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1.0 INTRODUCTION

This chapter provides introductory information on the Hanford Site Risk Assessment Methodology
(HSRAM). The purpose and objectives of the methodology are presented in Section 1.1. The
organization of the methodology is described in Section 1.2, while Section 1,3 discusses relevant
statutes, regulations, and guidelines, Section 1.4 discusses the role and current applications of risk
assessment in the activities of the Hanford Site Environmental Restoration Program and the Hanford
Past-Practice Strategy [(HPPS) DOE-RL 19923). Finally, the methodology approach to the human
health evaluation and ecological evaluation is described in Section 1.5.

1.1 PURPOSE OF THE METHODOLOGY

This methodology has been developed to prepare human health and ecological evaluations of risk as
part of the Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA) remedial investigations (RT) and the Resource Conservation and Recovery Act of 1976
(RCRA) facility investigations (FI) performed at the Hanford Site pursuant to the Hanford Federal
Facility Agreement and Consent Order (Ecology et al. 1994), referred to as the Tri-Party Agresment.
Development of the methodology has been undertaken so that Hanford Site risk assessments are
consistent with current regulations and guidance, while providing direction on flexible, ambiguous, or
undefined aspects of the guidance. The methodology identifies site-specific risk assessment
considerations and integrates them with approaches for evaluating human and ecological risk that can
be factored into the risk assessment program supporting the Hanford Site cleanup mission.
Consequently, the methodology will enhance the preparation and review of individual risk assessments
at the Hanford Site.

Technical representatives from the U.S. Department of Energy, Richland Operations Office
(DOE-RL), the Washington State Department of Ecology (Ecology), the U.S. Environmental
Protection Agency Region 10 (EPA-10), and their respective contractors participated in an
Inter-Agency Working Group for Risk Assessment (Risk Assessment Committee or RAC) to provide
input into the development of the Hanford Site Risk Assessment Methodology.

1.2 METHODOLOGY ORGANIZATION

Section 2.0 describes the process of selecting and evaluating data as it relates to developing a list of
contaminants to be evaluated in the risk assessment. The information presented in Section 2.0 is
applicable to both human health and ecological evaluations. Section 3.0 describes the methodology
for the human health evaluation and Section 4.0 describes the methodology for the ecological
evaluation. The application of this methodology to qualitative risk assessments (QRA) is discussed in
Section 5.0. References are provided in Section 6.0.

Appendices provide supporting information. Appendix A provides an overview of the human
receptor exposure scenarios and exposure parameters for those scenarios, A Hanford Site modeling
standard identifying computer codes for use in support of risk assessment at the Hanford Site is
presented in Appendix B. Ecological data specific to the Hanford Site are presented in Appendix C.
Appendices D and E provide example calculations for the human health and ecological evaluations,
respectively. _

1-1
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1.3 APPLICABLE ENVIRONMENTAL STATUTES, REGULATIONS, AND
REGULATORY GUIDELINES

The Hanford Site environmental restoration activities are being conducted pursuant to multiple federal
statutes, regulations, and guidelines. The primary federal statutes relevant to the risk assessment
process include CERCLA and RCRA. The primary Washington State statutes that are potential
applicable or relevant and appropriate requirements (ARAR) for these activities include the Model
Toxics Control Act [MTCA ,Ch, 70.105D Revised Code of Washington (RCW)] and the Hazardous
Waste Management Act [HWMA (Ch. 70.105 RCW)].

The regulations corresponding to the above statutes are the National Oil and Hazardous Substances
Pollution Contingency Plan [NCP, 40 Code of Federal Regulations (CFR) Section 300] and the
*Model Toxics Control Act Cleanup Regulations” [MTCACR (Ch. 173-340 Washington
Administrative Code (WAC)] RCRA regulations pertaining to risk assessment have yet to be
promulgated; however, proposed rules (55 FR 30798) indicate an intention to maintain a high degree
of consistency with the NCP. Similarly, the existing state HWMA regulations do not address risk
assessment,

The overall mandate of CERCLA, the NCP, MTCA, and MTCACR is to protect human health and
the environment from current and potential threats posed by hazardous substance releases.
Considerable guidance on risk assessment has been published to support CERCLA remedial
investigation (RI) and RCRA FI activities. The primary sources of general guidance on the risk
assessment process utilized in preparation of the methodology include the following:

o Wildlife Exposure Factors Handbook (EPA 1993)

. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual
(RAGS) (Part A, EPA 19893)

. Risk Assessment Guidance for Superfund, Volume II: Environmental Evaluation
Manual (EPA 1989b)

. Standard Default Exposure Factors (EPA 1991a)

. EPA Region 10, Supplemental Risk Assessment Guidance for Superfund, August 16,
1991 (EPA-10 1991)

. Statement of Work for the RI/FS Environmental Evaluation for Superfund Sites
(EPA-10 1989)

. RCRA Corrective Action Interim Measures Guidance, Interim Final (EPA 1988a)
. RCRA Facility Investigations (RFI) Guidance (EPA 198%¢)
. Final Guidance for Data Useability in Risk Assessment (Part A) (EPA 1992a)
. Framework for Ecological Risk Assessment (EPA 1992b).
Additional guidance documents specific to various technical areas of the risk assessment process have

also been used and are cited throughout the methodology, as appropriate. This revision does not
incorporate the EPA final exposure assessment guidelines published in May 1992 [57 Federal Register

1-2
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(FR) 22888-22938]. The final exposure assessment guidelines describe an analysis that can only be
accomplished with the use of stochastic techniques (i.e., Monte Carlo sampling of distributions of
input parameters), There has been no decision by EPA Region 10 and Ecology regarding the use of
stochastic techniques in risk assessment. :

The efforts of the Hanford Future Site Uses Working Group (HFSUWG) are acknowledged for
potential impacts on evaluating risk at the Hanford Site. This group, comprised of representatives
from federal, tribal, state, and local governments, and representatives from several constituencies with
interests in the Hanford Site, prepared a document summarizing a range of possible uses for ¢ach
major geographic area of the Hanford Site (HFSUWG 1992). The group cautions that this is not a
land use report per se and that they did not intend to specify and delineate the exact future uses that
would oceur throughout the Hanford Site, The document, rather, presents conceptual, general future
use options (e.g., agriculture, industry, wildlife) and levels of access that may be needed to permit
these uses (e.g., unrestricted, restricted, exclusive, or buffer). A guiding principle provided by the
group is that decisions made in the course of cleanup should result in-decreased risk to public health
and net benefits to the environment with both cleanup decisions and future development decisions
guided by the principle "do no harm.” Although the scenarios developed in HSRAM are analogous to
the conceptual use options suggested by HFSUWG, the HSRAM scenarios permit quantification of
exposures, while the HFSUWG scenarios are only conceptual. For this reason, it is difficult to
provide an exact comparison of the individual scenarios of the two reports. The HSRAM will help
identify if there are human health or environmental impacts, and is one of the tools used to help
determine the need for cleanup with respect to various potential land uses. '

The risk assessment methodology report is a living document. Because the guidance for both human
health and ecological risk assessment is evolving, new guidance should be periodically reviewed for
its relevance to this document and included, as appropriate. Similarly, as Hanford Site-specific
information is collected during investigations, the application of the methodology should also be
reviewed and refinements made in the methodology if necessary.

