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EXECUTIVE SUMMARY

The purpose of this document is to establish guidelines to ensure that all risk assessments and related
risk activities for the U.S. Department of Energy, Oak Ridge Operations (DOE-ORO), Environmental
Management (EM) Program are consistent with both program and regulatory guidance and are technically
defensible.  This is especialy important under the Management and Integration (M&I) contracting
process because subcontractors will perform most risk assessment tasks. The use of this document will
streamline the completion of human health risk assessments by providing program and project managers
with aframework that integrates risk assessment activities into the life cycle of projects.

The methods outlined in this document are consistent with the U.S. Environmental Protection
Agency’s (EPA) human health evaluation process described in parts A through D of Risk Assessment
Guidance for Superfund Volume |: Human Health Evaluation Manual (RAGS) (EPA 1989, 19914,
1991b, 1998). Under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), RAGS serves as the primary regulatory guidance document for all risk assessments and their
application to risk management. In addition to RAGS, comments provided by state and federal regulators
on previously submitted risk assessment reports and the most up-to-date scientific findings related to the
evaluation of human health risk have been incorporated into this document.

This document supercedes Risk Assessment Strategy at DOE-ORO (ES/ER/TM-180, LMER 1996c¢).
The material contained herein will be periodicaly updated as the strategy and risk assessment
methodology are revised. The document may be found on-line at the Risk Assessment Information
System (RAIYS) at http://risk.Isd.ornl.gov/homepage/rap_docs.htm.




1. INTRODUCTION

The U.S. Department of Energy—Oak Ridge Operations (DOE-ORO) is responsible for administering
the operations of the Oak Ridge National Laboratory (ORNL), the Y-12 Weapons Plant (Y-12), the East
Tennessee Technology Park [collectively referred to as the Oak Ridge Reservation (ORR)], the
Portsmouth and Paducah Gaseous Diffusion Plants, and the Weldon Spring Site.  As of April 1, 1998,
Bechtel Jacobs Company, LLC became the Management and Integration (M&1) contractor for al of the
DOE-ORO Environmental Management (EM) Programs with the exception of the Weldon Spring Site.
The Weldon Spring Site is administered by the DOE-ORO, and operations there are conducted via a
memorandum of understanding with the U.S. Army.

The mission of the DOE’'s EM Program is:

“...to manage risks to human health and the environment posed by contaminated sites and facilities,
legacy waste, and newly generated waste in the most cost-efficient and responsible manner possible
to provide for future beneficial reuse.” (DOE 1998b)

The primary mission of Bechtel Jacobs Company, LLC is to manage programs in environmental
restoration, waste management, technology development and demonstrations, nuclear materials and
facilities stabilization and technology transfer for DOE, other federal agencies, and the public. In
addition, Bechtel Jacobs Company, LLC is responsible for the reindustrialization of underused buildings,
facilities, and land through leases and other mechanisms with the private sector. The successful
completion of the Bechtel Jacob’s mission involves developing procedures, policies, and guidance to aid
program and project managers in making decisions that will ensure the health and safety of workers, the
public, and the environment.

Each EM program uses risk assessment to aid in making decisions. Environmental restoration
project managers rely on the results of human health and ecological risk assessments, conducted as part of
the U. S. Environmental Protection Agency’s (EPA) Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) Remedial Investigation and Feasbility Study (RI/FS)
process, to aid in making decisions regarding the need for and the extent of remediation necessary at a
given site. Waste management programs use risk assessment to identify and develop waste acceptance
criteria, to determine risks associated with the transport of hazardous materials, and to quantify the long-
term risk from wastes disposed at off-site disposal facilities. Technology development and demonstration
use risk assessment to evaluate the effectiveness of various treatment technologies for
hazardous/radioactive waste. Risk assessment is consistently used throughout the EM program by
decision-makers and project managers to ensure the safety and well-being of the employees, the public,
and the environment.

In this document, risk assessment is defined as the process that evaluates the potential for adverse
health effects resulting from exposure to chemicals (including radionuclides) under a given set of
circumstances. Risk assessment is atool that decision-makers and project managers use to aid in making
decisions regarding:

the treatment, storage, or disposal of hazardous/radioactive materials;

the need for immediate response to accidental contaminant releases;

the necessity for clean-up of past and/or on-going contaminant releases,



the prioritization of projects/activities;
the establishment of clean-up criteriathat are protective of human health and the environment;
the effectiveness of selected remedies;

the determination of source terms and estimating probability and magnitude of release due to
catastrophic events or deterioration of existing structures or containment systems;

the effectiveness of treatment technologies; and
the risk from residual materials, infrastructure, and chemicals in building/structures slated for re-use.

The risk assessment guidelines outlined in the original document, Risk Assessment Strategy at DOE-
ORO (ES/ER/TM-180, LMES 1996c), have been updated and incorporated into this document. The focus
of TM-180 was to ensure that all risk assessment and related risk activities in support of environmental
restoration efforts, namely the CERCLA RI/FS process, would be “performed in a consistent and
technically defensible manner”.

The goal of this document is similar to ES'ER/TM-180, but the scope has been expanded to address
other uses of risk assessment and related risk activities that support decison-making [e.g., waste
management, decontamination and decommissioning (D&D), technology demonstration, and
reindustrialization efforts].

1.1 PURPOSE AND SCOPE

The purpose of this document is to establish guidelines to ensure that all risk assessments and
related risk activities for the DOE-ORO EM Program are consistent with both program and regulatory
guidance and are technically defensible. Thisis especially important under the M & | contracting process
because subcontractors will perform most risk assessment tasks. The use of this document will streamline
the completion of human health risk assessments by providing program and project managers with a
framework that integrates risk assessment activities into the life cycle of projects.

The methods outlined in this document are consistent with the U.S. Environmental Protection
Agency’s (EPA) human health evaluation process described in parts A through D of Risk Assessment
Guidance for Superfund Volume |: Human Health Evaluation Manual (RAGS) (EPA 1989, 19914,
1991b, 1998). Under CERCLA, RAGS serves as the primary regulatory guidance document for all risk
assessments and its application to risk management. In addition to RAGS, comments provided by state
and federal regulators on previously submitted risk assessment reports and the most up-to-date scientific
findings related to the evaluation of human health risk have been incorporated into this document.

The Paducah risk assessment guidance document, Methods for Conducting Human Health Risk
Assessments and Risk Evaluations at the Paducah Gaseous Diffusion Plant (DOE/OR/07-1506& D1,
DOE 1996) was prepared to incorporate requirements of the State of Kentucky and EPA Region IV.
Although the Paducah risk assessment guidance document references this document, the Paducah
guidance is to be considered “site-specific’. All risk assessments and risk evaluations at the Paducah
Gaseous Diffusion Plant must comply with the requirements outlined in Methods for Conducting Human
Health Risk Assessments and Risk Evaluations at the Paducah Gaseous Diffusion Plant (DOE/OR/07-
1506& D1, DOE 1996) or its most recent revision.



Risk assessments and related risk activities at the Portsmouth Gaseous Diffusion Plant are performed
in accordance with the guidelines outlined here, in the Quadrant Resource Conservation and Recovery
Act (RCRA) Facility Investigation (RFl) Work Plans, and in the RFI reports that have been approved by
the Ohio Environmental Protection Agency (OEPA) and EPA, Region V. Deviations from methods in
work plans and reports must be approved by the Risk Advisory Board (RAB), which is defined in Section
1.4, prior to their implementation.

Although risk assessments performed for the DOE-ORO assess the potential threat to human health
and the environment from exposure to contaminants, the methods and other information contained herein
are specific only to human health risk assessments. The documents entitled Guide for Performing
Screening Ecological Risk Assessment at DOE Facilities (ES/ER/TM-153, Suter 1995b) and Approach
and Strategy for Performing Ecological Risk Assessments for the Department of Energy Oak Ridge Field
Office Environmental Restoration Program (ES/ER/TM-33R2, Suter 1995a) address the implementation
of ecologica risk assessments for DOE-ORO.

Additionally, this document does not provide specific guidance for remediation worker risk
assessments.  Remediation worker safety is of the highest priority to the EM program; therefore,
Environmental Safety and Health (ES&H) issues are specifically evaluated and precautions are taken
prior to al activities. The ES&H process to safeguard remediation workers is distinctly separate from the
estimation of risks to workers under an industrial scenario that is used in decision making and aternative
selection. Since remediation workers directly participate in clean-up activities, different parameter
values, exposure routes and durations, and toxicity values are chosen to better reflect the workers
circumstances. Workers aso face physical safety hazards (e.g., faling, electrocution, etc.) that must be
considered. For guidance on conducting a worker risk assessment, refer to U.S Department of Energy
Worker Health Risk Evaluation Methodology for Assessing Risks Associated with Environmental
Restoration and Waste Management (ORNL-6833, 1995).

1.2 AUDIENCE

This guidance applies to all subcontractors performing risk assessments or related risk activities in
support of the DOE-ORO EM M&I Contract. Project Managers and risk assessors are responsible for the
consistent application of the guidance as it pertains to risk assessment and related risk activities associated
with a specific program or project (e.g., waste management or D&D).

This document will be used to review the risk assessment framework for DOE-ORO EM activities.
Program managers, other members of the project team, regulators, and the public may aso find this
document useful in understanding the important issues in the performance of a risk assessment or other
related risk activity.

1.3IMPLEMENTATION

Risk assessors will be required to follow the guidelines outlined in this document in their statements
of work. Deviations from these guidelines will require approval by the project manager and the RAB.

The guidance provided in this document, as well as many of the risk assessment tools identified
herein, are available on a publicly accessible World Wide Web (WWW) server as part of the Risk
Assessment Information System (RAIS). The RAIS was developed to provide support for the on-going
risk assessment and related risk activities of the DOE-ORO both nationwide and internationally. The
RAIS is updated and modified as necessary and is maintained under configuration control.



1.4 ROLESAND RESPONSIBILTIES

Project Managers: After projects have been identified (see Section 2) and subcontracts have been
awarded, the Bechtel Jacobs Company LLC project managers are responsible for:

defining the scope of work to be performed,

ensuring that the statement of work for any subcontracts includes the stipulation that the guidelines
outlined in this document are implemented,

ensuring that the subcontractor identifies a qualified Risk Assessment Technical Lead (RATL) at the
onset of the project,

ensuring that the RATL is qualified to perform/manage the task, and
approving deviations from the guidelines in this document.

Risk Assessment Technical Lead: The contractor responsible for the risk assessment or related risk
activities for a project will appoint a RATL at the onset of a project from within their organization. The
RATL isresponsiblefor:

ensuring that all risk assessment and related risk activities comply with the guidelines outlined in this
document,

ensuring appropriate review by the RAB of any site-specific exposure parameters or scenarios that are
developed during the course of a project, and

ensuring appropriate technical review of risk assessment reports.

Risk Advisory Board: The RAB is comprised of representatives from DOE-ORO; Bechtel Jacobs
Company, LLC; and the subcontractors who are currently performing risk assessments or related risk
activities for the DOE-ORO. The primary functions of the RAB are:

to ensure technical review of methodologies, proposed site-specific exposure parameters and
scenarios, and risk assessment reports [e.g., RI/FS reports, Engineering Evaluation/Cost Analysis
(EE/CAS), and other documents containing an evaluation of risk]; and

to approve deviations from the guidelines in this document.

1.5 DOCUMENT ORGANIZATION
This document has been organized as follows:

Section 2: The DOE-ORO EM approach to environmental restoration is discussed and differences
between the ORR and Paducah and Portsmouth Gaseous Diffusion Plants are noted,
including references to guidance materials for Paducah and Portsmouth. Also discussed
isthe role of risk assessment in the RI/FS process at the ORR.

Section 3: The current environmental management programs are described, and the role of risk
assessment in each of these programs is delineated.
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Section 4;

Section 5;

Section 6:

Section 7;

Section 8:

A more detailed discussion of the risk assessment process is provided,including
deviations and clarifications that have been made on Region IV EPA guidance and risk
assessment application on the ORR.

A detailed discussion of screening risk assessment methods is provided. In particular,
screening with risk-based, Preliminary Remediation Goals (PRGs) and integration point
assessments are discussed.

An overview of basdine risk assessment methods is discussed.

An overview of the role of risk assessment in the FS, remedial design/remedial action,
Record of Decision (ROD), and five year review of the ROD is outlined.

An overview of the tools available on the RAIS World Wide Web site is presented.

The Appendices provide more detailed technical information regarding data evaluation, background
comparison, exposure units definition, etc. The appendices are listed below.

Appendix A:
Appendix B:
Appendix C:
Appendix D:
Appendix E:
Appendix F:
Appendix G:
Appendix H:

Appendix I:

Risk Assessment Technical Memoranda

Data Evaluation

Background Comparison

Guide for Air Dispersion Modeling for Risk Assessment

Guide for Groundwater Modeling for Risk Assessment

Food Chain Models for Risk Assessment

Guide for Determining Exposure Units

Uncertainties Associated With the Residential Risk Pathway Models for Soil and
Groundwater

Integration Point Assessment Method



2. ENVIRONMENTAL RESTORATION

In U.S. Department of Energy Environmental Management Program Initial Accelerating Cleanup:
Paths to Closure, Oak Ridge Operations Office (DOE/OR/01-1746, DOE 1998b), the U.S. Department of
Energy, Oak Ridge Operations (DOE-ORO) set forth a life cycle cleanup strategy for completing the
Environmental Management (EM) Program’s mission. Two fundamental principles were adhered to
during the development of the cleanup strategy:

1. Acceerating cleanup must not compromise the health and safety of remediation workers or the public
or the achievement of appropriate cleanup standards.

2. Efficiencies must occur within the projects and the decision-making process.

Risk assessment will play a key role in ensuring that these two principles are upheld. The clean-up
strategy outlines a process that begins with prioritization of subprojects based on their overall risk-benefit
value (e.g., risk reduction) and the sequencing of subprojects (in time) to accommodate the budget
availability. The life cycle (shown below) continues with the actual implementation of these subprojects
followed by an evaluation of risk reduction associated with public health, site personnel safety, and
environmental protection.

Risk Ranking =i Sequencing =g |mplementation =P Evaluation

The risk ranking and sequencing activities are the same for all DOE-ORO facilities; however, the
implementation and evaluation of environmental restoration at each facility must address the requirements
of al applicable regulatory and interagency agreements (Table 1). Thus, the risk assessment guidelines
vary to support environmental restoration efforts.



Table 1. Applicableregulatory and interagency agreements

Facility Existing I nteragency Agreements Parties Date
Oak Ridge RCRA Hazardous and Solid Waste Amendments DOE and EPA Region IV 10/22/86
Reservation Permit
Federal Facility Agreement for the Oak Ridge DOE, EPA Region IV, and 01/01/92
Reservation (DOE 1992) Tennessee Department of
Environment and
Conservation (TDEC)
Toxic Substances Control Act PCB Federal DOE and EPA Region IV 12/16/96
Facility Compliance Agreement
State of Tennessee Commissioner’s Order DOE and TDEC 10/95
Paducah Gaseous Federal Facility Agreement for the Paducah DOE, EPA Region IV, and
Diffusion Plant Gaseous Diffusion Plant (DOE 1998a) the Commonwealth of
Kentucky
Commonwealth of Kentucky Department of DOE and Commonwesalth of  10/95
Environmental Protection Commissioner’s Order Kentucky
RCRA Hazardous and Solid Waste Amendments DOE and Commonweslth of ~ 08/19/91
Permit Kentucky (originaly issued
by EPA Region V)
Toxic Substances Control Act Uranium DOE and EPA Region IV 02/20/92
Enrichment Federa Facility Compliance
Agreement
RCRA Toxicity Characteristic Leaching Procedure DOE and EPA Region IV 03/26/92
Federal Facility Compliance Agreement
CERCLA 106 Administrative Order by Consent DOE and EPA Region IV 11/88
Portsmouth Consent Decree DOE and the State of Ohio 08/31/89
Gaseous
Diffusion Plant
Administrative Order by Consent DOE and EPA Region V 09/27/89,
revised
08/04/94
Toxic Substances Control Act Uranium DOE and EPA Region V 10/04/95
Enrichment Federa Facility Compliance
Agreement
Director of Ohio EPA Final Finding and Order DOE and the State of Ohio 10/04/95

The following text briefly describes the environmental restoration technical approach for the Oak
Ridge Reservation (ORR) and the Portsmouth and Paducah Gaseous Diffusion Plants. This information
is provided to illustrate that risk assessment plays a key role in the technical approach for each of the

facilities.

Oak Ridge Reservation: Of the five DOE-ORO facilities, three installations [Oak Ridge National
Laboratory (ORNL), Y-12 and the East Tennessee Technology Park (ETTP)] comprise the ORR. These
installations were constructed in the early to mid-1940s as research, development, and process facilities in
support of the Manhattan Project. 1n addition to the three installations, the ORR also includes the areas
within the DOE boundary and buffer zones, land used by the Oak Ridge Associated Universities, and
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waterways that may have been contaminated by releases from the DOE-ORO installations. 1n 1989, the
ORR was evaluated by the EPA using the Hazard Ranking System. As a result of this evaluation, the
ORR was placed on the National Priorities List (NPL) and was required to comply with the requirements
of the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) (DOE
1998b).

The ORR dtrategy for environmental restoration is to accelerate the transition from characterization
to remediation by making decisions at the watershed level based on assumed end uses (also referred to as
land uses) and existing/historical data. Until recently, the strategy for cleaning up ORR contaminated
sites was to investigate each area individually, identify chemicals of concern (and their potential human
health and ecological risks) for each site, and assume that the future land use of all sites on the ORR
would be unrestricted (e.g., residential, gardening, recreational, etc). The disadvantages of this site-by-
site approach are that it is time consuming, not cost-effective, and actions at one site could negatively
impact other nearby areas.

The ORR has adopted a new cleanup strategy called “The Watershed Approach”. This new strategy
involves making cleanup decisions for an entire watershed (a term used to describe a specific area where
surface water and often groundwater comprise a specific flow system). Because there are multiple
contaminated media and areas within a watershed, this new strategy’s cleanup actions rely heavily on the
massive amounts of existing/historical and current sampling data. The future land use for a particular
watershed (or area within the watershed) will be more accurately and redlistically determined by the
DOE-ORO, the Tennessee Department of Environment and Conservation (TDEC), the U.S.
Environmental Protection Agency (EPA) Region IV, and the public. Cleanup criteriawill be based on the
recommended future land use.

The watershed cleanup strategy uses a combination of integration point assessments, screening risk
assessments, and basaline risk assessments to:

identify and prioritize contaminated sites and facilities within a watershed,
determine local area end/land use (relying heavily on existing/historical environmental data), and
develop an optimum remediation strategy (aremedy) for the identified problems.

Portsmouth Gaseous Diffusion Plant: The Portsmouth Gaseous Diffusion Plant was constructed in
the early 1950s to enrich uranium in support of both government and private programs. The plant
currently operates under a lease agreement with the U.S. Enrichment Corporation, which produces |low-
enriched uranium for commercial applications. The DOE is responsible for remedial action to address
environmental releases and for decontamination and decommissioning (D& D) of the facilities.

The Portsmouth Gaseous Diffusion Plant is divided into four clean up areas, commonly referred to as
guadrants, based on groundwater flow direction. Remediation is accomplished for the quadrants by:

removing well-defined sources of contamination,

consolidating and integrating CERCLA-based remedial actions with Resource Conservation and
Recovery Act (RCRA) corrective measures and closures for individual or groups of Solid Waste
Management Units with common sources or interrelated groundwater plumes,

using risk-based closure criteria rather than “clean closure criterid’ (where practical), and

establishing cleanup levels and the sequence of cleanup efforts based on risk analysis results.



Paducah Gaseous Diffusion Plant: The Paducah Gaseous Diffusion Plant was constructed in the
early 1950's to supply enriched uranium for both government and commercial nuclear fuel needs. Like
the Portsmouth plant, the Paducah plant currently operates under a lease agreement with the U.S.
Enrichment Corporation, but the DOE is responsible for remedial action to address environmental
releases and for D& D of the facilities.

The technical approach for remediation at the Paducah Gaseous Diffusion Plant includes strategies
for establishing site priorities, remedial goals based on land use, source control, and remedial actions for
groundwater and surface water contamination. Paducah release areas were divided into 30 waste area
groups based on common characteristics. These areas were prioritized to focus resources and ensure
prompt action in addressing threats to human health and the environment based on the following criteria

Mitigate immediate threats in all media, on- or off-site

Control “hot spots’ associated with off-site contamination

Address suspected sources of off-site contamination

Address suspected sources of on-site contamination

Complete final actions for groundwater and surface water integrator units

Summary: Risk assessment is integral to the successful completion of the environmental restoration
at each of the facilities, regardless of the differences in the technical approach. Each facility uses risk
assessment methods and techniques for:

risk ranking and sequencing;

identifying necessary removal, early, and/or final actions,

establishing clean up criteria and selecting appropriate remedial alternatives; and
evaluating the effectiveness of selected aternatives.

2.1 PROJECT RISK RANKING

The DOE-ORO EM Program is managed using a comprehensive planning process. In order to assist
the EM Program in achieving its mission, the Bechtel Jacobs Company, LLC, Strategy and Regulatory
Analysis Group, in conjunction with the watershed project managers, identifies projects based on discrete,
definable actions. These projects are then ranked to identify activities that reduce the most significant
risks or provide the most value toward achieving the EM mission.

For the DOE-ORO Program, risk ranking determines the relative risk of each project in terms of
public safety and health, environmental protection, and site personnel safety and health. Risk ranking is
conducted quantitatively, incorporating available baseline and screening risk assessments using the
Environmental Management Benefit Assessment Matrix. The matrix provides a consistent, systematic
framework for evaluating and quantifying the before score, after score, and net benefit for each project.
From the net benefit score, the projects can them be ranked on the basis of relative risk. Technical data
and risk rankings for each activity are maintained in the Environmental Management Risk Ranking
database. More detailed information on the Environmental Management Benefit Assessment Matrix and
the risk ranking process can be found in Department of Energy - Oak Ridge Operations Environmental
Management Program Risk Ranking Methodol ogy (DOE 1998c).

Risk ranking assists DOE management in sequencing projects over time. The sequencing process
considers the risk ranking score, regulatory milestones, logical progression of cleanup, mortgage
reduction (i.e., reduction of life cycle costs), misson impacts, and stakeholder concerns in order to
establish program budget priorities. The results of the sequencing support the development of EM budget
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requests. Included with the annual budget request is an Integrated Priority List, which ranks projects in
order of priority. The Integrated Priority List is determined by reviewing the baseline sequence for the
fiscal year, current budget information, and additional concerns specific to the fiscal year.

Note: As previoudly stated, both the Paducah and Portsmouth Gaseous Diffusion Plants have documented
site-specific risk assessment guidance related to the implementation of the CERCLA and/or RCRA
processes. Therefore, the remainder of this section addresses the implementation of risk assessment and
related risk activities on the Oak Ridge Reservation only.

22IMPLEMENTING THE RI/FS PROCESS

DOE is responsible for cleaning up the ORR by following the CERCLA RI/FS process. Section
[11.A.1 of the Federal Facility Agreement (FFA) requires DOE to assess the impacts of Oak Ridge
Reservation areas on human health and the environment (DOE 1992). To fulfill this requirement, sites
must be identified and evaluated to determine whether response activities are needed. DOE has
established a specific RI/FS approach aimed at categorizing sites (Fig. 1) so that the CERCLA process is
accelerated and areas where no further investigation is required are de-listed from the NPL. The approach
involves:

conducting screening area evaluations by reviewing available information and performing area
reconnaissance to identify potential release areas and/or areas of contamination,

conducting removal site evaluations to determine whether a remova action is appropriate
immediately,

conducting remedial site evaluations to determine whether further study is needed for identification of
appropriate response actions, and/or

conducting studies (e.g., RI/FS) to support decision documents for response actions.
Each of these activities involve either a qualitative or quantitative evaluation of the risks posed to
human health and the environment from exposure to chemicals/conditions at each site. Section 4 of this

document presents a discussion of the risk analysis methods to be used during each of these evaluations.
The categories of sitesarelisted in Table 2.
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Table 2. Site categories

Categories Criteriafor sitesin each category
Operable Units CERCLA actions that have been defined in approved decision documents
(e.g., record of decision, Action Memorandum).
Characterization Areas Sufficient information exists to recognize that additional CERCLA action is
appropriate.

Remedial Site Evaluation Areas  Some existing/historical information exists to conclude that the area has a
high potential of being contaminated; however, insufficient information
exists to determine if further investigation or remediation is warranted.

Removal Site Evaluation Areas  The site meets criteria for evaluation to be considered under CERCLA (i.e.,
areaisinactive and hazardous substances have been released or athreat of a
release exists), but insufficient information exists to determine if aremoval or
remedial action is necessary.

2.2.1 Site Evaluations

Two types of site evaluations are conducted on the ORR: removal site evaluations and remedial site
evaluations (Fig. 2). Removal Site Evaluations are conducted for those sites that are considered “newly
discovered”, meaning that they were not previoudly listed as source areas in Appendix C of the Federal
Facility Agreement for the Oak Ridge Reservation (DOE 1992). The removal site evaluation may involve
a limited environmental sampling, but typically it is performed using available analytical data. The
available data are compared with risk-based Preliminary Remediation Goals (PRGs) and may indicate
that:

aremova action is warranted,
aremedial site evaluation should be performed, or
no further investigation is needed.

Note: Sometimes, emergency and time-critical removal actions are not formally established as projects
until after actions are taken, because of the immediate need to protect human health and the environment.
Sites identified as requiring a non-time critical removal or remedia action, however, are established as
projects and must then undergo prioritization.

Remedial Site Evaluations are conducted if the available existing/historical data and operational
information indicate that there is the potentia for environmental contamination, but insufficient or poor
quality data require the determination of whether additional investigation (e.g., data collection) or
remediation is warranted. In such cases, a comparison of data to risk-based PRGs is a tool project
managers can use to:

identify data needs and limitations (e.g., detection limits are greater than risk-based PRGs),
focus future sampling and analysis on chemicals and exposure pathways of potential concern,
establish appropriate detection limits for subsequent environmental sample analysis,

support a No Further Investigation Determination, and/or

quantitatively support the need for additional study.
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2.2.2 Remedial Investigation

The Remedial Investigation phase of the ORR's RI/FS process begins with a scoping workshop
(sometimes referred to as a data quality objectives workshop) (Fig. 3). The scoping workshop is attended
by the DOE EM Managing and Integrating (M&1) contractor project team, the DOE Program Manager,
TDEC, and EPA Region 1V team members. The purposes of this workshop are to:

develop conceptua site models (for the movement of chemicals in the geology and hydrology and for

the human health and ecological risk assessments);

identify preliminary remedial action objectives and likely response actions;

identify Applicable or Relevant and Appropriate Requirements (ARARS) and risk-based PRGs,

determine the type of decisions to be made, and the type, quantity, and quality of data needed to
support those decisions (i.e., define Data Quality Objectives);

identify the need and schedule for treatability studies (as necessary);

design the data collection program (e.g., sampling approach, analytical methods, and detection limit

requirements); and

define the RI and FS tasks (i.e., the scope of work to be performed).

Based on the results of the scoping workshop, a Rl work plan is developed and submitted for
approval. Once approved, the workplan isimplemented. The results of the site characterization activities

are documented in the RI Report, which includes the baseline human health risk assessment.

conclusions of the basaline human health risk assessment are used to:

help determine whether additional response actions are necessary,

The

provide evaluations of the effectiveness of prior actions (i.e.,, comparison of current and historical

data) (if appropriate),



document the magnitude of risk and the primary causes of that risk, and

define Remedial Goal Options (RGOs).

Note: During the preparation of the baseline human health risk assessment, newly acquired data will be
incorporated in the watershed database and the modified data set will again be compared to risk-based
PRGs. This comparison may result in the identification of early actions (including removals and interim
actions) in order to reduce risks and/or accelerate the clean-up process.

The Project Scoping Workshop and Risk Assessment

Figure 2 . o
« compile existing data,

« develop a conceptual site model,
« develop risk-based PRGs and screen data to identify early,
actions and chemicals of potential concern,
Scoping Workshop | « develop RI/FS data quality objectives,
« focus additional sampling and anlaysis efforts of chemicals of

potential concern, and
« providejustification for no further action.

L Site Characterization and Risk Assessment

A

A\ 4

help determine whether additional response action is necessary,
provide evaluations of the effectivenessof actions (where appropriate),

document the magnitude of risk and the primary causes of that risk, and
define uncertainties,
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Establls_h Remedial (e.g.);emoval - No Further
Goal Options (RGOs) interim action Action

Remedial Goal Options and Risk Assessment

* incorporate results of baseline risk assessment,
« calculate RGOs for contaminants of concern by media, using site-specific exposure parameters, &
v « identify ARARS.

Figure 4

Figure 3. Site characterization and risk assessment
2.2.3 Feasibility Study

The selection of an appropriate remedial action begins with a screening of potential aternatives
during the initial scoping workshop. This is conducted prior to the development of the Rl work plan
(Fig. 4). The preliminary screening of alternatives is refined as more information becomes available and
the results of the baseline ecological and human health risk assessments determine the chemicals and
pathways of concern. During the selection of remedial actions, short-term and long-term risks must be
considered. The analysis of short-term risks focuses on the potential adverse effects on human health and
the environment from implementation of the remedial action. The analysis of long-term risks focuses on
the risk that will remain after remedia action has been taken (this level of remaining risk is termed
residual risk). These analyses may be either qualitative or quantitative, depending on site conditions. For
more information, refer to page 14 of Risk Assessment Guidance for Superfund, Part C (EPA 1991b).
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The results of these risk analyses are presented in the FS Report. Table 3 illustrates the differences
between the baseline human health risk assessment and the risk evaluation of alternatives.

Figure 4

l Evaluation of Alternatives and Risk Assessment
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Detailed Evaluation of Alternatives

A 4
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Deletion and Five
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Figure 4. The feasibility study and risk assessment

Table 3. Comparison of the baseline human health risk assessment and therisk evaluation of alternatives

Baseline Human Health Risk Risk Evaluation of Alternatives
Assessment (quantitiative) (may be quantitative or qualitiative)
Contaminant  Uncontrolled site Remedial activity and residual contamination
Sources May include chemicals not present under baseline conditions
(e.g., those created during remediation)
Timing of Releases due to natural processes  Releases due to implementation of remedy
Releases (e.g., leaching, weathering)
Exposed Current and potential future Current, remediation workers, and potential future (if residual
Populations risks are present)
Duration Includes lifetime exposure Long-term includes lifetime exposure

Short-term only includes less-than-lifetime exposure

Assessment of Short-term and Long-term Risks for Remedy Selection DOE/EH-413/9708 (DOE 1997)

2.2.4 Deletion and Five Year Review

A five-year review of the record of decision for a site (or areas and media within the watershed) is
conducted if the selected remedia action(s) results in residual hazardous substances, pollutants,
radionuclides, or chemicals. The purpose of this review is to ensure that the long-term effectiveness of
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the remedy continues to protect human health and the environment. The rigor of these assessments is
dependent on the amount of additional analytical information and ranges from a simple review of existing
information to development of a new risk assessment (if site conditions warrant). These reviews will
continue to occur as long as residual contamination is present or until the DOE, TDEC, and EPA Region

IV decide otherwise.
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3. OTHER ENVIRONMENTAL MANAGEMENT ACTIVITIES

There are other programs in addition to environmental restoration that fall under the purview of the
U.S. Department of Energy, Oak Ridge Operations (DOE-ORO) Environmental Management (EM)
Program: waste management, decontamination and decommissioning (D&D), technology development
and demonstration, and reindustrialization. Each of these programs uses risk assessment methods and
techniques to support decision-making. The following text briefly describes the risk-related activities that
are performed for these programs and illustrates the need for active involvement.

3.1 WASTE MANAGEMENT

Waste management activities include categorizing wastes (e.g., sanitary, hazardous, low-level
radioactive, mixed waste, etc.) to meet disposal criteria under the Resource Conservation and Recovery
Act (RCRA), the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
DOE Orders, or other regulatory drivers; evaluating the feasibility of on-site versus off-site disposa
(including an evaluation of transportation risk); waste reduction efforts; and overall protection of waste
management/remedial workers and the public.

Risk assessment methods in waste management are used to:

derive estimates of waste volumes and the associated risks/hazards,
evaluate transportation risk,

estimate risk from process waste streams and evaluate the cost/benefit of various waste reduction
efforts,

perform cost/benefit analyses of remedia alternatives,
evaluate worker risk and risk to the public from disposal activities, and

develop a Waste Acceptance Criteria Screening process that complies with DOE Orders and the risk
godls established under CERCLA and RCRA for the reclassification of radioactive waste so that it
may be release to a Subtitle C or D landfill.

3.2DECONTAMINATION & DECOMMISSIONING

The DOE and the U.S. Environmental Protection Agency (EPA) issued a joint policy [Policy on
Decommissioning Department of Energy Facilities Under CERCLA (DOE and EPA 1995)] that addresses
the implementation of CERCLA at D&D facilities. The policy established that decommissioning
activities will be conducted as non-time-critical removal actions where appropriate. This approach
recognizes that demolition activities are typicaly straight forward with limited alternatives available for
consideration. The evauation process conducted prior to the implementation of a non-time-critical
removal, as well as the engineering alternatives, are documented in the Engineering Evaluation/Cost
Analysisreport. Per guidance from the EPA (EPA 1993) and DOE (DOE 1994, 1997), a streamlined risk
evaluation is conducted to focus the remedia action on the specific problem or the existing/imminent
health or environmental threats rather than address all potential exposure pathways,; therefore, the
streamlined risk evaluation may be limited in scope compared to a conventional baseline risk assessment.
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Streamlined risk evaluations can be used to justify a removal action and to identify current or potential
exposures that should be prevented. It is important to remember that the level of complexity of a
streamlined risk evaluation is based on the action to be undertaken and may in some cases require as
much effort as a conventional baseline risk assessment.

Risk guidance for D&D facilities was developed by DOE-ORO with the assumption that the
facilities may need to be evaluated with the same rigor as DOE-ORO hazardous waste sites. Therefore,
the guidance provides methods to estimate:

the potential source terms associated with past and/or on-going releases from available historic,
operational, and environmental data;

the probability and magnitude of releases due to catastrophic events (e.g., tornadoes); and
the potential magnitude of releases due to deterioration of building materials with time.

These estimates can be used, in turn, to complete screening risk evaluations, baseline risk assessments,
and dternatives evaluations.

The screening risk evaluation guidance was designed to produce relative risk scores to support D&D
action, prioritization, and decision-making. The baseline risk assessment guidance was developed using
parts A through C of Risk Assessment Guidance for Superfund (EPA 1989, 1991a, 1991b) to provide a
consistent approach for projecting the potential for adverse effects to human health and the environment
from D&D facilities. These unique documents provide methods to estimate source terms from historical
and operational information regarding the nature and volume of materials contained within the
infrastructure (e.g., piping, insulation, drains, etc.). The D&D risk assessment guidance documents are
referenced in Table 4, and a brief abstract for each is provided in Appendix A.

Table 4. D& D risk assessment guidance documents

Baseline Risk Assessment Guidance for D& D Facilities, K/ER-153/R1, Oak Ridge National Laboratory, Oak Ridge,
Tennessee. (LMES 1995a)

D&D Alternatives Risk Assessment Guidance, Oak Ridge National Laboratory, Oak Ridge, Tennessee. DRAFT
(LMES 1996a)

D&D Screening Risk Evaluation Guidance, ESY'ER/TM-165, Oak Ridge National Laboratory, Oak Ridge,
Tennessee. (LMES 1995b)

The methods outlined in the D&D guidance documents may be used to support a streamlined risk
evaluation. The D&D guidance documents provide information for data evaluation, source term
estimation, exposure assessment, catastrophic failure, and other related risk activities (i.e., prioritization,
evaluation of aternatives, etc.). This information helps ensure that risk assessments are consistent with
accepted regulatory guidelines and technically defensible.  The guidance is not al encompassing,
however, as new risk assessment methods are being developed in the D&D area. The Risk Assessment
Technical Lead (RATL) for a particular project should consult with the project manager and the Risk
Advisory Board (RAB) as needed to ensure that:

the most innovative and cost effective methods of assessment are used for D& D risk evaluations,

the new methods are consistent with existing regulatory guidance, and
the assessment will meet the needs and expectations of the DOE-ORO EM Program.
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3.3TECHNOLOGY DEVELOPMENT AND DEMONSTRATION

Prior to the passage of CERCLA, remedia technologies were limited to those effective at addressing
current problems and to land disposal of waste. The requirements of CERCLA necessitated the
development of innovative technologies that provide long-term effectiveness and permanence. The goal
of DOE-ORO'’'s technology development and demonstration programs are to develop treatment
technologies that meet regulatory requirements, can be demonstrated at DOE facilities, and can be
ultimately transferred to use in the private sector.

Risk assessment input to the evaluation of treatment technologies occurs primarily in the evaluation
of effectiveness. The technology must reduce the toxicity, mobility, or volume of the waste in order to be
considered effective. In addition, a comparison between alternatives may be conducted to determine their
relative costs/benefits.

3.4 REINDUSTRIALIZATION

In January 1996, DOE began the process of reindustrialization at the East Tennessee Technology
Park (ETTP). Several leases have been signed with the Community Reuse Organization of East
Tennessee (CROET), which in turn subleases both land and facilities to private sector firms or other
organizations. The current uses of these properties include commercial, industrial, or business.

Prior to leasing a property, the CROET and DOE-ORO sign a Memorandum of Understanding,
which states that all parties agree to the objective of leasing a specific piece of property (land or facility)
for a defined use. After the Memorandum of Understanding is signed, DOE reindustrialization staff
prepare a Baseline Environmental Analysis Report that is modeled after the requirements in CERCLA
Section 120 (h). This report establishes a baseline condition of the facility and identifies hazardous
materials (per 40 Code of Federal Register 373) that are present, stored, or have been released at the
facility or land area. This baseline report is accompanied by a screening-level human health risk
assessment when appropriate.  DOE-ORO submits these reports to TDEC and EPA Region IV. The
screening risk assessments use existing/historical data for afacility and/or land areato:

provide an analysis of risks/hazards in order to support the determination that the facility/land area is
safe for occupation by atenant; and

screen high risk/hazard areas from the lease or identify high risk/hazard areas within the lease space
on which to impose constraints and access restrictions.

The potential contamination surrounding the lease space (either outside a facility or in an area
adjacent to the lease ared) is also assessed to determine potential impacts on tenants. Similar to the risk
approach for D&D facilities, the screening risk assessments for reindustrialization are based on the
CERCLA risk methodology (Section 4). These screening risk assessments incorporate the available
D&D guidance, as necessary, to meet the needs of the particular leased space. For example, methods
described in the Baseline Risk Assessment Guidance for D&D Facilities (LMES 1995a) may be used to
develop the source term for a particular facility under consideration for lease.
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4. RISKASSESSMENT IMPLEMENTATION

Risk assessments and risk-related activities undertaken in support of the U.S. Department of Energy,
Oak Ridge Operations (DOE-ORO) follow the regulatory guidance documents listed in Table 5, the
technical memoranda listed in Appendix A, and “site-specific’ guidance. Generally, the “site-specific”
guidance presented in the following subsections has been devel oped to:

address the use of existing/historical data;

incorporate land use determinations,

define the use of screening and integration point assessments,

select scenarios, pathways, chemicals, and media of concern; and

identify risk assessment tools available for use by all subcontract personnel.

A risk assessment consists of four distinct steps: data collection and evaluation, exposure assessment,
toxicity assessment, and risk characterization. The outcome of a risk assessment is either a set of
chemicals, pathways, media, and/or scenarios of concern for which an appropriate action must be
undertaken or a determination that no action is required. The following sections briefly describe the steps
of arisk assessment and define the “ site-specific” guidance related to each step.

Table 5. Risk assessment regulatory guidance documents

Appendix D of Risk Assessment Guidance for Superfund, Vol. 1, (“Correctionsto RAGS—Part B, Sections 3.3.1
and 3.3.2"). (EPA 1991d)

Dermal Exposure Assessment: Principles and Application, Interim Report. EPA/600/8-91/011B, Office of Research
and Devel opment, Washington, D.C. (EPA 1992)

Exposure Factors Handbook, Volume 1, 11, and 111, EPA/600/P-95/002Fa, Office of Research and Devel opment,
National Center for Environmental Assessment, Washington, D.C. (EPA 1997)

Guidance for Data Usability in Risk Assessment, EPA/540/G-90/008, Office of Emergency and Remedial Response,
Washington, D.C. (EPA 1990)

Risk Assessment Guidance for Superfund: Volume 1, Human Health Evaluation Manual (Part A), EPA/540/1-
89/002, Office of Emergency and Remedia Response, Washington, D.C. (EPA 1989)

Risk Assessment Guidance for Superfund: Volume 1, Human Health Evaluation Manual (Part B, Development of
Risk-based Preliminary Remediation Goals), OSWER Directive 9285.7-01B, Office of Emergency and
Remedial Response, Washington, D.C. (EPA 19914a)

Risk Assessment Guidance for Superfund: Volume 1, Human Health Evaluation Manual (Part C, Risk Evaluation of
Remedial Alternatives), OSWER Directive 9285.7-01C, Office of Emergency and Remedial Response,
Washington, D.C. (EPA 1991b)

Risk Assessment Guidance for Superfund: Volume 1, Human Health Evaluation Manual (Part D, Standardized
Planning, Reporting, and Review of Superfund Risk Assessments), OSWER Directive 9285.7-01D, Office of
Emergency and Remedial Response, Washington, D.C. (EPA 1998)

Standard Default Factors, OSWER Directive 9285.6-03, Office of Emergency and Remedial Response,
Washington, D.C. (EPA 1991c)

Supplemental Guidance to RAGS Region 4 Bulletins, Human Health Risk Assessment, Waste M anagement
Division, Office of Technical Services. (EPA 1996)
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4.1 DATA EVALUATION

The first step in the risk assessment process, regardless of the type of risk assessment to be
performed (i.e., screening, integration point assessment, baseline), is data collection and evaluation. The
guantity and quality of available environmental data often determine the level of evaluation (i.e., remedial
site evaluation versus remedial investigation, or screening assessment versus baseline assessment) to be
performed. The current DOE-ORO technical approach to remedial action is to rely heavily on
existing/historical data in order to reduce cost and accelerate clean-up, disposal, or reuse. This strategy
may be further streamlined by employing a phased approach to data collection; additional data is
collected in phases until an appropriate technical decision can be made.

Prior to implementation of any risk assessment or related risk activity, all relevant existing/historical
data are obtained from the project environmental data coordinator or the Oak Ridge Environmental
Information System (OREIS). This system is a centralized, standardized, quality-assured, and
configuration-controlled environmental data management system. The primary mission of OREIS is the
efficient retrievability and long-term retention of consolidated DOE-ORO environmental data generated
by the environmental restoration, compliance, and surveillance activities at the Oak Ridge Reservation
(ORR). To achieve thismission, OREIS:

contains both existing/historical data and data from ongoing activities;
maintains data in a standardized, quality assured, and configuration controlled information system;

includes known quality measurement and spatial data from environmental media (e.g., groundwater,
surface water, sediment, soil, air, and biota) as well as descriptive and qualifier metadata;

maintains data for the five DOE-ORO facilities; and

fulfills DOE-ORO’'s environmental information management obligations under an enforceable
Federal Facility Agreement (FFA) Docket No. 8904FF under Section 120 of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and Sections 3008(h) and
6001 of the Resource Conservation and Recovery Act (RCRA).

Obtained data are subjected to a data usability evaluation (Appendix B). This evaluation generaly
follows the guidelines outlined in both Risk Assessment Guidance for Superfund, Part A (RAGS) (EPA
1989) and Guidance for Data Usability in Risk Assessment (EPA/540/G-90/008) (EPA 1990). The
purpose of this evaluation isto:

determine if the existing/historical data meet the regquirements of the project data quality objectives,

identify any data needs that may exist (e.g., lack of data for certain environmenta media or time
periods),

develop alist of chemicals of potential concern,
focus additional sampling efforts (if any) on chemicals of potential concern,

ensure that method detection limits are sensitive enough to detect concentrations less than risk-based
Preliminary Remediation Goals (PRGs), and
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ensure that data collection activities support the project data quality objectives.

The site-specific data set is evaluated to ensure that the quality of the data is appropriate based on the
project-specific data quality objectives. If the data evaluation has not been completed in earlier phases of
the investigation, it may be completed as part of the risk assessment. Appendix B contains detailed
guidance for conducting the data evaluation and determining the chemicals of potential concern (COPCs)
for quantitative risk assessments. In general, the data evaluation performed for risk assessment purposes
consists of the following steps.

Evaluate analytical methods, quantitation limits, qualifiers and codes, and blanks. The risk
assessor performs the following actions, regardless of whether the data have or have not been
validated by an independent party or if the action items have already been performed.

— Evaluate the data set to ensure that the analytical methods were appropriate for the chemical
analyzed and the sample matrix.

— Evaluate the quantitation limits to ensure that the detection limits were not unusually high.
— Evaluate the qualifiers and codes to ensure that the data are valid.

— Evaluate and perform a comparison of blank concentrations to actual sample concentrations to
ensure that the concentrations were not biased by either the laboratory preparation methods or the
analytical methods.

Determine if tentatively identified compounds are significant. Tentatively identified compounds
are retained as chemicals of potential concern only if they are detected frequently and have been
associated with site operations.

Compar e data set to background and reference samples. A comparison of sample concentrations
with available background concentrations is useful for identifying non-site-related chemicals and
radionuclides. The background values represent naturally-occurring levels of chemicals that are
present under ambient conditions (i.e., not influenced by anthropogenic sources). In genera, this
comparison is applicable only to inorganic chemicals and a select number of radionuclides.
Information specific to the ORR background concentrations is listed below.

— Soil background concentrations for the ORR were obtained from a comprehensive effort. The
soils data obtained from this effort are presented in the Final Report on the Background Soil
Characterization Project at the Oak Ridge Reservation, Oak Ridge, Tennessee, Volumes 1-3
(DOE 1993). These data are used to screen environmental data sets and eliminate contaminants
determined to not exceed background concentrations.

— Chemicals eliminated as a result of background or reference sample comparisons are discussed in
the text of the baseline risk assessment report. Appendix C presents detailed guidelines on
statistical approaches that can be used to compare site-specific data and background.

— Groundwater background concentrations do not exist for all of the ORR; however, background
concentrations for inorganic chemicals in groundwater at the Y-12 Plant were developed using
groundwater data collected under the Y-12 Groundwater Monitoring Program. The methodol ogy
used to develop these background concentrations and the values themselves are contained in
Determination of Reference Concentrations for the inorganic Analytes in Groundwater at the U.
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S Department of Energy Oak Ridge Y-12 Plant, Oak Ridge, Tennessee, (Y/ER-234, LMES
1996b).

Note: Due to the diverse subsurface environment of the Oak Ridge Reservation, there are many
uncertainties associated with background concentrations. Therefore, background data sets should only
be used after al parties agree to their validity and pertinence to the investigated problem.

Eliminate essential nutrients. Those contaminants that are considered to be essential nutrients are
eliminated from the quantitative evaluation if they are not considered to be significantly elevated
and/or if no toxicity information is available. The only chemicals which may be eliminated as
essentia nutrients are calcium, chloride, iodine, magnesium, phosphorus, potassium, and sodium
(EPA 1996).

Perform risk screening using chemical-specific, risk-based PRGs. For each exposure pathway,
analytes are compared to chemical-specific PRGs for the residential scenario. The pathways included
in the derivation of these PRGs are those deemed necessary to support remedia decisions. Analytes
for which the maximum detected concentrations are less than chemical-specific PRGs at
concentrations posing de minimis risk (i.e., risk < 1E-06 or Hazard quotient < 0.1 or if risk < 1E-06
and Hazard quotient < 0.1) for the residential scenario may be eliminated from the quantitative risk
assessment. In addition, if no chemical, land use scenario, or pathway exceeds the most conservative
PRG, any or al of the site, land uses scenarios, or pathways may be designated no action (i.e.,, PRG
screen is sufficient to support no action). The Risk Assessment Information System (RAIS) provides
a means to calculate risk-based PRGs using standard exposure equations for a number of exposure
pathways. This interactive web program allows the user to select the chemicals for which PRGs are
needed and to customize the exposure equations for the routes to be evaluated. For more information,
visit the web page at: http://www.risk.Isd.ornl.gov/prg/prg_search.html.

Compar e nondetected chemical quantitation limitsto PRGs. The reported detection limits for all
nondetected chemicals (i.e., analytes that are not detected in any/all samples) are compared to PRGs
to ensure that the detection limits are appropriate. A table is generated as a result of this comparison,
and the results are discussed in the text of the report.

Compilethelist of COPCs. All chemicals that remain after the previous steps have been performed
are compiled in alist of COPCs. This list of chemicals is carried through the risk assessment and is
the basis for any remedial decisions.

4.2 EXPOSURE ASSESSMENT

An exposure assessment is the determination or estimation (qualitative or quantitative) of the
magnitude, frequency, duration, and route of exposure for each potential or actual receptor population to
be evaluated in the risk assessment. During the exposure assessment, the risk assessor:

characterizes the exposure setting to identify the potentialy exposed receptors, their activity patterns,
and any other characteristics that might increase/decrease their likelihood of exposure;

identifies exposure routes (develops a conceptual site model) and scenarios,

estimates the exposure concentration; and
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calculates a chemical-specific intake or dose.

Once the appropriate exposure routes and scenarios have been identified, the risk assessor must
select the appropriate dose equations and associated parameter values. The dose equations are used to
calculate either the amount of contaminant that is in contact with the body at an exchange boundary per
unit body weight per unit time or the amount of contaminant that is absorbed by the body per unit body
weight per unit time. The output of this activity is used in conjunction with the output from the toxicity
assessment to quantify potential risks/hazards to receptors during the risk characterization. Equations and
their associated parameter values for many of the exposure pathways pertinent to the evaluation of
risk/hazard on the ORR and at Portsmouth and Paducah are available on the RAIS at the web address
provided in Section 4.1.

The following subsections outline exposure assessment guidance that has been developed for sites on
the ORR. Much of this guidance is specific to the remedial investigation/feasibility study process, but it
isalso of usefor other risk assessment activities on the ORR (e.g., the discussion concerning land use).

4.2.1 Characterization of the Exposure Setting: Land Use

The end use (land use) of any site, whether it is a buria ground, a pond, or building, is critical to the
evaluation of risks/hazards associated with that area. The future use of an area determines the exposure
pathways and associated equations and parameter values, regardless of the level of the assessment (e.g.,
screening, integration point, or baseline). The DOE-ORO, the Tennessee Department of Environment
and Conservation (TDEC), and the U.S. Environmental Protection Agency (EPA) recognize that land use
determination on the ORR must incorporate the community values and their desired future uses for the
ORR. Therefore, in 1996, DOE asked the ORR Environmental Management Site Specific Advisory
Board to form a committee to solicit input from the community and make recommendations on the future
use of the ORR. This committeeis called the End Use Working Group (EUWG).

In July, 1998, the EUWG published Final Report of the Oak Ridge Reservation End Use Working
Group (EUWG 1998). Overal, the EUWG developed four types of recommendations:

community guidelines for contaminated land and water on the ORR,

end uses for the five ORR watersheds and several areas not currently included in the watersheds,
construction of an on-site ORR disposal facility, and

long-term stewardship of contaminated land.

The land use categories and the criteria used by the EUWG in making recommendations are
presented in Table 6. Likewise, the land use categories used by the DOE for planning and evaluation
purposesin the Initial Accelerating Cleanup Paths to Closure Oak Ridge Operations Office (DOE 1998b)
are presented in Table 7. Although similar, the EUWG and DOE categories and their respective
definitions vary enough that a decision regarding their influence on the selection of future exposure routes
and scenarios must be made prior to the development of the human heath conceptual site model.
Recommendations for specific sites (including remedial action, D&D, and areas dated for reuse) are
included in each of the documents.
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Table6. End Use Working Group End Use Criteria

End Use Surface Use Depth of Clean Soil  Groundwater Surface Owner ship
Category Use Water Use
Unrestricted Unrestricted Unlimited Unrestricted Unrestricted  Government
or Private
Uncontrolled  Industrial 10 feet Not Allowed Unrestricted  Government
Industria or Private
Recreational Recreational 2 feet Not Allowed Recreational  Government
Uses or Private
Controlled Industrial with 2 feet, additional Not Allowed Not Allowed Government
Industrial restrictions evacuation by permit or Private
Restricted Limited to No soil disturbance Not Allowed Not Allowed Government
Waste monitoringand  allowed
Disposal maintenance
Table7. Pathsto Closure End Use Scenarios
Category Definition
Unrestricted Unfenced areas where subsistence or commercial agriculture predominates

without restriction on surface water or groundwater use or where permanent
residential use predominates without restriction on surface water with the
possibility of groundwater restrictions.

Restricted Industrial
Open Space/Recreational

Active industrial facility where groundwater use may be restricted.

Posted areas are generally reserved as buffer or wildlife management zones.
Native Americans or other authorized parties may be allowed permits for
occasional surface areause. Accessto or use of certain areas may be prevented
by passive barriers (e.g., where soil is capped). Limited hunting or livestock
grazing may be allowed. Unfenced areas permit daytime use for recreational
activities (e.g., hiking, biking, sports), hunting, and some overnight camping.
Fishing may be limited to catch-and-release.

Controlled Access DOE maintains restricted access areas for secure storage and disposal of
nuclear materials or waste. Barriers and security fences prevent access by

unauthorized persons. Wildlife and plants are controlled or removed.

4.2.2 Identification of Exposur e Pathways

For exposure to occur, a source of contamination or contaminated media must exist that serves as a
point of exposure or that transports chemicals away from the source to a point where exposure could
occur. In addition, a receptor must come into direct contact (i.e., ingestion, inhalation, dermal contact,
external exposure) or indirect contact (such as ingestion of foodstuffs that have biocaccumulated chemicals
within their systems) with the contaminant. This concept is referred to as an exposure pathway. The
elements of an exposure pathway are source, environmental transport/transfer media, exposure point,
exposure route, and receptor. Once a decision has been reached on land use for a site, the exposure
pathways can be identified.

Based on the activity patterns of a population, there may be more than one exposure pathway for any
given individual. Therefore, the exposure assessment must include an evaluation of the activity patterns
of the potential receptors to determine what combination, if any, of exposure pathways could affect an
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individual. This evaluation results in the generation of exposure scenarios. Exposure scenarios represent
the combination (if applicable) of exposure pathways for an individual based on higher activity patterns.

4.2.3 Quantification of Exposure

Although exposure concentrations are based on the measured environmental concentrations for both
current and future land use considerations, they often display variability between different sites within a
watershed. It is important to understand that medium- and site-specific considerations influence the
derivation of the exposure concentration. These considerations include the size of the site, land use
designation, techniques used for data aggregation, and selection of applicable spatial statistics. Detailed
guidance for determining the area of exposure units, exposure concentrations, and related issues is
provided in Appendix G.

It should be noted that fate and transport modeling may be required to estimate exposure
concentrations in the future. The project team should determine if fate and transport modeling would
benefit the overall project and the associated risk assessment. Potential site-specific modeling decisions
should be made in association with Data Quality Objective (DQO) decisions to ensure that models will be
supplemented by sampling data and effectively support risk assessment activities.  Appendices D-F
provide guidelines on air dispersion modeling, groundwater modeling, and food chain models for use in
risk assessment.

Exposure concentrations serve as one input variable in the equations that are used to calculate
pathway-specific intakes for each receptor. As previousy mentioned, many of the exposure equations
that support the land uses on the ORR and at Paducah and Portsmouth are available on the RAIS along
with default parameter values. These equations are updated as new technical information becomes
available.

