). ‘Analytical results for radiological

“as stipu in the QAPP (DOE 1988a).

» Tentatively identified compounds (TICs) will be |
site information suggest the TICs may have bee

the analysis if historical
the site (EPA 1989a).

* Estimated quantitative results (e.g., those identi
the risk assessment (EPA 1989a).

qualifier) will be used in

e If multiple dilutions are required to determine the value of a chemical present in
high concentrations, and those dilutions result in unacceptable detection limits for
other chemicals, only chemicals with positive detections (hits) will be considered
from that analysis.

4.2 STATISTICAL EVALUATION OF BACKGROUND
Background concentrations of chemicals and radionuclides of concern in environmen dia for

the site and each operable unit will be obtained from RI/FS data. The same background data will
be utilized for all operable units as well as the entire site. Reported uncertainties in analytical
results will also be incorporated into the determination of the overall distribution of background

concentrations. Background samples will be selected from those taken from areas likely to be
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unaffected by FEMP activities. These data will be supplemented, if necessary, with information
tional sources as described in Section 3.0. Background data and other pertinent data
to determine whether contaminants at the site are related to activities at the FEMP

lly naturally-occurring.

tical methods used in the analysis of FEMP data are from the guidance document

"Statlstléal Analysis of Ground-Water Monitoring Data at RCRA Facilities," EPA 530-SW-89-026

(EPA 1989c). Tolerance limits are generated using background data.

A tolerance interval§ -normal distribution is established for each constituent of

concern from backgri \ tolerance coefficient of 95 percent is used to construct the
tolerance intervals, w enerally 95 percent of the background sample population is
covered within the to rval when observations are randomly taken among the
background. A mini  observations is required for the construction of a tolerance
interval, and a sample size of eight or more is large enough to establish an adequate tolerance

interval (EPA 1989c).

Before the construction of tolerance interv rom background samples are inspected for

outliers and a test of normality is applied ical result may be an outlier if, for a given

sample and a given constituent, the anal tected during one sampling round is very

different compared with the analytical r uring other sampling rounds.. A value

suspected of being an outlier is conﬁrmed as an outlier only if it can be proven statistically to be
an outlier.

A Student t-test is used to determine whether an observation

For a given sample
and constituent, a 95 percent confidence interval is generated all data except the result in
question. If the suspect outlier falls outside the interval, it is d as an outlier and is not used

in calculating an upper tolerance limit or average concentration.

When a constituent is detected only once during three or more sampling events, the Student’s t-

test cannot be applied. In this case the detection is considered to be an outlier i
greater than the lowest concentration that can be measured during analysis or the min
detection limit (MDL).

The coefficient of variation (CV) test is applied to background data as a check on the
that the data are normally distributed. If the CV of a constituent is greater than one, it indicates
that the data are not normally distributed.
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Because contamination in environmental media is generally indicated by elevated concentrations,
i olerance limits, which are one-sided tolerance intervals, are generated from the

ata. To construct the upper tolerance limit (UTL) of a constituent, the mean, X,
standard deviation, S, are calculated from the background analytical results. The
can be constructed as

UTL = X + (K xS) (4-1)

where K is the one-sided normal tolerance factor (EPA 1989c). The K-values for a population.

containing "n" numbe are listed in Table 4-1.

During RI/FS and R ervation and Recovery Act (RCRA) sampling, for a given

constituent, some Mi

ted to vary from one sampling round to the next and in the

past have even varied'within a‘single sampling round. To apply the statistical methods described
above, each constituent must have only one MDL. Thus, for each constituent, one MDL is
selected, and the data are adjusted slightly. Each reported nondetection (ND) that is greater than
the selected MDL is omitted from the statistical:analysis because of the uncertainty about the true
' an the selected MDL. However, any ND that
to the selected MDL and is still denoted as
MDL are also set equal to the selected

value of the ND. The true value may be hig

is less than the selected MDL is given a va
ND. Any detections that are lower than
MDL and are denoted as ND.

Where validated RI/FS data on a constituent’s background co

“witl"be conducted in the

d a;(imum detected

unavailable, statistical and mathematical analysis of backgroun
following manner. The frequency of detection and the minim
concentrations will be recorded for each chemical detected ab tection limit in
background samples. If at least three samples are available, t rage detected concentration of
each chemical will be calculated. Samples in which a chemical"was analyzed but not detected will
be assumed to contain a concentration of that chemical equal to the detection limit. Background
concentrations for organic chemicals will be assumed to be zero because organic compounds

found as environmental contaminants are generally man-made.

4.3 SELECTION CRITERIA FOR CONSTITUENTS OF POTENTIAL CONCER
The analytical data that are considered suitable for quantitative use in the risk assessm

will be

A Anetntine ~F wers
+ of th" Mmaneo e Il b

1d the

unit of the FEMP. Mean conceniraiions tandard deviation o

W oaivaliy vwig

a s
calculated for constituents in each medium in each operable unit. In estimating the central
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TOLERANCE FACTORS (K)
FOR ONE-SIDED NORMAL TOLERANCE INTERVALS
WITH PROBABILITY LEVEL (CONFIDENCE FACTOR)
Y = 0.95 AND COVERAGE P = 95%
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K2 n K
3 75
4 100
5 125
6 150
7 175
8 200
9 225
10 250
11 275
12 300
13 325
14 350
15 375
16 400
17 425
18 450
19 475
20 500
21 525
22 550
23 575
24 600
25 625
30 650
35 675
40 700
45 725
50 750
775
800
825
850
875
900
925
950
975
1000

3 For sample sizes < 50: Lieberman, 1958

For sample sizes = 50: K values were calculated from large sample approximation.
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tendency of a data set, the sample quantitation limit will be used as a proxy concentration for the
tection limit" results in the calculation of the mean concentration.

micals and radionuclides that are not detected in any of the samples from the

of an operable unit or from environmental media will not be included in subsequent
for that medium. Also, contaminants that have been detected in 5 percent or less of
at east 20 samples of a medium (a single positive hit) will be excluded from further evaluation
(EPA 1989a).

Background mean co; and standard deviations of the mean will be calculated if the

data are available. or each operable unit will be compared to background data. A

radionuclide or chem iminated from the list of constituents of potential concern based

on a series of sequen

ons. A constituent may be eliminated for any one of the
following sequential criteria: ’

e A common laboratory chemical contaminant will be eliminated from further
consideration if all sample concentratlon results are less than 10 times the highest
blank concentration. Common Jaboratory contaminants include acetone, 2-
butanone, methylene chloride e, and the phthalate esters. Other chemicals
will be eliminated if all results than five times the highest concentration
detected in any blank. Chemi idered common laboratory contaminants,
which may be actual consti cern at the site, will be considered on a
case-by-case basis.

*  For large sample populations, a chemical will be eliminated if the site-related sample
arithmetic mean detected concentration is less thap:the:background mean
concentration plus one standard deviation. In this ¢: ery unlikely that the
site-related sample population is statistically significantly different from the
background sample population. EPA suggests th
may be large enough to understand distribution

* In cases where numbers of samples are extremel mited, the mean and range of
concentrations of site-related constituents will be compared to the mean and range
of background concentrations. A chemical will be eliminated if the site-related
sample mean and/or range is below the background mean and/or range of detected
concentrations.

* If an adequate sample size is available, a Student’s t-test will be performed in cases
where the site related sample arithmetic mean is larger than the backgro
A chemical will be eliminated if this statistical comparison indicates that
related sample population is not significantly different from the backgrou
population.

KNOX/RA-WP/AB.4-4/10-15-91 5 7

10
11
12

13
14
15
16
17
18
19
20

21

23
24
25
26

27
28
29
30
31

32
33
34
35
36



2249

RI/FS Risk Assessment Work Plan
Date: 10/1591

Page 6 of 11

Chemicals that are: (1) essential human nutrients such as sodium, potassium, magnesium, calcium,
and iron, (2) present at low concentrations (i.e., only slightly elevated above naturally-occurring

levels), and (3) toxi '
with the site) will n
nutrients in each o

high doses (i.e., much higher than those that could be associated

in the quantitative risk assessment. Concentrations of essential

ill be compared to background concentrations as described
above. These che liminated from the list of constituents of concern if the mean

detected concentra e-related samples are less than or only slightly above background

)

mean concentratio

creening procedure (EPA 1989a) may be used

very low concentrations, a concentration-toxi
‘ to identify constituents in a particular med are most likely to contribute significantly to
risks calculated for exposure scenarios invg medium. Constituents that do not contribute
significantly to the risk will not be quant uated as constituents of potential concern.
Thus, the risk assessment will focus on the "most significant” radionuclides and chemicals. The

EPA will be consulted if use of this screen is found. td be necessary.

In this concentration-toxicity screening procedure, a risk fact

calculated by multiplying the
maximum detected concentration of the constituent in a part edium by its toxicity value,
/RED). The risk factors for

or for the medium. Separate

i.e., either the slope factor or the inverse of the reference do

each constituent in a medium are added to obtain a total ris
total risk factors are calculated for carcinogenic and noncarcinogenic effects, and for the
radionuclides and chemicals. The ratio of the chemical-specific risk factor to the total risk factor
approximates the relative risk for each constituent in the medium. The constituents with risk

ratios that are very low, compared with other constituents in that medium, will b
further consideration in the quantitative risk assessment. EPA risk assessment guida
1989a) uses 0.01 as an example of this risk ratio for the screening procedure. The val
this screening procedure will be subject to EPA approval.

58

KNOX/RA-WP/AB.4-4/10-15-91

... .. .. . YoOlL.WP-Sectiondo __ _

v AW N

O ® N o

10




@

2249

RI/FS Risk Assessment Work Plan

Date: 10/1591

Vol. WP - Section 4.0

Page 7 of 11

Radionuclides and chemicals that are not eliminated with the previously described criteria will be

.constituents of potential concern. The radionuclides and chemicals of potential
be summarized in tabular form in the risk assessment.

' considered to be of potential present or future concern for human health. The

ptors currently exist on the FEMP site. As a result, they may be exposed to all

dlstmctlon between present and future concern will therefore not be made for the ecological risk

assessment.

4.4 CHEMICALS A
Constituents identific
may be of concern
with respect to the p
These tabulations are

NUCLIDES AT THE FEMP
the RI/FS process are listed in Table 4-2. These contaminants

1o existing contamination of one or more environmental media or
elease from a source term to one or more environmental media.
ork that has been performed to date on RI/FS risk assessments

and are not all inclusive. Analytical results from ongoing site characterization studies may lead to

revision of operable unit contaminants of concern presented in this Work Plan Addendum. This

is particularly true for Operable Unit 3, whic]

facilities outside of the original scope of th

KNOX/RA-WP/AB.4-4/10-15-91

s been redefined to include many areas and
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Operable
Unit 1

TABLE 4-2

: RADIONUCLIDES AND HAZARDOUS CHEMICALS
ENVIRONMENTAL MEDIA OR OPERABLE UNIT SOURCE TERMS

Page 8 of 11

Unit 2

Operabie
Unit 32

Operable
Unit 4

Operable
Unit 5

e R R LR R R LR R L

P LR R R R

Pl o

Inorganics

Aluminum

>

>

Arsenic

Antimony

Barium
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TABLE 4-2
(Continued)

Unit 1

Unit 2

Unit 3

Unit 4

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

L R L R L R R L R E R R

F R L o T

Molybdenum

Nickel

P

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

P I

Organics

1,1-dichloroethane

1,1-dichloroethene

1,1,1-trichloroethane

1,1,2-Trichloro-1,2,2-

trifluoroethane

1,1,2,2-Tetrachloroethane

1,2-dichloroethene
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Unit 2

Unit 3

Operable
Unit 4

Operable
Unit 5

2-Butanone

2-Methylnapthalene

2-methylphenol

2-propanol

2,4-dimethylphenol

4-methyl-2-pentanon

4-methylphenol

Acenaphthene

Acetone

Anthracene

Benzene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Benzoic acid

Beta-BHC

Bis(2-ethylhexyl) phthalate

EIR I T I T L o

Butyl benzyl phthalate

Carbon disulfide

R

Chlordane

Chlorobenzene

Chloroform

Pl Kol Ko
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TABLE 4-2
(Continued)

Gt | Uwz | ves | vme | vms.

X - - - -
Di-n-butyl phthalate X X X - X
Di-n-octyl phthalate X - - -
Dibenzo(a,h)anthraccné. X - X
Dibenzofuran | X - X
Ethyl parathion - - - -
Ethyl benzene X X - X
Fluoranthene X X X - X
Fluorene X X X - X
Indeno(1,2,3cd)pyrene X X - X
Methy! parathion X - - -
Methylene chloride X - - -
N-nitrosodiphenylamine - X - X
Naphthalene X X - X
PCBs (Aroclors-1242, 1248, X X X
1254, 1260)
Pentachlorophenol X - X
Phenanthrene X X X
Phenol X X - X
Pyrene X X X
Tetrachloroethane X - - - -
Tetrachloroethene X X X -
Toluene X X - -
Total Xylenes X X X -
Trichloroethene X - X -
Vinyl chloride - - X -

a8  QOperable Unit 3 is presently insufficiently characterized. The contaminants present in the soil, perched water, and
groundwater beneath the production area are assumed to be present in the buildings as well.

KNOX/RA-WP/AB.4-4/10-15-91

63

10

11

13

14

15
16

17

18

g B ® B B

By



RUFS Risk Asses§h&tWork Plan
Datét 10/15/91
Vol. WP - Section 5.0

O YU PR

5.0 DEVELOPMENT OF EXPOSURE SCENARIOS

ntifying and developing exposure scenarios, and proceeds through screening and
rrently identified exposure scenarios for the FEMP. Selected exposure scenarios
t are determined to require a quantitative evaluation in the risk assessment.

Components of an exposure scenario include a source of contaminants, mechanisms that facilitate
the transport of contaminants from sources through various media, receptors in the local

environment, and a nism for exposure of those receptors.

Steps involved in de osure scenarios include characterization of the exposure setting,

identification of pot pathways, and selection of site-specific exposure pathways to .

be quantitatively evaly isk assessment. Section 5.1 addresses the character of the site

setting within which potential exposures could occur. Section 5.2 discusses potential
environmental transport and exposure mechanisms at the site. Section 5.3 discusses the
methodology for selecting those pathways that will be quantitatively evaluated in the risk

‘or near the FEMP.

assessment. Section 5.4 discusses the recept

5.1 CHARACTERIZATION OF EXPO
The first step in developing exposure sce uating the site setting in which potential

exposures could occur. The site setting aluate t in the development of exposure

scenarios because characteristics of the site setting influence the types of transport mechanisms

that could occur at the site and the types of receptor exposures } occur in the vicinity of

the site. Evaluation of the site setting involves examining the physical environment of the site

and populations in the vicinity (receptors) that could be subje itial exposures.

5.1.1 Physical Environment
A detailed description of the physical environment is presented in the RI reports for the FEMP

and addresses aspects of the local geography, surface topography, demographics, geology and
hydrogeology, and ecology. A summary description of the physical environment at.the. FEEMP. is
given in this section.

5.1.1.1 Geography
The FEMP is located on 1050 acres of land in rural areas of Hamilton and Butler co

southwestern Ohio. The facility is located approximately 20 miles northwest of Cincinnati, Ohio.
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The villages of Fernald, New Baltimore, Ross, New Haven, and Shandon are located within a few
miles:of-the FEMP.

flanked on either side by bluffs that rise to a maximum of 300 feet above the general level of the
valley floor. Maximum elevation along the northern boundary of the FEMP property is a little
more than 700 feet above mean sea level (MSL). The production area and waste storage area

rest on a relatively level: plain
the eastern boundary
Paddys Run at an elevatior

west into Paddys Rui
east toward the Gre

5.1.1.3 Surface Hydrology

The primary surface drainage feature of the EEMP is Paddys Run, an intermittent stream. A
tributary of the Great Miami River, Paddys ows from north to south near the western
boundary of the FEMP property (Figure 5

from the western areas of the FEMP, incli

- Paddys Run has historically received direct runoff
ilos and waste storage areas. One branch of

Paddys Run, now known as the Storm S itch, drains the southern end of the

production area and feeds into Paddys Rin approximately 650 feet upstream of the southern
boundary of the FEMP.

5.1.1.4 Demographics

As an inactive industrial site undergoing characterization, rem n:‘and closure, there are no

s employees of DOE, WEMCO
and other contractors. Workers are generally on the FEMP approximately eight hours per day,

residences on the FEMP. The on-site worker population inc

five days per week. Structures housing on-site workers are on approximately 300 acres in the
center of the FEMP in the administration area and the production area.

Scattered residences and several villages, including Fernald, New Baltimore, Ross,
and Shandon, are located near the FEMP. Downtown Cincinnati is approximately 2
southeast of the FEMP and the cities of Hamilton and Fairfield are six to eight mile
northeast. There is an estimated population of more than 24,000 within five miles o

of the FEMP. The nearest resident is within three quarters of a mile (1200 meters) from the

center of the facility.
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5.1.1.5 Historical Significance
urrounding the FEMP contains several sites of historical interest. The National

istoric Places lists five prehistoric Indian sites within three miles of the FEMP.

5.1.1.6 Geology and Hydrogeology
The FEMP site is located on a dissected till plain left by Wisconsin Glaciation. This plain

overlays a two- to t

subterranean valley known as the New Haven Trough. This

valley formed as a r cene glaciation and subsequently filled with glacial outwash

materials and till. y is approximately one-half to more than two miles wide and is
U-shaped, having a ly flat bottom and steep valley walls. Interbedded glacial
overburden deposits occur within the outwash deposits, but in most cases are of limited lateral
extent. The overburden deposits are composed primarily of poorly sorted pebbles, cobbles, and

boulders in a predominantly clay matrix. .

Within the glacial overburden deposits there: imerous perched water-bearing zones that have

limited interconnection. The majority of th: d zones are of glaciofluvial origin and
consist of small beds of highly sorted sands These beds are probably the result of
small meltwater streams that occurred al gin and within the glacier itself. These

intertill aquifers have the following gene"

* High variability in areal extent, thickness, and voli

* Based upon hydrograph analysis, limited intercon n.between the intertill

aquifers

* The majority are confined by layers of relatively
conditions where water will rise in a well to a lev
first encountered (confined or artesian conditions).

ermeable till. This results in
ligher than where the water was

e  Hydraulic conductivities are highly variable with an expected range of 2.8 x 102 to
280 ft/day (10’5 to 0.1 cm/s) (Freeze and Cherry 1979). At the FE
tests of water-bearing zones in the till found hydraulic conductivities ran
1.6 ft/day (5.6 x 10 cm/s) in Well 1048 to 7.1 x 103 ft/day (2.5 x 10® ¢
1079.

* Porosities range from 22.1 percent to 36.7 percent, with a mean of 31 p
(Morris and Johnson 1967).
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Generally these glaciofluvial interbeds are considered to be the major water-bearing units within
ial overburden. However, movement of water and contaminants within these units is
ause of the limited extent and interconnection of these units.

ami River has eroded through the glacial overburden and is now in direct contact
ofluvial outwash deposits that comprise the buried valley aquifer. Paddys Run is also
in contact with these deposits in its lower reaches. Within some areas, overburden deposits
overlie the bedrock upiands and portions of the outwash materials where they form the thick
unconsolidated sediment layers beneath the soil zone. This glacial overburden is composed of
dense, silty clay tha position vertically and laterally. The silty clay overburden

contains lenses of pootly sorted fine- to medium-grained sand and gravel, silty sand, and silt with

layers of silty clay.

The bedrock in the vicinity of ‘the: FEMP consists of predominantly flat-lying, olive-gray .
Ordovician shales with thin, interbedded layers of limestone. This shale forms the buried valley
walls of the New Haven Trough. The buried valley is generally carved into this shale between 60

and more than 200 feet below the pre-erosional.land surface in the vicinity of the FEMP.

Three flow systems of the Great Miami A verge in the vicinity of the FEMP reservation.

As shown in Figure 5-2, groundwater in Section of the New Haven Trough
generally flows from west to east. Gro ater in the Shandon Tributary of the New Haven

Trough generally flows to the southeast, and groundwater in the Ross Section of the New Haven

Trough generally flows to the southwest. Figure 5-2 also shows a flow divide located in the
southern portion of the FEMP that separates Dry Fork Secti
Tributary groundwater. The location of the divide fluctuates,

er from Shandon
nd

g on flow conditions;
therefore mixing occurs along the divide.

Groundwater from the Ross Section does not enter the FEM flow divide separating the
Ross Section groundwater from Shandon Tributary groundwater is located east of the FEMP, as
shown in Figure 5-2. This divide is influenced by pumping of the collector wells located within
and near the "big bend" of the Great Miami River.

The surface and subsurface hydrology of the site are directly connected at various loca
Paddys Run loses flow to the top of the regional aquifer, which intersects the stream
the site boundaries. Natural gradients cause the groundwater beneath the FEMP to

ci

sreat Miami River (upstream from New Raltimore),

by mi River (ups

o +h a .
arca icr noOwWing east to th
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flowing south through the branch of the bedrock channel west of New Baltimore. In either case,

at. Miami River is the ultimate receptor of groundwater from the study area.

is the source of water for industrial and domestic use in the area. The estimated
the major well fields in the area averages approximately 18 million gallons per day

groundwater users in the area.

The residences in the area use either domestic wells or cisterns for water supplies. Generally,
cisterns are used i

because of the bad 1

There are several large farms in the vicinity of the FEMP that use groundwater. Two known

irrigation wells on farms east of the site and northwest of Route 128 are currently being used for .

field irrigation. One farm on New Haven R¢

south of the site, between Route 128 and the
village of New Baltimore, also is known to from a well on the property. Those farmers
east and south of the FEMP, who are in cli

fields with water from the river (Plumme;

imity to the Great Miami River, irrigate their

5.1.1.7 Ecological Setting

This section describes the major habitats at and adjacent to the FEMP, Ecological receptors are

described in detail in Section 5.1.2.3.

The FEMP lies in the Oak-Hickory Forest Section of the Eas
by Bailey (1978). Ecological communities at the FEMP have
(1990) as consisting of grazed and ungrazed pastures, two pine“plantations, deciduous woodlands,

ous Forest, as described
n described by Facemire et al.

riparian woodlands, and a "reclaimed fly ash pile area,” referred to in RI/FS documents as the
Inactive Fly Ash Disposal Area (Figure 5-3). Forested jurisdictional wetlands, as defined by

federal guidance (FICWD 1989), were delineated as part of the RI/FS and occu
50 acres north of the production area (Figure 5-4). Emergent jurisdictional wetlan

included in the RI/FS study, occur along the railroad spur and various drainageways
FEMP. Paddys Run and adjacent aquatic habitats harbor small fish, amphibians, an iety of

stoneroiier minnow {Facemire ei al. 1950). The most common

non-biting midges, riffle beetles, mayflies, and stoneflies.
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FIGURE 5-3.HABITAT TYPES PRESENT ON THE FEMP
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THIS IS AN APPROXIMATE, NOT
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\
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2 PADDYS RUN AND THE STORM SEWER
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3 STREAM CHANNELS AND WOULD BE
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FIGURE 5-4. APPROXIMATE BOUNDARIES OF JURISDICTIONAL WETLANDS
AND OTHER WATERS OF THE UNITED STATES AT THE FEMP
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A total of 47 species of trees and shrubs, 190 species of herbaceous plants, 20 mammal species, 98
, 10 species of amphibians and reptiles, 21 species of fish, 47 families of benthic

ates, and 132 families of terrestrial invertebrates were found at the FEMP by
(1990). '

in the Great Miami River adjacent to the FEMP have been characterized by Ohio

‘ Envxronmental Protection Agency (OEPA) (1982a, 1989), Miller et al. (1987, 1988, 1989), and by
the U.S. Geological Survey (USGS 1974 to 1982). A total of 106 species of fish has been

i River from 1900 to 1978 (Trautman 1957, 1981), while OEPA
recent survey of the river (OEPA 1989). No federally listed
‘have been observed on the FEMP or in its immediate vicinity.

recorded from the
collected 76 species
threatened or enda
Suitable habitat for
located along Padd

mammal listed as federally endangered, the Indiana bat, was
RI/FS studies, but the species was not found on site.

5.1.2 Potential Sources of Contaminants at the FEMP
The FEMP is a large inactive industrial facility containing both radioactive and hazardous wastes

(Section 4.4). Principal radioactive constitue lude, but are not limited to, unknown

quantities of thorium-232 and uranium-238 a ir associated progeny. The equilibrium of

these decay chains has generally been dist o removal of some progeny during
processing operations. Principal hazardo nstituents include heavy metals, chlorinated
and nonchlorinated solvents, polychlorin; is:(PCBs), and polycyclic aromatic

hydrocarbons. The source areas for nonradioactive constituents are often of smaller areal extent

than the radioactive constituents. The bulk of the process wast, posed of in either the

waste pits or the silos on site (Section 2.3). There are a multitude of contamination sources on
), contaminated soils,
nts at the FEMP are

ised operable unit definitions

site including open waste pits (containing contaminated waste
buried wastes, and contaminated buildings. Potential sources
presented in Table 5-1. These sources are consistent with the
presented in Section 1.7 of this addendum. Aging (including ra ioactive decay) of contaminants
within these source areas will be considered in the risk assessments.

5.1.3 Land Use
The land within the FEMP property boundaries currently contains a large, inactive in
facility. Many of the facility’s buildings are currently used for storage of idle process
Administration and laboratory operations conducted at the site are currently focused
shutdown of the facility and the environmental restoration of the property.
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POTENTIAL SOURCES OF CONTAMINANTS AT THE FEMP?
Operable Operablc Operabie Operable
Unit 2 Unit 3 Unit 4 Unit 5
- Fly Ash Piles - Production Area K-65 Silos (Silos - All Contaminated
No. 1 and No. 2) Surface and
- Southfield - Production- Subsurface Soil
Disposal Areas Associated Metal Oxide Silo Not Otherwise
, Facilities/ (No. 3) Associated with
- Lime Sludge Equipment Other Operable
- Berms Ponds Silo No. 4 Units
- Structures
- Liners Decant Tank - Perched
- Equipment System Groundwater
- Utilities Berms - Aquifer
- Drums - Surface Water
- Tanks - Sediments

- Effluent Lines

- K-65 Transfer
Li

- Scrap Metal Piles
- Coal Pile

- Feedstocks

. By-Products

- Products

- Thorium
Inventory

- Biodenitrifi-
cation Surge
Lagoon

- Flora and Fauna

3 Each Operable Unit includes associated contaminated soils within the operable unit boundary (exce

3) and water encountered during remediation.

KNOX/RA-WP/AB.4-4/10-15-91
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o A S B4
A security fence surrounds the entire FEMP property, and a second line of fences surrounds .
several internal areas, including the production area and the waste disposal area. These fences
lacly patrolled by a large, full-time security force. These active (security patrols) and

s) access restrictions are currently in place at the FEMP. Over the past 40 years,
ave proven to be effective for restricting unauthorized site access to transient
ed duration (intruders). No hunting or fishing is allowed on the site, but

ly 400 acres of the site are leased to a nearby resident for grazing of cattle.

Land use surrounding the FEMP is mainly agricultural, with dairy, beef, corn, and soy bean
production. Several industries, including Delta Steel, Albright & Wilson Chemical Company,

Ruetgers-Nease Cher y, two commercial gravel operations, and a cement plant, are

located to the south ‘Whitewater Forest and a Hamilton County park are located

within five miles of th

Determination of potentially exposed populations completes the characterization of the exposure
setting at the site. This determination is significant because potential receptor populations could
vary at different sites and because an exposurgs

cenario is not complete if it is not reasonable to

conclude that receptor populaﬁons in the vi

Manual (Part A) (EPA 1989a), a baseline risk assessment mus ify:subpopulations of
potential concern that could be at increased risk from radionu r chemical exposure from
increased sensitivity, behavior patterns, and/or current or past ures from other sources.

These populations include infants and children, the elderly, pregnant and nursing women,
individuals with chronic illnesses, and individuals previously exposed to chemicals or radionuclides
during occupational activities or by residing in industrial areas. The current subpopulations of
potential concern within five miles of the FEMP are identified below and are list

categories suggested by the EPA (1989a).

Schools: No schools are located within one mile of the FEMP. Three s¢

.

schooi disiricts. The 1989-50 ioial enrollment in the six schools from these di

within five miles of the FEMP was 3,316.
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Daycare Centers: No daycare facilities are located within one mile of the FEMP.
Two daycare centers operate within the study area: (1) Ross County Day Nursery,
with an average enrollment of 126 students per day and a total weekly enroliment of
180, is located north of the intersection of SR 128 and US 27 about two and one-

. half miles northeast of the center of the FEMP, (2) Venice Presbyterian Pre-
chool, with an average daily enrollment of 30 and a total weekly enrollment of 110,
is located in the village of Venice (Ross) approximately two miles northeast of the

- center of the FEMP.

Hospitals, Nursing Homes, and Retirement Communities: No care facilities of these
types operate within five miles of the FEMP.

Residential Areas with Children: In 1988, approximately 58 adults and 29 children

n one mile of the FEMP. Most of the residences within five

re scattered and reflect the agricultural setting of the area.
rations include Ross, Harrison, Shandon, Fernald, New Haven,

d one large trailer park. An estimated 8,140 children lived within
er of the FEMP in 1988.