1.4 RISK ASSESSMENT AFPPLICATIONS AT THE HANFORD SITE

Much of the available risk assessment guidance is appropriate for baseline risk assessments.
Therefore, the methodology described in Sections 2.0 through 4.0 is generally applicable to baseline
risk assessments. Other applications of the methodology are also appropriate. The potential
applications of the methodology, as part of the HPPS (DOE-RL 1992a), are briefly presented in this
section.

A separate document, Risk Evaluation of Remedial Alternatives for the Hanford Site (RERA)
(DOE-RL 1994a) provides methodology for assessing human health and ecological risk associated
with remediation activities during and after impleméntation, RERA addresses issues related to
contaminant and noncontaminant stressors (e.g., transportation and construction accidents, heat stress,
and habitat destruction), and short-term as well as long-term risk. In contrast, HSRAM focuses on
long-term risk associated with environmental contaminants.

Other concerns exist for cultural resources on the Hanford Site. Radioactive and hazardous waste
contamination may also pose risk to Hanford Site cultural resources and their associated spiritual
values, It is necessary to characterize risk to human burial grounds and other archaeological sites, to
the extent possible, so sensitive areas can be appropriately identified and addressed or protected.

To this end, RERA will describe methodology for assessing risk to cultural resources so appropriate
actions may be taken when planning characterization, construction, or remediation activities.

13
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1.4.1 Baseline Risk Assessments

The baseline risk assessment, as part of the CERCLA process, provides an evaluation of the potential
threat t0 hyman-health and the environment in the absence of remedial action. The NCP calls for a
site-specific baseline risk assessment [40 CFR Section 300.430(d)(4)]. As indicated in the Preamble
t0 the NCP (55 FR 46, p.8709), this assessment provides a basis for determining whether or not
remedial action is necessary and justification for performing remedial actions.

For carcinogenic substances, acceptable exposure levels are generally concentration levels that
represent an excess upper bound lifetime cancer risk to an individual of between 1E-04 to 1E-06,
with 1E-06 the point of departure [i.e., starting point or initial "protectiveness goal” (55 FR 46,
p.8718)] for determining remediation goals when ARARs are not available or are not sufficiently
protective because of the presence of multiple contaminants or multiple exposure pathways

[40 CFR Section 300.430()(2)(i)(A}2)]. For systemic toxins, acceptable exposure levels are
concentration levels to which human populations, including sensitive subgroups, may be exposed
without adverse effects during a lifetime or part of a lifetime, incorporating an adequate margin of
safety (e.g., a hazard quotient of one) [40 CFR Section 300.430(e)(2)({)(AXD].

The MTCACR is a potential state ARAR that could impact the use of the baseline risk assessment
results in determining remediation goals at CERCLA sites as discussed above. The MTCACR defines
three methods for establishing cleanup levels at a site, including a risk assessment framework that can
be utilized for this purpose (WAC 173-340-708). Cleanup levels are either tabulated (Method A) or
calculated (Methods B and C) using target hazard quotients and cancer risk, Method B cleanup jevels
for individual substances are based on a carcinogenic risk less than or equal to 1E-06 and a hazard
index less than or equal to one, For individual substances under Method C, the cleanup levels are
calculated based on a carcinogenic risk less than or equal to 1E-05 and a hazard index less than or
equal to one. For multiple hazardous substances and/or pathways, the cumulative carcinogenic risk
shall not exceed 1E-05 and the hazard index shall not exceed one (WAC 173-340-708). These limits,
are applicable to both Method B and Method C.

The methodology presented in this document has been developed to provide estimates of exposure and
risk that are meaningful should they be evaluated in the context of the requirements of the NCP or the
MTCACR. For example, the preliminary screening discussed in Section 3.1 is used to identify
contaminants at a conservative level so that focused risk assessments can be conducted to efficiently,
yet conservatively, identify those contaminants that contribute the most risk, This screening has been
designed to meet the constraints of the MTCACR risk levels of 1E-05 and the hazard index of 1 for
multiple substances. The exposure assessment, exposuré scenarios, and exposure parameters are
based on the MTCACR risk assessment framework, most of which have been derived from EPA
exposure assessment methodologies. The toxicity assessment and risk characterization also are
consistent with both the NCP and MTCACR.

It should be noted that the radiation exposure level associated with a lifetime cancer risk of 1E-04 or
less is sufficiently protective that current radiation protection standards pertinent to the Hanford Site
will be met (e.g., DOE Order 5400.5 [DOE 1990]). However, radiation protection standards have
two components: a radiation dose limit to individuals; and an "as low as reasonably achievable”
(ALARA) principle. According to the National Council on Radiation Protection and Measurements
(NCRP), the lower limit for application of the ALARA process is a lifetime fatal health risk of 1E-05
due 1o radiation exposure (NCRP 1993).

1-4
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The HSRAM has been developed in part to support the HPPS. The four National Priorities List
(NPL) sites at the Hanford Site have multiple waste units and multiple operable units. Therefore, by
necessity, investigations and remedial actions at some sites may precede investigations and actions at
other sites. Consequently, baseline conditions may be in flux. The HSRAM can be used to conduct
baseline risk assessments for evaluating individual waste units, operable units, or aggregate areas as
the environmental restoration activities proceed at the Hanford Site.

1.4.2 Qualitative Risk Assessment to Support the Interim Remedial Measure Path

The signatories of the Tri-Party Agreement (EPA, Ecology, and DOE) developed a new strategy to
manage and implement past-practice investigations. The Hanford Past-Practice Strategy

(DOE-RL 1992a) was developed to enhance the efficiency of ongoing CERCLA RI/FS and RCRA
facility investigation/corrective measures study (RFI/CMS) activities in the 100 Area of the

Hanford Site. The objective of the HPPS is to expedite the ultimate goal of cleanup by initiating and
completing waste site cleanup through interim cleanup actions.

The HPPS focuses on reaching early decisions to initiate and complete cleanup projects by
maximizing the use of existing data that are consistent with the data quality objectives, together with
short-time-frame investigations, where necessary. As more data become available on contaminant
conditions and associated risk, the details for longer-term investigations and studies are better defined.
The effective use of existing data along with better management of uncertainty should reduce the
number of sampling episodes and expedite treatability studies, feasibility studies, and cleanup actions,
including expedited response actions (ERA) and interim remedial measures (TRM).

The near-term strategy for decision-making in the HPPS and mitigating contamination problems at
specific waste sites provides for three different pathways.

. The ERA pathway is used for abatement if conditions exist or are suspected that
create an unacceptable current or future health or environmental risk and necessitate a
rapid response to mitigate the problem.

. The IRM pathway without-a limited field investigation (LFI) is appropriate if existing
data are judged sufficient to develop a conceptual site model and perform a qualitative
risk assessment. If necessary, a focused feasibility study (FS) will be conducted to
select the IRM remedy.

. The IRM pathway with an LFI is used to identify and gather the minimum additional
data needed to formulate a conceptual site model and perform a QRA that would
support an IRM or other decisions, The LFI is limited in scope and generally is not
intended to support a final record of decision. Regardless of scope, however, the LFI
is part of the RI/FS (or RFI/CMS) process and not a substitute for it.