43 TOXICITY ASSESSMENT

The purpose of a toxicity assessment is to weigh available evidence regarding the potential for a
chemical to cause adverse effects in exposed individuals and to provide, where possible, an estimate of
the relationship between the extent of exposure and the increased likelihood and/or severity of adverse
effects. (EPA 1989) Toxicity values for carcinogenic and noncarcinogenic chemicals and radionuclides
are available for use by all subcontractors performing work for the DOE-ORO via the RAIS. Toxicity
profiles for a select set of chemicals are also available viathe RAIS.

4.3.1 Toxicity Values

A database of chemical-specific toxicity values is maintained on the RAIS. The toxicity values
database contains information obtained from the EPA's Integrated Risk Information System (IRIS), the
Health Effects Assessment Summary Tables (HEAST), and other information sources; all information
contained in the database is referenced. In addition, the database contains supplemental information
clarifying some issues.

The toxicity values contained in the RAIS database were developed for human health risk
evaluations and assessments utilizing methods presented in part A of Risk Assessment Guidance for
Superfund: Volume 1-Human Health Evaluation Manual (EPA 1989). The toxicity values database
contains footnoted entries for toxicity values that have been withdrawn from IRIS, are provisional, or
have been derived from other information. These footnoted values have been approved (by EPA Region
IV) for use in the risk assessment and evaluation of areas on the ORR and Paducah. In addition, the
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database incorporates information not considered in EPA's Soil Screening Guidance (i.e., dermal toxicity
values and radionuclide toxicity values).

4.3.2 Toxicity Profiles

A database of toxicity profiles was developed using information from the EPA’s IRIS and HEAST
and other literature sources. The profiles and their references are provided on the RAIS to eliminate
duplication of effort and to supplement the human health risk-based PRGs presented elsewhere on the
RAIS.

In the toxicity profiles database, the profiles are presented in two formats:

Formal format: Profiles are several pages long and are similar to the profiles found in IRIS; they are
available for downloading in WordPerfect format.

Condensed format: Profiles are generally less than a page in length and are suitable for use as a
toxicity profile in the toxicity assessment chapter of a human health risk assessment.

4.4 RISK CHARACTERIZATION

The risk characterization section of a risk assessment incorporates the outcome of the previous
activities (i.e., data evaluation, exposure assessment, and toxicity assessment) and calculates the risk or
hazard resulting from potential exposure to chemicals via the pathways and routes of exposure determined
appropriate for the site. Risk characterization integrates and summarizes the information presented in the
exposure and toxicity assessments for each of the different land use scenarios in light of the associated
uncertainties.

When characterizing risk, the risk assessor may decide to aggregate the data (e.g., based on depth,
location, etc.) or compare risks on a point-by-point basis. Often the point assessment is a screening step
for hot spots, chemicals of concern (COCs), etc. The aggregate assessment, based on the appropriate
exposure scenarios, istypicaly the basis for remediation.

The following equations were taken directly from part A of the Risk Assessment Guidance for
Superfund: Volume 1-Human Health Evaluation Manual (EPA 1989). Equation 1 is a numeric estimate
of the systemic toxicity potential posed by a single chemical within a single route of exposure. Equation
2 is a numeric estimate of the systemic toxicity potential posed by all chemicals reaching a receptor
through a single exposure route. Equation 3 is a numeric estimate of the systemic toxicity potential posed
to a receptor by exposure to all chemicals over al routes. This last value is often called an estimate of
“total noncarcinogenic risk”.

The result of Equation 4 is an estimate of the increased cancer incidence (i.e., probability) to a
receptor that results from exposure to a single chemical (or radionuclide) within a single exposure route.
The result of Equation 5 is an estimate of the increased cancer incidence (i.e., probability) that results
from exposure to all chemicals (or radionuclides) reaching a receptor through a single route. Finaly, the
result of Equation 6 is an estimate of the increased cancer incidence (i.e., probability) that results from
exposure to all chemicals (or radionuclides) reaching a receptor over all routes. This last value is often
called an estimate of “total carcinogenic risk”.
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Equation 1. A single chemical within a single exposur e route:

CDIi where: HQ; = The hazard quotient, an estimate of the systemic
HQi = RD: toxicity posed by asingle chemical.
' CDl; = The estimate of chronic daily intake (or absorbed dose
for some exposure routes) from the exposure
RfD; = assessment.

The chronic reference dose for administered or
absorbed dose, as appropriate.

Equation 2. All chemicalswithin a single exposure route:

iy where: Hl,, = The pathway hazard index, an estimate of the systemic
Hle=a HQ toxicity posed by all chemicals within a single exposure
=1 route.
HQ; = Theindividua chemica hazard quotients for chemicals
reaching the receptor through a single exposure route
(from EQ.1).

Equation 3. All chemicals over all exposureroutes:

iy where:Hlywg = The total hazard index, an estimate of the systemic
Hlwa = g Hip toxicity posed by all chemicals over all routes.
p=l HIp = The pathway hazard indices from Eq.2

Equation 4. A single chemical within a single exposur e route:

ELCR =CDIi” S where: ELCR; The chemical-specific excess cancer incidence.

CDl, The estimate of chronic daily intake (or absorbed dose)
from the exposure assessment.
SF; = The slope factor for administered or absorbed dose.

Equation 5. All chemicalswithin a single exposur e route:

iy where: ELCR, = The pathway-specific excess cancer incidence.
ELCR. =q ELCR ELCR, = The chemical-specific excess cancer incidence from Eq.
= )

Equation 6. All chemicals over all exposureroutes:

iy where: ELCRyqy = The total excess cancer incidence posed by all
ELCRoa = g ELCR» chemicals over al routes.
p=l ELCR, = The pathway-specific excess cancer incidence.

441 Selecting Scenarios, Pathways, and Chemicals of Concern (COCs)
The selection of scenarios, pathways, and COCs follows the guidelines outlined by the EPA Region

IV in Office of Technical Services Supplemental Guidance to RAGS Region 4 Bulletins (EPA 1996).
These guidelines are outlined below.
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Scenarios of Concern. Total noncarcinogenic risk (Hly) and total carcinogenic risk (ELCRyqy) Will be
compared to 1.0 and 1 x 10, respectively, within a use (land use) scenario. Use scenarios with an overall
cumulative Hlyy or ELCRyy exceeding either of these limits will be deemed “use scenarios of concern’.

Pathways of Concern. Risk characterization results for excess lifetime cancer risks (ELCR) and hazard
indices (HIp) for routes over all COPCs within a use scenario of concern will be compared to 0.1 and 1 x
10°, respectively. Routes within a use scenario of concern exceeding either of these limits will be
deemed “pathways of concern” for the use scenario of concern.

Chemicals of Concern. Results for excess lifetime cancer risk (ELCR;) and hazard quotient (HQ;) for
COPCs over al routes within a use scenario of concern will be compared to limits of 0.1 and 1 x 10°
respectively. COPCs within a use scenario of concern exceeding either of these limits will be deemed
COCs for the use scenario of concern.

Media of Concern. For each pathway of concern, the ELCRyyy and Hlyy for each medium within that
pathway will be compared to 0.1 and 1x10°, respectively. Media of concern will be those media that
exceed these limits.

4.4.2 Verification of Calculations

Before the D1 version of any risk assessment isfinal, results of all risk/hazard calculations, including
developed PRGs, should be independently verified. Risk assessors should implement “Verification of
Human Health and Ecologica Risk Assessments’ (EMEF/EM-P2009) or an equivalent procedure.
Documentation to support this verification should be included with the project files.

4.4.3 Presenting the Risk Characterization Results

In January 1998, the EPA issued Risk Assessment Guidance for Superfund: Volume I, Human Health
Evaluation Manual (Part D, Sandardized Planning, Reporting, and Review of Superfund Risk
Assessments) (EPA 1998). As the title suggests, RAGS Part D provides guidance on standardized risk
assessment planning, reporting, and review throughout the CERCLA remedial process, from scoping
through remedy selection and completion and periodic review of the remedia action. The application of
this standardized methodology on the ORR is a subject of much debate. Further guidance on the use of
these standardized tables and reporting criteria will be provided by the Bechtel Jacobs Company LLC
Risk Compliance and Reduction Program as it becomes available. For now, risk assessment results must
provide al of the pertinent information necessary for making aremedia decision regarding riskshazards.

45 UNCERTAINTY ANALYSIS

Estimation of uncertainty is fundamental to activities that involve measured or assessed quantities.
Over- or under-estimates can lead to improper remedial decisions. Since the risk estimates generated in a
risk assessment are based on exposure and toxicity assumptions, it is necessary to specify the assumptions
and uncertainties in the risk assessment report. Specifically, uncertainties should be interpreted relative to
their impact on risks and consequently remediation in the characterization section of the risk assessment
report. Uncertainties may be present in selection of COCs, dose-response relationships, etc. For
guidance on conducting an uncertainty analysis, refer to Appendix H of this document or An Introductory
Guide to Uncertainty Analysis in Environmental and Health Risk Assessment (ES'ER/TM-35/R1).
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5. SCREENING RISK ASSESSMENTS

Human health screening risk analyses, as presented in this document, include comparing available
environmental data with risk-based Preliminary Remediation Goals (PRGs) and developing/updating an
integration point assessment. These analyses were developed to accelerate the remedial investigation
process and reduce its cost by identifying sources that are of highest priority. Since their development,
the screening risk assessments have been applied to other projects [e.g., Decontamination and
Decommissioning (D&D) and reindustridization] to identify the potential risks and the need for risk
reduction prior to the demolition or reuse of a facility. The screening risk analyses aso identify and
provide justification for early actions at sites. Lastly, these assessments can be used to focus data
collection efforts on chemicals of potential concern or to identify data needs.

The screening risk assessments described in this document were based on the known physiographic,
hydrologic, and geographic characteristics of the Oak Ridge Reservation (ORR) and existing/historical
chemical environmental data. This information indicated that the surface water and groundwater systems
on the ORR serve as collectors or basins for multiple chemicals from a variety of sites. These chemicals
are mixed together within these water bodies and integrated into their flow system. As such, the surface
water and groundwater systems are referred to as integrators. Most importantly, these integrators, along
with the air pathway, are the primary means of contaminant transport to areas outside the boundaries of
the ORR where public exposure becomes more probable. A screening risk analysis methodology, called
the integration point assessment, was developed to evaluate the surface water integrators.

The integration point assessment is a flux-based risk assessment method developed to evaluate the
surface water integrators. This assessment uses monitoring, surveillance, compliance, and other data to
evaluate relative contribution to the off-site risk from the various input sources of surface water
integrators. Once the primary sources in the integrator are identified, source control actions can be
prioritized and undertaken to reduce exposure to levels that are as low as reasonably achievable.

The combination of the comparison to risk-based PRGs and the integration point assessment allow
the risk manager to prioritize sites relative to both on-site and off-site risk/hazard [where “site” refers to
the U.S. Department of Energy (DOE) ORR property], respectively.  These assessments can be
performed at any point during the investigative process and can be updated as new information becomes
available.

5.1 COMPARISON TO RISK-BASED PRELIMINARY REMEDIATION GOALS

Chemical-specific, risk-based PRGs, which are a subset of all PRGs, are concentration goals for
individual chemicals and radionuclides for specific medium and land use combinations. The risk-based
PRGs are derived using a specific excess lifetime cancer risk or hazard index. Risk-based PRGs are
initial guidelines that are protective of human health and the environment, based on readily available
information, and comply with Applicable or Relevant and Appropriate Requirements (ARARs). For
more information on PRGs, refer to Section 1.1 of Risk Assessment Guidance for Superfund, Part B (EPA
1991a).

The Risk Assessment Information System (RAIS) provides the means to calculate risk-based PRGs
using standard exposure equations for a number of exposure routes. This interactive web program allows
the user to select analytes of interest and to customize the exposure equations for the routes they wish to
evaluate. For more information please see the web page at: http://www.risk.Isd.ornl.gov/rap prg.
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The guidelines in this document dictate the use of the risk-based preliminary remediation goal
screening assessment during data evaluation activities to aid in identifying:

chemicals of potential concern,

transport and exposure pathways that need to be further characterized,

data gaps and limitations,

appropriate detection limits for subsequent sampling efforts,

high priority on-site areas, and

sites for which a no further investigation/action determination may be appropriate.

5.1.1 Risk-Based Preliminary Remediation Goal Screening to Deter mine Chemicals of Potential
Concern in the Basdline Human Health Risk Assessment

A screening using chemical-specific, risk-based PRGs will be conducted during data evaluation of
the baseline human health risk assessment as part of the identification of chemicals of potential concern
(COPCs). Analytes detected above background (when available) for each exposure pathway are
compared to chemical-specific, risk-based PRGs for the residential scenario. The pathways that have
been identified to be included in the risk assessment are those deemed necessary to support project Data
Quality Objectives (DQOs) (e.g., remedia decisions). It should be noted that analytes whose maximum
detected concentrations are less than the chemical-specific risk-based PRGs (i.e., ELCR; < 1E-06 or HQ,
<0.l1orif ECLR < 1E-06 and HQ i< 0.1) for the residential scenario do not significantly contribute to the
EL CRyta and/or Hlyy and therefore may be eliminated from the quantitative risk assessment.

In addition, if no analyte in the site, land use scenario, or pathways exceeds the most conservative
preliminary remediation goal, any or al of the sites, land uses scenarios, or pathways may be designated
no action (i.e., the preliminary remediation goal screen is sufficient to support no action).

5.1.2 Risk-Based Preliminary Remediation Goal Screening to Support Characterization Activities

In addition to the selection of COPCs, risk-based PRG screening can support site characterization
activities. The screening of existing/historical data against the risk-based PRGs for the exposure
pathways being evaluated in the risk assessment can:

identify data needs and limitations,
focus future sampling and analysis on chemicals and exposure pathways of concern, and
establish appropriate detection limits for subsequent sampling and analysis activities.

5.1.3 Risk-Based Preliminary Remediation Goal Comparison for Identifying High Priority On-site
Areas

The identification of high priority on-site areas (e.g., within a large watershed) may be accomplished
by a comparison with risk-based PRGs. Values representing current time/activity patterns may be used, if
available. Extensive research to develop site-specific exposure parameters is neither required nor
recommended prior to completing this comparison. The Risk Assessment Technical Lead (RATL) must
use all available information and best professional judgement to derive exposure scenarios and parameters
representative of current conditions. The Risk Advisory Board (RAB) must approve these parameters
prior to their use.

The purpose of this screening is not to determine actual/current exposure at the sites but to smply
identify those source areas that pose the highest risk (i.e., they fail the screening). A removal action or
some other type of early response action may be necessary if the chemicals are present, accessible, and
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fail the screening. If the chemicals present at a site pass this screening, it is smply an indication that
further assessment should be conducted to determine the need for continued investigation.

52 INTEGRATION POINT ASSESSMENTS

For the ORR sites, the mgjority of any off-site public exposure to chemicals of potential concern
results from exposure to contaminants in surface water because surface water is the primary receiving
medium in and around the reservation. Other potential receiving media, such as agricultural products, air,
and groundwater, are currently not primary exposure media. The integration point assessment, which
supports watershed actions, is designed to actively use monitoring, surveillance, compliance, and
Remedial Investigation (RI) data to evaluate off-site risk from a variety of sources that input into the
surface water integrator. The datawill be used to:

establish a baseline for evaluating the risk at different points within the integrators;
identify and prioritize sites within the context of the integrator; and
estimate the potential risk reduction resulting from an action to control contaminant sources.

Note: The integration point assessment provides critical information to the baseline human health risk
assessment because of frequent updates (as data become available). Asthe integration point assessment is
updated, the results are used to provide current estimates of potential risk/hazard at the surface water or
watershed level.

The integration point assessment is a flux-based screening assessment. Flux is defined as the mass
of chemical that migrates through a cross-sectional areain a given time. Flux is important because of the
number of actual and potentia sources of chemicals that exist on the ORR. In addition, there is
considerable variability in flow rates of the different surface water systems that transport these chemicals
to the surface water integrator sites and eventually to the Clinch River (near the ORR). Controlling
sources of contamination at areas with high fluxes of integrator chemical of concern (COCs) is the
quickest means of reducing contaminant concentrations in off-site areas to target levels.

One of the more important objectives during early phases of an integrator site investigation is to
assimilate available information from existing programs to estimate fluxes and mass balances of
chemicals within the integrator system. The information is then used to assess fluxes within the
watershed and compare them to fluxes that input into public access areas in order to differentiate between
various contaminant sources at the ORR. Mass balance information is important for describing the
accumulation and discharge of chemicals within a system where inputs and outputs are known. The
integration point assessment allows communication of this information in terms of risk to the public and
risk managers. It aso provides an important link between the risk posed by contamination at source
locations and risk posed by contamination in surface water integrators so that the impact of actions to
control contaminant fluxes at sources can be evaluated at the integrator or watershed level. Appendix |
provides a detailed description of the integration point assessment methods.
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6. BASELINE HUMAN HEALTH RISK ASSESSMENTS

The baseline human health risk assessment (BHHRA) is an analysis of the potential adverse health
effects caused by exposure to hazardous substances released from a site in the absence of any actions to
control or mitigate these releases (i.e., under an assumption of no action). The BHHRA contributes to the
characterization and subsequent development, evaluation, and selection of appropriate response
aternatives. The results of this assessment are used in the feasibility study to:

document the magnitude of risk/hazard at a site identify the chemicals of concern,
establish remedial goa options (i.e., clean-up levels),

finalize the remedial action objectives, and

help support the selection of the “no action” remedia alternative, where appropriate.

A baseline human health risk assessment will be performed for al sites and media within a
watershed on the Oak Ridge Reservation (ORR) prior to final action. The exposure pathways and
associated exposure parameters to be used in the BHHRA will depend on:

the sources, releases, types, and locations of chemicals at the site;
the likely environmental fate of the chemicals;

the proposed future use of the site (i.e., land use or end use); and
the potentially exposed populations.

As previously mentioned, the BHHRA process on the ORR will follow the regulatory guidance
outlined in Table 4. In addition, the guidelines contained in this document are provided to ensure that all
human health risk assessments and related risk activities for the U.S. Department of Energy, Oak Ridge
Operations (DOE-ORO) Environmental Management (EM) Program are consistent with both program
and regulatory guidance and are technically defensible.
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7. RISK ASSESSMENT IN AND AFTER THE FEASIBILITY STUDY

The feasibility study is a two-step process consisting of a preliminary screening of aternatives
[(usually based on the identification of chemicals of potential concern (COPCs) and performed prior to
the final completion of the baseline human health risk assessment (BHHRA)] and a detailed analysis of
those alternatives that pass the initial screening. Once the BHHRA is completed and alist of chemicals of
concern is available, a more thorough screening of alternatives may be completed prior to the detailed
analysis of aternatives to further reduce the number of alternatives evaluated in the feasibility study.

The focus of the BHHRA is to evaluate the effect of selecting a “no-action” alternative on human
health. The focus of the feasibility study is to evaluate both the short-term and long-term risks associated
with the actual implementation of aremedial alternative (see Table 3). Short-term risks associated with a
remedia alternative are those risks that occur during the implementation of the aternative (e.g., risks
from emissions) and affect the persons who live and work near the site and the actual workers who are
performing site remediation. Long-term risks are those risks that will remain after the remedy is complete
(i.e., residual risk either from treatment residuals or untreated waste). In addition, the evaluation of long-
term risks considers the effectiveness of the remedy over time.

The methods for assessing both short-tem and long-term risks are the same as those for the BHHRA.
The major differences are

the estimation of timing and duration of exposures,

the estimation of source terms (i.e., concentrations) to be evaluated at various times over the course of
the remedy,

the need for short-term toxicity values (i.e.,, chronic values may need to be modified since the
exposure duration will be less than alifetime), and

the consideration of worker risks including health and safety issues.

Risk evaluations subsequent to the feasibility study are conducted on an “as needed” basis to ensure
that the remedy is and continues to be protective. If new environmental data or other information that
would serve to refine previous analyses becomes available after the feasibility study is complete, this
information, and its effects on all proposed aternatives, is incorporated into the Proposed Remedial
Action Plan.

The Record of Decision includes a section on comparative analysis that discusses risk as it pertains
to long-term effectiveness, short-term effectiveness, and overall protection of human health and the
environment. This section also discusses how the remedy will eliminate, reduce, or control the risks
identified in the baseline human health risk assessment; whether or not the remedy meets the established
remedial goal options; and any risks resulting from residual materials.



Note: Remedia Goal Options (RGOs) are chemical-specific. Medium-specific, numerical concentration
limits that are identified for all contaminants and all pathways found to be of concern during the BHHRA.
RGOs are not the first or the final set of cleanup levels in the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) process but can be viewed as modified Preliminary
Remediation Goals (PRGs) based on site characterization and risk assessment findings. RGOs are
valuable for designing Data Quality Objectives (DQOs) in the Remedia Investigation process, for
comparison to detected contaminant concentrations, and as criteria in selecting and designing remediation
alternatives in the Feasibility Study.

The evaluation of risks during the remedial design/remedial action phase of a project may be limited
to the continued evaluation of short-term and long-term risks if no new contaminant information is
discovered. Monitoring datais collected during the implementation of the remedial alternative to address
the short-term risks to the public and workers. In addition, sampling to determine whether or not a
remedy has attained the appropriate clean-up levels is conducted. The risk assessor is integra to the
development of each sampling and analysis plan because residual risks for the chemicals of concern must
be determined to demonstrate successful completion of the remedy. Such an evaluation of the residual

risk at that time is useful during the five-year review, especialy if new environmental data become
available.

If new toxicity or other data become available at the time of the five-year review, the results of the
baseline risk assessment may need revision. A decision to revise the baseline as part of the five-year
review is made by the risk managers (i.e.,, EPA, TDEC, and DOE-ORO).

Guidance on conducting a feasibility study can be found in the EPA document Guidance for
Conducting Remedial Investigations and Feasbility Sudies Under CERCLA (EPA 1988). Risk
assessment in the feasibility study is discussed in detail in Risk Assessment Guidance for Superfund Vol. |
- Part C, Risk Evaluation of Remedial Alternatives (EPA 1991b).
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8. RISK ASSESSMENT INFORMATION SYSTEM

In order to provide aready source of information needed to complete environmental risk assessments
for the Department of Energy, Oak Ridge Operations (DOE-ORO), the DOE Center for Risk Excellence
(CRE) and the DOE-ORO sponsor a web-based system that contains risk tools and other information.
This system, the Risk Assessment Information System (RAIS), was developed to support site-specific
needs of the former DOE-ORO Environmental Restoration Risk Assessment Program. With support
from the CRE, the system is being expanded and reconfigured to benefit all DOE risk information users
and the risk community. With searchable and executable databases, menu-driven queries, and data
downloads, the RAIS offers essential tools that are used in the risk assessment process from project
scoping to implementation. A training course for the RAIS will be held late summer 1999. The RAIS
may be found at http://risk.Isd.ornl.gov/.

Welcome to the Risk Information Web Server

The Web Serveris part of the Tosicology and Risk Anatysis Section, in the Life Sciences Division, at the Ok Ridge National Laboratory (ORNL). Oak Ridze Mational Laborstory is a
1.3, Department of Energy multiprogram laborstory managed by Lockheed Martin Energy Research (LMER) Carporation in Oak Ridge, Tetmesses

This web serveris host to the following information e soutces.

@Risk Assessment Information Svstem (RAIS)

The RAL contains Risk Assessment Tools and Information. The Risk & ssessment Tools inchade: Risk-Base d Prelininary Remedistion Goal (PRG) ealoulstions, a Tovicily
tata base, Risk Calewlations, and Eeologiedl Benchmarks. The Tools are designed for use at ll DOE sites and ear e custonized for site-specific conditions, The RATS
dls0 includes infommation, gdance, snd tisk results applicable to the Oak Ridge Reservation

This wotk has been sponsoted by the 1.3, Depattment of Enerzy (DOE), Office of Environmental Manazemend, Oak Ridze Operatinns (ORCH Office (disclaime) through a
contract with Bechtel Jacobs Compatyy LLC and the DOE Centes for Risk xeellence. These weh pages are undet configuration management and subject to quality
assurance review before being published.

@Center for Risk Excellence (CRE) Tools

These web pages contain poinders to Risk Assessment Tools useful for DOE sites. Most of the tools are on-line web tools that are sponsored by govermmental agencies.

This wotk has been sponsoted by the DOE Center for Risk Excellence. These web pages ate under configuration management and subject to quality assurance teview
hefurs being published.

@EPA Soil Screening Guidance

This web site provides a tool for performing the Sod Sereening caleulations specified in the EPA 3ol Sereening Guidance documents, Web Browsers should be Javadcript
eniabled to take advantage of all the features.

This wotk has been sponsoted by the 1.5, Environmental Protection Agency's (EPA) Office of Emerzency and Remedial Response.

Web pages and links maintained by the Bisk &ssessmerd Program

gl
= \DOCUMENT. DONE EER e
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Spatial Anaysis and Decision Assistnace (SADA) software was designed to simplify and streamline
the environmental characterization process and to integrate the information in order to facilitate decisions
about a particular site in a quick and cost-effective manner. SADA was funded by the DOE and
developed by the University of Tennessee in collaboration with the Oak Ridge National Laboratory. To
obtain more information about SADA and its upcoming training course or to download a free version of
the software, go to http://www.sis.utk.edu/cis/sada/.

ﬁt' SPATIAL ANALYSIS AND DECISION ASSISTANCE SOFTWARE HOME PAGE - NETSCAPE

FILE EDT VIEW GO COMMUNICATOR HELR

SADA Main Page
Visualization
Data Exploration
Geospatial
Analysis

Risk Assessment

Dacision
Analysis

Cost Benefit
Analysis

Secondary
Sampling Design

Download Free
Bata Version

Ermail Comments

a THE UNIVERSITY OF
i TENNESSEE, KNOXVILLE Juii

Spartal Anyds and Decidon Asistance

Home Page

Spatial Analysis and Decision Assistares (SADA) ieorpotates taols from various fiels, mehuding visuslization, geospatia
analyts, statisticel enlysis, Jomnan health ik sssessrment, costbenefit amalysts, saopling design, and deeision anelyss, o &
dhymaode ancd ntevactrve ervironmuentl software package. Each of these mmodules can'be wsed indeperdently or colletively to
s site spectfl: concems in the charscterization and rerediel action desien.

SADA was desigred to smoplfy and streatelme severel of the envonmenta] characterimation processes and to integpate the
ndbration it otk to faciiate decisions abont & partiular site in & quick and eost effeettve ey, SADA i applizeble for
atpane who needs to look of data wathina spatial contit, such as:

* Statistictans

¥ Risk Liosesanrs

* (5 isualization Usets
» Project Matagers

+ Stakeholders

SADA outpt has been vy effertive I canruucating site conditions fo hon-technical stakeholdens as well Clirk on any of
the topics below to view tuoee detaled imformoation I each area,

SADA was funcled by the DOE and developed by the Urovesiy of Teresses i eollsboration with Ok Rudge Hetional
Lehorstory (ORNL)

©5anl flyaguad Decrace Azaaace Coppight 1996 Usiveracy of Tesaeane Ramarch Corpordtod, Al Rghts Regerved,
QA 0 Ho Fage Copprght 992 Lirvrary of Tedeang Rastarch Conporiton 1 g Remrvad,

feid Fi | haunod | D Brpiiinio | Gecapanal | ok fhastebteet] Do | CoatlBau et Seciedary Susghod| Bata Roleae | Basa| Costabotd | T Tech Sppert

& * DOCUMENT. DoNE
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APPENDIX A

RISK ASSESSMENT TECHNICAL MEMORANDA



BJC/OR-55

BJC/OR-80

BJC/OR-112

BJC/OR-133

BJC/OR-157

Guidance for Treatment and Variability and Uncertainty in Ecological Risk
Assessments of Contaminated Stes (formerly ES'ER/TM-228)

This report offers guidance for the analysis and presentation of variability and
uncertainty in ecological risk assessments. This report discusses concepts of
probability in terms of variance and uncertainty, describes how these concepts
differ in ecological risk assessment and human health risk assessment, and
describes praobabilistic aspects of specific ecological risk assessment techniques.

Radiological Benchmarks for Screening Contaminants of Potential Concern for
Effects on Aquatic Biota at Oak Ridge National Laboratory, Oak Ridge,
Tennessee (formerly ES'ER/TM-226)

The radiological benchmarks in this report are to be used at the U.S. Department
of Energy’s (DOE) Oak Ridge Reservation (ORR) and at the Portsmouth and
Paducah gaseous diffusion plants as screening values only to show the nature and
extent of contamination and identify the need for additional site-specific
investigation. The screening values presented in this document include internal
and external exposures from parent isotopes and all short-lived daughter
products.

Biota-Sediment Accumulation Factors for Invertebratess Review and
Recommendations for the Oak Ridge Reservation

This report acquires contaminant uptake data from published and unpublished
literature, develops and presents biota-sediment accumulation factors and
regression equations for estimating chemical concentrations in benthic
invertebrates for use on the ORR, and compares these to contaminant uptake data
for emergent adult insects. The equations and accumulation factors presented in
this report facilitate the estimation of contaminant exposure experienced by
wildlife consuming flying insects on the ORR.

Empirical Models for the Uptake of 1norganic Chemicals from Soil by Plants

This report develops soil-plant contaminant uptake models using published data
from soil contamination in the field and vaidates the models using measured
concentrations from two contaminated sites. This report provides a means to
estimate concentrations of the inorganic chemicals in aboveground plant
biomass, if only concentrations in soil are measured.

An Investigation of, and Recommendations for, Statistical Comparisons Between
Ste and Background, Both With and Without Censoring (DRAFT)

This report provides an evaluation of numerous statistical methods that may be
applied in order to determine whether sites are contaminated. This analysisrelies
primarily on statistical considerations and on results of extensive computer
simulations that provide comparisons of the statistical tests under conditions that
are expected to apply when contamination exists and when it does not.
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ES/ER/TM-28

ES/ER/TM-33/R2

ES/ER/TM-35/R1

ES/ER/TM-38

ES/ER/TM-78

ES/ER/TM-85/R3

The Use of Institutional Controls at Department of Energy Oak Ridge Field
Office Environmental Restoration Stes

This report summarizes major issues related to the use of institutional controls at
hazardous waste sites under the auspices of the DOE-OR/Environmental
Restoration (ER) Division. In particular, the report addresses the impacts that
assumptions regarding institutional controls have on the results and
interpretations of risk assessment in the Remedial Investigation/Feasibility Study.

An Approach and Strategy for Performing Ecological Risk Assessments for the
U.S Department of Energy’'s Oak Ridge Reservation: 1995 Revision

This report provides specific guidance for planning and performing ecological
risk assessments on the ORR and promotes the use of consistent approaches.
Although developed for the ORR, this strategy may be applicable to other
complex Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) sites that possess significant ecological resources.

An Introductory Guide to Uncertainty Analysis in Environmental and Health Risk
Assessment

This report presents guidelines for evaluating uncertainty in mathematical
equations and computer models applied to assess human hedth and
environmental risk. The subjective confidence levels from an uncertainty
analysis should produce a reasonably “high” probability of bounding the true
risk, provided that risk assessors avoid overconfidence in quantifying the level of
certainty associated with important model components.

Approach and Srrategy for Developing Human Health Toxicity Information for
Contaminants of Concern at Stes Administered by the U.S Department of
Energy Oak Ridge Field Office Environmental Restoration Program

This report develops toxicity values for chemicals of concern (COCs) at DOE-
ORO sites for which no EPA-approved values have previously been devel oped.
With dose and toxicity estimates for all COCs, a quantitative approach to
assessing risks to human health can be made.

Methodology for Estimating Radiation Dose Rates to Freshwater Biota Exposed
to Radionuclides in the Environment

This report presents a methodology for evaluating the potential for aguatic biota
to incur effects from exposure to chronic low-level radiation in the environment.
Previoudly developed dose rate equations are presented for estimating the
radiation dose rate to representative agquatic organisms from apha, beta, and
gamma irradiation from external and internal sources.

Toxicological Benchmarks for Screening Potential Contaminants of Concern for
Effects on Terrestrial Plants: 1997 Version

This technical memorandum presents plant toxicity data and discusses their
utility as benchmarks for determining the hazard to terrestrial plants caused by
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ES/ER/TM-86/R3

ES/ER/TM-95/R4

ES/ER/TM-96/R2

ESER/TM-112/R2

ESER/TM-117/R1

ES/ER/TM-125

contaminants in soil. The report provides a standard method for deriving
benchmarks, a set of data concerning the effects of chemicals in soil or soil
solution on plants, and a set of phytotoxicity benchmarks for 38 chemicals
potentialy associated with United States DOE sites.

Toxicological Benchmarks for Wildlife: 1996 Revision

This report presents toxicological benchmarks to assess the effects of certain
chemicals on mammalian and avian wildlife species. The document provides
toxicological benchmarks that may be used as comparative tools in screening
assessments as well as lines of evidence to support or refute the presence of
ecological effectsin ecological risk assessments.

Toxicological Benchmarks for Screening Potential Contaminants of Concern for
Effects on Sediment-Associated Biota: 1997 Revision

This report presents sediment benchmark data and discusses their use as
benchmarks for determining the level of toxicological effects on sediment-
associated biota and describes three categories of approaches to the development
of sediment quality benchmarks. It contains new benchmarks for freshwater
sediments, equilibrium partitioning benchmarks corrected to two significant
figures, and al of the freshwater and estuarine benchmarks included in the
previous version.

Toxicological Benchmarks for Screening Potential Contaminants of Concern for
Effects on Aquatic Biota: 1996 Revision

This report presents and analyzes alternate toxicological benchmarks for
screening chemicals for aguatic ecological effects. The alternate benchmarks are
based on different conceptual approaches to estimating concentrations that cause
significant effects.

Environmental Restoration Risk-Based Prioritization

The methodology discussed in this report was developed to evaluate and rank ER
work packages on the basis of overal vaue (e.g., risk reduction, stakeholder
confidence) to ER. This document presents the technical basis for the decision
support tools and prioritization process.

Risk Assessment Quality Program Plan

This document specifies quality assurance requirements and applicable standards
and procedures for risk assessment. This document provides a plan that
identifies the responsibilities of Risk Assessment Program personnel and the
chain of command for executing quality requirements.

Estimating Exposure of Terrestrial Wildlife to Contaminants

This report describes generalized models for the estimation of contaminant
exposure experienced by wildlife on the ORR. Because wildlife are mobile and
generally consume diverse diets and because environmental contamination is not
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ES/ER/TM-126/R2

ESER/TM-131

ESER/TM-134

ES/ER/TM-146

ES/ER/TM-153

spatially homogeneous, factors to account for variation in diet, movement, and
contaminant distribution have been incorporated into the models.

Toxicological Benchmarks for contaminants of Potential Concern for Effects on
Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision

This report presents a standard method for deriving benchmarks for the purpose
of “contaminant screening”, which is performed by comparing measured ambient
concentrations of chemicals. In addition, this report presents sets of data
concerning the effects of chemicals in soil on invertebrates and soil microbial
processes, benchmarks for chemicals potentially associated with DOE sites, and
literature describing the experiments from which data were drawn for benchmark
derivation.

Radiological Criteria for Remedial Actions at Radioactively Contaminated Stes

This report presents radiological criteria for determining acceptable remedial
actions at radioactively contaminated sites on the ORR. This report aso
describes two different approaches to risk management under the Atomic Energy
Act and CERCLA and demonstrates how the proposed remedial action criteria
can be reconciled with the requirements of CERCLA.

Decision Support for CERCLA Investigations: An Introduction to Decision
Analysis Applications

This report provides the Oak Ridge Operations (ORO) Environmental
Restoration (ER) technical community with an introduction to various decision
analysis applications and their relevance to the CERCLA process. The long-term
goa of investigating the decison analysis literature is to find specific
applications that are useful in the collection of data and the selection of
alternatives.

Geostatistical Applications in Environmental Remediation

This report defines the advantages and limitations of geostatistical analysis and
demonstrates how it may be effectively used in environmental problems.
Geostatistics provide human health and ecological risk assessors with a powerful
tool that can better delineate the spatial distribution and uncertainty of risk
calculations than traditional methods.

Guide for Performing Screening Ecological Risk Assessments at DOE Facilities

This report provides guidance for performing screening ecological risk
assessments, which are a major component of the RI process. Use of this
guidance document will standardize the methodology used in preparing screening
ecological risk assessments and will narrow the scope of subsequent assessment
activities by focusing on those aspects of the hazard that constitute credible
potential risks.
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ES/ER/TM-162/R2

ES/ER/TM-165

ES/ER/TM-185/R1

ES/ER/TM-186

ES/ER/TM-187

ES/ER/TM-200

Preliminary Remediation Goals for Ecological Endpoints

This report presents Preliminary Remediation Goals (PRGs) for ecological
endpoints used for risk assessments and decision making a8 CERCLA sites.
Preliminary Remediation Goals are upper concentration limits for specific
chemicals in specific environmental media that are anticipated to protect human
health or the environment. They can be used for multiple remedial investigations
at multiple facilities.

D&D Screening Risk Evaluation Guidance

The screening risk evaluation provides a semi-quantitative program-level
screening of facilities. Its intent is to provide a quick and efficient means of
evaluating current and future risks from Decontamination and Decommissioning
(D& D) facilities using existing historical, process, occurrence, monitoring, and
compliance data. This document provides guidance for conducting a screening
risk evaluation for D&D facilities.

Guide for Developing Data Quality Objectives for Ecological Risk Assessment at
DOE Oak Ridge Operations Facilities

This report presents guidance for developing data quality objectives for
ecological risk assessment performed as components of the RI process. Use of
this guidance document will standardize the methodology used in developing
data quality objectives for ecological risk assessments and will narrow the scope
of subsequent data collection and risk assessment activities by focusing on those
aspects of the hazard that are most relevant to decision making.

Guide for Developing Conceptual Models for Ecological Risk Assessment

This report presents guidance for preparing conceptual models for ecological risk
assessments.  Use of this guidance document will standardize the conceptual
models used in ecological risk assessment so that they will be of high quality,
useful to the assessment process, and sufficiently consistent so that connections
between sources of exposure and receptors can be extended across operable units.

Criteria for Establishing De Minimis Levels of Radionuclides and Hazardous
Chemicals in the Environment

This report develops proposed criteria for establishing de minimis levels of
radionuclides and hazardous chemicals in the environment. The proposed
criteria are consistent with objectives for remediation of contaminated sites under
CERCLA, additional regulatory guidance for implementing the CERCLA
remediation objectives, and various other regulatory precedents and
recommendations.

Risk Characterization for Ecological Risk Assessment of Contaminated Stes

This document describes an approach for estimating risks based on individual
lines of evidence and then combining them through a process of weighing the
evidence. This document expands the risk characterization guidance from
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ES/ER/TM-201

ES/ER/TM-202

ES/ER/TM-210

ESER/TM-211

ESER/TM-212

ES/ER/TM-219

ESER/TM-33/R2 by providing more specific information on how ecological risk
characterization should be performed.

Terrestrial Habitat Mapping of the Oak Ridge Reservation: 1996 Summary

This report documents the work performed under the ORR-Wide Ecological Risk
Assessment Program. It provides information on changes in land use and land
cover between 1984 and 1994. This document also provides information on the
potential spatia habitat distribution of two terrestrial species that may potentially
be at risk from the effects of the operable units on the ORR.

Estimation of Whole-Fish Contaminant Concentrations from Fish Fillet Data

This report presents the results of an investigation of the relationship between
fillet and whole-fish contaminant concentrations and develops equations for the
estimation of whole-fish concentrations for several analytes.

Ecological Profilesfor Selected Metals and Other Inorganic Chemicals

This technical memorandum presents profiles for chemicals of potential
ecological concern.  These profiles contain information concerning the
relationship between exposure and response for the chemicals of potential
ecological concern that are used to perform the risk characterization. Inclusion
of these profiles in an assessment document will provide reviewers, stakeholders,
and risk managers with the information needed to independently evaluate risk
characterization.

Improved Methods for Calculating Concentrations Used in Exposure
Assessments (DRAFT)

This report will describe the computer programs that provide improved methods
of determining the concentrations appropriate for use in ORO risk assessments.
The ultimate objective of this report is to provide and explain new statistical
software that should be applied to improve the concentration estimates.

Relative Risk Ranking Evaluation for the DOE Oak Ridge Operations

This report provides relative risk ranking scores for sites under the auspices of
the DOE-ORO. The information included in this report contains the list of
release sites, the rank, the medium used to determine the rank, and the receptor.
Development and Validation of Bioaccumulation Models for Small Mammals
This report  documents the development of a database of soil and whole-body
small mammal concentrations for 9 inorganic chemicals based on data from 22

studies from 4 countries and 9 states. This information will be used to evaluate
risks to predatory wildlife on the ORR.
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ES/ER/TM-220

ES/ER/TM-223

ES/ER/TM-229

ES/ER/TM-231

ES/ER/TM-232

Un-numbered

Development and Validation of Bioaccumulation Models for Small Mammals

This report documents the development of a database of soil and tissue
concentrations for 9 inorganic and 2 organic chemicals based on data from 31
studies from 11 countries and 5 states. This information will form a critical
component in many ecological risk assessments performed on the ORR.

Parameters and Models for Estimation of Human Health Risks from Ingestion of
Contaminated Game (DRAFT)

The primary objective of this document is to provide the DOE-ORO with a
standardized set of models and parameter values for estimating contaminant
concentrations in human foods, specifically wild game. Provision of these
models and recommended default values to contractors conducting risk
assessments is meant to eliminate duplication of effort in model and parameter
development.

Determination of the Spatial Risk to Wildlife from Dispersed Contaminants on
the Oak Ridge Reservation, Oak Ridge, Tennessee (DRAFT)

This report was prepared as a technica report documenting work performed
under the ORR-Wide Ecological Risk Assessment Program. This document
provides information on the potential spatial distribution of mercury
contamination in soil as it relates to available short-tailed shrew habitat on the
ORR.

Method for Calculating Preliminary Remediation Goals in Soil Protective of
Groundwater (DRAFT)

This report presents guidance for calculating PRGs in soils that are protective of
groundwater for sites on the ORR. This report summarizes U.S. Environmental
Protection Agency (EPA) guidance on methods for calculating safe levels of
contamination that are protective of groundwater and gives default values for the
ORR.

Risk Assessment Program Data Management | mplementation Plan

This document specifies data management requirements and applicable command
media for the Risk Assessment Program. Specifically, this document provides
guidance to control data receipt, processing, and use and discusses measures to
ensure configuration control and access control to software changes.

D&D Alternatives Risk Assessment (DRAFT)

The D&D alternatives risk assessment supports the design and implementation of
specific D&D alternatives by providing the risk assessment portion of the
feasibility study or the streamline risk assessment for an engineering
evaluation/cost analysis. Guidance for conducting an alternatives risk assessment
is found in Department of Energy - Oak Ridge Operations Environmental
Management Program Risk Ranking Methodology, (DRAFT) BJC/OR-127,
Bechtel Jacobs Company, LLC, Oak Ridge, Tennessee.
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K/ER-153/R1

Basealine Risk Assessment Guidance for D& D Facilities

The baseline risk assessment for D&D facilities is conducted in similar fashion to
the baseline risk assessment for the RI. This document provides guidance for
conducting a D&D baseline risk assessment that uses detailed characterization
data to estimate potential current and future human heath and environmental
risks from the facility under investigation.
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APPENDIX B

DATA EVALUATION



Sections B.1 through B.5 provided is this appendix outline the steps necessary to perform the data
evaluation for human health risk assessments (HHRAS). These action steps are outlined sequentially.

B.1 REQUEST THE ANALYTICAL SAMPLING DATA

The risk assessor should make a verbal and written request for analytical sampling data to the
Environmental Data Coordinator for the project (hereafter called the “data custodian™). The request
should define the specific parameters that will be required for the data evaluation and state the specific
electronic format that is desired; any deviations from the requested data structure should be cleared with
the organization requesting the data/performing the risk assessment. A time frame for delivery of the data
transmittal package should also be specified in this request. It should be noted that the mgority of the
existing environmental data for the Oak Ridge Reservation (ORR) is electronically available from the
Oak Ridge Environmental Information System (OREIS).

In addition, the risk assessor should:

1. reques that the data custodian verify that al of the data from the requested sampling event(s) are available
in eectronic format; if some data are missing or unavailable when they are transmitted, an explanation
should be included aong with the delivered data;

2. request that the data custodian provide alist of unique qudifiers that appear on the data set aong with their
definitions; and

3. inquire whether or not data validation has been performed on the data set and at what level (e.g., 100%,
10%, etc.), and if the data have not been 100% vaidated and quality control data (e.g., [ab blanks) are
available in the data set, then the five times and ten times rule for evauation of blank samples must be
performed.

B.2 RECEIVE AN ELECTRONIC COPY OF THE DATA

At a minimum, the data should be received in a tab-delimited ASCII file or a data base file that can
be downloaded for data evaluation. Preferably, the data should be received in the requested format.
B.3 PERFORM QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) ON THE DATA

This risk assessor should:

1. veify that dl mediafor each area of potentiad concern in the investigation are included in the data set;

2. veify that al samplesfor each medium of potential concern for each area of potentia concern are included
in the data set;

3. veaify that, where there is more than one area of potentia concern, the data set includes identifiers that
digtinguish each medium of potentia concern for each area of potentiad concern [this identifier will later
asss in determining exactly where the sample was taken and in locating specific areas of high leve of
contamination (i.e., in hot spot identification) within an area of potential concern]; and

4. identify and correct any inconsstenciesin the andytical data set using the following stepsasaguide:

— Verify that units of measure for each medium of concern are reported consistently.
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Verify and revise the Chemical Abstract Service Registry Numbers (CASRNS) as necessary for
each analyte in the data set; they must coincide with the CASRNSs found on the Risk Assessment
Information System (RAIS) (LMER 1998).

Verify that the sample type is included in the data set. The type of sampling data (e.g., regular
sample, field blank, trip blank, laboratory blank, duplicate, matrix spike, etc.) being reported must
beindicated. The specific type of data (e.g., regular versus blank sample) should be identified by
the laboratory performing the sample analysis. The data must be indicated as QC data or actual
field sampling data (i.e., regular samples) obtained for those media of potential concern at the
areas of potential concern that are being investigated. In addition, a mechanism must be in place
for matching the original/regular samples with their associated duplicates, blanks, etc. (i.e., their
QC data).

Verify that analyte names are reported consistently in the analytical sampling data set [e.g., as
listed on the RAIS (LMER 1998)]. The use of a different chemical name for the same analyte
(e.g., trichloroethylene versus trichloroethene or cesium-137 versus Cs-137) would misrepresent
the occurrence of that chemical in a data set. The most common chemical name should be used
consistently throughout all data sets for the site evaluations to avoid confusion and error.

Verify that the analytical method used by the laboratory is indicated (e.g., EPA method,
American Society for Testing and Materials method, etc.) to determine the detection limit of the
method used, and if the data will be acceptable for use in the HHRA. Although the detection
limits should have been established as part of the data quality objectives (DQOS) process for
suitability in risk assessments, sometimes a detection limit is greater than the risk-based
Preliminary Remediation Goal (PRG); in this case, the analytical method should be evaluated and
scrutinized against the acceptable uncertainties as defined in the DQOS process.

Verify the sample quantitation limits of the analytical sampling techniques to determine whether
the data are of acceptable quality for use in the HHRA. For example, an analytical technique
with a high quantitation limit may be of limited value for use in a quantitative risk assessment.

Conduct an evaluation of the laboratory data qualifiers and the data validation qualifiers. Various
qualifiers are attached to the data by either the laboratory conducting the analyses or by
individuals performing data validation. These qualifiers often pertain to QA/QC problems and
generally indicate questions concerning chemical identity, chemica concentration, or both.
Because the data validation process is intended to assess the effect of QC issues on data usability,
validation data qualifiers are attached to the data after the laboratory qualifiers have been reported
and, therefore, the validation qualifiers supersede the laboratory qualifiers. These data qualifiers
are used to determine if the concentration is a detected concentration or not. All data designated
with rejected data qualifiers (e.g., R) should not be included in the data evaluation for the HHRA
unless justification is provided. All qualifiers must be addressed before the chemica can be used
in a quantitative risk assessment.

Verify the detection status for all radiological data. Information that should be used in the
determination of detection status (e.g., detect, non-detect) includes al available qualifiers,
reported concentrations, reported minimum detectable activities (MDAS), and reported
uncertainties. As mentioned above, validation qualifiers supersede laboratory qualifiers.
Decisions regarding how the reported concentrations, MDAS, and uncertainties are used to
determine the detection status for radionuclides are usualy made at the project level. For
example, a project team may decide that after reviewing qualifiers, radionuclides must be further
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evaluated by comparison to the reported concentrations, MDAS, and uncertainties. A possible
decision may be that a radiological concentration is a detected concentration only if the reported
concentration is greater than both the MDA and the uncertainty and that there are no qualifiers
that suggest a non-detect status. The project team should establish criteria to address the
situation where MDAs and/or uncertainties may not be available for radiological data, as well as
how to handle negative concentrations (see discussion below).

Evaluate negative concentrations. Negative concentrations or concentrations of zero (i.e., non-
positive concentrations) are not expected for non-radionuclides. For these data, the risk assessor
should consult with the data custodian about the accuracy of the concentrations. For
radionuclides, however, non-positive concentrations can be legitimate since radiologica data are
often reported as the difference between a measured activity and the background activity. Severd
options are available for handling these non-positive radiological data, and this decision should be
made on the project level. Three common options for evaluating non-positive radiological data
are

- use a surrogate concentration of zero in al datistica calculations and set the detection status to
non-detect for these data (this approach will generadly increase the mean concentration and
decrease the variability among the concentrations when performing datistical caculations; this
approach also ensures that the calculation of the mean and upper confidence limit on the mean will
be non-negative);

- st the dtatus to non-detect for these concentrations, but use the concentrations as reported in
datigica caculations [this approach will not dter the mean concentration or the variability among
the concentrations when performing calculations;, however, the risk assessor should carefully
review the gatigtics that are caculated to make sure they make sense (eg., if a particular datistic
such as the upper confidence limit on the mean is to be used as a representative concentration in
risk caculations and this datistic is negative, the risk assessor should consder adjusting this
gatigtic to the value of zero Snce negative concentrations may not make sense)]; and

- useasurrogate concentration of the MDA (or some fraction of the MDA, such as 1/2 MDA) for dl
such datain the datistical calculations and set the detection status to non-detect for these data ( this
approach will generaly increase the mean concentration and decrease the variahility among the
concentrations when performing datistical calculations; this gpproach aso ensures that the
caculation of the mean and upper confidence limit on the mean will be non-negative).

Verify that identical records (i.e., specific samples entered into the data set more than once) are
not present in the data set. When identical records are identified, verify that the original data set
contained these repeat values and inform the data custodian that this situation exists so that the
identical records can be eliminated from the data set.

Verify that there are no missing data entries in the data set. For example, there could be a
missing sample point or an entire group of sampling data that was missed during the data entry
process. When appropriate, the risk assessor should reference a work plan or a sampling and
analysis plan to verify that al data are included in the data set. The risk assessor should also
verify that the data set does not contain any records with missing concentrations. If there are
missing concentrations, an explanation for this must be provided and the data custodian should be
consulted.

Check the data set for typographical errors [e.g.,characters (letters) that may have been entered
instead of numbers or vice versa] and make appropriate corrections as necessary [eg., the
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uppercase letter O entered instead of the number zero (0), or the lowercase letter | entered instead
of the number one (1)].

Verify that groundwater and surface water samples are identified as either filtered or unfiltered in
the data set. It is inappropriate to combine filtered and unfiltered water concentrations when
statistically evaluating the water data.

Perform the five times and ten times rules when the data have not been 100% validated and the
QC data [i.e, the blank(s)] have been supplied to the risk assessor. The five times rule and ten
times rule may need to be performed on validated data if the data validation did not incorporate
these rules.

Evaluate duplicate (or replicate) samples. Four common methods for evaluating duplicate sample
data are:

use the largest concentration of the duplicate (replicate) or origina samples (this method will result
in the calculation of the most conservative risk vaue);

- use the average concentration of the duplicate (replicate) and origind samples (this method will
result in the calculation of amid-range risk vaue);

- use the concentrations from the duplicate (replicate) and the origina samples in the calculation of
the representative concentration (this method can bias the particular sampling location); and

- use only the concentrations from the origind samples in the calculation of the representative
concentretion (i.e., consder the duplicate/replicate data to be quality control-type data that are not
used in the data evauation for the risk assessment).

Evaluate radiological data (if available) to ensure project team decisions pertaining to the data are
met. Special consideration should be given to the evaluation of radiological data in the risk
assessment.  Without this consideration, radiological risks that are calculated may be grossly
overestimated or of poor quality. Three specific situations that should be evaluated are:

- Determine how risks are to be calculated for parent and short-lived daughter isotopes (this should
be a project team decision). If the risk assessor plans to use the “+D” dope factors (which include
contributions from the parent and short-lived daughter isotopes) then the data set being evaluated
(i.e, the data set with concentrations) should be adjusted accordingly to avoid “double-counting”
risks. This requires knowledge of decay chains and how “+D” dope factors are caculaed (i.e,
which short-lived daughters are included in the caculation of the “+D” daope factor for the parent
isotope).  For example, consider a data set that contains both *Th and U data (*'Th is one of
several short-lived daughter products of *2U; for this example, assume that al other short-lived
daughters of *®U are not included on the data set). If the data set contains concentrations from both
of these isotopes and the risk assessor plans to evaluate U using the “+D” dope factors, then
unless **Th is diminated from the Chemicals of Potentiadl Concern (COPCs) list, there is a chance
of double-counting the risk associated with the **Th isotope [since its risk would be “counted”
with the “+D” dope factor from *°U (as applied to the “®U concentration), as well as being
“counted” with the slope factor for 2Th (as applied to the **Th concentration)]. In this situation
(when both 2®U and ®'Th data are present), the risk assessor should (1) diminate al of the ®'Th
data, evaluate the *°U data (i.e., determine if U is a COPC), and apply the “+D” dope factor on
the U data; or (2) use the “regular” (i.e., not the “+D”) dope factor for U and the “regular”
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dope factor for 2Th (**Th does not have a “+D” dope factor), and evauate the U and **Th
data independently of each other (gpplying the “regular” dope factors to the respective isotopic
data). Note that there are many parent/daughter relationships that need to be examined by the risk
assessor; the relationship between 22U and ®'Th is just one of many possible relationships that fall
into this category. The risk assessor is responsible for addressing dl such relationships to ensure
that risks from radionuclides are not “double-counted.”

- Deermine if the ratios of the radiologica data are in the range of expectation. A smple plot of
ratios of the reported concentrations from the two isotopes in question should suffice. As an
example, if the concentrations of two particular isotopes are expected to be gpproximately the
same, then the risk assessor can plot the values of the ratios (concentration of isotope-1/
concentration of isotope-2) againg the sample order (from 1 to N, where N is the total number of
sample results available). If the calculated ratios do not fall aong the vaue of 1 (the expected
ratio), the risk assessor should perform further investigation to determine the cause and make a
decision about the data usability.

- Deermine if the qudity of the radiologicd data warrants using surrogate data, based on
parent/daughter relationships. If radiologica data are of questionable quality for a specific isotope
for a known reason, the risk assessor should examine the relaionship of this particular isotope in
the radiologica decay chain, and where possible, consder using surrogate concentrations for these
questionable data.  For example, consder a data set containing “°Ra, “Pb, and *“Bi
concentrations (*Pb and #“Bi are two of severd short-lived daughter products of “®Ra; aso
suppose that no other short-lived daughter products of “°Ra are found on the data set being
evaluated). Suppose that for a known reason, the reported concentrations for “°Ra are of poor
qudity (eg., its concentrations are too large due to interferences from photopesks of another
isotope). Suppose aso that the reported concentrations of ““Pb and #“Bi are of high quality (e.g.,
concentrations are in the “expected” range and based on the method of evauation, there are no
interferences from photopesks of other isotopes). The risk assessor can use the fact that *°Raisa
member of aradiologica decay chain to infer its activity from the activity of its associated decay
products (i.e., short-lived daughters). The radionuclide “°Ra produces equa activities for its five
daughter products after approximately 30 days (i.e., the activities are “in equilibrium”). In this
case, since the activities of the daughter products (**Pb and ?“Bi are the only two daughter
products on the data set being evaluated) in this decay series should be equal to the parent (*°Ra), it
is possible to infer/predict the activity of the parent when the activity of the daughter radionuclides
isknown. In the Situation described above, 2*Pb and 2“Bi should be examined to demonstrate that
they produce expected results. The risk assessor can examine the levels of reported concentrations,
as well as plot ?“Pb concentrations against ““Bi concentrations to ensure that the concentrations
from these two isotopes mirror each other. Based on the scenario described, the risk assessor can
use the average concentration of ““Pb and ?Bi to predict the concentration for “°Ra and use this
concentration as the surrogate concentration for “*Ra.