Commercial and Recreational Fisheries: No commercial fisheries operate within
five miles of the center of the FEMP. Recreational fishing occurs on Whitewater
Lake of the Miami Whitewater Forest Park. This heavily stocked lake lies
completely within five miles of MP. The Great Miami River supports no
commercial fisheries in the vicit the FEMP, but some limited recreational
fishing may occur south of th in spite of a PCB advisory issued in 1987 by
OEPA.

Major Industries Using Ch : dustrial facilities are located within one
mile of the center of the FEMP. Two:companies located within iwo miles of the
FEMP center, Ruetgers-Nease Chemical Company and Albright and Wilson, store
and handie chemicals. Collectively known as the Paddys. Run Road Site, these
facilities are classified as CERCLA sites and are EPA high priority cleanup
list. Proctor & Gamble has a research facility a ximately two miles east of the
FEMP. Employees at these facilities are only ¢ it
if they reside within five miles of the FEMP.

5.1.4.2 Potentially Exposed Populations Under Current Land Use

Several possible exposure scenarios will be evaluated in the baseline risk assessments to
investigate current human health risks from the FEMP. These can be divided into two groups:
those accounting for the effects of current access controls, and those that discoun setsiof

access controls.

Potential Exposures Assuming Current Access Controls Continue

The selection and subsequent assessment of the potentially exposed population groups“assumes
that current land use of FEMP property will continue until remediation activities end, at which
time active security controls will be discontinued. Scenarios incorporating the effects of custodial
control on public access to the site include, but are not limited to: 7 6
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Visitor/trespasser - This scenario investigates the exposures mcurred by the activities
of a regular visitor or trespasser to the FEMP or one of its operable units who is
not covered by the FEMP health and safety and radiation protection programs.

;. Current visitor/trespasser exposures will be evaluated for individual operable units in

the operable unit risk assessments, and for the FEMP as a whole in the site-wide
sessments.

&p: loring child - This scenario supposes a child, aged 6 through 17, regularly ingests

" sediment while playing in Paddys Run. Exposures from sediments currently

deposited along Paddys Run will be investigated as part of the Operable Unit 5 and
site-wide risk assessments.

is scenario presumes a farmer lives immediately adjacent to the
ndary. Risks to a farmer living at the property boundary

e evaluated as part of the Operable Unit 4 and site-wide risk
o individuals living downwind of an operable unit containing
of dispensable waste will be evaluated as part of that operable
duals living over the South Plume will be evaluated during the
assessment of Operable Unit 5.

Off—site; £m

On-site grazing - This scenario considers the risks associated with using animal
products produced by cattle grazing on FEMP property. This pathway will be
assessed as part of the Operable:ilinit 5 and site-wide risk assessments.

pls Are Discontinued

PA requires that "...each Baseline Risk

Assessment shall include a scenario evaluating current conditions at the Site, assuming no further

response actions and no institutional controls for the OU under consideration...". Therefore, each

operable unit baseline risk assessment and the site-wide baseli
the risks for a hypothetical scenario that assumes environment
and present access restrictions are discontinued. Two potentia
under these conditions might be:

ssment also will assess

toration at the site has ceased,

| population groups

Onsite building user - If the operable unit presently’ contains metal, concrete, or
wooden buildings, one scenario evaluated would be the immediate occupancy of one
of these buildings by a family of hypothetical homesteaders. This family could ingest
waste or contaminated soil, inhale resuspended dust, and be directly exposed to
radiation. Because no crops are currently grown within the FEMP
homesteaders could not eat contaminated vegetables from the site.
could use animal products from livestock and wild animals currently graz
FEMP property.

Hunter - Unrestricted hunting on the FEMP property will be evaluated
the Operable Unit S and site-wide baseline risk assessments. In this scenario,
mdmduals would regularly move about the site. They would use animal products
from livestock and wild animals currently grazing on FEMP property. They could
be exposed to direct radiation, inhalation of resuspended soil, and ingestion of soil.

77
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These evaluations will consider only the current, unimprovea condition of the site. Aﬁy activities
requiring development time (i.e., home building, planting and harvesting crops, etc.) will be
der future land use of the site (Section 5.1.4.3).

ntrols During Implementation of Remedial Action Alternatives
itives other than the no-action alternative, current land use assumes restricted
vicinity of the remediation during implementation of an alternative. Evaluation of

-term effectiveness criterion during implementation of a remedial alternative will be
based on this land-use assumption. Health risks to off-property members of the public and
workers on site that are not covered by the FEMP approved health and safety and radiation

protection plans will t uring implementation of remedial alternatives.

5.1.43 Future Land-\
; he long-term risks to the public posed by the hazardous
substances remaining at the site in'the future. Long-term risks will be evaluated for potential
future land-use scenarios. Examination of past and present local land-use practices suggests that
it is reasonable to assume FEMP land would revert to residential and agricultural uses in the

future. Thus, receptors could reside directly on:the FEMP, and sensitive subpopulations, such as

children or elderly residents, could be exposed tly to contaminated soils, groundwater, surface

water, or airborne emissions from on-proper d waste areas. Risks to these hypothetical
on-site receptors will be evaluated for the ars as part of a resident farm family
scenario. This farm family scenario assumes a family resides on site, eats food grown on site,
drinks water drawn from the aquifer, inhales gases or dusts generated at the site, and ingests soil

as a result of activities at the farm.

Future off-property populations could be exposed as a result o ort.of hazardous materials

from the FEMP to off-property locations. In addition to on-sit ilies, the long term risks
to some of the potentially exposed human populations listed u

5.1.4.2 may also be evaluated.

urrent land use in Section

5.1.4.4 Occupational Receptors

The work force at the FEMP will be divided into two groups for risk assessment
group will include only those workers involved in remediation activities. All other wor
included in the second group. Table 5-2 lists these other workers.

nAd cafaty nrn
U oSULLY Y

spending significani time on the siie are covered by a comprchensive health

a gralll
under which employee exposures are managed and recorded, as required by 29CFR1910
(Occupational Safety and Health Administration [OSHA]) and 10CFR20 (NRC 1991). The only
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OCCUPATIONAL RECEPTORS

Baseline
Current
Land Use
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Remediation Worke

Permanent Employe
Not Involved With
Remediation

Temporary Employee ON
Not Involved With
Remediation

Contractor Not O,N
Involved With
Remediation

Delivery Services/ Y
Visitors

N - No

O - Covered by Health and Safety Plan

Y - Yes

2 Required for evaluation of short-term risks.
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workers on the site not covered by this program are contractors and delivery personnel who are
admitted to the site for a limited duration. They are treated as members of the general public.

t the FEMP will involve operations that can produce short-term occupational

ically, each operation involving potential exposures will be identified, and the

: nd locations producing the highest exposure will be used as the occupational RME
scenario. Some of the factors to be considered when determining the occupational RME for each
major type of operation are:

to the waste

cing worker exposure rates (engineering and administrative
rotective apparel, etc.)

* Type of exposure (airborne dust, dermal contact, direct radiation, etc.)

Generally, the types of short-term occupation
RME scenario at the FEMP are inhalation
daughters, and irradiation by gamma emit

xposures expected to dominate the occupational

pended dust, inhalation of radon and radon
2r exposure pathways will be considered,
including dermal contact and inhalation o e parameters used to assess these potential

exposure pathways will be specific to th

Nonremediation Workers

assessed under the
ces within the FEMP
level. This level has been

The exposures of FEMP employees not involved with remedia
FEMP Health and Safety Program. This program stipulates t
must be monitored if their exposure rates exceed a predeterm
established by DOE Order 5480.11 and OSHA 29CFR1910.96

The only workers at the FEMP not considered by this Health and Safety Program are contractors
and delivery personnel who are admitted to the site for a limited duration. (Most contractors are
expected to comply directly with this program, or operate under a program comp .

FEMP Heaith and Safety.) It is assumed that some delivery workers are not covered b
FEMP program, so their exposures to airborne contaminants and direct gamma radia
be evaluated qualitatively. If the qualitative evaluation identifies a potentially signifi
pathway, that pathway will be quantitatively assessed.
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5.1.5 Ecological Receptors
A complete discussion of potential ecological receptors at the FEMP can be found in Facemire et

The following discussion is largely drawn from that report, with additional sources

es found on the FEMP include red fescue, Kentucky bluegrass, and timothy. Herbs
include teasel, red and white clovers, and goldenrod. The dominant tree species in the pine
plantations is white pine, and common trees in the deciduous and the riparian woodlands include
white ash, America cottonwood, and box elder. The Inactive Fly Ash Disposal Area
is dominated by Ame
algae occur along Pag

stern cottonwood, and black locust. Aquatic vascular plants and
1 in wetland areas.

Terrestrial Animals
Examples of mammal species observed on the FEMP include white-tailed deer, red fox, raccoon,
white-fqo;ed mouse, and muskrat. The most common birds breeding on site include the mourning
dove, American robin, blue jay, and northern bobwhite. Raptor species observed on site are the

northern harrier, red-shouldered hawk, Coo awk, red-tailed hawk, and American kestrel.

The eastern screech owl and great horned
occurring on the FEMP include the Amer
snapping turtle. Snakes observed on site

‘also common. Amphibians and reptiles
spring peeper, eastern box turtle, and
‘eastern garter snake, black rat snake, and
northern water snake. Approximately 1.
FEMP habitats. Leaf hoppers are abundant in all habi&tats, while less abundant groups include

es from 15 orders are represented in

short-horned grasshoppers, leaf beetles, springtails, fruit flies, .fungus gnats, ants,

bees, and wasps.

Agquatic Organisms

Paddys Run, the Great Miami River, and adjacent aquatic ha harbor fish, amphibians, and a

variety of benthic macroinvertebrates. The most common fis Paddys Run are the bluntnose
minnow, creek chub, and stoneroller minnow. Common macroinvertebrates include non-biting
midges, mayflies, stoneflies, caddisflies, oligochaetes, and blackflies. Fish collected from the Great
Miami River near the FEMP include gizzard shad, freshwater drum, carp, and st ler
et al. 1987, 1988, 1989). The flora of the Great Miami River include aquatic vascula ts and a

variety of unicellular and filamentous algae (Miller et al. 1988; USGS 1974 to 1982).

Environmental transport and exposure mechanisms at the FEMP are introduced in this seciion.
A simplified conceptual transport and exposure model for the site is presented in Figure 5-5.
This model is based on work performed to date for the RI/FS at the FEMP. The model depicts
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the site and its surrounding environment and consists of different types of contaminant sources,
environmental transport pathways, exposure mechanisms, and potential receptors.

- “and dissolution of contaminants in the water. This percolating water could carry
contaminants downward through the source area. In the event that the source area allows the
water to escape, the seepage could carry contaminants through the unsaturated zone below.
ch the aquifer. Groundwater can return to the surface

environment in one
discharge to the Gr
water.

following routes: through a seep or surface outcrop, by direct
iver or Paddys Run, or by being drawn to the surface as well

The transport of contaminants to surface water bodies, such as streams and rivers, is initiated by
the runoff of precipitation over waste units and contaminated soils. The runoff erodes and
suspends or dissolves contaminants in the water and carries the material away from the source.

Contaminated sediments carried by surface
as Paddys Run, the Storm Sewer Outfall Di
could enter surface water flow in bodies g

re deposited in low flow drainage features such

ing water areas, and wetlands. Contaminants
as the Great Miami River. Contamination
in the soil could be moved by water flow: ac¢ e during each runoff event. The

contamination in open waste pits also could contribute to surface water contamination if the open

pits overflowed or if runoff escapes the waste area.

Water exposure pathways could exist for groundwater or for s er. The water in the

aquifer is a potential source of water for residential use, for a tural use, and for commercial

use. Groundwater is known to be used for industrial purpose; two commercial facilities

proximal to the FEMP, and for agricultural purposes by nearby residents. Water in the Great
Miami River is also a potential source of water for residential use, agricultural use, and
commercial use. The river is the only potential surface water supply in the area that could

feasibly provide water in appropriate quantities on a consistent basis. Water ex
are considered separately for groundwater and surface water as the primary source.

Receptor exposures include exposures to contaminated water used as drinking water,
irrigating food crops, water for irrigating feed crops for livestock, and drinking water for:|
In addition, consumption of fish found in contaminated water can resuit in exposure. These water
exposures involve contamination of the food chain. Additional exposures to contaminated water
that do not involve the food chain include direct contact with contaminated water (potential 8 3
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dermal absorption of contaminants) and inhalation of volatile organic compounds released from
contaminated water during household use or agricultural use such as showering or spray irrigation.

urface water; and indirect exposure via natural seepage of groundwater into surface
waters, for example, Paddys Run or the Great Miami River. Potential pathways by which
ecological receptors could be exposed to contaminants in surface water include ingestion, uptake

by plants, direct expo atic organisms, and indirect exposure via food chain uptake.

5.2.2 Potential Air
The transport of co
contaminated partic
area. Airborne cont
deposited on exposed surfaces, such as surface soil, plants, and structures. Contaminated surface
soils, inactive production facilities, and open waste units such as the waste pits provide sources of
contaminants on exposed surfaces that could be:resuspended and transported elsewhere in the

environment. Gaseous or volatile contamin uld be released to the air from a contained

source area such as waste materials inside the: silos; the solid waste landfill, or inside covered
exists for the K-65 silos. The K-65 silos
"he radon gas is produced inside the silos by

scenarios where currently contained sources lose containment

Exposures occur as receptors are exposed to airborne contam
contaminants are deposited on ground surfaces. The primary sure to airborne contaminants

results from inhalation of these contaminants. After airborne aminants deposit on ground

surfaces, receptors may also be exposed to penetrating radiation from radiological contaminants.
Less direct routes of exposure include deposition of particles onto plants, root uptake by plants,
and eating livestock which has ingested contaminated forage or deposited particles.

5.2.3 Potential Soil Exposure Pathways

Exposures could occur after contaminants associated with the FEMP are transported
via air transport and deposition, spills, irrigation, or waste storage/disposal. Human r
could be exposed via incidental ingestion of contaminated soil, direct external contact
contaminated soil, direct radiation from the soil, consumption of produce grown on coniaminaied
soil, and meat and milk from livestock that ingest contaminated soil, or plants contaminated by
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root uptake from contaminated soil. Thus, contaminants transported to the soil could enter the
food chain through the surface soil.

Potential pathways by which ecological receptors could be exposed to FEMP constituents in soils
include: uptake of constituents from soils by plants; direct exposure of plants and animals to
contaminated soils,

exposure to constitu

5.2.4 Potential Sed
Exposures could occ
such as by erosion by runoff and transport to surface waters such as Paddys Run, the Storm Sewer

ter contaminants are transported to sediments from other source media

Outfall Ditch, and the Great Miami River. Contaminants introduced into these surface waters

could subsequently settle and become incorparated into the stream bed. Human exposure could

occur from incidental ingestion of contaminat diment, from direct radiation, and from direct

external contact with contaminated sedimen

Potential pathways by which ecological 1 be exposed to FEMP constituents in

sediments include: uptake of constituents by aquatic plants; direct exposure of aquatic plants and
animals, including direct radiation exposure; and indirect expo i

d chain uptake.
Ecological receptors could also be exposed to FEMP constitu n*waste units via direct
exposure of terrestrial animals to wastes, direct radiation, and stes, pathways similar to

soils.

5.3 SELECTION OF EXPOSURE PATHWAYS
Once all potential exposure pathways have been identified, it is desirable to select the potentially

significant ones for a more detailed evaluation. EPA guidance for performing risk assessments

(EPA 1989a) suggests eliminating an exposure pathway from detailed analysis whi jund

justification for elimination (e.g., based on the results of a screening analysis). EPA
assessment guidance offers examples of justification for eliminating exposure pathwa

* "The exposure resulting from the pathway is much less than that from a
pathway involving the same medium at the same exposure point."

e "The potential magnitude of exposure from a pathway is low."

85

KNOX/RA-WP/AB.4-4/10-15-91

(- T, B

10

11
12
13
14
15
16
17

18
19
20

21

23

24

26
27
28
29

30
31

32



RI/FS Risk Assessment Work Plan
Date: 10/1591

Vol. WP - Section 5.0

Page 23 of 36

. "The probability of the exposure occurring is very low and the risks assoc:ated w1th
the occurrence are not high." (EPA 1989a)

pathway will be selected for detailed evaluation only if it is a complete exposure
mplete exposure pathway generally comprises four basic components:

‘A source of contaminants
* A mechanism(s) for transporting contaminants to the point of receptor exposure

* A receptor present at a point where contaminants are present

* Amec osure of the receptor to the contaminants

An exposure pathwa ated from quantitative evaluation if any of the four

components is deter. e absent (Figure 5-6). A degree of reasonableness will be used
when deciding whether the last two components are present (a receptor at a point where there

are contaminants and a mechanism by which the receptor is exposed).

There are exceptions to this process for direct sure pathways, such as exposure to penetrating
a case there is no need to consider a
transport mechanism for exposure to occu zening process will be applied to every

potential exposure pathway identified. Th I eliminate unreasonable pathways and

focus on the list of potential exposure pathways selected for evaluation in the risk assessment.

The FEMP contains a large number of potential exposure pat

exposure pathway

consists of a source of contamination, a transport pathway or exposure mechanism, and a

receptor. Table 5-3 lists these potential pathways, categorized and environmental
medium. These pathways were screened for each operable un d-use scenario using EPA
s during the FEMP RI/FS

process are marked with a bullet ("*") in the appropriate row and column of Table 5-3. This

guidance presented earlier. Pathways selected for detailed analy

matrix will be reviewed for accuracy and completeness during each RI/FS risk assessment.

Exposure pathways are grouped in Table 5-3 according to five source types. The sou
divided among operable units according to the definitions of operable units presented
1.7 and the modified Consent Agreement. For example, groundwater currently locate
Waste Disposal Area will be treated as a source in the Operable Unit 5 and site-wide
Exposures attributable to that source will be assessed only in those assessments. Oper
will assess neither current nor future exposures from this groundwater source, but will assess

exposures from any additional groundwater originating from the soil/waste sources in Operable

Unit 1. 8 6
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s L Taagg

5.3.1 Soil/Waste sure Pathwa
These pathways all start with soil or waste materials as the ultimate source of the postulated

;-This group contains the largest number of potential exposure pathways because of the

of source types and transport mechanisms present at the site. Each pathway is
-3 and described below:

ngestion of crops contaminated by foliar deposition of soil/waste. This pathway

assumes aerial suspension of exposed soil/waste, followed by foliar deposition onto
plants. These plants are later harvested and eaten by humans.

2. Ingestion of crops contaminated by irrigation with groundwater contaminated by
i : athway postulates contamination of groundwater by mteractlons

3.
postulates the direct contact of plant roots with contaminated soiliwaste. The roots
take up contaminants, and these plants are later harvested and eaten by humans.

4. rrigation with surface water contaminated b
soil/waste. This pathway assu itamination of surface water by the soil/waste.
This water is used to irrigate f s. This irrigation results in foliar deposition
onto plants and uptake of con by plant roots. These plants are later
harvested and eaten by hum,

5. . This pathway presumes a receptor can come into

direct contact with the soil/waste. Once in direct contact, uptake of certain
contaminants may occur by dermal absorption.

6. Recreational contact with surface water contamin
assumes a receptor swims in water contaminated }
Once in direct contact with the water, uptake o
dermal absorption through the receptor’s skin and

by soil/waste. This pathway
ce deposit of soil/waste.
ain contaminants may occur by
cus membranes.

7. Direct ingestion of soil/waste. This pathway assumes a receptor can come into
direct contact with the soil/waste. During the receptor’s period of contact, the
individual inadvertently ingests a small amount of soil/waste.

water runoff. This pathway presumes surface deposits of soil/waste are
transported as sediment to Paddys Run, the Storm Sewer Outfall Ditch
Great Miami River. Receptors using these waterways for recreation m
inadvertently ingest this sediment.

9. Ingestion of groundwater contaminated by soil/waste. This pathway postulates
contamination of groundwater by interactions with the soil/waste. This water
migrates to the receptor location, where it is pumped to the surface and used as a
supply of drinking water. ~
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10. Domestic use of groundwater contammated by sml/waste This pathway postulates
contamination of groundwater by interactions with the soil/waste. This water
migrates to the receptor location, where it is pumped to the surface and used for
domestic (non-drinking) water.

fpgestion of fish raised in surface water contaminated by runoff from soil/waste.
This pathway assumes surface water is contaminated by soil/waste deposits. This
water drains into bodies of surface water containing food fish. These fish are caught
and eaten.

12. Inhalation of gases emitted from soil/waste. This pathway postulates the emission of
gases from the soil/waste, followed by their transportation through the soil and air to
icinity:of:the.receptor. The receptor then inhales these gases.

13. ded particulates from soil/waste. This pathway assumes aerial
d soil/waste, and subsequent transport through the air as dust

receptor. The receptor inhales this dust.

14.

ria direct radiation from soil/waste. This pathway presumes a
receptor can approach the location of the soil/waste. The receptor receives an
exposure by direct radiation from the radionuclides in the soil/waste.

15. Immersion exposures by direct ra ation from surface water contaminated b
additional runoff from soil i pathway postulates contamination of surface
water by the soil/waste. This ins into bodies of surface water used for
recreational swimming. Swim; .then be exposed by direct radiation from
radionuclides dissolved or s

16. Proximal exposures via dir diatio m sediment formed by additional runoff
from soil/waste. This pathway assumes surface deposits of soil/waste erode and are

subsequently transported to Paddys Run, the Stor utfall Ditch, and the
Great Miami River. Receptors using these wat ‘for‘recreation may then be
exposed by direct radiation from radionuclides i sediment.

17. Ingestion of meat and milk from livestock inges
presumes livestock can come into direct contact the soil/waste. During grazing
activities the animal inadvertently ingests soil/wa The animal subsequently
provides meat or milk that is used by a human receptor.

aste. This pathway

18. Ingestion of meat and milk from livestock eating forage contaminated by soil/waste.

This pathway assumes many transport mechanisms may be functionin
time to convey contaminants from exposed and buried soil/waste to the
the forage plant. The plant root may be physically located in the waste
deposition of dust or irrigation water may take place, and/or root uptak:
contaminated irrigation water may occur. Each of these transport path
be expected to increase the amount of contamination taken up by forag
These plants are used as forage by livestock. Meat and milk from these
later consumed by humans.

mals are

19. Ingestion of meat and milk from livestock ingesting stock water contaminated by
soil/waste. This pathway is actually a combination of two pathways. The first 9 1
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pathway postulates contamination of groundwater by interactions with the soil/waste.

1
This water migrates to the receptor’s location, where it is pumped to the surface and 2

used to supply livestock with drinking water. The second pathway is identical to the 3

first, except that the second one assumes that it is surface water (not groundwater) 4

that mobilizes and transports the contaminants from the waste to the receptor. The 5

athways are combined here because it seems likely that only one source of water 6

urface water or groundwater) will be used at one time. The transport pathway 7

roducing the highest exposures will be included in the FEMP RI/FS risk 8

assessments. 9

5.3.2 Exposure Pathways Attributable to Salvage or Reuse of Structures 10
These pathways invo f existing contaminated structures as the ultimate source of the 11
postulated exposures ays are generally dependent on some degree of proximity to 12
contaminants. They combined with several of the soil/waste pathways listed in 13
Section 5.3.2.1 to acco osures produced by wastes contained within inactive process 14
equipment or stored icular building. Three pathways listed in Table 5-3 are: 15
20. Ingestion of dirt during salvage or reuse of a structure. This pathway assumes 16
buildings on the site are available for salvage or long-term reuse by an intruder. 17

During salvage or other activities, the receptor may inadvertently ingest removable 18

surface contamination. 19.

21. Inhalation of dust during salv use of a structure. . This pathway postulates 20
buildings on the site are ava alvage or long-term reuse by an intruder. 21

During salvage or other acti ptor may inhale resuspended dust or 22

other surface contaminati 23

22. External Irradiation during salvage or reuse of a structure. This pathway presumes 24
buildings on the site are available for salvage or 19 use by an intruder. 25

During salvage or other activities, the receptor e irradiated by penetrating 26

radiation from radionuclides found on the inner uter. surfaces of the facility. 27

5.3.3 Exposure Pathways from Groundwater Sources 28
These pathways start with existing contaminated groundwater as the ultimate source of the 29
postulated exposures. This group of pathways will be evaluated as part of the evaluation of 30
exposures from currently contaminated media at the FEMP. Impacts associated with any 31
additional production of contaminated groundwater will be assessed during the e € 32
source of that contamination. For example, exposures from any existing contaminated 33
groundwater under Operable Unit 1 will be assessed during the Operable Unit 5 risk assessment. 34
Exposures attributable to any future contamination of groundwater due to Operable Unit 1 would 35
be assessed during the Operable Unit 1 RI/FS evaluation of the various pathways in Section 36
5.3.2.1 involving groundwater transport from a soil/waste source. The following exposure 37
pathways involving existing contaminated groundwater are listed in Table 5-3: 38

32
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23. Irrigation of crops with existing contaminated groundwater. This pathway assumes

existing contaminated groundwater migrates and is subsequently used to irrigate
food crops. This irrigation results in foliar deposition of contaminated water onto
plants and the uptake of contaminants by plant roots. These plants are later
‘harvested and eaten by humans.

se of existing groundwater as domestic drinking water. This pathway postulates
he migration and subsequent use of existing contaminated groundwater as drinking

water.

25. Use of existing groundwater as potable domestic water. This pathway postulates the

26. d milk from livestock fed forage irrigated with existing

water. This pathway assumes existing reservoirs of

water migrates and is subsequently used to irrigate feed crops.
in foliar deposition of contaminated water onto plants and the
nts by plant roots. These plants are used as forage by livestock.

Meat and milk from these animals are later consumed by humans.

27. Ingestion of meat and milk from livestock drinking existing contaminated
groundwater. This pathway postulates the migration of existing contaminated
groundwater and its subsequen drinking water for livestock. Meat and milk
from these animals are later ¢

5.3.4 Exposure Pathways from Existing € Sources
These pathways start with existing sources of contaminated surface water as the ultimate source of

the postulated exposures. Sources of potentially contaminated surface water near the FEMP are
the Great Miami River, Paddys Run, and the Storm Sewer Ou
surface water sources will be assessed in Operable Unit 5 and

:#Exposures from these

ide risk assessments. Some
operable units contain ponds of standing water. These surfac nts will be treated as
reservoirs of contaminated surface water that can spread off s be accessed by an intruder in
the future. Exposures from these surface water impoundmen be assessed during the

evaluation of surface water pathways performed for their associated operable unit RI/FS. The

following exposure pathways involving existing contaminated surface water are listed in Table 5-3:

28. Ingestion of crops irrigated with surface water contaminated by soi
pathway assumes existing contaminated surface water is used to irrigate
This irrigation results in foliar deposition onto plants and uptake of con
plant roots. These plants are later harvested and eaten by humans.

29. Dermal exposures from recreational use of existing contaminated surface:water.

: This paibway presumes a recepior wiil swim in ihe Greai Miami River. Once in
direct contact with the water, uptake of certain contaminants may occur by dermal
absorption through the receptor’s skin and mucus membranes.
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30. Ingestion of fish from contaminated surface water. This pathway postulates the
existence of food quality fish in the Great Miami River. These fish are caught by
humans and eaten.

:Immersion exposures by direct radiation from recreational use of existing
contaminated surface water. This pathway assumes a receptor swims in

contaminated surface water. Swimmers may then be exposed by direct radiation
rom radionuclides dissolved or suspended in this water.

. Ingestion of meat and milk from livestock fed forage irrigated with existing
contaminated surface water. This pathway assumes existing reservoirs of

contaminated surface water will be used to irrigate food crops. This irrigation
foliar.deposition of contaminated water onto plants and the uptake of
t roots. These plants are later harvested and eaten by humans.

33.

d milk from livestock drinking existing contaminated surface
presumes existing contaminated surface water will be used as
estock. Meat and milk from these animals are later consumed

These pathways begin with existing deposits iment as the ultimate source of the postulated

exposures. This group of pathways will be as part of the Operable Unit 5 exposure

evaluation of currently contaminated media MP. Impacts associated with any additional
during the evaluation of the

in Table 5-3 and described below:

34. Direct ingestion of sediment. This pathway postulates the existence of contaminated
sediments in Paddys Run, the Storm Sewer Out d the Great Miami
River. Receptors using these waterways for rec y then inadvertently ingest
this sediment.

35. Proximal exposures via direct radiation from sediment. This pathway postulates the
existence of contaminated sediment in Paddys R he Storm Sewer Outfall Ditch,
and the Great Miami River. Receptors using these waterways for recreational uses
may then be exposed by direct radiation from radionuclides in this sediment.

5.4 RME LOCATIONS
The RME location is the point or area where the reasonable maximum exposures to
potential receptor are calculated to occur. The RME location is determined from th
RME scenario. Several factors influence the determination of this location, including
contaminant concentration, the degree of access receptors have to contaminated environmental

media, land use on and around the site, and the lifestyles and physical attributes of the individuals
likely to be exposed at that location. Each of these factors must be considered when determining
the RME location. For example, it is generally true that the magnitude of an exposure is directly
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related to the concentration of a contaminant in environmental media. Thus a location possessing
higher levels of contamination is more likely to produce higher exposures.

which a receptor has access to contaminated areas also influences the magnitude
sure incurred. If a receptor has ready access to the location of the contaminated
ulting exposures will typically be higher than if the contamination was less

‘For example, direct exposures to a receptor tilling soil will be greater if the

contarmnatlon is on the surface than if the contamination is buried under several meters of soil.