This approach to RI/FS activities, with a bias for action, has resulted in additional applications of risk
assessment other than the baseline risk assessment to support the strategy. Specifically, the IRM path
calls for a qualitative risk assessment. A qualitative risk assessment is defined in the HPPS as

"a judgement not based solely on quantification, agreed to by the parties, based on available site data
regarding the threat posed by site contamination” (DOE-RL 1992a). Thus, the QRA will provide the
characterization of site risk that Tri-Party Agreement representatives will evaluate to determine
whether an IRM is appropriate. Qualitative risk assessments were not intendedt to replace the need
for a baseline risk assessment nor to serve as a basis for establishing preliminary remediation goals.

1-5
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Such uses of the HSRAM represent, to a degree, unique applications of risk assessment techniques.
The HPPS emphasizes implementation of early TRMs, IRMs may be undertaken at some waste units
prior to investigation at others within the same operable unit. These applications are consistent with
recent guidance on the Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions
(EPA 1991b).

Although interim actions (ERAs and IRMs) may be used to mitigate specific contamination problems,
the process of final remedy selection must be completed for the operable unit and the NPL site to
reach closure. The information obtained from the LFIs and interim actions may be sufficient to
perform a risk assessment and select a remedy for the operable unit, If the data are not sufficient,
additional investigations and studies can be performed to the extent necessary to support the operable
unit remedy selection, These investigations would be performed within the framework and process
defined for RV/FS programs.

1.4,3 Other Risk Assessments

The methodology may also be used for assessing the residual risk on a waste unit, operable unit, or
aggregate area after IRMs or other cleanups have been completed. The use of the methodology for
such purposes would require minimal modifications. A key consideration would be the selection of
exposure pathways and media for receptors with access to large areas.

It should be noted that natural resource trustees (e.g., the U.S. Fish and Wildlife Service and DOE)
have the responsibility and authority under CERCLA to identify the need for and, as necessary, to
conduct natural resources damage assessments (NRDA) at NPL sites. Therefore, DOE-RL, with the
assistance of EPA-10 and Ecology, are soliciting the involvement of federal, state, and tribal natural
resource trustees in the overall Hanford Site Environmental Restoration Program.

The appropriate baseline ecological evaluations should be scoped (or reviewed, if already planned)
with close participation on the part of trustee agency officials. In doing o, certain information
valuable to the NRDA process may be obtained more efficiently and cost-effectively through the
baseline ecological evaluation process. In fact, much of the information needed to conduct a NRDA
preassessment screening may be obtained from various Hanford Site documents, including the
extensive environmental monitoring studies, workplans and other reports encompassing baseline
ecological evaluations.

1.5 RISK ASSESSMENT METHODOLOGY APPROACH

This section assists the reader in understan'ding the approach used to develop the risk assessment
methodology. The approach to the methodology for the human health evaluation is discussed in
Section 1.5,1. The ecological evaluation approach is described in Section 1.5.2.

1.5.1 Human Health Evaluation

The methodology for the Human Health Evaluation (HHE) is based on the process set forth in the
NCP with incorporation of the requirements set forth in the MTCACR cleanup standard development
process. The MTCACR approach has been utilized, in conjunction with the NCP process, because it
is considered a potential ARAR for NPL sites in Washington State. A decision on what constitutes an
ARAR is finalized when the Record of Decision (ROD) for an operable unit is issued. The

1-6
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integration of exposure parameters and other risk assessment aspects of MTCACR into the Hanford
Site Risk Assessment Methodology will provide estimates of risk that are meaningful should they be
evaluated within the context of the NCP or the MTCACR.

Although the MTCACR provides for risk assessment procedures (WAC 173-340-708), the resulting
cleanup standards are developed vsing risk-based calculations, which are generic rather than
site-specific. All sites within the state are regarded as either being generically residential or
generically industrial with specific exposure assumptions defined. Other land uses are recognized,
such as agricultural or recreational, but all cleanup standards must be at least as stringent as Method
C cleanup levels [e.g., WAC 173-340-740 (1)(d)], which are generally applied to industrial sites.
Alternate exposure scenarios and cleanup levels for an appropriate site-specific set of exposure
pathways may also be permitted by MTCACR if appropriate [WAC 173-340-708(3)(c)&(d)].

The HHE methodology that is presented in Section 3.0 incorporates the requirements of MTCACR
and CERCLA risk assessment guidance, including EPA Region 10 Supplemental Risk Assessment
Guidance (EPA-10 1991), 1o provide a risk assessment approach tailored to the Hanford Site that
conservatively focuses on probable human health impacts. The methodology provides procedures for
focusing on major contaminants, environmental media, pathways, receptors, and exposures to identify
the significant risk drivers without compromising human health concerns. This HHE methodology is
only one tool to be used within the overall site evaluation.

1.5.2 Ecological Evaluation

Unlike the human health evaluation, the current MTCACR cleanup standard development process
provides no specific procedures for the ecological evaluation component of a baseline risk assessment
other than the requirement that cleanup standards be protective of the environment

(WAC 173-340-100). However, the Hanford Site Environmental Restoration Program is being
conducted in accordance with CERCIL.A and RCRA, as well as with potential state requirements.

As pertinent RCRA regulations have yet to be promulgated (and proposed rules indicate that EPA
plans to maintain a high degree of consistency with CERCLA regulations), CERCLA baseline risk
assessment requirements set forth within the NCP are consulted for procedural guidance.

The NCP states that at an NPL site [40 CFR Section 300.430(d)}(4)]:

", . . the lead agency shall conduct a site-specific baseline risk assessment to
characterize the current and potential threats t0 human health and the environment that
may be posed by contaminants migrating to ground water or surface water, releasing
to air, leaching through soil, remaining in the soil, and bioaccumulating in the food
chain. The results of the baseline risk assessment will help establish acceptable
exposure levels for use in developing remedial alternatives. . . ."

The overall goal of the ecological evaluation is therefore to characterize current and likely future
nonhuman ecological rigk attributable to releases of contaminants from the site. The NCP goes on to
focus the scope of this evaluation by stating that [40 CFR Section 300.430(e}(2)(i}G)]:

“Environmental evaluations shall be performed to assess threats to the environment,
especially sensitive habitats and critical habitats of species protected under the
Endangered Species Act (ESA)."
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These general requirements of the NCP form the basis for the ecological evaluation methodology
presented in Section 4.0. By satisfying the NCP requirements, the general requirement of RCRA and
the state to protect the environment may also be met. In addition, the EPA has developed a
Framework for Ecological Risk Assessment (EPA 1992b) that is generally adopted as the methodology
for conducting ecological risk assessments under HSRAM. The EPA framework is broadly written to
apply to the entire spectrum of potential ecological problems.. However, the application of the
ecological evaluation component of the HSRAM presented herein is much more focused. Per the
NCP, the methodology addresses only the releases (and subsequent fate and transport) of site
contaminants (including indirect effects) within the context of the general framework. Methodology
for the evaluation of other ecological effects, such as habitat destruction, are provided in RERA
(DOE-RL 1994a), .

1.6 INTENDED USERS OF HSRAM

Because of the variety of programs in which risk assessments play a role at the Hanford Site, risk
assessments should be produced under the supervision of persons familiar with the purpose of the risk
assessments within these programs to ensure that they maintain an appropriate level of effort and
detail, Risk assessment also requires the talents of multiple scientific disciplines (described below).
In addition, the authors must be able to provide a descriptive picture of risk, and not just a number.
Only then can the risk assessment be accurately used as a decision-making tool by risk managers.