— ldentify outliers/hot spots. No standard formula or method for identifying outliers exists.
Therefore, a method developed by Tukey (Exploratory Data Analysis, 1977) may be used for the
identification of outliers. The upper and lower limits identified by this process are known as the
outer fences. Concentrations beyond these outer fences are considered to be outliers. This
method is a distribution-free method for identifying outliers:

- Determine 25th and 75th percentiles (P25 and P75).
Upper limit = P75 + 3*(P75-P25)

Lower limit = P25 - 3*(P75-P25)
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- Bvauate data points versus upper limit and lower limit. Any concentrations that are smaller
than the lower limit or larger than the upper limit are considered to be outliers. If outliers are
identified, review the sample location, date, time, etc., to determine if patterns exist in the
data that might explain why the outlier is different from other data. This may be an indication
of ahot spot. Extreme caution should be used before eliminating data from the data set based
on the outlier test. The risk assessor should not eliminate any outliers from the data set unless
overwhelming evidence is found, and a concise reason for excluding data from the data set
must be presented in the risk assessment.

B.4 PERFORM CALCULATIONSAND TESTSON THE DATA

The risk assessor must calculate summary statistics for each anayte within each area of potential
concern for each medium of potential concern in that area and then determine the frequency of detection
for each analyte. The following two categories may emerge for frequency of detection: (1) all
concentrations are nondetects (e.g., 0/24 detected); within this category of analytes, those analytes that
have valid toxicity values will have their detection limits evaluated in the HHRA by comparing the largest
reported detection limit versus the appropriately chosen risk-based PRG; and (2) a least one
concentration for the analyte is detected (e.g., 1/24, 15/24, or 24/24 detected).

In determining the best-fit distribution for the concentrations of each analyte, the following factors
must be considered:

How will nondetects be used in the characterization of the concentrations? Many options are
available, including:

— assigning the reported detection limit as the concentration for the nondetect,
— assigning one-half of the reported detection limit as the concentration for the nondetects,
— assigning the nondetected concentration to be zero for the nondetects, and

— evauating the distribution of the detected values and statistically determining the distribution of
the lower tail (i.e., the nondetected concentrations) for each analyte.

How will the risk assessor determine the best-fit distribution of the data? The best-fit distribution
should not be limited to the norma or lognormal distributions. If another distribution can be
determined more appropriate, that distribution should be used to evaluate the analyte concentrations.
Many possible approaches may be used to determine a best-fit distribution. One valid approach is to
perform hypothesis testing, where the null hypothesis is that the concentrations come from a specific
distribution (e.g., a normal distribution). There are many different statistical tests from which to
choose. Some general information/suggestions about hypothesis testing follows.

— To test the hypothesis that the data are normally distributed, the Shapiro-Wilk test (for small
sample sizes) or the Kolmogorov test (for large sample sizes) can be used. The output includes
the appropriate p-values; however, these two tests are valid only when treating al concentrations
as detects. Comparing p-values from the results of several different null hypotheses may be used
as a method for determining the data's appropriate distribution. For example, if the test for
normality produces a p-value of 0.35 and the test for lognormality produces a p-value of 0.10, the
risk assessor could then choose the normal distribution as the distribution to be used in the
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remaining analyses (since it had a larger p-value than the lognormal p-value and since the p-value
of 0.35 was acceptably large).

— Testing the logs of the concentration data for normality is equivalent to testing the untransformed
concentration data for normality.

— Inthe event that the risk assessor cannot find a distribution that appropriately fits the data (e.g., if
all p-values from the hypothesis testing are less than 0.001), then a nonparametric approach to the
data evaluation is alegitimate option [e.g., the Product Limit Estimator approach (Schmoyer et al.
1996)].

Summary statistics for each analyte should then be calculated. The statistics to be calculated include:
(1) minimum and maximum detected concentrations, (2) minimum and maximum nondetected
concentrations, (3) mean concentration, based on the appropriately chosen distribution, and (4) upper
95% confidence limit (UCL95) on the mean concentration based on the appropriately chosen
distribution.

The summary statistics should be presented in atable format and include :

— anayte name,

— frequency of detection,

— distribution used,

— range of detected concentrations,

— range of nondetected concentrations,
— mean concentration,

— UCL95 on mean concentration, and
— units of measure.

Where appropriate, statistically compare the historical and current data for each analyte, testing for
differences between mean concentrations and between the variances of the concentrations. The
decision to compare these two sets of data should be a project team decision; appropriate statistical
tests (consult a statistician when necessary) should aid in the decision to include/exclude historical
data in the HHRA. The suggested level of confidence to be used in these statistical tests is a 95%
confidence level. Factors that need to be weighed in choosing the appropriate statistical tests include
the:

— sampling design for each set of data,

— (quantity of data available for each set of data,

— frequency of detection for each set of data, and

— distribution (normal, lognormal, etc.) for each set of data.

Where appropriate, statistically compare areas within the area of potential concern.
The same logic applies here as presented previoudy, but with the purpose of determining whether to

evaluate the area of potential concern as awhole (in terms of an HHRA) or to evaluate smaller areas
within the larger area.
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B.5EVALUATE ANALYTESTO BE CONSIDERED ASQUANTITATIVE AND QUALITATIVE
CHEMICALS OF POTENTIAL CONCERN

Eliminate analytes with al nondetects from the COPCS list (with the exception of known site-related
contaminants). The detection limits of al such analytes will be further evaluated in the HHRA by
comparing the largest detection limit versus the appropriately chosen risk-based PRG.

Eliminate analytes that are detected less than 5% (e.g., frequency of detection = 1/20) of the time at
the same sampling location (EPA 1989).

Evaluate tentatively identified compounds (T1Cs) per Risk Assessment Guidance for Superfund, Part
A (RAGS) (EPA 1989a) for each area/medium combination and determine the number of TICs
present and the number of anaytes on the Target Analyte List (TAL) or Target Compound List
(TCL). Next, report basic summary statistics for each TIC (e.g., number of results, minimum,
maximum, and mean concentrations, etc.) and determine if TICs are to be evaluated further in the
HHRA.

— If only afew TICs are present compared to the TAL and TCL chemicals and no historical or other
site information indicates that either a particular TIC may indeed be present at the site (eg.,
because it may be a by-product of a chemical operation conducted when the site was active) or
that the estimated concentration may be very high (i.e., the risk would be dominated by the TIC),
then generally do not include the TICs in the HHRA.

— When many TICS are present relative to the TAL and TCL compounds identified or if TIC
concentrations appear high or site information indicates that TICs are indeed present, then further
evaluation of TICsis necessary.

— Consult with the project team about omitting TICs from the quantitative risk assessment and
document reasons for excluding TICs from the HHRA.

Compare sample data with background data. Eliminate anaytes from the COPCs list if
concentrations are not statistically different from background or if concentrations are significantly
below background. Appendix C contains detailed guidelines on statistical approaches for background
comparisons.

Evaluate essential human nutrients per RAGS guidance (EPA 1989a, EPA 1995a). Essential human
nutrients (e.g., iron, magnesium, calcium, potassium, chloride, phosphorus, iodine, and
sodium),which are present at low concentrations and toxic only at very high doses, do not need to be
evaluated in the quantitative HHRA. However, a quantitative comparison of essential human
nutrients versus appropriate reference concentrations (i.e., compare against the Recommended Daily
Allowances) should be made.

Perform a screening using chemical-specific, risk-based PRGs (hereafter referred to as PRGs) to
eliminate analytes that have valid toxicity values, but do not significantly contribute to total excess
lifetime cancer risks (ELCRS) and hazard indexes (HIs), from the COPCs list for the quantitative risk
assessment (EPA 19953).

— Perform this screen using the PRGs provided on the RAIS (LMER 1998). Compare analytes to
PRGs for the exposure pathways being evaluated in the HHRA; the appropriate land use(s) and
exposure pathways for screening are those deemed necessary to support remedial decisions.
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Analytes for which the maximum detected concentrations are less than the PRGs (at ELCR <
1E-06 and/or hazard quotient < 0.1) for the appropriate scenario may be eliminated from the
quantitative risk assessment. When both carcinogenic and noncarcinogenic PRGs are available
for an analyte, only analytes whose maximum detected concentration is smaller than both PRGs
may be eliminated from the COPCS list.

Compare nondetected chemical quantitation limits to risk-based PRGs.

— The reported detection limits for all nondetected chemicals (i.e., analytes that are not detected in
any/all samples) should be compared to PRGs to ensure that the detection limits were appropriate
(i.e. low enough). A table should be generated as a result of this comparison and the results
should be discussed in the text of the HHRA, especialy if the reported detection limit for a
specific analyte exceeds the PRG.

Identify quantitative and qualitative chemicals of potential concern.
— Analytes not eliminated by the evaluations listed previousdly are considered to be COPCs. Those
analytes that have valid toxicity (refer to the RAIS, LMER 1998) values will be further evaluated

quantitatively in the HHRA, while those analytes that do not have valid toxicity values should be
evaluated qualitatively in the HHRA.
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APPENDIX C

BACKGROUND COMPARISON



This guidance directs the user through the process of performing background data versus sampling
data comparisons for risk assessments performed under the auspices of the U.S. Department of Energy
Oak Ridge Operations (DOE-ORO) sites. It provides a consistent and scientifically defensible approach
for performing background comparisons by individuals or parties performing quantitative risk
assessments.  This guidance is consistent with the Risk Assessment Guidance for Superfund: Volume | -
Human Health Evaluation Manual, Part A (RAGS Part A) (EPA 1989a).

The following information outlines the steps necessary to perform a background concentration
comparison for risk assessments. The purpose of this comparison (i.e., the comparison of site data to
background data) is to eliminate analytes from the chemicals of potential concern (COPCs) list that have
concentrations less than background concentrations. These steps are outlined sequentially in relation to
the background comparison process.

C.1 BACKGROUND DATA CHARACTERIZATION

Evaluate detection limits prior to the calculation of any statistics for the background data.

Characterize  background concentrations for inorganic chemicals and naturaly occurring
radionuclides.

Whenever any type of media of potential concern (e.g., soil, groundwater, surface water, etc.) is
evaluated at one of the ORO dites (i.e., at Oak Ridge, Paducah, and Portsmouth), the risk assessor
should use the appropriate medium-specific background data to meet the objectives of the risk
assessment.

Whenever the site soil data are evaluated for an Oak Ridge Reservation (ORR) site, the risk assessor
should use the background soil data provided in the Background Soil Characterization Project (DOE
1993) for the background comparison/screening.

Note: an extensive background characterization (for inorganic analytes) has been performed for the
Oak Ridge Y-12 Plant (Y-12) groundwater (LMES 1996b); these background characterizations
should be utilized as deemed appropriate.

C.2 GENERAL APPROACH FOR COMPARING BACKGROUND DATA

Determine a background upper 95% tolerance limit (UTL95) concentration with 95% coverage for
the distribution of the appropriate background data.

Use the background UTL95 concentration as the "cutoff" for determining if site data are below
background.

— If any single detected concentration from the site data is above the background UTL95
concentration, then there is evidence that the site data's distribution is different from the
background data's distribution; in this situation, one concludes that the site data are "above"
background.

— Site analytes that have al detected concentrations at or below the background UTL95
concentration can be eliminated from the chemicals of potential concern (COPCs) list, based on
this background comparison.
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When calculating the background UTL95 concentration, the risk assessor must be aware of the
sample size, sample distribution (e.g., norma or lognormal), and frequency of detection for each
background analyte. When only afew background data points are available, the estimates of the mean
concentration and the variance may be poor; therefore, caution should be used when calculating the
background UTL95 concentration based on small sample sizes.

An effort should be made to evaluate outliers in the background data set (i.e., data points that are
extreme values and that do not appear to belong to the background distribution) and if justified, to
eliminate the outlier(s) from the background distribution, prior to the calculation of the background
UTL95 concentration.

C.3CALCULATIONSWHEN BACKGROUND DATA ARE AVAILABLE FOR ANALYSIS

Calculate the UTL95 concentration for each analyte in the background data based on the best-fit
distribution and the frequency of detection. There are three categories of data, based on the frequency
of detection:

— background frequency of detection is >50%,
— background frequency of detection is between 0% and 50%, and
— background frequency of detection is 0% (all nondetects).

When the background frequency of detection is >50%, calculate the background UTL95
concentration according to the best-fit distribution (normal or lognormal distribution) for each analyte

by:

— testing the hypothesis that the data are normally distributed (H,: Normal), using a 95% level of
confidence;

— testing the hypothesis that the data are lognormally distributed (H,: Lognormal), using a 95%
level of confidence; and

— choosing the best-fit distribution based on results from these two tests.

- If Ho: Normal results in a p-value > 0.05 or if Hg: Lognormal results in a p-value > 0.05,
select the best-fit distribution based on the largest p-value. Then calculate the background
UTL95 concentration parametrically, using the appropriately chosen distribution (normal or
lognormal).

- If Ho: Normal can be rejected at the 95% level of confidence (i.e,, pn<0.05), and if H,:
Lognormal can be rejected at the 95% leve of confidence (i.e., p.<0.05), then calculate the
background UTL95 concentration nonparametrically.

Calculate the background UTL95 concentration.

— Parametric calculation
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where;

» = X

After calculating the background UTL95 concentration (for each analyte), compare this UTL95
concentration to the maximum detected background concentration; use the smaller of these two

a) Normal: UTL = X + k(s)

arithmetic mean of the background data,

appropriate tolerance factor for one-sided tolerance intervals (based on sample size), and
standard deviation of the background concentrations.

b) Lognormal: UTL = exp [y + K(s)]

e (2.718281828),

arithmetic mean of the logs of the background data,

appropriate tolerance factor for one-sided tolerance intervals (based on sample size), and
standard deviation of the logs of the background concentrations.

Nonparametric calculation

For sample sizes <59, the nonparametric UTL95 concentration = maximum detected
concentration (Walpole and Myers 1978). For sample sizes >59, randomly select a subsample of
size 59; the maximum detected concentration among the 59 concentrations is the nonparametric

UTL 95 concentration.

concentrations as the "cutoff" for determining if site data are above background.

— When the background frequency of detection is between 0% and 50%, there is very little
confidence that the background distribution can be adequately characterized (since more than half
of the data points are most likely reported as quantitation limits). In this situation, use the 99th
percentile of the background data as the "cutoff" for determining if the site data are above

— When the background frequency of detection is 0% (i.e., all nondetects) it is not appropriate to

The general approach taken in this situation (i.e., when only data summary statistics are available for
the background data) depends on which specific statistics are available to the risk assessor.
situations and corresponding approaches are discussed in the following text. The particular approach that
should be used can be determined by following the prioritized list:

background.

compare site data against background data.

C.4 CALCULATIONS WHEN ONLY BACKGROUND DATA SUMMARY STATISTICS FOR
ARE AVAILABLE

The background UTL95 concentration is given.

— For background data/analytes with a frequency of detection of >50%, the risk assessor should use

the background UTL 95 concentration as the "cutoff" for comparisons with site data.
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— For background data/analytes detected at a frequency < 50%, the risk assessor should use the
maximum detected background concentration as the "cutoff" (unless the background 99th
percentile is provided, in which case it should be used as the "cutoff") for comparisons with site
data.

— For background data/analytes with a frequency of detection of 0%, it is not appropriate to
compare/screen site data against background data.

The background mean concentration and standard deviation (or variance) are given.

— If the background frequency of detection is > 50%, the risk assessor should calculate the
background UTL95 concentration from the background mean and standard deviation (provided
that the sample size is aso given) for comparisons with site data.

— If the background frequency of detection is between 0% and 50%, the risk assessor should use the
maximum detected background concentration as the "cutoff" (unless the 99th percentile is
provided, in which case it would be used as the "cutoff") for comparisons with site data.

— If the background frequency of detection is 0%, it is not appropriate to compare site data with
background data.

The background mean concentration is given, but no measure of variation (i.e., standard deviation or
variance) is provided.

— Use 2 times the background mean concentration (2 x [mean]) as the "cutoff" for comparing site
data to background data (EPA 1995a).

— For background analytes with al concentrations as nondetects, it is not appropriate to
compare/screen site data against background data.

No background mean concentration is given, but the background median concentration is provided.

— Use 2 times the background median concentration (2 x [median]) as the "cutoff" for comparing
site data to background data (EPA 1995a).

— For background analytes with al concentrations as nondetects, it is not appropriate to
compare/screen site data against background data.

C.5HOW TO COMPARE (SCREEN) SITE DATA WITH BACKGROUND DATA

Evaluate each analyte that has both background data and site data Whenever any detected
concentration from the site data (for a given analyte) is larger than the background "cutoff"
concentration, there is evidence that the site data are above background and the analyte should remain
on the COPCS list. In other words, if the maximum detected concentration from the site data (for a
given anayte) is larger than the corresponding background “cutoff” concentration, that (site data)
analyte is considered to be above background and should remain on the COPCS list.

If site data (concentrations) are all nondetects (for a given analyte), the comparison with background
is not necessary since these analytes have been (or will be) eliminated from the COPCS list based on
detection status.
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APPENDIX D

GUIDE FOR AIR DISPERSION MODELING FOR RISK ASSESSMENT



D.1INTRODUCTION

TheOak Ridge Reservation (ORR), which consistsof Oak Ridge National Laboratory (ORNL ), Oak Ridge
Y-12 Plant (Y-12 Plant), and the Oak Ridge K-25 Site (K-25 Site), was placed on the National Priorities List
in 1989 and, as such, is required to comply with the requirements of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), commonly referred to as Superfund after the
Superfund Amendments and Reauthorization Act of 1986 (SARA). In addition to the three installations, the
lands used by Oak Ridge Associated Universitiesand waterwaysthat have been contaminated by releasesfrom
the ORR are also included in the CERCLA designation.

The nature of the wastes treated, stored, or disposed of at the ORR sites is heterogeneous and often
unknown. Under CERCLA, the United States Department of Energy (DOE), the Tennessee Department of
Environment and Conservation (TDEC), and the United States Environmental Protection Agency (EPA) share
acommon goal to ensure that rel eases of hazardous substances, associated with past waste management and
operational activities at the ORR, are adequately investigated and that appropriate remedial action istaken to
protect human health and the environment (Miller 1995).

This report presents guidance for conducting air dispersion modeling analyses for CERCLA sites on the
ORR. In many cases, the complex nature of atmospheric dispersion makes exposure viathe air pathway more
difficult to predict than exposure via other pathways. The air pathway is unique in that any on-site release of
emissions can have an almost immediate impact on the air quality of the surrounding area. Furthermore, the
impact locations can shift relatively quickly with changes in wind speed and wind direction.

Another complicating factor isthe unavailability of methods for mitigating the consequences of arelease
after the contaminants enter the atmosphere. In contrast, exposuresthrough other pathways (i.e., groundwater,
surface water) often occur over extended time periods and can be minimized by limiting site access or
prohibiting use of contaminated resources (e.g. drinking water).

Developing and implementing an air dispersion modeling program can be approached in a systematic
manner but cannot be reduced to simple “cookbook” procedures. Professional judgement is needed aswell as
flexibility when selecting applicable models and appropriate input parameters for use on the ORR. Modelers
benefit from having a technical background in source characterization, air monitoring, and risk assessment.
In addition, modelers must perceive the strengths and limitations of a model before applying it to a specific
situation. Model application should proceed only after the modeler understands the technical formulation,
features, and assumptions incorporated into the model.

The primary objective of thisreport isto offer technical guidance for atmospheric dispersion modeling to
contractors conducting baseline studies and FSs on the ORR CERCLA sites. Another objective of this report
isto provide asummary of exposure scenarios, approaches for source-term characterization, and summary of
air dispersion models useful for ORR baseline and FS risk assessments. In addition, this document identifies
sources for site-specific data and references for additional information. The report uses many of the concepts
identified in EPA Volume V, Procedures for Air Dispersion Modeling at Superfund Stes (EPA 1995).
Subsequent sectionsof thiswhite paper present exposure scenarios, typically considered in baseline studiesand
Feasibility Studies (FS); source characterization; and attributes of specific radionuclide and chemical
contaminant air dispersion model sare summarized. Finally, parameterstypically used in air dispersion models
are discussed. In addition, for certain parameters, ORR information resources are provided.
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D.2 LAND USE—EXPOSURE SCENARIOS

EPA's Superfund program currently defines exposure scenarios within the context of four land use
classifications: residential, commercial/industrial, agricultural, and recreational. EPA evaluates residential
exposure scenarioswhen residential homesarelocated on or near acontaminated site or when future residential
development is areasonabl e expectation. Five pathways are routinely eval uated under the residential exposure
scenario:

» direct externa radiation from photon-emitting radionuclides in the soil,

* inhalation of resuspended contaminated dust,

* inhalation of radon and radon decay products (only when radium is present in soil),
* ingestion of contaminated drinking water, and

* ingestion of contaminated soil.

Two additional pathways (i.e., consumption of contaminated homegrown produce and consumption of
contaminated fish) are also considered at some residentia sites but only when site-specific circumstances
warrant inclusion.

EPA evaluates occupational exposure scenarios whenever the land use is or may be commercial or
industrial. These scenarios typically assess adult worker exposures by assuming an exposure occurs during
an 8-hour work day, 5 days per week, 50 weeks per year for 25 years. Exposure pathways considered under
this scenario are identical to those evaluated for the residential exposures, with the omission of pathways for
consumption of fish and homegrown produce.

EPA evauates agricultural scenarios whenever individuals live or work in contaminated areas zoned for
farming activities such as growing crops or raising livestock. Under this scenario, EPA assumes that family
members are exposed via the same five principa pathways evaluated for individuals under the residential
setting, plus the mandatory inclusion of the plant pathway (i.e., consumption of home-grown produce). EPA
also considers additional pathways for the ingestion of contaminated beef and dairy products, but only when
such pathways are valid, considering the site conditions and lifestyles of the populations.

Under the recreational exposure scenario, EPA includes pathways for consumption of locally caught
fish—both for subsistence and recreation—and for dermal exposures that might occur during swimming and
wading. Fish ingestion pathways are evaluated only when there is access to a contaminated water body large
enough to produce a consistent supply of edible-sized fish.

D.3 SOURCE TERM DERIVATION

Unlike other environmental pathways, theair pathway ischaracterized by short migration times, relatively
large exposure areas, and the inability to mitigate the consequences of a release after the contaminants enter
the atmosphere. Exposure times may range from only afew minutesto many years. The very nature of the air
pathway isconduciveto producing errorsin the measurement or prediction of thefate of airborne contaminants
over time and distance. Since these difficulties exist, atwo-step approach isrecommended. Thefirst stepisto
useascreening-level approach for deriving asource emission rate. Initially, amass|oading factor (particul ate)
or default emission factors/rates can be used. If using these conservative factors results in a potential
noncompliance or health hazard, the second step is to develop site-specific parameter values to derive source
emission rates.
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D.3.1 Sour ce Definition

Each emission source and the constituents emitted by each source must be specificaly identified. An
important first step in defining a source term isto characterize each emission asapoint, area, volume, or line
source. It is aso important to identify the locations of sources and the spatial extent of fugitive sources.
General characteristics of several sources associated with baseline (pre-remediation), remediation, and post-
remediation activities are shown in Table D.1. The source classification as well as the primary air emission
mechanisms are summarized. Each source may have afundamental rel ease classification and, in some cases,
multiple classifications.

Table D.1. General characteristics of sources associated with remedial technologies

Air Emission

Air Emission

Source M echanisms M echanisms
Source Classification  Release Classification Gas Phase Particulate Phase
Pre-remediation
Landfills Fugitive Gas release from solid Volatilization Wind erosion,
(area) Fugitive particulate mechanical
disturbance
Lagoons Fugitive Low volatility release from Volatilization n/a
(area) liquid
Contaminated Fugitive Gas release from solid Volatilization Wind erosion,
Soil (area) Fugitive particulate mechanical
disturbance
Containers Fugitive Gas release from solid Volatilization Mechanical
area, volume Low volatility release from disturbance
liquid
High volatility release from
liquid
Gas release
Fugitive particul ate
Storage Tanks Fugitive Gas release from solid Volatilization n/a
(area) Low volatility release from
liquid
High volatility release from
liquid
Gas release
Remediation
Soil handling Fugitive Gas release from solid Volatilization Wind erosion,
area, volume Fugitive particulate mechanical
disturbance
Air Stripper Point Gas release Volatilization n/a
Incinerator/ Point Gas release Combustion Combustion
Thermal Fugitive particulate
desorption
In situ Venting Point Gas release Volatilization n/a




Table D.1. (Continued)

Air Emission Air Emission
Sour ce Mechanisms Mechanisms
Sour ce Classification  Release Classification Gas Phase Particulate Phase
Solidification/ Fugitive Gas release from solid Volatilization Wind erosion,
Stabilization area, volume Fugitive particulate mechanical
disturbances
Post
Remediation
Landfills Fugitive Gas release from solid Volatilization Wind erosion,
(area) Fugitive particulate mechanical
disturbance
Soil Surfaces Fugitive Gas release from solid Volatilization Wind erosion,
(area) Fugitive particulate mechanical
disturbance

Most sources are ground level or near ground, nonbuoyant releases, except for small stacks where the plume is frequently
influenced by downwash in the wake of nearby structures.
Source: EPA 1995

Many of the current refined dispersion models can accommodate a large number of sources. The manner
in which a particular source is addressed depends on a number of factors. For example, a large area source
such as alandfill may be subdivided into multiple, smaller area sources. This method alows for any spatial
or temporal variability in emissions over the source as awhole. Furthermore, a remediation technology, such
as excavation, can be subdivided into separate emission sources. For example, excavation of a pit would
represent one emission source, the area over which the excavated materias are transported would be another
emission source, and the short-term storage piles would be a third emission source.

D.3.1.1 Point sour ce char acterization

Point sources are characterized by the release of emissions from a well-defined localized source such as
a stack or vent. Consequently, characterizing point sources for modeling isfairly straightforward. The basic
model inputs for a point source are:

* stack height above ground level,

* insde diameter of stack,

* exit gas velocity or flow rate,

* exit gas temperature,

* building dimensions (e.g., building downwash), and
* emission rate.

The source and receptor |ocations must be defined. A receptor grid is often used by the modelsto establish
receptor location. The influence of air pollution equipment (e.g., wet absorbers or scrubbers for incinerators,
carbon absorption units for in situ venting, etc.) also needs to be considered. The presence of air pollution
control equipment can alter the gas exit temperature and flow, both of which can effect plume buoyancy. The
particulate size distribution may be atered aswell dueto the presence of air pollution control equipment (EPA
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1995).

In the event that multiple point sources exist at asite, it may be possible to treat all of the emissions asiif
they were coming from asingle representative stack at acentral location. Merging stacksis appropriate under
the following conditions (EPA 1995):

1. Theindividual point sources emit the same pollutants.
2. Theindividual point sources have similar stack parameters.
3. Theindividual point sources are located within 100 meters (m) of each other.

4. The maximum distance between any two stacks is small relative to the distance between any one of the
stacks and the closest receptor.

D.3.1.2 Fugitive Sour ce Char acterization

Fugitive sources are generally divided into three categories for dispersion modeling: area, volume, or line
sources. These fugitive sourcesinvolve the rel ease of emissions from a defined surface or depth of space. The
amount of emissionsrel eased from afugitive sourceisdirectly related to the siteenvironmental conditions(e.g.,
ambient temperature, wind speed above the surface, etc.) and the extent of mechanical disturbance (e.g.,
earthmoving agitation, transportation disturbance).

D.3.1.2.1 Area sources

Various types of toxic waste sources fall into the source category area: landfills, waste lagoons,
evaporation and settling ponds, and areas of contaminated soils. For al of these sources, pollutants are emitted
at or near ground level. The sizes of these sources can range from afew square meters in the case of settling
ponds to a few square kilometers or larger in the case of contaminated soils. For dispersion modeling, the
important parameters used to characterize area sources are :

» source location
e source geometry (dimensions)
* source height

Typically the emission rate or source strength for an area source is defined in amount of contaminant
emitted per unit time per unit area[e.g., g/(s-m?) or pCi/(s-m?)]. In many models, area sources are defined by
the location of the southwest corner of a square and a side length. An area source of irregular shape can be
simulated by dividing the area sourceinto multiple squares and/or rectanglesthat collectively approximate the
geometry of the source. If the sourceisnot at ground level, asource height may be entered. If therel ease height
of the source is greater than approximately 10 m, it should be modeled as a volume source (EPA 1995). For
additional information on modeling area sources, refer to Review and Evaluation of Area Source Dispersion
Algorithms for Emission Sources at Superfund Stes (EPA 1989a).

D.3.1.2.2 Volume sour ce char acterization
A sourceistypically defined as a volume source when its emissions occur over a certain areaand within
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a certain depth of space. Two basic types of volume sources exist: ground level or elevated. An example of a
ground level volume source isasurfacerail line, and an example of an elevated volume source is an elevated
conveyor. Fugitive exhaust from structures such as tanks or treatment facilities may be modeled as avolume
source. However, fugitive exhaust can also be modeled as an area source. The parametersused to characterize
volume sources for dispersion modeling include:

e sourcelocation,
e jnitia latera dimensions, and
e vertica dimensions.

The length of a side of the volume source will need to be determined, as will the vertical height of the
source. It is aso important to note whether the source is on or adjacent to a structure or building.

D.3.1.2.3 Line sources

Line sourcestypically are used to represent roadways. Certain dispersion models differentiate line source
from area or volume sources. In these cases, basic model inputs consist of:

» overal source length,
e source width, and
* source height.

Line sources may also be modeled as a series of area or volume sources.
D.3.2 Duration of Source Emissions (Continuous Ver sus | nstantaneous)

Model selection for aparticular emission scenario isbased, a ong with other attributes, upon the geometry
of the source and the duration of the emissions. Typically, the emissionsfrom asource are categorized asbeing
either instantaneous or continuous. Instantaneous emissions occur over arelatively short time span; wheress,

continuousemissionsareof alonger duration. Table D.2 summarizesthe modeling emission duration categories
associated with particulate, gas, and liquid emissions.
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Table D.2 Summary of modeling categoriesfor area and point sour ces

Initial Form
of Release

Type of Release

Modeling Category

Particul ate Matter

Gases

Liquids

Stack
Fugitive Dust

Duct Failure
Flares

Stacks, relief valves, vents

Gas leaks: tanks, pipes, pumps, compressors

Multiple fugitive emissions

Land trestment emissions

Landfill emissions

Equipment openings

Surface impoundments (quiescent)
Surface impoundments (aerated)
Continuous relief valve discharge
Instantaneous relief valve discharge
Liquid leaks: pipes

Liquid leaks: tanks

Liquid leaks: pipes (high volatility)
Liquid leaks: tanks (high volatility)

Continuous Point

Continuous Area

Instantaneous Volume

Continuous Point
Continuous Point
Continuous Point
Continuous Area
Continuous Area
Continuous Area
Instantaneous V olume
Continuous Area
Continuous Area
Continuous Point

I nstantaneous Point
Continuous Area
Continuous Area
Continuous Point

Continuous Point

Source: EPA 1988.

D.3.3 Methodology for Estimating Emissions

Two primary typesof risk assessmentsthat aretypically conducted at ORR CERCLA sitesarethebaseline
and FS assessments. The basdline risk assessment is conducted to assess risks from an undisturbed site;
whereas, the FS assessment compares the risks generated by various site remedial aternatives. Thefollowing
subsections summarize methods for estimating airborne emission rates from sources typically evaluated in

baseline and FS risk assessments.

D.3.3.1 Badine Risk Assessments—Emission Estimation

The use of formulations and modelsfor estimating emission rates and ambient air concentrations does not
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preclude the use of techniquesfor measuring emission rates or ambient air concentrations. Where site-specific
conditions (e.g., a heterogeneous distribution of contaminants, a lack of reliable meteorological data, a
heightened concern by community/states) do not lend themselves to these predictive techniques, more detailed
techniques may be necessary.

The EPA has developed a guidance document (EPA 1992) to provide a series of sequentia steps for
conducting abaselineair pathway analysis. The EPA guidance document recommendsthe use of preferred EPA
predictive models.

Typicaly, fugitive dust and gaseous emissions from undisturbed sites are evaluated in baseline risk
assessments. M ethodsfor estimating fugitive dust emissionsincluderesuspension factors, massloading factors,
and emission rates/factors. For gaseous emissions, emission factors or emission rates are used.

D.3.3.1.1 Resuspension factors

Resuspension of contaminated soil has been recognized as a potential mode of human exposure for a
number of years. However, methods for expressing the contaminant air concentrations resulting from
resuspension have been quantitatively crude; in most cases, a resuspension factor has been used. There are
generaly threetypesof resuspension: (1) wind-driven resuspension, (2) mechanical resuspension, and (3) local
resuspension. Both mechanical and local resuspension result from mechanical disturbance of soil; however,
the dispersion patterns of the particulates differ. Mechanical resuspension factors are used for estimating
contaminant air concentrations downwind of the source. Local resuspension pertains to resuspension in the
immediate vicinity of the receptor before dispersion occurs (Healy 1980).

Studies of wind erosion of desert sands and agricultural soils have provided much of the information used
to determine resuspension factors. Resuspension factors have, in many cases, not been used appropriately.
Resuspension factors are not recommended for use in determining contaminant air concentrations because of
the failure of the factors to account for many important variables. Conditions under which the factors are
determined are not described in enough detail to allow extrapolation to areas different from those upon which
the factors are based.

D.3.3.1.2 Massloading factors

The mass loading concept is an attempt to bypass the details of the soil characteristics and resuspension
process and relate directly measured contaminant concentrations in soil to the air concentration by use of the
mass of the soil particulate. Using mass-loading factorsis preferred to using resuspension factors. However,
mass-loading factors must consider the distribution of contamination in soil. The air concentration of the
contaminant is determined as the product of the contaminant concentration in the soil and the concentration of
the soil particulate in the air. Therefore, measured dust loading factors for a particular region can be used to
estimate contaminant air concentrations.

The mass loading factor of 100 pug/m?® developed by Anspaugh for ambient air has no component for
mechanical disturbance (Healy 1980). For cases with mechanical disturbance, a mass loading factor of 200
ug/m? is recommended for generic studies and is considered very conservative for estimating contaminant air
concentration when compared to air sampling data (Healy 1980).

Mass|oading factors are applicable for screening level assessments. For detailed analyses, emission rates
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using measured data or site-specific parameters are preferred to using a mass loading factor.
D.3.3.1.3 Emission rates

Predictive modeling techniques involve calculating theoretical emission rates for both gaseous and
particulate matter contaminants. Emission rate models predict emission rates as a function of contaminant
concentration and contaminant physical and chemica properties within the surrounding media (e.g., soil,
surface water, groundwater) and through measured or theoretically derived mass transfer coefficients. Many
emission rate models have been evaluated against pilot-scale and field test results.

Many of these emission rate modelsrequire physical data(e.g., soil porosity, moisture content, etc.) about
the surrounding media as well as physical and chemical properties of the contaminants (e.g., Henry's Law
constants, diffusivity in air, etc.). Proper use of emission rate models requires that a thorough site
characterization be conducted and that media-specific concentrations of all contaminants are adequately
determined within the site volume in al three dimensions (i.e., all contaminant-specific “ hot-spots’ have been
identified to a known depth). The emission rates calculated from these models must accurately represent the
Site or gross under/overprediction of the ambient air concentrationswill result. Emission rate methods for use
in baseline risk assessments are summarized in Appendix A.

D.3.3.2 Feasibility Study Assessments—Remediation Technology Emission Estimation

Contaminated environmental media (e.g., soil, groundwater, and surface water) can become disturbed by
the implementation of technologies that may produce volatile organic compound (VOC) and particulate
emissions. Additionally, the remedia technologies themselves (e.g., incinerators, air strippers, soil vapor
extraction units) can emit VOCs and particulates by fugitive emissions or direct off-gassing. Contaminant
emissions from disturbing environmental media or from operation of treatment technologies are released into
the air where they become available for inhalation or ingestion. Implementation of remediation technologies
can potentially increase baseline or undisturbed emissions and may impact thelocal air quality for both on-site
workers and the surrounding population.

Many documentsprepared by the EPA provide methodsfor ng air impactsfromvariousremediation
technologies. However, cases do exist where the air quality impacts have not been fully characterized.
Assessing the air impacts from various clean-up alternatives occurs prior to the actual clean-up process;
therefore, FS studies must rely on estimated emissions and ambient air concentrations rather than on field
measurements. The EPA Office of Air Quality Planning and Standards (OAQPS) has developed a*“ Technical
Guidance Study Series’ to provide assistance in estimating air impacts from a variety of remediation
technologies. See Appendix B for an annotated list of these documents. By their very nature, these guidance
documents contain procedures for estimating ambient air concentrations.

Remedia technologies can be divided into four major categories based on the type of contaminant
emissionstypically associated with the technologies: VOC point sources, VOC area sources, particul ate point
sources, and particulate area sources. Table D.3 shows a list of common remedial technologies and their
associated categories. A variety of remedia technologies can be used to clean up CERCLA sites at DOE
facilities. Not al types of remedial alternativeswill be applicableto every site. In addition, not all remediation
technologieswill have an air pathway impact. The ambient air impacts of each applicable remedia alternative
for a CERCLA site should be considered in the evaluation performed during the FS.
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Technology-specific emission rates can be used by atmospheric dispersion models for estimating
contaminant air concentrations. When site-specific emission rates are not known, EPA default emission rates
may be used. However, actual measured emission rates, if available, are generaly preferable to generic
emission rates for use in the models. Default emission rates and methods for estimating emission rates for
typical remedia technologies are summarized in Appendix A. In addition, Appendix A provides a detailed
summary of default emission rates associated with typical remedial technologies.

Table D.3. Remedial technologies and associated sour ce type categories

Sour ce Type Category Associated Remedial Technologies

VOC point sources Air strippers
Soil vapor extraction units
Thermal desorption units
Thermal destruction units (incinerators)
Particulate point sources Thermal destruction units (incinerators)
Thermal desorption units
VOC area sources Excavation
Dredging
Solidification/stabilization
In situ vitrification
Particul ate area sources Excavation
Materials handling
Solidification/stabilization

Dry surface impoundments

D.4. MODEL SELECTION

Making the appropriate model selection depends, among other considerations, upon the following key
factors (EPA 1995):

* dte-gpecific goals,

» disperson modeling abjectives, and

* lega and liability aspects of the remediation project.
* pragmatic aspects of the program, including:

— quality and availability of input data, including the ability of the emission models to adequately
simulate emission rates and their variability;
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— applicability of existing dispersion models to site-specific characteristics including source types,

— ahility of existing dispersion models to reasonably simulate transport and dispersion of air pollutants
released from the site, given the chemical, radiological, and physical processes involved; and

— ahility to accomplish the dispersion modeling objectives with modest uncertainties.

According to EPA (1995), determination of the proper model to use for air dispersion modeling can be
divided into a general two-step procedure for assessing air quality impacts. This two-step procedure involves
aninitial screening-level analysisto obtain conservative estimatesof air quality based on limited data, followed
by arefined analysis as necessary to provide more realistic estimates of air quality.

In general, screening level studies are performed to define the nature and extent of a problem and are
considered conservative, particularly for long-term predictions. Screening studies are often used to eliminate
the need for more detailed modeling of a particular situation. Refined studies are performed to provide more
detailed treatment of atmospheric processesand source-receptor relationshipsand, at | east theoretically, amore
accurate estimate of source impact.

Screening evaluation activities are most likely to occur during the site investigation (Sl), early remedial
investigation (RI), or operation and maintenance (O& M) steps of the Superfund process. Refined evaluations
aremost likely to occur duringthe R, FS, and O& M steps. At the ORR, determination of whether ascreening-
level or refined model should be selected for a risk assessment should be made with input from the Risk
Assessment Manager.

EPA has approved numerous models for use in regulatory applications. Nonregulatory models aso may
be used if they can be shown to be more suitable for agiven scenario. In cases where amodeler has devel oped
acode for a certain application, EPA has devel oped a guidance document that identifies the steps necessary
to have the code approved (EPA 1984, Cox 1988). It is recommended that EPA approved codes be used to
conduct atmospheric dispersion modeling for risk assessments conducted on the ORR.

Sincedispersonmodelsare periodically revised, themodel user should verify that the most updated version
of the code is being executed. For models issued by the OAQPS, the model user should check the Support
Center for Regulatory Air Models (SCRAM) Bulletin Board System (BBS).

For this report, the most generally applicable and commonly used air dispersion models (i.e., codes) are
mentioned. The following subsections contain brief descriptions of codes used for estimating contaminant air
concentrations and radionuclide doses from radionuclides at specific receptor locations. The applicability and
limitations of the codes and the resulting output data are described. It is the responsibility of the modeler to
ensure that the most appropriate techniques are selected.

D.4.1 Radionuclide Contaminant Codes

Table D.4 summarizes screening and refined dispersion model sused for eval uating theimpacts of airborne
radionuclide releases. Paragraphs briefly describing each model are aso included.
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Table D.4. Summary of atmospheric transport codes for radionuclides applicable for baseline and FS assessments

RASCAL | MILDOS HOTSPO CAP88-PC | GENI GENII- MEPAS | RESRAD | COMPLY | PRESTO" | PATHRAE- | COMMENTS
AREA T | S EPA
APPLICATION:
Type
Screening X X X X
Detailed X X X X X X X
Multi-media X X X X X X
Uncertainty analysis X X X
" User-friendly" X X ? X X X X X X
SOURCE INFORMATION: 2Only U-238 chainas
Activity released particulates; Rn-222 &
- daughters as gases.
Input amount airborne X X Xh X X X X X X bAlSO resuspension
Estimate - estimated using
' 3 resuspension factor.
Mass loading factors X X X °MEPAS incorporates
Emission rate calc. X° X4 emission rate calculation
method.
dFor off-site  estimates,
Input concentrations X X X input is calculated using
Input chi/Q resuspension factors and
burn factors) for dust
suspension, and
Particulate release X X2 X X X X X X X X X inci nera;i onor '
Gaseous release X X X X X X X X X X X trench fires, respectively.
Radioactive decay X X X X X X X X X X
SOURCE TYPE: *Virtual point-source
f estimation.
Point X X X X X X X X X X PMEPAS specifies source
Area X X2 X X X X4 type. But not for air
pathway.
Volume X ‘Handles area source by
Line XP using "virtual point source
Other using width of facility.
4Soil or water
M ultiple sour ces X X X°© X contamination only.
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Table D.4. (continued)

RASCAL | MILDOS HOTSPO CAP88-PC | GENI GENII- MEPAS | RESRAD | COMPLY | PRESTO" | PATHRAE- | COMMENTS
AREA T | S EPA’

SOURCE RECEPTOR: #Cumbersome hookup to
external code.
°COMPLY intended for

Near-field X X X X X X Xb X X useat <3 km. _
‘Depends on which
PRESTO code used.
d - ;

Far-field X X X X X X X X X X Inhalation = on-site to
workers during operation
from trench fire,

- incineration., &/or dust

On-site X X X X X X Xe X suspension;  off- site pop.
during operation and after
closure.

REL EASE DURATION:

Continuous (chronic) X ? X X X X X X X X

Acute (unintentional) X X X X

Intermittent (time variant) X

ATMOSPHERIC TRANSPORT: 2Box model assumes complete

Gaussian plume X X X X X X X X X X X mixing.

Puff model X "COMPLY has different levels

Box modd NG Xa of assessment.
“Input total deposition rate as

Wet deposition X X X X° X© X© input.

Dry deposition X X X X X X0 X° X¢

Gravitationa settling X X XP X© X©

Building wake effects (downwash) X X X X X X
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Table D.4. (continued)

RASCAL MILDOS- HOTSPO CAP88-PC GENI GENII- MEPAS RESRAD COMPLY PRESTO’ PATHRAE- COMMENTS
AREA T | S EPA’
METEOROLOGY: Anput as assumed single wind
speed, direction, and stability
- — c category.
Site-specific input X2 X X X X X X Various sets of met. data from
arports and government sites
= to choose in code if ste
Generic (or default) X x® X xe xe specific not available. In
current version, another
program needed to manipulate
TERRAIN: Stespecific file.
°Atmospheric transport
! handled only when coupled
Smple X X X X X X X X X X with another code.
Only input one average wind
speed and stability in direction
Complex X of receptor.
RELEASE HEIGHT: Only input effective release
N a height.
Ground-level X X X X X X X X X X X ®No stack relesses; only
Elevated X X X X X X X X X X contaminated soil or water.
Buoyant X X X X X X X2 X
PATHWAY OPTIONS: 3nhalation dose from tritiated
Inhalation X X X X X X X X X X Xb water vapor includes skin
absorption.
Immersion in contaminated air X X X X X X X X PInhalation of radon in house
c built on-site; suspended dust
Ground surface exposure X X X X X X X X X ’
u Do on-site and off-site; of airborne
Dermal contact X particulates off-site.
Ingestion: Terrestrial food chain X X X X X X X X¢ “Exte_ftna‘ gamma from weste
on- site.
Ingestion: Animal product food chain X X X X X X X X¢ 9Not from air trangport; from
Ingestion: |nadvertent soil X X X X X use of
- > p contaminated water for direct
Ingestion: _Surface water X X X X : X consumption or irrigation only.
Ingestion: Ground water X X X X ?
Aquatic food X X X 2 X
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Table D.4. (continued)

RASCAL MILDOS- HOTSPO CAP88-PC GENI GENII- MEPAS RESRAD COMPLY PRESTO' PATHRAE- COMMENTS
AREA T | S EPA’
OUTPUT: a(_)utput only asinput measured
Doses. baorm(;ourt]oe:w;jltgns;m various
Individual effective dose equivaent: X XP X X X X X X X X XP times.
Individual maximum X X X X X
Individual average (mean) X X X X X X
Organ X X X X
Collective X X Xb
Cumulative X X X X X X Xb
Per radionuclide X X X X X X X Xb
Per pathway
Air Concentration:
Totd X X
Per radionuclide X2 X X
Chi/Q Receptor L ocation:
Totad X X X
Per radionuclide X




D.4.1.1 Screening-level codes
D.41.1.1COMPLY

The purpose of the COMPLY program is to provide a means for facility operators to demonstrate
compliance with the 40 CFR 61, Subpart | (10 mrem/yr). COMPLY is also a useful tool for evaluating the
possible effects new radionuclide emission sources would have on the compliance status of a facility. For
example, planned point sources can be evaluated before construction, and appropriate emission controls can
be incorporated into the design of an emissions unit. However, the program cannot be used to demonstrate
compliancewith emission standardslike40 CFR 61, Subpart H, except under certain circumstances. EPA Rule
40 CFR 61.93(a) indicates that DOE facilities, where the maximally exposed individual lives within 3 km of
all sources of emissions in the facility, may use EPA’s COMPLY model and associated procedures for
determining dose for purposes of compliance.

TheCOMPLY program estimatesan annual effectivedoseequivaent (EDE) to areceptor from continuous
releases of radionuclides from point sources. COMPLY can be used to evaluate multiple point sources
simultaneoudly. In addition, the program can be run on an IBM or IBM-compatible personal computer (PC).

The COMPLY program has four screening levels of increasing complexity so that, with minimum effort,
theanalyst can choosetheappropriatelevel and demonstrate compliance. If compliance cannot be demonstrated
at Level 1, theanalyst can proceed to ahigher level that usesfewer assumptions, requiresadditional datainpui,
and therefore resultsin aless conservative dose estimate. This process can be followed through all four levels.
Level 1 consists of a set of radionuclide possession limits and concentration tables. If the facility meets these
criteria, then thefacility can demonstrate compliance with 40 CFR 61, Subpart I, without any further analysis.
Levels 2, 3, and 4 estimate doses and are useful for evaluating planned radionuclide emission sources. Based
on the screening level selected, input data may include awind rose, stack parameters, distances to farms that
may provide food for the receptor, and radionuclide release rates. The user’s guide for the COMPLY code
provides clear instructions for executing the program (EPA 1989a).

D.4.1.1.2 RESRAD

DOE Order 5400.5, Chapter 1V, provides guidelines for deriving soil limits for residual radioactive
materials. The RESRAD code was developed for estimating doses, predicting risks, and deriving Site-specific
guidelines for allowable residua concentrations of radionuclides in soil. These guidelines are primarily
applicable for the time the property is released for unrestricted use.

RESRAD isapathway analysis code that calcul ates radiation doses to a hypothetical individual residing
onacontaminated site. RESRAD Version 5.6 allowsthe user to define up to nine pathways and three exposure
routes as summarized Table D.4. Several scenarios, including residential, industrial, and recreational, can be
modeled by adding or suppressing pathways and then entering appropriate values for the occupancy and
consumption rates. A user's manual entitled “Manual for Implementing Residual Radioactive Material
Guidelines Using RESRAD, Version 5.6” is currently available from the Radiation Shielding Information
Center (RSIC). There have been many versions and revisions of the code; therefore, it isimportant to obtain
thelatest version of the code [for assistance, contact Dr. C. Yu at Argonne National Laboratory, phone: (708)
252-3144)].
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RESRAD is designed for use on an IBM or IBM-compatible PC and includes interna help files for
information on input and output data. The code consists of three modules:

* RESPC, an interactive module for data entry and display;
* RESMAIN, the main calculational and report-generating module; and
* RESPLOT, an interactive graphics module that displays the latest RESMAIN results.

RESRAD Version 5.6 has several improvements compared to earlier versions (e.g., Version 3.12): These
improvements include:

» caculation of potentia health effects (excess risk cancer incidence),

* interactive graphics,

» performance of sengitivity analysis on most RESRAD parameters,

*  multiple pathways, and

» optiona user selection of all dose conversion and related factors including cancer incidence sope factors.
The particular strengths of RESRAD as compared to the other codes (i.e.,, MM SOILS and MEPAYS) are:

e inclusion of database with the modd!;

o ability to perform an uncertainty analyss,

» availability of modd parameter estimation guidelines;

o differential transport of ingrowth daughter in groundwater; and
» gpecia modelsfor tritium, carbon-14, and radon.

The RESRAD modd has the following limitations relative to the other two models:

* limited source type availability,

* no multiple source/receptor capability,

* nointerna capability for offsite assessments, and

» cumbersome off-site air transport pathway procedures.

For the on-sitedust inhal ation pathway, RESRAD hasadefault valuefor massloading of dustinair (2.0E-
4 g/m®). RESRAD isthe only model that considers the size of the contaminated area when adjusting doses;
however, the areafactor for inhalation calculated by RESRAD is close to one (0.97) for an area of 10,000 m?
and does not greatly affect the results (Faillace 1993). In addition, occupancy and shielding factors are aso
used to estimate doses from the inhalation pathway. The default value of 0.45 is derived by assuming 25%
outdoor occupancy, 50% indoor occupancy with 40% of dust originating from contaminated soil, and 25% off-
site occupancy.

Thecurrent version of the RESRAD codeisdesigned for estimating on-siteindividual doses. Off-sitedoses
can be estimated by using a computer code such as CAP-88 or for uranium series nuclides, MILDOS-Area
(ANL 1993). Inthe ANL report (1993), asimplified approach is suggested when external off-site dose codes
are unavailable [refer to Appendix K in the ANL report (1993) for an explanation of this approach]. It is
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strongly recommended that external codes developed for estimating off-site doses be obtained and used
particularly when refined modeling is required.

RESRAD does not have the capability of estimating airborne fugitive dust emissions; these can be
calculated by methods previoudy described or a generic dust release rate can be calculated using the mass
loading factor (ANL 1993). These release rates can be input into the external codesto calculate doses to off-
site individuals or the collective population.

D.4.1.1.3 RASCAL

TheRadiological Assessment Systemfor Consequence Anal ysis(RASCAL ) codewasdesigned to provide
arough dose estimate for comparison with EPA's Protective Action Guidelines (PAGs) and threshold for acute
hedlth effects. RASCAL is an emergency response screening model that can be used to conduct dose and
conseguence projections. Themodel can be run on any DOS system and is menu-driven with output displayed
in text or maps.

RASCAL estimates dose and consequence from an accidental ground-level or elevated release (asasingle
point source) of radionuclides to the atmosphere. RASCAL also has the capability of computing both acute
and chronic dose and dose equivalents from known environmental activity intheair and on the ground surface.
Decay and daughter ingrowth are included. In RASCAL 2.1, the source term can be input directly (either as
isotopic rel ease rates or concentrations) or calculated. Three methods are availablefor estimating sourceterm,
but they are considered very crude estimates since detailed plant conditions cannot be known during an actual
accident. The maximum allowabl e release duration is 24 hours. Decay and daughter ingrowth are assumed to
begin at shut down time and end when the environmental release begins. The model s used within RASCAL for
atmospheric transport include either a straight-line Gaussian plume or a Gaussian-puff trgjectory (for >2
miles). Four sets of meteorological data, consisting of date, time, surface wind speed and direction, stability
class, mixing layer, and precipitation rate, can be entered with each set. Thefirst set of data correspondsto the
start of the release with the following sets in chronological order.

RASCAL was designed for distances of <100 km (near- and far-field). The code treats the atmosphere as
having two layers. The lower layer lies between the ground and the height of the mixing layer where the wind
speed isincreasing with height. The upper layer is above the mixing layer, and the wind speed is assumed to
be constant. The stability class chosen for these layers determinesthe diffusion within the layer whilethewind
direction is assumed to be the same for both. Both wet and dry deposition for particulates are considered in
RASCAL. Noble gases are not affected by these processes. RASCAL a so includes cloud-shine doses using
afinite-puff model.

RASCAL output includes total acute bone dose and acute lung dose for early health effects evaluation.
Total effective dose equivaent (50-year dose commitment) and thyroid and cloud-shine dose are used to
compare with EPA PAGs. These comparisons provide a “snapshot” of integrated dose to a person (adult)
standing outside (i.e., unshielded). Inhalation and cloud-shine doses are included for duration of exposure to
the plume. For additional information refer to RASCAL, Version 1.3 (NUREG/CR-5247) and 2.1 (DRAFT;
NUREG/CR-5247, Vol. 1, Rev. 2).

D.4.1.14HOTSPOT
The HOTSPOT health physics codes were created to provide health physics personnel with afagt, field-
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portable calculationa tool for evaluating accidents involving radioactive materials. Hotspot codes are afirst-
order approximation of radiation effects associated with the atmospheric release of radioactive materials.

Four general programs—Plume, Explosion, Fire, and Resuspens on—cal culate a downwind assessment
following the release of radioactive materia resulting from acontinuous or puff release, explosiverelease, fuel
fire, or area contamination event.

The code uses a Gaussian plume dispersion model to determine the ground-level air concentrations at
various locations downwind (near- and far-field). HOTSPOT considers point sources and area sources
(estimated as virtual point source). Ground-level, elevated, and buoyant releases are covered in the codes.

Parti cul ate and gaseousrel eases can be model ed with HOTSPOT. Deposition, resuspension of particulate,
and radioactivedecay areincluded in HOTSPOT'satmospheric transport model . Exposure pathwayseval uated
in HOTSPOT are inhaation of contaminated air and externa exposure due to air immersion. Exposure to
surface water and groundwater are not included.

The dosimetric methods of | CRP Publication 30 are used in HOTSPOT. The 50-year committed effective
dose equivalents from resuspended material are calculated per one-hour residence time. The codes include a
fairly extensivelist of radionuclides. [For additional information, contact S. Homann (510) 423-4962 and refer
to HOTSPOT, Health Physics Codes for the PC, UCRL-MA-106315, Lawrence Livermore National
Laboratory, March 1994.]