Current land-use restrictions with security measures (fences and routine patrols) are another
example of how access to a contaminated area is presently limited or eliminated.

d classify a receptor as a member of a

critical population group, o severity of the postulated exposure

For example, the lifestyle of a farmer residing on or near an o

produce higher exposure rates than a transient intruder or a

5.4.1 Operable Unit RME Locations
The RME location for a given operable unit will be determin first locating accessible areas

on or near the operable unit that contain, or are likely to con
of concern (Section 7.1). Next, information on local land use and population groups will be

examined and a reasonable profile of the behavior and physical attributes of potential receptors
will be developed. Potential intakes will then be quantified, for real or hypothetical:i

each selected location, using information from the receptor’s profile (Section 7.2).

The resulting exposures to the evaluated receptors will then be compared with each
the location producing the highest of these exposures will be designated as the RME

the case of muliiple paihways and contaminants, the relative toxicities of the conta

concern will also be considered in the selection of the RME location. Table 5-4 lists
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EXAMPLES OF POSSIBLE REASONABLE MAXIMUM EXPOSURE (RME) LOCATIONS

FOR THE BASELINE RISK ASSESSMENTS

RME Individual

RME Location

Operable Unit 1
Current situati

Resident farmer

Fenceline, down gradient

Future scen esident farmer On site
Operable Unit2 . =

Current situ hild eating sediment Paddys Run

Future scen esident farmer On site

Operable Unit 3
Current situation

Adult eating soil

Fenceline, down wind
On site

‘ Future scenario

Operable Unit 4
Current situation

Future scenario

Residentfarmer

Fenceline at a point nearest
to the silos
Immediately adjacent to silos

Operable Unit 5
Current situation
Future scenario

Resident farmer
Resident farmer

ne, downgradient
area of highest
concentration of
contaminants in groundwater

Site-Wide Operable Unit
Current situation
Future scenario

Resident farmer
Resident farmer

Fenceline, downgradient
On site (Operable Unit. 1)
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probable RME locations, by operable unit, based on information available as of December 1,
1991. '

uences from other operable units will not be considered when determining the

ME. These impacts will be addressed by the Preliminary Site-Wide Baseline Risk
e Comprehensive Response Action Risk Evaluation accompanying each operable
by the Site-Wide Projected Residual Risk Assessment.

5.4.2 Site-Wide RME Locations
The reasonable maximum e
the FEMP which con
similar to the one us
(Section 5.4.1). These
the reasonable maxim

sure location will be determined by first locating areas on or near

 levels of contaminants of concern. The selection process is
ne the operable unit reasonable maximum exposure location
ions will be used to determine the location currently producing

Environmental fate and transport modeling will be used to predict concentrations when measured
concentrations are not available, and for projections into the future. The many sources and
transport mechanisms at the FEMP are expect¢d:to produce a complex matrix of interdependent

effects requiring careful consideration. Th ] be necessary to account for the interactions

of all operable units when predicting conce; ions:at the FEMP.

These interactions are expected to incre ntaminant concentrations at locations

where migrating contaminants from one or more operable units intersect static or migrating
contaminants from another operable unit. The increased conc i sulting from this
ide'RME at that location. This

ion (Table 5-4), or it may

intersection of contaminants may be sufficient to produce a sit
location could be synonymous with an existing operable unit R
be an entirely new location.

Operable unit interactions could also influence the selection of alternatives during the FS process.
For example, a number of areas may be determined to be insufficiently protective of human
health and the environment. An alternative designed to reduce the exposures from one location

may also reduce exposures in a neighboring area. Thus a less intensive remedial
be sufficient to reduce exposures to protective levels in the second area than would be indicated
by studying the second area alone.

Potential risks from different operable units to hypothetical receptors at a specific location will be
summed when assessing site-wide risks. The contribution of risks from any given operabie unit or
pathway to a selected receptor location may be minimal or nonexistent because the source
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‘ locations and directions of contaminant migration from multiple operable units may be mutually 1
exclusive at a receptor location. 2

ATIVE PATHWAY ASSESSMENT 3

ntaminants along selected exposure pathways must be determined. This process is 4

5

6

nt, quantitative evaluation proceeds to the intake/exposure assessment step as depicted in 7
Figure 5-7. If available data are deemed insufficient to perform the quantitative assessment, it 8
becomes necessary to use a model to estimate a receptor exposure concentration or exposure 9
’ 10

In addition to the us it is also often appropriate to plan additional field 1
investigations to obti data for quantitative evaluation of an exposure pathway. A 12
decision to perform these additional field investigations is partially dependent on the potential 13
magnitude of exposure that could be contributed by the exposure pathway and the degree of 14
certainty estimated to be associated with the modeled results. A decision to model exposure 15
concentration or exposure level leads to selection of the transport or source medium under 16
‘ consideration. Five choices are available in : .5-7; each is presented in detail in a referenced 17
figure appearing in Section 6.0 of this adde e five distinct modeling pathways depicted in 18
Figure 5-7 ultimately produce an estimat: xposure concentration or exposure level that 19
is used in the intake/exposure assessme d in the figure. _ 20

98
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6.0 FATE AND TRANSPORT MODELING

isport models are used to predict contaminant movement from source areas to

ons through various media. Used in conjunction with monitoring data, these

de contaminant concentrations at potential exposure locations when measured

: concentration data are not available, such as for off-property locations or for future
éxposure predictions.

This section presents ion of the methodology used to quantitatively predict contaminant

concentrations for k assessments, including discussions of the fate and transport

models to be used ( their required data and default parameter values. In addition,
the technical approa etermine the appropriate model for each potential exposure

assessment is discuss

The models listed in Table 6-1 were obtained from a variety of references. This list is not all
inclusive, and the final selection of models will be subject to EPA approval for each risk

assessment. Each model was selected based on:its, appropriateness for a specific application in the

risk assessment process, and the availability of t information required for the model. In
general, these models provide estimates of ¢ nt concentrations in environmental media

(e.g., air, water, or soil concentration) at a posure point location.

- One goal of the modeling effort is to use input parameters and default values that are consistent

wlt values be used
consistently for all models. Cross-checking of the results of the differer odels will be

with EPA recommendations. It is intended that input paramete

performed where possible.

Due to the large number of potential exposure pathways at th MP, the models are grouped

by transport media. Models used to quantify fate and transport“of contaminants in groundwater
are presented in Section 6.1. Section 6.2 includes descriptions of surface water and sediment
models. Section 6.3 presents the air transport models. Soil models are described in Section 6.4,

while direct radiation exposure models are presented in Section 6.5. A discussion
analyses and uncertainty analyses in risk assessments for the FEMP is given in Sectio
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6.1 GROUNDWATER TRANSPORT MODELING

1ajor sources of groundwater contamination at the FEMP involve leaching of solid

5 from various sources and the percolation of contaminated liquids to the aquifer.
harge of fluids is possible from some of the sources within the Waste Storage Area,
f waste solids and residual levels of contaminants in the soil is the most likely
oundwater contamination for the rest of the site. Solid material itself does not
contaminate groundwater directly because it will not migrate through the porous medium.

Therefore, it is necessary for a liquid such as precipitation, surface water runoff, or groundwater
to leach a portion of th

ilable constituents from the solid material and transport the resulting

leachate to the aqu

Migration of potential conta ts from FEMP sources through groundwater to a hypothetical
receptor will be mo sary for each risk assessment. Figure 6-1 presents a flow

diagram of the comp

Two general types of models will be used. The first type, geochemical models, estimate the initial

groundwater concentrations which result when:percolating water contacts a soil or waste matrix

containing contamination. ‘'The second typ
migration potential of waste constituents a
these models produce a representation o
groundwater system at the FEMP.

ter system that simulate transport in the

6.1.1 Geochemical Modeling

The principal objective of geochemical modeling is to estimat
in both the leachate crossing the interface of the source with t
percolating groundwater at the boundary of the unsaturated zo
requires the performance of a geochemical analysis, using chen

oncentrations of contaminants
ated zone, and in
with“the regional aquifer. This
nical characterization data to
partition contaminants into mineral phases that are known or assumed to be present in the waste.
The solubility limits of these mineral phases then will be used to determine the concentration of
contaminants in water percolating through the waste and underlying glacial overburden. These

geochemical codes used to perform solubility, speciation and reaction-path calculations. Solubility
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and speciation calculations reveal, respectively, the maximum concentration a contaminant can

6.1.1.1 Cohceptual Geochemical Model

Prior to conducting the geochemical modeling, a conceptual model will be developed for each
type of source to clarify the ph

ical configuration simulated by the numerical model. Figure 6-2
depicts an example of nodel for illustrative purposes.
For inorganic compou iting rainwater reacts with the minerals in the solid waste to form
' unit. This is referred to as Leachate A. Leachate A migrates
burden and reacts with minerals in the glacial overburden to
form Leachate B. Leachate B is assumed to reach the aquifer. Reactions referred to in the
conceptual model are limited by the numerical simulation of dissolution and precipitation of

mineral phases. For organic compounds, a solgibi

a leachate at the base
through the underlyin

y-based leachate will be used.

If the source term contains standing surface;
in Operable Unit 1), Leachate A will not
water will be used to estimate Leachate

ontact with the waste (such as the open pits
Instead, contaminant concentrations in the
ource terms, modeling of Leachate B will
be carried out as indicated above.

6.1.1.2 Geochemical Computer Codes

The EQ3/6 package was developed at Lawrence Livermore Na yratory for predicting the

behavior of metals, radionuclides, and other contaminants in th ural environment. The code
accesses a data base containing the thermodynamic properties elements, 862 aqueous
species, 886 minerals, and 76 gases. This database includes 49 uranium-bearing aqueous species
and 53 uranium-bearing minerals, constituting the most complete database available for modeling

the behavior of uranium in natural waters. It also includes aqueous species and minerals of other

radioactive metals (i.e., radium, thorium, etc). Total concentrations of these radi
will be converted to isotopic concentrations, based on the proportion of individual isot
present at the waste site. EQ3/6 has been validated using standard geochemistry probl
as the speciation of sea water (Nordstrom 1979), basalt/sea water interactions (Bowers
and numerous comparisons with experimentally determined mineral solubilities (Jacks
Benchmark comparisons were made with the results of similar codes such as PHREEQE
(INTERA 1983), Nordstrom (1979), Kincaid and Morey (1984) and Kerrisk (1981).
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WASTE UNIT
) (REACTIONS OF WATER WITH

WASTE—BEARING MINERALS)

..._.Vol.WP_. Section6.0.._ ._ ____.

LEACHATE A S

LEACHATE B

SAND & GRAVEL AQUIFER
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6.1.1.3 Geochemical Analysis
hemical analysis portion of the modeling effort will consist of choosing mineral phases

> of contamination and underlying glacial overburden, and quantifying their relative
ineral phases in the source will be selected based on a careful review of the best

Recent chemical analyses of sources reporting mineralogical data are the preferred data sources
and will be used to estimate the mineralogy within each source area, when available. It is not
expected that these kinds of data will be available for each source at the FEMP, so additional
data sources will be slement existing data. Examples of supplemental data sources
(1988), Grumski (1987), Litz (1974), NLO Inc. (1980), U.S.
n of America (1952), Weston Inc. (1987), and Vogel (1989).

ions of the processes which generated the waste, general

include Dettore et al
DOE (1989b), Vit
These documents cor

descriptions of the waste forms;"clemental analyses of the waste and, infrequently, mineral phases

within the waste.

The minerals will be assumed to enter percolating rainwater or groundwater at rates proportional

to their molar abundance in the source whe ic data on the minerals is lacking. To account

for waste solids represented by the element s of the source, many mineral phases will be
assumed to be present. The assumed min :will be chosen based on the elemental

concentrations reported for the waste, a combining metals and radionuclides with

reported ligands (HCOy', SO4'2, PO4'3, etc). For example, barium could be combined with sulfate
to form the mineral barite (BaSO,).

to moles and then
1.17°E-4 moles Ba = 1.1 E4
rest will be used to determine

After all mineral phases are determined, concentrations will b
partitioned into the appropriate phase (e.g., 15 ppm barium (

the number of waste minerals that will be modeled.

The relative proportions of each mineral in the source is then determined by dividing the moles of

each mineral by the moles of the most abundant mineral in the source. These r ised

to calculate the relative rate that a given mineral dissolves and enters solution. As sol
concentrations increase, solubility limits are reached and solid phases precipitate from:
solution. When the system reaches equilibrium, the modeling is stopped. The solutio]
composition at the termination of modeling is assumed to represent the leachate com%
the interface of the source term and the vadose zone; except for siiver, arsenic, barium,

chromium, mercury, lead and selenium concentlzations' which are estimated using the maximum
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umed to be present in the glacial overburden react with Leachate A at the interface
source term and the vadose zone, and modify it. These reactive minerals are
predominantly quartz and smectite, illite, and kaolinite (clay minerals) with smaller quantities of
dolomite, calcite, feldspar and iron-oxide minerals (Barari 1985).

The minerals in the | rden are then added to Leachate A at rates proportional to

their molar abundang position of Leachate A is modified by the dissolution of minerals

in the glacial overbui' ipitation of both initial (i.e., glacial overburden) and secondary

mineral phases. These secondary‘mineral phases represent minerals that are stable in the
presence of leachate and glacial overburden, but they are not present in the glacial overburden
prior to the introduction of leachate. When the system reaches equilibrium, the modeling is
stopped. The modified leachate composition at;the termination of modeling is assumed to
represent the leachate composition at the b :
Leachate B (Figure 6-2).

he glacial overburden and is referred to as

the leachate concentration is calculated by dividing 1/70 of the
contaminant by the volume of water passing through the sour

year period. Thus, all
contaminant concentrations in Leachate B would be controlle solubility limit or the

70-year rule.

6.1.1.4 Leaching of Organic Cbmgounds
It will be assumed that organic constituent concentrations in the leachate will be at their water

solubility saturation concentration, as long as there is sufficient mass of the constituent remammg
all

in the waste to reach that concentration. This assumption presumes 100 percen
organic constituents.

A solubility-based leachate concentration for each organic compound will be initially rmined
using either the results from TCLP tests on the waste, or the 70-year rule. At each time:step, the
total mass of the contaminants found in the volume of ieachate ieaving the waste form will be

deducted from the inventory present during the previous time step. Thus, the mass of each
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~ The uncertainties in estimating leachate compositions with th

contaminant available for leaching will decrease, and its concentration in the leachate will
garithmically, based on water solubility, until the last year when the waste is exhausted.

S Li ions and Uncertainties of Geochemical Modeling
ical analysis used to estimate leachate compositions has the following limitations:

Only inorganic systems can be modeled with the EQ 3/6 code, and this can lead to
low estimates of leachate concentrations for some constltuents if organic
complexation is significant.

ésorption (including ion exchange) processes are not considered in
ns, yielding higher concentrations in groundwater for those
e known to sorb appreciably.

ipitation kinetics must be taken as instantaneous because of
ic data on most minerals, and this can lead to overestimation or
mation of contaminant concentrations in groundwater.

*  Mineral phases in the waste must be assumed based on the chemical composition of
the waste because mineralogical data are lacking for most waste units.

e  Contaminants which do not r
the 70-year rule.

i;ubility limit concentrations are constrained with

These limitations produce various degreés
adsorption/desorption, mineralogy of the waste, and 70-year rule concentrations can be addressed
on a timely basis. Limitations associated with thermodynamic an
research to obtain critical thermodynamic data on organic ph
dissolution/precipitation reactions.

proach cannot be quantified
with the available data, but the greatest uncertainties are associated with:

¢ Estimating the mineralogy of the waste with the chemical analysis of the waste

* Assuming instantaneous kinetics for all dissolution and precipitation rea

s The inability to model the thermodynamic behavior of organic compoun: the

waste and adsorption processes in the glacial overburden

*  Applying the 70-year rule to contaminants which do not reach solubility lim

109
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6.1.2 Groundwater Transport Modeling

transport models predict the long-term migration potential of waste constituents
e the source of contamination. At the FEMP, it is known that movement of
contaminant sources to a hypothetical receptor involves flow through both an

ne (vadose zone) and saturated zone (regional aquifer and perched zones). Figure
1atically displays this vertical transport down through the unsaturated soil to the aquifer
and the horizontal transport through the aquifer to the well of a potential receptor.

Vertical and horizontal ion are characterized by the bulk movement of water through the

underlying geologica ntaminated leachate percolates from the source of

contamination throu zone and aquifer, its continued movement is dependent on
both the physical an
concentrations in gr

model equations pre:

6.1.2.1 Transport in the Vadose Zone
This phase of contaminant transport includes

materials from source areas at the FEMP to
percolates from the surface, through the soj

into the saturated zone. Vertical moveme;
contaminant migration through the vado

The initial concentrations will be developed using leachate da

ilable, and geochemical
modeling for other constituents of concern (See Section 6.1.1

chlayer in the conceptual flow
system will be analyzed separately, with the concentrations fro layers acting as the

input concentrations to the lower layers. The depletion of th e source over time and

radioactive decay will be taken into account in the vadose zon deling.

6.1.2.1.1 Modeling Approach
The modeling approach involves completing a series of steps to develop the constituent

concentrations and the mass loading at the interface of the vadose zone and the a;

steps include:

*  Development of a conceptual flow model based on the results of the RI
investigation program '

PR DY PC TP IS K R LS [ PR} '
- 101C SCiCCLlUIl Uf d ll'dl[lCllldllCai mouct l’CpI‘CbClll Lne concepiudl modei

* Integration of the geochemical and flow models

110

KNOX/RA-WP/AB.4-4/10-15-91

10
1
12
13

14
15
16
17
18
19

20
21

23
24

26
27
28

29
30

31

32



1400N MO14 TVNLJIONOD
¢—9 34NOI4

Date: 10/1591
Page 12 of 40

2249
_Vol. WP - Section 6.0.

RI/FS Risk Assessment Work Plan

«JIVOS Ol 1ON,

AD0Y[3IT FIVHS

111

XOIOU/ VY TALISSOR

HSYMLNO T3AVHO ONV QNYS

1334 0L

ATRLVAIXO¥ddY

oo

i34

—-— MO
H3INOY INVIN Lv3N0 M

-~ MO
A HIJINOY (WVIN 1VFHD N3ddn
l<,2<<<52<5>>>\“|/)(/\\<(((/\/),\/)\/\( HSYMLNO TIAYHO ONV ONVS

AVMHLYd LNVNINVLNOOD
IVULNALOd

1

HSYMLNO T3IAYYHO ONV ONVS

JOHVYHO3Y TVNOSVY3S m
g

\V¥9 ONY ONYS HLlM § ——=
5V19 QALYUNIMALIAND s
-_—

NNY SAQQYd

1334 0Z1

ATALYAXOYddY

A¥YANNO8
dif3d

LIND 2LSYM
(LINN 3LSYM 1Y)

SHV3IA 00§
TI3M ¥01d303y

KNOX/RA-WP/AB.4-4/10-15-91



2249

RI/FS Risk Assessment Work Plan
Date: 10/15/91

. i . VOl WP - Section 6.0 .- - -
‘ Page 13 of 40

6.1.2.2 Vadose Zone Models
ical models were selected for use, based upon the following factors:

: Analytical methods are the most efficient alternative when data necessary for the
characterization of the system is sparse and uncertain. At the FEMP, data

: pertaining to the unsaturated zone and many of the constituents of concern are
generally lacking.

* The method is consistent with approaches used for similar radionuclide assessment
codes such as the flow portions of PRESTO (EPA 1987b) and other site studies.

The models selectef evaluate flow in the vadose zone are ST1D (IT 1990), and ODAST
(Javendel et al. 19824 ST1D, a one-dimensional analytical solution, will be used for the initial
screening of constituents for mobility. ODAST, also a one dimensional analytical solution, will be
used for determining fate and transport of the remaining constituents in the unsaturated zone.
originally developed by Ogata and Banks (1961),
given constituent in a uniform flow field from a
n the initial layer. The ODAST code can

ges, and decay. ST1D and ODAST have
Wilson and Miller 1978).

These computer codes are based on the sol

and calculate the normalized concentratio

source having a constant or varying concel
account for retardation of contaminants,
been extensively verified against STRIP,

6.1.3 Transport in the Aquifer

This phase of contaminant transport involves the advective a migration of water and

waterborne materials from one part of the Great Miami Aquifer to another. As contaminated

leachate percolates from the vadose zone into saturated zon

er, its continued
f the aquifer (Figure 6-3). The
physical properties of the aquifer influence the bulk movement:of water, and the chemical and

movement is dependent on physical and chemical characteris

physical properties influence the ease with which the aquifer allows the migration of specific
contaminants.

6.1.3.1 Great Miami Aquifer Model
The groundwater flow and solute transport model contained in the Sandia Waste Iso
and Transport (SWIFT III) computer code (Geotrans 1987) will be used to analyze
transport in the regional aquifer. The SWIFT III code is a fully transient three-dime

Fimit

o_A:iffa
LIIRC-Glue

: aeml rentimme Amcarihl
el which solves CoupICa Cquations acscrivi

L

ig water flow and transporti in
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e input parameters used. Even though other constituents were not considered in the

calibration, this does not change the flow model and the model can be applied to other
contaminants. The magnitude of uncertainty for other contaminants will depend on the

uncertainty in the pro

6.1.4 Parameter Selec
Quantification of phenomena

enuation and retardation of the contaminants.

cting water movement is one of the major concerns during any

effort to model groundwater flow'at the FEMP. Moisture content, hydraulic conductivity, specific

yield, and porosity affect the overall hydraulic flow and velocity of groundwater movement in

similar groundwater systems. All of these parameters vary over several orders of magnitude and

may be highly localized. Table 6-2 presents typi
Specific parameters for the aquifer shown in
the calibration of SWIFT III. These values
incongruities within the site boundary. As
completed to determine the sensitivity of

} values for these parameters at the FEMP.
6-2 represent the mean values obtained from
“modified within the code to account for local
modeling process a series of runs will be

sensitivity runs will be completed by increasing and decreasing the tested parameters from the

estimated value in a series of incremental steps to span the kn

6.1.4.1 Moisture Content

The moisture content is the amount of moisture held within th
This moisture content, or degree of saturation, will vary contin
paths. It directly affects the ability of a material to pass fluids (}

zone at any given time.
y over time and along flow
aulic conductivity) and the

capillary effects keeping water within the material. This moisture content can vary from

saturation to air dryness (Hillel 1982).

Site specific information will be used where available. Where the moisture content of
zone is not available, the moisture content will be estimated by one or two methods.
technique is based upon Clapp and Hornberger’s equation (1978) as presented in the

Assessment Manual (EPA 1988a). This equation states that:

KNOX/RA-WP/AB.4-4/10-15-91
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TABLE 6-2 1
REPRESENTATIVE FLOW PARAMETERS FOR THE FEMP? 2
3
# Parameter , Vadose AJ_LCI’b 4
5
Porosity (%) 31-39 39 6
Specific Yield (%! 6-25 25 7
Bulk Density (g/c 16-18 1.6 g
Field Capacity (% 14 - 28 14 9
Dispersion coefficient (ft?/ 0.00071 - 0.00187 109 10
Hydraulic Conductivity 11
- Vertical (ft/day) 0.000355 - 45 45 12
- Horizontal (ft/day) 450 13
Seepage Velocity‘(ft/day) 1.09 14
15
RI/FS Database 16
Mean values obtained from SWIFT III calibration 17

KNOX/RA-WP/AB.4-4/10-15-91

114

.. __._Vol. WP -Section60.__ . _ _ ... .



2249

RI/FS Risk Assessment Work Plan
Date: 10/15091

e . A . - e - .--- Vol. WP - Section 6.0. -

Page 16 of 40

Moisture content in the vadose zone (unitless)

Saturated moisture content in the vadose zone (unitless)

Infiltration or recharge rate (m/s)

Saturated vertical hydraulic conductivity (m/s)

Soil specific exponential parameter (unitless)

Soil specific exponential parameter factor estimated from EPA (1987)

[(2b+3)

The second technique is based upon the relationship:

(6-2)
where

n Porosity (unitless)

6.1.4.2 Hydraulic Conductivity

is at its maximum. When the matrix drie
portion of the unconsolidated material d
conductive ones, leaving only the small tive pores available for water movement.

Furthermore, as the water drains, increasing capillary forces trap water in matrix pores.

The unsaturated hydraulic conductivity is commonly estimate d on a relationship between
the soil moisture curve and saturated hydraulic conductivity u;

in van Genuchten (1978). However, at the FEMP no measu

ques such as those found
nts of water content, matric

d. Therefore, it will be
necessary to rely on estimates, and where available, direct measurements of saturated hydraulic

suction, or unsaturated hydraulic conductivity have been comp}

conductivity for the hydraulic conductivity of the vadose zone. Typical hydraulic conductivities for
the vadose zone at the FEMP are listed in Table 6-2. When these estimates are, i

calculation of velocity, they will be adjusted to reflect partial saturation.

The use of saturated hydraulic conductivities will tend to overestimate the movemen
through the vadose zone. However, given the long period of time for this analysis (

1000 vears), this overestimation will not have a major impact on the analysis.

1135

KNOX/RA-WP/AB.4-4/10-15-91

N s oW

10

11
12
13

14
15
16
17
18
19
20

21

23
24

26
27
28

29
30

31



S e - _. i meiiie e . VOl WP_- Section.6.0_____ ..
. Page 17 of 40

2249

RI/FS Risk Assessment Work Plan
Date: 10/15/91

6.1.4.3 Specific Yield

ific yield is a measure of the amount of water that is released from storage as the water
fer declines. For the purposes of this analysis, the specific yield will be used to
ate the moisture content of the vadose zone material. Estimates for the specific yield will be
n RI/FS sampling, or derived from published tables found in Morris and Johnson
‘van der Leeden et al. (1990).

6.1.4.4 Porosity

The porosity of a material i asure of the voids or pore space within a material as compared

to the total volume

nportant in determining the velocity of fluids in saturated zones
and in estimating valu: oisture content. Measured porosities at the FEMP will be
obtained from site RI
published tables fo |

(1990).

Additional data may be obtained from porosities listed in
d Johnson (1967), Driscoll (1986), and van der Leeden et al.

6.1.4.5 Séegage Velocity

The estimates of the flow parameters were usédito calculate the seepage velocity for input into

the vadose zone transport model. To deter ether flow was occurring as a saturated front,
¢ conductivity (K,)- If q 2 K,, it is assumed

d based upon the following formula:

o = (K)()n | O (63)

infiltration (q) was compared to the vertic
that saturated conditions exist and velocit

where

Seepage velocity (m/s)

Vertical hydraulic conductivity (m/s)
Hydraulic gradient (m/m)

Porosity (unitless)

= e <:
7y
i

If q < K,, it will be assumed that a seepage would not occur under saturated conditions and the
following formula would then be used to calculate the seepage velocity:

Vow = q/0

where

Infiltration (m/s)

minbeamn mmambrmt (raenstloacn)

\A
IVlUlDlulC CULILCLIL \uulu\.oo)

Lo
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Based on the assumptions of steady-state moisture content, the selected K value, and a hydraulic
i ~unity (i = 1), the calculated seepage velocity will be conservative and tend to

he rate of fluid movement.

ion Coefficients
: inated leachate flows through a geologic formation, the individual contaminants may
react with the solids in the formation in a variety of degrees and ways. This slows the transport of
these contaminants. Partition coefficients, or "K,'s", are used to account for this phenomenon in

the transport equati

minant’s K; expresses the ratio of its concentration in the solid

and liquid compone ndwater flow system, at a given location in that system. The

use of K values ass ear equilibrium relationship exists between the solid and
solution phase conce a contaminant.
Site-specific K, valu y available only for some mobile uranium compounds at the
site. A literature search will be completed to determine appropriate K values for the remaining
inorganic and radioactive constituents. Values found in the literature search will be carefully
screened to select those values that will be derived under conditions that approximate those at the
FEMP. Sources may include Baes et al. 19 ffner 1985; Sheppard et al. 1984; Thibault et

al. 1990; EPRI 1984; and EPA 1978.

ed, it is imperative that K, values from

similar environments be considered. Similar soil types and water compositions should be used to

generate the values. This may prove difficult in terms of matchi water compositions

because most studies use dilute acid solutions spiked with the ound-of interest and do not

represent natural conditions. However, these studies can pro ial estimate of interaction

between the contaminant and the solid matrix. The use of lit

€Ky
d result in uncertainty in the

values may result in
retardation values that differ from site-specific conditions, and
estimate of contaminant concentration at the receptor.