1.6.1 Qualifications of Human Health Risk Assessors

A risk assessment team should be made up of persons who can accurately calculate risk values
according to current guidance, as well as interpret these values with respect to their inherent
limitations, biases, and uncertainties. Such a team requires persons familiar with federal, regional,
state, and site-specific regulations and guidance to ensure compliance with the objectives of the risk
assessment. While the exposure assessment portion of some risk assessments may be predetermined,
a fully quantitative analysis may require the development and use of probability density functions to
adequately characterize the activities of a receptor population. Presentation of qualitative toxicity
information and application of numerical toxicity values should be performed under the supervision of
a qualified toxicologist who can ensure that the health effects of concern have been adequately
identified, Sites in which radionuclides are the contaminants of concern should be evaluated by
persons (such as qualified health physicists) who understand the assumptions inherent in radiation risk
assessment methods, as well as are familiar with dose assessment techniques and dose-based
standards.

1.6.2 Qualifications for Ecological Risk Assessors

The magnitude of the challenges faced by the environmental evaluator — especially the complexity of
the various levels of ecological organization, and a lack of both the more specific regulatory
guidelines and the relatively ample exposure parameter and toxicity databases used by the human
health evaluator — emphasizes the critical need to have all Hanford Site ecological evaluations
conducted and reviewed under the supervision of qualified ecologists.

In addition to Site-specific ecological knowledge, a broad understanding of general environmental

science is necessary, as such factors as contaminant fate and transport or receptor exposure potential
are often controlled by a broad range of physical, chemical, and biological environmental conditions
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or processes. Thus, the required environmental-knowledge base must include not only ecology, but
other relevant environmental disciplines such as biology, chemistry, geology, hydrology,
meteorology, pedology, and toxicology. A knowledge of pertinent federal and state environmental
statutes and their associated regulations and guidance documents is also essential. Access to such a
scientific team allows the integration of the professional judgement of a diversity of disciplines.
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2.0 DATA EVALUATION AND CONTAMINANT IDENTIFICATION

Risk assessments conducted at the Hanford Site use data collected under a number of differing
programs including site-specific RUFS characterizations, historical studies, and routine environmental
monitoring programs. The following sections describe the general process a risk assessor should use
to evaluate data to determine its usability in the risk assessment and to determine if there are
¢contaminants present.

2.1 DATA EVALUATION
This section discusses the process for using data that have been collected as part of the site
characterization process o identify contaminants at a site. EPA (1989a) identifies nine steps that
address the organization of data for the risk assessment that should be conducted prior to the risk
assessment, These steps include the following:

1. Gather all data available from the site investigation and sort by medium

2 Evaluate the analytical methods used

3. Evaluate the quality of data with respect to sample quantltatmn limits and data
uncertainty (EPA 19923)

4, Evaluate the quality of data with respect to qualifiers and codes
5. Evaluate the quality of data with respect to blanks

6. Evaluate tentatively identified compounds (TIC)

7. Compare potential site-related contamination with background

8. Develop a set of data for use in the risk assessment

9. If appropriate, further limit the number of contaminants to be carried through the risk
assessment.

At the Hanford Site, risk assessments may be part of the RI or LFI report for a specific site.
Consequently, many of these nine steps are conducted as part of the overall data evaluation process
that occurs for a report and may be addressed and documented in sections of the report other than
within the risk assessment (e.g., step 2-5 as part of data validation).

The remainder of this chapter focuses on step 7 to provide specific procedures for Hanford Site risk
assessments, The remaining steps (steps 8 and 9) are conducted differently for the human health and
the ecological evaluations; these processes are described in Sections 3.1 (human health) and 4.1.1.1
(ecological). The risk assessor, however, should be aware of all nine steps provided above and how
they have been conducted for the risk assessment. The quality of the data and confidence in the data
based on these nine steps should be addressed in the uncertainty discussions for the risk assessment.

The contaminant identification process is depicted in Figure 2-1.. As seen in this figure, analytical
investigation sampling data are required to_initiate the contaminant identification process. Risk
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assessors are reminded that analytical results should not be accepted at face value and that data
validation procedures used at the Hanford Site, which have been adapted from EPA protocols and
documented by and available from Westinghouse Hanford Company (WHC), should be consulted.
Other data evaluation steps, as recommended in Section 5 of RAGS (EPA 1989a) are conducted as
part of the RI/FS or RFI/CMS tasks implemented during the site investigation and characterization
process. It is the risk assessor's responsibllity to confirm that all steps in the data evaluation have
been performed.

2.2 CONTAMINANT IDENTIFICATION

The contaminant identification process provided below is defensible (based on science and statutory
requirements), effective (focused without sacrificing conservatism), and easy to employ (saves time
and resources), The process involves background (Hanford Site or project-specific background)
screening to determine which of the initial set of hazardous substances and indicator parameters are
site contaminants. A contaminant is then defined in the following process as any hazardous substance
or indicator parameter that exceeds its background distribution, The overall process is graphically
depicted in Figure 2-1.

In order to determine which substances are contaminants, the appropriate background and background
distributions must be determined. The selection of background and background distributions,
including detected and nondetected parameters and the handling of nondetected parameters and TICs
are discussed in the following sections.

2.2.1 Selection of Background

The risk assessor must ensure that proper background data sets are employed in the contaminant
identification process. Because many substances defined as hazardous by regulation are naturally
oceurring, failure to consider background data could lead, for example, to the error of attributing risk
to a given site when the risgk is, in fact, of natural origin. The purpose of a risk assessment is to
characterize the risk posed by the release of hazardous substances from a facility.

Background conditions do not refer to pristine or pre-industrial conditions because such conditions no
longer exist. As stated by EPA in the final exposure assessment guidelines published in May 1992
(57 FR 22888 - 22938, Paragraph 3.5.2.4):

"Background presence may be due to natural or anthropogenic sources. At some
gites, it is significant and must be accounted for. The exposure assessor should try t0
determine local background concentrations by gathering data from nearby locations
clearly unaffected by the site under investigation."

Furthermore, federal and state hazardous substance and waste statutes apply only to releases from
specific sites as indicated above, not to wide-spread anthropogenic sources.

Background conditions are being compiled for the Hanford Site under Tri-Party Agreement
Milestone M-28. Currently, background reports are available for nonradioactive soil analytes
(DOE-RL 1993a) and nontadioactive groundwater analytes (DOE-RL 1992h). A report is also
available for radioactive soil analytes (Petersen et al. 1994). Hanford Site background data will
generally be used to identify contaminants at a waste site, as discussed below in Section 2.2.2.
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Figure 2-1. Overview of Data Evaluation and Contaminant Identification Process.
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Site investigation data should also include a characterization of background conditions for each
parameter in the initial site-tailored data set in order to define background conditions on a
pmject-spemﬁc basis. Appropriate project-specific background data for mobile environmental media
(e.g., air, ground water, surface water) are especially important to ensure that site characterization,
evaluation and remediation efforts are directed to the waste units releasing a given hazardous
substance. Contamination can incorrectly be attributed to a waste unit, when the release is occurring
from an upwind, upgradient, or upstream facility, Such data are necessary for the successful
implementation of the IRM strategy, which is focused on priority waste sites. Although
contamination may be attributed to a source other than a waste site, receptors are exposed to all
contaminants in an exposure area regardless of their source.