D.4.1.2 Refined models
D.4.1.2.1 CAP-88

The CAP88/CAP88-PC computer code estimates the dispersion and transfer of radionuclides in the
terrestrial environment. CAP88-PC isaPC version of themainframeversion CAP-88. Unless otherwise noted,
CAP-88 will be used as ageneric reference denoting both versions. The computer codeimplementsaGaussian
plume atmospheric dispersion algorithm, and the terrestrial pathway equations are smilar to those cited in the
U.S. Nuclear Regulatory Commission (NRC) Guide 1.109 (NRC 1977).

The CAP-88 model isapplicablefor evaluatingindividual and population dosesfrom chronicreleases. The
modéd includesalgorithmsfor eval uating plumerisethrough buoyancy; depletion of plumesthrough radioactive
decay, precipitation scavenging, gravitational settling, and dry deposition; and wet and dry deposition on
ground surfaces. The CAP-88 computer code can estimate dosesfromarea(i.e., circular only) or point sources.
Table D.4 summarizes selected attributes of the CAP-88.

The CAP-88 model is composed of three modules: (1) PREPAR, which is a preprocessor for AIRDOS-
EPA data; (2) AIRDOS-EPA, which cal cul ates atmospheric dispersion, estimates radionuclide concentrations
in the environmental media, and predicts radionuclide intakes; and (3) DARTAB, which calculates doses and
risks based on the concentrations and intakes calculated in AIRDOS-EPA.

CAP-88 calculates the EDE and cancer risks to individuals and popul ations through exposure pathways
that include inhalation of contaminated air, ingestion of contaminated food, and externa exposure to
contaminated ground surfaces. The dose and risks can be reported by nuclide, organ, or exposure pathway
(EPA 1990).
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The primary difference between the CAP88-PC and CAP-88 isthat the user is able to access and change
more default input datain CAP-88, which alows the user to conduct more site-specific assessments. If the
default dataare satisfactory for theuser's purpose, CAP88-PC iseasier to use and hasthe advantage of running
onaPC. The user can create and edit filesin the program shell which simplifies the model's use. The required
input data are brief and relatively easy to obtain. The CAP88-PC user's manual is brief and easy to follow but
is not as comprehensive as the CAP-88 user manual. Therefore, for more information on the theory of the
models, consult the CAP-88 user's manual.

CAP-88 and CAP88-PC generally produce more conservative results than its counterpart GENII except
for ground level releases (Maheras 1994, Fields 1994). Specifically, CAP-88 produces lower EDES than
GENII for ground level releases since CAP-88 accounts for plume depletion by dry and wet deposition, which
may be an important factor to consider when choosing a model (Maheras 1994).

CAP-88 and CAP88-PC are approved by the EPA for demonstrating compliance with 40 CFR Part 61,
Subpart H, “National Emission Standards of Radionuclides Other Than Radon From Department of Energy
Facilities” (DOE 1994). CAP88-PC and CAP-88 are available from the RSIC [P.O. Box 2008, ORNL, Oak
Ridge, Tennessee, 37831, phone: (615) 574-6176)].

D.4.1.2.2 GENII

GENII isaradiologica assessment computer code system that estimates individual and collective doses
to humans from the environmental transport of radionuclides in the atmosphere, surface water, and other
environmental media and includes biotic transport and manua redistribution to the surface from buried waste
(Maheras 1995). Table D.4 summarizes the attributes of GENII and the GENII-S codes.

GENII consists of seven linked computer codes and their associated data library. The codes are:
APPRENTICE, ENVIN, ENV, DOSE, EXTDF, INTDF, and DITTY. APPRENTICE isapreprocessor with
a series of interactive menus that allow quick and easy entry of input data. Default parameters are provided
for most data. APPRENTICE checks user input valuesto ensure that the data are reasonable. APPRENTICE
prepares atext input file for calculating doses and a batch file that controls file handling for ENVIN, ENV,
and DOSE. ENVIN, ENV, and DOSE are the programs executed to calculate the dose. These programs are
the most commonly used programs in GENII.

EXTDF, INTDF,and DITTY arecomputer codesused for specia calculations. EXTDF performsexternal
doseand shielding evaluationsfor finite sourcegeometries. INTDF cal culatesinternal dosefactorsusing | CRP-
26/30 methods and can calculate internal dose factors for commitment periods greater than 50 years. DITTY
calculates long term doses (i.e. 10,000 years) from waste disposal activities. These three programs are used
less frequently and are generally less user friendly.

The atmospheric transport pathway in GENII is applicable for both chronic and acute releases, far-field
and near-field scenarios, and ground level and el evated rel eases. GENII's atmospheric transport model isbased
on the Gaussian plume agorithm. Various equations may be used, depending on the release duration (i.e., 30
minutesto 4 hours or longer), for ng an acute atmospheric release. Determination of which equation(s)
should be used is based on an evaluation of the physical situation being modeled, source characteristics, and
the meteorological situation (Napier 1988). GENII implements an acute version of a Gaussian plume
atmospheric disperson model and alows the user to choose the probability level associated with the

D-22



atmospheric dispersion during an acute release (Moore 1994). For acute releases, the models have been
modified to account for acute deposition, contaminant movement through the food chain, and consideration of
the four seasons variations (Napier 1988).

GENII isamultimedia modd that integrates a number of environmental pathwaysin one system. GENII
uses equations and formulation found in other models. For example, for the chronic crop ingestion pathway,
GENI|I uses equations similar to those found in Regulatory Guide 1.109 (NRC 1977). In other cases, GENI|I
uses equations from other sources (e.g., for the terrestrial food pathway GENII uses the PATHWAY
formulation). It isaso unique, as compared to codes with similar applications, in that the user can bypassthe
environmental transport portion of the code and input either measured or estimated (using other codes)
radionuclide concentrationsin select mediaor food products. [GENI | isdistributed by RSIC and to obtain code
specific information, contact B. Napier, Pacific Northwest L aboratories, Hanford, Washington, phone: (509)
375-3896.]

D.4.1.2.3 GENII-S

GENII-Sis GENII with a built-in statistical analysis package that can produce statistical results as well
as deterministic results. However, GENII-S cannot account for atmospheric dispersion uncertainty and
radioactive decay during plume transport when used in the statistical mode. When used in the deterministic
mode, GENII and GENII-S yield the same results (Maheras 1994).

One advantage of GENII-S over GENI|I isthat the user can easily edit the input file. GENII-S alows the
user to enter either afixed value or arange of values for the input data. The user can specify fixed, normal,
lognormal, triangular, uniform, or nonuniform distributions. The user can also obtain graphical results,
statistical results, and other output data. In addition, the user can create cumulative distribution plots,
complementary cumulative distribution plots, histograms, scatter plots, and X-Y plots. The statistical results
produce maximum, mean, and minimum values of interest; the standard deviation; raw and rank correlation
coefficients; and results from linear least squaresfit. The user can choose awide choice for output data. For
example, the user can obtain statistical results of the EDE, the dose to the organ from the pathway or
radionuclide, and/or a combination of these. [GENII-S was produced at Sandia National Laboratory (SNL).
Dr. C. D. Leigh can provide information on how to obtain the model and can be contacted at Sandia National
Laboratories, Albuquerque, New Mexico 87185, phone: (505) 844-1888.]

D.4.1.2.4 MEPAS

The Multimedia Environmental Pollutant Assessment System (MEPAS) is a physics-based risk
computation code that integrates source-term, transport, and exposure models. It can be used for both
radioactive and chemical contaminants. Currently, MEPAS is the only code with this capability.

MEPAS isapplicable for use in both screening and assessment applications for baseline studies and FSs.
It is designed for site-specific assessments and uses relatively standard transport and exposure computation
approaches. However, aunique feature of MEPAS isthat these approaches areintegrated into asingle system.
It can be implemented on a PC and is considered to be user-friendly.

Thebasic characteristicsof MEPASare summarized on TableD.4. TheMEPA S codecomprisesninemain
components:
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source term

overland pathway

groundwater (vadose and saturated zones)
surface-water pathway

atmospheric pathway

exposure routes

hazard assessment

contaminant transport/exposure

Chemical database

©oNOUAWDNE

Thefirst eight components are described by a set of standard agorithms that are contained in their own
module. Thetransport pathway model s are systematically integrated with the exposure assessment component
that considers the type, time, and duration of exposure and location and size of the population exposed. The
atmospheric pathway in MEPAS combines:

* release mechanisms and characteristics,

e dilution and transport,

» washout by cloud droplets and precipitation, and
» deposition on the underlying surface cover.

MEPAS can consider volatilization, suspension, plumerise, and complex terrain components. In addition,
MEPA S alows back-cal culation of emission ratesfrom environmental monitoring data. Wind and mechanical
suspension emission are based on a report by Cowherd (1985), while 5 types of volatilization emissions are
based on reports by Thibodeaux (1989) and EPA (1988).

Transport and dispersion are computed in terms of a sector-averaged Gaussian dispersion model, which
provides sector averaged contaminant concentrations for a downwind distance and height in a plume from a
continuous sourcerelease. Depositioniscomputed asthe sum of outputsfrom empirical wet and dry deposition
algorithms.

Some of the strengths of MEPAS include:

¢ inclusion of adatabase with the model,

* multiple receptor capacities,

» ability to provide acute air dispersion information,

» gpecial modelsfor tritium and carbon-14,

o abhility to perform an uncertainty anaysis,

» availability of model parameter estimation guidelines, and
» abhility to estimate population risks.

Some of the limitations of the MEPAS model are:

* atwo-step process implements the MEPAS multimedia source-term module that partitions to multiple
environments (however, the separate air and water source-term modul e used in other comparison casesare
fully linked);

*  no multiple source capability for the air pathway; and
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* nomethodsfor handling on-site assessments| concentrationsat 100 m must be used for on-siteevaluations;
no model for on-site air dispersion estimates, e.g., box model (or indoor)].

This codeis currently undergoing a benchmark study which is comparing the technical formulations and
performance characteristicsof MEPAS, RESRAD, and MM SOILS. It a so has been compared to other codes,
such as GENII. The MEPAS codeistill in the early development stage; however, it isamultimedia code that
can be used for both chemical and radiological contaminants and is applicable for ng remediation
aternativesat DOE facilities. [ This code and associated users manual can be obtained from Pacific Northwest
Laboratories, J. Buck, phone: (509) 376-5442.]

D.4.1.2.5 PRESTO/PATHRAE

The PRESTO family of codeswas written to assist EPA in generating a standard for the land disposal of
low-level radioactive waste which would support the NRC and DOE in developing a national waste
management system. The PRESTO family of codes consists of:

* PRESTO-EPA-POP Estimates cumulative population health effects to local and regional basin
populationsfrom land disposal of low-level waste by shallow methods; long-
term analyses are modeled (generally 10,000 years)

* PRESTO-EPA-DEEP Estimates cumulative population health effects of local and regional basin
populations from land disposal of low-level waste by deep methods

* PRESTO-EPA-CPG Estimates maximum annual whole-body dose to acritical population group
from land disposal of low-level waste by shallow or deep methods; dosein
maximum year is determined

* PRESTO-EPA-BRC Estimates cumulative population health effects to local and regional basin
populations from less restrictive disposal of “below regulatory concern”
wastes by sanitary landfill and incineration methods

* PATHRAE-EPA Estimates annual whole-body dosesto acritical population group from less
restrictivedisposal of “below regulatory concern” wastes by sanitary landfill
and incineration methods

Considering the source variability associated with remediation operations at DOE sites, one or more of
these codes could potentially be of use. The following sections discuss the PRESTO-EPA-POP, PRESTO-
EPA-CPG, and PATHRAE-EPA codes. In addition, a user-friendly PC Windows version of PRESTO is
currently being devel oped.

PREST O-EPA-POP. The PRESTO-EPA-POP code wasthefirst code developed and served asthebasis
for the other codes. These codes are used to compare the potential health impacts of a broad number of low-
level wastedisposal alternatives. DWNWND isincorporated into the PRESTO family of codesfor atmospheric
dispersion. DIWNWND isaninteractive implementation of the Gaussian plume atmospheric dispersion mode.
Any one of eight different sets of empirically determined dispersion parameters can be selected to smulate
different release heights and meteorological and terrain conditions. The choice allowance is what makes this
code unique. The dispersion parameters sets available in DWNWND are Pasquill-Gifford, Briggs-Smith,
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Briggs, Klug, Brookhaven, St. Louis, and Julich (for 50-m and 100-m rel ease heights). Computed values can
be corrected for plume depletion from deposition and gravitational settling.

PREST O-EPA-CPG. ThePREST O-EPA-CPG codeisdesigned to estimateradiation dosestoindividuals
and critical population groups for a 1000 year period from disposal of low-level waste. On-site doses from
farming and intrusion and off-site doses from exposure to contaminated air, surface water, and groundwater
are estimated. The following on-site and off-site exposure pathways are considered:

1. inhalation of contaminated dust suspended in the air;
2. externa dose from radionuclides in soil, water, and air; and
3. ingestion of contaminated plants, meat, milk, and water.

The atmospheric transport portion of the PRESTO code is handled internaly by a version of the
DWNWND code. The dose factors used by PRESTO are relatively old but can be modified by the user. The
code output optionsinclude reporting doses by radionuclide, pathway, and organ but only for thetime at which
the maximum occurs. Daughter ingrowth and subsequent transport are not considered. A mass loading factor
is used for generating a dust suspension source term.

PATHRAE-EPA. Thisparticular member of the PRESTO family isexpanded from the -CPG and -BRC
codes by emphasizing two areas:. (1) the addition of specific radionuclide exposure pathwaysregarding on-site
workersduring disposal operationsand to off-siteindividual s after closure and (2) ssmplification of submodels
to reduce computing time to run on a personal computer. PATHRAE-EPA is a multiple transport pathway
annual dose assessment code. It alows for analytical solutions of transport equations. Both annual radiation
doses and health effects can be projected for any time period during or following the end of low-level waste
disposal operations.

Exposure pathways include contaminated groundwater transport to rivers or wells, surface water
contamination by erosion, contamination of soil and water due to disposal facility overflow, atmospheric
transport of airborne nuclidesandinhalation by humans. I nhal ation doses can be estimated for workersengaged
in operations and for an off-site population during operation and after site closure. Annual doses can be
estimated due to external exposure, inhalation, or ingestion of contaminated materials on or bel ow the ground
surface.

The atmospheric transport pathway has the option of estimating doses at off-site locations due to dust
resuspension, waste incineration, or atrench fire. For doses from dust resuspension, a resuspension rate and
deposition vel ocity are used. Burn ratesand fractions are used when incineration or trench firesare considered.

PATHRAE-EPA can locate the position of the maximum dose for each individual nuclide aswell asthe
time at which the maximum dose occurs. It also has the option of adjusting the nuclide inventory for decay
during operation and for times beyond facility closure. The radionuclide inventory and cumulative risk and
dosesfor theentirefacility for each time considered is output along with the maximum annual dose, healthrisk,
year of maximum health impact, and the dominant nuclide for each exposure pathway.
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D.4.1.2.6 MILDOS-AREA

MILDOS was designed to compute environmental radiation doses from uranium recovery operations. It
was originally developed for the NRC. The code uses a straight line crosswind-integrated Gaussian plume
dispersion model to determine the incremental normalized ground-level air concentrations due to each source
and radionuclide as a function of the meteorology. MILDOS considers both point sources and area sources.

The original MILDOS used a virtua -point method to approximate an area source. MILDOS-AREA,
written for use on aPC and updated to includelarger area sourcesand morerecent dosimetry cal culations, uses
afinite-element integration scheme with the advantage of permitting large area sources to be partitioned into
triangles, rectangles, or elements of other selected shapes. Irregularly shaped boundaries can be more
accurately described with a minimum number of mesh points. The atmospheric concentration of particulates
or gasesfrom an area source can be determined by integrating a point-source dispersion concentration over an
entire area.

Particulate daughters of 2Rn are assumed to be not depleted due to deposition and not resuspended.
Release of particulate is limited to 22U, °Th, *Ra, and ?°Pb (and their daughters in secular equilibrium).
Radon-222 and daughters are the only radionuclides included as gaseous releases. Deposition, radioactive
decay, daughter ingrowth, and environmental westhering are al included in MILDOS. MILDOS alows the
user to vary the source term with respect to time by adjusting the emission rates, including shutting them off
completely. This could reflect changes in processes over time.

Exposure pathways considered in MILDOS are inhalation of contaminated air; ingestion of contaminated
vegetables, meat, and milk; and external exposure due to air immersion and contaminated ground surfaces.
Individual (including total commitmentsfor all radionuclidesin thecode) and popul ation doses (regional , extra-
regional, total, and cumulative) are based on ICRP 30 dose conversion factors and are estimated for each of
these pathways. Exposure to surface water and groundwater are not included.

MILDOS-AREA is the updated version of MILDOS and is designed to run on a PC. However, it is not
considered to be “user-friendly” sinceit is not menu-driven.

For additional information, consult the following documents:

MILDOS- A Computer Program for Calculating Environmental Radiation Doses from Uranium Recovery
Operations, NUREG/CR-2011, April, 1981.

MILDOS-AREA: An Enhanced Version of MILDOSfor Large Area Sources ANL/ES-161, 1989.
D.4.2 Chemical Codes

Severa atmospheric dispersion models are currently available for estimating chemical contaminant air
concentrationsfrom point and areasources. Table D.5 summarizestheattributesof anumber of screening level
and refined air dispersion models used to estimate chemical contaminant air concentrations. The remainder of
this section providesabrief description of each model provided. All of the codes, with the exception of MEPAS
and the box model, are EPA-approved and are available from the EPA Bulletin Board. [Contact D. Atkinson,
EPA (919) 541-0518, for information on how to access the SCRAM bulletin board.]
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Table D.5. Atmospheric transport codes summary for chemical contaminants applicable to baseline studies and FSs (OFCM 1993)

Attributes

CRSTR

FDM

1SC

CTDM+

MPTER

RAM

RTDM

SLAB

Valley

TSCREEN

PAL

MEPAS

COMMENTS

APPLICATION TYPE

Screening

Detailed

Multi-media

Uncertainty analysis

Computer Type

PC

Mainframe

Processing Mode

Interactive

Batch

SLAB/TSCREEN: accidentd
spll

ISC/RAM/RTDM/Valley/TSC
REEN/MEPAS: application to
elevated stack releases, (e.g.,
power plants)

|SC/TSCREEN/MEPAS: can be
adapted to wide range of
applications

TSCREEN: customized
chemical database

SOURCE INFORMATION

Particul ate release

Gaseous release

Slah: Aerosol (two-phase
release)

SOURCE TYPE

Point

Area

Line

Release Height

Ground level

Elevated

Multiple sources

MEPAS specifies source type
but not for air pathway.
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Table D.5. (continued)

Attributes C';‘/ID CRSTR FDM ISC | CTDM+ | MPTER RAM RTDM SLAB | Valley | TSCREEN PAL MEPAS | COMMENTS

SOURCE RECEPTOR

Far Field(< 100 km) X X X X X X X X X X X X

Near-field X X X X

On-site X X X

RELEASE DURATION:

Continuous (chronic)

| nstantaneous X X X X X X X X X X X X X

Intermittent (time variant) X X X

ATMOSPHERIC TRANSPORT (Gaussian): ! Modification of MPTER (e.g.,
MPTDS) that explicitly

Continuous plume X X X X X X X X X X X accounts for gravitational

Puff moddl « ?g:)Tﬁjﬁ:n(jtlor depositional loss

Box mode X 1SC3: incorporates Complex 1,

K -diffusion X X requires terrain contour input if
terrain is above stack height

Plume Density: Light X X X X X X X X X X

Plume Density: Neutral X X X X X X X X X X X

Plume Density: Heavy X

Wet deposition X X

Dry deposition X X xt X X

Gravitational settling xt X

Chemical Reaction X

Chemical TD-decay X

Surface Roughness X X X X

Building wake effects (downwash) X X

Terrain

Simple (Flat) X X X X X X X X X X X X

Complex X X X X




Table D.5. (continued)

Attributes CD CRSTR | FDM ISC | CTDM+ | MPTER | RAM | RTDM SLAB | Valley | TSCREEN | PAL | MEPAS | COMMENTS
M
METEOROLOGY INPUT: CRSTER/FDM/ISC/MPTER/R
TDM: hourly wind data
Temperature X X X X X X X X X X X preprocem with RAMMET
Mixing depth X X X X X X X X X X X CTDM+ surface and profile
Sky and solar conditions X X X X X X data processed with METPRO
Point winds X X X X X X X X X X X TSCREEN: met datainput
appropriate for screen, Puff, or
Wind profile/rose X X X X X X X RVD models.
Vertical temperature profile X X X X X X
o Wind from multiple points X
o PATHWAY OPTIONS: MEPAS can be used to assess
© ] exposure routes, see
Inhalation X radionuclide summary table for
. . ) further information
Immersion in contaminated air X
Ground surface exposure X
Dermal contact X
Ingestion X
OUTPUT: 'FDM: Deposition
2Slab: Cloud temperature,
density, height, width and
Air Concentration: X X X X X X X X X X X entrainment velocities
*TSCREEN: Plot of
concentration vs distance
. 1 1 2 3 4
Other: X X X X X ‘MEPAS: Hazard Quotients
and Risks
CDM: Climatological Dispersion Model, EPA RTDM: Rough Terrain Dispersion Model, EPA
CRSTER: EPA SLAB: LLNL/USAF
CTDM Complex Terrain Dispersion Model, EPA  Vdley:  EPA
FDM: Fugitive Dust Model, EPA TSCREEN: EPA
ISC: Industrial Source Complex, EPA PAL: Point, Area, and Line, EPA
MPTER: Multiple Point Source Algorithm, EPA MEPAS: Multiple Environmental Pathway Assessment System, PNL/DOE

RAM - EPA




D.4.2.1 Screening codes
D.4.2.1.1 TSCREEN

TSCREEN, a model for screening toxic air pollutant concentrations, is a computer program that
implements the procedures written in A Workbook Of Screening Techniques For Assessing I mpacts of Toxic
Air Pollutants (EPA 1988a). To correctly analyze toxic emissions and their subsequent dispersion from one
of many different typesof possiblerel easesfrom Superfund sites, the TSCREEN should be used in conjunction
with the accompanying workbook.

TSCREEN is an umbrella model composed of three different models. RVD (Relief Valve Discharge),
Puff, and SCREEN. The RVD model is a screening technique applicable to denser-than-air gaseous releases.
The Puff model is used for short-duration events or instantaneous passively dispersing puffs (e.g., emissions
due to duct failure). SCREEN is primarily used for point sources with continuous emissions. It can be used
to estimate contaminant air concentrations from gaseous, liquid, or particulate matter releases from stacks,
vents, and fugitive or windblown dust emissions. Building downwash effects can be considered in the cavity
recirculation zone for near wake and wake regions. SCREEN islimited in that it is a screening level mode,
and itsinput does not allow wind rose data.

Usng TSCREEN, a particular release scenario is selected via input parameters, and TSCREEN
automatically selects and executes the appropriate disperson model to simulate that scenario. The model to
be used and the worst case meteorological conditions are automatically selected based on criteriagiven in the
workbook.

Although TSCREEN can be used as an area source model using avirtual point source procedure, EPA’s
Point, Area, and Line-Source Moddl (PAL) is more accepted for estimating contaminant air concentrations
associated with area sources.

D.4.2.1.2 PAL

The PAL model is an atmospheric dispersion model used for estimating contaminant air concentrations.
PAL can manage six different source types. point, area, horizonta line, specia line, curved path, and specid
curved path. The foundation of the PAL model is the steady-state Gaussian plume point source equation that
characterizes the dispersion and transmission of point source emissions. This equation usesthe crosswind and
upwind source-receptor distances, the effective emission height, source strength, and wind speed to produce
air concentration evauations. The Gaussian plume equation is used in a modified form for computations
involving square or rectangular area sources. It is assumed that dispersion from area elements produces a
Gaussian pattern distribution in the vertical and horizontal directions.

PAL initidly divides the area source into nine crosswind line source segments. The first estimate of the
contaminant air concentration from the area source is generated by performing an integration over the lines,
which considers the contaminant concentration contribution from each line and the distance between lines. A
second air concentration cal culation ismade by considering 10 lineslying midway between the 9 line segments,
aswell asthe original 9 lines themselves, to determine a second concentration estimate. If theratio of the two
concentration estimatesfall swithin auser-defined accuracy limit, theintegrations stop; otherwise, theiteration
continues (EPA 1989).
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Only portions of the source area that are upwind of the receptor are accounted for in the integrations. If
all corners of the area are in an upwind location, the PAL modd performs an integration that proceeds from
the site corner of minimum distance from the receptor to maximum distance from the receptor (EPA 1987).
No computations are executed for sourcesthat are entirely downwind from thereceptor. A benefit of thismodel
isthat edge effects from the area source are taken into consideration.

The PAL modd code has advantages over the box model in that it allows the user to input more detailed
meteorological data, aswell as precise worker configurations and specific properties of the contaminant such
as the pollutant settling and deposition velocities. The exact position and height of the receptor point must be
specified, which is advantageous for computing air concentrations at “on source’ receptor points. For small
area sources, the predicted air concentration is very senditive to receptor height since the vertical dispersion
is much less for these aress.

The Pasquill-Gifford rural dispersion coefficients can be employed by PAL to smulate a rurd
environmental setting. Gravitational settling of gaseous and particulate contaminants may also be accounted
for inthe PAL model. The PAL code can be used for estimating concentrations of nonreactive pollutants at 99
receptors for an averaging time of 1 to 24 hours.

The PAL agorithmshave been evaluated for the use of areasources at Superfund sites (EPA 1989). Tests
of mathematical and physical principlesindicated that the PAL model produces physically reasonable results
for al tests. Thesetestsinclude stability comparisons, center versusedge, subdivisions, source orientation, and
source height (EPA 1989). However, PAL mode predictions are sensitive to source height.

D.4213SLAB

The SLAB model has been developed to simulate the atmospheric dispersion of denser-than-air releases
over flat terrain. The model treats continuous, finite duration, and instantaneous releases from four types of
sources: an evaporating pool, an elevated horizontal jet, a stack or vertical jet, and an instantaneous volume
source. While the model is designed to treat denser-than-air releases, it will also simulate cloud dispersion of
neutrally-buoyant releases. Consequently, atypical SLAB simulation covers both near-field dense gas phase
and the far-field passive gas phase.

D.4.214VALLEY

TheValey model isan anaytical techniquewhose primary useisfor estimating the upper limits of 24-hour
average pollutant concentrations due to isolated sources in rural, complex terrain. Options are provided that
allow multiple sources, flat terrain, urban areas, and long-term averagesto be considered. The basic treatment
of dispersion by the Valey model is quite similar to that of the Air Quality Display Model (AQDM) and the
Implementation Planning Program (IPP). However, Valley includes modifications to the techniques used in
these models, including (1) arepresentation of the effect of terrain on ground-level concentrations, (2) plume
rise equations from Briggs, (3) a different treatment of pollutant reflection from inversions aoft, (4) a
rural-area option, (5) a short-term option, and (6) printouts of the spatial distribution of concentrations on
equal-area maps.

D.4.2.1.5 Box mode
The semi-empirical Box model is the most elementary model in use for determining the atmospheric
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dispersion of contaminants from an area source. It assumes that emissions from the source are uniform across
the contaminated area. The areaemission rate, or source strength, isthe mass of contaminant emitted from the
source per unit area per unit time. The dimensions of the contaminated area are designated as the box width
and box length. The box length, box width, and mixing height define avolumeinto which all of the pollutants
are evenly mixed. Instantaneous full mixing of the pollutants within the volume is assumed. The estimated
contaminant air concentration represents an average throughout the volume; therefore, it is independent of
position. A receptor inhaling contaminated air is assumed to be located inside the box, but the exact receptor
height and position cannot be delineated. Convergent or divergent winds are not accounted for in this model.
Therefore, the vertical motion of air has not been incorporated into the algorithm (EPRI 1979). Some box
models allow the wind speed to change as afunction of height above the ground; however, the wind speed can
also be chosen to be constant within the layer between the ground surface and the mixing height (Ragland
1973). An advantage of the box model isthat the equation for computing air concentrations is uncomplicated
and does not require the use of a complex computer code.

D.4.2.2 Refined chemical codes
D.4.2.2.1 CDM

CDM-2.0 (Climatological Disperson Maodel - Version 2.0) determines long-term (seasonal or annual)
guasi-stabl e pollutant concentrationsin rural or urban settingsusing average emission ratesfrom point and area
sources and ajoint frequency distribution of wind direction, wind speed, and stability. The Gaussian plume
algorithm forms the basis for the calculations. Contributions are calculated assuming the narrow plume
hypothesis and involve an upwind integration over the area sources. Computations can be made for up to 200
point sources and 2500 area sources at an unlimited number of receptor locations. The number of point and
area sources can be modified within the code. CDM-2.0 is an enhanced version of CDM and includes the
following options:

e 16 or 36 wind-direction sectors,
e initia plume dispersion,

*  buoyancy-induced dispersion,

*  stack-tip downwash, and

» gradual (transitional) plumerise.

The user has a choice of seven dispersion parameter schemes. Optional output includes point and area
concentration roses and histograms of pollutant concentration by stability class.

D.4.2.2.2 CRSTER

This agorithm estimates ground-level concentrations resulting from up to 19 colocated elevated stack
emissions for an entire year and prints out the highest and second-highest 1-hour, 3-hour, and 24-hour
concentrations as well as the annual mean concentration at a set of 180 receptor locations (5 distances by 36
azimuths). The agorithm is based on a modified form of the steady-state Gaussian plume equation that uses
either Pasquill-Gifford or Briggs urban dispersion parameters. It includes adjustments for plume rise and
limited mixing terrain adjustments as long as the surrounding terrain is physically lower than the lowest stack
height input. Pollutant concentrationsfor each averaging time are computed for discrete, non-overlapping time
periods (no running averages are computed) using measured hourly values of wind speed and direction and
estimated hourly values of atmospheric stability and mixing height.
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D.4.22.3CTDMPLUS

TheComplex Terrain Dispersion Model (CTDM) isapoint-source, steady statemodel for complex terrain
applications. The modd is unique in the way it smulates the flow and plume distortion near fully defined,
three-dimensional terrain. Emphasisis given to windward side impacts. The algorithmsfor stable and neutral
conditionsare based on the concept of adividing streamline. Thea gorithmsfor plumesrel eased into convective
layers are based on recent understanding of the convective boundary layer obtained through field, numerical,
and fluid modeling studies (OFCM 1993).

D.4.2.2.4 FDM

The Fugitive Dust Model (FDM) isacomputerized air quality model specifically designed for computing
concentration and deposition impacts from fugitive dust sources. The sources may be point, line, or area
sources. The model has not been designed to compute the impacts of buoyant point sources; therefore, it
containsno plume-risea gorithm. Themodel isgenerally based onthewell-known Gaussian plumeformulation
for computing concentrations, but the model has been specifically adapted to incorporate an improved
gradient-transfer deposition agorithm. Emissions for each source are apportioned by the user into a series of
particlesize classes. A gravitational settling velocity and adeposition velocity are cal culated by FDM for each
class. Concentration and deposition are computed at all user-selectable receptor locations.

D.4.2251SC

Thereisashort-term (ISCST) and along-term (ISCLT) version of the Industrial Source Complex (1SC)
code. These models contain a steady state Gaussian plume model which can be used to assess pollutant
concentrations from awide variety of sources associated with an industrial source complex. Both ISCST and
ISCLT can account for the following conditions:

» settling and dry deposition of particulates,
e downwash,
« area line, and volume sources,
* plumerise asafunction of downwind distance,
*  separation of point sources, and
e limited terrain adjustment.

ISCST can estimate an average concentration or total deposition calculated in 1-, 2-, 3-, 4-, 6-, 8-, 12-
and/or 24-hour time periods. An “n”’-day average concentration (or total deposition) or an average
concentration (or total deposition) over the total number of hours may aso be computed. ISCLT is designed
to calcul ate the average seasonal and/or annual ground level or flagpole concentration or total deposition from
multiple continuous point, volume, and/or area sources. Provisions are made for special X, Y receptor points
that may correspond to sampler sites, points of maxima, or special pointsof interest. Sources can be positioned
anywhere relative to the grid system.

The complex terrain feature of COMPLEX1 has been included in the latest version of 1SC (ISC3).
COMPLEX1 is a screening algorithm for calculation of concentrations at receptors above stack height. In
addition, improvements in the algorithms for area sources, deposition, pit retention, and wet deposition have
been made in ISC3. This codeis highly recommended by the EPA for air dispersion modeling (Tuoma 1995).
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D.4.22.6 MPTER

MPTER isamultiple point source Gaussian model with optional terrain adjustment. MPTER estimates
concentrations on an hourly basis for relatively inert pollutants (i.e., SO, and TSP). MPTER uses
Pasquill-Gifford or Briggs urban dispersion parameters and Briggs plume rise methods to calculate the
spreading and the rise of plumes. The model is most applicable for source-receptor distances less than 10
kilometers and for locations with level or gently rolling terrain. Terrain adjustments are restricted to receptors
whose elevation is no higher than the lowest stack top. In addition to terrain adjustments, options are also
available for wind profile exponents, buoyancy induced dispersion, gradua plumerise, stack downwash, and
plume half-life.

D.4.22.7MPTDS

MPTDS isamaodification of MPTER that explicitly accounts for gravitational settling or deposition loss
of apollutant. Surface deposition fluxes can be printed under an optional output feature. MPTDSisamultiple
point source codewith an optional terrain adjustment feature. The codeisprimarily based upon MPTER which
has Gaussian modeling assumptions. Execution is limited to a maximum of 250 point sources and 180
receptors. Hourly meteorological data are required. In addition the period of ssimulation can vary from 1 hour
to 1 year.

D.4.2.2.8 RAM

RAM is a gaussian-plume multiple-source air quality algorithm. This short-term Gaussian steady-state
algorithm estimates concentrations of stable pollutants from urban point and area sources. Hourly
meteorological dataare used, and hourly concentrations and averages over anumber of hours can be estimated.
Briggs plume rise equation is used, and Pasquill-Gifford dispersion equations with dispersion parameters
considered to be valid for urban areas are aso used. Concentrations from area sources are determined by
assuming that sources directly upwind are representative of area source emissions affecting the receptor (i.e.,
virtual point source). Special features include determination of receptor locations downwind of a significant
source and determination of locations of uniformly spaced receptors to ensure good area coverage with a
minimum number of receptors.

D.4.2.29 RTDM

The Rough Terrain Diffuson Model (RTDM) isasequential Gaussian plume model designed to estimate
ground-level concentrations in rough (or flat) terrain in the vicinity of one or more co-located point sources.
It is designed for applications involving chemically stable atmospheric pollutants and is best suited for
evaluation of buoyant plume behavior within about 15 km from the source(s). RTDM has special agorithms
to dedl with plume behavior in complex terrain.

D.4.3 Chemical/Radionuclide Codes

The only air transport code that can assess both radionuclide and chemical contaminantsis MEPAS (see
Sect. D.4.1.2.4). However, application of chemical codes to radionuclide contaminants are used as screening
tools for estimating radionuclide concentrations at specific locations. Of course, these codes do not take into
account radioactive decay and the ingrowth of progeny but can be used to assess a source type that can be
better modeled with a particular chemical code.
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D.5. PARAMETERS

Themajor input datacomponentsfor air dispersion modeling analysesare (1) source characterization, (2)
meteorological data, (3) receptor location, (4) rura/urban classifications, and (5) averaging time
considerations. The dispersion models used to model airborne release of chemicals do not consider doses or
risks, they typically furnishtime-averaged air concentrationsover auser-defined receptor grid. However, many
of thedispersion model sused to model airborne rel eases of radionuclidesdo consider individual and population
dosesand, in somecases, theassociated risks. Therefore, codesapplicableto radionuclide contaminantsinclude
exposure pathway parameters.

The input data can be grouped into three major categories: source-specific, site-specific, and study/task-
specific. Table D.6 summarizes the type of data that typically falls into each of these categories and the
resources for thisinformation. See Sect. D.3 for adetailed discussion on source characterization. This section
will discuss receptor locations, averaging time considerations, urban/rural classifications, and exposure
pathway parameters.

Table D.6. Parameter and resour ce summary for air disper sion modeling

Parameters Information Resources
Category

Source Characterization

Source Term Source specific Project and Facility Managers
Release Duration

Source Physical Parameters

Number and L ocation

Meteorological Data Site specific Ron Sharp, CP&ED/OECD, ORNL
Ambient Temperature [das@ORNL.gov] (has access to K-25 data
Rainfall and historical datafrom all 3 sites)

Solar Radiation

Atmospheric Pressure Jim Grime</Iris Shelton, Y-12

Wind speed and direction [GrimesIG@y12.gov]

Stability Classes [SheltonD@y12.gov]

Joint Frequency Distribution
Ed Bailiff/Ed Hatmaker, K-25

Kevin Birdwell, NOAA, ATDD

[Birdwell @ATDD.NOAA .gov]

(official NWS Data - daily precipitation and

temperature, (daily-since 1940's; hourly

data-last ten years)

Since 1994: barometric pressure, humidity

data, solar radiation, wetness

FTP Server: Wind. ATDD.NOAA .gov
Data/ORMET directory
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Parameters Information Resources

Category
Receptor Information Site specific Project Manager
Individua locations
Population data Sherri Cotter, OECD, ORNL
[SHC@ORNL.gov]
Richard Durfee, CP& ED, ORNL
[DurfeeRC@ORNL.gov]
Exposure Pathway Site/Program Wilson McGinn, Risk Assessment Program
Information specific [JSS@ORNL .gov]
Frank O'Donnell, OECD, ORNL
[FOD@ORNL.gov]

D.5.1 Meteorological Consider ations

Meteorological conditions govern the transport and dispersion of contaminants and, in the case of some
fugitive sources (i.e., lagoons or landfills), can affect the amount of the contaminant that becomes airborne.
It is important to use meteorological data that are representative of the site area and vicinity. The following
section provides basic information on the regional and local climatology. In subsequent sections, on-site
meteorological data resources and guidance on worst-case impact determination are provided.

The EPA recommends that a minimum of either 1 year of on-site data or 5 years of off-site (e.g., National
Weather Service) dataare required to run refined dispersion models (EPA 1995). If long-term risk isan issue,
itisdesirableto have 5 or moreyearsof on-site meteorol ogical datato support long-term exposure assessments
for refined air pathway assessments (EPA 1995).

D.5.1.1 Regional and local climatology

Local terrain in the vicinity of the ORR is mostly ridges and valleys, with ridge elevations generaly
between about 275 and 365 m (900 and 1200 ft) and with valley floors extending to the Clinch River.
Orientation of the ridges and valleys is generally southwest-northeast, and the near-surface winds generally
follow the orientation of thelocal topography. Elevation a so influences temperature and precipitation patterns
over theregion, with cooler temperatures and greater preci pitation generally occurring at the higher elevations,
especialy inthe Great Smoky and Cumberland mountains. Severe stormsarerelatively rare becausetheregion
lies east of the tornado belt, south and east of the most blizzard occurrences, and too far inland to be much
affected by hurricanes (Gale 1985).

The climate of the region may be classified as humid continental. The Cumberland Mountains to the
northwest help shield the region from cold air masses that frequently penetrate far south over the plains and
prairiesin the central United States during the winter months. During the summer, tropical air masses from
the south provide warm and humid conditions that often produce thunderstorms. Air stagnation is relatively
common in eastern Tennessee. About two multiday air stagnation episodes occur each year, covering an
average of about 8 days/year (Korshorver 1982, ORNL 1992).
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D.5.1.1.1 Wind directions

In the valleys of ORR, prevailing wind directions [at least to 100 m (330 ft) above ground level] parallel
the nearest ridge (ORNL 1992). Because surface wind patterns in the region are determined primarily by
topography, dlight climatic fluctuations should not ater wind patterns.

D.5.1.1.2 Atmospheric stability and mixing height

Atmospheric stability influences the dispersion rate of contaminants in the atmosphere. Stability for a
particular hour isclassified in one of seven categoriesranging from extremely unstable (A) to extremely stable
(G). Because stability isdetermined largely by thetime of day and the large-scale weather featuresin aregion
at the time, it tends to be of the same category for a particular hour at all sites of the same elevation in the
region. Thefact that other climatic parametersrelated to stability (e.g., temperature and wind speed) have not
changed during the period of record indicatesthat the diurnal and annual distributions of atmospheric stability
have not changed (ORNL 1992).

Mixing heights are related to the volume of air through which contaminants may be dispersed. Mixing
heightsin eastern Tennessee may range from zero (ground-level inversion) to morethan 3000 m (9843 ft). The
annual average mixing height for the morning is 460 m (1509 ft) and 1541 m (5056 ft) in the afternoon for
Anderson County, and the morning and afternoon mixing heights in Roane County are 458 m (1503 ft) and
1543 m (5062 ft), respectively.

D.5.1.1.3 Precipitation

The mean annual precipitation for Oak Ridge is 1356 mm (53.36 in.) (for the years 1964-1993). The
maximum precipitation at Oak Ridge in one year was 1939 mm (76.88 in.) in 1973. The maximum
precipitation in a 24-hour period was 190 mm (7.48 in) in 1960. The mean number of days with > 0.25 mm
(0.01in) precipitation is 129 days (1964—1993). The minimum annual precipitation was 951 mm (37.43in.)
which occurred in 1960 (ATDD 1994).

D.5.1.1.4 Relative humidity

Humidity in eastern Tennessee has not changed appreciably during the last 50 years. Relative humidity in
Knoxville averages about 72% (DOC 1989) which is relatively average for the eastern United States. The
annua average relative humidity data for Knoxville based on time of day is (ORNL 1992):

elam.: 80 %
e 7am.: 85%
* 1 p.m.: 59%
* 7 p.m.: 63%

D.5.1.1.5 Temperature
The mean temperature in Oak Ridge for 1964—1993 ranged between 7.8 C (46.0 F) and 20.2 C (68.3 F)
with an average of 14.0 C (57.2F) (ATDD 1994). The coldest month is January, averaging 2.6C (36.7 F), and

the warmest month is July, averaging 24.8 C (76.6F) (DOC 1989a). Extreme temperatureswere-27.2 C (-17
F) in January 1985 and 40.6 C (105 F) in July 1952 (DOC 1989a). Temperatures above 32.2 C (90 F) occur
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on an average of 31 days/year, with about two-thirds of those days in July and August. Temperatures below
freezing occur on an average of 88 days/year, with more than three-fourths of those daysin December through
February (DOC 1989a).

D.5.1.2 On-site meteor ological data

The majority of meteorological data necessary for dispersion modeling of airbornereleasesisavailable at
the ORR. There are presently three meteorological towers at ORNL, two at the Y-12 Plant, and two at the K-
25 Site. Table D.7 summarizes the type of data collected at each meteorological tower. Wind direction, wind
speed, and dry bulb temperatures are measured at each height. Other measurementscomefromthe 10-m height,
except for rainfall whichiscollected at approximately 1 m abovethe ground. The Atmospheric Turbulenceand
Diffusion Divison (ATDD) of the National Oceanic and Atmospheric Turbulence Administration (NOAA)
maintains afew meteorological stationsin and around ORR and Oak Ridge aswell as throughout the region.

Often the meteorological data must be reformatted for dispersion modeling applications. The EPA has
devel oped the Meteorological Processor for Regulatory Models (EPA 1995). This computer program and the
associated user's guide are available from the SCRAM BBS. When using meteorological datain dispersion
models, it is important that the modeler determine whether the code requires “wind toward” or “wind from”
input data; not knowing which data are required could result in serious errors.

D.5.1.3 Worst case impact determination

Establishing the characteristics of arelease that provide the upperbound of a potential exposure is what
iscommonly referred to as determining the “ worst-case” impact. Screening programs often require worst-case
meteorology. Meteorological conditions that produce the worst dispersion for ground-level releases are those
associated with stable atmospheric conditions (F stability) and low wind speeds [1 to 2 meters per second
(m/s)]. During daylight hours, the worst case stability is sometimes considered neutral (D stability). For
elevated buoyant releases, an unstable atmosphere may result in maximum contaminant concentrations since
the plume can be displaced downward resulting in higher ground level concentrations than would occur in a
stable atmosphere. For other releases, multiple stability classes and wind speeds need to be modeled to
determine the meteorological conditions producing the worst dispersion.
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Table D.7. Meteorological data available at the ORR

Site Tower Name Collection Height Initial Data Data Values
Above Ground Collection
(meters) Date?
ORNL MT2 10, 30, and 100 1983 Wind direction, sigma theta,

wind speed, dry bulb
temperature, dewpoint
temperature, barometric
pressure, solar radiation, and
rainfal

ORNL MT3 10 and 30 1984 Wind direction, sigma theta,
windspeed, dry bulb
temperature, dewpoint
temperature

ORNL MT4 10 and 30 1984 Wind direction, sigma theta,
wind speed, dry bulb
temperature, and dewpoint
temperature

Y-12 MTE 10, 30, and 100 1987 Wind direction, sigma theta,
wind speed, dry bulb
temperature, dewpoint
temperature, and barometric
pressure

Y-12 MTW 10 and 60 1987 Wind direction, signa theta,
wind speed, dry bulb
temperature, and dewpoint
temperature.

K-25 MT1 10 and 60 1985 Wind direction, sigma theta,
wind speed, dry bulb
temperature, dewpoint
temperature, barometric
temperature, and rainfall

K-25P MT7 10 and 30 1993 Wind direction, sigma theta,
wind speed, dry bulb
temperature, dewpoint
temperature, barometric
pressure, and rainfall

2 At least afull year of data
b K-25 has recently installed six additional 10-m towers and a doplar sonar system

To ensure that meteorological conditions producing worse case dispersion are adequately represented, as
many yearsof representative meteorol ogical dataasare available should bemodeled; generally, a5-year period
should be adequate (EPA 1995).



D.5.2 Receptor Location

In air dispersion modeling, a receptor can be defined as a point where air concentrations are cal culated.
Theminimum distanceto off-site receptorsisusually defined by the property boundary or fenceline. Redlistic
receptors should be located at and within afar enough distance from the source to ensure that the maximum
concentration is identified.

All “sengitive” receptor locations within a given distance (e.g., 10 km) of the site should be identified.
Individual residences and other habitations near the site work areas, schools, day-care centers, and hospitals
associated with sengitive population segments, as well as locations where sensitive environmental flora and
fauna exist should be located.

Receptors may a so be placed at the work areas on-site and at air monitoring station locations. There are
multiple emission sources on the ORR; therefore, it may be difficult to ascertain the contribution of aspecific
remedia activity at the ORR ambient air monitoring stations. For input to a risk assessment, it may also be
necessary to place receptors within areas relating to specific exposure pathways, such as waterbodies, dairy
farms, and playgrounds.

The receptor grid for an ar pathway assessment should be developed on a case-by-case basis in
consultation with the resources cited previoudy in Table D.6. Receptor placement requires special attention
when modeling in complex terrain. In addition, to isolate maximum impacts, the emphasis should be placed on
receptor resolution and location and not on the total number of receptors modeled (EPA 1995).

Various types of receptor grids can be used. Input of the grid can be based on user specifications, such as
desired interval spacing. In general, receptor grids are based on either a polar coordinate or Cartesian
coordinate system, or acombination of both systems. Inthe Cartesian system, the X-axisispositiveto the east,
and the Y -axisis positive to the north of auser-defined origin. The X and 'Y coordinates may also be specified
intermsof Universal Transverse Mercator (UTM) coordinators, which effectively removethe concept of agrid
origin and allow for each receptor to be readily mapped or identified (EPA 1995).

The polar receptor grid is based on radial distances measured from the grid origin and an azimuth bearing
(angle) measured clockwisefromtruenorth. Inthepolar coordinate system, receptorsare spaced at 22.5-degree
intervalsin 16 directions on concentric rings.

To establish the location of maximum concentrations, two levels of receptor grids are commonly used in
arefined modeling analysis (EPA 1995). A first-level or “ screening-level” grid generally comprisesamoderate
number of receptors located uniformly in all directions from the source. Typically this screening-level gridis
centered on a prominent source or feature located within the site boundary. A second-level or “refined” grid
comprising receptorsmoredensely located is model ed to pinpoi nt maxi mum concentrations based on theresults
obtained by using the screening-level grid.

D.5.3 Urban/Rural Classifications
For the purpose of dispersion modeling, sites are classified as being either predominantly *urban” or

“rura” areas. For the ORR, this determination on future on-site land use is determined through the Common
Ground process.
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The EPA (1988) provides guidance on appropriate land use classification procedures. In general, the
determination of whether the area should be classified as urban or rural begins by estimating the percentages
of urban and rural land use typesthat occur within 3 km of the site. Table D.8 lists common land usetypesand
their urban or rural designation. If land usetypes|l, 12, C1, R2, and R3 account for 50% or more of the total
area (within 3 km of the source), then the site is classified as urban for modeling purposes; otherwiseg, it is
classified asrural.

D.5.4 Averaging Time Considerations

Severa averaging periods may be of interest for any given analysis, including instantaneous, 15-minute,
1-hour, 24-hour, monthly, and annual. The averaging periods to evaluate will depend on the time periods of
the applicable action levels. The choice of time periodswill also depend on the specific compounds present and
their associated health effects.

Several categoriesof actionlevelsmay be necessary, depending on the compoundsof interest, the operating
life of the source, the type of emission sources, and the potentially affected population. Categories of action
levelsused most often arelong-term (annual) action level sfor carcinogens and noncarcinogens and short-term
action levels for acute toxins.

To derive impacts for averaging periods, such as 3-hour, 8-hour, 24-hour, annual screening-level models
such as TSCREEN, one should use time scaling factors. These scaling factors account for the variability in
meteorological conditions that may occur over a longer time period. Concentrations for various avenging
periodscan beautomatically cal culated with refined models, given their use of site-specific meteorol ogical data.

D.5.5 Exposur e Pathway Parameters

All of the air dispersion models for radionuclides have exposure pathway assessment capabilities. None
of the chemical contaminant models, except MEPAS, have an exposure assessment component. Many of the
radionuclide codes were developed to assess doses to off-site receptors at specific sites (i.e., Hanford) or for
specificapplications]i.e., National Emissions Standardsfor Hazardous Air Pollutants(NESHAP) compliance].
Therefore, the default exposure pathway parameter values provided in these codes may be different from the
EPA's Risk Assessment Guidance for Superfund (RAGS) (1989) exposure pathway parameter values. For
example, as shown in Table D.9, the human consumption ratesin CAP-88 PC and GENII-S are not the same
(GENII exposure pathway parametersval uesare specific to Hanford applications) nor arethesevaluessimilar
to those specified as default in MEPAS or recommended in RAGS. Where possible, site-specific parameter
values should be used.

D-42



Table D.8. Classification of land use types

Type Description Urban or Rura
11 Heavy Industrial Urban
12 Light/Moderate Industrial Urban

C1 Commercial Urban

R1 Common Residential Rura
(Normal Easements)

R2 Compact Residential Urban
(Single Family)

R3 Compact Residential Urban
(Multi-family)

R4 Estate Residential Rura
(Multi-acre Plots)

Al Metropolitan Natural Rural

A2 Agricultural Rural

A3 Undevel oped Rural
(Grasses/weeds)

A4 Undevel oped Rural
(Heavily wooded)

A5 Water Surfaces Rura

Sources. (EPA 1986, 1995)
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Table D.9. Human consumption rates for general population

I nput CAP88- GENI|I GENII-S MEPAS RAGS Reg. Guide 1.109
PC
Leafy Vegetables 18 15 15 73.0 total 73 total
(Kglyr) with non- with non-
leafy leafy
Non-leafy 176 140 140 73.0 total 73 total Total of 190
Vegetables with leafy with leafy
(Kaglyr)
Fruits (Kg/yr) N/A 64 64 51.1
Cereals (Kglyr) N/A 72 72
Cow Milk 112 Liyr 230 230Kg/yr  Agel-6:186 Fat& Dairy 110L/yr
Kalyr Kalyr =24-43
g/day;
Other Ages: Fresh Milk
111 Kglyr =107
g/day ave
Meat (Kglyr) 85 70 70 For Beef Beef: 0.28 Total of 95 with
Only: 27.4 Kg/meal or Poultry
15-26 g/day
Poultry (Kglyr) 85 85 Total of 95 with
Meat
Eggs (Kg/yr) N/A 20 20 0.15 N/A
Kg/mea
Fish (Kglyr) N/A 6.9 6.9 24 6.9
Drinking Water N/A 440 440 Kglyr Resdt’l: 2 Resdt’l: 2 370
Kalyr L/day L/day
Commc'l: 1 Commc'l: 1
L/day L/day
1.4 L/da
(ave)
oil Sediment
(mg/day)
Res/Land Use N/A N/A N/A Agelto6= Agelto6
200 =200
Other Ages=  Other Ages
100 =100
Com'l/Ind'l. Adult Adult
Worker = Worker =
50 50

TableD.6 identifiesafew ORR resources for thisinformation. Asshown in Table D.9, the modeler needs
to be aware of the differencesin exposure pathway parameter values (and definitions) between the codes and
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RAGS documentation.
D.6. MODEL UNCERTAINTY

The accuracy of model estimates varies with the model used, the type of application, and site-specific
characteristics. EPA studies of model accuracy have confirmed that models are more reliable for estimating
longer time-averaged concentrationsthan for estimating short-term concentrationsat specificlocationsand that
models are reasonably reliable in estimating the magnitude of highest concentration occurring sometime,
somewhere within an area (EPA 1978). For example, errorsin highest estimated concentrations of + 10% to
40% are typical for many of the models (EPA 1995). However, estimates of concentrations that occur at a
specific time and site are poorly correlated with actually observed concentrations and are much less reliable
(EPA 1995).

Someof thecodes, e.g., GENII-S, RESRAD, MEPAS, havethe capability to conduct uncertainty analyses
(see Sect. D.5). However, the technical information on how to measure model uncertainty is incomplete; no
specific guidance on the consideration of model uncertainty is presently available (EPA 1995). In the
meantime, it is acceptable to consider model results as a “best estimate” (EPA 1995).

D.7. CONCLUSIONS

The purpose of this report is to provide technical guidance for atmospheric dispersion modeling to
contractors conducting baseline studies and FSs at ORR CERCLA sites. In addition, it provides a summary
of approaches for source term characterization, tools for selecting appropriate models for specific risk
assessment applications, resources for site-specific data, and references for additional information.

For screening and refined routine air dispersion analyses for radionuclides, COMPLY, CAP88-PC, and
GENII are applicable. For nonroutine analyses, Hotspot and RASCAL would be applicable. TSCREEN isa
useful chemical contaminant screening mode!; for refined modeling, | SC3 isrecommended by the EPA. If ISC3
isnot available, PAL isrecommended for assessing area sources. MEPAS is the only code currently that can
assess both radionuclide and chemical contaminants. However, the other codes may be very useful for a
particular situation.

M ode ers must understand the strengthsand limitations of amodel before applying it to aspecific situation.
Model application should proceed only after the modeler understands the technical formulation, features, and
assumptionsincorporated into themode. If there are questions concerning the use of aparticular code, contact
those resources specifically knowledgeable of the code attributes. For additiona literature, refer to the
references and Appendix B. For specific information on codes contact the EPA OQAPS organization, and for
site-specific data, refer to those resources identified in Table D.6.
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D.9EMISSION RATES

Table D.10. Summary of baseline emission rate methods

Type of Emission Media M easurements Predictive?
Gaseous Emissions Subsurface Soils Soil Gas measurements If use soil bulk
are preferred concentrations
=(Di*Ci*A (P.*%) Coa=(Kg*$* ) +(s*0y)
- Eqgn: RAGS Volume 1
Section 3.31 Oct 1991, (pg8)
Gaseous Emissions Nonaerated Surface Measure liquid phase Using liquid phase
Impoundments and concentrations concentrations calculate ER:

Volatile Nonmethane Organic
Compound (NMQOC)

Free-Phase Volatile
Contaminants

Solid and Semivolatiles

Contaminants (In
solution)Pooled at Soil
Surfaces

Codisposal in Landfills

Directly into Atmosphere

(open drums/containers,
fresh spills, etc.,where
free product exists)

Adsorbed onto fugitive
dust

Measure soil gas
concentrations

For any and all free-phase
volatile contaminants
directly exposed to
atmosphere an in-depth
APA iswarranted. Source
monitoring is
recommended for
emissions rates.