Contaminant-specific K; values will be calculated for organics, using an organic carbon
partitioning coefficient, or "K.", the amount of carbon present in the soil matrix,:
distribution of the matrix in vadose zone:

K, = Ky (02010 + (D(x,0)]

where

Soil partitioning coefficient (mL/g)
Organic carbon partitioning coefficient (mL/g)
Mass fraction of silt or clay (unitless) 1 1 "

-
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]

Organic carbon content of sand (unitless)
Organic carbon content of silt-clay (unitless)

'|'|

partition coefficient of a contaminant between water and a 100% organic carbon
the organic material present in soil or sediment. Chemical-specific values for K. are
in'the literature for many organic compounds. Additional K. values may be calculated
using empirical formulas (Mills et al. 1985) relating the octanol-water partitioning coefficient
(Kow) to the K. The K, (mL/mL) is the ratio of a contaminant’s concentrations in a system
containing water and I.. The K,;,,’s for the remaining constituents of concern are found in

Ko = (0.63)(Koy) (6-6)

This approach of using empirical relationships assumes K is problem-specific because it depends
on both the chemical modeled and the soil type, while K. is a property only of the chemical
modeled. While this approach is generally aceeptable, Cleary et al. (1991) present laboratory
evidence for five volatile organic compoun ' zht different soils which shows K. is not a fixed
ises questions on the standard use of K,

property of the chemical in question. Thej
values. However, the standard approach ation 6-6 appears to be reasonable given

the lack of viable alternatives.

Estimated K values for the major contaminants at the FEMP
presented in Tables 6-3 and 6-4. Chemical forms of these rad

determined and are

lides“and metals generally have
long.with site-specific

uclides at the FEMP may not

f such differences on fate and

significant effects on partitioning coefficients and will be eval

analytical data. Radioactive decay products (progeny) of the
have the same partitioning coefficients as the parent. The im
transport modeling results will be evaluated. These estimates of K values are acceptable for

screening purposes, and conservative transport assessment.

The partitioning coefficient may also used to derive a retardation factor (Rf). Th

formulation of the reaction term of the transport equation has numerous assumptions
uncertainties associated with it, it nevertheless provides a practical means of incorpor
reaction process into transport models.

118
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TABLE 6-3
PARTITIONING COEFFICIENTS FOR
RADIONUCLIDES AND INORGANICS AT THE FEMP?

Constituent K4
(mL/g)°

Cesium 1.90E+03

Neptunium 5.50E+01

Plutonium 1.70E+03

Radium 6.96E+02

Ruthenium 8.00E+02

Strontium 1.00E+01

Technetium 1.18E-01

Thorium 5.80E+03

Uranium 1.80E+00
1.20E+01
1.20E+01
1.30E+03
5.00E+02
1.50E+03
5.60E+01

- 1.20E+01
"3.00E+03

Magnesium 1.20E+01

Manganese

Mercury

Nickel

Selenium

Silver

Thallium

Vanadium . ’

Zinc 2.40E+03

4 The values presented in this table are default values, and are subject to change, based on
FEMP-specific information.
b Also expressed as cm3/g.

KNOX/RA-WP/AB.4-4/10-15-91 -l 1 9
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TABLE 64
PARTITIONING COEFFICIENTS
FOR ORGANIC COMPOUNDS AT THE FEMP?

Kow Ko °

(mL/mL) (mL/g) (mL/g)
1,1,1-Trichloroethane 2.95E+02 1.86E+02 2.44E+00
2-Butanone 1.81E+00 1.14E+00 1.50E-02
2-Methylnaphthalene 7.24E+03 4.56E+03 5.98E+01
Acenaphthene 2.10E+04 1.32E+04 1.74E+02
Acetone 5.70E-01 3.59E-01 4.71E-03
Anthracene 2.80E+04 1.76E+04 231E+02
Aroclor-1016 2.40E+04 1.51E+04 1.98E+02
Aroclor-1242 1.29E+04 8.13E+03 1.07E+02
Aroclor-1248 3.98E+05 2.51E+05 3.29E+03
Aroclor-1254 2.95E+06 1.86E+06 2.44E+04
Aroclor-1260 1.29E+06 8.13E+05 1.07E+04
Benzo(a)anthracene 4.00E+05 2.52E+05 3.31E+03
Benzo(a)pyrene 1.10E+06 6.93E+05 9.09E+03
Benzo(b)fluoranthene 2.34E+406 3.07E+04
Benzo(g,h,i)perylene 1.07E+07 1.41E+05
Benzo(k)fluoranthene 4.46E+06 S.85E+04
bis(2-ethylhexyl)phthalate 8.13E+04 1.07E+03
Chloroform 5.88E+01 7.71E-01
Chrysene 2.52E+05 3.31E+03
4,4 DDT 3.62E+05 4.75E+03
Dibenzofuran 8.32E+03 1.09E+02
Di-n-butyl phthalate 5.25E+04 3.31E+04 4.34E+02
Di-n-octyl phthalate 1.58E+09 9.95E+08 1.31E+07
Ethyl parathion 1.10E+02 : 9.09E-01
Ethylbenzene 3.1SE+03 2.60E+01
Fluoranthene 2.14E+05 1.77E+03
Fluorene 1.50E+04 1.24E+02
Ideno(1,2,3-cd)pyrene 457TE+07 3.78E+05
Methyl parathion 1.10E+02 9.09E-01
Methylene chloride 1.78E+01 1.47E-01
Naphthalene 230E+03 1.90E+01
Pentachlorophenol 1.02E+05 6.45E+04 8.46E+02
Phenanthrene 2.90E+04 1.83E+04 2.40E+02
Phenol 2.88E+01 1.81E+01 2.38E-01
Pyrene 2.10E+05 1.32E+05 1.74E,
Tetrachloroethane 7.60E+02 4.79E+02 6.28
Tetrachloroethene 7.60E+02 4.79E+02 6.28E+00
Toluene 4.90E+02 3.09E+02 4.05SE+00
Total Xylenes 5.37E+02 3.38E+02 4.44E+00
Trichloroethene 1.95E+02 1.23E+02 1.61E+00

3 The values presented in this table are default values, and a
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6.2 SURFACE WATER TRANSPORT MODELING
epicts the modeling approach that will be used to estimate contaminant

in surface water and sediment resulting from transport by surface water runoff.
ransport of soil by runoff requires characterization of the contaminants in the
~waste source term. Once a runoff scenario is selected, one of two models will be
-ritify the migration of contaminated soil to stream sediment from erosion by surface

water runoff. The two soil loss models, obtained from the EPA Superfund Exposure Assessment
Manual (EPA 1988a), are the Universal Soil Loss Equation (USLE) and the Modified Universal

Soil Loss Equation
year. The USLE m
dependent method to

These models calculate the total mass of soil transported each
same form as MUSLE, except that USLE uses an area

ermine runoff, while MUSLE employs event-specific runoff volume and
flowrate variables.

Soil loss is estimated using th LE:

Y(s)a = [(RYSA)SHIKI(ANCYHZ) (6-7)

Soil loss is estimated using the MUSLE:

Y(s)g = (CF) 036(K)(a)(C)(Z) (6-8)

where
Y(s)a = Annual soil loss in“runoff (metric tons/yr)
Y(s)g = Soil loss in runoff (metric tons per event)
CF = Conversion factor (11.8 for metric units
R, = Rainfall and runoff erosion potential fa
K = Soil erodibility factor (metric tons/ha/un
A = Product of slope length factor and slop actor (unitless)
C = Cover factor (unitless ratio)
Z = Erosion control practice factor (unitless
SA = Contaminated area (hectares, ha)
Sy = Sediment delivery ratio (unitless)
D = Overland distance between site and receiving water body (ft)
v, = Volume of runoff (m?)
qp = Peak runoff flow rate (m3/sec)

Additional models are used to describe contaminant partitioning between soil and w
receiving water body. These partitioning models brovide an estimate of the contamina
concentration in surface water runoff and in the soil that is carried with the runoff and*deposited
in the sediments of receiving surface water bodies (Haith 1980, Mills et al. 1982). The portion of
contaminant from the eroded soil that remains with the sediment or is dissolved in the water is
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estimated using the following equations, respectively: 1
Ss = [(1+0/(Kq p))] (C)(XY) (6-9) 2
3
M = [1/(1+(Kg p)/OQ)] (CO(Xy) 610) 4
5
S, = Absorbed quantity of contaminant (portion to sediment) (mg) 6
M = antity of contaminant (portion to water) (mg) 7
O, ter capacity in top cm of soil (unitless) 8
Ky tition coefficient (cm/g) 9
P nsity (g/cm”) 10
C n of contaminant in soil (mg/kg) 11
X runoff (kg) 12
The default value for O at the site is 0.6 and the contaminant concentration in sediment of the 13
receiving water body is: 14
‘ (6-11) 15
where 16
C = Concentration of contaminant in'sediment (mg/kg) ' 17
S, = Absorbed quantity of contaminant (portion to sediment) (mg) 18
X = Soil loss in runoff (kg) 19
The contaminant concentration in the runoff effluent is: 20
C. = MV, (6-12) 21
where 22
Ce = Concentration of contaminant in runoff (mg/m3) _ 23
M, = Dissolved quantity of contaminant (mg) 24
v, = Volume of runoff (m%) 25
and 26
V. = (CF)(SAX(Q)) 27

123
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= Conversion factor (100 for metric units)
= Contaminated surface area (hectares, ha)

= Depth of runoff (cm)
Q, = (R,- 02S,)%(R, + 0.8S,) (6-14)
where
R, all (cm)
Sy tion factor (cm)

The contaminant co

Co = (C(qp)Q (6-15)

where

= Concentration of con
Concentration of co
Peak runoff flow ra
Flow rate of receivi

ety
|

The numerical parameter values used to model the transport of soil by surface water runoff are

ments has utilized

s for the USLE and MUSLE
........ le Table 6-5 presents

in the surface water and

addressed below. Modeling performed to date for operable u

ranges of numerical values for model parameters. Parameter

transport models will be determined on an operable unit-spec

default parameter values for modeling contaminant concentra
sediment of the receiving water body. -

6.3 AIR TRANSPORT MODELING
Figure 6-5 depicts the modeling approach that will be used at the FEMP to estim:

concentrations in air. Exposure concentrations of contaminants in air may be modele
gaseous contaminants or particulate contaminants.

6.3.1 Particulate Contaminants

Estimating airborne concentrations of contaminants in the particulate phase involves modeling
resuspension and dispersion. Resuspension of hazardous chemical and radionuclide contaminants
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TABLE 6-5
VOLATILIZATION MODEL PARAMETER VALUES
Value Units Reference
umber Chemical-specific (unitless) TBD?
P - Vapor pressure Chemical-specific atm TBD
P, ¢ - Partial pressure 0 atm assumed
Infinite distance

d - Liquid density ical-specific g/em’ TBD
C, - Measured d Location -specific =~ mg/kg from analytical

concentration results
U, - Mean wind speed 16,600 m/hr Dayton, OH;

GRI, 1988

D, - Diameter of site m TBD

boundary
A, - Surface area m? calculated from Dp
T, - Surface temperature °K 200C -
E - Soil porosity 0.3 (unitless) average for fine

sand; GRI 198

D - Soil density 1.7 average for FEMP
H, - Downwind height of box 1.83 assuming a worker
W,, - Width of box Location-specific m TBD
R - Universal gas constant 821x 107 atm*m>/mol* 'K
constant
F, - Frequency of Location-specific (unitless)

wind direction wind data
X - Distance from source Location-specific m

4 TBD - To be determined, based on specific applications.
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may be estimated using a simple dust loading equation (DOE 1989a) or resuspension rate model
80) and the concentration of contaminants in surface soil available for resuspension
. Dispersion may then be estimated using anair dispersion model such as AIRDOS-

79) to produce air concentrations at a variety of off-site locations, or a simple box
988) may be used to calculate air concentrations on site in the vicinity of the

Alternatively, resuspension and transport of radioactive contaminants may be estimated for dose
assessment purposes using the RESRAD model (DOE 1989a) to calculate exposure

n air. The RESRAD model is also capable of modeling other
contaminants in soil. These uses are addressed in Sections 6.4

concentrations of co

exposure pathways
and 6.5.

6.3.1.1 Dust Loadin )
These methods are useful for estlmatmg exposure concentrations of contaminants in air for

ind Resuspension Rate Model

workers involved in remediation activities at the contaminant release point. The dust loading
equation used to estimate contaminant concentration in resuspended dust is based on the

contaminant concentration in surface soil a
as (DOE 1989a):

t loading factor. The relationship is presented

(radionuclides) C (6-17)
(chemicals) (6-18)
where
C, = Contaminant concentration m air (pCi/
D, = Dust load factor (g of soil/m> of air)
C = Contaminant concentratlon in soil (pCi
CF = Conversion factor (10 mg/pg)

Dust loading factors are listed in Section 7.2.2.2.

6.3.1.2 AIRDOS-EPA Model

Therefore, it will be necessary to use a computer codes to calculate predicted conce
suspended and deposited contaminants at potential receptor locations.

The AIRDOS-EPA family of codes was selected to calculate expected concentrations ot
radiological constituents off site. This family of codes includes AIRDOS-EPA (EPA 1979), which

127
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is typically run on a mainframe computer; and AIRDOS-PC (EPA 1989d) and MICROAIRDOS
1989) which are suitable for use on personal computers. The first two, AIRDOS-

DOS-PC were selected because they have been approved for use in demonstrating
ith 40 CFR 61.14. MICROAIRDOS has been conditionally approved to
¢ompliance with NESHAPS Subpart H; National Emission Standards for Emissions
des other than Radon from Department of Energy Facilities.

The AIRDOS-EPA family of codes uses a modified Gaussian plume to estimate horizontal and
vertical dispersion of radionuclides released to the air. AIRDOS-PC reports radiation doses to
humans while AIRD d:MICROAIRDOS are capable of reporting:

eposition on ground surfaces
Groundisurface concentrations
Intake rates by man via food ingestion and air inhalation
Radiation doses received by man

The parameter, X/Q, or "chi over que" is th ted concentration of a contaminant in air at
P q

the location of interest per unit release of t from a source as determined by
atmospheric dispersion modeling. Values f dependent on a number of factors,
including release height, distance from so or, wind speed and direction, and other

y AIRDOS-EPA and MICROAIRDOS are

necessary to calculate airborne concentrations of hazardous constituents at off-site receptor

meteorological conditions. The X/Q values reported

locations using the resuspension rate model equation (Healy 1

The model is defined as:

C, = R)Y(A)(X/Q) (6-18)
where
C, = Air concentration downwind due to resuspension (pCi/m®); (mg/m>)
R = Resuspension rate (sh
A = Total quantity of contaminant in contaminated area (pCi); (mg
X/Q = Atmospheric dispersion factor at the point of interest (s/fm”)

The total mass (A) of the contaminant in the contaminated area is defined as:

A = (C(SAYD,)(p) (6-19)
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Total quantity of contaminant in contaminated area (pCi); (mg)

Mean concentration of chemical in the contaminated area (pCi/kg); (mg/kg)
Surface area available for wind resuspension (cmz)

Depth of waste/soil available for wind resuspension (cm)

= Density of waste/soil (kg/cm3)

The resuspension rate, atmospheric dispersion factor and other parameters listed above are
estimated on an operable unit-specific basis.

6.3.1.3 Simple Box el
A box model may be late air concentrations on site within 100 m of the release
timating exposure concentrations of contaminants in air for
tivities in the vicinity of contaminant release points. A box
model requires little input information. For example, the contaminant release rate per unit
surface area at the release point and the wind speed may be used, in conjunction with the mixing

height, to estimate contaminant concentration .in:air in the vicinity of the release, as represented
by: :

(radionuclides) C,
(chemicals) C

JI(U)(Hp)] (6-20)
YI(U)(H,))(CF) (6-21)

where
C, = Contaminant concentration in air (pCi/m>
CR = Contaminant release rate per unit area (pi/m~xsec); (pg/m2 X S€C)
L, = Source length, parallel to wind direction
U = Wind speed (m/sec)
Hy = Mixing height (m)
CF = Conversion factor (10'3 mg/ug)

6.3.1.4 RESRAD Model
Resuspens;ion and subsequent transport of radionuclide contaminants may be estimated
most recent version of the RESRAD model (DOE 1989a). The RESRAD model
estimating potential exposures from all significant exposure pathways from contaminat

the

buried waste material. These exposure pathways include internal exposure from inhal
airborne radionuclides in resuspended soil. RESRAD requires input of contaminant
concentrations in surface material available for resuspension. A more complete discussion of the
overall capabilities of RESRAD is presented in Section 6.6.
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6.3.2 Gaseous Contaminants

airborne concentrations of contaminants in the gaseous phase such as volatile organic

OCs) and radon. Airborne concentrations of VOC contaminants may be estimated
OC model to produce exposure concentrations in air (Figure 6-5). The transport
M (NRC 1984) will be used to model the release of radon from the surface of a
to the atmosphere, and the AIRDOS-EPA family of models (Section 6.3.1.2) or the
1 (Section 6.3.1.3) will be used to model the subsequent transport of radon to off-site
locations. The RAECOM model estimates the radon flux exiting the surface of source areas and
cover material layers

6.3.2.1 Volatilizatio

Volatilization and d Is used to estimate exposure to workers and to the public

during remediation elow. These models are used to evaluate short-term
effectiveness of remedial alternatives in the feasibility study, when VOCs are present in soil and
soil excavation is a step in remedial alternatives. A VOC flux from soil is calculated in (1), then

air dispersion is modeled for on-site workers (2) and off-site residents (3).

Description of Models
1. Emission Rate Model (for waste at the

Q/SA, /(R)(Tp) (6-22)

where

Q/SA, = Mass flux per unit area (moles/m? * hr)

SA, = Contaminated surface area (m?)

Ka = 0.0292 (UO.78)(D -0.11)(Sc-0. 7)

U = Windspeed (m/hr

Dp = Diameter of waste boundary (m)

Sc = Schmidt gas number (unitless)

P = Vapor pressure of the volatile at the soil surface (atm)

Pt = Vapor pressure of the volatile in the atmosphere (atm)

R = Gas constant (atm * m?/mol * 'K)

Tp = Temperature of waste surface ('K)

The equation was modified to account for a mixture of volatiles present at less than s
amounts by the factor C,/C,, where:

G
C

S

= Measured concentration of a given volatile in soil (mg/kg) :
= Concentration if soil were saturated with a given volatile (mg/kg)
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2. Dispersion of Volatiles into Air (Nearfield Box Model, GRI 1988):

Ca = (Q)/(Hp)(W,)(Up,) (6-23)

Concentration of contaminant in ambient air on site (mg/m3)
Emission rate of contaminant (mg/sec)

Downwind exposure height (m)

Width of crosswind dimension of contaminated area (m)
Average wind speed = 0.22 (U,() In (2.5 Hy) (m/sec)
Windspeed. at 10 m above ground surface (m/sec)

3. Dispersion of vol Sector averaged model, zero stack height, GRI 1988):

2m) *(8)(F)(Q/(=)(0) (U )(X)] (6-29)
where -
C, = Concentration of contaminant in ambient air off site (mg/m>)
F, = Fraction of time wind is toWard a given sector (unitless)
. Q = Emission rate of contam (mg/sec)
G, = Standard deviation of d concentration distribution (m)
o, = (0.08)(1 + 0.0002X
X = Distance from sourc

These models make the following assumptions:

e Soils contaminated with VOCs will be excavated rt of the remedial alternative.

* An area of contaminated soils 10 m in diameter “exposed at one time.

* VOCGs will be present in a mixture of compounds.
for each area was used for C,.

e average soil concentration

The values for parameters for modeling the volatilization of organic compounds are presented in
Table 6-5.

6.3.2.2 RAECOM Model
The migration of radon gas (radon-222) is modeled using the computer model RAEC
1984). RAECOM is a radon generation and transport code that was originally designed:

analyze radon generation and emanation through uranium mill tailings waste and earthen cover
materials.
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RAECOM is used in RI and FS risk assessments to analyze radon géneration and emanation

h media including waste materials at the FEMP, and cover materials such as soil, clay, and
4 ia-specific parameter values are used. It is acknowledged that the use of a model
t are different from those for which it was originally designed introduces

e results. Thus, the results have been used in operable unit RI and FS risk

ith an appropriate level of caution.

RAECOM requires input of the thickness of each source material and cover material layer, the
source strength expressed either as radium-226 concentration in the waste material or as radon

flux exiting the surfa material layer, and the porosity, moisture content, and radon

gas diffusion coeffici urce and cover material layer. The radon flux results are
useful for compariso criteria or for use in an air dispersion model.

RAECOM calculates the radon flux exiting the surface of the upper layer of cover material. The
code is based on a one-dimensional, multilayer solution of Fick’s law using the boundary

conditions set forth in NUREG/CR-3533 (NRC 1984). For a bare source, this solution becomes:

J, = A0H)R)(pJ(EXA

and for a covered source the solution is:

7 (tanh [(x,)(A/DC,)"2]) (6-25)

J. = 2 (6-26)
° [1+((a,/a.)*?) (tanh (b x,) a.) (tanh (b.x,))] e 2Pe*e
where:
3 = Radon flux from the source materials sur (pCi/mz-sec)
R = Specific activity of radium in the source rials (pCi/g)
Py = Dry bulk density of source material (g/cm”)
E = Radon emanation coefficient (unitless)
DC, = Radon diffusion coefficient in the total tailings pore space (cmz/sec)
A = Radiological decay constant of radon (2.1 x 10 sec’!)
T, = Radon flux from the surface of cover material (pCi/mz/sec)
b, = (AMDCY (cm™!)
Xc = Thickness of cover material (cm)
a, = (p)%DC) [1 - (1-k) mJ? (cm,/sec)
a, = (pc)z(DCﬁ) [1- (1-k) m.J* (cmy/sec)
b, = (ADC)Y? (em)
X = Thickness of taiiings (cm)
DC, = Radon diffusion coefficient in the total cover pore space (cm%/sec)
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Fractional moisture saturation (unitless)
Radon distribution coefficient, C/C (unitless)
Dry bulk density of cover (g/cm )

aken when applying this code to multilayer systems. Due to the boundary

lected, the code may be unable to analyze the radon flux passing from a high density
' a material with a much lower density in some systems with more than two layers. (See
Equations A-6 and A-7 in Appendix A of NRC 1984).

The RAECOM code:
from the surface of
either the radium-22¢

ited amount of information to estimate radon flux (pCi/m?-sec)
layer and cover materials. Necessary information includes

on in source material or radon flux from the source material;

e content, and diffusion coefficient for each layer of source or
mel application. Values for these parameters vary among
operable units. The parameters and the range of values used to assess radon emanation are listed
below:

Parameter Units References
Soil (Cover)
Porosity unitless Assumption
Moisture % dry wt IT 1991
Radium Concentration pCi/g Myrick 1983

Diffusion Coefficient RAE 1990, NRC
1984

Concrete (Cover)

Porosity 0.05 - 0.25 Culot 76, Assump.
Moisture 0-157 Assump., calc’d
Radium Concentration 0 Assumption
Diffusion Coefficient 1.69E-5 - 3.0E-3 RAE 1990, NRC

Untreated Waste (Source)

Porosity 0.30 unitless
Moisture 13- 40 % dry wt
Radium Concentration’ operable unit-specific ~ pCi/g
Diffusion Coefficient 0.04 - cmZsec]
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0.25-03 unitless Culot 1976,
Assump.
0-15.7 % dry wt Assump, calc’d
operable-unit specific  pCi/g RAE 1990, NRC
1.69E-5 - 3.0E-3 cm?sec! 1984, Culot 1976

Figure 6-6 depicts th
concentrations in soil

roach that will be used to estimate contaminant

osure concentrations of contaminants in soil for soil exposure
pathways requires ch
identification of cont
contaminants in the so ion of the quantity of soil potentially available to interact in
exposure pathways, and estimation of soil properties that are pertment to modeling contaminant

transport and receptor exposure to contaminants.

aminant concentrations in soil that may
potentially be involved in receptor exposures ingestion exposure pathway leads directly to.
the intake assessment process (Figure 6-6). modeling of contaminant transport. Other
in (see Section 7.2.1.7) and direct

exposure to penetrating radiation (Section 6.5).

Remaining exposure pathways in Figure 6-6 require modeling t ntaminant transport from soil

to other environmental media. These types of transport model uired includes modeling the

g
tion 6.2), and modeling the

leaching of contaminants from soil to the aquifer (Section 6.1), e erosion of

contaminants from soil to surface water bodies and stream beds

6.5 MODELING DIRECT RADIATION EXPOSURE
Direct radiation exposure can be quantitatively evaluated via modeling when direct

exposure measurement data are not available. A number of risk assessment scenarios erable

unit baseline and FS risk assessments require that penetrating gamma radiation dose rates:from
waste sources be calculated. In addition, modeling is used to estimate baseline dose rates from

portions of the FEMP that lack characterization for penetrating gamma radiation. Fo

modeling is used io estimaie dose raies {rom wasie shipmenis proposed as part of remedial

alternatives that involve transportation of waste to a disposal facility. Modeling is also used to
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estimate penetrating gamma radiation dose rates to remediation workers during phases of cleanup
ve excavation or removal of waste material that is a source of significant gamma

i ncluding consideration of the presence of shielding between the radiation source and
the receptor (Figure 6-7). The figure illustrates selection of planar source geometry or a
nonplanar source geometry.

urce geometries that do not involve shielding materials may be
DOE 1989a) or MICROSHIELD (Grove 1988) (Figure 6-7).
The most common ei s scenario at the FEMP is irradiation by radionuclides in planar
areas of contaminatef This exposure pathway applies to receptors such as the
resident farmer, somé diation workers, intruders in contaminated areas, and individuals
that may be exposed during transportation of radiation-emitting waste materials to a disposal site.
As stated in Section 6.6, the RESRAD code is capable of estimating potential exposures from

direct radiation exposure from penetrating ra

Radiation dose rates for planar source geon involve shielding materials and for
nonplanar source geometries are modeled ICROSHIELD 3.0 code (Grove 1988).
MICROSHIELD was developed for us . mputers by Grove Engineering (Grove
1988), and uses the same algorithms as ISOSHLD, a mainframe code developed by Battelle
Northwest Laboratories (Engle 1966). MICROSHIELD offer

are used in RI/FS risk assessments to suit operable unit specifi

variety:of source geometries that

MICROSHIELD methodology offers a tested approach for es
individual from external gamma radiation. MICROSHIELD p
from a given configuration in three forms; activity (photons/sec), gamma flux energy density

ng the dose rate to an
ts the estimated dose rate

(MeV/cmz-sec), and dose rate (mrad/hr). The program requires a moderate amount of
information to perform these analyses. Most input parameters are simple to determine, but care

must be taken when determining the most appropriate source geometry and shieldin
configurations. Basic information requirements can be grouped into three categories:
term configuration, shielding arrangement, and receptor/detector placement. These th
information groupings are described below.

MICROSHIELD uses information on the gamma source composition, geometry, and orientation
to calculate the energies and fluxes of the gamma radiation leaving the source. The composition

136
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of the source is characterized by information on the types and densities of the source materials,
nd:the:types and concentrations of nuclides in the source. The code uses this information, and
‘source geometry and orientation with respect to the location of the receptor, to

addition, the code can use information on the chemical and physical properties of the shielding
and source materials to estimate any additional exposure caused by scattering phenomena
(buildup).

e thickness of the air gap between the receptor and the last
nt because the air gap provides additional shielding and gamma
exposures decrease f distance from the source.

The source/shielding configurations used to represent the exposure scenarios modeled vary
considerably between operable units. Other geometries may be identified for external radiation

exposure assessments of FEMP risk assessme arameter values selected for subsequent risk

assessment modeling needs may vary.

6.6 MULTIPLE PATHWAY ASSESS ES
A multi-pathway code calculates the combined dos: a receptor from multiple pathways at the

same time. These codes have the advantage of being able to account for simultaneous time-

dependent source depletion by more than one pathway. For example;.

contaminants leached to
the groundwater will be subtracted from the total source avai face erosion in the next
time increment.

RESRAD (DOE 1988a) is an example of a multi-pathway computer code that is used to perform

Other comparable computer codes exist, which can be used in place of or in conjunction with
RESRAD. Examples include PRESTO (EPA 1989d), PATHRAE (DOE 1986a, DOE 1986b)

and GENII (DOE 1988b, DOE 1988c, DOE 1990). Unfortunately, none of the
incorporate EPA’s HEAST methodology at this time, so their use in FEMP RI/FS ris!
assessments is restricted to dose assessment.

RESRAD was selected for dose assessment applications at the FEMP. The computer

capable of estimating potential exposures from all significant exposure pathways from

contaminated soil. These pathways include: .
138
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* Direct exposure to penetrating radiation from contaminated soil

e Internal exposure from inhalation of airborne radionuclides in resuspended soil

. Internal exposure from ingestion of:

Plant foods grown in contaminated soil

Meat and milk from livestock fed with contaminated feed and water
Drinking water from a contaminated well

Fish from a contaminated pond

RESRAD uses a pathway analysis method involving predicted relationships (media transfer

factors) between radi lid
pathways listed abo

concentration facto

radionuclide concentration in soil to radiation dose.
Concentrations of a
the nuclide’s eleme

soil.

Concentrations of radionuclides in meat and milk are derived by multiplying their elemental plant-

ncentrations in the different media which make up each of the
these media transfer factors are combined into one factor (the

wclide in food crops and livestock feed are derived by multiplying
nt transfer factor by its calculated or measured concentration in

to-meat or plant-to-milk transfer factors by theicow consumption rate of feed. Equations for the

pathway concentration factors and media tran ctors associated with each pathway are

presented and discussed in detail in the ma;

This extensive and detailed material is no “in this work plan addendum.

mpanying the RESRAD code (DOE 1989a).