In the absence of appropriate Hanford Site background data or project-specific data, background data
available from another project in a similar environmental setting or those available from a regional,
national, or global basis may be used, with documented caution. Acceptable types of background
data would be data from locations one can be reasonably certain are not associated with contamination
and are representative of site, regional, national, or global conditions, Generally, the further a
background or background station is from the project area, the less likely the data from that station
are representative of project-specific background or background conditions. A description of and
rationale for the selection of background data should be provided in the risk assessment.

2.2.2 Definition of Background Distributions and Use of the Hanford Site Background Data

When the compilation of background conditions are finalized for the Hanford Site under Tri-Party
Agreement Milestone M-28, these documents will provide the data necessary for evaluating sampling
data for the risk assessments, Background reports for non-radioactive soil analytes (DOE-RL 1993a),
non-radioactive groundwater analytes (DOE-RL 1992b), and radioactive soil analytes

(Peterson et al. 1994) are currently available for determining which parameters detected at a site are
contaminants. For the risk assessment, sampling data for a waste site will be compared to
background data by following the methods described in the background data applications guide
(DOE-RL 1994¢). The application of the Site-wide background distributions should be evaluated on a
parameter-by-parameter basis. Analytes that are demonstrated to exceed background values will be
identified as contaminants and carried forward to the process for identification of contaminants of
potential concern described in Section 3.1.

Hanford Site background data are not currently available for all potential waste site parameters that
are detected during project sampling. Those waste site parameters for which background data are not
available will be evaluated by performing the preliminary risk-based screening described in

Section 3.1.2, Because organic chemicals are not naturally occurring at Superfund sites, organics are
not compared to background concentrations (EPA 1989a, p. 5-19, sect, 5.7.3, 2nd para,,

1st sentence).

In addition, the Hanford Site background report should be reviewed to ensure that it is appropriate for
the project. Hanford Site background would not be used if the site-wide background information is
too general for a specific natural condition of the project. For example, the Hanford Site background
data report has identified soils in three terrestrial ecosystems that show distinctly higher
concentrations for many analytes. These three soil association types are: (1) highly alkaline soils of
playa and ephemeral drainages, (2) riparian ecosystem soils, and (3) the grassy soils on Rattlesnake
Mountain (DOE-RL 1993a).
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2.2.3 Project-Specific Background Data

Project-specific background distributions, if used for screening contaminants, will require review of
the intended application by operable unit managers prior to use in the risk assessment process.
Project-specific background distributions may also provide information for site characterization and
site evaluation to ensure remedial efforts are directed to the source of the contamination. The
procedures presented below are recommended for use in calculating project-specific background
distributions from sampling data.

2.2.3.1 Detected Parameters

The screening algorithm described in the Section 2.2.2 is also used for detected parameters. Implicit
in this tolerance interval approach is the assumption that the parameters (or a transform of them) are
distributed normally under the background conditions, This assumption is not always met, An
up-front assumption of normality, however, is objective, and for all practical purposes, sufficiently
conservative and robust to justify its use in contaminant identification. [Conservative because virtually
all environmental contaminant distributions are skewed to the right and are often best characterized by
a lognormal distribution (Hahn and Meeker 1991)]. In addition, the project-specific background data
sets are not anticipated to be large enough to conduct a meaningful test for normality; furthermore,
the background data sets are expected to be far below the numbers necessary to conduct a
nonparametric, or distribution-free, tolerance interval evaluation. However, if a data set is
sufficiently large, the assumption of normality should be tested, If the assumption of normality is
invalid, the data set should be appropriately transformed to approximate normal conditions

(Green 1979; Hahn and Meeker 1991).

Care should be taken in combining data sets, when defining background distribution. When
practicable, statistical screening should be employed to ensure that data from more than one
distribution are not inadvertently combined into a single distribution. Examples include: differences
in surface-soil quality and subsurface soil quality; differences in soil quality between soil types;
differences in ground-water quality between aquifers; and differences in ground-water quality data
from different time frames in situations where background conditions are temporally variable

(e.g., where an upgradient contaminant plume, unrelated to the facility, operable unit, or site in
question, is impacting a project-specific background location}. An example of an appropriate
statistical screening procedure for these situations is an analysis of variance (ANOVA); the reader is
advised to consult a statistical methods reference for the specifics on this and other potentially
appropriate procedures. .

2.2.3.2 Nondetected Parameters (Nonradioactive Constituents)

When measurements of nonradionuclides are less than the level of detection they are reported as
nondetected and the data are referred to as censored. In contrast to nonradionuclides, when
radionuclides are measured at less than the level of detection they should not be censored under
current radioactivity measurement protocols. Thus the issue of censored data should not arise for
radionuclides. In censored data sets, the number of nondetects is known, As contaminant data sets
contain considerable amounts of censored data, a process must be established for estimating tolerance
Jimits when a given parameter is never detected or only sometimes detected in the background data
set, Computerized methods, such as iterative maximum likelihood calculations, are available for
estimating the true means and variances of censored data sets. However, none of these methods are
of use if the data set contains no detections of a given parameter, and in a typical background data set
of 100 to 200 parameters, this situation arises frequently. ‘
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Therefore, for the sake of consistency, objectivity, and simplicity, one-half the sample quantitation
limit (SQL.) reported whenever a parameter is not detected will be used as a surrogate value in the
calculation of the tolerance limit. For example:

Reported Value Surrogate Value
10U (i.e., <10) mg/kg 5 mg/kp

Substituting one-half of SQL. in such cases does bias the variance estimate of the parameter, but it
does not bias the estimate of the mean. Consistent use of this procedure is objective, quick, and
simple, does not require special equipment, and allows calculations to be easily duplicated and
checked. It will not work, however, in those cases where a given parameter is never, not even once,
detected in the background data set. In these cases, use of 0.5 SQL gives an unbiased estimate of the
mean, but the variance estimate is entirely artificial.

Therefore, when a parameter is never detected in the background data set the highest reported SQL
for that parameter is used as a surrogate upper tolerance limit to define the background distribution.
This simple procedure objectively interprets the validated data. For example, one can not distinguish
10 U mg/kg from 6 mg/kg, and this procedure acknowledges this fact. It must be noted that

10 mg/kg is greater than 10 U mg/kg, as 10 U denotes < 10. Therefore, a concentration equivalent
to a surrogate tolerance limit would be regarded as evidence of contamination, whereas for a
calculated tolerance limit, a concentration must first lie cutside that limit to qualify as evidence of
contamination,

2.2.3.3 Tentatively Identified Compounds

Sample analyses for organic compounds may indicate the presence of additional organic compounds
not on the target compound list (TCL). TICs should be reviewed by the risk assessor and discussed
qualitatively in the uncertainty section of the risk assessment, as appropriate. Analytical specialists in
the laboratory providing the analyses should assign a tentative identification and concentration based
on established identification criteria or report organic chemicals as *unknown.' Classification of the
unknown compound should be given, if possible (e.g., unknown aromatic, unknown hydrocarbon),
Quantitative assessment of the risk due to TICs is generally not feasible because there is limited
availability of toxicity factors such as slope factors (SF) or reference dose (RfD) for chemicals not on
the TCL. However, further evaluation of TICs may be necessary if site information indicates they
are chemicals likely to be at the site, that the TICs may be highly toxic, or that there are many TICs
present relative to analytes which are on the TCL.
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3.0 HUMAN HEALTH EVALUATION METHODOLOGY

The following sections present a detailed discussion on the following four elements of a human health
evaluation relative to the HSRAM:

Identification of contaminants of potential concern
Exposure assessment

Toxicity assessment

Risk characterization.