M easure contaminant-
specific bulk
concentrations of erodible
surface materials.

E =K*C*A
Ref: EPA-450/3-84-020

Using measured soil gas
concentrations Emission rate
for each volatile NMOC:

E =C*V,*A

Ref: EPA-450/1-92-002

Use measured source
emission rates with refined
modeling

Or use ambient air
monitoring results

Wind erosion -- 2 types of
emission flux (g/m2-h)
models:

Unlimited Reservoir:

Eo= 0.036 (1-V)([u]¥u)®
F(x)C

Limited Reservoir:

Eyp = 0.83{(f)* P(u")*(1-V)
*(C)/(1000* (PE/50)?%}

Total Emission Rate (g/s)
E" = (E;*A)/3600

Ref: EPA-600/8-85/002

2See following page for term definition

Source: (EPA 1992)
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Table D.10. Basdine emission rate terms

Soil Gas Measurements -- Subsurface soils

o> 00m

S 0 X0
el

3

m

emission rate of component i, g/s

diffusion coefficient of component i air, cm?/s

vapor concentration of component i measured in the soil pore spaces, g/lcm?®
exposed surface area, cm?

Total soil porosity, dimensionless. P, assumesdry soil (worst-case); if soil iswet more often
than dry, substitute the term (Pa'3/P?) for the term P**

Effective depth of soil cover, cm

Saturation concentrations, mg/kg (ppm)

Soil/water partition coefficient, I/kg (or ml/g)

solubility of contaminant in water, mg/l-water

soil moisture content expressed as a weight fraction, kg-water/kg-soil

soil moisture content, |-water/kg-soil (or mi/g)

Volatile Nonmethane Organic Compound (NMOC)

Cs
Ki
VY

liquid-phase concentration of component i, g/cm®
overdl mass transfer coefficient, cm/s
mean landfill gas velocity in the soil pore spaces, cnm/s

Solid and Semivolatiles

PM,, annual average emission flux of component i, g/m?-h

Fraction of contaminated surface with continuous vegetative cover (equals O for bare soil)
mean annual windspeed at 10 m anemometer height, m/s (from local climatological data)
equivalent thresnold value of windspeed at 7 m anemometer height, m/s

Fractional percent by weight of component i from bulk samples of surface materia
Function obtained from the relationship in threshold friction velocity

erosion potential, i.e., quantity of erodible particles at the surface prior to the onset of
erosion, g/m?

frequency of disturbances per month (1/month for abandoned sites or siteswith no activity)
Thornwaite's Precipitation-Evaporation Index used as a measured soil moisture content
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Table D.11. Default emission rates and methods for estimating emission rates for typical remedial technologies

Technology Pollutant Default Emission Rates (g/hr) Methodsfor Estimating Emission Rates® References
Controlled Uncontrolled
Excavation vVOoC 15 70 ER=(S,* C* b* 1)/(tg EPA-450/1-92-004
Rotary kiln incineration VOC 340 340 ER=FR* (1- DRE/100) * (0.126) for VOCs EPA-450/1-92-003
PM 4,260 695,000 ER = (0.08 * Qg * 0.00108) for particulate
Infrared incineration VOC 10 10 ER,=(1- (DRE/100)) * C;* m, EPA-450/1-91-001
PM,, 16.2 0.6-29
Air stripping  Small unit VOC 342 3420 ER=C * Lg* (SE/100) * (1-%CE;/100) * EPA-450/1-91-001
Medium unit VOC 1704 17040 (0.06) controlled
Large unit VOC 3420 34200 ER=C * Lg * (SE/100)* (0.06) uncontrolled
Soil vapor extraction VOC 1250 25,000 E =R;* (1-(%CE/100)) +R,; * (1- EPA-450/1-91-001
(%Ce,/100))
-D Solidification and VOC N/A 5460 ER=C * M * (%V,/100) EPA-450/1-91-001
= stabilization
Ultrox oxidation vOC N/A 45 E =C*V* (Rg/100) * EPA-450/1-91-001
(T 100)* (1 - %CE;100) or E; = C,* V * (1
- R«:/100) for byproducts
Flow-through treatment VOC N/A 4800 ER; - (C/1000) * V * (%V,/100) EPA-450/1-91-001
with
mechanical aeration
Quiescent flow-through VOC N/A 720 Er; - (C/1000) * V * (%V,/100) EPA-450/1-91-001
treatment
Disposal impoundments VOC N/A 48.6 ER; = (C/100) * V * (%V/100)/(t) EPA-450/1-91-001

2 Refer to following page for term definition



Table D.11. Remedial technologies term definition

ER, = emission rate for contaminant "i" (g/s)

E; = emission factor for contaminant "i" (g/hr)

FR = feed rate (Ib/hr)

\Y = volume flowrate of soil or water being treated (m*/hr)
Rt = overal removal efficiency of treatment technology (%)
T = fraction of removed contaminant transferred to air (%)
DRE = destruction and removal efficiency

Q, = gas flow rate

C = concentration of contaminant in influent water (mg/L) or contaminated soil (g/kg)
b = bulk density of soil (g/cm?)

tr = duration of remediation (s)

Lg = influent liquid flowrate (L/min)

M = mass rate of soil treated

V, = percentage of contaminant "i" volatilized

SE = stripping efficiency (%)

S, = volume of contaminated soil (m?)

%CE = control efficiency of stripper exhaust treatment (%0)
R = removal rate of contaminant "i" in liquid phase (g/hr)
Ry = removal rate of contaminant "i" in vapor phase (g/hr)
%CE,; = % control efficiency of liquid trestment device

%CE,; = % control efficiency of vapor treatment device

m, = total mass flow rate of waste feed (kg/hr)
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Table D.12. Particulate (15 pum) and VOC emission rates from soils handling

Technology Particulate Emission VOC Emission Rate (kg/hr)
Rate (kg/hr)
Controlled Uncontrolled
Excavation 2 0.015 0.07
Soil Transport 15 0 0.63
Dumping 0.16 0.152 51
Grading® 4.1 0.152 5.1

Source: EPA 1989b.
2 Grading is not expected to increase VOC emissions if performed soon after dumping, so grading ER = dumping ER.

Table D.13. Particulate emission rates for incineration

Technology Estimated Emission Rates (g/hr)
Controlled Uncontrolled
Rotary kiln incineration 4,260 695,000
Infrared incineration 16.2 0.6-2.9

Source: EPA 1991a.
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Table D.14. VOC emission ratesfor typical treatment technologies

Technology Pollutant Estimated Emission Rates (g/hr)

Controlled Uncontrolled

THERMAL TREATMENT:

Rotary kiln incineration® VOC 340 340
Metals 170 170
HCl 14 140
HF 04 40
SO, 17 340
CO 3,510 3,510
NO, 11,530 11,530
Infrared incineration vVOC 10 10
Metals 5 5
HCI 0.041 41
HF 0.011 11
SO, 05 10
(0] 27 27
NO, 16 16
Air stripping® vOC 342 3420
Soil vapor extraction VOC 1,250 25,000
Solidification and VOC NA 5460
stabilization

PHYSICAL AND CHEMICAL
TREATMENT METHODS:

Ultrox oxidation vVOC NA 45

BIOTREATMENT AND

LAND TREATMENT:

Flow-through treatment VOC NA 4800
with mechanical aeration

Quiescent flow-through VOC NA 720
treatment

Disposal impoundments VOC NA 48.6

Source: EPA 1991a

a Based on atypical incinerator with heat load of 63 MM kilojoules/hr, waste feed of 3400 g/hr, and stack gas flow of 986
m¥/min.

b Air stripping values are for small units; for medium and large units, values increase by afactor of 10 for each size increase.
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D.10 COMPENDIUM OF AIR/SUPERFUND PROGRAM DOCUMENTS

Title

Volume 1 -- Overview of Air Pathway
Assessments for Superfund Sites (Revised)

Volume Il -- Estimation of Baseline Air
Emissions at Superfund Sites

Volumelll -- Estimation of Air Emissions
Emissions form Clean-up Activities at
Superfund Sites

Volume IV -- Guidance for Ambient Air
Monitoring at Superfund Site (Revised)

VolumeV -- Procedures for Air Dispersion
Modeling at Superfund Sites
A Workbook of Screening Techniques for

Assessing Impacts of Toxic Air Pollutants

Area Source Dispersion Algorithms for
Emissions Sources at Superfund Sites

Users Guide to TSCREEN - A Model for
Screening Toxic Air Pollutant Concentrations

User's Guide for the Fugitive Dust Model
Emission Factors for Superfund Remediation
Technologies

Estimation of Air Impacts for Air Stripping
of Contaminated Water

Database of Emission Rate M easurement
Projects (Technical Note)

Guideline for Predictive Basdline Emissions
Estimation Procedures for Superfund

Estimation of Air Impacts for Soil Vapor
Extraction (SVE) Systems

Screening Procedures for Estimating the Air
Impacts of Incineration at Superfund Sites

EPA and NTIS No.

EPA-450/1-89-001a
NTIS PB93-173987

EPA-450/1-89-002a
NTIS PB90-270588

EPA-450/1-89-003

NTIS PB89-180061/AS

EPA-451/R-93-007
NTIS PB93-199214

EPA-454/R-95-003

EPA-450/4-88-009
NTIS PB89-134340
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APPENDIX E

GUIDE FOR GROUNDWATER MODELING FOR RISK ASSESSMENT



E.1 INTRODUCTION

As one of the primary data users in the Remedial Investigation/Feasibility Study (RI/FS) process, risk
assessors often rely on modelsto characterize site conditions when existing data are not adequate or to predict
future potential exposures. As a result, models have become an essential tool to supplement extant data
Although numerous United States Environmental Protection Agency (EPA) and United States Department of
Energy (DOE) documents provide guidance for the devel opment of data quality objectives (DQO), the use of
datain risk assessments, and the role of risk assessment in the RI/FS process, minimal guidance is provided
on the selection and use of models to support risk assessment activities. Therefore, it is essentia that the
selection of groundwater modelsfor risk assessment beintegrated into the planning stages of theRI. If thebasic
modd selection processisincorporated into the existing DQO framework, then modeling quality, dataquality,
and thereby risk assessment quality would be improved.

EPA has adopted the DQO process as a means of scoping data needs and limits on uncertainty for RIs.
Because these guidelines have been established, modeling objectives can be developed and contributed to the
existing framework to encourage appropriate and technically defensible modeling decisions during the risk
assessment process. Oncethe model selection processisdefined initsrelationship to the DQO process, critical
decision points and data gaps with respect to modeling can be identified, and uncertainties associated with
modeling can bereduced or, at |east, defined. A standard approach to the selection of modelsin risk assessment
iscritical to developing consistent, rational interpretations of risk estimates and ng the need for or most
efficient manner of performing remediation.

Currently, modd selection isnot specifically an integra part of the DQO process. If the model selection
processwerestandardized, project team memberswould have abetter understanding of how modeling decisions
areintimately tied to data quality issues and uncertainty issuesin risk assessment. Increased communication
and interaction among modelers, risk assessors, hydrogeologists, and the rest of the Rl team would be
encouraged by this interdependency for reducing the uncertainty associated with the investigation.
Consequently, more intelligent decisions could be made regarding what model is best suited for the risk
assessment, and more of the uncertainties involved in risk assessment could be quantified and appropriately
managed.

The purpose of this document is to provide guidance on a standard approach to model selection for the
Oak Ridge Reservation and define the relationship of model selection to the DQO process. If one of the
objectives of modeling is to reduce the level of uncertainty associated with risk assessment and remedial
decisions, then the consequences of selecting a smple model over a complex model or vice versa must be
identified. Finally, examples of the importance of applying the model selection process are provided. The
ultimate objective of these discussionsisto provide information that will assist in understanding uncertainties
associated with modeling and the consegquences of those uncertainties on the risk assessment and subsequently
the remedial action.

E.2THE FRAMEWORK FOR MODEL SELECTION

The RI/FS is a phased, iterative process. Data are generally collected in several stages. As a basic
understanding of site characteristics is achieved, subsequent data collection efforts focus on filling identified
data gaps for risk assessment and gathering information necessary to evaluate remedia aternatives. This
phased sampling approach encourages identification of key data needs as early in the process as possible to
ensurethat data collection isalwaysdirected toward providing information relevant to the risk assessment and
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selection of aremedial aternative. Inthisway, the overal site characterization effort can continue to be scoped
to minimizethe collection of unnecessary dataand maximize dataquality. Scoping istheinitial planning phase
of the RI/FS process, and many of the planning steps begun at this stage are continued and refined in later
phases of the RI/FS.

The main objectives of scoping are to identify the types of decisions that need to be made, determine the
types (including quantity and quality) of data needed, and design efficient Strategies to collect these data.
Currently, decisions regarding modeling tend to be made independently of data collection efforts, when in
actuality modeling goals may have adirect impact on data needs. Modeling requirements, like data quality and
risk assessment considerations, must be assessed early, during scoping, to ensure that data are collected to
support DQOs, modeling objectives, and risk assessment objectives. The selected modeling approach should
not be driven by the data availahility, but by the objectives, which should be defined in terms of the decisions
that must be made and the level of certainty required to make those decisions.

The DQO processis the framework that has been adopted by EPA to ensure that appropriate steps are
taken to plan for and implement an effective investigation. Potential site-specific modeling decisions should be
made in association with DQO decisions to ensure that model s chosen will supplement the sampling data and
effectively support risk assessment activities. A preliminary stemodeling strategy devel oped concurrently with
the DQO process would alow model input requirements to be incorporated into the data collection
requirements.

Modeling may entail something as simple as a qualitative estimate, to mass balance calculations, to a
complex three-dimensional flow and transport model. In any case, amodel isatool used to bracket uncertainty
associated with not collecting certain data, hel p refinethe conceptual site model and understand site conditions;
and predict concentrations and risk in the future under no action and various remedia action scenarios. By
defining the questions that need to be answered using modeling as a tool, the most appropriate model can be
selected based on what tool can answer the question best. The RI team can also decideif thelevel of uncertainty
associated with not collecting the data is of sufficient magnitude to warrant the cost of collecting the data.

A standard approach to model selection can encourage the documentation of how and why a particular
modd was chosen, which would allow a more accurate interpretation and use of models and results. For
example, frequently, risk assessment model sare chosen based ontheir ability to provide conservative estimates
of groundwater movement and contaminant concentrations (i.e., the results provide the fastest migration and
the greatest contaminant concentrations that could occur at an exposure point). This application will result in
an upperbound estimate of the potential risk. However, if the same modeling scenario were used to predict
clean-up time and costs, both would likely be underestimated due to the fact that the origina purpose of the
model was to conservatively estimate contaminant migration. Actual migration may occur at a much slower
rate, resulting in alonger and more costly cleanup than predicted by the modél. In this case, although it may
appear that time and money were saved by applying the same model in the same way for two questions, an
erroneous prediction was used to make critical clean-up decisions.

For proper scoping to occur, risk assessors, experienced model ers, hydrogeol ogists, and project managers
must al play an integra part in the RI/FS planning process. This involvement will ensure that adequate
environmental analytical data of acceptable quality are collected and that appropriate and defensible modeling
decisons are made during the RI/FS. Risk assessors and modelers should work closely to identify and
recommend models that will maximize the quality of the basdline risk assessment within the site related and
budgetary constraints of the RI/FS and will produce consistent results useful to risk managers in making
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remedial decisions.

Establishing a relationship between the model selection process and the DQO process is the first step
toward devel oping an approach to model selection. The following subsections describe the DQO process, the
proposed modd selection process, and their interactive relationship.

E.2.1 The Data Quality Objectives Process

The DQO process is a management tool used to develop a scientific and resource-effective sampling
design. DQOs are qualitative and quantitative statements derived from the output of each step of the DQO
process that:

»  clarify the study objective,
»  define the most appropriate type of datato collect,
e determine the most appropriate conditions from which to collect data, and

»  gpecify acceptance levelsof decision errorsthat will be used asthe basisfor establishing the quantity and
quality of data needed to support the decision.

DQOs must strike a balance between time, money, and data quaity. The DQO process must be initiated
during project planning to produce work plans resulting in data having a quantifiable degree of certainty. The
end use of data to be collected, quality of data required, and cost to produce data will determine required
DQOs.

The first step in initiating any significant environmental data collection program should be the
development of DQOs. DQOs help to define the purposes for which environmental data will be used and set
guidelinesfor designing a data collection program. DQOs are used to define quality assurance/quality control
programs specifically tailored to the data collection program being initiated.

The DQO process consists of seven steps. In most cases, each successive step derives information from
the previous ones; therefore, each step should be completed in the order shown. The DQO processisiterative,
however, so it may be useful to refine the outputs from previous steps. Iteration is encouraged since it leads
to a more focused study with a greater chance of meeting its objectives. Above dl, every step should be
completed before data collection begins. The purpose of each step of the DQO processis described in Table
E.1. For more information on the DQO process, refer to Guidance for the Data Quality Objectives Process
(EPA QA/G-4, 1994).
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Table E.1. Purpose of DQOSs steps

Data Quality Objectives Step

Purpose

Step 1: State the Problem

Step 2: Identify the Decision

Step 3: Identify Inputs to the Decision

Step 4: Define Boundaries of the Study

Step 5: Develop a Decision Rule

Step 6: Specify Limits on Decision Errors

Step 7: Optimize the Design

To clearly define the problem that requires
new environmental data, so the focus of the
study will be clear and unambiguous.

To define the decisions that will be resolved
using data to address the problem.

To identify the informational inputs that will
be required to resolve the decision and
determine which inputs require
environmental measurements.

To specify spatial and temporal
circumstances covered by the decision.

To integrate outputs from previous steps into
a single statement that describes the logical
basis for choosing alternative actions.

To specify the decision maker's acceptance
limits on decision errors, which are used to
establish appropriate performance goals for
l[imiting uncertainty in the data.

To identify the most resource effective
sampling and analysis design for generating
data expected to satisfy DQOs.

E.2.2 The Mode Sdection Process

The model selection processis not entirely separate from the DQO process but is complementary and
concurrent with DQO development. The basic steps of the model selection process will be described in this

section, and the relationship between the processes will be described in the following section.

The model selection process is a management tool used to develop scientific and resource-effective
modeling options. To develop these options, appropriate modeling goals must be defined and refined through
an iterative process from problem identification through model application. Figure E.1 displays the model
selection process, and Table E.2 shows the purpose of each step in the process. Interaction among risk
assessors, hydrogeol ogists, modelers, and therest of the project teamisthe most important factor in production
of acohesiveplanfor datacollection that will address conceptua sitemodel data gaps and modeling datagaps

through the same effort.
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Table E.2. Purpose of model selection steps

Model Selection Step

Purpose

Step 1: Problem Identification

Step 2: Compile and review existing data

Step 3: Develop conceptual site model

Step 4: Identify gapsin the conceptua site model

Step 5: Determine what key questions and data gaps should be
addressed with modeling

Step 6: Identify modeling goals

Step 7: Identify boundaries on resources and uncertainties

Step 8: Evaluate tools

Step 9: Provide DQO team with potential modeling scenarios

Step 10: Determine data to be gathered

Step 11: Select model

Step 12: Gather data and run model option

Step 13: Conduct sensitivity analysis and uncertainty analysis

To define the site problem in terms of potential risk or potential
remediation to be considered.

To develop asite description and gather information for the
conceptual site model.

To develop aconceptua site model that integrates hydrogeological
and risk assessment focuses.

To identify gaps in knowledge of the conceptua site model that either
data or modeling may be able to address.

To identify the need for modeling and refine the statement of the
problem.

To identify the questions that need to be answered by any modeling
effort.

To determine the constraints under which any modeling effort must
operate; to put bounds on the level of uncertainty that is acceptable for
any modeling effort.

To evaluate critical inputs and outputs of potential models; to
determine data needs based on critical inputs and outputs.

To provide descriptions of all models that could address the modeling
goals; to describe the advantages and disadvantages of each modeling
option with regard to previously determined boundaries on resources
and uncertainties; may conduct preliminary sensitivity analysisto
assess impact of input uncertainties on predictions.

To combine al information from the model selection process and the
DQO process and decide what datawill fulfill all requirementsto
meet the agreed upon objectives for the investigation.

To select the most appropriate model based on the optimum
combination of goals and boundaries.

To fulfill the modeling and data objectives to refine the conceptual
sitemodel to make technically defensible risk management decisions.

To determine what parameters affect the modeling results the most in
an effort to identify areas of uncertainty and assist in the next iteration
of data collection decisions.

E.2.3 The Relationship Between the M odd Selection Process and the Data Quality Objectives Process

The DQO process and the model selection process are complementary and interdependent strategies for
decision-making. Because one of the mgjor goals of the DQO process is to define the purpose for which
environmental datawill be used, it isessential that the model selection process be performed concurrently with
the DQO process and that the RI/FSteam beinteractive throughout both processes. Specific pointsin the DQO
process requireinformation from the model sel ection processto appropriately assess data needs. For example,
if soil contamination concentration data are going to be collected, it may be critical to predictive modeling of
future risk from leaching that information on percent organic carbon content, permeability, grain size
distribution, water content, and/or recharge rate be collected. As stated previoudly, every step of the DQO
process should be completed before data collection begins. In addition, the model selection process should be
completed at the same level and with the same iteration asthe DQO process. The establishment of a dynamic
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relationship among team members involved in these processes can only occur with an understanding of the
importance of the full application of the model selection process.

A standard approach to model sel ection doesnot imply that modeling decisions can be made in acookbook
fashion. For example, a screening level model may appear to be appropriate for anumber of sites at afacility
based on scoping information. If the data at a particular site indicate that more complicated processes are
involved, it may be necessary to select another model for thisindividual siteif the processesinvolved may have
asignificant effect on contaminant transport. Accordingly, during the initial phases of aremedial project, and
throughout the remedia process, the remediation manager must continually assess the need to employ models
to answer specific risk assessment and remedia action questions. Theleve of intensity or complexity of model
selection and the models used are heavily influenced by the phase of the RI/FS, the level of acceptable
uncertainty, and available resources.

E.2.3.1 Purposes of modeling

The purpose of modeling in risk assessment isto refine the conceptual site model and reduce uncertainty
so that remedial decisions can be made. One should generally begin with the smplest model that will satisfy
theobjectivesand progresstoward the more sophi sticated codesuntil modeling objectivesaremet. Theremedia
process is generally structured in a manner that is consistent with this approach (i.e., as the investigation
proceeds, additional databecomeavail ableto support moresophisti cated groundwater modeling). Scoping, site
characterization, and the remedia phase of the RI/FS process each have varying levels of data for model
application and should have varying levels of modeling goals. Model quality cannot exceed data qudity. As
more data collection is planned, it is essential that the DQO process result in DQOs that consider the data
needed to fulfill modeling objectives. The marriage of these processesisaquality assurance measure that will
ensure the collection of data to support project objectives rather than the derivation of objectives based on
limited available data or modeling.

The following subsections will provide details on the relationship of the model selection process to the
DQO process. Themodel selection processwill betheframework for discussion, and thecritical pointsof input
from or output to the DQO process will be specified.

E.2.3.2 Problem identification

Problem identification involves the preliminary definition of potential risk or remediation questions that
should be considered. At the scoping phase of the project, the question may be as smple as “Is contamination
present at thesite?’. Thisquestion becomes morerefined asthe processisreiterated. Subsequent iterationsmay
question “How long will it take for contaminant ‘x’ to reach a residential well at concentrations above risk
levels?’. An FS question might be “Will this specific remedia action result in risk reduction?’. The initial
problem identification will help to establish the level of intensity of the investigation as a scoping or
characterization exercise. It should be noted that the first step of the DQO processis aso a statement of the
problem. Thisfact illustrates the need for early communication among team members to focus on a common
goa or questions to be resolved.

E.2.3.3 Compile and review existing data

Each project and phase of the RI/FSwill have varying levels of available data. All datarelated to the site
should be reviewed, including previous risk calcul ations and modeling attempts. It may al so be appropriate to
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review information from other similar sitesor projects. The quality of the dataand previoudy used modelswill
be an indication of the current level of uncertainty associated with available information. Without knowledge
concerning the uncertainty associated with siteinformation, decisions are essentially being made on arandom
basis. Review of prior DQOs and modeling goals will reveal how and what goals have been achieved in the
past, as well as the focus of past site investigations.

E.2.3.4 Develop a conceptual site model

Based on the data and modeling results reviewed in the previous step, a hydrogeological conceptua site
modd isdeveloped. Thismodel shouldindicatethelevel of certainty associated with each assumption, soit can
becorrectly interpreted. Risk assessorsalso will have performed these stepsresulting in aconceptua sitemodel
that focuses on exposure pathways and points of receptor contact. The hydrogeological conceptual site model
and therisk assessment conceptual site model must beintegrated if they areto be complementary. For example,
the risk assessor may be concerned with administrative boundaries based on the location of a residential
receptor’ s home, while the groundwater modeler’ s conceptual site model may be focused on hydrogeol ogic
boundarieson aregional scale. In other cases, therisk assessor may not consider an important hydrogeological
process that must be characterized to predict contaminant concentrations at the receptor exposure point. The
team must communicate during the devel opment of the conceptua site model to ensure al technical personnel
are focused on answering pertinent questions about risk and remediation.

E.2.3.5 Identify conceptual site model data gaps and key questions

After available data have been assessed relative to the site problem, gaps and uncertaintiesin the dataare
found. The entire RI/FS team, including modelers, risk assessors, hydrogeologists, etc., should beinvolvedin
the identification of data gaps. In addition, for each data gap, the consequences of not filling the data gap
should be discussed in terms of defining potential uncertainties. At thispoint in the process, it may be possible
to further refine the statement of the problem into key questions. For example, by building the conceptual site
modd based on both hydrogeological principles and risk assessment principles, it is determined that
measurement of aparticular parameter isnecessary to assessrisk to areceptor of groundwater contamination.
The question becomes refined from “Is the receptor at risk?’ to “What is the site-specific flow rate?’ so that
modeling can occur. However, it may be determined that modeling is not needed to answer the key questions
of thisiteration of the process; in this case, the decision not to model may follow.

E.2.3.6 I dentify boundaries on resources and uncertainties

Every project has limitations with regard to time, budget, personnel, and available tools. As a result of
these congtraints, all uncertainties cannot be addressed or reduced. The goal is to design a sampling and
modeling plan that optimizes resources to reduce uncertainties to the greatest extent possible. All project
personnel should beinvolved in defining the boundaries of the study to ensurefocus on acommon and pertinent
guestion. Each professiona brings a valuable perspective to the success of data collection, modeling efforts,
risk characterization, and remediation. The output of this step is a defined schedule and budget, as well as
defined levels of acceptable uncertainty to make decisions.

E.2.3.7 Identify modeling goals

Theidentification of key questions, datagaps, and constraintswithin which theinvestigators must operate
servesto create the atmosphere in which modeling goals must be developed and hel ps focus efforts on project
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objectives. An important question to ask at this point is, “ Can purposeful modeling goals be developed within
this atmosphere?’. If the answer is no, it may be that modeling is not a viable option for reducing site
uncertainty. In addition, the modeling goals should be in line with the phase of investigation and iteration of
the model selection and DQO processes. The goal of modeling is heavily influenced by the phase of the RI/FS
process being performed. In al cases, the uncertainties that will be reduced by achieving the modeling goals
should be identified. These goals should be a determining factor in the DQO process as to what data will be
collected and what quality assurance will be performed.

E.2.3.8 Evaluate potential models

To evaluate potential model sto be used in support of theinvestigation, theteam must also examinecritical
processes in the conceptual site model and data gaps specific to each model.

I dentify critical processesto be modeled. Many incorrect predictions in modeling may be attributable
to including or excluding specific flow and transport processes. The modeler must decide what processes are
critical to themodeling effort in terms of how much uncertainty will beinvolved if the processisignored. Some
typica modeling processes that may have an impact if not considered are:

»  discrete fracture flow and transport;

o “gorm flow zone” flow and transport;

e  karst features or conduits;

*  matrix diffusion-retardation effects on contaminant transport;

»  differing geochemical processes in regolith, shales, and carbonate that result in different transport rates
for different contaminants (e.g., inorganics, VOCs, and radionuclides); and

*  rapid flushing in the shallow zone with discharge to local tributaries.

If these processes are involved, it does not necessarily mean that the most sophisticated model must be used
to simulate the processes. Often, limitations in data, models, tools, and the conceptual site model will not
support amore sophisticated model. In this case, the more sophisticated model may not provide an answer to
a key question with any less uncertainty than a less sophisticated model. If it is determined that a more
sophisticated model may reduce uncertainty by considering critical processes, then the cost of reducing this
uncertainty must be considered.

I dentify potential models or tools. Once the critical processes are identified, the modeler can begin to
narrow down the list of potential models or tools to those that can address the critical processes within the
specified limits on uncertainty and resources.

I dentify modeling parameter data gaps. Datagapsmay exist inthe conceptual sitemodel; however these
data gaps can be addressed within the model by using standard default assumptions. Other parameters may
need to be estimated on asite-specific basis. Once again, it isthe question of “What is acceptabl e uncertainty ?”
that will determinewhat parameters must be assessed on asite-specific basis. A sengitivity analysismay assist
in making these decisions. By identifying the impact of using a default value on the output of the model and

E-10



its associated uncertainty, the team can make an informed decision regarding the importance of a particular
variable. For example, sensitivity analysismay show that good estimates of effective porosity may havealarge
impact on the estimated rate at which a contaminant moves but little impact on determining whether a
contaminant will eventually migrate to a potential receptor. Depending on the key question that must be
addressed, this particular parameter may be more or less important.

E.2.3.9 Provide the DQO team with potential modeling scenarios

The evaluation of available tools may result in the identification of a number of modeling options that
could fulfill the modeling goals. Potential modeling scenarios are descriptions of the models that may be used,
the critical processesthat will be modeled with each model, and the site-specific modeling parametersthat are
currently datagaps. The purpose of these descriptionsisto identify the uncertainties associated with applying
any model. The modeling scenarios should answer the basic question “What doesit mean if moddl A isselected
instead of model B for transport of contaminants through a medium?’. For each data gap, the value of
collecting that piece of information should be discussed interms of relative uncertainty reduction. At thispoint,
the Rl team may determine that no available modeling option can operate under the constraints identified in
earlier steps. In this case, the decision is elther to be satisfied with the level of uncertainty that will be created
by not filling adatagap or to reexamine the constraints that have been placed on the project. For example, the
project team, including the regul ators, may decide to extend the schedulefor several monthswhilecritical data
are collected.

E.2.3.10 Deter mine data to be gathered

This step consists primarily of the final DQO meeting in this iteration of the process. The RI/FS team
must weigh the modeling scenarios presented with the constraints on the project. The datato be collected must
be decided upon based on the objectivesthat need to befulfilled and weighed against the amount of uncertainty
that can beaccepted. For example, although taking 10 more soil sampleswould reducethe uncertainty involved
inarisk assessment, the cost to the project would be great in terms of potential document delaysand analytical
costs. The project team must decideif the reduction in uncertaintieswould be worth the cost of resources. Most
important at this step isthe fact that modeling objectives are being considered asapart of DQOs devel opment.
If modeling isto play arole in risk assessment and remediation, itsrole must be well defined by applying the
modd selection and DQO processes in acomplementary manner. In some cases thiswill result in the decision
not to model in a particular situation. The decision not to model or not to gather data is just as important as
the decision of what model or data to use for a particular situation.

E.2.3.11 Select model, gather data, and run model option

Selection of an appropriate model, or the decision not to model, is now apparent within the process. Once
data collectioniscomplete, and the model optionisrun, there must be amethod to document the context within
which results should be interpreted. Therefore, a sengitivity analysis and uncertainty analysis may be run as
the final step in an iteration of the model selection process.
E.2.3.12 Conduct sengtivity analysis and uncertainty analysis

Sensitivity analyses are generally conducted to bracket the reasonable answers to the risk assessment or
remedial action questions being posed. An eva uation of the uncertainty associated with the model predictions
assistsintheidentification of the need for further study of the question at hand or arefined question. If thelevel
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of uncertainty isacceptable, thenthemodel predictionscan beinterpreted accordingly. However, if theresulting
uncertainty is not acceptable, the sengitivity analysis will help to identify those parameters that, if measured
on a site-specific basis, would decrease uncertainty to the greatest extent

Awareness of the environmental impact of releases of hazardous and radioactive wastes from storage
facilities to the main sources of drinking water has grown dramatically. High priority efforts have been under
taken to control and maintain releases at or below acceptable levels. Therefore, fate and transport modeling
of potential releases of contamination to groundwater and surface water have become a main concern in the
environmental arena. Evaluation of the fate and transport of contaminants is usually accomplished by
employing the following four main diffusion-convection submodels:

»  leaching contaminants from waste packages, trenches, and pits through the waste barrier;

»  ghort range transport of contaminants from the buria site through the vadose zone to the saturated zone,
» transport of contaminantsin the groundwater to potential receptors downgradient or to the surface water;
»  transport of contaminants in the surface water to potential receptor downstream.

Severa codes are available to smulate the release of contaminants from the different waste sites and
transport through the unsaturated zone underneath (e.g., the DUST code). In addition, various codes are
available to simulate the transport mechanism of the released contaminants to potential receptors (e.g.,
SESOIL, FTWORK, MEPAYS). Although, these codes have been applied frequently at the Oak Ridge
Reservation they do not provide an exhaustive list of the potential models which may be applicable at the Oak
Ridge Reservation.

E.3. CONCLUSIONS

This brief guidance provides a paradigm for the application of a groundwater model selection process
which should be followed when groundwater modeling is being considered in support of Environmental
Restoration Program risk assessment activities. The single most important message to project managers and
risk assessorsis that the process of model selection must be started in the early phases of project scoping. It
is the responsibility of the project manager to contact the program managers for risk assessment and
geosciencesto ensurethat the appropriate personnel areinvolved so thisprocess can beimplementedinatimely
manner. By considering the modeling needs of a project at the planning stages, the most appropriate model is
used to meet project objectives, dataneeded to support modeling areidentified, and the uncertai nties associated
with results are reduced.

It should not be assumed that groundwater transport modeling is needed for all risk activities. It isthe
intent of the Environmental Restoration Risk Assessment Program to limit the application of groundwater
moddling to situations (1) where it is needed to support decisions and (2) when there is sufficient information
to provide for meaningful results. In addition, if modeling is necessary, the complexity of the code should be
the minimum level needed to meet the risk assessment and project objectives (e.g., if a*“back-of-the-envel ope’
calculation is sufficient, a three-dimensional fracture flow computer code will not be used).
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APPENDIX F

FOOD CHAIN MODELSFOR RISK ASSESSMENT



F.1INTRODUCTION

Human health risks are generally modeled for anumber of exposure scenariosfollowing Risk Assessment
Guidance for Superfund: Volume 1-Human Health Evaluation Manual (RAGS) (EPA 1989a). Ingestion of
contaminated foodsisan important component of the agricultural scenario, yet detailed model saddressing food
ingestion exposures are not provided in RAGS. Humans may be exposed to site contaminants by eating
vegetables or grains that have been contaminated through uptake of contaminants from soil and deposition of
airborne contaminants on plant surfaces. Humans may also be exposed by eating meat or drinking milk
produced by animals that have ingested contaminants in food, soil, water, or air. This document provides
comprehensive models to be used in determining contaminant concentrations in foods eaten by humans. It
provides default values for al parameters used in the models and explains how the models can be applied to
risk assessment.

The Environmental Restoration (ER) Risk Assessment Program is providing these models to al
organizations involved in risk assessment activities to ensure consistent devel opment and application of food
chain models in human health assessments for United States Department of Energy Oak Ridge Operations
(DOE-OROQ). Current recommendations for baseline human health risk assessments at Oak Ridge sites do not
include the full agricultural scenario, but consideration of ingestion of homegrown produce is recommended
under the future residential scenario (Miller et a. 1995). In addition, operable unit data should be screened
against the agricultural preliminary remediation goals (PRGs) for beef and milk ingestion provided by DOE
(1995).

Thedecisionto fully evaluate food chain exposures must be determined on asite-by-sitebasis. Therefore,
the ER Risk Assessment Program Manager should be consulted before incorporating food chain modelsinto
risk assessments to confirm the need for evaluation of food chain exposures. Parameters are provided for a
number of exposure pathways that are not currently recommended for use at DOE-ORO (Miller et al. 1995);
these values are provided for informational purposes and may be used if a particular pathway (i.e., ingestion
of pork) is determined to be relevant at a site.

F.1.1 Applications

Thisreport is meant to be a companion document to Preliminary Remediation Goalsfor Useat theU.S
Department of Energy Oak Ridge Operation Office (DOE 1995). However, the model s developed here differ
inseveral respectsfrom the conservative screening modelsused in that report (DOE 1995). Where appropriate,
models have been modified to incorporate more realistic exposure assumptions. Default values for some
exposure parameters differ from those in the DOE report (1995) as aresult of the extensive literature review
conducted for thisreport. Specific differencesare noted in thetext associated with each model. The agricultural
PRGsin the DOE report (1995) will be revised to incorporate new information obtained during development
of thisreport.

The two primary models needed to determine contaminant concentrations in human foods are a plant
modd that accounts for uptake of contaminants from soil, water, and air and an animal model that accounts
for transfer of contaminants ingested by animals to animal tissues eaten by humans. This report focuses on
ingestion of beef, milk, leafy vegetables, and nonleafy vegetables. It does not include al possible human food
sources. However, the modd s can be modified to address other food sources. Parameter valuesfor some other
food types (sheep, pork, chicken, eggs, goat, white-tailed deer) have been included where available for
informational purposes; pathways involving these food types are not currently required or recommended for
DOE-ORO assessments (Miller et a. 1995). The output from the models presented in thisreport provides an
estimate of contaminant concentrations in plant and animal tissues that can be used as input into standard
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models for determining chronic daily intakes for humans (i.e., those in DOE 1995). The models used in this
report have been derived by examining model savailableinthe open literature and combining or modifying them
as necessary to account for all likely routes of exposure for plants and animals.

The general model for plants accounts for irrigation, aerial deposition, root uptake, and resuspension
contributions to contaminant loads. If a given pathway is not expected to occur at aparticular site, the model
component accounting for that pathway can be set to zero. Results of the plant model (using parameter values
for pasture) are used as input into the animal exposure models. Results of the plant model using leafy or
nonleafy vegetable parameter values are used directly in human chronic daily contaminant intake models.

F.1.2 Modd Development

The models provided in Sects. F.2 and F.3 were developed following an extensive review of available
literature dealing with food chain modeling. Generaly, two types of models were available: dynamic models
and steady state models. Dynamic models separate components of the system into compartments (air, soil,
water, plant, etc.) and describethe rate of change of contaminant levelsinto and out of the compartmentsusing
linear differential equations (NCRP 1984). Steady state models assume equilibrium among the various
compartments. Relatively simple model s are devel oped that include the primary parameters controlling uptake
and transfer of contaminants. The decision was made to devel op the smpler steady-state modelsfor thisreport
because they arereadily applied, parameter values are more readily available, and data requirements are more
similar to those available from standard remedial investigations.

Numerous terrestrial food chain models are available in the literature. Most of these models were
developed to predict the transport of radionuclides through food chains, but the general procedures are aso
applicableto all nonvolatile contaminants. The models presented here do not apply to tritium or carbon-14 [see
NCRP (1984, 1989) for discussion of models dealing with these special case radionuclides]. They focus on
food chain exposuresfollowing release of radionuclidesinto theair; therefore, depositionisaprimary concern.
Models such as those devel oped by NRC (1977), Hoffman et a. (1982), IAEA (1982), NCRP (1984, 1989),
Whelan et a. (1987) and EPA (1989b) differ dightly in the assumptions made regarding parameter valuesand
insomeof the specific parametersincluded to refine model outputs. While many modelsareavailable, thebasic
equations and principles underlying them are similar. The models provided in the following text build upon
thosecommonly used in exposureassessments. Likely exposureroutes have been added whereappropriate|i.e.,
soil ingestion, acomponent left out of anumber of the deposition-based model s, hasbeenincluded intheanimal
modd because a number of studies have suggested that soil ingestion can be a significant exposure route
(Thornton and Abrahams 1983)], and recent findings have been incorporated into models [i.e., the plant mass
loading approach has been substituted for the resuspension factor approach to evaluate resuspension of
contaminants from soil as recommended by Hinton (1992)].

F.1.3 Organization

Section F.2 of this report describes the general model recommended for estimating contaminant
concentrations in plant parts eaten by animals and humans, assuming no irrigation. The primary exposure
routes associated with contamination of plants (root uptake, aerial deposition, and resuspension from soil) are
discussed individually, followed by a discussion of contamination resulting from irrigation of crops. Section
F.3 of this report addresses the general and exposure route-specific models to be used in estimating
contaminant concentrationsin meat or milk products. Section F.4 describes the selection of default values for
each parameter in the exposure models, including food type-specific values for select animals.

F-4



F.2 PLANT MODELS

For a complete analysis of food chain exposures for humans, it is necessary to estimate concentrations
of contaminantsin plants directly consumed by humans and in plants consumed by animalsthat are then eaten
by humans. Plantsmay be exposed to contaminantsasaresult of direct deposition onto plant surfaces (wet and
dry deposition, including resuspension), root uptake from soil, and irrigation with contaminated water.
Resuspension accounts for contaminants deposited on soil that are resuspended in air by wind, rainsplash, or
physical disturbance and subsequently deposited on plant surfaces. When possible, samples of plants or plant
products should be used to estimate exposure concentrations (EPA 1989c). However, in the absence of
measured plant concentrations, exposure models are appropriate for estimating these concentrations.

The general model for determining concentrationsin plants can be applied both to crops eaten by humans
and to plantsthat serve as animal foods, but the selection of parameter values varies depending on the type of
plant consi dered and the management practices applicableto that plant type. The smplest modelsdo not model
wet and dry deposition or irrigation individually. Instead, they estimate plant concentrations by multiplying the
measured soil concentration by a contaminant-specific biotransfer factor. Thisisthe approach recommended
in RAGS (Part A) (EPA 1989c) when soil is the source of contaminants. More detailed models attempt to
account for wet and dry deposition rates and trand ocati on of contaminantsto edible plant tissues. If root uptake
is the predominant exposure route for a particular chemical, the smple models are generaly adequate.
However, for contaminantsthat have very low soil-to-plant transfer factors or where deposition is continuous,
resuspension and subsequent deposition can be the primary exposure routes. Therefore, the more detailed
models are often necessary. RAGS suggests using air deposition modeling if deposition is the source of
contaminants. The models recommended in this report include deposition and trand ocation in addition to root
uptake from soil, but they may be modified to fit specific site conditions after consultation with the ER Risk
Assessment Program Manager.

F.2.1 General Modedl

Asnoted previoudly, thegeneral model for estimating contami nant concentrationsinand on plantsincludes
root uptake and foliar deposition from air and resuspended soil. Whereirrigation is a significant management
practice, components accounting for root uptake and resuspension of contaminants originating in irrigation
water and direct deposition of irrigation water on plant surfaces can be added. Therefore, the comprehensive
plant model for asite whereirrigation is a consideration is.

CpIant = CpIant—us + CpIant—da + CpIant—rs + CpIant—ui + CpIant—di + CpIant—ri ’ (1)

where

Coax = concentration in and on plant estimated based on root uptake and foliar deposition (mg/kg or
pCi/kg),

Coatus = cCONcentration in plant tissue resulting from root uptake from soil (mg/kg or pCi/kg),

Coarda = cCONcentration in edible parts of plant as a result of direct deposition of airborne contaminants
(mg/kg or pCi/kg),

Coarrs = concentration in edible parts of plant asaresult of resuspension of contaminants associated with
soil (mg/kg or pCi/kg),

Coawu = cCONcentrationin plant tissue associated with root uptake of contaminantsresulting fromirrigation
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(mg/kg or pCi/kg),

Coawa = concentrationin edible parts of plant asaresult of direct deposition of contaminantsinirrigation
water (mg/kg or pCi/kg),
Coawri = concentration in edible parts of plant asaresult of resuspension of contaminants associated with

irrigation water (mg/kg or pCi/kg).

The last three terms of this model are set to zero if irrigation is not a consideration. If airborne contamination
isnot a consideration, the direct deposition term may a so be set to zero. Therefore, thismodel can be readily
modified to fit a number of scenarios.

The following section provides detail on the estimation of each of the components in Eq. (1). The
components used assuming no irrigation are discussed first, followed by the components associated with
irrigation. Irrigation of pasture is not acommon practice in east Tennessee (in the vicinity of the Oak Ridge
Reservation), southern Ohio (in the vicinity of the Portsmouth Gaseous Diffusion Plant), or southwest
Kentucky (in the vicinity of the Paducah Gaseous Diffusion Plant) because annual rainfall is generally
adequate. Therefore, it is not necessary to include the irrigation components when estimating contaminant
concentrations in pasture grasses consumed by livestock. However, vegetable crops usualy are irrigated to
some degree, 0 it is necessary to consider the irrigation components when estimating concentrations in
vegetable crops. Recommended default values or appropriate literature sources for model parameters are
provided in Table F.1.

F.2.1.1 Plant uptake without irrigation
F.2.1.1.1 Root uptake

Plants are exposed to contaminants in soil through root uptake. The model used to account for this
exposure involves multiplying the soil concentration by a chemical-specific transfer coefficient. The transfer
coefficients are defined as the ratio of the concentration of the chemical in plant tissue to the concentration in
soil and are a measure of how much of the soil contamination is transferred to plant tissues. Site-specific
transfer coefficients are most desirable, but in the absence of site-specific values, literature-based values for
inorganic elements may be obtained from published reviews such asthose by IAEA (1994), NCRP (1989), Ng
et al. (1982) and Baes et al. (1984). The uptake of most heavy metals by edible plants usually occursviatheir
root systems (EPA 1989b). Transfer coefficientsfor organic chemical s can be obtai ned from chemical -specific
studiesor estimated using therel ationship between transfer coefficientsand chemical K,,'sdescribed by Travis
and Arms (1988). Briggs et al. (1982, 1983) and Ryan et al. (1988) discuss plant uptake of non-ionic organic
chemicals from soil (see Sect.F.4.1.1 for further discussion of transfer coefficients).

Table F.1. Recommended default values for parametersused in plant exposure models.

Parameter Default Range Sources
BTFya Soil-to-plant transfer chemical and plant - organic chemicals: Travis and Arms
coefficient (kg dry soil/kg dry plant) specific, (1988), McKone (1994)
see Sect.F.4.1.1 inorganic chemicals; IAEA (1994),
NCRP (1989), Baes et a. (1984)
d, deposition rate (mg/m?/d) calculated, - NCRP (1984)
see Sect.F.4.1.2
V¢, deposition velocity (m/d) 1000 17-2333 Peterson (1983), NCRP (1989)
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Table F.1. (continued)

Parameter Default Range Sources

fr, interception fraction (unitless):

pasture

leafy vegetables 0.42 0.02-0.82 Miller (1980)
nonleafy vegetables 0.42 0.06-1.2 Miller (1980)

Spray irrigation 0.42 0.06-1.2 Miller (1980)

0.25 0.23-0.38 NRC (1977), Miller (1980)

T, translocation factor (unitless)

pasture
leafy vegetables 1.0 - NCRP (1984)
nonleafy vegetables 1.0 - NCRP (1984)
0.1 - Baker et al. (1976), NCRP (1984)

Y, plant yield (kg/m?)

pasture (dry wgt.)

Paducah 0.168 0.112-0.224 D. Wilson, pers. comm.
Portsmouth 0.112 -- J. Fisher, pers. comm.
generd 0.33 0.04-1.59 Baes and Orton (1979)
leafy vegetables (wet wgt.)

Paducah 20 - NCRP (1984)
Portsmouth

generd 20 - NCRP (1984)

nonleafy vegetables (wet wgt.)

Paducah 0.62 0.112-1.12 D. Wilson, pers. comm.
Portsmouth

generd 20 - NCRP (1984)

Ag, removal constant -- plant (/d) - - Estimated using weathering half-life
(and radioactive decay constant for
radionuclides)

t,,, weathering half-life (d) 14 2834 NRC (1977), NCRP (1984, 1989), DOE
(1995)

t., time of above-ground exposure (d)

pasture

produce 30 - NRC (1977), NCRP (1984), Whelan et
60 - al. (1987)

MLF, mass loading factor (kg soil/ kg

plant):

pasture 0.25 <0.001-0.5 Hinton (1992)

leafy vegetables 0.26 - Pinder and McLeod (1989)

nonleafy vegetables 0.11 0.008-0.21 Hinton (1992)

Ir, irrigation rate (L/m%d)

pasture 0 -

crops 3.62 - DOE (1995)

Ip, irrigation period (unitless) 0.25 - DOE (1995)

P, root zone soil density (kg/m?) 240 170-267 Hoffman et al. (1982), Peterson (1983),
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Parameter Default Range Sources

Ag, removal constant -- soil (/d) 0.000027 + A, L osses by means other than radioactive
decay (NCRP, 1989) (+ radioactive
decay constant for radionuclides)

A;, radioactive decay constant 0.693/half-life - see DOE (1995) for haf-lives

t,, buildup time (d) 10,950 - NCRP (1984, 1989), DOE (1995)

The concentration of a contaminant in plant tissue as a result of root uptake from soil can be described
as (EPA 1989c):

C = C_, BTF

plant-us soil plant ’ (2)

where:
Coaus = cCONcentration in plant tissue from root uptake from soil (mg/kg),
Csi = concentration in upper 15 cm of soil (mg/kg) (measured),

BTFyant = transfer factor from soil to plant tissue (mg/kg dry plant per mg/kg dry soil) (chemical-
and species-specific, see Sect.F.4.1.1).

The soil concentration used as input into this model should be derived from measures of root zone soil.
Depending on plant type and site conditions, plant rooting depths may vary from several centimetersto more
than ameter. Thebulk of rootsthat are actively engaged in the uptake of water and minerals occur in the upper
15-100 cm (Raven et al. 1981). Under plowed agricultural conditions, the root zone would nearly always be
expected to be greater than 15 cm. The root zone in pasture could be less, but site-specific root zone
measurements at DOE-ORO sites probably will not be performed. The default value recommended for root
zone soil in this report is the upper 15 cm of soil. This corresponds to the depth used by the NRC (1977),
Peterson (1983), and NCRP (1984).

The NCRP (1984) includes parameters to account for the chemical removal rate from soil initsequation
for uptake by plantsfrom soil. Whelan et al. (1987) do not include acomponent for removal rate from soil, nor
isitincluded in RAGS (EPA 1989b). Theremoval rate from soil has not been included in the plant root uptake
modd presented here because this model is based on having measured or estimated soil concentrations
available. If leaching or weathering from soil are expected to be significant factorsat asite, theselosses should
be accounted for when determining soil concentrations to be input into the plant model [see NCRP (1984) for
discussion of mechanisms for losses from soil].

SESOIL is an example of amodel available for modeling soil concentrations over time (ORNL 1994).
A constant meant to account for losses from soil isincluded in the root uptake and resuspensi on model s under
the irrigation scenario.

F.2.1.1.2 Aerial deposition
The aeria deposition component accounts for direct deposition of airborne contaminants onto plant
surfaces. This component of the model is not necessary if the scenario being evaluated is restricted to soil or

water sources rather than air. DOE (1995) assumed only soil and water sources; therefore, direct foliar
deposition is not considered in its model. Deposition of contaminants resuspended from the soil surface and
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subsequently deposited on plant surfacesis considered under resuspension and is relevant in these scenarios.

A general model for deposition of contaminants onto plant surfaces from air pathways is provided in
Whelan et a. (1987) and NCRP (1984). The contaminant air-to-ground deposition rate is multiplied by the
fraction of deposited materia that is intercepted by plants and divided by the plant yield. The result is
multiplied by a trand ocation factor to account for the fraction of deposited material that is transferred from
external plant surfaces to the edible parts of the plant. This amount is then adjusted to account for losses due
to weathering (and radioactive decay for radionuclides). The translocation factor is usually set at 1.0 for
pasture and leafy vegetables and 0.1 for nonleafy vegetables (NCRP 1984).

dfe T(1 - el e te’)

CpIant—da = Y )‘E ’ (3)
where:

Coarda = coONncentration in edible parts of plant as a result of direct deposition of airborne contaminants
(mg/kg),

d = deposition rate of contaminant from air to ground surface (mg/m?d). Calculated as the product
of the air concentration (mg/m?) and a chemical-specific average deposition velocity (m/d) (for
default value, see Sect.F.4.1.2),

fr = interception fraction. The fraction of deposited material intercepted and retained on foliage
(unitless) (for default value, see Sect.F.4.1.3),

T = trandocation factor. Thisfactor accounts for translocation of externally deposited contaminants
to edible parts of plants (unitless) (for default value, see Sect.F.4.1.4),

Y = ganding plant biomassat harvest above aunit surfaceareaor yield of crop (kg/m?) (default value:
site-specific, see Sect.F.4.1.5),

Ae = the effective remova constant for given constituent from plant (per day). Az = A; + 0.693/t,,

where: t,, = weathering half-life, and A; = the radioactive decay constant for radionuclides [see
NCRP (1989) Table 4]. A; is chemical-specific; t,, is 14 d (NRC 1977),

t. = time of above-ground exposure of plant to contamination during the growing season (d) (site-
specific, see Sect.F.4.1.7).

F.2.1.1.3 Resuspension

Contaminants in surface soil layers can be resuspended in air by wind or mechanical disturbances.
Resuspended particles may then be deposited on plant surfaces. Contaminant concentrationsare usually higher
in soil than in plants, so even small amounts of soil on plant surfaces can make a significant contribution to
ingestion exposures (Green and Dodd 1988, Pinder and McLeod 1988, Hinton 1992). For relatively insoluble
elements, greater quantities may be ingested with soil particles on plant surfaces than those that have been
incorporated into the interna tissues of the plant (Pinder et a. 1991). In environments where resuspension
prevails, direct deposition on plant foliage may exceed root uptake (Adriano et al. 1980). Breshears et al.
(1992) indicate that resuspension is crucial for predicting concentrations of **’Csin milk.

However, resuspension is not expected to be amajor concern at DOE-ORO sites. Uncertainty associated

with the resuspension route is significant (Corbett 1977). Resuspension factors and resuspension rates range
over 7-8 ordersof magnitude (Nicholson 1988). Humidity may reduceresuspension relativeto that which takes
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place in arid or semi-arid regions (Cohen 1977), possibly because humid regions generally have denser
vegetation cover, and vegetation may reduce thelikelihood of particlesbeing resuspended. Many resuspension
studies have been carried out in arid or semi-arid regions (Nicholson 1988). Over the long term, root uptake
of contaminants is expected to exceed that from direct deposition at DOE-ORO sites.

Hinton (1992) provides a recent review of literature on contamination of plants by resuspension and
critigues the methods used to estimate resuspension. Most of the current methods (i.e., resuspension factor
approach, resuspension rate approach, air mass|oading approach) were designed to examine inhal ation rather
than ingestion exposures. He concludes that “our understanding of the processes and mechanisms of
resuspension onto plant surfacesare currently inadequatefor accurate predictions.” Parametersthat potentially
affect resuspension and soil adhesion to plants include characteristics of soil, contaminants, meteorological
factors, agricultural factors, and plant characteristics (Hinton 1992). Hinton believes the plant mass loading
approach has the most merit for understanding the processes of resuspension onto plants. The approach has
been used by a number of researchersin agricultural systems of the southeastern United States over the last
10 years (Hinton 1992). Other approaches may be adequate if inhalation isthe primary concern. Healy (1980)
favored the air mass loading approach, but he did not review the plant mass loading approach.