The numerical values for human intake and agricultural parameters input into RESRAD are

consistent with those selected for the corresponding intake and odel equations

presented in Section 7.2.
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gasonably expected to occur at the site (EPA 1989a). If the RME is determined to be
acceptable, then it is likely that all other lesser exposures at the site will also be acceptable.

The methodology discussed includes the approach for determining exposure concentration(s) at a
given location (Sect
7.2), and the metho
contaminants prese

xposure models used to quantify any resulting intakes (Section

ed to quantify ecological effects of exposures to the
P (Section 7.3).

7.1 DETERMINATION OF OSURE CONCENTRATION
The exposure concentration is the concentration of contaminants in an exposure medium that will

be contacted by a real or hypothetical receptor. The determination of the exposure concentration
depends on factors such as:

e  Availability of data from which: sure concentration can be determined

e  Statistical measure selected t he appropriate exposure concentration

e Potential contribution to c inant
concentrations not attributed to the site
* Potential contribution to contaminant concentrat om-other operable units

* Location of the potential receptor

Exposure concentrations at the FEMP will be determined in two different ways. When sufficient
analytical data are available, measured concentrations are used. When the quality or quantity of
data is insufficient, consideration is given for obtaining better or additional data. If additional

measurement data cannot be obtained, modeled concentration data will be used.
addresses the methodologies used to derive exposure concentrations from the two typ

140

KNOX/RA-WP/AB.4-4/10-15-91

N b

®

10

11
12
13
14

15

16

17
18

19

20

21

23

24



RI/FS Risk Assessment ’Vsork Plan
Date: 10/1591
e it~ 2 — - VOl WP - Section 7.0 ___.

Page 2 of 32

7.1.1 Measured Concentrations
lytical results are available, these data will be used to determine the appropriate

will be used to assemble these data sets.

rivation of Exposure Concentrations from Measured Data
EPA risk assessment guidance for Superfund (EPA 1989a) defines the exposure concentration
used in the intake equation as the arithmetic average of the concentration that is contacted

during the exposure hough this concentration does not reflect the maximum

concentration to wh may be exposed at any one time, it is regarded as a reasonable

estimate of the con: hich a receptor is likely to be exposed over time.

nty associated with any estimate of exposure concentration, the
on the arithmetic average data will generally be used as the
exposure concentration. The upper 95 percent confidence limit is calculated in the following
manner:

95% CL
where

95% CL = Upper 95 percent ¢

M = Arithmetic mean
SD = Standard deviation
n = Sample size -

In instances where the sample size is extremely low (i.e., few

great, yielding a calculated upper 95 percent confidence limit er than the maximum detected

concentration. In these cases, it may not be reasonable to us upper 95 percent confidence
limit as the intake concentration. Therefore, both the arithmetic mean and the maximum
detected concentrations will be examined and the most appropriate one selected for use as the

intake concentration for these situations.

The maximum concentration of a contaminant in a medium may be used to determin upper
bound of a potential exposure. In cases where this screening level analysis is regarded
sufficient to characterize potential exposures, calculation of the upper confidence lim
arithmetic mean is not required, and the maximum reported concentration will be used

141
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Background concentrations of radionuclides will be subtracted during determination of exposure 1
2
3
of radionuclides will be assessed to provide the risks associated with exposures that 4
ted to the site. This information facilitates comparison of the background exposure 5
h those that are attributed to the site. 6
Background concentrations of hazardous chemicals are not subtracted from total concentrations 7
ure concentrations of chemicals. Thus, the quantified exposure and 8
risk represent that yutable to contamination from the site plus background. 9
Exposures to backg ations of chemicals are assessed for comparison to exposures to 10
total concentrations ced plus background). . 11
7.1.3 Modeled Concentratio 12
When analytical results are not available, a model must be used to predict potential exposure 13
concentrations. For example, a quantitative assessment of future potential exposures will depend 14
on predicted concentrations. It may also be pegessary to model exposure concentrations at 15
‘ potential receptor locations for current exp athways if measured analytical data are 16
unavailable or insufficient for quantifying th These concentrations will be calculated using 17
the models and methodologies detailed in 18
7.2 INTAKE ASSESSMENT 19
The methodologies and parameter values that will be used to quantitatively estimate contaminant 20
intakes for the RI and FS human health risk assessments at t MP“are presented in this 21
section. In general, the magnitude of contaminant intake dep route of exposure and 22
the variables impacting the transmittal of contaminants via th te. These intake estimates will 23
be used in conjunction with contaminant toxicity data to quantify the risks associated with the 24
RME for each pathway. 25
Quantitative intake assessments will be performed for all plausible intakes of contaminants by 26
humans in the RI and FS exposure assessments. The models and equations presg 27
section have been obtained from EPA risk assessment guidance (EPA 1989a). Addi ‘models 28
presented in the U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.1 RC 29
1977) will be used for situations not specifically addressed in the EPA risk assessmen ance. 30

Examples of such situations are given in this section.

@
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The RI/FS at the FEMP is being managed as five operable units with separate baseline risk
a Preliminary Site-Wide Baseline Risk Assessment, a Site-Wide RI/Projected

“exposures of a similar receptor, through the same pathway, in the same manner for
each operable unit. However, at times unique scenarios and circumstances occur that lead to
justifiable differences in the process of estimating exposure. For example, variation in the level of

characterization available for different portions of the site may justify using different assumptions

and parameter values for modeling exposures from different portions of the site.

Justification for use ¢ umptions and parameter values will be presented in each risk

assessment. Therefo sure assessments conducted for operable unit baseline risk
assessments, site-wid ments, and FS risk assessments may not be identical.

The exposure assessment models and most of the parameters presented in this section are used in
one or more (but not necessarily all) of the baseline or FS risk assessments. The relationships

among models are noted as appropriate.

The method for estimating the committed ose equivalent (CEDE) from intake of
ted CEDE:s are used because they will be

d for estimating injuries and fatalities

radionuclides is also included in this secti
compared to pertinent radiation dose li
from construction and transportation accidents for FS risk assessments is also presented in this
section.

The intake assessment process is illustrated in Figure 7-1. A estimate of contaminant

intake is determined and the intake assessment process is app o“an“exposure scenario. Figure
7-1 depicts receptor exposure mechanisms including inhalatio estion, and dermal contact.
Each exposure mechanism in Figure 7-1 leads to the subsections“of Section 7.2.1 and specifies the

models used to quantify receptor intake.

7.2.1 Intake Models and Equations
Each intake model equation that corresponds to ingestion or inhalation by an adult generates a

calculated intake of radioactive material (picocuries [pCi]) and a daily chemical intake
body weight (mg/kg-day). Model equations that do not correspond to an adult intake
calculated contaminant concentrations in intermediate media such as vegetables, forage meat, and

miik. Spreadsheets are used for caicuiations of intake, cancer risks, and radiation doses.
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Parameter values used in FEMP RI/FS risk assessments for intake and exposure calculations are
presented.in Section 7.2.2. '

5 describes the fish ingestion model equation. Sections 7.2.1.7 and 7.2.1.8 address
t and penetrating radiation exposure pathways.

.2.1.1 Drinking Water
The equations used to estimate intake from drinking water are adapted from EPA (EPA 1989a).
For variables that ar

both chemical and radionuclide intake equations, units for the

radionuclide equatio first. The intake equations are:

lides) L, = (C,)(R)ED) (7-2)
5) I, = (C,)(IR)(ED)(EF)/(BW)(AT) (7:3)
where

I, = Intake from drinking water (pCi) (mg/kg-day)

Cw = Concentration in water (pCi/L) (mg/L)

IR = Ingestion rate (L/yr) (L

EF = Exposure frequency (d

ED = Exposure duration (yr).

BW = Body weight (kg)

AT = Averaging time (days cinogens, AT equals (ED)(350 days/yr); for

carcinogens, AT eq

7.2.1.2 Inhalation
The equations used to quantify intake from the inhalation pa
1989a) are:

(radionuclides) I, = (C,)(IR)(ED) : (7-9)
(chemicals) I, = (C))(IR)(EF)(E W)(AT) (7-5)
where

I = Intake from inhalation (pCi); (mg/kg-day)

C, = Concentration in air (pCi/m”) (mg/m>)

IR = Inhalation rate (m>/yr) (m3/day)

EF = Exposure frequency (day/yr)

ED = Exposure duration (yr)

BW = Body weight (kg)

AT = Averaging time (days); for noncarcinogens, AT equals (ED)(350 days/yr); for

carcinogens, AT equals (70-year lifetime)(350 days/yr)
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The estimation of intake of contaminants in soils through the inhalation of fugitive dust may be
using the concentration of contaminants in soil at the RME location. The methods

tion of intake of contaminants in soils or sediment is determined using the
ation in the soil or sediment at the RME location. Evaluation of the soil or sediment

ingestion pathway is performed for children, since children represent a critical subpopulation for
may be significant. EPA guidanée suggests that children may be

pathway at ages 1 through 6 (EPA 1989a). It is assumed that
eds away from the home involves slightly older children at ages
to quantify intake (EPA 1989a) are:

ingestion of sedime
6 through 17. The

= (C)(IR)(ED)(EF)(Fl) (7-6)
= (C,)(IR)(CF)(FI)(EF)(ED)/((BW)(AT) (7-7)

where

I = Intake from soil or sedi pCi) (mg/kg-day)

Cs = Concentration in soil ent (pCi/g) (mg/kg)

IR = Ingestion rate (g/day)

CF = Conversnon factor 102

FI =

EF =

ED =

BW = Body weight (kg)

AT = Averaging time (equals ED x 350 days/yr

7.2.1.4 Ingestion of Vegetables

Currently, irrigation of farm land in the vicinity of the FEMP is not widely practiced. In

Hamilton and Butler counties, an average of less than 1.5 per of farmland is irrigated (Bureau

of Census 1989):

Hamilton County Butler County
Irrigated acres - 676
Total farm acres - 28,318 159,519
% land irrigated - 2.4% 0.2

However, ingestion of farm and homegrown products irrigated with contaminated ground
surface water is evaluated in the FEMP risk assessments because of the potential for this to
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become a viable pathway at any time in the near future, and because reported statistics may not  ° 1
tential irrigation of home gardens. 2

used to estimate exposure to chemicals and radionuclides via ingestion of 3

igated with contaminated water are from the NRC (NRC 1977) and the EPA (EPA 4
two-step process first involves the calculation of the concentration of the 5
nant on and in the plant as a result of foliar deposition and root uptake, followed by the 6
calculation of intake from consumption of the plant by humans. The model used to estimate the 7
concentration in and on vegetation irrigated with contaminated water is (NRC 1977): 8
=Apste r.
Civw = =%) + £,Biyq (1-e” St e *rith (7-8)
El P Ari
For vegetation exposed to atmospheric fallout of dust, the equation becomes (NRC 1977): 9
r,(1-e hxte) (1-e lucw) } s
C. =d d :iV(l) e zita (7 -9)
‘ ivd = Td Y g pA,

where 10
Ag; = Effective depletion constant of i contaminant on the surface {)lants (hr") 11
- = Radioactive or chemical decay constant nant (hr™) 12
1) = Dry soil to wet plant partitioning coeffic f i*" contaminant (G/C) 13
wvd = Concentration of i contaminant in plan ; of deposition of 14
contaminated dust on plants (pCi/kg) (m 15
Civw = Concentration of i'® contaminant in plan a result of irrigating plants with 16
contaminated water (pCl/kg) (mg/kg) 17
dy = Dust deposition rate (pCl/m hr) (mg/m 18
d, = Irrigation deposition rate (pCl/m -hr) (mg/m -hr) 19
fy = Fraction of year plant is irrigated (unitless) 20
f, = Fraction of year plant is downwind (unitless) 21
p = Effective dry surface density of the soil (kg/m ) 22
Iy = Fraction of deposited dust retained on plant surface (unitless) 23
Ty = Fraction of water borne material retained on plant surface (unitl 24
tod = Duration of facility operation (hrs) 25
tow = Duration of irrigation use (hrs) 26
P te = Growing season (hrs) 27
' ty = Duration of period between harvest and consumption (hrs) 28
Y = Agricultural yield (kg/m ) 29

147
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4

to exposure to contaminated irrigation water and dust, vegetables and livestock feed

minated by root uptake from contaminated soil or waste. A contribution via this
unted for in the irrigation model; however, this pathway is also considered for
ot irrigated with contaminated water but that exhibit surface soil contamination
al deposition on the soil by various means. The following equation can be used to

(v ‘the contaminant concentration in the plant from root uptake of contaminants already in
the soil.
Civs = (Cs)(Biv(l)) (7-10)
where
Civs of it contaminant in plants as a result of root uptake from
soil (gCi/kg) (mg/kg)
C, = of i contaminant in dry soil at harvest time (pCi/kg) (mg/kg)

The total concentration of contaminants in vegetables (C,,) is calculated with the following
equation:

(7-11)
Once the concentration in vegetation has ned, intake can be calculated with the
following equations:
(radionuclides) I, = (C)AR)ED)FL . (7-12)
(chemicals) I, = (CGOAR)FI)E BW)(AT) (7-13)

where
I, = Intake from vegetation (pCi) (mg/kg-day)
. = Total concentration of contaminants in vegetable (pCi/kg) (mg/kg)
IR = Ingestion rate (kgfyr) (kg/day)
F1 = Fraction ingested from contaminated source (unitless)
EF = Exposure frequency (days/yr)
ED = Exposure duration (yr)
BW = Body weight (kg)
AT = Averaging time (days); for noncarcinogens, AT equals (ED)(350 fyr); for

carcinogens, AT equals (70-year lifetime)(350 days/yr)

Equations of the same form are used to determine the contaminant concentration in livestock
feed, substituting concentration factors for livestock feed in place of those for vegetables

148

KNOX/RA-WP/AB.4-4/10-15-91

N o s W N

10
11
12

13
14

15

16
17

.18

19

20

21

23
24

26
27
28
29

30
31



- e YOL.WP - Section70__
. Page 10 of 32

2249

RI/FS Risk Assessment Work Plan
Date: 10/15/91

consumed by man. Once the contaminant concentrations in vegetables and livestock feed have
rmined, intake can be estimated using the intake equations presented for ingestion of

ntaminated by irrigation and ingestion of animal products.

.5 Ingestion of Animal Products
uantification of intake following exposure to vegetables, the concentration in animal

P ‘must be estimated prior to the determination of intake. The concentration of a
contaminant in animal products, such as beef or milk, is determined using the following equation
(NRC 1977):

= FAl(Cip(Qp + (Ciaw)(Qaw)] (7-14)

where

Cia ncentration of i contaminant in the animal product (pCi/L for milk,
pCi/kg for beef) (mg/L for milk, mg/kg for beef)

Fa = Element (stable) transfer coefficient that relates the daily intake by an animal

' to the concentration of i'" contaminant in an edible portion of the animal
product (day/L for milk, day/kg for meat)

Ci¢ = Concentration of i® ¢ nt in forage (pCi/kg) (mg/kg)

Q¢ = Consumption rate of ated forage by an animal (kg/day)

Ciaw = Concentration of it ¢ t in livestock water (pCi/L) (mg/L)

Qaw = Consumption rate of & ed water by an animal (L/day)

In addition to intake from irrigated forage and wat

ows may receive a significant intake from
h 1984). The following
“product from soil ingestion

’

soil ingestion if the soil is also a source of contamination (Za

equation can be used to calculate the concentration in the an
(EPA 1989a):

Cia = Fal(C(Qy)] (7-15)
where
C = Concentration of contaminant in soil (pCi/kg) (mg/kg)
Q = Consumption rate of soil by livestock (kg/day)

Once the concentration in the animal product is determined, human intake can be c
using the following equations:

(radionuclides) L, = (C,,)(IR)(ED)(FI) (7-16)
(chemicals) L, = (C,,)(IR)(FI)(EF)(ED)/(BW)(AT) (7-17)
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Intake of chemical in animal product (pCi) (mg/kg-day)

Concentration of i'® contaminant in the animal product (pCi/L for milk,
pCi/kg for beef) (mg/L for milk, mg/kg for beef)

Ingestion rate (L/yr for milk; kgfyr for beef) (L/day for milk; kg/day for beef)
Fraction ingested from contaminated source (unitless)

Exposure frequency (days/yr)

Exposure duration (yr)

Body weight (kg)

A ing time (days); for noncarcinogens, AT equals (ED)(350 days/yr); for
$;-AT equals (70-year lifetime)(350 days/yr)

7.2.1.6 Ingestion of
Intake from ingestio quire a one- or two-step process. If the concentration of a
constituent in fish is unknown,:itiis necessary to determine the concentration in the fish based on

the concentration in either the surface water or sediment (or both), for example:

Cr = (C,,)(BCFg) (7-18)

where
Cr = Concentration in the pCi/kg) (mg/kg)
Cew = Concentration in surf Ci/L) (mg/L)
BCFr = Fish bioconcentrati g fish per pCi/L) (mg/kg fish per mg/L)

(radionuclides) Ip = (Cp)(IR)(FI)(E
(chemicals) Ig = (CRAR)(FI)(E

where

Ig = Intake from fish ingestion (pCi) (mg/kg-day)

Cg = Concentration in fish (pCi/kg) (mg/kg)

IR = Ingestion rate (kg/yr) (kg/day)

FI = Fraction ingested from contaminated source (unitless)

EF = Exposure frequency (day/yr)

ED = Exposure duration (yr)

BW = Body weight (kg)

AT = Averaging time (days); for noncarcinogens, AT equals (ED)(350 days/yr); for

carcinogens, AT equals (70-year lifetime)(350 days/yr)
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7.2.1.7 Dermal Contact with Soil or Water
etals, and hence most radionuclides at the FEMP, dermal absorption is not a

way because penetration through the skin is minimal. However, it may be
luate dermal absorption if organic constituents are found to contribute to

¥ at the site. The amount of a chemical taken into the body upon exposure via

act is referred to as an absorbed dose and is calculated using the following equation
(EPA 1989a):

(CH(SA)PC)ET)ED)(EF)(CF)/(BW)(AT) (7-21)

where
AB,, from contact with water (mg/kg-day)
Cw = in water (mg/L)
SA = : rea available for contact (cm?)
PC = Dermal perméability constant (cm/hr)
ET = Exposure time (hr/day)
ED = Exposure duration (yr)
EF = Exposure frequency (day/yr)
CF = Conversion factor (1 L/1 3
BwW = Body weight (kg) ,
AT = Averaging time (days); carcinogens, AT equals (ED)(350 days/yr); for

carcinogens, AT equ

Dermal absorption may also occur upon ‘contact with“contaminated soil and is calculated using the
following equation (EPA 1989a):

AB; = (C,)(CF)(SA)(AF)(ABS)(ED)(EB)/(BW)(AT) (7-22)

where

ABq = Absorbed dose from contact with soil (m

C = Concentration in soil (mg/kg)

SA = Skin surface area available for contact (cm?/event)

AF = Skin adherence factor (mg/cm?)

ABS = Absorption factor (unitless)

CF = Conversion factor; (10 kg/mg)

ED = Exposure duration (yr)

EF = Exposure frequency (days/yr)

BW = Body weight (kg)

AT = Averaging time (days); for noncarcinogens, AT equals (ED)(350 ); for

carcinogens, AT equals (70-year lifetime)(350 daysfyr)
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7.2.1.8 External Exposure

DE = (DR)(EF)(ED)(MF)(SH) (7-23)

DE = Dose equivalent (mrem)

DR = Dose equivalent rate (mrem/day)

EF = equency (days/yr)

ED = ation (yr)

MF tor for hours spent outdoors; hours indoors; (unitless)

SH shielding factor for dose equivalent rate reduction indoors (unitless)

7.2.2 Intake and Exposure Model Parameter Values
This tabulation of parameters and numerical parameter values has been established for use in the
intake and exposure models. Parameter values are selected from a hierarchy of data sources.

Parameter values recommended by EPA are

parameter values recommended by EPA, o

d whenever possible. In the absence of

rces will be used. Consistent use of

parameters will be attempted for all model 2narios unless deviations are clearly justified.

The data sources in descending order of n on the hierarchy are:

* Site-specific data (may include regio ta)

e U.S. EPA Risk Assessment Guidance for Superfund Volurjqe I Human Health
Evaluation Manual (EPA 1989a), including sugg ‘erence materials and
services

posure Factors Handbook
n Document [EPA 1989b])

* U.S. EPA reports and other guidance document:
[EPA 1989f] and NESHAPS Background Inform

* National Academy of Sciences, BEIR IV (NAS 1988)

e National Academy of Sciences, BEIR V {NAS 1990)

* UNSCEAR Reports (UNSCEAR 1977, UNSCEAR 1982, UNSCE

* International Commission on Radiological Protection (ICRP 1975)

*  Nuclear Regulatory Commission reports and guidance, e.g., Regulatory
(NRC 1977)
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* National Council on Radiation Protection and Measurements (NCRP) reports (e.g.,
NCRP 1984a; NCRP 1984b; NCRP 1984c; NCRP 1986)

OE publications (e.g.,, DOE 1989a; Baes et al. 1984)

ther literature sources

The parameter values listed in this section are used in the exposure scenarios developed for the
FEMP. It is assumed in the RME scenario that a resident lives in the same home for a 70-year
lifetime (EPA 1989a)
Exposures that are -
creek) are address

is considered as an adult exposure for most pathways.

during childhood (e.g., sediment ingestion while playing in a
tened exposure period and parameter values describing child
exposure patterns. n of the nonstochastic health effects from chemical toxicity, an

adult exposure scen

Parameter values are identified with the parameter symbols used in the intake and exposure
models listed in Section 7.2.1. Section 7.2.2.1 presents parameter values that describe human and

animal receptors. Section 7.2.2.2 presents agri¢iiltural parameter values. Agricultural parameter

values that are specific to southwest Ohio a when available; default parameter values are

used when site-specific data are not availa 7.2.2.3 presents chemical-specific

parameter values used in intake and exp

7.2.2.1 Human and Animal Descriptive Parameters

Human Physiological Parameters®

Age (yrs) Body Wt (kg) Surface Area (m?)?
Young Child <6 14 N/AS
Child/Teen 6 to 18 43 1.31
Adult over 18 70 1.8

4 From EPA 1989f

¢ N/A - not available
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values, except for drinking water and milk, which are maximum
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Exposure Duration (ED)

nable maximum lifetime exposure 70 years?

6 yearsb

ent ingestion scenario
hild/teen, ages 6 to 18) 12 years®

a Agreement between DOE, Ohio EPA, and EPA on July 17, 1991
b (EPA 1989f
¢ Assumptio

Time Use Patterns

0.5

0.34

Fraction spent awake indoors 0.16
Fraction of time spent outdoors 0.5

Ingestion Rates of Home-Produced Foodst
Consumption values reported by EPA (E flect results of the Nationwide Food
Consumption Survey for 1978 (USDA 19 recently published Nationwide Food
Consumption Surveys for 1985 (USDA 1986a; USDA'1986b) reflect changing eating patterns in
the United States, and thus are used in place of values reported by EPA (EPA 1989f). Data from
the 1977 survey are presented in parentheses for comparison p

Data reported are mean
se values. Values for
adult food consumption are obtained from supplemental guida ~“human health evaluations

(EPA 1991c) and account for the fraction of food obtained from a home-produced source.

Pathway Infant Child® Adult®

Total veg. and fruits (g/day)® - 303 (233) 122

Beef, pork, poultry (g/day)c - 39 (46)

Fish and shellfish (g/day)° - 5 85)

Drinking water (L/day) 0.9%¢ 43¢

Milk (L/day)%¢ 0.9%¢ 0.99¢

4 The values reported here for vegetable, fruit, beef, pork, poultry, and fish c ption

are for children ages 1-5 (USDA 1986a).
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b (EPA 1991a); assumed fraction home produced already included. The exposure for
ecreational consumption of locally caught fish is not added to exposures from other
hways, but is considered a pathway for a sensitive subpopulation.

DA 1986a) and (USDA 1986b)

1977)

ZRP 1984a)

A 1989f)

Human Soil and Sediment Ingestion (IR)
Infant Child/Teen Adult Total

6 12 52 70
0.2 0.1 0.1 -
350 350 350
420 420 1820 2660
Exposure Frequency (days/yr)© 274
Total Sediment Ingested (g) 329 329

3 EPA 1989f, reflecting risks to possib
® EPA 1991c
¢ Assumed

etime residence at nearby farms

Human Inhalation Rates (IR) :
For continuous adult exposure situation ‘which specific activity patterns are not known, an
adult inhalation rate of 20 m3/day is used (EPA 1989a; EPA 198

For adult exposure situations in which the distribution of activ
inhalation rates, and percentages at each activity level will be

Activity Inhalation Rate Outdoor Indoor
(m3/hr) Average RME Average RME
Resting 0.5 28% 0% 48%
Light 0.6 28% 0% 48%
Moderate 2.1 37% 50% 3%
Heavy 3.9 7% 50% 1%
4 EPA 1989f
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Fraction of Food Consumed from Source (FI)

Vegetables
Fruits
Beef

3 (EPA 1989a);

Fraction Home-Produced

0.40°
0.30?
0.752
0.75°
0.75°
1.00°
1.00°

b (EPA 1989a), "reasonable worst-case" value

¢ conservative assumption

Animal Consumption Rates (Qg, Q,.. Q)
The following parameters will be used to
by beef and milk cattle at or near the FE

Q¢
Feed or forage?
Animal (kg wet weight/day)
Milk cow 50
(modified)® 25
Beef cattle 50
(modified)® 25

2 (NRC 1977)
b (Zack and Mayoh 1984)

¢ Modified assuming that pastureland is not irrigated due to the cost i
based on data from the Bureau of Census (Bureau of Census 1989).

water, and the animal diet consists of equal parts of pasture grass and st

totaling 50 kg/day wet weight.

KNOX/RA-WP/AB.4-4/10-15-91

Date: 10/15/91

——Vol.-WP---Section-7.0-— ——— --

Page 17 of 32

lowing values are used to represent the percentage of a person’s diet that comes from
foodstuffs and site soils and sediment. Adult food consumption values presented
for the percentage of an adult diet that comes from a home-produced source.

he intake of contaminants in food and water
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7.2.2.2 Agricultural Parameters for Southwest Ohio
ing season for feed corn in Hamilton County is 138 days (USDA 1970). Farms in the

known to use irrigation to supplement natural rain fall. Overhead sprinklers are
t form of irrigation equipment used. Typical irrigation requirements for feed corn

¢ listed in Table 7-1.

Agricultural and remedial activities in the vicinity of the FEMP are expected to produce
mechanical suspensi i

rticles in air. The following dust loading factors (D;) will be used

as default values wh fic data are not available:

Farming
Other activiti

2 DOE 1983

® DOE 1989a
¢ NCRP 1984a

7.2.2.3 Chemical-Specific Parameters

Uranium Transfer Factors® (F;,):

B,, (fresh vegetables) 2 x 103
B,, (dry forage) 1x 1072
F (milk) d/L 6x 10
F,, (beef) d/kg 1x 102

4 NCRP 1986

Other Radionuclides, Nonradioactive Inorganic Transfer Factors (F;,)

Transfer coefficients for nonuranium radionuclides and nonradioactive metals are taken from Baes
et al. (1984), Till and Meyer (1983), and DOE (1989a). The radiological properties, of at d
not effect their elemental transfer in the environment.

137
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TABLE 7-1 1

UMMARY OF PARAMETERS FOR VEGETABLE/FORAGE UPTAKE MODELS 2

3

Value: Units: Reference: 4

e (d;): 0.081 L/m%/hr USDA 1970 5

Fraction of deposited dust retained on crops (ry): 0.25 unitless NRC 1977 6
Fraction of irrigation 0.20 unitless NRC 1977 7
Removal rate by weat 0.0021 hr'l NRC 1977 8
Growing season for crops ( 1440 hr NRC 1977 9
Growing season for f 720 hr NRC 1977 10
Agricultural yield of food crops (Y): 1.5 'kg/mz USDA 1979 1
Agricuitural yield of forage (Y): 0.8 kg/m2 USDA 1979 12
Fraction of year plants are downwind (f): LD? unitless - 13
Fraction of year plants are irrigated (f): 0.38 unitless NRC 1977 14
Period soil is exposed to contaminated watef LD hr - 15
Period soil is exposed to airborne emissions (tpy): LD hr - 16
Effective surface density (p): 150 b 17
Time between harvest and consumption of crops (t,): 24 NRC 1977 18
Time between harvest and consumption of forage (ty): 2160 NRC 1977 19
20

3 Location dependent 21
b Corresponds to a density of 1.5 g/cm3 and a depth of 10 cm. Moist bulk densities of surface soil range 22
from 1.4 to 1.55 g/cm> at the FEMP (USDA 1982a). 23
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The following are soil-to-plant concentration factors for edible plants consumed by man used in
intake:models in the absence of site-specific information. These factors are the ratios of the dry-

rs. These portions are most indicative of the plant foods consumed by man.

Concentration Ratio? (Fis, By(2))

Sr 2.5x 107!

2 Baes et al. 1984

Organic Transfer Factors (F,,)

AAAAA 1 from Travis and Arms (1988). If a transfer
coefficient is not readily available, the following regression equations based on the relationship
between transfer and the octanol-water partition coefficient ( d to estimate transfer

coefficients (Travis and Arms 1988):

Biv(z (vegetables) log B, = 1.588 g Kow (7-24)
F;4 (milk) log F;,, =-8.10 (7-25)
F;5 (beef) log Fjy, =-7.6 (7-26)

Chemical-specific K, values are available from several sources. The major source used for K,
values is Hansch and Leo (1979).