Section 3.1 discusses the identification of contaminants of potential concern and the preliminary
risk-based screening process. The exposure assessment and Hanford Site-specific details are provided
in Section 3.2 and a discussion of the toxicity assessment is provided in Section 3.3. The integration
of exposure information and toxicity information to develop the risk characterization is discussed in
Section 3.4. A summary of the human health evaluation is provided in Section 3.5.

The risk assessor is referred to Exhibit 9-1 of RAGS (EPA 1989a) for a suggested outline of the risk
assessment report based on the four elements above. The first ¢lement has been modified from the
RAGS outline by the replacement of the term "chemical” with the term "contaminant” because
contamination at the Hanford Site includes radionuclides. Therefore, the more generic term is used.
The RAGS outline i provided as a guide and should be modified appropriately for use at the
Hanford Site. Risk assessment at the Hanford Site is usually part of a more complex investigation
and report (e.g., the RI/FS) and some information may be addressed in other portions of such a
report,

The CERCLA RI/FS process at the Hanford Site encourages active discussion by Tri-Party unit
managers throughout the development of the work plan, site investigation, and preparation of risk
assessments for RI/FS reports. Discussions on the status of the human health evaluation should be
appropriately integrated into these activities, without compromising schedule constrants, to keep all
parties informed of issues related to the four elements of the risk assessment.

3.1 IDENTIFICATION OF CONTAMINANTS OF POTENTIAL CONCERN

Identification of contaminants of potential concern (COPC) begins with the contaminant list developed
as described in Section 2.2, Once contaminants attributable to a particular waste unit, operable unit,
or aggregate area have been defined, the risk assessor can focus the relevant data set further by
implementing a preliminary risk-based screening procedure. Those contaminants that have the
potential to contribute significantly to the risk at the site are referred to as COPC.

The EPA-10 procedure for risk-based screening of contaminants (EPA-10 1991) has been adopted and
modified for use in this stage of the COPC identification process. This process consists of the
following four steps.

1. Tabulate the maximum concentration of each contaminant in each environmental
medium.

2. Calculate the risk-based screening concentrations,

3-1



DOE/RL-91-45, Rev. 3

3 Compare the maximum concentration to risk-based screening concentrations or other
appropriate benchmark concentrations (e.g., reference concentrations, incremental
probabilities of cancer risk, contaminant-specific potential ARARs). Eliminate
contaminants if they do not exceed any of their respective risk-based benchmark
concentrations.

4, Designate all contaminants not eliminated as COPC and carry these through the
remainder of the risk assessment process.

The following sections discuss these steps in more detail, The preliminary risk-based screening
procedure has been developed to retain dominant contaminants and also some additional contaminants
that will be determined to be nondominant when the entire risk assessment process has been
completed, An overview of the preliminary risk-based screening is provided in Figure 3-1.

3.1.1 Maximum Contaminant Concentration

The maximum detected concentration of a contaminant in a given medium should be used in the
risk-based screening regardless of location with respect to potential receptor exposure points. For
example, for a baseline risk assessment the maximum concentration of & contaminant detected in soil
would be used regardless of depth. The EPA methodology on which this is based does not address
acute exposure. Risk of exposure to "specks” (discrete radioactive particies) is not addressed. All
contaminants that exceed the background screen described in Section 2.2.2 should be evaluated for
potential elimination from the risk assessment based on frequency of detection [as discussed in RAGS
(EPA 1989a)].

3.1.2 Risk-Based Screening Calculations

To ensure protectiveness and simplicity, all risk-based screening concentrations are calculated using
residential exposure assumptions. The residential exposure parameters provided in Appendix A and
Tables A-7, A-8, and A-9 should be used for this purpose.

Toxicity information, including slope factors and reference doses should be included in the evaluation
for all contaminants for use in calculating the risk-based screening calculations.

Contaminants for which published toxicity values are unavailable should not be eliminated during
screening without documented justification. Guidance for evaluating such contaminants in the risk
assessment is provided in Section 3.3.4,

Risk-based screening concentrations should consider both carcinogenic and noncarcinogenic effects.
Therefore, concentrations should be calculated using exposure parameters for evaluating carcinogens
and separate risk-based screening concentrations should be calculated based on noncarcinogenic
systemic effects. Section D-1.0 of Appendix D provides detailed equations for calculating risk-based
screening concentrations. Example calculations are provided in Section D-4.0

One or more of four general exposure pathways — soil ingestion, water ingestion, air inhalation, and
external exposure to radionuclides — potentially occur at most waste sites and are generally basic to
any risk assessment at the Hanford Site. The preliminary risk screening should utilize pathways
appropriate to the site under evaluation (e.g., soil ingestion and air inhalation for source risk
assessments, water ingestion and air inhalation for groundwater risk assessments).



DOE/RL-91-45, Rev, 3

Figure 3-1. Overview of Human Health Preliminary Risk-Based Screening,
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3.1.2.1 Soil Ingestion. As previously noted, the maximum concentration of a contaminant detected
in soil should be evaluated in the risk-based sereening using the soil ingestion pathway regardless of
the depth, Soil contaminants with known inhalation toxicities (¢.g., chromium, carcinogenic forms of
nickel) must not be eliminated based only on the soil ingestion route [EPA-10 (1991)].

3.1.2.2 Water Ingestion. The water ingestion pathway should conservatively assume, at this time,
direct exposure to groundwater, Surface water exposure will not be assessed during this step at many
sites because of lack of empirical surface water quality data, or the fact that realistic extrapolation of
groundwater concentrations to surface water concentrations would be time consuming and would
usually result in more diluted contaminant concentrations. At this point in the process, the
combination of simplicity and conservatism outweighs the desire for realism. Realism becomes
important in the exposure assessment stage of the risk assessment process (see Section 3.2).

3.1.2.3 Air Inhalation, Empirical air monitoring data will often not be available, or if data are, it
will usually be inadequate to characterize contamninant concentrations or the variety of potential
contaminants in this medium. As a result, soil concentrations will need to be extrapolated to the
atmosphere. Soil gas concentrations can be conservatively extrapolated for the purposes of screening
by assuming that the concentration in the ambient atmosphere is the same as that in the soil gas. For
particulate concentrations, conservative extrapolations can be made by hypothetically placing sufficient
amounts of soil in the atmosphere at the annual average national ambient air quality standard for
respirable particulates — 50 pg/m® {40 CFR Section 50.6(b)].

3.1.2.4 Radionuclide Considerations. For radionuclides, additional pathways may be required for
the preliminary screening. The hazard posed by radiation exposure depends to a large extent on the
combination of radiation quality (alpha, beta, gamma) and exposure pathway, External exposure to
radionuclides is only a concern from gamma-emitters because of their ability to penetrate tissue and
deliver a deep dose. Alpha and beta-emitting radionuclides only pose a significant health hazard when
inhaled or ingested, as their energy is deposited locally in tissues and cells.