The plant mass loading approach involves determining the mass of soil on vegetation per mass of dry
vegetation. In the absence of directly measured plant concentrations, mass loading factors (MLF) can be
multiplied by the concentration in the resuspendable soil fraction at the siteto arrive at the plant concentration.
The variation in plant mass loading factors is much less than that for resuspension factors (3 vs. 7 orders of
magnitude) (Hinton 1992). The relative importance of surface soil contamination as compared to root uptake
may be greater if contaminants are concentrated in small-sized soil particles or have been recently deposited
on the soil surface (Pinder et al. 1991). Pinder and McLeod (1988) note that the difference between
concentrations in suspendable materials and that in the upper 50 mm of soil may result in underestimates of
plant mass loading. Where possible, measures of contaminant concentrations in the resuspendable portion of
soil should be used in developing plant mass loading factors. In practice, measures of resuspendable soilsare
unlikely to be conducted as part of the remedia investigation process, and the default MLF provided in
Table F.1 should be used.

Using the plant mass|oading approach, the contribution of resuspension from soil to the plant contaminant
load can be estimated as the product of the measured soil concentration and the plant mass loading factor
(Hinton 1992):

CpIant—rs = MLF Csoil ’ (4)
where;
Coarrs = concentration in edible parts of plant as a result of direct deposition of airborne contaminants
resulting from resuspension from soil (mg/kg),
Csi = concentration of the contaminant measured in resuspendable soil fraction (mg/kg) (default value:
measured),
MLF = mass-loading factor (kg soil/kg dry plant) (default value: site-specific, see Sect. F.4.1.8).

Use of asoil concentration based on soil components other than the resuspendable fraction, such astotal
surface soil concentration, will result in likely underestimation of actual concentrations resulting from
resuspension. The upper 15-cm of soil is commonly used, but even this includes soil deeper than islikely to
be resuspended. Where plowing agricultural land has resulted in thorough mixing of soils, this should not be
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amajor concern.
F.2.1.2 Plant uptake with irrigation

Plants may beirrigated with surface water or groundwater using spray or flood irrigation practices. Root
uptake and resuspension are relevant under both spray and flood irrigation, but aerial deposition is only
relevant for spray irrigation. The modelsfor plant uptake resulting from irrigation are similar to those without
irrigation except for the use of water concentrationsin place of soil or air concentrations and incorporation of
the irrigation rate and irrigation period.

F.2.1.2.1 Root uptake from irrigation

The following equation for determining contaminant uptake by plant roots as a result of irrigation was
modified from Whelan et a. (1987), NCRP (1984), and DOE (1995):

Cumer T 1P BTF 1 (1 - (7 )

CpIant—ui = P )‘B ’ (5)

where:

Coawu = cCONcentration in plant tissue from root uptake due to irrigation (mg/kg),

Cuaer = cCONcentration in water used for irrigation (mg/L) (default value: measured),

Ir = irrigation rate (L/m?d) (default value: site-specific, see Sect.F.4.1.9),

Ip = irrigation period = fraction of year plants are irrigated (unitless) (default value: site-specific, see
Sect.F.4.1.9),

BTFyant = transfer factor from soil to plant tissue (mg/kg dry plant per mg/kg dry soil) (default value:

chemical- and species-specific, see Sect.F.4.1.2),
P = root zone soil dendity (kg/m?) (default value: site-specific, see Sect.F.4.1.10),
AB = the effective remova constant for given congtituent from soil (per day) [default vaue: A; +

0.000027 (NCRP 1989)],

t, long-term deposition and buildup (d) (default value: site-specific, see Sect.F.4.1.12).

F.2.1.2.2 Aerial deposition from irrigation

The concentration of a contaminant in plant tissue as a result of irrigation water deposited on the plant
surface is similar to that for direct deposition from air. However, the deposition rate is the product of the
concentrationintheirrigation water and theirrigation raterather than theair concentration timesthedeposition
velocity:

Coater T 1P T T2 - &7

Cplant—di = Y )

(6)

E

where:

Coawa = concentrationin edible parts of plant asaresult of direct deposition of contaminantsinirrigation
water (mg/kg)
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Cuaer = cCONcentration of contaminant in irrigation water (mg/L) (default value: measured),

Ir = irrigation rate (L/m?d) (default value: site-specific, see Sect.F.4.1.9),

Ip = irrigation period (unitless); fraction of year crops are irrigated (default value: site-specific, see
Sect.F.4.1.9),

fr = interception fraction; the fraction of deposited materia intercepted and retained on foliage
(unitless) (default value: spray irrigation—specific, see Sect.F.4.1.3),

T = trandocation factor; this factor accounts for trandocation of externally deposited contaminants
to edible parts of plants (unitless) (for default value, see Sect.F.4.1.4),

Y = ganding plant biomass at harvest above a unit surface area or yield of crop (kg/m?)  (default
value: site-specific, see Sect.F.4.1.5),

Ae = theeffectiveremoval constant for given constituent from plant (per day). A = A, + 0.693/t,,, where

t,, = weathering half-life -- thetime required for half of the originaly deposited material to belost
from the plant, and A, = the radioactive decay constant for radionuclides [default values: A, is
chemical-specific; t, is 14 d (NRC 1977)],

t. = time of above-ground exposure of plant to contamination during the growing season (d) (Whelan
et al. define as growing period of crop) (default value: site-specific, see Sect.F.4.1.7).

.2.1.2.3 Resuspension from irrigation
A resuspension component exists for the irrigation scenario which incorporates the irrigation rate and

decay and leaching loss rate into the model for resuspension from soil. Essentially, the concentration in soil
resulting from irrigation is used as input into the model for resuspension from soil.

Irlp(1 - el s tb))

C,...=MLFC , 7
plant-ri water P )‘B ( )
where:
Coawri = concentration in edible parts of plant as a result of direct deposition of airborne contaminants
resulting from resuspension from irrigation (mg/kg),
MLF = massloading factor (kg soil/kg dry plant) (default value: site- and plant type-specific, see
Sect.F.4.1.8),
Cuaer = cCONcentration of contaminant in irrigation water (mg/L) (default value: measured),
Ir = irrigation rate (L/m?d) (default value: site-specific, see Sect.F.4.1.9),
Ip = irrigation period = fraction of year plants are irrigated (unitless) (default value: site-specific, see
Sect.F.4.1.9),
P = root zone soil dendity (kg/m?) (default value: site-specific, see Sect.F.4.1.10),
Ag = the effective remova constant for given congtituent from soil (per day) [default value: A; +

0.000027 (NCRP 1989)],

long-term deposition and buildup (d) (Note: Whelan et d. usete, which is defined asthe duration
of the growing period for the crop. NCRP 1984 uses t,) (default value: site-specific, see
Sect.F.4.1.12).

—
o
1]
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F.3ANIMAL MODELS
F.3.1 General Model

Animals may be exposed to contaminants through ingestion of contaminated food, soil, and water,
inhalation of contaminants suspended in air, and absorption of contaminants through their skin. Humans may
be exposed to contaminantsin animal tissues they consume. EPA's RAGS (1989a) recommends use of tissue
monitoring data when available and appropriate for estimating human exposure to chemicalsin the terrestrial
food chain. In the absence of tissue data, EPA recommendsthe use of biotransfer factors (BTFs) and ingestion
rates for estimation of animal tissue concentrations (EPA 1989c). This report presents a general model for
estimation of the concentration of contaminants in the tissues of animals commonly eaten by humans. The
concentrations estimated using this model can be input directly into human exposure models.

The model discussed in the following text is derived from models presented in NRC (1977), Peterson
(1983), NCRP (1984, 1989), Whelan et a. (1987), and DOE (1995), among others. Many different models
are available but nearly all follow the same general format. While both dynamic and equilibrium models exist
intheliterature, equilibrium models are used here because they are straight-forward, and values are generally
availablefor parametersin the model. Thiswhite paper deals exclusively with ingestion exposures. Therefore,
potential inhaation and dermal exposures for birds and mammals are not considered. While these routes of
exposure are generaly not significant for terrestrial vertebrates relative to ingestion pathways (NRC 1977),
there may be scenariosin which they are more important. The ER Risk Assessment Program Manager should
be consulted to determine whether inhalation or dermal contact should be addressed. The animal model is of
essentialy the same form for all species considered. Use of species-specific ingestion rates and biotransfer
factors (when available) account for differences between species. The basic components are exposure through
ingestion of food, soil, and water:

C =C + C + C

animal animal -food animal -soil animal -water ’ (8)

where;

Caima = concentration of contaminant in anima muscle (mg/kg),

Caimaiosda = CONcentration of contaminant in animal muscle obtained from ingestion of contaminated food
(mg/kg),

Caima-sii = concentration of contaminant in animal muscle obtained from ingestion of contaminated soil
(mgkg),

Caimawae = CONcentration of contaminant in animal muscle obtained fromingestion of contaminated water
(mg/kg).

Food, soil, and water concentrations are multiplied by their respective ingestion rates and by a
contaminant-specific biotransfer factor (food-to-tissue), then summed to obtain the concentration of individual
contaminantsin tissue (EPA 1989b). For herbivorous animals, the results of the plant model are used asinput
for food concentration. Food-to-animal tissue BTFs are generally the only BTFs available. When they are
unavailablefor soil-to-tissue and water-to-tissue, it is assumed that contaminant transfer from soil- and water-
to-tissueissimilar to that for food-to-tissue. Therefore, the same BTF isused for each exposure route. RAGS
citesNget a. (1977, 1979, and 1982) and Baes et al. (1984) as sources of BTFsfor food-to-beef and food-to-
milk. However, more recent sources include NCRP (1989) and IAEA (1994). These are recommended as the
primary sources of metal uptake values. Muscle is the tissue most frequently eaten by humans, and BTFs are
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generaly available for transfer from food to muscle. BTFs for other tissues are more limited in availability.
However, the general model discussed here can be used to determine concentrationsin other tissues(i.e., liver).

The general model is made more redlistic by including terms to account for the portion of the year the
animalsingest food from the site (time on pasture for beef and dairy cattle), the proportion of the animal'sdiet
which comprises food from the site while the animal is on the site (percent pasture in diet while on pasture),
and the proportion of the sitewhich isactually contaminated (for cattle grazing pasture, if only 50% of pasture
is contaminated, this can be accounted for in the model). Site-specific values for these management related
parameters should be obtained from local agricultural extension agents. Recommended default values for
exposure parameters are provided in Table F.2.
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Table F.2. Recommended default values for parametersused in animal exposure models

Parameter Default Range Sources

BTF,ima, Wet weight transfer coefficient  chemical-, - Organic chemicals: Travis and Arms
from daily intake to edible portion of animal-, and (1988), McKone (1994)

animal product (pCi or mg/kg (or L) tissue- specific, Inorganic chemicals: IAEA (1994),
meat, eggs, or milk over pCi or mg/d) see Sect.F.4.2.1 NCRP (1989), Baes et al. (1984)
IRo0q, daily food ingestion rate (kg/d on

dry weight basis) IAEA (1994)

beef cattle (500 kg) 7.2 5-10

dairy cattle 16.1 10-25

sheep 1.3 1-25

goats 13 1-35

swine (110 kg) 24 2-3

chickens 0.07 0.05-0.15

laying hens 0.1 0.07-0.15

f,, fraction of the year the animal is on

the site (unitless)

Paducah:

beef cattle 1.0 -- McCracken Co. Extension Center,
dairy cattle 1.0 - persona communication (1995)
sheep 1.0 -

swine 0 --

chickens 0 --

Portsmouth:

beef cattle 0.75 -- Ohio State University Extension Office,
dairy cattle 0.75 - persona communication (1995)
sheep 0.75 -

swine 0.67 --

Generd:

beef cattle 1.0 --

dairy cattle 1.0 --

sheep 1.0 --

swine 0 --

chickens 0 --

f,, fraction of the animal's food that is

from the site (unitless)

Oak Ridge:

beef cattle .90 .85-.90 Roane Co. Extension Agent, personal
dairy cattle .60 - communication (1995)

Paducah:

beef cattle .95 -- McCracken Co. Extension Center,
dairy cattle .30 - persona communication (1995)
Portsmouth:

beef cattle 1.0 -- Ohio State University Extension Office,
dairy cattle .60 - persona communication (1995)
f., fraction of water obtained from site 1.0 - Whelan et al. (1987)

(unitless)
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Table F.2. (continued)

Parameter Default Range Sources

IR aer, daily water ingestion rate (L/d)
beef cattle: general

Paducah 50 - IAEA (1994)
378 -- McCracken Co. Extension Center,

dairy cattle: general persona communication (1995)

Paducah 75 - NRC (1981), IAEA (1994)

56.8 -- McCracken Co. Extension Center,
sheep persona communication (1995)
goats 6 - NAS (1972), IAEA (1994)
8 - Bond and Straub (1975), IAEA (1994)
swine NAS (1972), IAEA (1994)
chickens 8 - NAS (1972)
white-tailed deer 0.2 - Lautier et al. (1988)
3.61 -

IRy, daily soil ingestion rate for
animals (kg/d)
beef cattle 1.0 - IAEA (1994)
dairy cattle 1.0 - IAEA (1994)
sheep 0.13 - IAEA (1994)
goats 0.03 - judgement based on deer
swine 0.10 - McMurter et a. (1993)
chickens 0.0014 - NRC (1984), McKone (1994)
white-tailed deer 0.005 - Beyer et al. (1994)
f,, fraction of areathat is contaminated 1.0 -- conservative assumption, should use
(unitless) site-specific value

F.3.1.1 Food ingestion

The contaminant concentrationin animal tissueresulting fromingestion of contaminated food isestimated
by multiplying the biotransfer factor from food to tissue by food contaminant concentration, food ingestionrate,
time on site, and percent food obtained from the site:

C - BTF

food-tissue

C._IR__f f (9)

animal -food food food 'p "s

where:

Caimasiosa = COncentration in animal tissue resulting from ingestion of contaminated food (mg/kg),

BTFoqise = biotransfer factor (d/kg on wet weight basis); calculated as the concentration of contaminant
in animal tissue (mg/kg) divided by the contaminant intake rate (mg/d) (default value:
chemical- and species-specific, see Sect.F.4.2.1),

Cood = concentration of contaminant in food eaten by the anima (mg/kg on dry weight basis); this
is measured directly or modeled using equation presented in the plant model section (default
value: measured or estimated using plant models),

IRfo0q = daily food ingestion rate for the animal (kg/d on dry weight basis) [Note: IR and C;,,4 need
to be on the same basis (wet or dry). The BTF should be wet weight because desired result
is wet weight tissue concentration for input into human health exposure models.] (default
value: site- and species-specific, see Sect.F.4.2.2),

F-16



f = faction of the year the anima is on the site (unitless); ts is the time on pasture for most
livestock (default value: site- and species-specific, see Sect.F.4.2.3),

fs = fraction of the animal'sfood that is from the site (unitless); thisisthe fraction of the diet that

is pasture while on pasture for most livestock and accounts for the common practice of

supplemental feeding while animals are on pasture (default value: site- and species-specific,

see Sect.F.4.2.4).

F.3.1.2 Soil ingestion

Contaminant concentrations in animal tissue resulting from the ingestion of soil, deliberately or
incidentally while feeding or grooming, is estimated by multiplying the soil ingestion rate by the ingestion-to-
tissue transfer coefficient, the soil concentration, time on site, and fraction of the site that is contaminated:

C = BTF Coit IRyt f, fas (10)

animal -soil soil -tissue

where:

Caima-sii = cConcentration of contaminant in animal tissue as a result of soil ingestion (mg/kg),

BTF.1we = biotransfer factor (d/kg onwet weight basis). Calculated asthe concentration of contaminant
inanimal tissue (mg/kg) divided by the contaminant intake rate (mg/d). Because soil-to-tissue
values are largely unavailable, food-to-tissue BTFs are used. (default value: chemical- and
species-specific, see Sect.F.4.2.1),

Cail = concentration of contaminant in soil eaten by the animal (mg/kg on dry weight basis) (default
value: measured or modeled),

IRy = daily soil ingestion rate for the animal (kg/d on dry weight basis) (default value: site- and
species-specific, see Sect.F.4.2.5)

f, = fraction of the year the animal is on the site (unitless); this is the time on pasture for most

livestock (assume animal ingests uncontaminated soil when it is off-site (default value: site-
and species-specific, see Sect.F.4.2.3),

fa = fraction of the site that is contaminated (unitless); if only half the site is affected by
contamination, presumably only half of the soil ingested would contain contaminants (default
value: site-specific, see Sect.F.4.2.6).

F.3.1.3 Water ingestion

Contaminant concentrations in animal tissue resulting from ingestion of contaminated water, while
generally minor relative to those from food and soil ingestion, are estimated by:

Canimal ~water BTFwater—time Cwater IRwater fw ! (11)
where:
Caimawae = CONcentration in animal tissue resulting from ingestion of contaminated water (mg/kg),
BTF aer-tisse = biotransfer factor (d/kg on wet weight basis). Calculated as the concentration of

contaminant in animal tissue (mg/kg) divided by the contaminant intake rate (mg/d).
Because water-to-tissue values are largely unavailable, food-to-tissue BTFs are
used.(default value: chemical and species-specific, see Sect.F.4.2.1),
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Crater = concentration of contaminant in water consumed by the animal (mg/L) (default value:

measured or modeled),

IR yater = daily water ingestion rate for the animal (L/d) (default value: site- and species-specific, see
Sect.F.4.2.7),

fo = fractionof daily water consumption that iscontaminated (unitless); thisisthefraction of daily

water intake from the site (default value: site specific, see Sect. F.4.2.8).
F.3.1.4 Modifications to general model

The general animal model applies to the estimation of concentrations in milk with few agdjustments.
Biotransfer factors for transfer of contaminants from ingestion to milk should be used in place of those for
transfer from ingestion to muscle. In addition, valuesfor food, water, and soil ingestion rates specific to dairy
cattle should be used. Dairy cows generaly have higher energy requirements to support milk production;
therefore, when eating similar feeds, their intake rates are higher than those for beef cattle.

The general model appliesto bird and animal species expected to be exposed to contaminants at the site.
Species-specific BTFs and food, water, and soil ingestion rates must be used asinputs into the model. Asfor
milk, the general model can be used to estimate concentrationsin eggs. Parameter valuesfor chickensare used
along with BTFs specific to transfer of contaminants from food to eggs.

If other sources of food, soil, or water are believed to contain contaminants, terms may be added to the
general model. For instance, cattle fed stored feed may be exposed to contaminants in the feed. Therefore, a
component that accounts for the fraction of the cattle diet composed of stored feed can be added.

F.4 DISCUSSION OF PARAMETER VALUES

Suggested default valuesfor exposure parametersare provided in TablesF.1 and F.2. Thissection further
discusses selection of those values.

F.4.1 Plant Models
F.4.1.1 Soil-to-plant transfer coefficients, BTF 4,

Transfer coefficients reported in the literature can vary widely because of the effects of different soil and
vegetation typesand environmental conditionsinvolvedintheir estimation (IAEA 1994). Management practices
such as plowing, liming, fertilizing, and irrigating can also affect uptake. Therefore, site-specific values are
preferred over literature val uesthat may have been derived under conditionsdissimilar to those at the site under
investigation.

However, in the absence of site-specific values, soil-to-plant transfer coefficients for many inorganic
elementsare available from reviews such asthose by IAEA (1994), NCRP (1989), Baeset a. (1984), and Ng
etal. (1982). Thel AEA (1994) val ues should be used preferentially. Most of these valueswere derived as part
of alarge International Union of Radioecologists project in which research techniques were standardized to
minimize artifacts and misinterpretations (IAEA 1994). Vaues have been standardized for ahomogeneously
contaminated soil layer of 20 cm for crops and 10 cm for pasture. Values have also been adjusted to
standardized pH values: 6 for clay, 5 for sand, and 4 for peat soils. Higher pH values result in decreased
uptake. For plants consumed by humans, the transfer factors refer to the edible parts of the plant. For plants
eaten by animals, the transfer coefficients generaly refer to the whole plant. IAEA (1994) provides species-
specific transfer factors for many elements. Risk assessors should select values for the plant types that most
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closely match the plant types of interest in the assessment area. VVaues presented in the lAEA (1994) report
are on a dry-weight plant basis. Vaues for inorganic e ements missing from the IAEA report should be
obtained from NCRP (1989), Baeset a. (1984), or aspecific study addressing uptake of the el ement by plants.

Soil-to-plant transfer coefficientsfor organic chemicals arelesswidely available. Where possible, actual
measured values should be used. In the absence of measured data, uptake of contaminants into above-ground
plant parts can be estimated using the relationship between the octanol-water partition coefficient of the
chemical and uptake (Travis and Arms 1988) as modified by McKone (1994):

BTF, . = 7.7 K%, (12)

plant

where:

BTF,ax = measure of uptake into above-ground vegetation expressed as mg contaminant/kg above-ground
plant (fresh weight) over mg contaminant/kg root zone soil (dry weight),
octanol-water partitioning coefficient for the organic chemical.

Kow

This equation can be used directly for vegetable crops to be consumed by humans. For pasture crops that will
be ingested by animals, it is more convenient to obtain the transfer factor on a dry-weight basis because plant
intake rates for livestock are generally presented on a dry-weight basis rather than on a wet-weight basis.
Therefore, the equation provided in Travis and Arms (1988):

BTF,_ . = 38 K>, (13)

plant

can be used directly for uptake into the above-ground parts of pasture plants.

For uptake by edible root crops, McKone (1994) modified the origina Travisand Arms (1988) equation
to incorporate information on uptake into plant roots described in other studies:

BTF,,, = 270 Ko, (14)

plant

where

BTF,ax = measureof uptakeinto plant roots expressed as mg contaminant/kg plant roots (fresh weight) over
mg contaminant/kg root zone soil (dry weight),
K ow = octanol-water partitioning coefficient for the organic chemical.

Octanol-water partitioning coefficients for organic chemicals are available from MEPAS (Strenge and
Peterson 1989). Other sourcesinclude Lyman et al. (1982), V erschueren (1983), Howard (1989), and Mackay
et al. (1992).

F.4.1.2 Deposition rate, d, and deposition velocity, V4
The deposition rate (d) is a measure of the mass of material deposited from air to a unit area of ground

per day. It can be obtained by multiplying the air concentration (pCi or mg/m®) by the deposition velocity (m/d)
(NCRP 1984). The air concentration can be measured at the height of the vegetation or at a reference height
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(i.e., 1 m), or it can be determined using the air mass loading approach recommended by Healy (1980). Using
the air mass|oading approach, the air concentration of the contaminant is the product of the soil contaminant
concentration and the concentration of soil particlesintheair. A reasonable default valuefor the concentration
of soil particlesin air is 100 ug/m® (EPA 1977, Healy 1980). Deposition velocity relates the concentration
above the surface to the deposition to the surface. The suggested default deposition velocity is 1000 m/d
(NCRP 1989). This value includes both wet and dry deposition and is near the middle of the range (172333
mv/d) reported for iodine by Peterson (1983). Therefore, the default deposition rate (mg/m?-d) is the product
of theair massloading factor (0.0001 kg/m?), the measured or model ed soil contaminant concentration (mg/kg),
and the deposition velocity (1000 mv/d).

F.4.1.3 Interception fraction, fg

The interception fraction accounts for the proportion of aerial deposition that is intercepted by plant
surfaces. The interception fraction varies with plant type and density of vegetation. NRC (1977) and NCRP
(1984) use a default value of 0.25 for pasture grasses and 0.2 for vegetable crops. NCRP (1989) used 0.25
as the default for both vegetables and pasture. However, Miller (1980) reviewed a number of studies and
reported arange of 0.02—0.82 for various grasses. The midpoint of thisrange (0.42) issuggested asthe default
valuefor usein the pasture plant modelsin this report. Interception fractions for vegetable cropsranged from
0.06-1.2 (Miller 1980), but 10 of 13 values were |ess than 0.49. The value of 0.42 used for pasture grasses
is also suggested as the default for vegetable crops. Breshears et a. (1992) examined a number of values and
determined that the geometric mean for the interception fraction was 0.39. The reader should note that there
is considerable variability in the interception fraction values. lodines exhibit a greater tendency to be retained
on vegetation. The default iodine value of 1.0 from NRC (1977) is recommended in this white paper for both
pasture and vegetable crops. The recommended valuefor interception of particlesdeposited by spray irrigation
is 0.25; thisisthe default value used by NRC (1977) and is within the range reported by Miller (1980).

F.4.1.4 Trandocation factor, T

The trand ocation factor is used to account for movement of contaminants from plant surfaces on which
they were deposited to the edible portions of plants. The edible portion of leafy vegetables and pasture grasses
aretheleaf surfaces, so thetranslocation factor is set to 1.0 for these plant types (NCRP 1984). Trand ocation
from leaf surfacesto the edible portion of nonleafy vegetables, fruits, and grainsis a consideration, but data
to support translocation values are limited. IAEA (1994) provides values for trandocation of 16 elementsin
grains. While the values range from 0.0004 to 0.3, nearly all were less than 0.1. Hinton (1994) discusses
trandocation of cesium, strontium, and iodine in winter barley and wheat, root vegetables, other vegetables,
and fruits. With the exception of potatoes (0.5), all valueswere <0.02. Therefore, the default value of 0.1 used
by NCRP (1984) for nonleafy vegetables appears to be adequate and is suggested for use here as well.

F.4.15 Plant yield, Y

Plant yield isused in deposition model sto account for the mass per unit surface areaupon which particles
are deposited. Data on yields of various plant types should be readily available on a site-specific basis. The
yield of pasture grassesin the Portsmouth, Ohio, areais 0.448 kg (wet weight)/m? (personal communication,
J. Fisher, Ohio State University Extension Service, 1995). Assuming pasture grasses are 75% water, this
translates to adry weight yield of 0.112 kg/m® The wet weight yields of pasture grasses, nonleafy vegetables,
root vegetables, and fruits in the Paducah, Kentucky, area are 0.448-0.896, 0.112-1.12, 0.224-1.12, and
0.112-1.12, respectively (personal communication, D. Wilson, McCracken County Extension Center, 1995).
The dry weight pasture yields are 0.112-0.224; the midpoint of 0.168 kg/m? is selected as the default value
for pasture yield in the Paducah region. It is unnecessary to convert yields for crops destined for human
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consumption to a dry-weight basis because human plant intake rates are generally given as wet weights. The
default values suggested for nonleafy vegetabl es, root vegetabl es, and fruits (0.62, 0.67, and 0.62, respectively)
represent the midpoints of the ranges provided by the county agriculture extension office. If site-specific data
areunavailable, adefault value of 2.0 kg (wet weight)/m? can be used for leafy and nonleafy vegetables (NCRP
1989). Yield of pasture grasses ranged from 0.04-1.59 kg dry plants/m? in the 257 studies examined by Baes
and Orton (1979). The median value of 0.33 kg dry/m? (Baes and Orton 1979) is recommended as the default
value for pasture grasses.

F.4.1.6 Weathering and decay constant, A¢

The weathering and decay constant accounts for removal of deposited material from plant surfacesasa
result of weathering processes and, for radionuclides, radioactive decay. The constant is estimated by adding
the radioactive decay constant for radionuclides, A;, to the quotient 0.693 divided by the weathering half-life,
t,- The weathering half-lifeisthe time required for haf of the originally deposited materia to be lost from the
plant (NCRP 1984). The default weathering half-life of 14 days used by NRC (1977), NCRP (1984, 1989),
and DOE (1995) is selected as the default in this report.

F.4.1.7 Above-ground exposuretime, t,

This parameter is defined as the time of above-ground exposure of a crop to contamination during the
growing season (NCRP 1984). While it varies with plant type and with the growing season for a particular
region (Hoffman et al. 1982), standard practice has been to use 30 days for pasture grasses and 60 days for
produce (NRC 1977, NCRP 1984, Whelan et a. 1987, DOE 1995). Thirty days for pasture grassesis meant
to represent animal grazing habits (Whelan et al. 1987), and 60 days represents the approximate growing time
for vegetable crops.

F.4.1.8 Plant mass loading factor, MLF

The plant mass loading factor is defined as the ratio of the mass of soil on vegetation per mass of dry
vegetation (Hinton 1992). It ismultiplied by the contaminant concentration in resuspendabl e soil to determine
the concentration of the contaminant deposited on the plant viaresuspension. While it would be better to have
site-specific mass loading factors, those from published studies can be used when site-specific values are
unavailable. Hinton (1992) provides a compilation of much of the literature on plant mass loadings.

Valuesfor anumber of vegetation typesand geographic areasrange over 2—3 orders of magnitude. While
mass |oading factors are usually presented in mg soil/g dry plant, the values used here have been converted to
kg soil/kg dry plant for direct input into the model. Mean plant mass |oadings for pasture range from <0.001
to 0.5 kg soil/kg plant (Hinton 1992). Much of the variation may be due to differences in estimation and
sampling methods. The default plant mass loading selected for pasture is 0.25 kg soil/kg plant. Pinder and
McL eod (1989) report amean plant mass|oading on lettuce in South Carolinaof 0.26 +0.10. Thevalueof 0.26
kg soil/kg plant is selected as the default for leafy vegetables. Plant mass loading factors are higher for
broadleaf cropswhoseleavesgrow closeto the ground surface (Pinder and McLeod 1988). Valuesfor nonleafy
vegetablesrangefrom 0.008 for soybeansto 0.21 for squash (Hinton 1992). The suggested default for nonleafy
vegetables is the approximate midpoint of this range, 0.11 kg soil/kg plant.

F.4.19Irrigation rate, Ir, and irrigation period, Ip

The irrigation rate and irrigation period define the amount and duration of water applied to crops.
Irrigation of pastureisnot acommon practicein eastern Tennessee, southern Ohio, and southwestern Kentucky
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because average rainfall amountsin these areas are adequate for pasture growth. However, irrigation of crops
isacommon practice. Idedlly, site-specific dataonirrigation rates should be used. DOE (1995) reportsavalue
of 3.62 L/m?-d obtained from the Roane County, Tennessee, extension agent; thisisthe default irrigation rate
value. A default irrigation period of 0.25 is selected assuming crops will be irrigated three months out of the
year. These defaults correspond to irrigation rates of approximately 32.5 cm (12.8 in.) per growing season.

F.4.1.10 Root zone soil density, P

While plant rooting depths vary depending on species and soil conditions, atypical depth usedin anumber
of exposure modelsis 15 cm (NRC 1977, NCRP 1984, Peterson 1983). Thisis considered atypical depth for
the plow layer. Soil density (kg/m?) is multiplied by the rooting depth to obtain the root zone soil density, or
ared soil density, in kg dry soil/m?. McKone (1994) and Peterson (1983) use 1600 kg/m? as a typica soil
density. Multiplying 1600 kg/m? by the typical plow layer depth of 0.15 m resultsin aroot zone soil density
of 240 kg/m?; thisisthe recommended default value, which iswell within the 95% percentile range of 170-267
reported by Hoffman et al. (1982) and is the same as that used by NRC (1977) and NCRP (1984).

F.4.1.11 Removal constant from sail, A

Therate of contaminant removal from soil isusually equated with the radioactive decay constant (Baker
et a. 1976, NRC 1977). However, if contaminant build-up time is estimated over thousands of years, other
loss mechanisms (harvesting, leaching) should also be included (NCRP 1984). DOE (1995) estimates Ag as
the sum of the radioactive decay constant (0.693/radioactive half-life) and the rate constant for losses due to
harvesting and leaching. NCRP (1989) uses a 70-year removal half-time of 0.000027/d for harvesting and
leaching; thisis near the geometric mean (0.000067) and within the 95% range ( 0.0000012—0.0037) for losses
from soil by means other than radioactive decay reported by Hoffman et a. (1984).

F.4.1.12 L ong-term deposition and buildup, t,

The time for buildup of contaminants in soil depends on the duration of deposition; this should be
determined on a Site-specific basis. The default value (10,950 days) used by DOE (1995) and NCRP (1984,
1989) is based on a 30-year build-up time. The normal operating lifetime for anuclear facility is30-40 years.
NRC (1977) used 5475 days assuming abuild-up time of 15 years. The default suggested hereis 10,950 days,
but site-specific values are preferred.

F.4.2 Animal Models
F.4.2.1 Biotransfer factor, BT Fio4-tissue

The ratio of contaminant concentration in animal tissue (mg contaminant/kg tissue, wet weight) to daily
intake (mg contaminant/d) is defined as the biotransfer factor. It isameasure of how much of what an animal
ingestsisactualy transferred to tissue. For estimation of human exposures, muscleisthetissueof interest. The
BTF (d/kg) is multiplied by a species-specific food ingestion rate (kg/d) and by contaminant concentration in
food (mg/kg) to obtain an estimate of the concentration in meat in mg contaminant/kg meat. BTFs are both
chemical- and species-specific. In addition, they are influenced by site conditions, so site-specific values are
preferred, when available.

BTFs are unavailable for many livestock species and are limited for tissues other than muscle. EPA

(1993a) proposed normalizing availabletransfer factorsbased on lipid content of the organismsinvolved. Using
this approach, cattle BTFs can be converted to BTFsfor other species by dividing the published BTF by the
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fat content of acow (25%) and multiplying theresult by thefat content of the speciesof interest. Thisapproach
may be reasonable for extrapolating to other ruminants (cattle, sheep, goats, and deer are all ruminants), but
extrapolation to nonruminants (i.e., swine) or nonmammals (chickens, ducks, geese, turkeys) is highly
uncertain. As a general practice, because beef has a relatively high fat content, use of beef BTFs for other
ruminants, particularly goats and deer, should result in conservative exposure estimates.

Beef and milk. BTF values for beef and cow's milk are available for inorganic elements in a number of
published reviewsof BTF literature (Ng et a. 1982, Baeset al. 1984, NCRP 1989, IAEA 1994). Use of values
from primary studiesisencouraged. Where valuesfrom published compilations areto be used, valuesin IAEA
(1994) are preferred because they represent the most recent compilation. VValues for elements not included in
the IAEA report should be obtained from NCRP (1989) or Baes et al. (1984), in that order.

Specific studies on transfer of organic chemicals from food to meat or milk are limited. In the absence of
specific studies, the relationship between the BTFs and octanol-water partitioning coefficient for organic
chemicals derived by Travis and Arms (1988) can be used. These equations, as transformed by McKone
(1994), are:

BTF o e = 2.5 X 10°8 Kow (15)
BTFfood—miIk =79 X 10_9 Kow ’ (16)

Sheep, swine, goats. BTFsfor sheep, swine, and goats are unavailablefor many chemicals. IAEA (1994)
presents sheep-, swine-, and goat-specific valuesfor 16, 18, and 7 inorganic elements, respectively. If specific
studies are unavailable for a chemical, use of beef-derived BTFs is acceptable. However, the uncertainty
involved in use of beef-derived vaues for other species should be recognized when interpreting exposure
estimates and risk results.

White-tailed deer. BTFsfor deer aregenerally unavailable. Goat valuesfrom |AEA (1994) are probably
the most appropriate for use for deer because of similaritiesin diet and morphology. If specific studies are
unavailable, use of beef-derived BTFsis acceptable. However, the uncertainty involved in use of beef-derived
values for deer, which have significantly less body fat, should be recognized when interpreting exposure
estimates and risk results.

Poultry and eggs. BTFsfor birds are unavailable for many contaminants. Chicken and egg BTF values
for some inorganic elements are available in reports by IAEA (1994) and Peterson (1983). McKone (1994)
provides an equation relating K,,'s for organic chemicals to food-to-egg BTFs:

BTFioog e = 8 X 10° K, (17)

A search for specific studies should be conducted to obtain bird-specific valuesfor other inorganic and organic
chemicals. Use of beef values for birdsis not acceptable.
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F.4.2.2 Food ingestion rate, | Ry

Animal food ingestion rates are widely available in the open literature, sometimes reported as wet weight
and sometimes as dry weight. Because the BTFsfor plants are generally reported on adry-weight basis, daily
food intake rates should also bein dry weight. I1deally, daily food intake rates for species of interest would be
obtained from local agriculture extension offices. However, if acceptable data are unavailable, default values
can be obtained from reviews by Hoffman et al. (1982), IAEA (1994), or McKone (1994). IAEA (1994)
provides dry-weight ingestion rates for beef and dairy cattle, sheep, goats, swine, chickens, and laying hens.
Because this report provides data for most species of interest rather than just beef and dairy cattle, it isused
as the source for default values suggested in Table F.2.

Food intakeisdriven by energy requirements. Animal size, age, activity level, reproductive condition, and
environmental conditions al influence energy requirements. Extensive research on the energy requirements of
beef and dairy cattle, sheep, swine, and poultry under different conditionsissummarizedin NRC (1987). Food
intake for animals of aparticular size, age, or condition can be estimated using information provided in NRC
(1987).

White-tailed deer. Food ingestion ratesfor deer arelesswidely availablethan arethosefor cattle. Mautz
et al. (1976) report food ingestion of 1.74 kg/d, wet weight. Assuming leaves of dicotyledonous plants, which
are common deer foods, are 85% water (EPA 1993b), this trandates to a dry matter intake of 0.26 kg/d.

F.4.2.3 Fraction of year on site, f;

This parameter accounts for the period during the year in which an animal is likely to be exposed to
contaminantsonthesite. For livestock, thisisthetime on pasture. In somegeographic regions, animalsareonly
on pasturefor aportion of theyear. The default valuefor beef and dairy cattle used by NCRP (1984) and DOE
(1995) was 0.4, assuming animals are on pasture 4-5 months out of the year. Clearly, site-specific values are
desirable as grazing practices vary considerably with geographic region.

Sheep and cattlein the Paducah, Kentucky, areaare often on pasture year-round while swine and chickens
are not on pasture at al (D. Wilson, McCracken County Extension Center, personal communication to A.
Obery, 1995). Therefore, the recommended value for sheep and cattle in thisareais 1.0.

The recommended value for swine and chickensis 0. In the Portsmouth, Ohio, area, cattle and sheep are
on pasturefor about 9 months and pigs are on pasturefor 8 months (J. Fisher, Ohio State University Extension,
personal communication to A. Obery, 1995). If pigs are younger than 8 months when slaughtered, this value
should be adjusted to age at slaughter. The recommended f;, values for the Portsmouth area for cattle, sheep,
and swine are 0.75, 0.75, and 0.67, respectively. Y ear-round grazing of cattle and sheep is common practice
in the southeast (Hamby 1992), so a default value of 1.0 is recommended when site-specific data are
unavailable. For pigsand chickens, which are generally raised in pensor coops and maintained on commercial
feeds, time on pasture is limited, and a default of O is suggested.

F.4.2.4 Fraction of food from site, f,

Supplemental feeding of livestock on pasture is a common management practice; therefore, a parameter
to account for the fraction of an animal’'s daily food ingestion that comes from a site has been included in the
animal exposure model. Thisis generally the fraction of the diet that is fresh pasture while an animal is on
pasture for most livestock. As with f,, site-specific values should be obtained for f; by contacting local
agriculture extension agents. In the Oak Ridge, Tennessee, area, beef cattle obtain 85-90% of their food from
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pasture, and dairy cattle obtain 60% of their food from pasture (P. McCallie, Roane County Agriculture
Extension, personal communicationto F. Dolidager, 1995). In the Paducah, Kentucky, area, beef cattle obtain
95% of their food from pasture, and dairy cattle obtain 30% of their food from pasture (D. Wilson, McCracken
County Extension Center, personal communication to A. Obery, 1995). In the Portsmouth, Ohio, area, cattle
are assumed to obtain 100% of their food from pasture (J. Fisher, Ohio State University Extension, personal
communication to A. Obery, 1995). Dairy cattle are unlikely to obtain 100% of their food from pasture as
supplemental feeding is a standard practice. Assuming dairy practices in the Portsmouth area are similar to
those near Oak Ridge, the default value recommended for dairy cattle in the Portsmouth areais aso 60%. In
the absence of site-specific data for sheep and goats, data for beef are the suggested defaults.

F.4.2.5 Soil ingestion rate, IRy

Soil ingestion by animals can be asignificant exposure route. Animals may ingest soil incidentally during
grazing or grooming activities or deliberately in search of minerals. The amount of soil ingested varies
seasonally, by species, and with changing environmental conditions. Site-specific data on soil ingestion rates
are generally unavailable, so values must be obtained from the literature.

Beef and dairy cattle. Soil ingestion ratesfor cattle are much lessthan 2 kg/d, and areasonabl e estimate
would be between 0.25 and 0.5 kg/d (Smith 1977). McK one and Ryan (1989) summarized 6 studiesand report
mean soil ingestion rates of 0.39 and 0.41 for beef and dairy cattle, respectively. However, Zach and Mayoh
(1984) suggest that soil ingestion may range from 0.1 to 2.2 kg/d. Mayland et al. (1977) reported ingestion
rates of 0.73 and 0.99 kg/d in June and August, respectively. IAEA (1994) estimates soil ingestion by grazing
cattle at about 6% of dry matter intake. Assuming dry matter daily intake of 16.1 kg, daily soil ingestion would
be about 1 kg. DOE (1995) used adefault of 1 kg/d, and thisvalueisalso suggested asthe default in thiswhite

paper.

Sheep. Sheep soil ingestion rates vary from near 0 to 27% of dry matter intake (McMurter et a. 1993).
Assuming a dry matter intake of 1.3 kg/d, soil ingestion could be as high as 0.35 kg/d. However, mean soil
ingestion rates reported by Fries (1982), Field and Purves (1964), and McMurter et al. (1993) were al less
than 0.1 kg/d. IAEA (1994) estimates soil ingestion by grazing sheep to be 10% of daily food intake. The
default value recommended for useis 0.13 (10% of 1.3 kg dry food/d).

Goats and white-tailed deer. Soil ingestion rates for goats were unavailable. However, Beyer et al.
(1994) report soil ingestion by deer of <2% of diet. Assuming goat soil ingestion would be similar to that for
adeer and that goat food intakeis 1.3 kg dry food/d, soil ingestion by goats would be 0.03 kg/d. Assuming soil
ingestion to be 2% of the diet, soil ingestion by white-tailed deer is 0.005 kg/d.

Swine. McMurter et al. (1993) report soil ingestion by pigs ranging from 1.2 to 8.0% of total dry matter
intake with a mean of 4.1%. Assuming a daily food intake of 2.4 kg, soil ingestion would be 0.10 kg/d with
arangeof 0.05t00.19. The average value of 0.10 kg/d is suggested as the default soil ingestion rate for swine.

Chickens. Chickensrequiregrit in their diet to aid digestion, and 2% grit by weight in the diet is thought
to be optimum (NRC 1984). Therefore, it is assumed that soil intake by chickens is 2% of daily feed intake
(McKone1994). If daily feed intakeis0.07 kg dry food, then the soil ingestion rate for chickensis0.0014 kg/d.
F.4.2.6 Fraction of area that is contaminated, f,

The fraction of the site that is contaminated represents the fraction of soil ingested that is likely to be
contaminated. If only half of asiteisaffected by contamination, presumably only half of the soil ingested would
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contain contaminants. This assumes that animals graze equally over an entire pasture or site. The size of the
sitein relation to the amount of pasture required per animal should be considered when estimating the fraction
that is contaminated. In addition, local management practices such as rotating animals from one pasture to
another may influence exposures. Thisparameter must be determined on asite-specific basis. Thedefault value
of 1.0 is conservative and assumes the entire area is contaminated.

F.4.2.7 Water ingestion rate, IR, ;e

Animal water ingestion ratesvary considerably by species, dry matter intake, body size, productivity, and
environmental condition. Ideally, water ingestion rates should be obtained on a site-specific basis for each
species of interest.

Beef cattle. For beef cattle, 50 L/d iscommonly used asadefault water ingestion rate (NRC 1977, NCRP
1984, Whelan et al. 1987, DOE 1995). IAEA (1994) lists arange of 20-60 L/d for a 500-kg beef cow. In the
absence of site-specific data, 50 L/d is recommended as the default water ingestion rate for beef cattle. The
water ingestion rate to be used for beef cattle in the vicinity of Paducah, Kentucky, is 37.8 L/d (D. Wilson,
McCracken County Extension Center, personal communication to A. Obery, 1995).

Dairy cattle. Adequate water intake is extremely important for dairy cattle; restricting water intake
decreases milk production (NRC 1989). NRC (1989) provides an equation for estimating water intake based
on dry matter intake, milk production, sodium intake, and minimum daily temperature. NAS (1972) reports
water intake of 90 L/d for lactating dairy cattle. NRC (1981) notes that the estimated water requirement for
cattleis3.5t0 5.5 kg of water/kg dry diet. Assuming adry diet of 16 kg/d, thiscorrespondsto arange of 5688
L/d. IAEA reports a range of 50-100 L/d. The midpoint of both these ranges is about 75 L/d, and this is
suggested asthe default value for water intake by dairy cattle in the absence of site-specific data. Dairy cattle
in the Paducah region ingest about 56.8 L/d (D. Wilson, McCracken County Extension Center, personal
communication to A. Obery 1995)

Sheep. Water ingestion by sheep ranges from 4-8 L/d (NAS 1972, IAEA 1994). A value of 6 L/d is
selected as the default value.

Goats. Water ingestion by goats ranges from 5-10 L/d (IAEA 1994). Bond and Straub (1975) report
water intake of 8 L/d, and thisis suggested as the default value for goats.

White-tailed deer. Water ingestion by deer varieswith body size and environmental conditions. Lautier
et a. (1988) report mean water intake of 3.61 L/d (range 1.4-13.5) for white-tailed deer. The mean value of
3.61 L/d is recommended as the default water ingestion rate for deer.

Swine. IAEA (1994) reports water ingestion rates by 110 kg pigs range from 6-10 L/d. Fattening pigs
weighing 60-100 kg drink about 8 L/d (NAS 1972). Average slaughter weights of pigs in the Paducah and
Portsmouth regions are about 110 kg. A default water ingestion rate of 8 L/d is suggested for pigs.

Chickens. It is generally assumed that birds drink approximately twice as much water as the amount of
food they eat on aweight basis, but intake can vary substantially with environmental conditions, species, and
size (NRC 1994). Daily water ingestion by chickens varies from 0.1 to 0.3 L/d (IAEA 1994). The
recommended default value is 0.2 L/d (NAS 1972).
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4.2.8 Fraction of daily water intake from site, f,,

The fraction of an animal's daily water intake that is obtained from water at a site should be determined
on a site-specific basis. Generally, animals are assumed to obtain 100% of their water from the site (default
value=1.0) unlesssite conditions or management practicesare known toinfluence accessto site-related water.
The reader should note that water ingested by animals may be groundwater pumped to water troughs.

F.5. SUMMARY

This report presents and describes exposure models for determining contaminant concentrationsin leafy
and nonleafy vegetables, beef, milk, and other animal products. In addition, default values are recommended
for al model parameters (Tables F.1 and F.2). Site-specific data are preferred, but it is not aways possible
or practical to obtain site-specific data for all parameters. Results from the models are input directly into
standard equationsfor estimating chronic daily intake by humansto support risk assessment efforts. Whilefood
chain exposures can be significant, they do not need to be evaluated at al sites. The ER Risk Assessment
Program Manager should be consulted when determining the need for eval uating food chain exposuresat asite.
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Appendix G

GUIDE FOR DETERMINING EXPOSURE UNITS



G.1. INTRODUCTION

Calculation of the contaminant concentration is an important step in the exposure modeling process and
ultimately inthefinal risk assessment. Typically this concentration is some statistic of the available data used
to represent the site contamination level. The U.S. Environmental Protection Agency (EPA) advocatesthe use
of the upper 95% confidence limit on the mean, citing it as a reasonable exposure value (EPA 1989). Many
factors can influence the calculation of the concentration; severa of these factors are presented in this white
paper: exposure unit size, sampling scheme, spatial correlation, temporal factors, and detection limits. Any one
of thesefactorscan severely impact an analysisand must be dealt with appropriately. Thiswhite paper presents
methods and, in some cases, guideline recommendations for addressing these factors. It is important to note
that each decision or estimate be technically defensible and applicable to the site being considered.

An exposure unit defines the physical space in which an individual will be affected by a particular
contaminant (radionuclides, metals, organics, etc.) and in which the nature of the contamination can change.
An example of an exposure unit could be the size of an individua’ s backyard. The contaminant concentration
used in risk assessment usually depends on an areal average, and the exposure unit definesthe areaover which
this averageistaken. Therefore, the definition of the exposure unit has asignificant effect on the risk outcome
since it directly affects the contaminant concentration used in risk calculations (leading to values for
carcinogenic risk, noncarcinogenic hazards, chronic daily intakes, etc.). However, it is difficult usually to
guantify such unknowns asthe size of aresidentia lot, afarm, or arecreation area. Asaresult, concentrations
can be estimated either over- or under-conservatively.

The sampling design can play a significant role in calculations. From a statistical standpoint, an ideal
sampling design would bearandomly distributed set of samples; however, thisisrarely the case sinceresources
are spent characterizing areas of interest to identify hotspot or plume boundaries. Such schemes are called
preferential sampling and can severely inflate mean estimations. This white paper presents methods to
compensate for this design and derive better estimations.

As mentioned previoudly, the upper 95% confidence limit on the mean is typicaly used as the
representative value for contamination, which isintended to maintain a certain degree of conservatism in the
analysis. However, the level of conservatism that is reported can be overstated in the presence of spatial
correlation, which refers to the fact that contamination data are usually not completely independent
observations. Applying traditional methods of analysis to such data can lead to confidence limits that are
underestimated. For example, one could construct a confidence interval for the mean of correlated datathat is
reported as a 95% level of confidence when in redlity the confidence interval is only 60%. Methods for
addressing thisissue to arrive at true limits are presented in this report.

The common use of detection limits provides limitations in interpreting environmental data. In the
collection and analysis of contaminant concentrations, there is a certain level below which accurate
determinations are not possible; these are usually reported as less than the detection limit (DL). From a
statistical standpoint this presents a problem. Concentrations above the DL are numerical, while those below
are categorical. Incorporating these measurements is important because they provide additiona information.
Thiswhite paper presents several methodsfor dealing with DL sthat have had practical vauein environmental
applications and have been used in determining exposure concentrations.

This report addresses each of these issues, providing general guidelines and making recommendations
where appropriate. Thefirst section deal swith defining exposure unit sizesusing available dataregarding land
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use scenarios. The second section assumes that the exposure unit has been defined and presents methods for
improving cal cul ations on that exposure unit. Section G.3 addressesthe problem of detection limits, while Sect.
G.4 returns to defining exposure units and demonstrates how geostatistics, a form of spatial analysis, can be
used both separately and within the framework of Sect. G.1 to define exposure units. In addition, this white
paper serves to provide guidelines that will assist in many decisions.

G.2. EXPOSURE UNITS

As stated previously in Sect. G.1, an exposure unit defines the physical space and/or duration of timein
which an individual will be affected by aparticular contaminant and in which the nature of the contamination
can change. The exposure unit is used in the risk assessment exposure equations to calculate the exposure
concentration; therefore, the exposure unit can have a significant impact on the resulting risk estimate. Figure
G.1 presents an exampl e contamination problem (note that alighter color denotesalower contamination level).

260 pCi/g

305 pCi/g

<

Hot spot

Figure G.1. Agricultural scenario

The well-defined hotspot in the center contains a maximum activity of 400 pCi/g for 2¥U and then quickly
dissipates to background. If one defines the farm size to be the area of contamination, then the mean
concentration is high (305 pCi/g"). If one defines the farm to cover the size of the entire plot, then the mean
concentration (260 pCi/g) and resulting risk level are much lower. The decision to remediate likely will change
based on the farm size chosen. This assumption will hold true for each type of media (soil, sediment,
groundwater, and surfacewater) in each pathway considered (ingestion, dermal contact, radionuclide exposure,
ingestion of biota in contact with the media, etc.).

In the previous example, it is not possible that an entire agricultural scenario could be supported by a 10
ft x 10 ft land area. However, due to the difficulty in defining an alternative unit size, there is an incentive to
use the most conservative approach, which can lead to an unrealistic risk assessment. A discussion of each
mediatype is presented in the following subsections.
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G.2.1 Sail

Determining the size of an exposure unit for any scenario in asoil contamination problem isan important
factor in establishing the overall human health risk. Whilethe factors contributing to the size determination are
usually site specific, general issues must be addressed from site to site. Thiswhite paper seeksto clarify those
issues and pose ageneral recommendation for an example area (particularly the Oak Ridge, Tennessee, area).
The following factors are discussed:

*  Three soil exposure unit scenarios

*  Theimpact of defining the exposure unit size

* Adigribution of land use sizes for the example area (Oak Ridge)

+  Statistics of each land use distribution as a reasonable exposure unit size

Conditions that contribute to determining the unit size vary widely from site to site. With respect to soil
contamination which istypically aslow or stationary advective process, there are three general scenarios that
can occur with the definition and positioning of an exposure unit:

1. asingle contamination zone within an exposure unit,
2. multiple contamination zones within an exposure unit, and
3. anexposure unit within a contamination zone.

The size of the exposure unit is the area in which the representative contamination concentration will be
averaged. It is an important consideration because the larger the area, the smaller the exposure unit
concentration will become eventualy. Currently, the consequences of an underestimated risk calculation
provide incentives to use the most conservative unit size; eg., the area of the worst contamination. To
demongtrate the influence of area averaging, the three general scenarios, with increasing exposure unit sizes
and associated unit averages, are presented in the following example.

For the first scenario, a hotspot, which is 10 ft x 10 ft with measured vaues of 150 pCi/g of uranium,
islocated in the center of the exposure unit. The exposure unit is increased in increments of 100 sq ft across
clean soil outward to 800 sq ft with alength and width of approximately 28 ft as shown in Figure G.2. Figure
G.3 demonstrates the resulting exposure unit concentration with each increment.

In the second scenario, multiple hotspots exist on asite. Figure G.4 illustrates how the site concentration
behaves as the size of the exposure unit increases and encompasses other zones. Since the percentage of the
exposure unit that is contaminated fluctuates as other zones are encountered, the effect is better reflected by
presenting the length and width of the exposure unit. Note that since the unit is assumed to be a square, the
length and width are equal.



Figure G.2. Theincremental increasesin unit size used for calculation in Figure 3
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Figure G.3. Exposur e concentration as a function of the per centage of the exposure unit contaminated
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Bxpoaure Unit Szeand Ste Conoantration

Site Concentr ation

Exposure Unit Size (ft)

Figure G.4. Behavior of exposure concentration as unit encompasses multiple hotspots

The third scenario is similar to the first with respect to a particular exposure unit. As the unit increases
or decreases, the exposure unit average can fluctuate up or down as it encounters lower and higher
concentration values. The fundamental difference occurs when the following example situation is posed:
Suppose that one wishes to remediate a contaminated site that is quite large. It is quite reasonable to propose
that multiple exposure units could exist within the site (e.g., residentid). In this example, the site has been
divided into .25-acre blocks as in Figure G.5.

32 23 27 34 |37 54 65 |37 23 26 37 18

26 34 71 83 110 | 110 | 80 73 | 41 41 21 23

41 40 100 | 100 | 120 | 120 | 110 | 80 18 32 34 29

29 19 22 73 100 | 100 | 80 34 34 23 22 19

18 41 40 54 27 |65 34 41 29 32 26 17

17 21 27 19 19 26 22 21 18 17 23 26

Figure G.5. Division of site with block average recorded in each section
At this point, two decisions about exposure unit sizes are possible. First, one can consider an exposure unit to

be either of size .25 acres (equal to one of the blocks), or second, the entire site can be considered the exposure
unit. The decision to remediate is set at an areal average of 50 pCi/g. In the first case, approximately 20
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exposure unitswould have to be remediated because their block concentration exceeds 50 pCi/g. Inthe second
case, the site would be passed as clean because the site average concentration (average of the blocks) is 44
pCi/g. Figure G.6 demonstrates the effect of exposure units on this decision rule for each decison level. The
effect for both decision rulesis presented when cleaning the blocks from greatest to least contaminated.