Skin Permeability Constant (PC)

Chemical-specific skin permeability constants are taken from EPA (EPA 1988a). In
no skin permeability constant is available, it is assumed that the permeation rate of w
the skin is the factor conirolling ihe coniaminant absorption rate, and the water perm

factor will be used (EPA 1988c).
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Dermal Absorption Values (ABS)

pecific dermal absorption values will be taken from the open literature as required. In

ing specific activities are used to convert from activity to mass:

Specific Activity?
(pCi/ug)
7.24E+07
8.65E+07
7.05E+02
1.71E+07

niur 6.21E+04
Protactinium-231 4.72E+04
Lead-210 7.64E+07
Radium-224 1.59E+11
Radium-226
Radium-228

Strontium-90
Technetium-99
Thorium-228
Thorium-230
Thorium-232
Uranium-234 6 22E+03
Uranium-235 2.16E+4+00
Uranium-238 3.36E-01

2 DHEW 1970

Conversion from Total Activity (pCi) to Mass (ug) for Uranium
Total mass of 1 ug uranium = 0.66 pCi, or

Total activity of 1 pCi uranium = 1.5 ug?

3 NCRP 1984c; this uranium conversion factor between total activity and total
the assumption that the naturally occurring uranium isotopes (uranium-234, uranium
uranium-238) are present in their naturally occurring percent mass abundances (0. 00
uranium-234, 0.72% uranium-235, 99.27% uranium-238). Therefore, 1 ug total ura;
converts to approximately 0.66 pCi total uranium activity, of which approximately ha
uranium-234 activity and half is uranium-238 activity.
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Radiation Shielding Factor (SH)
indoor shielding factor of 0.5 will be used as suggested by the NRC (1977).

adionuclides and chemicals is calculated in a similar manner with the following

exceptions:

e The unit for radionuclide intake is pCi while the unit for chemical intake is

are expressed as total intakes while chemical intakes are
takes per unit body weight.

In general, quantitative intake'estimates constitute the end result of the exposure assessment
process. In the RI and FS risk assessments, these intake estimates are used in conjunction with

contaminant toxicity data to estimate the risks associated with the RME for each pathway.

7.3 RADIATION DOSE ASSESSMENT
Radiation doses resulting from the potentia es of a receptor to radionuclides will be
calculated as part of this risk assessment. the term "dose" has a different meaning for
radionuclides (radiation dose = energy

joule per kilogram of tissue) from that for chemicals (chemical dose = mass penetrating into an

organism; the dose unit is usually milligram per kilogram). It g recognized that the

absorbed radiation dose needed to achieve a given level of bi sdamage varies for different

types of radiation (alpha-particles, beta-particles, gamma rays, . For radiation
protection purposes, it is desirable to use a quantity for all ty ing radiation, that
correlates to the biological effect on a common scale. This q y is the dose equivalent and
has units of rem or millirem (mrem). The dose equivalent is d as the proddét of the

absorbed dose and a quality factor, which depends on the relative biological effectiveness of the
radiation at the point of interest in tissue. A quality factor of unity is used when calculating the

dose equivalent for penetrating radiation (e.g., gammma rays).

Dose assessment is necessary for two reasons. First, calculated doses are required for
to ARARs. Second, most of the source geometries at the FEMP preclude the use of
external gamma slope factors, which were only calculated for one geometry (surface s
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plam) The geometry used by EPA is a flat source, 10 cm thick, w1th a surface density of 143
cg/m”::which is representative of contaminated surface soil. Another method must therefore be

ate the risks from sources with other geometries.

3.0, described in Section 6.5, will be used to calculate exposure rates from external
t the FEMP. Doses resulting from these exposure rates will be calculated using
Equation 7-23. These doses will be used in conjunction with a dose to risk conversion factor
(Section 9.2.2.2) to estimate risks from external radiation from radiological sources other than
surface soil.

E ASSESSMENT
thods used to estimate the exposures to ecological receptors from

7.4 ECOLOGIC
This section describé

exposure to constitu
estimated from RI/FS‘and environmental monitoring data. Future concentrations will be
estimated by fate and transport modeling.

rn at the FEMP. Current concentrations of constituents will be

7.4.1 Plants
Concentrations of radionuclides in plants a
of the RI/FS. These concentrations, which
production, may include contributions fro

MP were measured in 1987 and 1988 as part
asured when the FEMP was still in

tion of stack emissions and therefore may
not be representative of present conditio , these concentrations should represent the

upper bound for radionuclide concentrations in vegetation at the FEMP. A lower bound will be

ovided by Baes et al.
(1984) (Table 7-2) and assuming that the only mechanism for
is uptake from soil.

fide accumulation in plants

Because RI/FS data on the concentrations of inorganic and o constituents in FEMP
vegetation are limited to 10 grass samples, additional estimates*will be made of the maximum
concentrations of these constituents in a generic plant growing in FEMP soil. Soil-to-plant
(aboveground vegetative portion) transfer factors for organic constituents obtained from Baes et

ds of

al. (1984) are presented in Table 7-3. Soil-to-plant transfer coefficients for organ

potential concern will be estimated from K, values listed in Table 6-4, as described
footnote at the bottom of Table 7-3.

Calculated transfer factors for organic constituents of potential concern identified to are

presented in Table 7-3. The transfer factors used for both metals and organics are conservative
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Transfer Coefficient

Soil-to-Plant®

Plant-to-Beef

Chemical (By2y) (Bp)
Radioelements
0.080 0.020
0.10 55x 10
0.00045 50x 107
0.015 25x%10%
25 3.0x 104
Thorium 0.00085 6.0 x 10°°
Uranium 0.0085 20x 10

Inorganic Chemicals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Magnesium
Manganese
Mercury
Nickel
Selenium
Thallium
Vanadium

Zinc

2 Soil-to-plant elemental transfer factor for vegetative portions of food and

0.0075

0.020
0.40
0.045
1.0
0.25
0.90
0.060
0.025
0.004
0.0055
L5

feed plants. It assumes dry plant and soil weights (Baes et al. 1984).

KNOX/RA-WP/AB.4-4/10-15-91
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USED FOR ORGANIC COMPOUNDS OF POTENTIAL CONCERN IN

FEMP SOILS

Transfer Coefficients

Soil-to-Plant®

Plant-to-Beef®

Compound (Byay) (Byp)
Polycyclic aromatic hydrocarbons
0.16 3.0x10%
0.104 7.0 x 10
0.022 0.010
0.013 0.0275
6.2 x 1073 0.093
26x 103 0.427
Benzo(k)fluoranthene 43x103 0.178
Chrysene 0.022 0.010
Dibenzo(a,h)anthracene 0.0155
Fluoranthene 54x 103
Fluorene 4.0x 10%
Indeno(1,2-cd)pyrene 1.15
Naphthalene 1.0 x 10#
Phenanthrene 104
Pyrene 0052

Monocyclic Aromatics
Benzene

Benzoic Acid
Chlorobenzene

2, 4-Dimethylphenol
Ethyl benzene
2-Methylphenol
4-Methylphenol
Pentachlorophenol
Phenol

Toluene

Xylenes, total

KNOX/RA-WP/AB.4-4/10-15-91

4% 10
1.9x 10
1.7 x 107
79x 10
3.6x 107
22x10°
22x10°
29x 103
7.2x 107
1.35x 107
3.55 x 107
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Transfer Coefficient

Soil-to-Plant?

Plant-to-Beef®

KNOX/RA-WP/AB.4-4/10-15-91

mpound (Bioy) (Bi)
Phthalate esters -
Bis(2-ethylhexyl)phthalate 0.043 32x103
0.056 20x 107
0.072 1.3x 103
2.0x 10 39.8
0.11 6.0 x 107
Aroclor 1242 0.16 3.0x10*
Aroclor 1248 0.022 0.01
Aroclor 1254 7.1 x 1073 0.074
‘ Aroclor 1260 0.032
Halogenated aliphatic hydrocarbon;
Chloroform 23x 10
1,1-Dichloroethane 3. 1.55 x 10
1,1-Dichloroethene 5.40 7.6 x 1077
1,2-Dichloroethene 2.5
Methylene chloride 7.34
1,1,2,2-Tetrachloroethane 0.42
Tetrachloroethene 0.42
1,1,1-Trichloroethane 1.41
Trichloroethene 1.84
1,1,2-Trichloro-1,2,2- 0.578
trifluoroethane
Vinyl chloride 6.17 6.0 x 1077
Nonhalogenated aliphatic
hydrocarbons
Acetone 53.3 145 x 1038
‘ 2-Butanone 26.3 49x 103
4-Methyl-2-pentanone 7.95 3.9x 107
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TABLE 7-3
(Continued)
Transfer Coefficient
Soil-to-Plant? Plant-to-Beef®
(Biy2) (Byy)
Beta-BHC 0.246 2.0x 10%
Chlordane 0.013 0.025
4,4-DDT 0.018 0.0145
Malathion 0.827 1.95 x 107
Carbon disulfide 2.19 - 3.35 1.7x10° -
N-Nitrosodiphenylamine 1.27 9.3 x 10
3,3-Dichlorobenzidine 0.70 2.6x 107

3 Soil-to-plant transfer coefficients fi
plant weight and dry soil weight [l

Kowl

b Soil-to-beef transfer coefficien
25% fat
[log Biotransfer Factor = -7.6 + log K] (Travis and Arms 1988)

vis and Arms (1988); based on dry
fer Factor = 1.588 - 0.578 log

d Arms (1988); assumes meat is
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estimates and do not consider such factors as the bioavailability of a chemical in soil, the
ation rate of a compound in soil, or metabolic transformations of compounds in plants.

concentration of each constituent of potential concern measured in FEMP surface
e soil data will be used when surface soil data are unavailable) will be used as the
oncentration in each case. Concentrations in the aboveground vegetative part of plants
will be estimated using the following equation:

Cy = (CI(By2) (7-27)
where
Cy, n of the i contaminant in vegetation (mg/kg dry wt)
C )ncentration in soil (mg/kg dry wt)
Biv(2) ansfer factor of the i'" contaminant (mg/kg dry wt plant per

7.4.2 Terrestrial Animals

7.4.2.1 Intake of Radioactive and Nonradi
The maximum concentrations of constitu

onstituents

rn in selected terrestrial indicator species
will be estimated as described in the follo
FEMP include the white-tailed deer (O
leucopus), raccoon (Procyon lotor), muskrat (Ondatra zibethica), American robin (Turdus
migratorius), and red fox (Vulpes vulpes) (Facemire et al. 1990),

phs. Terrestrial indicator species for the

is:modeling will be
supplemented by RI/FS data on concentrations of radioactive oactive constituents in
terrestrial animals at the FEMP. Nine samples were analyzed ive constituents and

four for organic and inorganic constituents.

Intake of constituents in vegetation by herbivores will be estimated using an equation adapted
from EPA (1989a): '

Iy, = (Cy)(IRy)(F)(EF)(ED)/(BW)(AT) (7-28)

where
L, = Intake of the i contaminant in vegetation (mg/kg-day)
Cy = Concentration of the i contaminant in vegetation (mg/kg)
IR;, = Ingestion rate (kg/day)
FI = Fraction ingested from contaminated source (unitless)
EF = Exposure frequency (days/yr)
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ED = Exposure duration (yr) 1
BW = Body weight (kg) ' 2
: = Averaging time, (ED)(350 days/yr) 3

c values for parameters such as ingestion rate and body weight will be developed as 4

logical risk assessment. Concentrations of radionuclides, inorganic chemicals, and s

emicals in muscle tissue of herbivores will be estimated using plant-to-beef transfer 6

factors (Tables 7-2 and 7-3). 7
Plant-to-beef transf rganic constituents of potential concern identified to date are 8
presented in Table oil-to-plant transfer factors, plant-to-beef transfer factors are 9
conservative. 10
The concentration o muscle of a herbivore will be estimated using the following 11
equation: 12
Cia = Bipn(C)UR;,) (7-29) 13

where 14
Cia = Concentration of it} it in muscle (mg/kg) 15

By, = Plant-to-beef transfer. /kg) 16

Cy = Concentration of it vegetation (mg/kg) _ 17

IR;, = Consumption rate o animal (kg/day) 18
Parameters used in estimating intake by herbivores and omnivores include‘the concentration in 19
vegetation. Concentrations in vegetation used in the intake c ill be those estimated 20
using the maximum soil concentration determined for the FE nd the respective soil-to-plant 21
‘transfer factor for a given chemical, as described previously. 22
Each of the equations used for herbivores can be modified for carnivores by substituting the 23
concentration in herbivore muscle for vegetation. As a default value, the muscle-to-muscle 24
transfer coefficient can be assumed to be one. 25
Exposure to soil constituents following direct ingestion of soil by wildlife will be evalu 26
estimating intake in the same manner as described previously for intake of vegetation by an 27
herbivore. Species-specific parameters associated with soil intake, such as ingestion rai re 28
currently under review. A default value of one will be assumed for the soil-to-muscle transfer 29
coefficient. For the American robin, which ingests primarily earthworms, soil ingestion will be 30
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evaluated as the primary route of exposure due to the difficulty in estimating the uptake of
constituents by earthworms and the lack of soil-to-earthworm transfer factors.

at more than one pathway is evaluated for a given indicator species, intake across
ill be summed to obtain a total intake value. For instance, uptake of a

d soil by white-tailed deer will be estimated by adding the intake via ingestion of
vegetation and soil.

7.4.2.2 Radiation Doses to Terrestrial Animals
External exposures fi
6.4 and Section 7.3).

will calculated in the same manner as those for humans (Section

tion absorbed doses (rad) (dose equivalent is defined only for

| be estimated from measured or estimated tissue radionuclide
distribution in the organism, using the following equation:

Calculated dose (rady) = 0.01867(A)(C;p) (7-31)
where
0.01867 = Constant (rad y! pCi'l 1 disintegration)
A = Mean energy of decay er disintegration)
Cia = Radionuclide concentrg the organism (pCi per g dry weight)

For example, the energy of decay of uranitim-234 is"4:.8:MeV per decay and the energy of decay

of uranium-238 is 4.2 MeV per decay (Kocher 1981). If the two isotopes are present in equal

isotopic abundance in an organism, the average energy of 4.5 ay can be substituted

in the equation, and the conversion factor is:

Calculated dose (radfy) = 0.084 (7-32)

imilar calculations can be made

or 84 mrad per year for each pCi uranium per gram dry weight.
for other radionuclides, substituting the appropriate energy of decay.

The radiation dose to a muskrat exposed to surface waters at the FEMP via water:in
chain uptake, and direct exposure will also be estimated from surface water radionuclid
concentrations using the constants provided by Killough and McKay (1976) (Table 7-4)
assist in assessing radiological risks associated with links between the terrestrial and aqu

chains.
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7.4.3 Aquatic Organisms
Radionuclide concentrations in fish and macroinvertebrates from the Great Miami River and

have been measured as part of the RI/FS. In addition, radionuclide concentrations in

rom the Great Miami River are reported in the annual Environmental Monitoring

described above for terrestrial animals. Radiation doses to aquatic organisms in the Great Miami
River, Paddys Run, and on-site drainages will also be estimated from concentrations of .
radionuclides in surf: using the constants provided by Killough and McKay (1976) (Table

7-4).

Exposure of aquatic . nonradioactive constituents of concern will be estimated from
RI/FS surface water on nonradioactive chemicals, assuming constant exposure. Future

concentrations of nonradioactive constituents in surface waters will be estimated as described in
Section 6.2. Characterization of risks to aquatic organisms as a result of exposure to radioactive

and nonradioactive constituents is described in Section 9.0.
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INTERNAL RADIATION DOSES (MRAD/Y) TO FRESH-WATER BIOTA
EXPOSED TO 1.0 pCi/L?

Receptor
Radionuclide Aquatic Plants Invertebrates Fish Muskrat
Cesium-137 .88 1.1 44 6.2
Radium-226 510 100 22,000
Strontium-90 2.1 0.1 44
Thorium-228 2,200 130 9.7
Thorium-230 1,300 450 27 1.9
Uranium-234 920 9.2 13
Uranium-235 860 8.6 1.2
Uranium-236 880 8.8 1.3
Uranium-238 800 8.0

3 Adapted from Killough and McKay (1976)
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80 TOXICITY ASSESSMENT 1
ment consists of two stages: 2
oxicological evaluation 3

ose-response assessment

The first step in the toxicity assessment, the toxicological evaluation, is a qualitative evaluation of 5
the scientific data to determine the nature and severity of the toxic properties associated with the 6
radionuclides and ch ) ential concern. The toxicological evaluation involves a critical 7
review and interpret ty data from epidemiological, clinical, animal, and in vitro 8
studies. 9
Once the potential ects of a constituent have been characterized, the next step is a 10
quantitative estimation of the amount of exposure to a constituent that may result in an adverse 11
effect. This defines the relationship between the dose received by a constituent and the incidence 12
of the adverse effect. 13
For noncarcinogens, it is assumed that a do: below which no adverse health effects will be 14
seen (i.e., a threshold dose). For carcinog ssumed that no threshold exists, and that any 15
dose may result in a cancer. The probabi . development is described by the slope of 16
the dose response curve. The following cribe the information and sources of 17
information that will be used to perform the toxicity assessment. 18
8.1 TOXICITY INFORMATION FOR NONCARCINOGE 19
Information on the toxic effects of noncarcinogens will be su oth qualitatively and 20
quantitatively. Qualitative toxicity information for noncarcinogenic effects will include 21
information on general uses of the constituent, the critical studi¢s: used as a basis for the toxicity 22
value, toxic effects resuiting from acute and chronic exposure, critical toxic effect observed or .23
target organ effected, and the absorption efficiency. ) 24
As an example, consider the element uranium, which is a major concern in the eﬁvxro 25
surrounding the FEMP. It is both chemically toxic and radioactive. Whether the ch 1 26
toxicity or radiotoxicity of uranium dominates in a given exposure scenario depends o 27
chemical form and the degree of isotopic enrichment. The physical particle size of t mpound 28
also becomes important when dealing with inhalation exposures. 29
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The target organ for chemical toxicity of uranium is the kidney (Leggett 1989). In mammalian
:systems:-uranium quickly reacts to form the uranyl ion. The uranyl ion forms stable complexes
bonate ions in the systemic circulation. However, at the kidney, where a substantial
urs, the uranyl-bicarbonate complex dissociates. The uranyl ion binds to the
resulting in cellular necrosis (Leggett 1989).

The toxic effects of uranium will be addressed in detail in the risk assessments for the FEMP.
The dose-response studies used to develop the uranium reference dose will be documented.

Quantitative informa
table that will incl

provided for each chemical toxicant of concern in the form of a

ng information:

Refe
Sour
Critical“effects on“target organs

Uncertainty factor used to develop the RfD

The two sources that will be used to identi
the most current edition of HEAST (EPA

D values are the IRIS database (EPA 1991b) and

If relevant EPA-derived RfDs do not exi
derived. Justification will be provided

uents of concern, appropriate values will be
ed values. Justification for any route-to-route
extrapolation of an RfD or qualitative analysis of a constituent will be documented in this section.
If lead is found to be of concern at the site, its toxicity will be:evaluated:with the EPA

Uptake/Biokinetic Model (EPA 1990d).

8.2 TOXICITY INFORMATION FOR CARCINOGENIC
As with chemical toxicants, the health effects from carcinogens will be described with both a

Qualitative information will include such information as principal effects, primary routes of
exposure that result in adverse effects, and absorption rates.

As noted in the EPA report, Risk Assessment Guidance for Superfund Volume 1 Human Health
Evaluation Manual (Part A) (EPA 1989a), fundamental differences exist between ra
and chemicals with respect to toxicity assessments. The principal adverse biological

associated with radiation exposures from radioactive materials in the environment ar
carcinogenicity, mutagenicity, and teratogenicity (EPA 1989a). Of these, carcinogenicity is the
limiting effect at low levels of radiation dose (environmental levels). The incidence-to-fatali;}
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ratio for radiogenic cancers is approximately two-to-one, when averaged over all cancer types
89a). Data presented in HEAST (EPA 1991a) present the relationship between cancer
d exposure to radioactive materials.

gan for the radiocarcinogenic effects of soluble forms of uranium is bone. For

orms, the lung is the critical organ. The most environmentally significant isotopes of
uranium are all alpha-emitters. Because epidemiological studies of uranium exposures generally
have not been completed, information on radiation effects is based on animal studies and tumor
lati

rates from human po xposed to other alpha-emitters. The most likely effect from

exposure to soluble 1 pounds is an increase in bone sarcomas, while the most likely

effect of insoluble fo is an increase in lung cancer.

Potential toxic effeci
operable unit) will be"discussed

nuclide and chemical contaminant of concern at the site (or
he risk assessments. Results of the toxicity assessment will be
summarized in tabular form to include the following information:

Cancer slope factor (SF) by intake

. Or exposure route
*  Weight of evidence classification
L]
L )

Type of cancer
Basis for the SF

n for radionuclides and chemicals will be
obtained from IRIS and HEAST. The only exception will be the use of a risk coefficient for
assessing risks from exposure to penetrating radiations from so

As with reference doses, quantitative to

than radioactive

materials in soil. There is no conversion factor (slope factor)
pathway. A risk coefficient of 6.2 x 10”7 mrem™! will be used f

or this exposure
to penetrating

radiations from sources other than soil. This risk coefficient is
information for the NESHAPS (EPA 1989b) and represents t
coefficient for estimating cancer incidence due to exposure to p

en from background
urrently accepted risk

etrating radiation.
Uncertainties associated with the use of this coefficient will be presented in the risk assessments.

8.3 TOXICITY INFORMATION FOR ECOLOGICAL EFFECTS
Toxicity information for ecological effects will consist of No Observable Effects Con
(NOEC) and Lowest Observable Effects Concentrations (LOEC) for radionuclides a
of potential concern and descriptions of the effects used to determine NOECs and Lt
information will be drawn from EPA Ambient Water Quality Standards for the prote
aquatic life (EPA 1986a), Ohio Water Quality Standards (OEPA 1990), and the literature. An
additional reference that will be used is "Effects of Radiation on Aquatic Organisms and 1 7
4
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Radiobiological Methodologies for Effects Assessment” (EPA 1986b). Toxicity information for

ffects on:terrestrial organisms will also rely on radioecology studies in the literature, U.S. Fish

Service Studies (e.g., Eisler 1985), and the animal studies that support the IRIS and
es (EPA 1991a, EPA 1991b).

NED HEALTH EFFECTS FROM MIXED WASTE
Sites that have both radioactive and chemical contaminants (mixed waste) present a unique set of
potential risks: radiological carcinogenesis, nonstochastic effects of radiation, chemical

carcinogenesis, and th. inogenic effects of chemical toxicants. At present, governmental

regulatory agencies hi ginally addressed the problem of quantifying the risks associated

with mixed waste.

84.1 Regulatory Guidance

To address this issue, tory policies pertaining to health effects from mixed wastes,
and toxicological assessments that may address these health effects, will be reviewed. In both
cases, information is scarce or nonexistent, making definitive statements on methods for

addressing this issue difficult.

CRA, and NESHAPS, it was found that no
mbined risk from chemicals and ionizing

In reviewing various regulations such as CE}
specific regulatory standards exist for esti
radiation exposure in a mixed waste situ the EPA has suggested that when cancer
is the endpoint being evaluated, substance-specific'cancer risks may be summed to determine a
site-specific total risk (EPA 1989a). In addition, the EPA sugg hat-when both chemical and
radiological standards have been set for a substance, the form test standard should be

hemical risk estimates

chosen. EPA risk assessment guidance also states that radiolo
should be tabulated separately (EPA 1989a).

8.4.2 Health Effects from Exposures to Mixed Wastes

Review of the available literature addressing health effects from mixed wastes does not
conclusively indicate additivity is the proper model to use to describe these effects. Little

information is known about the interactions of ionizing radiation and chemicals.
has best been documented in epidemiological studies of tobacco-users exposed to rad (NAS
1988).

Studies of miners exposed to both tobacco smoke and radon have not yielded definitive results as
to whether the interactions of these exposures are antagonistic, additive, or multiplicative
(synergistic). Several small statistical studies have yielded mixed results. The largest study done
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by Whittemore and McMillan (1983) on Colorado uranium miners supported a multiplicative

than can be statistically documented.

The actual biologica:
is characterized by i
When studying the c
sequence of exposur

On the other hand, studies of Swedish miners exposed to radon daughters and

long period of time did not show synergism between smoking and radon exposure
St. Clair Renard 1984). Studies on the A-bomb survivors provided no indication of
stween smoking and ionizing radiation. In fact, both additive and multiplicative

he data obtained. However, these studies provide only limited data on addressing this
n because the association of cancer with each of the factors individually is more complex

.between carcinogenesis and radiation exposure and/or smoking
ich as age at first exposure, sex, diet, and genetic predisposition.
cts of cigarette smoking and radon exposure, factors such as the
: gree exposures overlap becomes important. Unfortunately, most

models do not account for these factors. The BEIR IV Committee reported that a sub-
multiplicative model may be the best method of addressing these complicated interactions (NAS

1988).

The National Council on Radiation Protecti¢

RP) reviewed the influence of environmental

factors (in all cases, cigarette smoking) on fadiogenic risk, and whether such factors interacted

with ionizing radiation to increase or dec
effects from exposure to low-level radiati

effects. (No studies on the combined
icals were available for review.) In the four

studies reviewed, the NCRP found that cigarette smoking affected radiation cancer in the

following manner (NCRP 1989):

* Lung cancer data - inconclusive

* U.S. uranium miners (radon daughters) - synerg
*  Swedish iron miners - additive

* A-bomb survivors - additive

In perhaps the most extensive study addressing the issue of the differences between radiological

and chemical risk, the NCRP (1989) stated that the principles for assessing carcinogenic risks of

ionizing radiation and chemicals are in essence similar. However, differences exis

involved in these differences are outlined below:

e Although the risks of ionizing radiation can be inferred from one radionuclide to

another, chemicals vary widely in molecular structure, metabolism, mech
action, potency, and the stage in the cancer process during which they a

been argued that these differences make comparisons to radiation risk difficult.
However, two responses to this argument exist. For both radionuclides and

KNOX/RA-WP/AB.4-4/10-15-91
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chemicals, carcinogenic effects have been noted in almost every organ of the body;
no major differences in cancer distribution occur among both radionuclides and
chemicals. In addition, although chemical carcinogens vary greatly in mechanism of
ction, metabolism, etc., they have historically been compared among each other.

Historically, risk from exposure to ionizing radiation has been calculated for
“exposures above background levels. Although in the past risks calculated for
chemical carcinogens have been absolute values, the move toward calculating the
risk above background exposure has begun.

* Of the 3500 potentxal carcinogens identified by the National Academy of Sciences
' fily:23 have been verified as human carcinogens by the International

on Cancer (IARC 1982). Ionizing radiation has been shown

ogen. This is perhaps the greatest difference in comparing

Class A*carcinogens.) In these cases, epidemiological data have been used to
estimate human risks using a linear model, as is the case with radiation
carcinogenesis. In both cases, the only extrapolation required is from high
occupational doses to low environmental doses.

¢  Hundreds of chemicals have b
To infer risk using these studi
humans using the linearized
doses to low environmental:

ntified as carcinogens in laboratory animals.

es extrapolation between small rodents to
odel, and extrapolation from near toxic
ever, according to recent studies (Rowe and
timated using animal data closely match
human risks estimated using data from epidemiology studies. Radiological risk
evaluation does not depend exclusively on interspecies extrapolation. Radiological
risk evaluation is primarily based on a large coh A-bomb survivors.

8.4.3 Conclusions
Based on limited available information about combined effect radiocarcinogenesis and

chemical carcinogenesis, the following approach will be used for:the FEMP risk assessments:

* Risk estimates for exposure to radionuclides will be tabulated separately from other
contaminants.

¢ Risk estimates for radionuclides and chemical contaminants will be ‘stim
determine the overall site risk whenever the same individuals are to be
exposed to both radionuclides and chemical contaminants.

*  An explanation of uncertainties associated with combining risk estimate:
radionuclides and chemical contaminants will be included in risk assess
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toxicity information,
species, rather than j > quality and design of studies are variable and can be difficult to
compare. Laborato xicity often use much higher doses of a chemical than those to
osed in the field. As in human health risk assessments,

:extrapolation of results of studies between species that may

which a receptor is |1
ecological risk assessments rely
vary in their sensitivity to a given chemical. Further uncertainty is introduced by the fact that

receptors in the field are likely to be exposed to many constituents simultaneously, while toxicity

ent. It is therefore difficult to assess the

data are usually based on exposures to one co

consequences of synergistic or antagonistic f exposure to mixtures of constituents.

Finally, the controlled environment of the 1 necessary for reproducible experixhents,

eliminates many variables that may affect ponses in the field. For example, organisms

in the field may be able to reduce expos nt by avoiding it, a response not available

to them in the laboratory. Conversely, fathead minnows (Pimephales promelas) provided with

territory (cover) required 1.83 mg/L zinc to elicit an avoidance ut required only 0.284

mg/L when no territory was available (Korver and Sprague 19 ‘Comparable information is

available for few toxicants.
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9.0 RISK CHARACTERIZATION

rization is the final step in the baseline risk assessment process, and involves
information developed in the toxicity assessment and the exposure assessment.

on is integrated and presented as qualitative and quantitative estimates of health
‘characterization also supports the FS detailed analysis of alternatives, with short-term
and long-term risks characterized for each alternative. Details concerning risk characterization for
the FS risk assessments are presented in Section 10.