An additional consideration for radionuclides is decay chains, Often the decay of a radionuclide
results in a radioactive daughter product, which itself poses a health hazard (e.g., the gamma-emitting
daughter of Cs-137, Ba-137m). While many radionuclides of interest have only one radioactive
daughter (e.g., Cs-137, Ru-106, 5r-90), others (i.e., transuranics) have complex decay chains that
require special consideration in determining the importance and risk associated with these daughter
products.

3.1,2.5 Screening Criteria. Screening is performed to eliminate from further concern those
contaminants whose maximum detected concentration fall below the following risk-based criteria.

1. In the case of a carcinogen, a contaminant is eliminated if the maximum detected
concentration does not exceed a risk-specific concentration corresponding to a 1E-07
imcremental cancer risk.

2. In the case of a systemic toxin, a contaminant is eliminated if the maximum detected
concentration does not exceed a hazard quotient of 0.1.

However, when the best-available/reasonably-achievable analytical limit of detection (or the sample
quantitation limit) are above the concentration corresponding to a 1E-07 incremental cancer risk, the
risk-based screening criteria do not apply. In this case, best professional judgement will be used to
determine whether the analyte should be carried through the risk assessment and the decision
appropriately documented.
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3.1.3 Comparison of Contaminants to Benchmarks

In addition to calculating risk-based screening concentrations as noted above, other benchmark
concentrations, such as contaminant-specific potential ARARs, should also be compiled for use in the
screening process. Even though a contaminant qualifies for elimination on the basis of the above
risk-based screening criteria, it will be retained if it exceeds any contaminant-specific potential ARAR
(e.g., federal or state ambient water quality criteria).

Some analytes (e.g., aluminum, calcium, iron, magnesium, potassium, and sodium) are essential
nutrients and are nontoxic under typical environmental exposure scenarios. These analytes can be
eliminated from the human health evaluation as noted in EPA-10 (1991) and EPA (1989a).

3.1.4 Contaminant of Potential Concern Summary

The preliminary risk-based screening procedure results in a site-specific list of contaminants of
potential concern for the human health risk assessment. These contaminants are then subjected to the
remainder of the data evaluation and risk assessment process (exposure assessment, toxicity
assessment, and risk characterization).

A simplified example of how this process works is summarized below. Certain substances — for
example, calcium and mercury — may be encountered in the site environment at levels elevated above
the statistically defined control conditions. The contaminant identification process would result in
both calcium and mercury being defined as site contaminants. With the substances chosen for this
example, no formal exposure or toxicity assessments are required for most individuals to understand
that while mercury can be highly toxic, calcium is an essential micronutrient that is virtually nontoxic
from the perspective of typical environmental exposure scenarios,

Depending on the maximum concentration detected, the risk-based screening process may define
mercury as a contaminant of potential concern, retaining the substance for detailed contaminant fate
and transport analysis, exposure and toxicity assessment, and risk characterization; calcium would be
dropped from further consideration, thus streamlining the entire assessment by precluding the
substance from additional costly, time-consuming, and, in this instance, unnecessary analysis.

3.2 EXPOSURE ASSESSMENT

The objective of the exposure assessment is to estimate the type and magnitude of exposures to
chemicals and radionuclides of potential concern that are present at or migrating from a site. This
information is then integrated with the toxicity information to characterize the potential risk associated
with exposure to contaminants at a site,

The elements of the exposure assessment are discussed in the following sections. The characterization
of the exposure setting and the general Hanford Site exposure setting are discussed in Section 3.2.1,
potentially exposed populations are identified in Section 3,2.2, and exposure pathways are presented
in Section 3.2.3, This information is integrated to develop exposure scenarios for use in assessing
risk at the Hanford Site, A brief discussion of the exposure scenarios is presented in Section 3.2.4,
with a more extensive discussion and a summary of exposure parameters provided in Appendix A.
Section 3.2.5 provides a discussion on the calculation of intakes and equations for quantifying
chemical exposures. The methodology for quantification of radionuclide exposure is also presented in
this section. The exposure assessment uncertainty evaluation is discussed in 3.2.6.
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Extensive information is available to individuals preparing exposure assessments for Hanford Site risk
assessments. The risk assessor is specifically referred to the annual environmental reports such as
Hanford Site Environmental Report for Calendar Year 1993 (Dirkes 1994), the Hanford Site
Development Plan (DOE-RL 1990), the Final Environmental Impact Statement - Disposal of Hanford
Defense High-Level, Transuranic, and Tank Wastes: Hanford Site, Richland, Washington

(DOE 1987), and site-specific work plans for additional Hanford Site information and references.

The EPA Region 10 library also publishes the "Hanford Bibliography" that lists materials in the
Region 10 library related to the Hanford Site. Several other sources are referenced in this section on
eXposure assessment,

3.2.1 Characterization of Exposure Setting

Characterization of the physical setting of a specific site is essential in developing the exposure
assessment. Section 6.2.1 of RAGS (EPA 1989a) identifics important site characteristics that should
be considered when preparing an exposure assessment, Because of the size of the Hanford Site,
characterization of the physical setting in the exposure assessment should include both general
information on the physical setting of the Hanford Site and site-specific information, Site-specific
information is especially important because of the number of operable units and waste disposal
locations, and because local differences in characteristics such as ground-water hydrology, soil type,
meteorology, and vegetation may influence potential exposures.

General information on the physical setting of the Hanford Site has been used to support and develop
the methodology. This information, including information on climate, temperature, and surface
waters, is summarized in the following sections to provide background for the methodology and the
exposure scenarios discussed in Section 3.2.4 and Appendix A.

The Hanford Site is a 150,000 ha (560 mi®) reservation owned by the United States government, It is
located in the Pasco Basin along the Columbia River in southeastern Washington and covers portions
of Benton, Grant, Franklin, and Adams counties (Figure 3-2). The primary mission of the

Hanford Site has been plutonism production for military use and nuclear energy research and
development, Designated areas of the Hanford Site (100, 200, 300, 400, 600, 700, 1100, and 3000)
are shown in Figure 3-2,

The general climate of the Hanford Site is arid to semiarid because of a rain shadow created by the
Cascade Range located approximately 130 km (80 mi) west of the Hanford Site. Data collected at the
Hanford Meteorological Station (HMS), a large meteorology facility located on a plateaun in the center
of the Hanford Site, and compiled by Stone et al. (1983) indicate that the total annual precipitation is
approximately 18 ¢m (7 in.), usually in the form of rain. Snowfall regularly occurs during the
winter, but accurnulations are generally limited to depths of less than 15 cm {6 in.). Little surface
runoff occurs because of the generally flat topography and the limited precipitation. The estimated
anmual rate of evaportranspiration is approximately 18 cm (7 in.) (Weather Bureau and SCS 1962).
However, evaportranspiration levels can vary greatly with location at the Hanford Site because of
differences in soil properties and the type and density of local vegetation. A study by Wallace in
1977 calculated evaportranspiration levels of from five to nine times the mean annual precipitation
(DOE 1988a). Preliminary work has indicated that during significant precipitation events, water can
move below the vegetation root zone and escape evaportranspiration,

36



DOE/RL-91-45, Rev. 3

Figure 3-2. Hanford Site and Area Designations,
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The summer months at the Hanford Site are typically hot and dry, and winters are moderately cold.
Air temperatures for HMS on average reach highs of 37°C (100°F) in the summers and Jows of -5°C
(23°F) in winter. Wind speed and direction vary throughout the Hanford Site because of the local
influence of mountain ridges and river valleys. Average wind speeds at HMS are 10 to 12 km/h

(6 to 7 mi/h) in winter and 13 to 17 km/h (8 to 10 mi/h) in summer (Stone et al. 1983). High and
low temperatures and maximum wind speed vary considerably from these averages.