Comparison of Two Exposure Unit Sizes
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Unit Equals .25 Acre - ------ Unit Equals Entire Site

Figure G.6. Effect of exposur e unit on exposure-based clean-up criteria

Thesecond decisionisan unlikely choice, especially for theresidential scenario. However, onemay argue
that many houses may exist on lots larger than .25 acres.

G.2.1.1 Recommendations

To provide some insight into defining unit sizes for the local Oak Ridge area, the State Tax Assessors
office was contacted, and data about property sizesfor Anderson and Roane countieswere assimilated. These
distributions are shown in Figure G.7 and can provide abasisfor determining unit sizes; however, they must
be considered along with site-specific problems. Asageneral guideline for determining exposure unit size for
areal averaging, it is recommended that the lower 5th percentile be used. It is important to note that data for
recreational use were not available. The vertical size of the exposure unit is 02 ft for all scenarios except
excavation. For the excavation scenario, 010 ft should be used (Miller et al. 1995). Thelower 5th percentiles
are asfollows:

Pathway Lower 5th percentile (acres) Median (acres)
Residential .16 6

Agricultural 15 32

Industrial 5 3.7
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Figure G.7. Acreage by land use for Anderson and Roane counties
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The purpose of defining exposure unit sizes is to provide guidance on the area to be considered for
computing acontaminant concentration that areceptor will be exposed to in the above pathways. It isnot meant
to suggest sampling schemes. For example, adequately mapping the spread of contamination at a Site may
require a number of samplesin a0.16 acre plot or very few in a 15 acre plot, depending on characteristics of
the site and contaminants of concern. Issues relevant to sampling schemes will be discussed in Sect. G.3.

G.2.2 SEDIMENT

An exposure unit for sediment, like soil, defines the area of sediment that a receptor is likely to contact.
The same complications in calculating an exposure unit for soil apply to sediment. Consider the case of a
hotspot of contamination located on the shore of awaterfront park and the recreational exposure pathway of
fishing at the shoreline. Perhaps an individual consistently fishes in the area of worst contamination. The
exposure unit concentration could then be the maximum concentration at the hotspot. If the receptor moves
along the shore while fishing, the exposure unit will represent in large part uncontaminated sediment, and the
exposure unit concentration will decrease accordingly. Thereisacritical difference between deriving exposure
unitsfor soil and sediment. A subsistence farm cannot be supported on a 10 ft x 10 ft section of land; however,
it is not impossible for an individual to fish at the hotspot.

Determining the size of an exposure unit for consideration of human health risk from contact with
sediments may not be ascritical asfor soil dueto lesstime being spent in contact with sediment. For example,
theyearly exposure timesthat the U.S. Nuclear Regulatory Commission (NRC 1977) recommends (in lieu of
site specific data) for contact with sediment are:

e 12 hours, maximally exposed adult

* 8 hours, average exposed adult

* 67 hours, maximally exposed individual (all age groups)
e 47 hours, average exposed individual (all age groups)

In addition, sediment provides fewer pathways for exposure (i.e., thereis no plant uptake from shoreline
sediment). However, deriving reasonable guidelines for exposure unit sizesis more difficult because exposure
to contaminated sediment can be highly localized. This section will discuss contact with in-place sediment
through recreational scenarios only. Dredged sediment which is then spread over land areas can be treated as
soil for the purpose of this analysis.

Estimation of sizes of exposure units for sediment can be done in a smilar fashion as that for soil.
Suggestions for determining possible exposure unit sizes for the Oak Ridge area will be presented in this
section. The following topics are discussed for sediment:

»  Sediment exposure unit scenarios
*  Theimpact of determining a certain exposure unit size
»  Exposure unit size recommendations

Determination of exposure unit sizesfor sediment can be partitioned into the samethree general exposure
scenarios as for soil, athough sediment contamination is potentially a much more dynamic process than soil
contamination. The genera situation of a park constructed (or to be constructed) along a waterbody will be
used to explain each scenario. Figure G.8 presents an example recreationa area
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Lake
or River

Figure G.8. Hypothetical recreational area

Exposureto sediment can occur during play (for children) or recreation (fishing) along the stream or lake
shoreline. Only avery narrow band of exposed sediment will be available for contact (although more sediment
would be available during very dry periods or TVA drawdowns). Figure G.9 shows that little error is
introduced by assuming that sediment contaminant concentrations vary only along the shoreline direction.

Only contact with exposed sediment along the shore is being considered in this example, with risk to
humansfrom the samedirect exposure pathwaysasfor soil (dermal exposure, ingestion, and external exposure
to radionuclides). Dermal contact while swimming isusually less significant (one possible additional pathway
is ingestion of sediment suspended by the action of the swimmers themselves; this pathway will not be
considered herein).

Thusfar, sediment exposure has been discussed asthough the same contamination situations common for
soilsalso apply to sediment. However, contamination of sediment occursinamuch more dynamic fashionthan
for soil. Hotspot contamination resulting from a single spill or immediate area storage leak, one of the most
likely contamination situations for soil, is much less likely for sediment. Even if such a point release does
occur, significant diffusion of the hotspot will occur over what could be a fairly short time frame, due to
additional sediment accumulation (burying the contamination), mixing (water level variation, wave action in
lakes, stream currents and eddies), and water borne diffusion. A groundwater plume, or runoff from a nearby
facility, could enter a water body and cause a localized increase in the sediment contamination level. One
should consider determination of exposure unit concentrations for the case of one or more localized
contaminated areas (hotspots) lying along the shore within the park boundary. As the exposure unit spreads
along the shoreline, additional contaminated areas are incorporated. A pattern of fluctuation in the exposure
unit concentration results, as the exposure unit increases and encounters contaminated zones. Choosing all the
shordine in apark as the exposure unit may underestimate the upper percentiles of the potential exposure if
contaminants are unevenly distributed.
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More likely, contamination of sediments will result from contamination in the water column absorbing
onto suspended material, which then settles out as the top layer of sediment. The source of contamination to
the water could be of point or non-point (atmaospheric) origin. In any case, sediment concentrations along the
directly affected waterway or streamwill vary gradually over space. At anintersection with another waterbody
the concentrations in sediment may change gresatly but then will change gradually in the new waterbody (only
in the downstream direction for the case of a contaminated stream entering ariver).

Contaminated sediment may be present throughout an areawhere more than one exposure unit may exist.
Anexampleisto consider a contaminated stream entering alake located where thereisthe potentia for apark
to be established on the site (Figure G.10). In this case, it is likely that the contamination is the result of a
contaminated water column, with concentrationsthat vary slowly along each waterway segment inthe park (the
feeder stream and the lakeshore). If the size of the park is chosen as the exposure unit, the exposure unit
concentration will vary depending on the structure of the park and how much lake sediment is contained versus
how much of the more contaminated stream sediment is in the park boundaries. The exposure unit
concentration will vary relatively gradually with park boundary changes; this may be the most likely scenario
to be encountered.

® Contamination

current

Lake
or River

Figure G.10. Contamination scenario

It may be difficult to determine an exposure unit for sediment due to the uncertainties in recreational
scenarios. Asaguideline, three broad classes of sediment exposure unit scenarios are outlined in thefollowing
discussion.

In the first scenario, all the shoreline in a park is the exposure unit. This will present an opportunity to
find the exposure concentration for those who jog or canvas the shorelinein low-flow conditions. Choosing all
the available sediment as the exposure unit also correlates well with the most likely case of widespread
contamination, as discussed previously.

In the second scenario, smaller ranges of shoreline should be defined as exposure units based on the
potential for individualstointensively useasmaller range of the shoreline. Thismay apply well to adult fishers,
who may fish random sections adjacent to fishable waters while ignoring shorelines adjacent to small streams
or shallow water. Similarly, only certain segments of the shoreline may be used for swimming. Local datamay
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potentially be used for this determination, if they are of sufficient detail to decide on sections of shoreline most
likely to be used. For these situations, the exposure unit should be defined as a small range of the shoreline
while encompassing the hotspot(s), if present. The minimum of the upper 95% confidence limit on the mean
and the maximum detected concentration should again be used as the exposure concentration.

In the third scenario, assume that the highest concentration encountered will be used as the exposure unit
concentration. This could be used as aworst case scenario when the most contaminated point on the shoreline
isavailableto park users. Thisscenario, unlikefarmsentirely withintiny hot spot zones, is possible. That point
on the shore could be the best fishing spot or most attractive play area for children, and it is possible (if
unlikely) that these receptors may spend much of their timein one such location. In this case, no determination
of the exposure unit size is needed.

Following a determination of the sediment exposure unit size and concentration, an additional step may
be required to account for the spatia aspects of shorelinesin the calculation of risk if using equations based
on soil. To deal with the geometry of shorelines for the case of external exposure to radionuclides, the U.S.
Department of Energy (DOE 1988) recommends applying dose-reduction factors for calculating exposuresto
photons and el ectrons emitted from shordlines. These factors reduce the dose one would receive from soil of
an identical contaminant level. For exposure to soil, an infinite contaminated ground surface is assumed, and
photons and electrons originate from al directions and distances about an individual. However, in sediment,
photons and electrons originate from only a narrow band of shoreline. The dose-reduction factors account for
the smaller areathat emissions originate from in shoreline sediment. For photons, these factors are:

. 0.1 for adischarge cana bank,
. 0.2 for river shordlines,

. 0.3 for lake shores,

. 0.5 for ocean shores, and

. 1.0 for tidal basin.

It isimportant to notethat asthe shorelineincreasesin width, therisk from sediment becomesincreasingly
similar to that from soil. In fact, tidal basins are wide enough to be considered an infinite ground surface for
external exposure to radionuclides. For electrons, it is suggested to use 1.0 as the dose-reduction factor for al
shore types. Electrons have a very short range in air, so only a very small area about an individua would
contributeto adose. It isreasonable and conservative to assumethat thisareamay not extend beyond thewidth
of even anarrow shore, so therisk from sediment and soil are comparablefor el ectrons. Dose reduction factors
are not applicable to dermal exposure and ingestion, which are direct contact pathways.

G.2.2.1 Recommendations

Determination of sediment exposure units for recreationa pathways depends not only on ste
characteristicsbut recreational behavior patternsaswell. Defining theentireshorelinein apark astheexposure
unit applies well to the most likely case of widespread contamination and wide-ranging (walking, jogging)
activities. For varying contamination level sinside apark, using asegment of shoreline encompassing theworst
of the contamination as the exposure unit is a reasonable and conservative approach, especially for patterns
of activity that may not use extensivelengthsof shoreline (fishing, swimming). Most conservatively, thehhighest
leve of contamination can be used asthe exposure concentration. It ispossiblefor areceptor to haveafavorite
shoreline spot, which could correspond to the most contaminated location.
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G.2.3 Groundwater

Thedetermination of representative exposure concentrationsin groundwater presentschallengesdifferent
fromtheother exposuremedia. Groundwater concentrations, like other environmental variabl es, are continuous
over space and time. However, the difficulties of measuring groundwater at every point and the expense
associated with groundwater sampling often leads to data sets that are somewhat incomplete. These
uncertainties must be addressed when deriving the concentration term. Simply finding the upper 95%
confidencelimit on the mean for the available analytical datamay not always be sufficient to support decision-
making. In addition, the upper 95% confidence limit on the mean can be affected by a number of factors that
affect the calculated value: the size of the defined exposure unit or plume, expected changes in contaminant
concentrations over time, the degree of spatial correlation, and the location of existing wells. Often,
groundwater modeling is employed to predict future exposure concentrations and account for some of these
factors. The use of these models introduces other uncertainties while making unavailable the classica
confidence limits used to derive the representative exposure concentration.

Thedrilling and use of adrinking water well or of the implementation of proposed remedial alternatives
significantly affects groundwater flow characteristics which will subsequently affect the groundwater
concentrations. The change in concentrations over along period of timeis significant aso. The concentration
often varies seasonally due to precipitation effects and also can vary over longer periods of time, often
dramatically, asacontaminated groundwater plume movesinto and then leaves an exposure area. Thecommon
use of groundwater modeling to account for some of these factors aso can significantly influence the
uncertainty in the results of a risk assessment. Although insight is gained into the potential behavior of
contaminantsin groundwater over time, theintroduced uncertaintiesare often handled conservatively, resulting
in exposure concentrations that significantly deviate from the upper 95% confidence limit on the mean of the
currently observed concentrations. It is recommended that uncertainty analyses be performed where practical
when groundwater model sare used to determine exposure concentrations. The 90th percentile of thesimulation
results should be used as the exposure concentration to be consistent with the upper 95% confidence limit on
the mean limit as recommended by EPA.

The sites of interest (Oak Ridge Reservation, Paducah Gaseous Diffusion Plant, Portsmouth Gaseous
Diffusion Plant) have been known to be contaminated for many years; therefore, there are significant amounts
of dataat dl five sites both in terms of the number of wells that have been sampled at contaminated areas and
the number of times each of these wells have been sampled. This presents a problem since older data often
contain a number of quality assurance difficulties (often undocumented) that may lead to spurious results. It
is recommended that when historical data are used, a*“moving window” be used to include datafor a certain
time period (e.g., the last 2 years) and that these results be periodically updated. In addition, given the large
number of wellsavailable at each of thefacilitiesand therelatively high frequency for which they are sampled,
it isrecommended that groundwater risk assessment results be generated annually for all of the available data
and not just for specific projects. Thisprovidesalarger scale quality assurance for the risk resultsthat cannot
be provided by laboratory records and also has the advantage of placing the risk results for a particular well
or exposure unit in perspective versus the surrounding aress.

Figures G.11 and G.12 are examples of groundwater well results based on compliance data collected
annually for Oak Ridge Nationa Laboratory (ORNL). Figure G.11 demonstrates the two-dimensional well
results; the size of the circle represents the magnitude of the risk, and the color of the circle showswhether the
risk exceeds the EPA criteria (red), is within the range of concern (yellow), or is below the range of concern
(green). Figure G.12 gives the same information in a spreadsheet format that allows one to view the
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contaminants of concern. The aggregation of multiplewellsfor determining the exposure concentration within
a contaminated area is relatively straightforward according to EPA guidance; it is recommended that the
average of the representative concentration for each well (the minimum of the maximum detected concentration
and the upper 95% confidence limit on the mean) be used as a representative concentration for the exposure
unit. However, this does not account for any sampling bias. Two-dimensional declustering methods described
later can be used to account for this bias when decision-makers are unconcerned about the variability in depth.

The most obvious difference between groundwater exposures and soil/sediment exposures is that
groundwater exposures usually occur at one point within the aquifer rather than being aggregated across the
entire exposure unit. At ground level, the size of an exposure unit for determining the representative exposure
concentration may be the size of asingle wellhead and for contaminated sites there may be more than one well
available. However, the area of groundwater that is drawn by the well is much larger and often does not
conform to the surface dimensions used for determining soil exposures. Generally, when determining the
exposure unit for groundwater, factors such as the typical size of afarm or aresidence are not as important
as with the soil medium. Rather, a conceptual model for contaminant fate and transport that incorporates
factorsof the subsurface physical systemincludingthe propertiesof theaguifer system, thetransport properties
of site contaminants, and the relative importance of different transport mechanisms (runoff, percolation,
diffusion, advection) should be employed to determinethe most likely spread of contamination originating from
a source. This conceptual model should be used to visualize the direction and path of the contaminants in
addition to the actual or potential location of exposed receptors.

Theintroduction of athird spatial dimension, depth of the drinking water well, can a so play an important
role by increasing the variability in the potential exposure concentration. Two-dimensional geostatistical
methods to account for this variability can be generalized to three dimensions but are often more difficult to
implement. Definition of the exposure unit must take depth into account and definethe vertical zone of interest;
thisis often determined by aquifer characteristics.

Another significant consideration is whether a contaminated aquifer has sufficient yield to support a
drinking water well. Oneimportant modifier for therisk assessment resultsisthe potability of the contaminated
groundwater. Hydraulic conductivity, often availablefor wellswhere concentrationshave been determined, can
be used for the individua wells to perform a general screen of agquifer quality.

G.2.3.1 Recommendations

In summary, the calculation of risk for individual wells with analytical results is a straightforward
implementation of EPA guidance; the minimum of the maximum detected concentration and the upper 95%
confidence limit on the mean is used as arepresentative exposure concentration. Thisis easy to implement for
awell-by-well assessment at the watershed level since no decisions are necessary regarding the aggregation of
multiple wells. When the data are available for along period of time, a moving window should be used (its
length determined by the quality of the data and the presence of pronounced changes in groundwater
concentrations) to parse dataand provide annual updates at the watershed level. However, when groundwater
datafrom variouswellsisto be aggregated (e.g., for an exposure unit for abaselinerisk assessment), anumber
of other factors are introduced that can affect how the exposure concentration is calculated. At its smplest,
the calculation of a concentration for an exposure unit involves finding the mean of each of the wells upper
95% confidence limit on the mean. When modeling transport processes over time or modeling geostatistically
over space, the 90th percentile of simulation results should be used as the exposure concentration. Caution
should be exercised on basing clean-up decisions on deterministic model results without the benefit of an
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uncertainty anaysis.
G.2.4 Surface Water

Surface water varies more over time than space and varies as a function of groundwater conditions.
Generally, the point of exposure for surface water isidentified through the data quality objective process. At
the watershed level, exposure points are often selected at the DOE boundary to assist in prioritization of
different contributors to off-site contamination leaving via surface water. At the operable unit level, exposure
points for surface water are often chosen to be the nearest impacted surface water point that could serveasa
drinking water source to evaluate the potentia for future land use. Contamination entering and partitioning to
surface water will spread over alarge area, with arelatively small variation in contaminant concentration over
the length and width of the water body.

Although some contamination results from permitted direct discharges to surface water, the most likely
scenario for surfacewater contamination resulting from past activitiesat DOE facilitiesareresultsfrominputs
of contaminated groundwater. Therefore, considerations in the determination of a groundwater exposure
concentration can often be extrapolated to apply to surface water contamination. However, it is an
oversmplication to consider surface water as smply diluted groundwater because the behaviors of
contaminants can change greatly in the surface water environment.

Groundwater inflow is often the primary input of contamination to surface water in this scenario.
However, the contaminant levels in surface water are not simply a result of dilution of contaminated
groundwater. Environmental conditions in surface water are much different than in groundwater, and the
chemical and environmental nature of contaminants entering awater body often change greatly when exposed
to conditions present in freshwater. Organic chemicals can degrade to harmless constituents or biotransform
to other hazardous compounds, which may be subjected to further transformations. Metals will be subjected
to oxidizing/reducing conditions (pH, conductivity, oxygenation, etc.), various ligands will be available for
complexation, and equilibrium or transformation behavior can result in transformations among different metal
species, where“ species’ can refer to oxidation state, aligand class, or individual metal compound. All of these
processes potentially can ater the chemical behavior of the metal. Conditions may favor partitioning of
dissolved pollutants and radionuclides present in the groundwater inflow to sediment or suspended material.
Bodek et al. (1988) present further details on the changes pollutants are subjected to upon entering different
environmental conditions.

It isimportant that seasonal variability be factored into any derivation of exposure concentrations for a
surface water point and that this concentration represent an integrated annual average or confidence limit.
Although surface water concentrations are often a function of groundwater inputs, they are not aways
positively correlated. It is conceivable that during time periods of high groundwater concentrations, higher
surface water concentrations may not result because of increased runoff from other areas that dilute surface
water concentrations. Changes in surface water concentrations over time must be considered separately from
variationsin groundwater concentrations, despitetheir direct link. Contaminant concentrationsin surfacewater
will change seasondlly even if there is a steady-state level of contamination present. As precipitation, water
temperature, clarity, and oxygen level vary, different chemical forms (ligands, oxidation state) of the pollutant
may be favored. These different forms may have different toxicities (i.e., methylmercury and inorganic
mercury, arsenic +5 and arsenic +3, etc.) or differing sorption behaviors. A contaminant may partition to the
sediment at some time during the year only to desorb to the water column under later conditions. Such changes
may not be gradual; lake turnover radically alters lake characteristics in a matter of hours and days.
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Figure G.12. ORNL groundwater risk spreadsheet

G-19



001

0 0 ! 3000 3000 S 1%
0 0 0 001 : : *00+3000 00+3000 90-36L'1 00*3000 90-369'Z 00+3000 00+3000 00*3000 00*3000  00+3000 003000 00*3000 00+3000 ¢ 996
0 0 0 0oL : : * 0043000 00+300°0 90-36E'9  00+300°0 00+300'0 00+3000 003000 00+3000  00+3000  00+3000 00+300°C 00+3000 S  v86
0 0 0 00l ' : *00+300'0 00+300'0 90-30€'I 90-360'9 00+300°0 00+300°0 00+300'0 00+300'0 00+300'0  00+3000 00+3000 00+300°0 00+3000 ¢ 996
6012 0 0 16'8L : : ©90-329C 00+3000 90-3€6'8 00+3000 00+300°0 90-3/0°F 00+3000 00*3000 00+3000  00+3000 00*3000 00+3000 00+3000 S €86
g8 0 0 oy : ‘ : ©60-301°F  00+3000 90-3267 0043000 90-366'€ 90-300°C 003000 00+3000 00+3000 00+3000 00+300°0 00+3000 00+3000 S 8%
0 0 0 00l ‘ ‘ 1 00+300'0 0043000 S0-39'y 0043000 90-36'8 00+300°0 00+3000 0043000 0043000  00+3000 00+300°0 00+3000 00+3000 & 646
0 0 0 004 ’ ! ' 1 00+3000 003000 SO-31L'L 00+3000 00+300°0 00+300°0 00+3000 00+3000 00+3000 003000 00+3000 00+3000 00*+3000 S 196
0 0 0 ool ' ' ' 00+3000 00%3000 90-390°2  00+300'0 00+300°0 00+3000 00+3000 00+3000 00+3000 00+300°0 00+3000 00+3000 S  0L6
200 0 0 96'66 : : : ‘ £0-389°0 003000 903026 90-3.6'L 00+300°0 00+300°0 £0-369°6 00+3000 00+3000 00+300°0 00+300°0 00+3000 & 116
00 o 0 96'66 ' ' 003000 003000 90-396'S 00+300°0 00*3000 90-306S 00+3000 00*3000 00+300°0 00+3000 00*3000 § 696
9666 0 0 0'0 : : *00+3000 003000 S0-36v'9 00+3000 <031l 00+300°0 [EEENENNN <O-3vS} 00+3000 00*3000 SO-IVLT 00*3000 SOFTL S 8L6
0 0 0 0ot ‘ f ‘0043000 00+3000 00+300°0 90-329'F  00+3000 90-36Z2 00+3000 00+3000 00+3000 00+3000 00+300°0 00+3000 00*3000 v 256
00l 0 0 0 ' 190-389'L 003000 00+300'0 00+3000 00+300°0 00+3000 00+3000 00+3000 00+3000 00*3000 00+3000 00+3000 003000 ¥ €96
0 0 0 00! : i *00+3000 00+300°0 S0-3£8'L 90-36v'L  00+300°0 00+3000 00+3000 00+3000 00+3000 00*3000 00+3000 00+3000 00+3000 ¥  2L6
0 0 0 00} : : * 0043000 00+300°0 80-380'0  00+300'0 00+300°0 00+3000 00+3000 00+3000 003000 00+3000 00+3000 00*3000 ¥  LL6
0 0 0 00! : ‘ ' 0043000 00+300°0 S0-365°€  00+300°0 00+3000 00+3000 00+3000 00+300°0 003000  00+300°0 00+300°0 00*3000 ¢  +L6
S0 0 0 59'66 : : ' 00+3000 00+3000 00+3000 00+300°0 NN 0346 00+3000  00+3000 /03089 90-300'0 003000 ¢ €16
0 0 0 00! ‘ ‘ : ' 00+300°0 00+3000 90-32t'L 00+3000 00+300°0 00+300'0 00+3000 00+3000 00+J000  00+3000 00+300°0 00+300°0 00+3000 € /86
0 0 0 00l : ’ d *00+3000 00+3000 90-30¢'t 00+3000 00+3000 00+300°0 00+3000 00+3000 00+3000 00+3000 003000 00+3000 00+3000 €  S66
0 0 0 ool : : . *00+3000 00+3000 90-3921 90-326'F  00+3000 00+300'0 00+3000 00+3000 00+3000  00+3000 003000 00+300°0 00+3000 € 896
0 0 0 oot : : : *00+3000 00+3000 00+300'0 90-36b°€  00+300'0 00+300'0 00+3000 00+3000 00+3000  00+3000 00+3000 00+300°0 00+3000 € 866
0 0 0 00! : . ' *00t3000 00+3000 90-36.) 90-3902 00+3000 00+3000 00+3000 00+3000 00+3000 00+3000 003000 00+300°0 00+3000 € 066
LT 0 zes . : : *00+3000 00+3000 90-326'Z 00+300°0 00+300'0 00+3000 00+3000 90-30€2 00+3000  00+3000 00+3000 00+300°0 00+3000 €  S86
0 0 0 oot . : : 1 00+3000 00+3000 90-3/8'L 90-380'¢  90-30€Y 00+300'0 00+3000 00+300°0 00+3000  00+3000 00+3000 00+300°0 00+3000 € 166
0 0 0 0ot : ‘ ’ *00+3000 00+3000 90-3vS'L SO-36K'€  00+300°0 90-36Z1 00+3000 00+3000 00+3000 003000 00*300°0 00+300°0 00+3000 € 166
0 0 0 oot . : : ' 00+300°0 00+300'0 90-3€8'L 90-399'9  00+3000 90-30S'L 00+J000 00+3000 00+3000  00+3000 003000 00+3000 00+3000 € 266
8586 0 0 L : . X ' 00+300°0 00+300°0 90-31€2 00+3000 00+3000 00+3000 00+300°0 00+300°0 003000  00+300°0 00+300°0 00+3000 € 986
Yv6 0 0 %€ : : : 00+3000 00+3000 90-360°7 90-I6E'S  90-32CF 90-3/0°1 l8+m8o 00+3000  00*3000 003000 00+300°0 00+3000 € 966
0 0 0 00t : : i ' 00+300°0 00+3000 S0-328°L 00+300°0 00+300'0 00+3000 00+300°0 00+300°0  00+300°0  00+3000 00+300°0 00+3000 € €66
0 0 0 00t : : : *00+300°0 00+3000 S0-380°€ I 90-3.£°¢ 0043000 00*3000 00+3000 00+3000 00+3000 003000 00+300°0 00+3000 € Y66
0 0 0 0ol : : : ' 00+3000 00+300°0 90-306'€ 90-318°L  00+300°0 00+3000 00+3000 00+3000 00+3000  00+3000 003000 00+3000 00+3000 T  68IL
0 0 0 001 ‘ : . ' 00+300°0 00+300°0 90-310°t 90-318'E  00+300°0 90-3+0°'Z 00+3000 00+3000 00+3000  00+3000 00+3000 00+3000 00+3000 2 61
0 0 0 004 : ' *00+300°0 00+300°0 00+3000 90-36¢'F 90-AL'€ 90-3EYE 0043000 00+3000 0043000  00+3000 003000 00+3000 00+3000 2  v6IL
0 0 0 001 : *00+300°0 00+300°0 90-329°h S0-3LZL 90-38€) 0043000 00+3000 00+J000 00*3000 00+3000 003000 00+300°0 00+3000 T 8811
0 0 0 00k : 1 00+300°0 00+300°0 £0-326°8 90-3/p'2 SO-ISE'L 0043000 00+3000 00+3000 00+3000  00+3000 003000 00+300°0 00+3000 2 81}
0 0 0 004 ‘ : *00+300°0 00+300°0 ©0-390°% 90-388'8  90-I€'P 0043000 00+J000 00+3000 00+3000  00+3000 00+3000 00+300°0 00+3000 T 2611
0 0 0 001 ' : ’ *00+30000 00+300°0 90-3v€'L S0-326C  00+300°0 00+3000 00+3000 00+3000 00+3000  00+3000 00+3000 00+300°0 00+3000 2 9811
0 0 0 004 *00+300'0 00+300°0 90-31L'C  00+300°0 00+3000 00+3000 00+3000 00+3000  00+3000 00+300°0 00+3000 00+3000 2 0611
0 0 0 00t ' : : * 00+300°0 SﬁSOr 00+300°0 90-306'2 00+3000 00+300°0 003000  00+3000 00+3000 003000 00+3000 2  L6l1
0 0 0 001 *00+300°0 00+3000 90-3€07 00+3000 00+300°0 00+3000 00+3000 00+3000 00+3000 00+3000 00+3000 00+3000 00+3000 | 828
2wy 0 0 8C°SE ' 00+300°0 00+300°0 90-381°L 00+300°0 00+300°0 00+3000 00+3000 00+3000 90-3€1'2 003000 00+3000 00+3000 00+3000 L I8
0 0 0 00t : : : *00+300°0 00+3000 90-3¥SL 90-306'L  00+300'0 00+300°0 00+3000 00+3000 00+300°0  00+3000  00+3000 00+3000 00+3000 L /28
0 ] 0 00} ' : ' 00+300°0 00+3000 00+3000 90-318'C  00+300'0 90-328'} 00+3000 00+300°0 00+3000  00+3000 00+3000 00+3000 00+3000 | 808
0 0 0 00} : : ' 00+3000 00+300°0 90-3/07 90-306'L  00+300°0 90-3$0°Z 00+3000 00+3000 00+3000  00+3000 00+3000 00+3000 00+3000 L 618
0 0 0 001 *00+300°0 00+300'0 90-36'Z 90-3L8'C  00+3000 00+300'0 00+3000 00+3000 00+3000 00+3000 00+300°0 00+3000 00+3000 | 208
0 0 0 00} : 4 ' 00+3000 0043000 90-361'2 90-321'v  00+3000 00+300°0 00+300°0 00+300°0 00+3000 00+3000  00+3000 00+3000 00+3000 | 608
0 0 0 00} : . 1 00+3000 0043000 90-3/8'v 90-365'L  00+300'0 00+300°0 00+300°0 00+3000 00+3000 00+3000 00+3000 00+3000 00+3000 | 228
%z 0 0 126 : * 0043000 00+3000 S0-3£1'€  00+3000 90-311°€ 00+300°0 00+3000 003000 00+3000 00+3000 00+3000 00+3000 L 918
0 0 0 00} ' A ' 00+300°0 00+300'0 00+3000 S0-38€2 90-30€'¢ 00+300'0 00+3000 00+3000 00+3000 00+3000 00+300°0 00+3000 00+3000 | €I
0 0 0 00k 2 *00+300°0 00+300°0 90-36€2 90-36€'C  00+300'0 00+J000 00+3000 00+J000 00+3000  00+3000  00+3000 00+300°0 00+3000 I 028
0 0 0 0ol ’ *00+30000 00+300°0 90-390°2 90-31.'1  90-3SH'Z 90-3062 00+3000 00+300°0 00+3000  00+300°0  00+3000 00+300°0 00+3000 | 018
0 0 0 00l ! Y ' 00+300°0 00+300°0 00+300'0 90-388'8  00+300'0 00+J00'0 00+3000 00+300°0 00+3000  00+300°0  00+3000 00+3000 00+3000 |  LI8
0 0 0 00} . *00+300°0 0043000 90-398°¢ 90-380'C  00+300'0 00+J000 00+3C00 00+300°0 00+3000  00+300°0  00+3000 00+300°0 00+3000 | €28
(] 0 0 00k : *00+300°0 00+3000 90-3¥6'€ S0-380'F  00+300'0 CO+I000 00+3000 00+300°0 00+300C  00+300°0  00+3000 00+300°0 00+3000 L 128
0 0 0 ool ) *00+300°0 00+3000 90-39¢'I 00+300'0 ©90-369°'2 00+300°0 00+300'0 00+300°0 00+3000 00+300°0  00+3000 00+3000 00+3000 | 818
0 0 0 00} g : ‘0043000 S0-30LF 00+3000 90-3EZ€ 00+300°0 0043000 00+3000 00+3000  00+300°0  00+3000 0043000 00+3000 | b6
0 0 0 001 ‘ , *00+3000 0043000 90-3p2't S0-318’L  00+300'0 90-362°1 00+3000 003000 00+3000  00+3000  00+3000 003000 00+3000 | 628
0 0 0 001 ‘ : *00+300'0 00+300'0 90-320'k 90-390°2  00+300'0 00+300°0 00+300°0 00+3000 00+3000 00+300°0  00+3000 00+3000 00+3000 |  9v6
0 0 0 00} : ‘ *00+3000 00+3000 SO-3142 SO-36Y'E  00+3000 00+300°0 00+3000 00+300°0 00+3000  00+3000 00+3000 00+3000 00+3000 + 08
0 0 0 00} : ’ *00+3000 00+3000 90-397'1 |EEEENN 003000 00+300'0 00+300°0 00*3000 00+300°0  00+3000 00+300°0 00*3000 00+3000 | 908
66 0 0 g0 : *00+3000 00+300°0 90-310't 90-321°€  00+300°0 00+300°0 RN 00+3000 00+3000 00+3000 00+3000 00+300'0 00+300°0 | 528
o Ssv 0 2’6 1 90-3LZ) 903092 0043000 00+300°0 90-3.6v NS 00*3000 90-3522 0043000 /03199 90-39FL  00*3000 0043000 00+300°0 00+3000 | I8

¥SIH 101 DHO% NYL% L13W% AY¥% 66 0L 862N SE2 N n 13 zsig 38 WNILYL HS TVIOL ZE17SD 09 00 HO TANIA HOTHOIML O40HOTHO L NOSHYO INIZNIE 21300 143300 DYM T1IM

Figure G.12. (continued)
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G.2.4.1 Recommendations

After selection of the point of surface water exposure (usually through the dataquality objective process),
a sampling plan must be designed that accounts for temporal variations in surface water contaminant
concentrations. Calculating the average and upper 95% confidence limit on the mean of the samples taken
should provide a reasonable estimate of the surface water exposure concentration if the samples have been
taken at regular intervals throughout the year. If regular sampling throughout the year is not an option (either
due to time constraints or because available historical data are being used), then the data should be time-
weighted to give an accurate estimate of the actual exposure concentration over time. For direct contact
pathways, the seasonal data can beweighted with the fraction of time spent in recreational activitiesonthelake
in that season. Such considerations do not apply to drinking water suppliesfrom water bodies. For recreational
pathways, an improved concentration may be derived by weighting the temporal datawith seasonal recreation
behavior data.

G.3. EXPOSURE CALCULATIONS

Having considered the spatial and temporal aspects of defining an exposure unit, the available data for
the exposure unit must then be employed to compute the required areal and tempora average contaminant
concentration to complete thisfirst step in the risk assessment process.

Data samples provide a sparse image of the spread of contamination. Therole of astatistical analysisis
to summarize the available data, make inferences about the site asawhole, and assess uncertainty. In the case
of exposure assessment, therole of the analysisisto produce aconcentration value that is representative of the
entire site or subset of interest. To make statistica inferences about the site from the data, one must make
certain assumptions about distribution of contamination as a whole by choosing a model to quantify the
contamination. The assumptions can be driven and supported by the data or they may arise from defensible
arguments such as past experiences or known site conditions. A common statistical approach isto assumethat
the exhaustive data set is either normally or lognormally distributed and that samples are both randomly
selected and uncorrel ated with each other. These assumptions are powerful toolsthat can drastically smplify
the analysis. However, when conditions deviate significantly, continuing to maintain such assumptions can
severely degrade the quality of the analysis.

Environmental contamination possesses properties that typically do not correlate with these simplifying
assumptions. Assumptions of normality or lognormality have been found to hold true in many earth science
applications and have therefore become general guidelines when in doubt about a particular site. There are,
however, many situations where this assumption fails, and any model built on this platform islikely to bein
error.

Due to budgeting constraints, the number of samplesis limited, and there is incentive to move from a
random sampling schemeto aschemethat will provide the greatest amount of information near or around areas
of known or suspected contamination. These schemes are highly preferential, providing a clear image of the
contamination in small areas and leaving the rest of the site sometimes inadequately represented. Ignoring
preferential sampling can lead to exaggerated concentration values.

Rarely are data samples completely uncorrel ated. Contamination occurs over space and time asthe result
of physical phenomena. These phenomena are usually not random events and therefore the distribution of
contamination isnot entirely random. Instead, the data are often spatially correlated. In the presence of spatia
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correlation, the degree to which data are alike is afunction of distance and direction. For example, data that
are closer together are often more aikethan datataken further away. 1nmany cases, datain acertain direction
tend to be more alike than in another such asin a contaminant plume.

This section will provide practical solutions for dealing with data that deviate from assumptions of
normality, independence, and random design. Theeffect of these deviationswill beexplained and demonstrated.
The emphasis of the analysis will beto arrive at an improved representative concentration that will produce
a better estimate of exposure to individuals on the site. Before any statistical considerations are discussed, we
now introduce the data, the conditions surrounding the site, and the ultimate goal of the analysis.

G.3.1 Description of the Example

This example is derived from a data set taken from a site in the Oak Ridge area. An exhaustive
representation of contamination across the site is shown in Figure G.13.

From this data set, 84 samples were taken with their location and magnitude as shown in Figure G.13.
Itisclear from thissampling schemethat there are at |east two areas of high contamination, both of which have
been heavily sampled. The remaining data do not show the presence of another hotspot. For ssimplification,
the exposure unit is defined to be the entire study area. The goal of the study is to determine a concentration
value for the entire site that will be a good representation of the effective concentration an individua will be
exposed to over a given length of time.

To further smplify the analysis, it is assumed that the individua will be exposed equally and randomly
to dl pointsinthe unit. Thisisareasonable assumption particularly in the absence of development plans. The
mean concentration over the entire siteistherefore the representative statistic. Others can be used aswell, such
as the median or the upper 95th percentile. For situations where this assumption is not valid, weights that
reflect abiasin exposure frequency should beincluded in the analysis. The assignment of these weightsis site
specific but would be applied in the same fashion as weighting schemes presented later in this white paper. In
addition to stating the representative concentration, it isimportant to assessthe uncertai nty associated with that
value.

Four levels of analysis will be conducted from the traditional approach to geostatistical tools of
simulation. The effect of each analysis will be explained both in statistical terms and demonstrated in terms
of the concentration term. For demonstration purposes, the two-sided 95% confidenceinterval onthe meanwill
be used.!

Before the analysis begins, note that the following information is available from the exhaustive data set:
the mean and standard deviations of the exhaustive data are 216 and 62 pCi/g, respectively. The exhaustive
set appears somewhat normally distributed in Figure G.13 and ranges from 69 to 396. This information
istypically unavailable in the exposure assessment and is included here only to demonstrate the accuracy of
each analysis. However, each analysiswill be conducted based only upon information from the avail able data.

1 Traditional risk assessment uses the single sided upper 95% confidence limit on the mean. The

methods presented in this section would apply in the same manner. A simple adjustment of the
Z-score from 1.96 to 1.645 is all that is required.
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G.3.2 Traditional Approach

Thefirst step was to observe the histogram of sample values. Despite the non-normal appearance of the
data, it will be assumed that the distribution of valuesis normal and that the current histogram is distorted by
the preferential sampling. One could as easily assume log-normality, and the following analysis would apply
with modifications.

To smplify the analysis, the fact that samples are located preferentially, as well as correlated spatially,

isignored. Under these assumptions, the limits are constructed from the mean X and the sample standard
deviation s and written:

+ 1.96

x|

s
Jn

where

- 1
X =—
n

n _ 1 n N2
Y'x, s —\' =n—1Zi (x - X
The sample mean of 282 pCi/g and a standard deviation of 81 pCi/g produces a confidence interval of
265 < 282 < 300 pCi/g.
The analysis has produced a mean that is excessively high due primarily to the preferential sampling

around the hotspots. Note that the true mean (216 pCi/g) is not within this confidence interval. In addition, it
isreasonable to believe that the confidence limits are too strict given that spatial correlation has been ignored.
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Figure G.13. The exhaustive data and sampled data with associated histograms
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G.3.3 Divison of Data and the Bonferroni Method

A smpleway of dealing with the issue of preferential sampling isto divide the datainto three sets. The
first set is the cluster of data shown in the upper left hand corner of Figure G.13 and will be referred to as
hotspot #1. The second set of dataisthe other clustered sample shownin Figure G.13 and will be called hotspot
#2. The third grouping of data consists of everything else. Within each section, the data are no longer
preferentially sampled, i.e., no subset of pointsin any section are more clustered than any other. As an added
bonus, the histogram of values within each section appear more normal.

The god isto construct the global mean and associated confidence interval. To make a statement about
the global mean and assign a confidence limit, we need to invoke the Bonferroni principle (Neter and
Wasserman 1974). The Bonferroni theorem states that if there are k intervals of confidence (1 - «/2k) 100%
then thereisaprobability of at least (1 - ) 100% that they hold smultaneously. Note that the confidence limit
isreduced for each confidenceinterval added. From a probabilistic standpoint, thisimpliesthat thereisat least
a (1-a) 100% confidence level that the average of the three estimates falls between the average of the upper
confidence limits and the average of the lower confidence limits. To compensate for the fact that each of the
subsectionsis not of equal size, one can weight them according to the area within each subsection. Dividing
theweightsby thetotal areanormalizestheweightsto one. The genera equation for the global confidencelimit
is then written as:

(W1L1+W2L2+ coorwl, < W1X=1+W2X=2+ . +ka=k < wU, +wU, +. . +WkUK> ,
wherelL; and U, , respectively, are the lower and upper (1 - «/2k) 100% confidence limits, x; istheloca mean,
w, is the weight assigned to the ith subsection, and ) ; w; = 1.

To achieve at least a 95% confidence limit on the global mean, theloca confidence intervals must be
increased to 98.3%. The following table shows the confidence intervals and associated weights.

Region LCL 98.3% Mean UCL 98.3% Weight
(pCi/g) (pCi/g) (pCi/g)

Hotspot #1 319 323 327 .021

Hotspot #2 353 361 368 .031

Remaining Area 180 205 230 .948

Applying the Bonferroni principle to theseintervalsresultsin a 95% confidence limit for the mean of 188
< 212 < 236; thisis a much improved interval that now includes the true mean. The change in the interval
reflectsthe morerealistic influence that the clusters of datashould have on the global statistics. However, this
approach to analysis still presents several problems:

1. The subdivison of the site is arguably arbitrary. A different sectioning could produce significantly

different weights. In addition, by defining the section boundaries, oneisalready making at least anindirect
statement about the spatial extent of contamination.
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2. The Bonferroni method provides only a lower bound on the confidence limits. The global confidence
interval could be correct more than (1 - ©) 100% of the time (Neter and Wasserman 1974).

3. Thelarger the number of confidence intervals, the larger the confidence interval. For alarge number of
confidenceintervals, the confidence coefficient istoo wideto be of much use. Thislimitsthe practical use
of the Bonferroni method to a small number of subdivisions.

4. Spatia dependence has till not been directly addressed and could still be deflating confidence limits.

5. The data set must be large enough to subdivide.

G.3.4 Formal Declustering Analysis

Clustered data sets are essentially datathat are spatially preferentially sasmpled. Asseeninthefirst level
of analysis, such data may not represent global parameters of the site. The idea of declustering the datais
rather intuitive. Any declustering method seeksto weight the dataaccording to how much of the sitethey should
represent. Themethod of subdividing the dataand using the Bonferroni method is essentially an ad hoc method
of declustering. Data that are taken close together in space typically do not contribute any “new” information.
These samples should be weighted |ess that those that are sampled more sparsely. Two common methods of
declustering are the polygonal method and cellular declustering.

0g® ©

Figure G.14. The polygon of influence for point i (enclosed region)

Inthe polygonal method, a polygon of influenceis constructed for each datapoint. A polygon of influence
refersto the area around a data point for which all points are closer to that data point than any other. Figure
G.14 demongtrates the polygon of influence for data point i.

The weight assigned to point i becomes the inverse area of the polygon of influence. This has the effect
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of giving smaller weightsto areas of dense sampling and more weight to sparser areas. Thiswassimilar to the
section of the site in the previous analysis but is directed at single data points and is somewhat less arbitrary.

Incellular declustering, agridisoverlaid on top of the site (Figure G.15). Theweight assigned to any data
point is one over the number of data points occupying the same cell. This gives more weight to sparsely
sampled areas as well.

Cell declustering has two particular disadvantages. First the weight assignment to any data point is not
unique because one can specify different grid sizes. Second, if thereisno underlying pseudo regular grid across
the site, the approach tends to produce a poorer result than its polygonal counterpart (Isaaks and Srivastava
1989).

Figure G.15. Cellular declustering

The formulas for the sample mean, X, and variance, &, of wel ghted data follow. These formulas assume
that the sum of weightsis one, i.e., Z,” W, = 1.. This can be achieved in each of the methods previoudy
discussed by dividing individual weights ,” W..

X = D3 wx s? = Y 3'w (% - X)°

Confidence limits are constructed as before, X + 1.96 d\/ﬁ.

The sampled data set was declustered using cellular declustering with cells of length 13.4 and height 25.
These where chosen because they where approximately the size of the two clustered areas. The mean and
associated confidenceintervalsnow are 198 < 214 < 231 pCi/g. Once again theinterval containsthetrue mean
of 216 pCi/g.
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Declustering has made a significant improvement in the estimation of the mean over the clustered
estimation. Other declustering algorithms are also avail able that might improve upon this estimate. In reality,
it isimpossible to know the degree to which one hasimproved an estimate and therefore difficult to compare
declustering methods in practice. Two prablems still remain with this analysis:

1. Theassumption of normality is not supported by the raw data

2.  Thefact that the dataare spatially correlated has not been statistically recognized. Thiscan have produce
confidence limits that are too small.

G.3.5 Spatial Correlation

Contamination occurs across space as the result of a physical phenomena. Asaresult, sample data are
usually spatially correlated. For example, data sampled close together are more likely to be the same than data
sampled far apart. In other situations, data sampled in the same direction asin the cross section of aplumecan
be more alike than points sampled in the direction of the plume. Ignoring spatia correlation in calculation of
exposure concentrations can be hazardous. In particular the calculation of confidence limits is adversely
affected. Ignoring the presence of significant spatial correlation has the effect of severely underestimating
confidence limits. This can be a serious error when using upper confidence limits as clean-up criteria.

A popular tool for measuring spatial variability? isthe variogram denoted y (h). The variography consists
of identifying al data pointsthat are acertain distance apart and at acertain angle and cal culating the variance
of that set.® Thisisdoneincrementally for each distanceto produce an experimental variogram that istypically
fit with an analytical model. Figure G.16 shows an example of a modeled experimental variogram, which
provides a visual description of how variability changes with distance.

In constructing confidencelimits, spatial correlationisoften described by the covariance C(Z((i)),Z(s())))
=C(h) whereh =|5(i) - 5(j)|, and (i), §(j) are data samplelocations. The covarianceisrelated to the variogram:

C(h) = C(0) - y(h) = 0® - y(h).
A more general form for the variance on the mean 02()=() iswritten as:

o’(9= D1 DLy wweov(Z(s(i)), Z(s()))

and istypicaly larger than 6%/n (Cressie 1993).

2 Consider variabil ity to be the opposite of correlation.

3 Thismethod assumes that the variability of data depends only on their separation distance and not on

their location.
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Figure G.16. Variography of the example data

In the case of the example data s&t, the data have already been declustered and will now be considered in
light of the correlation structure. Applying the general form gives 176 < 214 < 253 as the confidence interval
on the mean. Note that thisinterval includesthe true mean of 216. In comparison, failing to recognize spatial
correlation produces a calculated confidence interval of (198 < 214< 231 pCi/g) that would be reported as a
95% confidence interval. In reality the confidence level is only 60% since 1.96y/0%/n = 0.85y/0%(X). This
effect becomes more pronounced asthe correl ation among dataincreases. An exampleof increasing correlation
for the sampling design in the exampl e problem correspondsto an increasein correlation length. Ascorrelation
increases spatialy, data that are farther away are more alike and provide less information.

G.3.6 Dependence, Independence, and Equivalent Data

Data samplesthat are correlated have some degree of statistical repetition to them. For example sampling
numerous times in the same spot produces little information from a statistical standpoint. Another way to
quantify this effect is with the idea of equivalent number of independent observations (Cressie 1993). That
is one can compute the relative efficiency of correlated observations with respect to their independent data
counterpart. For example, the variance of the mean for independent dataiis given as 6?/n. Denote the variance
for the mean of dependent data as 62, which now is written as::

2 2yn/
op =o/n’,

where n’ is interpreted as the equivalent number of independent observations. Solving for n’ gives
n’ = 02/03 In the example, 0,2 and o* were estimated as 384 pCi/g and 6072 pCi/g, respectively. The
effective number of independent observations is only 16 for this example. While in redlity there are no
independent observations available, this result demonstrates the significance of spatia correlation and the
impact on the statistical analysis.
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Thefollowing table comparesthe meansand confidencelimitsfor each level of analysis(pCi/g). Compare
these to the true mean of 216 pCi/g.

Type of Analysis Lower 95% Mean Upper 95%
Classical 265 282 300
Bonferroni 188 212 236
Declustered Data 198 214 231
Declustered and Spatial 176 214 253
Correlation

G.3.7 Geodtatistical Approach

The following estimates of exposure concentration all summarize the data with a single statistic and
quantify theuncertainty about that statistic with aconfidenceinterval . Other methods of dataanalysisexist that
are designed to approximate concentration values at unsampled points to create a continuous image of
contaminant concentration. These “interpolatory” approaches to data analysis can be either deterministic or
stochastic models of contamination. Deterministic methods are not set in a probabilistic frameworks and the
notion of mean, variance, and distribution are not usually part of the analysis. Examplesinclude triangul ation,
inverse distance, and polynomial interpolation. In recent years, stochastic or probabilistic models of spatial
estimation have gained popul arity dueto their flexibility and attention to statistical parametersseeninthedata.
A largefamily of stochastic estimators known asthe kriging methods have demonstrated good resultsin many
earth science applications. Kriging estimates the unknown concentration at an unsampled point by weighted
values of nearby data. Thisissimilar to the deterministic method of inverse distance. The differenceliesinthe
formulation of the kriging weights which depend on a stochastic model with a measure of spatial covariance

such asavariogram. Variousforms such as ordinary and indicator kriging are well described in the literature
(Isaaks and Srivastava 1989).

At this point an easy transition from the assumption of normality can be made.* A nonparametric form
of kriging known asindicator kriging will be used here. The variogram structure observed in the declustered
data was used to create an indicator kriging map of the example contamination (Figure G.17).

4 Non-parameteric test are also available for analysis similar to those in the previous sections.
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Figure G.17. Kriged map of contaminant concentrations

The power of kriging in estimating concentration levelsliesin the ability to estimate concentration levels
over areas of the site that would have had an insufficient amount of data otherwise. This isimportant in the
case where the exposure unit is smaller than the area of contamination. It may be important to estimate the
concentration over asubset of the site that has an insufficient amount of data. Kriging estimates concentration
valuesat missing pointswithin that areausing datafrom acrossthe site. This provides enough datato calculate
an arithmetic mean and an estimate of the variance® and provides the tool for calculating concentration values
for the scenario where units are smaller than the site.

A common complaint with kriged mapsisthat they aretypically too smooth and the estimation lacks the
variability seen in the data. As aresult, the role of kriging has shifted from a primary mapper to atool inthe
process known as geostatistical smulation. Instead of producing a single image of contamination across the
site that is “best” in some dtatistical sense, smulation produces multiple and equiprobable estimations of
contamination that can honor both the sampled data at their original locations as well as important statistics
of the data set such as mean, distribution, and covariance structure. A compilation of these images provides
ameasure of joint uncertainty that is not possible through typical kriging applications (Deutsch and Journel

°  Thederivation of the method for calculati ng variance of kriged resultsis different and can be found

described in detail in (Isaaks and Srivastava 1989)
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1992).

By creating a continuousimage of contamination and simultaneous and continuous uncertainty about the
image, this allows one to estimate either the global mean or statistics about any subsection of the site. Thisis
important particularly in the case where the exposure unit issmaller than the range of contamination. Inthose
typesof cases, it isnot uncommon to have an insufficient amount of datato adequately estimatelocal statistics.
Simulation provides the tools to fulfill these exposure unit requirements.

Two examplesof smulation arethe sequential gaussian and sequential indicator smulation routines. The
first method assumes a multivariate normal distribution of the data values and implements ordinary or smple
kriging asthe estimator. Since alarge body of earth science data can be modeled asanormal distribution, this
is a highly popular form of simulation. It is well understood and has a successful track record. Indicator
simulation provides a non-parameteric approach to simulation that is based on indicator kriging (Deutsch and
Journel 1992).

The data in the example give little justification for assuming a norma distribution, so the indicator
approach will be used. Thedeclustered dataaswell asthe necessary covariance structures® are determined, and
30 simulations are run. Figure G.18 shows two of the resulting simulations, and Figure G.19 shows the
average of al thirty. With these thirty smulations, many powerful statistics and measures of uncertainty are
possible.

Simulation providesan entirely separate decision rulefor defining concentration terms. For example, over
any given area, one may define the concentration term as.

. the maximum simulated value or data observed,

. the 95th percentile of al smulated values,

»  the observed upper 95 percentile of observed simulation averages, and
» theaverage of observed smulation upper 95 percentiles.

For a more in-depth discussion of the use of geostatistics in environmental remediation, refer to
Geostatistical Applications in Environmental Remediation (Stewart et al. 1995).

® Fora complete description of the variography requirements of indicator kriging or simulation see

(Deutsch and Journel 1992).
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G.3.8 Recommendations

Severa methods of dealing with environmental data for the purposes of risk assessment exposure
calculations are given to demondtrate the effects of deviations from basic assumptions and the failure to
incorporate valuable spatia information. For the methods presented in this white paper, an increase in the
complexity of the analysis increases the number of data required to support the analysis. The degree to which
the data support the analysis must be decided on a site-specific basis. In lieu of site-specific conditions, the
following list presents the previous methods in order of their genera increase in data requirements. It is
recommended to use the highest level of analysis supported by the data.

Traditional approach

Bonferroni/declustering methods

Declustering and spatial analysis

Full geostatistical analysis (kriging and simulation)

PpODNPE

For practical purposes, it isrecommended that geostatistical analysis be used while incorporating all the
available or pertinent datato estimate concentrationsin subset areas where an insufficient amount of sampling
data are available.

G.4. DEALING WITH CENSORED DATA

A detectionlimit (DL) isameasurement va ue below (or above) which accurately reported concentration
values are not determinable. The DL is not truly an absolute number but rather a statistically derived value.
In particular, the DL is the lowest measured value that can be shown to be statistically different from zero
(Berthouex 1993). This requires the calculation of measurement errors typically estimated by measuring
reference materials of known concentration (including blanks of zero concentration).

Data that fall below thislimit are reported in severa ways: (1) trace, (2) “ND” for not detected, (3) the
DL itsdf, (4) <DL, (5) zero, (6) avalue between zero and DL, and (7) actual concentration with a measure
of accuracy as X + e pCi . These data are said to be | eft censored. For studies with upper detection limits, the
data are said to be right censored. The latter is more common in survival anaysis and is hot commonly
encountered in exposure assessment. When discussing DL, this white paper will refer to left censored data.

Theissue of censored datain a statistical analysisisimportant especially for low level exposure limits.
The method chosen to deal with nondetects can significantly impact an analysis affecting statistical moments
such as the mean and standard deviation. In risk assessment, where values used to estimate lifetime risk
accumulate, the left censored data can become very important (Perkins et al. 1990). The issue is further
complicated in ageodtatistical analysis by theinclusion of aspatia component in determining concentrations.
This white paper considers three common ways of dealing with censored data, which are among the most
practical to implement, along with adiscussion of their limitations.

G.4.1 Values Between Zero and the Detection Limit (DL)
In practice, it iscommon to assign avalue of DL or DL/2 to all valueslessthan DL. The assumption for
the latter isthat, on average, censored data are about half the detection limit; this assumption can generate a

great deal of error depending on the size and shape of the distribution (Perkins et a. 1990). Kushner (1976)
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concluded that the DL/2 method was appropriate if there is reason to believe that data below DL were
uniformly distributed or if it could be established that the error in this assumption would beinsignificant in the
presence of error due to afinite sample and measurement noise. If data are lognormal, the error in using the
DL/2 could be significant. In Kushner's example, the geometric standard deviation and geometric mean where
underestimated by as much as 20% depending on the percentage of censored data.