Potential carcinogen; resented as the probability an individual will develop cancer

over a lifetime of ext are characterized by combining estimated intakes and dose-
response informati has provided guidance for human health risk characterization,
and the following do e used as major sources of guidance for preparing risk

MP: E 991a, 1991c, 1991d, 1990a, 1990b, 1989a, 1989, 1989g, 1988a,
and 1984b. The most recent version of these citations, published at least four months prior to the

required submittal date for each document, will be used.

assessments for the

ELINE RISK ASSESSMENTS
for current and future baseline conditions.

9.1 RISK CHARACTERIZATION FOR
Risks are characterized and evaluated quan
As discussed in Sections 5.0, 6.0, and 7.0
includes:

required from the exposure assessment

*  Exposure modeling assumptions
*  Exposure pathway identification
* Estimated intakes

*  Slope factors and weight of evidence classifications“for all carcinogenic chemicals
including the type of cancer

*  Chronic and subchronic RfDs and shorter-term toxicity values and critical effects
associated with each chemical

*  Uncertainty and modifying factors and degree of confidence of RfDs

*  Whether toxicity values are absorbed or administered doses

* Information that may affect animal-to-human or exposure route extrapol:

* NOEG: for all chemicals for effects on ecological receptors 1 v 9

KNOX/RA-WP/AB.4-4/10-15-9

I R e o Vol. WP - Section 9.0 . ..

10
11
12
13

14

15
16
17

18

19
20
21

23
24

26
27

28
29
30
31
32

33



2249

RI/FS Risk Assessment Work Plan
Date: 10/15/91
- U R - - - Vol. WP - Section 9.0
Page 2 of 9
9.2 RISK CHARACTERIZATION METHODOLOGY
ks to humans following exposure to nonradioactive chemicals and radionuclides of
rn are estimated using methods established by the EPA when available.

bed by the EPA are health-protective and are likely to overestimate, rather than

I of between 10 and 10 using information on the relationship between dose and
response” (EPA 1990a).

9.2.1 Hazardous C
Risks from hazardo

Some carcinogenic

e calculated for either carcinogenic or noncarcinogenic effects.
may pose a toxic (noncarcinogenic) hazard; risks from these

chemicals will be ch both types of health effects.

9.2.1.1 Methodology for Carcinogens
The risk attributed to exposure to chemical carcinogens is estimated as the probability of an

individual developing cancer over a lifetime result of exposure to a potential carcinogen. At

low doses, the risk of developing cancer is

(9-1)
where
Risk = Risk of cancer incidence, expressed as a unitl
CDI = Chronic daily intake averaged over 70 ye
SF = Slope factor (mg/kg-day)’!
For a given pathway with simultaneous exposure of a receptor: to several carcinogens, the
following equation will be used to sum cancer risks:
Riskp = Risk (chem;) + Risk (chem,) + ... Risk (chem;) 9-2)
where
Riskp = Total risk of cancer incidence
chem; = Individual carcinogenic chemical

180
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9.2.1.2 Methodology for Noncarcinogens
i ociated with the effects of noncarcinogenic hazardous chemicals are evaluated by

exposure level or intake to a reference dose. The ratio of intake over the
is termed the Hazard Quotient (HQ) (EPA 1989a) and is defined as:

HQ = IRD (9-3)

HQ = Hazard quotient (unitless)
I = Intake:of:a.chemical (mg/kg-day)
RID = - e (mg/kg-day)

When using this eq
exposures of equiva
exposures are evaluated in all cases on a chronic basis, using chronic RfD values.

This approach is different from the probabilistic approach used to evaluate carcinogens. An HQ
of 0.01 does not imply a 1 in 100 chance of a rse effect, but indicates only that the
dose. An HQ of unity (1) indicates that the

eater than 1 or "above unity", there may be

estimated intake is 100 times less than the
exposure intake is equal to the RfD. If thg
concern for potential health effects.

In the case of simultaneous exposure of a receptor to several chemicals, a Hazard Index (HI) will
be calculated as the sum of the Hazard Quotients by:

HI = [,/RID; + I,/RID, + ... 1 (9-9)
where

Intake for the it? toxicant
Reference dose for the i? toxicant

RID;

Hazard indices will be determined by assuming dose additivity for those chemical
same mechanism and inducing the same effects (EPA 1989a).

9.2.2 Radiological Exposures

The radionuclide slope factors in HEAST, Table C, are the "maximum likelihood estimates of the
age-averaged lifetime total excess cancer risk per unit intake or exposure” (EPA 1991a).
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Procedures for estimating the lifetime total excess cancer risks due to continuous, lifetime
i.e., a 70-year average lifespan) to a radionuclide are discussed below.

e slope factor simply acts as a "conversion factor" by which a radionuclide intake or
ation is converted to the corresponding cancer risk in a single step. Cancer risks
with the intake (inhalation and ingestion) of a radionuclide or with the concentration
onuclide in soil. Radiation doses to the whole body or to specific organs or tissues from
such exposures cannot be readily calculated by use of slope factors.

9.2.2.1 Methodolo
Risk characterizatio

Exposures

exposures to radionuclides (intake via inhalation or ingestion) is

calculated as follows

Risk = (I)(SF) (9-5)
where
Risk = Risk of cancer inciden;:e expressed as a unitless probability
I = Radionuclide intake (pC
SF = Radionuclide slope fa

9.2.2.2 Methodology for External Gam
Risk characterization for external expos:

2'to gam}n; mitting radionuclides in contaminated
surface soil is calculated as follows:

Risk = (C)(SF)(p)(T)(ED)(M

(9-6)

where
Risk = Risk of cancer incidence, expressed as a ess probability
C = Radionuclide soil concentration (pCi/g) '
SF = Radionuclide slope factor (risk/yr - pCi/m?) [EPA 1991a]
p = Soil density (g/cm3)
T = Soil depth (cm)
ED = Exposure duration (yr)
MF = Maodifying factor, fraction of year cx;z)osed (unitless)
CF = Unit conversion factor = 1 x 10* cm?/m?

A soil density, p, of 1.5 g/cm> will be used as a site-specific value (USDA 1982). A depth, T,
of 10 cm will be used for this calculation, in accordance with the methodology used in HEAST

(EPA 1991a). 182
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External slope factors do not include contributions from decay products (radioactive progeny). In
, these contributions can be substantial and will be factored into the risk calculations.

o estimate the total lifetime excess cancer risk due to continuous, lifetime external
1 contaminated with radium-226 and its progeny (assuming secular equilibrium) will
the summation of the risks contributed by radium-226 and each decay product
oton radiation, such as lead-214 and bismuth-214.

Risk characterization for external exposures to gamma-emitting radionuclides in forms other than
soil is calculated in the following manner:

Risk = (DE)(RC) (9-7)
where
Risk = iRisk of cance r incidence, expressed as a unitless probability
DE = Total dose equivalent (mrem) [from Equation 7-23]
RC = Cancer risk coefficient (mrem™)

This methodology is used because the EPA ctors method is not applicable to exposure

scenarios involving gamma emissions from ther than contaminated soils. For example,

this methodology is useful for characterizi rom gamma-ray emissions from the K-65

silos. The cancer risk coefficient used is lide-specific; therefore, the same coefficient

is used in all cases to which this method applies. As:described in Section 8.2, the value of the risk

coefficient is 6.2 x 10”7 mrem™..

9.3 PRESENTATION OF RISK CHARACTERIZATION RESULTS
The summary of risk characterization to be presented in each

ent report will include a

tabulation of cancer risks and HIs associated with potential e ure pathways. The RME also

will be assessed for all exposure pathways from the entire site er current and future land-use
conditions. The calculated risks will also be presented in tabular form in the text. As described
in Section 8.4, the risks of cancer induction by radionuclides and carcinogenic chemicals will be

presented separately to reveal the magnitude of risk contributed by these two different types of

contaminants at the site. The risks of cancer induction by radionuclides and carcinog

chemicals will also be added to present the magnitude of cancer risk from all carcino
contaminants attributed to the site. An explanation of uncertainties due to adding ri
for radionuclides and chemical contaminants will be included in risk assessment repor
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9.4 ECOLOGICAL RISK CALCULATIONS
is:section describes how risks to ecological receptors at the FEMP will be characterized. The

used to estimate contaminant exposure and uptake is described above in Section 7.4.

soils will be evaluated by comparison to plant toxicity data published in the literature. Maximum
radiation doses and concentrations of nonradioactive constituents predicted in FEMP vegetation

adverse effects on r

it will be concluded
vegetation.

9.4.2 Terrestrial Animals
Risks of exposure of terrestrial animals to radiation will be assessed by comparing estimated doses
to animals at the FEMP to values reported i
Risks from nonradiological constituents to t

the literature to cause chronic or acute effects.

al animals will be assessed based on literature
toxicity data and the quotient method as de elow. Concentrations of metals and inorganic
substances predicted in animal muscle wil red with concentrations in animals from other
contaminated and noncontaminated sites n the literature, to indicate the relative

extent of predicted contamination in FEMP wildlife.

To evaluate risks of chemical intake to each indicator species, s for a given

nd LOEC. As with the
f'the intake divided by the

ay be exposed to hazardous

concentrations of a given constituent at the FEMP. Quotients*will be summed for chemicals with

constituent will be summed across pathways and compared to

hazard quotient in human health risk assessments, if the quoti
NOEC exceeds unity, it is concluded that the indicator specie

similar modes of action and a "hazard index" calculated. If either the quotient or hazard index is
less than one, the species is not expected to be exposed to any adverse effects via the soil and
vegetation ingestion pathways.

9.4.3 Aquatic Organisms
Risks from exposure of aquatic organisms to radiation will be assessed by comparing

doses to organisms in surface waters at and adjacent to the FEMP to values reported
literature to cause chronic or acute effects (e.g., EPA 1986b, 1988d, 1988¢). Risks to aquatic
organisms from nonradiological constituents will be assessed based on literature toxicity 1384“
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NOECs and LOECs and EPA and OEPA acute and chronic water quality standards (EPA 1986a,
If the ratio of the predicted average concentration of a constituent to the NOEC
ity standard exceeds one, it will be concluded that aquatic organisms in the water

Characterization of

incorporate the res udies focussed on them. Field and laboratory work supporting

these studies has be and the results are currently undergoing internal technical
review. The benthicima brate communities of Paddys Run and the Great Miami River
have been surveyed Etimes r two years, 1988 to 1990, comparing sampling sites upstream,
adjacent to, and downstream from' FEMP influence. Data analyses include species abundances,
diversity and evenness, tolerance indices (Weber 1973), and OEPA’s Invertebrate Community

Index (OEPA 1988).

The effects of the existing NPDES-permitt d
have been examined using standard EPA a
Weber et al. 1989). The results of these
the time of sampling, as reported to OE

irge from the FEMP to the Great Miami River
chronic toxicity tests (Peltier and Weber 1985,
compared with the effluent composition at

y WEMCO, to estimate the potential

reat Miami River.

effects of FEMP effluent on aquatic organisms in t

ils*and“sediments at the FEMP
an.indication of the potential

Finally, the aquatic toxicity of water-extractable substances fro
has been examined using acute toxicity tests. These tests prov
effects of leachate and runoff from FEMP soils and sediments ¢ organisms.

9.5 UNCERTAINTIES ASSOCIATED WITH RISK ASSESSMENTS

Uncertainties in risk assessments for the FEMP will be presented as a conditional estimate

independently based on a number of assumptions regarding exposure and toxicity. The .

assumptions and uncertainties will be fully specified in each risk assessment and
and quantitative evaluation of uncertainties both qualitative and quantitative evaluati
uncertainties will be performed.

It is not anticipated that a highly quantitative statistical analysis of uncertainties can b
due to the nature and scope of risk assessments under CERCLA. As with all other
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environmental risk assessments, the uncertainty about the numerical results of the risk assessments 1
“MP is anticipated to be a factor of ten or greater. 2
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he physical setting, uncertainties will be presented for inclusion/exclusion 10

of chemicals having a‘quantitative‘risk assessment, assumptions and parameters for current and 11

future land use, and inclusion/exclusion of exposure pathways. Uncertainties associated with the 12

selection of multiple exposure pathways for the RME scenario will be discussed. 13

‘ An evaluation of the appropriateness of the are models and their mathematical formulation 14

for the FEMP will be presented as part of ,
the models will be listed and explained, a!

tainty analysis. The key assumptions used in 15
iscussion of the potential impact of each on 16
the risk calculation.

17
Fate, transport, and exposure parameter values will be listed, including nui erous values presented 18
in Sections 6.0 and 7.0. If possible, the uncertainty analysis o sessment will describe 19
measured or assumed parameter value distributions. The pot nagnitude and direction of 20
bias resulting from assumptions and parameter values will be described in tabular form in the risk 21
assessment. 22
Uncertainties in toxicity and risk characterization will be evaluated with respect to the 23
assumptions for derivation of toxicity values, potential for interactions from multiple chemicals. 24
An evaluation of the uncertainty due to exclusion of chemicals or radionuclides fi$ 25
quantitative risk assessment will be presented. 26
Perhaps the greatest uncertainties are associated with calculation of risks from multip 27
contaminants in multiple source areas with multiple exposure pathways from the FE 28
. stated previously, carcinogenic risks from multiple contaminants will be treated as additive and 29

186
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noncancer hazard indices will be treated as additive for hypothetical receptors at each specified
i The overestimation of risks as a consequence of these assumptions will be discussed.

tative analysis of uncertainties will be performed for risk assessments at the FEMP.
range of values associated with each assumption or parameter will be presented. A

ity analysis will be performed to estimate the range of risks that result from combinations
of assumptions and parameters.

187
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10.0 RISK ASSESSMENT/RISK MANAGEMENT IN THE
FEASIBILITY STUDY PROCESS

tent/risk management support in the feasibility study process can be divided into three

* Development of Remedial Action Objectives (RAOs) and Remediation Goals
(RGs)

isks associated with remedial alternatives for each operable unit

ptimization of risks from a site-wide perspective

Each of these tasks will be deseribed in this section.

10.1 REMEDIAL ACTION OBJECTIVES

After completion of the RI and prior to the |
‘ and preliminary RGs must be established.

during the alternative development and sels

inning of the evaluation of alternatives, RAOs

als will be used by engineers as design criteria
ocess. RAOs are site-specific, qualitative

goals that define the extent of cleanup re hieve a CERCLA response action (EPA
1988a). RAOs address contaminants o

and remediation goals (EPA 1990a).

No precedent exists for developing RAOs and RGs for a mix “RCLA site, perhaps
ee EPA 1991d). In
he EPA. A review of

lume 1 -- Human Health

with the exception of work performed at the Maxey Flats Dis
addition, specific guidance for developing RAO:s is not yet ava
the draft document, Risk Assessment Guidance for Superfund

- Evaluation Manual (Part B), which will give guidance on refinement of remediation goals

indicates that the document does not address mixed waste issues.

10.1.1 Preliminary Remediation Goals

RGs are chemical-specific, medium-specific numerical concentration limits that shou ess all
contaminants and all pathways found to be of concern during the baseline risk assess
Remediation goals are defined in the NCP at 40CFR300.430(e)(2)(i) as:

"(A) Applicable or relevant and appropriate requirements under federal environmental
‘ or state environmental or facility siting laws, if available. and the following factors:
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1) For systemic toxicants, acceptable exposure levels shall represent concentration
vels to which the human population, including sensitive subgroups, may be exposed
ithout adverse effect during a lifetime or part of a lifetime, incorporating an
dequate margin of safety

2) For known or suspected carcinogens, acceptable exposure levels are generally
concentration levels representing an excess upper bound lifetime cancer risk to an
individual of between 10 and 10" using information on the relationship between
dose and response. The 10 risk level shall be used as the point of departure for
determini iation goals for alternatives when ARARs are not available or are
' ective because of the presence of multiple contaminants at a site
s of exposure

o technical limitations such as detection/ quantification limits for

4) Factors related to uncertainty

5) Other pertinent information

(B) Maximum contaminant level
Water Act, that are set at levels a
ground or surface waters that ar
the MCLGs are relevant and ap

CLGs) established under the Safe Drinking
, shall be attained by remedial actions for
potential sources of drinking water, where
er the circumstances of the release based
on the factors in § 300.400(g)(2; G is determined not to be relevant and
appropriate, the corresponding“maximum contaminant level (MCL) shall be attained
where relevant and appropriate to the circumstances of the release.

(C) Where the MCLG for a contaminant has been
promulgated for that contaminant under the Safe Dr
by remedial actions for ground or surface waters that

drinking water, where the MCL is relevant and approp
the release based on the factors in § 300.400(g)(2).

evel of zero, the MCL
Water Act shall be attained
t or potential sources of
€ under the circumstances of

(D) In cases involving multiple contaminants or pathways where attainment of chemical-
specific ARARs will result in cumulative risk in excess of 10, criteria in paragraph
(e)(2)(1)(A) of this section may also be considered when determining the cleanup level
to be attained.

(E) Water quality criteria established under sections 303 or 304 of the Clean Water Act
shall be attained where relevant and appropriate under the circumstances of

(F) An alternate concentration limit (ACL) may be established in accordanc
CERCLA section 121(d)(2)(B)(ii).
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) Environmental evaluations shall be performed to assess threats to the environment,
secially sensitive habitats and critical habitats of species protected under the
ngered Species Act” (EPA 1990a).

¥ RGs are developed early in the RI/FS process. They are dependent on the
identification of ARARs as well as on the baseline risk assessment process, since two major
objectives of the goals are to be protective of human health to a cancer risk range of 10 to 10
for carcinogens and to meet a threshold dose limit for noncarcinogenic chemical toxicants.

Because of this, man ies and assumptions addressed in the baseline risk assessment are

used in the developr based RGs, such as exposure pathway identification, land-use

assumptions and inst ols.

Guidance published‘in‘the preamble of the NCP states that preliminary RGs should be based on

readily available environmental or health-based ARARs, ambient water quality criteria, and other
criteria, advisories or guidance (EPA 1990a NCP). Many identified ARARs have not been

derived from risk levels that would meet the EERCLA objectives of "protectiveness of human

health". In other words, preliminary RGs b
based on the 10 to 10°€ risk level.

ARARs could be less stringent than criteria

However, CERCLA was designed to be:implement conjunction with other environmental

laws (i.e., ARARs). A major problem arises when CERCLA goals (e.g., cleanup levels based on
the 10 to 10°) are in conflict with these other laws. Chemical
under these laws generally are designed to regulate health ris

specific.standards promuigated

ptable level, which in
several cases is greater than 10, In other words, the definiti table risk” or
"acceptable exposure” is inherently different in different piece

ARARs and CERCLA risk-based criteria generally are consid

:legislation. Thus, while both
1 health protective, the risk

year (10CFR20)]. Both types of ARARs must be considered. Existing chemical-spec
concentration limits would be used for a radionuclide in a specified medium. Once

dose limit, if any, would be apportioned to radionuclides in media that have not been addressed
by a chemical-specific ARAR.

~
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ethod would be used to apportion allowable risks among non-radioactive chemicals
d by chemical-specific ARARs. However, instead of using a site-wide dose limit, a
ptable risk” will be used (e.g., 10 to 109, as stated in the NCP). For
carcinggenic toxicants the target hazard quotient will be unity (1) and dose additivity will be
those substances that effect similar target organs.

At the FEMP, preliminary RGs will be based on the CERCLA goal of meeting the 10*.to 10®
risk range. The 107 "poi
individual contamina
10, The tables of
for each operable un
detection limits (Co
information is:

arture” risk value will be used to determine preliminary RGs for

hway, assuming the cumulative site-wide risk will not exceed

.Gs published in the Detailed Analysis of Alternatives documents
clude any identified ARARs, background values, and reasonable
tory Required Detection Limits). The reasons for including this

* In the early stages of the feasibility study process, the more stringent criteria (risk-
based in lieu of ARARs) should be used to guide technology and alternative
development; it is premature at tage to determine if, or to what extent, these
risk goals can be met.

*  Using less stringent criteria
selection process to be revis
criteria.

tages of the FS could force the alternative
echnologies are found that can meet risk

* ARAR-based criteria must be retained in the tables as a potential fallback position.
The EPA and NRC developed many of these cr regulatory process
which addressed such considerations as technica erification, uncertainty,
and cost. The risk in proceeding with the select
values is that technologies could be excluded fro
their inability to meet stringent risk goals even though these same technologies may

“eventually be found to be the only or most cost-effective technologies for meeting
the final RGs. Therefore, a technology (and associated remedial alternative) may be
retained for consideration in the analysis of alternatives if it meets ARARs but does
not meet the risk goals.

s Perspective should be maintained on the comparison of risk-based l¢
background levels and reasonable detection levels.

191
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n), final RGs are developed after an alternative has been selected (EPA 1990a).
s-are, in effect, cleanup levels that must be achieved by the selected technology. While

final goals. The major consideration will be identified ARARs. Other issues that will play a role
in selecting final RGs include:

- Technological Feasibility

The NCP suggests that a goal of the CERCLA process is to meet a site-wide cumulative
acceptable risk level (EPA 1990a). However,
considerations as technical feasibility, verifi
concentration limits for air (Clean Air Act)

A historically has been forced to address such

ncertainty and cost in promulgating
(Safe Drinking Water Act). In both cases,
consideration for using best available tec T) is written into the regulation. BAT is

(40CFR141.2):

“that technology, treatment or other means which the Administrator finds, after
examination for efficacy under field conditions and n
conditions, are available (taking cost into considerati

The NRC has relied on a similar concept, "As low as is reason achievable” (ALARA) in

"making every reasonable effort to maintain exposures to radiation as far below the dose
limits ... taking into account the state of technology, the economics of improvement in
relation to state of technology, the economics of improvement in relation to. benefits. to
the public health and safety, and other societal and socioeconomic consider
(10CFR20.3, NRC 1991).

Researchers have suggested that these concepts must begin to play a larger role in CERELA

cleanup efforts (Travis and Doty 1990). For example, groundwater scientists have predicted it
may take as long as 100 to 200 years to lower contaminant concentrations in groundwater by a
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(Mackay and Cherry 1989; Hall 1988). EPA recently concluded that while pumping
oundwater aquifers has resulted in significant mass removal, target levels (usually

) have not been achieved at any CERCLA sites (EPA 1989i; Travis and Doty
suggests that technologies for remediating groundwater may not be capable of
ARAR-based RGs, much less the lower risk-based goals.

Verification

Two issues are impo, ussing verification of risk-based remediation goals, especially for

radionuclides. Firs mediation goals for many radionuclides are a fraction of natural

background in som ould not be verifiable in the presence of background levels. The
radiation doses co the risk range of 10 to 10 are 2.3 to 0.02 mrem per year,

sk coefficient of 6.2 x 10”7 mrem™! (EPA 1989b) and a 70-year
fion doses is discernible from natural background radiation doses
of approximately 300 mrem per year (including radon exposure) (NCRP 1987a). More simply,

300.02 mrem is not discernible from 300 mrem.

respectively, assum

The second issue concerns the cost and time required to conduct analytical verification at the
concentrations corresponding to a lifetime; . For example, the concentration of U-238

in drinking water corresponding to a risk

Nonroutine or enhanced radiochemical and sample analytical techniques are capable of achlevmg

lower detection limits at the expense of additional laboratory time:and:cost. These enhanced

techniques generally are not practical for routine large-scale s
the case to verify remediation of contamination at the FEMP

Uncertainties in Risk Estimates

Risk-based remediation goals embody considerable uncertainty that can be avoided by using
ARAR values. Risk assessment is a process based on numerous assumptions, models, and

parameters, each of which has associated uncertainties. For example, current risk factors assume

that any level of exposure to a carcinogen may result in cancer (i.e., there is no di
cancer causation). In addition, it is assumed that the relationship between dose and r
Numerous data indicate that these assumptions overestimate actual risk. Data are co
being gathered and interpreted to better understand the relationship between dose an

ongoing process produces a variety of risk factors from which risks are estimated. Th point is
extremely important when proposing risk-based standards since a specific dose could be
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correspond to an acceptable risk depending on which risk factor is used to relate dose

fainties are associated with assumptions about the exposure assessment. Again,

ity may be dependent on whether the risk assessor assumes a 30-year exposure (time at
one residence; EPA 1989a) or a 70-year lifetime exposure (conventional); and whether the risk
assessor assumes exposure under current or future hypothetical land-use scenarios.. For example,
depending on the as, i
acceptable by NCP
fatalities/mrem (NC
However, if one use

ed, a 25 mrem dose limit may or may not be considered

ne uses a generally acceptable risk factor of 1.25 x 10”7 cancer
d assumes a 30-year exposure, the resulting risk is 9 x 10,
sk coefficient of 6.2 x 10”7 mrem’! (EPA 1989b) and assumes a

70-year exposure, the resulting risk is 1 x 103, Thus, based on one set of assumptions, the 10% to

106 goal of the NCP would be met while under another set of assumptions the goal would not be
met. The differences in risk estimates are even greater when they are based on an exposure
assessment assuming future hypothetical land-use conditions (e.g., on-site resident farming) rather

than current site conditions (i.e., industrial si

h controlled access).
While risk assessment is useful in areas w /e risk values are helpful (e.g., for comparing
alternatives for the FS process), it may n to use for use in developing absolute

concentration values. In the former si jinties are common to all alternatives and

thus are not of great importance. In the latter situation, the absolute uncertainties are significant.

Historical Precedent

To date, Records of Decision (RODs) have been issued for fi
materials as the contaminants of concern. All of the sites hav
radioactive contaminant (EPA 1988f, EPA 1989j, EPA 1990c).. |
remediation goals for sites having radium-226 contamination are not derived from an acceptable

'S sites having radioactive
dium-226 as the principal
his is significant since the

risk or risk range. Remediation goals at these sites are based on standards promulgated in
Environmental Protection Agency Standards for Protection Against Uranium Mill Tailings
(40CFR192.12) (EPA 1983), as well as the maximum contaminant levels for radi m-
228, and gross alpha particle radioactivity in community water systems in Environment
Protection Agency National Primary Drinking Water Regulations (40CFR141.15) (E

At the Maxey Flats low-level radiation CERCLA site, the EPA proposed 25 mrem/y the
whole body as a preliminary remediation goal, based on a relevant and appropriate requirement
specified in 10CFR61.41 (Clay and Guimond 1990). Using the EPA risk coefficient of G.i §13'7
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A 1989b) and assuming a 70-year exposure, the lifetime risk associated with this
Id be 1 x 10°3, which is above the CERCLA goal.

isk

“has stated that in the case of radiation exposure, "when an ARAR for a specific
chemical (or in this case, a group of chemicals) defines an acceptable level of exposure,
compliance with the ARAR will generally be considered protective, even if it is outside of the risk

range (unless there . ing circumstances such as exposure to multiple contaminants)"

(Clay and Guimondé e the parenthetical phrase, this statement suggests that
r than 10 to 10"® may be allowable in the CERCLA process.

ts are set forth in regulations that have been subjected to a

definitions of accepi

rulemaking process
As stated earlier, th
CERCLA process.

to use protectiveness of human health as a major criterion.
health protectiveness is different than that used in the

Conclusion
RGs derived from ARARSs are concentrati

which, through a thorough legislative process,
have been determined to be attainable angd i

Practitioners at other radiation remediation
sites have encountered these issues, and is no precedence for deriving remediation
goals for radionuclides from a risk of 1 ough new technologies may be developed
that expedite the attainment of these goals, in cases where risk-based goals cannot be achieved,

ARARs will be used as final remediation goals.  smseess

10.2 FEASIBILITY STUDY RISK ASSESSMENT CHARA
Risk assessment for the FS is performed during the detailed a

ATION
ysis of alternatives. Risk
assessment activities conducted for the detailed analysis of altegnatives are an integral part of a
hierarchy of nine criteria for evaluation of alternatives. The specifies that the following nine

evaluation criteria be used to evaluate all remedial alternatives at CERCLA sites (EPA 1988a):

* Threshold Criteria
-Overall protection of human health and the environment
-Compliance with ARARs
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Primary Balancing Criteria
Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume
hort-term effectiveness

mplementability

-Cost

¢ Modifying Criteria

-State acceptance
-Communi ptance

The risk assessment ed analysis of alternatives will provide input for three of the

nine EPA evaluation ¢ri all protection of human health and the environment; long-term
effectiveness and pe fnence short-term effectiveness of remedial alternatives. To date, no
specific guidance is available for A:‘anssessing the risks encountered during remediation activities, nor
on the levels. of detail required to characterize a remedial alternative in relation to the adequacy

of long-term protection to the public. Guida

from EPA is scheduled to be forthcoming in the
form of Part C of the Risk Assessment Guid r Superfund series.

In lieu of guidance on performing FS risk
task follows the methods used to determi

e Determine contaminants of concern identified in the baseline risk assessment which
are associated with each alternative.

* Determine potential long-term and short-term ex
associated with each alternative. :

ure pathways and receptors

» Estimate exposure and risks associated with each
qualitatively.