G.4.2 Fill-in M ethods

“Fill in” methods assume that the datafollow agiven distribution. In thisapproach, it is assumed that the
left tail of the distribution is missing due to the DL. This tail isfilled in by replacing below DL data with
realizations randomly drawn from adistribution model that fits the uncensored data via a predefined criterion.
For example, if the data are normally distributed, the mean and standard deviations of the uncensored data are
calculated and used as parameters in the normal random variable model of the data. If there are n censored
samples, then n realizations are drawn from the normal distribution on theinterval (O, DL). Thiscomplete data
set isthen used in further statistical analysis; this procedure is similar for the lognormal mode.

An dternative formulation of the fill-in method stems from the argument that information about the DL
could be better incorporated by including some fraction of DL in the initial calculation of the mean and
standard deviation. Gilliom and Helsel (1986) make an initial use of the censored data by substituting half the
DL for each censored samplein the cal cul ation of mean and standard deviation. Oncethemodel is constructed,
the censored data are replaced by redlizations drawn from below the DL, and the mean and variance are
recomputed. Haas and Scheff (1990) argue that thisis not a unique solution. Clearly, one could choose any
initial substitution value and obtain a different overall distribution. Glelt (1985) uses an iterative process by
substituting the expected value of the normal order statistics for the censored samples. At each iteration, the
mean and variance are ca culated using the expected value for dataless than the DL as the replacement value
of the censored data. Thisis repeated until there is a negligible change in the mean and variance.

Another fill-in technique assumes that everything below the DL should be modeled as a uniform
distribution on the interval [MIN, DL] where MIN is the lowest possible measurement In this method, the
uncensored data provide no information about the left hand tail. Nehls and Akland (1973) argue that, in the
vicinity of the detection limit, data appear to be distributed as a random variable; however, Kushner (1976)
points out that Nehls and Akland provide no data to support this claim nor do they suggest where the uniform
distribution ends and the normal begins. Despite these arguments, uniform fill-in may be the model of choice
where a large percentage of the data is censored or inadequate for estimating parameters for normal or
lognormal distributions. Cohen and Ryan (1989) use this method when more than 50% of data are below DL.

G.4.3 Extrapolation Methods

Inasimilar approach to thefill-in method, extrapol ation methods make assumptions about the censored
tail from the noncensored data. For data modeled as normal or lognormal, data are plotted respectively on a
normal or log probability scale. If there are n/ missing data out of n available, then the first uncensored data
(ordering from smallest to largest) are plotted as X, , versusthe [(n’ +1) - .5]100/n percentile (Gilbert
1987). On these scales, the dataform astraight line that can befit with aleast squaresregression line; thisline
is then extended into the left censored region to provide an extrapolated estimation of the censored data. The
mean and standard deviation for either distribution can be estimated from the probability plots. The mean and
standard deviation for lognormal data are given by Gilbert (1987) where:
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W = exp(fl + 0%/2)

o = u[exp(8” - )]

In X, 50

i =
)
2 XO.lG XO.SO

The mean and standard deviation for normal data are given by:

H = X50
_ (X0.84 B XO.lG)
2

Other methods include maximum likelihood techniques and product limit estimations. These techniques
and others are too extensive to discuss here and can befound in the availableliterature (Gilbert 1987; Kushner
1976; Perkins et a. 1990; Gunter 1994).

As a balance between practical applications and performance, it is recommended that the extrapolation
methods be used when possible. Substituting s mplevaluesbel ow detection limitsmay berequired whenalarge
percentage of the data are censored.

G.5GEOSTATISTICSAND THE EXPOSURE UNIT

Section G.2 presented solutions or guidelines to determining exposure unit size that are independent of
the particular data at hand. These suggestions were motivated by the need to define pathways that are
realistically possible and more closely related to actual pathways scal es observed from available data. Clearly,
there are at least two limitations with the guidelines presented. In some cases, they may present a less than
satisfactorily conservative estimate of concentration. Second, they requireaclear definition of the spatial extent
of contamination. A conservative estimate and a clear definition of the extent of contamination are needed to
appropriately placethe exposure unit and identify whether multiple unitscouldfit within the contaminated area.
If onewishesto usethe entire site asan exposure unit (for small sites) or if onewishesto more closely examine
the gpatial distribution of contamination to better assess the question of multiple units, the geostatistical
analysis presented in Sect. G.3 presents a powerful tool in quantifying the state of knowledge about
contaminant dispersion.

With only the sample data, several methods of subdividing the datainto exposure unitsare possible. Each

of these can produce a different concentration term within an exposure unit as demonstrated in Sect. G.2.
Currently, each of these are equally likely, leading to conflict about the best choice.
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The simulation presented in Sect. G.3 is a powerful tool to this effect, and the most typical application
of smulation or kriging isto definethe spatial extent of contamination. Several benefits of the procedure exi<t,
including:

* adefensible approach to modeling spatial dispersion of contamination [geostatistics has already had a
successful track record in environmental litigations (Stewart et al 1995)],

*  anedimate of the “boundary” of contamination for any given contaminant threshold,
* assstance in defining the logical aggregation of data within a site which will define operable units,

* an edtimate, for a given boundary, of the percentage of contaminated media that will be incorrectly
classified as clean (Type | error), and

*  anedimate of the percentage of clean mediathat will be incorrectly classifed as contaminated (Type Il
error).

Thesmulation output already presented in Sect. G.3 can beused to simulatethese principles. Figure G.20
presents an average of point smulations over the entire site.

Suppose that one wanted to define the contamination at levels above 300 pCi/g. The geostatistical
simulations model the spatial point averages shown in Figure G.21 as exceeding 300 pCi/g.

If one defines these areas to be the exposure unit, then the simulations predict that approximately 16%
of the soil will be misclassified as being clean (Type | error). That is, about 16% of the site could till exceed
300. Similarly, approximately 1.4% of the soil will be misclassified as being contaminated (Type Il error).
These misclassifications arise from the spatial uncertainty about contamination. Typically, the Type | errors
as defined here are the most serious errors. The Type Il errors are significantly smaller in this example. The
reason for thisis that those areas of high contamination (above 300 pCi/g) are highly characterized, and the
simulations are invariant. In contrast, those areas around the hotspots are not nearly as well characterized;
therefore, the simulations are more variable in classifying the contamination as above 300 pCi/g.

This ability to quantify uncertainty is a powerful feature of a geostatistical moddl. It permits one to shift
the point of decision from a qualified guess about contaminant dispersion to a decision about acceptable risk
of aTypel error. For example, if one defines the clean-up limit to be 300 pCi/g and iswilling to accept a20%
chance of misclassifying any point, then the boundaries of contamination are shown in Figure G.22. In fact,
for any contamination level, aprobability map can be drawn to demonstrate the probability of misclassification
(Figure G.23).

Given a boundary, one can estimate the volume of misclassified media by observing predicted
contamination acrossthe boundary for each simulation. For example, the boundary established by the 20% risk
level can expect to misclassify about 5% of the site as clean. Thisisan important link between pointwise risk
and volume error. In Figure G.23, the estimated Type | and 11 volumes for each pointwise level of risk is
computed. Asthetolerance for pointwise Type | decreases so doesthe Type | volume. The tradeoff isthat the
Type Il volume increases so that large volumes are being classified as contaminated when they are not
contaminated; this misclassification ultimately can be very costly in clean-up efforts. Decision makers must
decide which error they are more willing to make.
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By defining contamination boundaries based on the data, another logical, technically defensible method
for the aggregation of data in defining operable unitsis available. Once a unit has been defined, one can use
theoriginal datathat fall within these areas or may use the estimated val uesto estimate the mean and variance’.
When possible, one could use both methods of defining exposure units to arrive at better exposure unit
concentrations. One could use the geostatistics to define the extent of contamination and use the methods
previously described to define units within those contamination boundaries.

G.6. CONCLUSION

This white paper presents several methods for dealing with problems of preferential sampling, sample
correlation, and deviations from normality as well as recommendations on defining exposure unit sizes are
presented. A fundamental issuethat is prevalent throughout the paper isthe influence of spatial factors. These
influences must be considered when deriving areasonabl e, technically defensi ble estimate of the concentration.
Exposure unit size recommendations are given but should be used along with site specific conditionsto arrive
at the best solution for the particular site. The analytical methods presented for dealing with exposure
concentration calculations should improve concentration estimation for a large class of problems. Other
methods are available and are mentioned in the text as well. The level of analysis that can be supported is
dependent on the amount and quality of the data available. If there are little data, then neither traditional nor
geostatistical approaches likely will be adequate. One must decide when a given level of analysis can be
technically defended. Thisisasite-specific factor and must be dealt with by statisticians and risk assessorson
asite-by-site basis.

Probabiltiy Contamination Greater Than 300 pCi.

Northing

10 20 30 40 50 60 70

Easting

I
0.0 0.3 0.5 0.8 1.0

Probability (0 < p < 1)

Figure G.22. Probability of exceeding 300 pCi/g at each point

See |saaks and Srivastava (1989) for a discussion of estimation variance.
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APPENDIX H

UNCERTAINTIESASSOCIATED WITH RESIDENTIAL RISK
PATHWAY MODELSFOR SOIL AND GROUNDWATER



H.1. INTRODUCTION

The quantitative assessment of uncertainties in the exposure parameters for the individual exposure
pathways providesconsiderableinformation about thevariability and sensitivity of the calculated results. These
results are important because point estimates of these parameters are used to determine the extent of
remediation necessary through the Superfund process. The point estimates that are provided as guidance by
the U.S. Environmental Protection Agency (EPA) are often conservative and can result in an overestimate of
the potential risk. The scope of this work is to perform an uncertainty analysis on the standard Superfund
residential scenariorisk equationsusing availablestatistical information for theuncertain exposure parameters.
The results are used to quantify the degree to which the standard default values overestimate the predicted
percentiles of exposure (90-95th) that they are intended to estimate and to determine which parameters are
responsible for the majority of the variation.

Residential exposure pathways associated with contaminated soil and groundwater are evaluated in this
report and includetheingestion, inhal ation, and dermal contact pathways. The external exposure pathway from
exposureto soil contaminated with radionuclidesisalso evaluated. Exposure calculations are performed using
models present in the EPA's Risk Assessment Guidance for Superfund. In thisdocument, these models are not
used to calculate actual risk values. Instead, the exposure parameters generally held to be constant for all sites
areusedto evaluatethevariability inthe predictionsof theindividual models. Uncertaintiesintherisk estimates
that result from site- or contaminant-specific variability are not assessed for this effort. For the exposure
parameters, a senditivity analysisis performed to determine the most sensitive parameters in each model.

The outcome of this work can be used to focus the attention of the risk assessor on the expected
variability, range of variation, and therefore the reiability of the point estimates that are used, and on the
parameters that caused the variation. In addition, arelative ratio between the point estimates (PE) as set forth
in EPA guidanceand the predicted percentilerisk resultsis presented for each pathway analyzed. The predicted
percentiles of the exposure parameters are referred to as multiplicative exposure factors (MEF). These
PE/MEF ratios are used to quantify the degree of conservatism present in the default exposure parametersthat
are recommended by the EPA for Superfund sites for each residential pathway analyzed. This general method
of determining amultiplicative exposure factor that is constant for al sites can be used to derive valuesfor the
exposure term that are more representative of the EPA’ s stated risk management goal of protecting 90 to 95%
of the potentially exposed population for a given land use scenario. Alternatively, these ratios can be used as
part of the uncertainty assessment in abaseline risk assessment to estimate the degree of conservatism present
in the exposure parameters of each pathway.

The probabilistic distributions of the uncertain exposure parameters used in these models are collected
from the most recent sources in the literature. The parameters for which distributions are assigned include
exposurefrequency, exposure duration, body weight, surface areato body weight, ingestion ratesfor water and
soil, inhalation rate, exposure fraction, adherence of soil-to-skin factor, and the gamma shielding factor.
Professional judgment is used to supplement the data and provide a distribution for the few parameters for
which no consensus distribution is available.

H.2. RESIDENTIAL LAND USE RISK EQUATIONS
This section provides the equations and recommended point estimates provided in various EPA sources

for theresidential pathway. Under residential land use, residentsare expected to bein frequent, repeated contact
with contaminated media. For carcinogens, theexposure assumptionsaccount for daily exposureover longterm
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and generally result in high potential exposuresand risk. For noncarcinogens, the exposure assumptionsdo not
account for accumulations over the life time of the exposed receptor. Risk from groundwater contaminantsis
assumed to be primarily from direct ingestion, inhalation of volatiles from household water use, and dermal
contact while showering. Risk from soil is assumed to be from direct ingestion, inhaation of dust and
particulates, dermal exposure from chemicals, and external exposure from radionuclides.

H.2.1 Groundwater Equations
H.2.1.1 Nonradionuclide Contaminant

For carcinogens, the exposure assumptions are considered in the long term; therefore, the uncertainty of
theexposuredurationwill impact the model predictions. For noncarcinogens, the exposure assumption of aone

time dose will nullify the effect of variation in the exposure duration. Mathematically, this is done by
introducing the exposure duration as afactor of the averaging time in the denominator of the ingestion mode.

1. Ingestion
o IR, x EF x ED
Ingestion risk = C x |————— | x TV, (1)
BW x AT
2. Inhalation of vapor-phase chemicals
o IR, x EF x ED
Inhalation risk = C x K x |———— | x TV, (2
BW x AT

3. Dermal contact

Dermal contact risk = C x K, x CF, x {SA x ET x EF x ED} x TV, 3
BW x AT

where:

Parameters Definition (units) Default Value

AT averaging time (yr x day/yr) 70 x 365 (carcinogen)
EPA 1991a)
ED x 365 (noncar.)
(EPA 1991a)

BW adult body weight (kg) 70 (EPA 19914)

C chemical PRG in water (mg/L) )

CF, units conversion factor (L-m)/(cm-m?) 10

ED exposure duration (yr) 30 (EPA 1991a)

EF exposure frequency (day/yr) 350 (EPA 1991a)

ET exposure time (hr/day) 0.25 (EPA 1992)

IR, inhalation rate (m*/day) 20 (EPA 1995)

IR, water ingestion rate (L/day) 2 (EPA 19914)

K volatilization factor of Andelman (1990) (L/m®) 0.0005 x 10°
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(Andelman 1990)

Ko permeability constant (crm/hr) chemical-specific
SA adult total body surface area (m?) 1.94 (EPA 1992)
TV 4 absorbed toxicity value SF, (carcinogen)
1/RfD (noncarcinogen)
TV, inhalation toxicity value SF; (carcinogen)
1/RfD; (noncarcinogen)
TV, ora toxicity value SF, (carcinogen)

1/RfD, (noncarcinogen)
H.2.1.2 Radionuclide contaminants

Since most radionuclides are not volatile, the inhalation pathway is not usually considered for exposure
through groundwater. The specia case radionuclides (e.g., tritium and radon) are not discussed in this
document. Therefore, the only pathway that will be evaluated for groundwater in this study is the ingestion
pathway:

Ingestion risk = C x [ IR, x EF x ED ] x S (4)
where:
Parameters Definition (units) Default Value
C radionuclide PRG in water (pCi/L) )
ED exposure duration (yr) 30 (EPA 1991a)
EF exposure frequency (day/yr) 350 (EPA 1991a)
IR, water ingestion rate (L/day) 2 (EPA 19914)
Sk, oral slope factor (risk/pCi) rad-specific

(ORNL 1994)
H.2.2 Soil Equations

Under residential land use, risk of contamination from soil iscaused by direct ingestion, inhalation of dust
and particulates, dermal exposure to chemicals, and external exposure to radionuclides. Because the soil
ingestion rate is different for children and adults, the carcinogenic risk due to direct ingestion of soil is
calculated using an age-adjusted ingestion factor. Thistakesinto account the differencesin daily soil ingestion
rates, body weights, exposure fraction, and exposure durations for the two exposure groups. Exposure
frequency is assumed to be the same for the two groups. Calculated in this manner, the factor leadsto amore
protective risk-based concentration compared to an adult-only assumption. Due to differences in averaging
timesfor carcinogens and noncarcinogens, the noncarcinogenic hazard is cal culated separately for adults and
children. This procedure will give a more protective concentration than the adult-only assumption.
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H.2.2.1 Nonradionuclide contaminant

1. Ingestion

Ingestion risk = C x x CF x

Dermal contact risk = C x CF, x ABS x {

a. Carcinogen

IR, x ED
EF x (— o+

IR, x ED,

BW.

C

b. Noncarcinogenic (adult and child calculated separately)

Ingestion risk = C x CF x

EF x ED, x IR, x Fl

2. Inhalation only

EF x ED x IR,
BW x AT

Inhalation risk = C x

3. Dermal contact only

BW, x AT,

X (= +

VF

SA x AF x EF x ED <

where:

Parameters Definition (units)

ABS absorption factor (unitless)

AF adherence factor (mg/cm?)

AT averaging time (yr x day/yr)

AT, averaging time - noncarcinogenic ingestion only
(yr x daylyr)

BW adult body weight (kg)

BW, body weight - noncarcinogenic ingestion only (kg)

C chemical PRG in soil (mg/kg)

CF units conversion factor (kg/mg)

CF, units conversion factor - dermal (kg-cm?)/(mg-m?)

ED exposure duration (yr)

ED, exposure duration - noncarcinogenic ingestion

H-6

BW x AT

) x FI % M, ®)
AT
x TV, (6)
PI1£F) ™ )
TVag )
Default Value

0.01 (organic) (EPA 1995)
0.001 (inorganic)

(EPA 1995)

1[11]

70 x 365 (carcinogen) (EPA
19914a)

ED x 365 (noncarc.)

(EPA 1991a)

ED, x 365 (EPA 1991a)

70 (EPA 1991a)

70 (adult) (EPA 1991a)
15 (child) (EPA 19914)
)

10°

0.01

30 (EPA 1991a)

24 (adult) (EPA 1991a)



EF

FI

IR,

I Rair
IR,
PEF
RfDq
RfD,

RfD,

SF.,
SF,
SF,
TV,
TV,
TV,
VF
W,
BW,
ED,
ED,

IR,
IR,

only (yr)

exposure frequency (day/yr)

fraction ingested (unitless)

soil ingestion rate for adult (mg/day)

total inhalation rate (m3/day)

soil ingestion rate - noncarcinogenic (mg/day)

particulate emission factor (m*/kg)
absorbed chronic reference dose (mg/kg-day)
inhalation chronic reference dose (mg/kg-day)

ora chronic reference dose (mg/kg-day)

adult surface area (head, hands, forearms, lower legs)

(mP/day)
absorbed dose sope factor ((mg/kg-day)™)

inhalation slope factor ((mg/kg-day)™)
oral dope factor (mg/kg-day)™)
absorbed toxicity value
inhalation toxicity value
oral toxicity value
volatilization factor (volatile organics only) (m*kg)
average body weight from ages 1-6 (kg)
average body weight from ages 7-31 (kg)
exposure duration during ages 1-6 (yr)
exposure duration during ages 7-31 (yr)

ingestion rate of soil ages 1 to 6 (mg/day)
ingestion rate of soil ages 7 to 31 (mg/day)

H.2.2.2 Radionuclide contaminant

1. Ingestion

6 (child) (EPA 19914)
350 (EPA 19914)

1[12]

100 (EPA 1991a)

20 (EPA 1991b)

100 (adult) (EPA 1991a)
200 (child) (EPA 1991a)
4.28 x 10° (see Eq. 40)
(EPA 1991¢)
chemical-specific
(ORNL 1994)
chemical-specific
(ORNL 1994)
chemical-specific
(ORNL 1994)

0.53 (EPA 1992)

chemical-specific

(ORNL 1994)

chemical-specific

(ORNL 1994)
chemical-specific

(ORNL 1994)

SF, (carcinogen)

1/RfD 4 (noncarcinogen)

SF; (carcinogen)

1/RfD; (noncarcinogen)

SF, (carcinogen)

1/RfD, (noncarcinogen)

chemical-specific

(see Egs. 34-39)

(EPA 1991c)

15 (EPA 1991a)

70 (EPA 19914a)

6 (EPA 1991a)

24 (EPA 19914a)

200 (EPA 19914)

100 (EPA 1991a)

Ingestion risk = C x CF x [ EF x (IRXED_ + IRXED,) x FI ] x & (9)

2. Externa radiation only
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External risk = C x T, x [ ED x EF, x (1-§) ] x SF, (10)

where:

Parameters Definition (units) Default Value

C radionuclide PRG in soil (pCi/g) )

CF units conversion factor (g/mg) 103

ED exposure duration (yr) 30 (EPA 1991a)

EF exposure frequency (day/yr) 350 (EPA 1991a)

EF, exposure frequency - external (day/day) 350/365 (EPA 1991a)

Fi fraction ingested (unitless) 1[12]

IR, soil ingestion rate for adult (mg/day) 100 (EPA 19914a)

S gamma shielding factor (unitless) 0.2 9EPA 19914)

Sk, oral slope factor (risk/pCi) radionuclide-specific ~ (ORNL
1994)

SF, external exposure sope factor ((risk-g)/(pCi-yr)) radionuclide-specific ~ (ORNL

1994)
Te gamma exposure time factor (hr/hr) 24/24 (EPA 1991a)

H.3. UNCERTAIN PARAMETERS

For the groundwater equations (i.e., Egs. 1 through 4), the assessed parameters are the ingestion rate,
inhaation rate, exposure frequency, exposure duration, averaging time, body weight, surface area, and
exposuretime. For the soil equations (i.e., Egs. 5 through 10), the assessed parameters are the ingestion rate,
inhalation rate, exposure frequency, exposure duration, averaging time, body weight, surface area, adherence
of soil-on-skin factor, and fraction ingested. Specific uncertain parameters were collected for two age groups
(children and adults).

Table H.1 summarizes the varying parameters used in the groundwater and soil exposure pathway
equations. Their statistical distribution, descriptive statistics, and source of information is also presented.
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Table H.1. Uncertain parametersand corresponding statistical distributions used
in the groundwater and soil models

Parameter PE Distribution ~ Mean S.D. Min. Max. Likeliest Reference
EF(dayslyear) 350  Triangular 180 365 345 Smith 1994
ED, (vear) 30 Lognormal 11.36 13.72 Israeli 1992
ED 4 (year) 6 Lognormal 11.36 13.72 Israeli 1992
truncate at 6

BW e 70 Lognormal 771 135 Smith 1994
SABW(m?/kg) 0.027  Norma 0.025 0.003 Finley 1994b
IR, xer(L/daY) 2 Lognormal 1.26 0.66 Smith 1994
IR, (m?/day) 20 Uniform 5.05 17.76 Finley 1994a
ET(h/day) 25 Triangular 0.13 0.33 0.20 Smith 1994
IR4ii¢(mg/day) 200 Triangular 5 500 100 Finley 1994b
IR qui(mMg/day) 100 Triangular 0.1 50 25 Lagoy 1987
Fl g 1 Uniform 0.1 1 Finley 1994a
Fl qut 1 Uniform 0.1 0.5 Finley 1994a
AF(mg/cm®) 1 Lognormal 0.52 0.9 Finley 1994c
Se 0.2 Triangular 0.0 1.0 0.2 Judgement

The following subsection elaborates on these data and compares the ranges of variation of these
parameters with the point estimates recommended by EPA guidance.

H.3.1 Ingestion Rate of Groundwater

EPA'srecommended valuefor an adult'singestion rate of water is2 L/day. A lognormal distribution with
ageometric mean and ageometric standard deviation of 0.11 and 0.49 (i.e., arithmetic values of 1.26 and 0.66
L/day), respectively, was used by Smith (1994) and is reproduced for this study.

H.3.2 Ingestion Rate of Soil

The ingestion rates of soil recommended by EPA are 100 and 200 mg/d for adults and children,
respectively. Lagoy (1987) suggested an average ingestion rate of 25 mg/d for adults. Other studies indicate
that a 50 mg/day islikely to be an overestimate. Therefore, soil ingestion was assigned a value of 25 mg/day
asthe mogt likely value in atriangular distribution with minimum and maximum values of 0.1 and 50 mg/d,
respectively. Finley et al (1994b) suggested auniform distribution between 5 and 50 mg/day for children. Based
on severa studies, Lagoy (1987) suggested 100 mg/day as the soil ingestion rate for an average child and a
value of 500 mg/day for a maximally exposed child. For this study, these values were selected as the most
likely and the maximum values in atriangular distribution with a minimum value of 5 mg/d.

H.33 Inhalation Rate

Finley et a. (1994b) used a uniform distribution with minimum and maximum values of 5.04 and 17.76
m?/day, respectively, for the inhalation rates for adults. These values were reported by EPA (1989) and are
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reproduced in this document.
H3.4 Exposure Frequency

Thisparameter estimatesthe number of days per year that anindividual may be exposed to acontaminated
source. For theresidential scenario, EPA generally recommendsan exposurefrequency of 350 days/year. Smith
(1994) suggested atriangular distribution with minimum, maximum, and most likely values of 180, 365, and
345, respectively.

H.3.5 Exposure Duration
For the residential scenario, EPA recommends a point estimate of 30 years. Based on housing surveys,
statistical analysis, and modeling of the moving process, Isragli et al. (1992) found that the average total

residence time (i.e., exposure duration) varies between different housing categories (Table H.2).

Table H.2. Values, standard errorsand standard deviations of the aver age total
residencetime for each housing category, Israeli et al. (1992)

Housing category Averageresidence time (years) Standard deviation (years)
All households 455+ 0.60 8.68
Renters 235+0.14 4.02
Owners 11.36 + 3.87 13.72
Farms 17.31+ 13.81 18.69
Urban 419+ 0.53 8.17
Rural 7.80+1.17 11.28
Northeast region 7.37+0.88 11.48
Midwest region 5.11 + 0.68 9.37
South 3.96+ 047 8.03
West 349+ 0.57 6.84

For this study, alognormal distribution of the residence time of owners values are selected to represent
thestatistical distribution of the exposure duration of apotential adult resident. The samedistribution truncated
at 6 yearsis used to represent children.

H.3.6 Body Weight
EPA'sbody weight recommended valuesare 70 and 15 kg for adultsand children, respectively. For adults,
a lognormal distribution with a geometric mean and a geometric standard deviation of 4.34 and 0.17 (i.e.,

arithmetic values of 77.1 and 13.5 K@), respectively, were used by Smith (1994). For children, the same
reference suggested atriangular distribution with 6.5, 26.1, and 15 asthe minimum, maximum, and most likely
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values. These values are used in this study.
H.3.7 Surface Area

EPA'srecommended valuefor an average surface areaof amale adult body is 1.94 m? Since surface area
isafunction of the body weight, Finley et al. (1994b) devel oped arel ationship between skin surface area, body
weight, and age based on lognormally distributed factors. These factors are presented in Table H.3.

Table H.3. Distribution factorsfor total skin surface area/body weight ratio by age

Age Arithmetic mean (cm?/kg) Standard deviation (cm?kg)
0-2 641 114

2-18 423 76

>18 248 28

For the dermal contact pathway, the distribution factors of thisratio are used to account for the resultant
variation of the surface area and the body weight for both children and adults.

H.3.8 Exposure Time

EPA'srecommended valuefor average exposuretimeinthe shower isavalue of 12 min/day. Smith (1994)
suggested a triangular with minimum, maximum, and most likely values of 8, 20, and 12, respectively.

H.3.9 Averaging Time

For carcinogens, the averaging time is constant with a value of 70 years; for noncarcinogens, the
averaging timeisafunction of the exposureduration. Therefore, variationinthe numerator (exposure duration)
will be nullified by the equivalent variation in the denominator (averaging time).This is expected because
exposure in this case is not an aggregate exposure over the life time of the exposed individual .
H.3.10 Fraction Ingested

EPA's recommended value for the fraction ingested for both children and adults is 1. Finley (1994a)
suggested auniform distribution with arange of 0.1 and 1 for children and 0.1 and 0.5 for adults. These values
were used for this study.
H.3.11 Adherence of Soil-on-Skin Factor

EPA's rough estimates for average and upper-bound soil adherence factors are 0.2 and 1.0 mg/cm?,
respectively. Finley (1994c) developed a standard soil-on-skin adherence probability density function using
Monte Carlo analysis based on al data collected for all age groups. The distribution is lognormal with an
arithmetic mean of 0.52 mg/cm? and a standard deviation of 0.9 mg/cm?.

H.3.12 Shielding Factor

EPA's recommended value for the shielding factor is 0.2. Based on professiona judgment, a triangular

H-11



distribution was assigned for this parameter with minimum, maximum, and most likely values of 0, 0.2, and
1, respectively. The minimum and maximum values represent the possible range for the parameter.

H.4 UNCERTAINTY AND SENSITIVITY RESULTS

Uncertainties in the predictions of risk based on Egs. 1-10 are evaluated by assessing the variability of
theresultsassociated with the uncertaintiesin the corresponding input parameters. Those parametersare square
bracketed in Egs. 1-10. Note that parameters outside the square brackets are either constants or treated as
constants. Additionally, standard values were selected for chemical-specific parameters to pursue the
calculations. Therefore, the risk estimates are not necessarily meaningful other than for the evaluation of the
variability in the predictions of the individual models due to variations in the uncertain parameters. Further,
the different predicted percentiles of the risk estimates were compared to the point estimate of each model to
develop arelative risk ratio which can be used astool to quantify the credibility and the conservatism of the
point estimates.

Statistical analyses of themodel predictions are presented in terms of the coefficient of variability (COV)
and thereforetherange of variation. The COV istheratio of the standard deviation to the predicted mean value.
Therefore, ahigher COV indicatesawider range of variationinthe multiplicativeexposurefactor. Correlations
between parameters are not accounted for in this study. Inclusion of correlation would have the net effect of
reducing the COV vaue.

The uncertainty analysis was performed using the software package Crystal Ball, Version 3.0
(Decisioneering, Inc. 1993). Crystal Ball performed Monte Carlo simulations, for the probabilistic distributions
of the uncertain exposure parameters, using the Latin Hypercube Sampling technique to predict the
multiplicative exposure factor distributions.

H.4.1 Groundwater Pathways
TableH.4 presents adescriptive statistical analysisof the Monte Carlo simulations of therisk predictions

associated with uncertaintiesin the input parametersfor the exposure models and for the point estimates of the
multiplicative exposure factors.
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Table H.4. Results of the uncertainty analysis for the groundwater exposur e pathways

Carcinogens Noncarcinogens Radionuclides

Statistics Ingestion Inhalation Dermal Ingestion Inhalation Dermal Ingestion
cov 1.37 1.24 1.21 0.58 0.40 0.26 1.33

Minimum 4.9E-5 3.1E04 2.2E-4 18E-3 16E-2 19E-2 8.1E+1
50% 1.2E-3 6.0E-3 4.4E-3 1.2E-2 5.9E-2 4.4E-2 2.4E+3
95% 7.4E-3 3.3E-2 2.2E-2 2.9E-2 11E-1 6.6E-2 1.4E+4
97.5% 1.0E-2 4.4E-2 3.2E-2 3.4E-2 1.2E-1 7.1E-2 1.9E+4
Maximum 4.7E-2 14E-1 99E-2 6.6 E-2 17E-1 8.8E-2 7.3E+4
FSIIEr)“ Estimate 1.2E-2 5.9E-2 29E-2 2.7E-2 14E-1 6.6E-2 2.1E+4
PE/(95%) 16 18 13 0.9 13 10 15

PE/(97.5%) 11 14 0.9 0.8 12 0.9 11

Thistable shows that for both nonradioactive and radioactive carcinogens, the COVs are greater than 1,
which implies multiple orders of magnitude of variation over the range of the model predictions. For
noncarcinogens, the variability in the model predictions is much less.

Therelativerisk ratio (PE/MEF) is cal cul ated to determine the | ocation of the point estimateswith respect
totheuncertainty predictionsof theindividua models. Thecalculationsof relativerisk ratios, whichistheratio
of the PE to the predicted percentiles, show that the PE lies in the last 5% predictions of the Monte Carlo
simulations for al exposure pathways. The ratio varies between one and two for the different exposure
pathways. For example, for the ingestion of groundwater pathway, the ratio of the PE to the 97.5% was 1.13,
which means that the PE is ailmost equivalent to the 97.5 percentile prediction. This indicates that the EPA
default parameters are reasonable approximations of the upper percentiles of the multiplicative exposure
factors.

Table H.5 presents the corresponding sensitivity analysis of the risk predictions associated with
uncertainties in the input parameters for all groundwater exposure factors. The sensitivity results are limited
to those exceeding 1% contribution.

Table H.5. Results of the sensitivity analysis for the groundwater exposur e pathways

Sensitivity data

Carcinogens

Noncarcinogens

Radionuclides

Ingestion

Inhalation

Dermal

Ingestion

Inhalation

Dermal

Ingestion

ED
IR,
BW
EF
SABW
ET
IR

7%
18%
3%
2%

84%

2%
2%

11%

92%

2%
1%
4%

83%
10%
6%

14%
12%

74%

31%
15%
53%

79%
18%

2%

H-13



Thistable showsthat for both nonradioactive and radioactive carcinogens the most important parameter
of those evaluated in the risk models is the exposure duration parameter. Therefore, significant reduction in
therange of variation of the exposure results can only be accomplished by reducing the COV for thisvariable.
However, this parameter reflects the expected variability in the amount of time people livein aresidence and
it is not expected that this uncertainty can be reduced through the collection of additional data. For
noncarcinogens, where the exposure duration plays no role in the variations of the risk predictions, the
variability in the model predictions are affected by severa other parameters. Contributions of sensitive
parameters exceeding 10% are bolded. The following subsections elaborate on the exposure results for each
pathway of the carcinogenic, noncarcinogenic, and radioactive exposure models.

H.4.1.1 Exposure to nonradioactive car cinogensin groundwater

The COVs for ingestion, inhalation, and dermal contact pathways for groundwater are 1.37, 1.24 and
1.21, respectively. The variation in the model predictions are expected to be wide based on these COV's, and
the predicted multiplicative exposure factors vary by two to three orders of magnitude from the predicted
minimas.

For the ingestion pathway, sensitivity analysis showsthat in addition to the exposure duration parameter
(77%), the water ingestion rate parameter has an additional impact (18%) on the predicted variability. The
body weight and the exposure frequency have insignificant contributions.

For the inhalation pathway, sensitivity analysis shows that the inhalation rate parameter follows the
exposure duration (84%) with a very limited impact (11%) on the predicted risk. The body weight and the
exposure frequency have insignificant contributions.

Sensitivity analysisfor the dermal contact pathway shows that the variation in the risk prediction is 92%
dueto variation in the exposure duration over itsdistribution. Variation in the risk prediction dueto variations
in al other uncertain parameters is negligible.

H.4.1.2 Exposure to noncar cinogens in groundwater

The COV sfor ingestion, inhalation, and dermal contact pathwaysfor groundwater are 0.58, 0.4 and 0.26,
respectively. These values are less than 1; therefore, the expected variation in the model predictions are not
expected to be very wide. The predicted maximum risks vary, at most, by one order of magnitude from the
predicted minimas because the impact of the most varying parameter (i.e., the exposure duration) in the
carcinogenic model is screened out by an equivalent variation in the averaging time. Thisisthe casefor shorter
term exposures where the impact of the averaged exposure over thelife time of the receptor is not asignificant
factor. Therefore, models used to predict risk from exposure to noncarcinogens are not widely varying with
variations of the uncertain parameters.

For theingestion pathway, sengitivity analysis showsthat the sengitivity in therisk predictionis83% from
the uncertainty in the water ingestion rate. The body weight and the exposure frequency have alimited impact
(20 and 6%, respectively) on the predicted risk.

For theinhal ation pathway, sensitivity analysisshowsthat the variationin therisk prediction is 74% from
the uncertainty in the inhalation rate. The body weight and the exposure frequency have alimited impact (14
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and 12%, respectively) on the predicted risk.

Sensitivity analysisfor the dermal contact pathway shows that variation in therisk prediction is 53% due
to variationsin the exposure time, 31% due variation in the exposure frequency, and 15% dueto variation in
the surface area to the body weight ratio.

H.4.1.3 Exposureto radionuclidesin groundwater

The COVs for ingestion of contaminated groundwater is 1.33. This value reflects a variation of three
orders of magnitude between the maximum and minimum predicted risk results (see Table H.4). Sensitivity
analysis shows that the variation in the risk prediction is 79% from the uncertainty in the exposure duration
parameter, 18% from the ingestion rate of water, and a negligible contribution from the exposure frequency
(2%).

H.4.2 Soil Pathways
TableH.6 presents adescriptive statistical analysisof the Monte Carlo simulations of therisk predictions
associated with the uncertainties in the input parameters for the soil exposure models. The point estimate of

the risk calculations and the ratios between the point estimates and the 95th and 97.5th percentiles are given.

Table H.6. Results of the uncertainty analysisfor the soil exposure pathways

Carcinogens Noncarcinogens Radionuclides
Statistics Ingestion Inhalation Dermal Ingestion-ad  Ingestion-ch Inhalation Dermal Ingestion  External
cov 1.01 1.24 2.95 0.65 0.88 0.44 1.65 0.84 1.24
Minimum 31E9 6.2E-7 3.5E-10 8.2E-10 1.1E-7 3.2E-5 9.3E-9 2.2E+0 2.3E-2
50% 1.2E-7 1.2E-5 5.5E-8 7.0E-8 2.3E-6 1.2E-4 5.1E-7 6.3E+1 3.4E+0
95% 4.7E-7 6.5E-5 6.4E-7 1.9E-7 8.3E-6 2.2E-4 3.6E-6 2.1E+2 1.8E+1
97.5% 5.8E-7 8.7E-5 1.3E-6 2.2E-7 1.0E-5 2.3E-4 5.3E-6 2.6E+2 2.5E+1
Maximum 20E-6 2.7E-4 13E-5 34E-7 2.7E-5 3.3E-4 24E-5 5.8E+2 7.3E+1
Point Estimate 1.6E-6 1.2E-4 1.1E-6 1.4E-6 1.3E-5 2.7E-4 2.7E-6 1.3E+3 2.3E+1
PE/(95%) 33 18 18 7.2 16 13 0.7 6.0 13
PE/(97.5%) 27 1.34 0.9 6.4 13 12 0.5 48 0.9

Thistable showsthat for both nonradioactive and radioactive carcinogensthe COV s are greater than one,
which implies multiple orders of magnitude of variation over the range of the model predictions. For
noncarcinogens, the variability in the model predictions was much less.

The relative risk ratio is calculated to determine the location of the point estimates with respect to the
uncertainty predictions of the individual models. The calculations of relative risk ratios, theratio of the PE to
the predicted percentiles, show that the PEsliein thelast 2.5% predictions of the Monte Carlo smulations for
different exposure pathways. In the following subsections, theindividua pathway ratiosare evaluated, and the
PE/MEF ratios are assessed.
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Table H.7 presents the corresponding sensitivity analysis of the risk predictions associated with
uncertainties in the input parameters for all soil models presented in Sect, 2. Note that sensitivity results
exceeding 1% contribution only are presented in Table H.7.

Table H.7. Results of the sensitivity analysis for the soil exposure pathways

Carcinogens Noncarcinogens Radionuclides

Sensitivity data Ingestion Inhalation Dermal Ingestion-ad ~ Ingestion-ch Inhalation  Dermal Ingestion  External

Flg, 31% . . . 43% . . 24%

ED,, 29% . . . . . . 24%

IR, 29% . . . 45% . . 25%

BW,, 6% . . 8%

EF 3% 2% 1% 6% 3% 12% 2% 5% 2%
IR 1% 1% . 47% . . . 5% 1%
ED, 1% 84% 36% . . . . 15% 82%
Flo . . . 42%. . . . 3%

SABW . . 1% 6% . 2%

BW . 2% . . . 14%

Se . . . . . . . . 15%
IR, . 11% . . . 74%

AF . . 61% . . . 96%

This table shows that several parameters are found to be significant for each pathway. Therefore, to
reduce the range of variation in each model, and therefore to increase the confidence in the predicted risk
values, the statistical information of the most sensitive parameter in the model of concern must be considered.
The sengitivities exceeding 10 % contributions are bolded. The following subsections elaborate on the risk
results for each pathway for the carcinogenic, noncarcinogenic, and radioactive exposure models.

H.4.2.1 Exposur e to nonradioactive car cinogens in soil

The COVs for ingestion, inhalation, and dermal contact pathways for groundwater are 1.01, 1.24 and
2.95, respectively. Since these values deviate from zero, the expected variation in the model predictions are
expected to be wide. For the ingestion and inhalation pathways, the predicted maximum risks vary by two to
three orders of magnitude from the predicted minimas. The dermal contact pathway range of variation iseven
wider (almost five orders of magnitude) and the confidence in the distributions of the most sensitive parameters
in thismodel have to be examined in greater detail to see whether they can be more fined based on additional
data.

For the ingestion pathway, sensitivity analysis shows that the most sensitive parameters are fraction

ingested, exposure duration, and ingestion rate of a child with contributions of 31, 29, and 29 %, respectively,
to the exposure model. The exposure prediction sensitivity associated with variations in the exposure
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parameters that pertains to the adult exposure scenario are insignificant.

For the inhalation pathway, sensitivity analysis shows that the exposure duration is the most sensitive
parameter with an 84% contribution to the sensitivity of the predicted risk. Additionally, the distribution of the
inhalation rate has a limited impact (11%) on the sensitivity of the predicted risk.

Sensitivity analysisfor the dermal contact pathway shows that the variation in the risk prediction is 61%
governed by the lognormal distribution of the adherence of soil-to-skin factor. The next important parameter
is the exposure duration with a sensitivity of 36%.

The PE/MEF ratio, the ratio of the point estimate to the predicted percentiles of the multiplicative
exposure factor, show that the PE for the ingestion risk is 2.7 of the 97.5% predictions of the Monte Carlo
simulations. Infact, the PE lies closer to the 99% prediction for the ingestion pathway. Additionally, the point
estimates for the inhalation and the dermal contact riskslie in the 2.5% predictions (i.e., 1.34, and 0.9 of the
97.5% predictions, respectively) of the Monte Carlo simulations.

H.4.2.2 Exposur e to noncar cinogensin soil

The COVsfor adult ingestion, child ingestion, inhalation, and dermal contact pathways for groundwater
are 0.65, 0.88. 0.44, and 1.65, respectively. For the ingestion pathways, the predicted maximum risksvary by
two orders of magnitude from the predicted minimas; for the inhalation pathway, the variation is by one order
of magnitude; and for the dermal contact pathway, therange of variationismorethan four ordersof magnitude.
Note that the COV's are again reduced to less than 1 because the impact of the most varying parameter (the
exposure duration) is screened out by an equivalent variation in the averaging time. Therefore, models used
to predict risk from exposure to noncarcinogens do not show as much variation as exposure models used to
calculate carcinogenic risk estimates.

For the adult ingestion pathway, sensitivity analysis shows that the most sensitive parameters are the
ingestion rate and the fraction ingested with contributions of 47 and 42%, respectively, to the risk model. For
the child ingestion pathway, the sensitivity of the predicted risk to the ingestion rate and the fraction ingested
is 43 and 45%, respectively. The risk prediction sensitivity associated with variations in the other exposure
parametersis negligible.

For theinhal ation pathway, sensitivity analysisshowsthat the variationin therisk predictionis 74% from
theuncertainty in thewater inhalation rate. Body weight and the exposurefrequency have avery limited impact
(14 and 12%, respectively) on the predicted risk.

Sengitivity analysis for the dermal contact pathway shows that variation in the risk prediction is mainly
associated with variations in the adherence of soil-on-skin factor (96%).

The calculations of the PE/MEF ratio show that the PE for the adult ingestion risk is 6.4 of the 97.5%
predictions of the Monte Carlo simulations. The PE is actually observed to be considerably outside the range
of the Monte Carlo prediction (by more than four times). For the child ingestion pathway, the PE almost lies
at the 97.5% prediction (relative risk ratio of 1.3). Additionally, the point estimate for the inhalation pathway
liesin the last 2.5% predictions (i.e., 1.2 of the 97.5% predictions) of the Monte Carlo simulations. For the
dermal pathway, therelativerisk ratio 0.7 at 95% tile. Therefore, PE isexpected to lie closer to the 92.5% tile
of the Monte Carlo smulation.
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H.4.2.3 Exposureto radionuclidesin soil

The COVsfor ingestion of and external exposure to contaminated soil with radionuclides are 0.84 and
1.24. Thisvauereflects a variation of two to three orders of magnitude between the maximum and minimum
predicted risk results (see Table H.5).

Sensitivity analysis shows that the variation in the risk prediction from the ingestion of contaminated soil
with radionuclidesisattributed to variationsin several exposure parameters. Equal contributions of 25% were
from the ingestion rate, exposure duration, and ingested fraction that pertains to the child exposure scenario;
15% came from variations in the exposure duration of an adullt.

For the external exposure pathway, the predicted risk ismost sensitiveto variationsin the adult exposure
duration (82%). The shielding factor contribution to the sensitivity of predicted risk is 15%.

The calculations of relative risk ratio show that the PE for the ingestion risk isalmost 5 times the 97.5%
predictions of the Monte Carlo smulations. Actually, the PE is observed to be outside the maximum range of
the Monte Carlo prediction by more than two times. For the externa exposure pathway, the relativerisk ratio
is0.9 at the 97.5% tile.

H.5. RISK MANAGEMENT APPLICATION

It iswidely recognized that the values used to generate point risk assessment results are conservatively
biased (e.g., Burmaster and Harris 1993) and often yield an exposure estimate that is greater than the 99th
percentile. Indeed, the results documented here show that point estimates can be as high as 4 times the
maximum of the range of the Monte Carlo analysisfor some pathways. However, the attempts at Monte Carlo
analyses for sites are often confounded by site-specific and contaminant-specific factors related to estimates
of the concentration term and in difficulties in estimating the dose-response relationship. Therefore, Monte
Carlo analyses are not often implemented for particular sites. By segregating the uncertaintiesthat are specific
for the exposure parametersin aparticular land use scenario from thosethat are site- and contaminant-specific,
the assessor can work to reduce the uncertainties associated with the site while being able to recognize the
uncertainties inherent in the exposure process.

A 90-95th percentile value of the forecast distribution can be used to determine amultiplicative exposure
factor that is specific for each pathway of each land use scenario. If these values were developed for al
pathways of each land use scenario, the risk assessment processitself could be greatly simplified. For example,
the risk for the ingestion pathway could be expressed as the product of the exposure concentration, a dose-
response rel ationship, and the multiplicative exposure factor rather than using all of the parameters presented
in Sect. H.2. This would trandate to direct cost savings through easier generation of risk estimates and by
reducing the amount of quality assurance that is currently necessary to ensure that the risk estimates are free
of error. In addition, use of percentiles of the multiplicative exposure factors would maintain the advantages
of the point estimate approach in terms of their interpretability by the genera public while being more
indicative of an estimate that is protective of 90-95% of the potentially exposed population. Of course, it is
not necessary to employ Monte Carlo analyses to produce MEFs based on current EPA guidance. Table H.5
gives values for the EPA default point estimates that can be used as MEFs. However, Table H.5 also shows
theextent of conservatism that isbuilt into many of the pathways. Use of the default factors can cost significant
amounts of money in essentially cleaning up to criteria that far surpass the risk management goals.
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While this methodology could be applied at the vast majority of sites, it is recognized that there are sites
wherelocal exposure patterns deviate significantly from nationa norms. For these sites (e.g. fish consumption
among Native Americans), this method would not be applicable and the distributions and resulting percentiles
would haveto be modified to reflect local exposure patterns. However, the vast majority of sitesfall under the
same general EPA guidance recommendations for exposure patterns and use of this method would result in
more reliable risk estimates at less cost.

H.6. CONCLUSIONS

Uncertainties in the risk predictions from exposure to contaminated groundwater and soil have been
evaluated for the residentia scenario in this report. The variability and the sensitivity of the EPA Superfund
exposure model predictions to the input parameters has been examined and documented. In addition, the
confidence and conservatism of the point estimates with respect to the probabilistic estimates have been
evaluated by calculating a relative risk ratio between the PE and the closest percentile prediction of the
multiplicative exposure factor.

H.6.1 Groundwater Modéds

For the ingestion, inhalation, and dermal contact exposure pathways to nonradioactive carcinogens and
for the ingestion of radioactive carcinogensin groundwater the COV stend to be greater than 1, which reflects
orders of magnitude of variation between the minimum and the maximum predictions of the multiplicative
exposure factor. The corresponding results of the sensitivity analysis show that the exposure duration is the
most senditive parameter and is the main cause of the wide variability of the predictions. Current studies on
an acceptabl e distribution for the exposure distribution supports the distributions used in this study; therefore,
the large standard deviations are an acceptable representation of the parameter variation and the expected
variation is the model predictions are justifiable. However, point estimate to multiplicative exposure factor
ratios at the 97.5% tiles for these pathways imply that the PEs are highly conservative.

For the ingestion, inhalation, and dermal contact exposure pathways to noncarcinogensin groundwater,
the COV's tend to be less than 1, which reflects a smaller range of variation between the minimum and the
maximum predictions of the exposure moddl. The corresponding results of the sensitivity analysis show that
the ingestion rate and the inhalation rate are the main parameters of concern for the ingestion and inhalation
pathways. The exposuretimeand exposurefrequency arethemost sensitive parametersfor thedermal pathway
model. The relative ratios for the point estimates and the 97.5th percentiles for these pathways imply that the
EPA default point estimates are conservative and generally result in an overestimate of the actual risk.

H.6.2 Soil M odels

For theingestion, inhalation, and dermal contact exposure pathwaysto nonradioactive carcinogensin soil,
the COVstend to be greater than 1, which reflects the orders of magnitude of variation between the minimum
and the maximum predictions of the moddl. The corresponding results of the sengitivity analysis show that
severa parametersare contributing to thiswiderange of variation (refer to Table H.7). Therelativerisk ratios
lie closer to the 99% tile for the ingestion pathway and 97.5% tiles for the inhalation and dermal contact
pathways. Thisimpliesthat the point estimates for the exposure parameters recommended by EPA are highly
conservative.

For the adult ingestion, child ingestion, and dermal contact exposure pathwaysfor noncarcinogensin soil,
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the COV sreflect awide range of variation between the minimum and the maximum predictions of the model.
The smallest variation is observed in the inhalation pathway. The corresponding results of the sensitivity
analysis show that the ingestion rate and the ingested fraction and the inhalation rate are the main parameters
of concern for the ingestion and inhalation pathways, respectively. The adherence of soil-on-skin factor isthe
most sensitive parameter for the dermal contact pathway model. Therelativeratio of the point estimatesto the
Monte Carlo percentiles for the adult ingestion pathway show that the point estimate occurs outside the wide
range of predictions. Thisimplies that the point estimates provided by EPA for this pathway are extremely
conservative. The relative risk ratios at the 97.5% tiles for the child ingestion and inhaation pathways imply
that the PEs are till conservative. For the dermal contact pathway the point estimate is expected to lie closer
to the 92.5% tile of the Monte Carlo simulation.

For the ingestion and external exposure pathways to radioactive carcinogens in soil, the COV's reflect
orders of magnitude of variation between the minimum and the maximum predictions of the model. The
corresponding resultsof the sensitivity analysisshow that several parametersare contributing tothiswiderange
of variation (refer to TableH.7). Therdativerisk ratio for theingestion pathway show that the point estimates
are greater than the maximum of the predictions. The relative risk ratios lie closer to the 97.5% tile for the
external exposure pathway. This again implies that the EPA point estimates are highly conservative.

Andternativeto the continued use of conservative point estimatesisthe use of a 90-95th percentilevalue
of theforecast distribution of the multiplicative exposure factor. These can be developed specifically for each
pathway of each land use scenario. These values could greatly simplify the risk assessment process through
easier generation of risk estimates and by reducing the amount of quality assurance that is currently necessary
to ensure that the risk estimates are free of error. These two factors would decrease the dollar amount that a
risk assessment coststo produce. Reducing theinherent conservatism in therisk estimateswould also trand ate
to reduced costsinimplementing remedial action aternativeswhile still meeting stated risk management goals
through the Superfund decision process. In addition, use of percentiles of the multiplicative exposure factors
would maintain the advantages of the point estimate approach in terms of their interpretability by the genera
public while being more indicative of an estimate that is protective of 90-95% of the potentially exposed
population.
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APPENDIX |

INTEGRATION POINT ASSESSMENT METHOD



The first step in performing the integration point assessment is selecting the actual point of assessment.
In general, an integration point assessment should be performed for systemsthat drain catchment areas at the
boundaries of the ORR. Examples include White Oak Lake, East Fork Poplar Creek, Bear Creek, Poplar
Creek, and the Clinch River. Theselarge-scal eintegration point assessmentscan assist in prioritizing activities
at known contaminant sources. Other points can be selected as needed to support activities taken to control
contaminant sources. Integration point assessments can be used to support remedial investigations and may
assess only a portion of the larger integrator watershed to ensure that remedies for smaller subsystems of the
watershed achieve acceptable risk levels.

The integration point assessment is then performed at the chosen point using the 95% upper confidence
limit on the arithmetic averagefor yearly concentration data. Surface water pathways are assessed at this point
with the assumption of residential land use of the water. This would entail using standard risk assessment
parametersthat are availablein Risk Assessment Guidance for Superfund, Part A: Human Health Evaluation
Manual (EPA 1989) for these pathways.

Primary pathwaysto be assessed include ingestion of surface water, dermal contact while showering, and
indoor inhalation of chemicals resulting from water use. The cumulative risk across all pathways for all
chemicals at this point is then compared with an excess lifetime cancer risk (ELCR) of 1E-04 and to the
noncarcinogenic hazard index of 1 to determine the need for early action. If theserisk and hazard levels are
exceeded, potential early actions may be evaluated. Also, contaminant fluxes and risk are used to identify the
primary contributors to the risk at the integration point and prioritize the contributors to the risk.

Generally, the results generated by a risk assessment are driven by a few high priority chemicals.
Determination of high priority chemicals can be achieved by selecting those chemicals or e ements comprising
90% of thetotal risk at theintegration point. For chemical sthat drivetherisk, theannual fluxesfor each should
be quantified to the degree possible at the integration point and at the major source areas. The spatial resolution
of the source areas is dependent upon the amount of source data available.

The flux data for each of the source areas are then used with the integration point flux data to rank the
relative importance of the different source areas within the context of the integration point. Given the
generalized cancer risk equation for multiple substances:

Risk; =) Risk;,
where;
Risk; = thetota cancer risk, expressed as a unitless probability,
Risk, = therisk estimate for the i substance.

The equation for calculation of carcinogenic effects for the flux-based risk assessment at each of the
SOUrcesis:

Riskg (%) = {¥. [ Risk; (Flux/ Flux,,)]} / Risk; ,

where:
Risky = percentage of risk at the integration point that originates at the source,
Flux, = flux of thei™ substance originating at the source,
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Flux;, = flux of thei" substance identified at the integration point.
Similarly, the standard equation for calculation of noncarcinogenic effectsis:

Hazard Index; = ) E/RfD,

where:
E; = exposure level (or intake) for the i toxicant,
RfD, = reference dose for thei™ toxicant;

where:  E and RfD are expressed in the same units and represent the same exposure period (i.e., chronic,
subchronic, or shorter term).

The calculation for the flux-based risk assessment of noncarcinogenic effectsis:
Hazardg (%) = [ EiFlux,/RfD;Flux;,]/Hazard Index, ,
where:
Hazardy = percentage of the hazard index at the integration point that originates at the identified source.
Although carcinogenic and noncarcinogenic results from the integration point assessment are typically
presented in the same format (i.e., asa % of the ), it should be noted that carcinogenic and noncarcinogenic

effects cannot be combined if the integration point assessment indicates that both are of concern. Thisis due
to the difference in hedlth effects associated with carcinogens and noncarcinogens.