10.2.1 Overall Protection of Human Health and the Environment

Evaluation of the overall protection of human health and the environment for the

alternatives is based on long-term and short-term effectiveness of the remedial altern
achieving the RGs, and on compliance with ARARs. Overall protectiveness is a thre
criterion; alternatives that do not satisfy threshold criteria are eliminated from the alt ive
selection process.
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ne-term Effectiveness and Permanence

effectiveness criterion addresses the ability of an alternative to protect human

environment from residual waste or hazardous materials that remain on site after
pletion of remediation. From a risk perspective, this criterion is concerned with quantifying
niagnitude of residual risks associated with remedial alternatives. Magnitude of residual risks

* will be quantitatively evaluated in the detailed analysis of alternatives by examination of potential

exposures to individuals after remediation.

pathways, and evalu
be evaluated for all s, assuming future unrestricted access and use of the site by the

ve, risks will be assessed with and without institutional controls.

Where potential exposure pathways that are unique to implementation of a remedial alternative
devised to perform a quantitative assessment for

the alternative. Specific methods used to e remedial alternative risk are discussed in

10.2.3 Short-term Effectiveness

The short-term effectiveness criterion addresses the risk from exposure to waste or hazardous

materials as a result of implementing a remedial alternative. From erspective, this

and risk to the

criterion is concerned with quantifying the potential magnitude
community, to workers and the environment during remediat

10.2.3.1 Risks to the Public During Remediation ,
Evaluation of the degree of risk to the public during remediati

involves similar potential
receptors and exposure pathways as under baseline conditions. However, acute or sub-chronic
exposures are of greater concern during remediation than chronic exposures. Also, exposure
concentrations during remediation differ from those under baseline conditions.
evaluated include, but are not limited to, the following:
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Risk to the public from transportation accident injuries and fatalities during
transportation of waste to an off-site disposal facility .

cavation and airborne releases of contaminants that pose a potential inhalation
‘hazard

For evaluation of exposures to the public under short-term effectiveness, it is assumed that
existing security controls and institutional controls at the property boundary restrict access to the
r all alternatives, other than the no-action alternative, with

ness evaluation.

Remediation

during remediation is considered separately from evaluation of
risk to the community. The separation is appropriate because of the need to assess transient
exposures to workers who are closer to the hazardous wastes and the remediation activities than
are members of the community. This proximity to the site potentially subjects the workers to
more acute exposure situations. Because of 4

otential for more acute exposures, worker
protection and engineering considerations i
consideration of the "As Low As Reasona
exposure and risk. Assessment of risks

ted into remedial alternatives will include
ble" (ALARA) principle to optimize
 workers will be performed for the
following pathways: ' |

*  Exposure to penetrating gamma radiation field
*  Exposure to contaminants via dermal contact d
e Exposure to airborne contaminants via inhalati
*  Risk of transportation accident injury and fatality.
*  Risk of construction accident injury and fatality

onroltine events

The degree of protection of on-property workers during remediation will be evaluated with
respect to occupational limits rather than the acceptable range of lifetime health risk in the NCP
(EPA 1990a). Occupational exposure standards are implemented in the site Heal

Program and control exposure to hazardous materials for on-property workers. W
to contaminants during remediation will be calculated using methods described in pre
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ethods for calculating risk from construction and transportation activities are

associated with construction operations will be estimated for each alternative using
historical risk data. The construction work risks are calculated in the following manner:

Risk = (PH)(RC) (10-1)

where
Risk
PH .
RC

injury or fatality expressed as a probability
ours of construction work
or fatality risk coefficient (risk/person-hour)

Risk factors used are from the U'S. Department of Labor (1988):

*  3.4x 107 injuries per man-hour
*  5.0x 107 fatalities per man-hour

Transportation Risks

Since remedial actions calling for off-site ve stabilization of the packaged waste, no

exposures to hazardous materials are expg r during transportation. However, the
potential exists for highways deaths and accidents to occur. For each alternative involving off-site

i<ks:

disposal, the following method will be used to calculate transportati

e  Estimates were made of the total volume of wa e traﬁsported off site.

*  Using density estimates, the total weight (in po

*  The estimated weight was used to determine th
required to ship the wastes.

*  Values for containers per truckload were used to determine the number of
truckloads or rail loads required to transport the total volume of wa
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Risk = (N)(CF)(RC) (10-2) 1

2

Risk of injury or fatality expressed as a unitless probability 3
Number of round trips made 4
Mileage per round trip 5
Injury or fatality risk coefficient (risk/mile) 6

Department of Tran OT) and Nuclear Regulatory Commission (NRC) regulations 7
per shipping containers and loads (DOT 1986; NRC 1991). Table 8

hat will be used to calculate transportation risks. 9

were reviewed to de
10-1 lists the specifi

10.2.4 Risk Assessment for an On-Site Waste Management Facility 10
Construction and operation of an on-site waste management facility is an integral part of 11
numerous remedial alternatives under consideration for the FEMP. Therefore, risk assessment 12

concerns potentially associated with such a f: ust be addressed in the site-wide FS risk 13

assessment. The area under consideration t e on-site waste management facility lies north 14

and east of the production area within the roperty boundary. 15

Risks potentially associated with the on- gement facility are divided into three 16
categories: 17
*  The baseline risk scenario (before construction) 18

*  The short-term risk scenario (during construction and placement of waste) 19

*  The long-term risk scenario (during storage of w 20

- The methodology for assessing risks potentially associated with:the on-site waste management - 21
facility is consistent with the methodology described in preceding sections of this Addendum. 22
103 SITE-WIDE OPTIMIZATION MODEL 23
As a part of addressing site-wide risk concerns, an optimization model will be used to 24
track allowable residual risks among operable units. The model will be a tool that will help risk 25
managers select the optimal remediation alternative for each operable unit, as each opgrable unit 26
moves through a staggered FS process. The model will: 27
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aste Mass

To be determined specifically for each operable unit and remedial action alternative

Shipping Capacities

LSA container box :

Maximum/truck 40,000 li)s

Gondola capacity 70 tons/car

. Train capacity 10 cars/trip
90 cars/trip

Round trip mileage
to Disposal Site

Truck 4400 miles
Rail S 4550 miles
Risk Factors - Fatalities/
Truck Transport Mile
Occupational Driver
Fatalities 2.1E-9
Occupational Driver

. Injuries 4.1E-8

KNOX/RA-WP/AB.4-4/10-15-91

Manufacturer specifications

-exclusive use of the train.
lusive use of the train.

Hanford site, Richland,
NV, and Envirocare, Cli
for each site. Mileage t
since it was the mid-ran

Same as above.

DOT 1986; FHA 1988; Statistics are for "authori
which is an interstate carrier

Same as above.

he'Nevada Test Site (NTS),
lileage was determined

carrier”
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1.3E-8

1.2E-7

Rail Transport

Employee Fatalities
Employee Injuries

Public Fatalities

Public Injuries 6.8E-6

KNOX/RA-WP/AB.4-4/10-15-91
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-

(Continued) 2
DOT 1986; FHA 1988; "Public” includes passengers in 3
trucks, driver and passengers in cars, pedestrians, etc. 4
Same as above. 5

6
DOT 1988 7
DOT 1988 8
DOT 1988; "Public includes train passengers, off-duty 9
workers, pedestrians, drivers and passengers in other 10
vehicles, etc. ' 1
Same as 12
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Use preliminary risk estimates in the early stages of the process
Add final risk estimates as they become available
se ARARs as well as risk constraints

The risk assessment/risk management model will:

Minimize:site-wide cleanup cost while constraining site-wide risk so that the sum of

perable unit does not exceed a predetermined acceptable site-

f.alternatives for all operable units as preliminary information is
eering alternatives and associated risks to insure that all
residualcontamination remaining after treatment meets an acceptable site-wide risk
goal.

Make information available on multiple alternative selection scenarios across
operable units to give risk managess several options for meeting the site-wide
residual risk goal. This will al assessors to recommend the best alternative
for a given operable unit from ide risk perspective and minimize the chance
that an alternative selected rst operable unit FS process will have to be
altered once all operable un ses are complete.

Supply risk assessors and ‘manag th:

- Information on site-wide risk consequences associ
alternative for a single operable unit (e.g., the
on other operable units)

itations that a selection places

- Information to help select the best alternati
through the FS

r operable units yet to proceed

- Information on the uncertainties associated with risk assessment data and a
description of how these uncertainties could affect the selection of a particular
alternative
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involved in implementing the site-wide optimization approach:

1) Develop the preliminary model.

2) Estimate preliminary risk and cost associated with each alternative for each
operable unit and input results in the model.

3) Run the model using preliminary risk and cost estimates.
4) Determine.the risk associated with the selected alternative for the first operable

hrough the FS process. Update the model’s input data, and
ain. Repeat this task after each subsequent operable unit FS.

o risk managers as the FS processes progresses, ensuring that an
ernative selection does not adversely constrain the options
equent operable units.

The model will be used to track site-wide risk concerns as each operable unit moves through the

FS process depicted in Figure 2-2. Note th ROD:s are written for the initial operable units,

the selected alternative will be the only alte: at remains as part of the model.

The major assumptions that will be used ing the optimization task are:

*  All operable units pose a “to human health and the environment.
*  The risks from all operable units are additive.

It is conservative to assume that total site risk is the sum of al nit risks, since many

pathways to the site-wide reasonable maximum exposure are fi ious“operable units, and thus
would not be additive. However, this assumption of additivity Id prevent the sum of the
individual operable unit risks from exceeding the site-wide res
the small risk values (e.g., 1 x 10 and 1 x 10°7) associated with most alternatives other than the

no action alternative most likely will not effect the outcome of the modeling.
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The model software is a linear programming model called LINDO (Schrage 1991) 2
applied for operational research and industrial cost optimization. It allows input 3

n of the objective. In the example problem, cost minimization is the objective and risk 5

is the constraint. The sum of the risks of a single operable unit can not exceed (1 x 10%). 6

Data output from th

des the optimal solution (e.g., the best solution) plus several 7

ncluded in this data file). This sensitivity information includes 8
(10®) may vary before the optimal solution would change, the 9
ive may vary before the optimal solution would change. This 10
mportant when dealing with preliminary data. 11

205

KNOX/RA-WP/AB.4-4/10-15-91



RI/FS Risk Assessment Work Plan

Date: 10/15/91
Vol. WP - Section 10.0

Page 19 of 27

2249

206

-9)sem Jo Juiyoea] Sunuoasid 10j UONEIIILINA D)1SEM JO SSOUDAIDNIJIS 9Y) O) NP 9 JANEBUID|Y 10] YSH JY) UeY) $$I] PIISPISUOD SI £ DANRUIDIY 10] 3SH DY,

"S[0AD|
s1qeydaooe Fuipasoxa woi) sysu Jenpisas juasaid 0y pau’ {yipoe) jesodsip pazoauidua a1isuo ue ut 10 aNsjjo [esodsip 01 anp 2anA2101d Yijeay 29 [[IM S pue
VS ‘dp ‘Y soaneusn)y 1ey) Suipnjouod uoissnosip danejijenb pajyuasaid wodal G 9y, 1 ut poyuasaad Ajjenyae 10U DIOM SYSIE 120URD PIWNSSY

| SAIEWID)E O] XOpUl piezey SYJ, SHUN Disem dY) UO
[exfojoipes y1oq jo wns oy st 190ued JO YSiy

‘SHUN d)sem oY) 01 Juddelpe Julpisal Jourie} JUSPISIL
Suipisol Iouiie) JUSPISII 9Y) O) SI | SANRUIDIY 10] YsU wid-FuoT “syuaninsuod sudgourored

. ” ‘SmIAd1 18D4-g paiinbas pue
Suuonuow ‘ssueusiurew SuroFuo 1231531 SANIRUISIE UOHE OU 10} SIS0 “(£-ST10-DdAL) 1oda1 g1 jsel, [NO ut ¢y 191deyd Jo 1X9) Wol) poulelqo dle $1S0)

‘2AheUIdIjE UOLOR ON

S5l

pauinsse pawnsse ppawnsse TTVEY )

2900 X0T o0l X L€ 01 X 1 o0l X1 o0l X1 -01 X9T OEX1 U0

gStelod

0000LE'869°1 000°0L218T'E | 000°01S°€E8'T 000'098695°1 000°0ZZ'8S 1 000°000'6 u1 150D
L dAneuIdy VS oARWIY | dy oAneuI)Y | Vi SANRUIDIY | T SANBUIDIY | , SANRUIINY

1 LINN F'19Vdd4dO
<01 J1q¢e],

KNOX/RA-WP/AB.4-4/10-15-91




RI/FS Risk Assessment Work Plan

Date: 10/15/1

Vol. WP - Section 10.0

i — -~ —-— -Page 20027 - - —--

2249

195(J91 dAljBUIS)[E UONDE OU 1O] $1S0D (z-5120-Dd W) 1odo1 61 yseL T

LOL X1

01X

un 21qesadQ ut ¢y J91deyD JO 1X91 WOIJ PIUIIQO B SISO g

‘Juuonuow Jutoduo

“DANRUIDI[E UOHOR ON

207

01 XS

0L X8

JSrg WI5 L3001

000°00v'gI1 ‘lte

000°008'9Y

000°'€¥T'E

000°00S°T

gSTelied ut 150D

€4S dAnEUI Y

p sAlRUIY

1 QAnRUIAY

¢ PANRUIANY

ligpue] Arejpueg
7 LINN 319Vi3dO
€0l d1qel

KNOX/RA-WP/AB.4-4/10-15-9



208

Date: 10/15/91

Vol. WP - Section 10.0

RI/FS Risk Assessment Work Plan
----Page-21 of 27 --— --
2249

‘Sunonuow Jutofuo

195J21 SANEBUISI[E UONIE OU 10 $10) (Z-S120-DdIN) Hoda1 g1 yse] znan sjqesdadQ ul o'y 191deyD Jo 1x91 Wolj paulriqo 218 SIS0) ¢

“DANRUID)[E UOHDE ON

PRI (01Xl (01X (OL XY ¢-01 X9 YTy WIS -3U0]
961 OnIL 0000S£'6S 000'PL9'6¢ 000°008°T gSteljoq ut 1509
VS 2ANRWIdINY $ 2AnEUId Y [ 2aneuIay <0 9ANRUIIY

spuog 28pn|g owr]
Z LINN 3'19ViadO
¥01 SIqeL

KNOX/RA-WP/AB.4-4/10-15-91



Date: 10/15/1

Vol. WP - Section 10.0

RI/FS Risk Assessment Work Plan

Page 220f277 " T

2249

199[J21 2ANRUIS)E UONIE OU 1O S150D “(Z-S1Z20-DdIN)

208

“Sunonuow Jutouo

"DANRUIDIE UOIOE ON

iun sjqeiadQ ur p 191deyD JO 1X9) WOIJ pIUlRIqO DIE SISO

e

;01 XS

gOL X 1

g 01 X T

pOL X

JSTq W19 -8u0]

000°009'¢8Z ‘e,

000'006 6

000'¢SZ'ST

000'005°C

oStellog ul 150D

€S 9ANRUIANY

P oAneuwIN|Y

1 2ANRUIONY

¢ PANRUIDIY

o1y fesodsiq Ysv A1 danoeu]
Z LINN 319viddo
S0l IqeL

KNOX/RA-WP/AB.4-4/10-15-91



2249

RI/FS Risk Assessment Work Plan

Date: 10/1591

Vol. WP - Section 10.0

“Page 23 of 27

199J21 SAEUID}|E UOHOE OU JOJ $I1S0D (Z-S120-0d W) wodas

“Juuoynuow §uioduo

ajqe1adQ ut oy 191deyD JO 1X9) WOl PIUIEIGO DIB SISOY

"2A1)EUID)[E UONIE ON

e

01X

0L XS

g0l X 1

01 X9

TSI WP L-BU0 ]

000°001°861 ‘I'ed

000°001°L9

000601 'vE

000'00$T

oSfelloq ut 1503

gS 9ANRUIANY

p 9ANBUIDIY

| daneuwId Y

¢ 2ANRUIAY

apid gsv AL 2anoy
Z LINN 19V 3ddO

9-01 dI9EL

210

KNOX/RA-WP/AB.4-4/10-15-91



Date: 10/1591
Page 24 of 27

Vol. WP - Section 10.0

2249
RI/FS Risk Assessment Work Plan

195]J21 SANRUID)[E UONIR OU 10] 150D (Z-S120

DdINA) 1odas

‘Juuionuow Juioduo

DAlRUIDNE UONDE ON

211

i 9|qe1adQ ut (p 191deyD JO 101 WOL) PAUIRIQO DIL SISOD

e

o 0L X 1

01 X T

g0I X §

yO1 X8

JSTg WIS L-Juo]

000'009°L68 ‘I'ed

00000v'¥Tt

0009656

000°008T

gSTEllOQ Ul 150D

€4S SANeUIdNY

$ 9AlRUIDNY

1 2ANBUIDNY

¢ 2ANBUWIDIY

PRYYmnos

Z LINN 319vdddO
L-01 2Iq9EL

KNOX/RA-WP/AB.4-4/10-15-91



2249

RI/FS Risk Assessment Work Plan

10/15/91

Date

Vol. WP - Section 10.0

25 of 27

__Page

UOPR1 I0] 6 ‘8 ‘L 9 ‘WT ‘V 1 SIANRUIDIY 10] ($S9] 10) , (I X | UEOW O] 2I9Y pIWNSSE 1,04
asea]a1 uopel gedniw [ Jispjo [esodsip 1o sudisop des nyis ul oY) Osnesdq o>:n§c:_ YIEDE;
pue uopel) synsal Juidpow pue uoissnIsIp sAne)enb 3:53:_ woda1 g4 :E_E S p Nun J_n_

soueusjutew Suioguo 193]321 daneUID)|R UOHIE OU 10) $150D) “(£-S1H0-DdIA

212

‘skemyied vwwed pue

SNy '$]OAD] 0197 18U O) aunsodxo vwuied pue
191]e [rIpaWwal 25041 18yl Juipnppuod (ewwed

EamO ut po1uosald Ajjeniae 10U YSH 100URD POWNSSY

‘s1e04 (g 10) Juuonuow pue

"JANIRUIDHE UOIR ON

a1 G| ¥seL ¢ nun 9[qesadQ jo D xipuaddy wrosy pouteIqo 21k S1IS0)

e

pauwnsse pauwnsse pawnsse pouwinsse poawnsse v.mqu:mws w_ﬂ

901 XT o0l X ¥ g0l X ¢ g0l X§ 001 X9 i (BN

| gseled

000'v£E 1Y 000'sSS'Y 000'0£LTE 000'LS9'ES 000°9£9'SY 000'19L'T ut 150D
6 2ANRUIDN Y 8 9AhRUID) 9 dAhRUIdY VI dAleuwId) Y V1 2aneud)y | V() oanruIdly

7% I SOTIS v LINN 319viddO

801 9IqelL

KNOX/RA-WP/AB.4-4/10-15-91



Date: 10/1591

Vol. WP - Section 10.0

2249

RI/FS Risk Assessment Work Plan

Page 26 of 27

‘skemyred ewwed pue uopes 10 6 ‘g ‘L ‘9 ‘YT ‘V1 SPANRUIDIY J0] (53] 1O,
yiesy, ‘snyl 's|9ad| 019z Jeau 0} 2Insodxd ewwed pue 9se[21 UOPRI OF
ur o) 9sne3aq 9AN3101d YIjeay 9q ||IM SIALRUI)[E [RIPIWSI I53Y) 1Ry} Fu

BOW 0) 219y pawnsse st ,0A1n29101d
esodsip 10 sufisop deo nyis
pue uopel) synsal Juiopow

pue uoissnasip saneenb pajussaid podos g “Hodor g p un djqesadQ ut pojudsdd Ajjenioe JOU YSL 120U POWNSSY

2AnBUISI[E UONIE OU 10) $150D) “(£-S1H0-DdN) Hoda G|

‘s1e94 (¢ 10) Sunojuow pue Sdueudtulew FuloFuo 120o1

*dAlRUID) B BONdE ON

0 31qe1adQ Jo D xipuaddy woiy paueqo 2Ie $150Y |,

v

7 S
LO1X1 NIRY) 01 X6 0l WIS 9U0]
000’796 0001SE'TY 000'VLL'LE 000'621°C gSIvIlog Ul 150D

SANRWINY

47 SANRUIY

g1 2AnRwWANY

40 JANRWIDNY

€ OTIS ‘v LINN 3719ViddO
6701 9IqEL

213

KNOX/RA-WP/AB.4-4/10-15-91



2249

RI/FS Risk Assessment Work Plan

10/15/1

Date
Vol. WP - Section 10.0

Page 27 of 27

*5I9Y pownsse s1 (] X |

214

P ,m ‘7 soAnRUIDNY ueyl 9aNadj0id Yijeoy ss9)

0s Jo Suiddes niis ut soAjoAUl 6 DALIRUIDI|Y

Aj2atien[enb s1 11 1et) SOPN[OUOD pUR UOIISE S} WO YsH sassnosip Ajpanenjenb p10das g 2
‘skemyjjed JusWIIPas pue [10S £ ‘9 ‘G ‘p ‘€ ‘T SIANEUIdY 10] (s3] 10) 40 X | uedw 0} A10910d Yijeay, ‘snyj, "91IsJjo JO 9)ISUo
15yna Anjioej jesodsip paisauidus ue uy jesodsip pue [eaowal Iajoaul A3y asneddq 9A193101d YI[EOY B4 [lim SoANBUIdIE [PIPOWDI 35041 1k} Suipnjouod
uoissnosip oanejjenb pajuasard 1odor g ayj, “Hodor S ¢NO Ul patuasod Ajlemde 1ou 21om skemyied JUDOWIPIS U JIOS O] SYSL IDIUED POWINSSY

{Z-5150-0dW4) 1661 A1enigad parep 1odos g1 yseL SN0 JO 1-d 4L ‘F ¥puaddy woyy pouteiqo e S1507

"OAIIRUIOI[R UOIOR ON

ST
oL X1 o01 XS GOl X8 OB GOl XS 501 X8 0L X | 01 X € asdlwv_qpcw_
L el
000€vb°0S! 000°920°ZS1 000'vrE'1S1 000'898'81 000'¥ZS0S1 000°sZ1°81 0 uriso)
6 2ANRUID)[Y | L SAneuwID)Y G oaneUIY | ¢ sAnewdY | € 9AneUIdY | T dANRURIY | 1 SANRWDINY

S LINN 3'19vVidddO
01-01 JqeL

KNOX/RA-WP/AB.4-4/10-15-91



2249

RI/FS Risk Assessment Work Plan
Date: 10/15/91

S - e - - Vol. WP - REF
‘ Page 1 of 15

LIST OF REFERENCES

R.D. Sharp, A.L. Sjoreen, and R.W. Shor, 1984, "A Review and Analysis of

Barari, A. and L.S. Hedges, 1985, "Movement of Water in Glacial Till," International Association
of Hydrogeologists, Memoires, Vol. XVII, Part 1, Proceedings, Hydrogeology of Rocks of Low
Permeability, Tucson, AZ.

Batu, V., 1989, "A
Dispersion in Bou
Resources Resear

wo-Dimensional Analytical Solution for Hydrodynamic
th the First-Type Boundary Condition at the Source,” Water
. 6, pp. 1125-1132.

Bowers, T.S., KX
Hot Springs”, Geo

nd J.M. Edmond, 1985, "Chemical Evolution of Mid-Ocean Ridge
mochimica Acta, Vol. 49, pp. 2239-2252.

Bureau of Census, 1989, "1987 Census of Agricultural”.

Clapp, R.B., and G.M. Hornberger, 1978, "
Properties,” Water Resources Research,

irical Equations for Some Soil Hydraulic

oals for Radionuclides at the Maxey Flats
sistant Administrator, EPA Office of Solid
ond, Director, EPA Office of Radiation
EPA Region IV.

Superfund Site", Memorandum from D«
Waste and Emergency Response and R
Programs to Greer C. Tidwell, Regio

Culot, M.V.J., H.G. Olson, and K.J. Schiager, 1976, "Effectivé:B)
Concrete, Theory and Method for Field Measurements,” He

Coefficient of Radon in
Physics, Vol. 30, pp. 263-270.

Dames and Moore, 1982, "Final Safety Analysis Report - FMP:
for National Lead Company of Ohio, Inc., Cincinnati, OH

‘aste' Storage Area," prepared

‘ Detfdfré, J.F., B.S. Ausmus, E.P. Stambaugh, A.A. Lawrence and K.R. Yates, 1981, "Preliminary
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1.0 INTRODUCTION
de a brief discussion of why the RI/FS is being performed at the FEMP.
Risk Assessment Objectives
. Definition of the objectives of the specific RI/FS baseline risk assessment

of interest. '
1.2 Organization of Risk Assessment Report

iption of the organization of the specific RI/FS baseline risk
of interest, including general content of major sections.

1.3 Site

ence to the appropriate remedial investigation report or the site-
cterization report for information pertaining to site physical
description, general site history, general descriptions of local populations,
and general descriptions of sampling efforts.

assessment work plan addendum for discussion
n of risk assessments for the RI/FS under new
tions.

of the approach to
Consent Agreemen

20 IDENTIFICATION OF CON

2.1 General Site-Specific Data Collection and Evaluation Considerations

collection and evaluation activities.

. Brief reference to the risk assessment
of site-specific methods for evaluation

“potential concern for risk assessment.
22 Selection of Constituents of Potential Concern

. Reiterate selection criteria for determining constituents of po
concern

. Presentation of actual constituents of potential concern for qu
evaluation in the risk assessment.
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Characterization of Exposure Setting

wide characterization report.

. Physical Setting

- Climate

- Vegetation

- Soil type
rface hydrology
undwater hydrology

Exposed Populations

lative locations of populations with respect to site
rent land use

‘Potential alternate future land uses

- Subpopulations of potential concern

32 Identification of Exposure Pat

. Sources and receivin,

. Fate and transport

. Exposure points an

. Integration of so
points, and exp 0 complete exposure pathways

. Summary of exposure pathways to be quantified in this assessment

media
> routes

3.3 Quantification of Exposure

. Exposure concentrations
. Estimation of constituent intakes for i

3.4 Identification of Uncertainties

. Current and future land-use

. Environmental sampling and analysis
. Exposure pathways evaluated

. Fate and transport modeling

. Parameter values

3.5 Summary of Exposure Assessment

KNOX/RA-WP/AB.4-4/10-15-91
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Include a brief summary of similar material in remedial investigation report or site-

fate and transport mechanisms, exposure
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TOXICITY ASSESSMENT
Toxicity Information for Noncarcinogenic Effects
. Appropriate exposure periods for toxicity values
. Up-to-date RfDs for all chemicals
. One- and ten-day health advisories for shorter-term oral exposures

Overall data base and the critical study on which the toxicity value is based
(including the critical effect and the uncertainty and modifying factors used

in the calculation)
. Effects that may appear at doses higher than those required to elicit the

42 Toxi
. “Up-to-date slope factors for all carcinogens
. Weight-of-evidence classification for all carcinogens
. Type of cancer for Class A carcinogens
. Concentration above which the dose-response curve is no longer linear
43  Chemicals for which No EP ity Values are Available
. Review of ECAO
. Qualitative eval
. Documentation any new toxicity values developed
44 Uncertainties Related to Toxicity Information
. Quality of the individual studies
. Completeness of the overall data base
4.5 Summary of Toxicity Information
5.0 RISK CHARACTERIZATION
5.1 Current Land-Use Conditions
. Carcinogenic risk of individual substances
. Chronic hazard quotient calculation (individual substances)
. Subchronic hazard quotient calculation (individual substances
. Short-term hazard quotient calculation (individual substances)
. Carcinogenic risk (multiple substances)
. Chronic hazard index (multiple substances)
. Subchronic hazard index (multiple substances)
. Short-term hazard index calcuiation (multiple substances)
. Segregation of hazard indices
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. Justification for combining risks across pathways
. Noncarcinogenic hazard index (multiple pathways)
. Carcinogenic risk (multiple pathways)

Future Land-Use Conditions

. Carcinogenic risk of individual substances

. Chronic hazard quotient calculation (individual substances)

. Subchronic hazard quotient calculation (individual substances)
. Carcinogenic risk (multiple substances)

. Chronic hazard index (multiple substances)

nic hazard index (multiple substances)

of hazard indices

>n for combining risks across pathways
genic hazard index (multiple pathways)

5.3 Uncertainties
. Site-specific uncertainty factors
- Definition of physical setting
nd assumptions
fate/transport and exposure calculations
. t uncertainty
54 Summary Discussion and Tabulation of the Ris ization

6.0 ECOLOGICAL ASSESSMENT

. Key site-related contaminants and key sure pathways identified

. Types of health risk of concern :

. Level of confidence in the quantitativ rmation used to estimate risk
. Presentation of qualitative informatio oxicity

. Confidence in the key exposure estim or the key exposure pathways
. Magnitude of the carcinogenic and noncarcinogenic risk estimates

. Major factors driving risk

. Major factors contributing to uncertainty

6.1 Objectives of the Ecological Assessment
6.2 Scope of the Ecological Assessment

6.3 Ecological Description of Study Area
6.4 Constituents of Concern

6.5 Characterization of Exposure

6.6 Characterization of Risk

6.7 Quantitative Risk Characterization
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7.0 SUMMARY

Chemicals of Potential Concern
Exposure Assessment

Toxicity Assessment

Risk Characterization
Ecological Assessment
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