The major surface-water bodies in the Pasco Basin are shown in Figure 3-3. ‘The Columbia River,
the major river in the area, crosses the northern portion of the Hanford Site, then turns southward to
form the site’s eastern boundary, The Columbia is an important source of water for domestic,
agricultural, industrial, and recreational users in the Pasco Basin (DOE 1987; Jaquish and

Bryce 1990).

The Hanford Reach of the Columbia River extends from Priest Rapids Dam, the first dam upriver
from the Hanford Site (approximately 8.5 km or 5.3 mi above the Site boundary), to the head of
Lake Wallula (approximately at the southeastern Site boundary), which is created by McNary Dam,
the nearest dam downstream. Except for the stretch of river at the mouth of the Columbia River, the
Hanford Reach, which is approximately 100 km (60 mi) in length, is the only substantial remaining
stretch of the Columbia River within the United States that is not impounded by a dam (Jaquish and
Mitchell 1988),

Protection of the reach is the current focus of efforts by the Hanford Reach Study Task Force under
the Hanford Reach Study Legislation (PL. 100-605). A final environmental impact statement/study
report [National Park Service (NPS) 1994)] was released in 1994, Under consideration for the
Hanford Reach, including area within approximately 0.40 km (0.25 mi) of the river on the Hanford
Site, is designation as a Wild and Scenic river, a National River, a National Wildlife Refuge, or a
National Conservation Area. The task force has recommended the Hanford Reach and the entire
Wahluke Slope be designated a National Wildlife Refuge with Wild and Scenic River overlay.

The arid-to-semiarid climate of the Pasco Basin does not support any perennial streams that reach the
Columbia or Yakima Rivers; Rattlesnake Springs is a small perennial stream located within the Dry
Creek Valley near the southwest corner of the Hanford Site. Other small streams arise in the
Rattlesnake Hills and flow northward, but do not reach the Dry Creek/Cold Creek Valley. An
intermittent perennial stream, Rattlesnake Springs, and two ephemeral streams, Cold Creek and Dry
Creek, are located on the southwestern boundary of the Hanford Site (Figure 3-3). The only pond on
the Hanford Site that is recharged by groundwater is West Lake, near the 200 East Area. The major
source of recharge for the pond is locally mounded groundwater infiltrating from 200 Areas
operations. Surface water is disposed to ditches and ponds in the 100, 200, and 300 Areas.
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Figure 3-3. Major Surface Water Features of the Hanford Site.
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3.2.2 Characterization of Potentially Exposed Populations

Current on-site receptors are primarily Hanford Site workers. Approximately 12,000 people were
employed in U.8. Department of Energy (DOE) activities on the Hanford Site in 1989. The greatest
number of these people (about 5,200 or 43%) worked within or immediately adjacent to the Richland
city limits in the 700, 1100, and 3000 Areas. The 200 and 300 Areas employed about 3,500 (29%)
and 1,900 (15%), respectively. Another 750 (6%) were located in the 100 Area with the remaining
individuals (about 7%) working in other areas. Washington Public Power Supply System employed
about 1,400 people. A number of other work arcas exist on the Hanford Site, such as the Solid
Waste Landfill, the Fast Flux Test Facility, and the U.S. Ecology Low-Level Radioactive Waste
Landfill,

The area surrounding the Hanford Site is predominantly rural farmland, with the exception of the
cities of Kennewick, Pasco, and Richland. Using the Hanford Meteorological Station tower as a
reference point that is approximately in the center of the site and 1980 census data, the total
population 80 km (50 mi) from the tower was 340,943 in 1980, The number who resided in
incorporated cities was 210,999 (Jaquish and Bryce 1990).

Recreational activities associated with the Columbia River include hunting, fishing, boating, water
skiing, and swimming, Agricultural activities near the Hanford Site include irrigated and dryland
farming, and livestock grazing, About one-third of the crop acreage is irrigated, one third in dryland
production, and the remaining third is idle or in summer fallow (Watson et al. 1991).

The Hanford Site is located in lands ceded to the United States in 1855 under treaties with the
Yakima Indian Nation and the Confederated Tribes of the Umatilla Indian Reservation. Under both
treaties the Native American signatories retained the right to fish at usual and accustomed places, and
retained the privileges of pasturing horses, hunting and gathering roots and berries on open and
unclaimed lands within the ceded areas. The protection of these resources for potential future use by
the Native Americans, if areas of the Hanford Site were to become open and unclaimed, has been an
issue in connection with activities at the Hanford Site.

For the risk assessment, the receptor populations for a site are selected based on both the location and
activities of current populations, as discussed above, and populations associated with potential future
land use. Section 6.2.2 of RAGS (EPA 1989a) provides information on identifying potentially
exposed populations. Specific current and future scenarios for Hanford Site risk assessments are
discussed in Section 3.2.4.

3.2.3 Identification of Exposure Pathways

An exposure pathway describes a unique mechanism by which an individual or population is exposed
to chemical or physical agents at or originating from a site, This section discusses the identification
of exposure pathways including a conceptual model of the exposure assessment.

3.2.3.1 Conceptual Model for Human Exposure Assessment. A conceptual model for human
exposures has been prepared as part of this methodology to identify potential human exposure
pathways that should be considered in risk assessments prepared for the Hanford Site. The
conceptual model, presented in Figure 3-4, summarizes paths that hazardous substances may take to
reach potential receptors. A discussion of the model is provided below. It is

3-10



DOE/RL-91-45, Rev. 3
Figure 3-4. Conceptual Model for Human Exposure Assessment.
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important to note that although many pathways are possible, the conceptual model focuses on those
pathways that are likely to contribute significantly to overall risk and that can be assessed with
well-defined parameters. More extensive discussion on potential exposures, exposure pathways, and
the selection of pathways for assessment (i.e., primary pathway, secondary pathway, or pathway not
assessed) is presented below in 3.2.3.2 and in Appendix A as part of the discussion of scenarios.

The elements necessary for a completed exposure pathway are represented in the conceptual model.
These elements are the following:

A source and mechanism for hazardous substance release
Transport mechanisms/media

Exposure media or point

Exposure routes

Receptors,

a & & 5 8

All elements must be present for an exposure pathway to be complete. However, the importance of
individual pathways to the overall exposure assessment may vary because of the physical
characteristics of a site, the physical, chemical, and toxicological characteristics of the hazardous
substances present, the probability that a pathway will be completed, and receptor characteristics.

The s0il is the medium that received most of the hazardous waste at the Hanford Site through direct
disposal of liquids to the soil in cribs, trenches, retention basins, burial of waste in landfills or burial
grounds, and spills and leaks from storage tanks (Jaquish and Bryce 1990). For most of the operable
units at the Hanford Site, 501l currently represents the primary source of hazardous substances that
can potentially be transported to other media where human contact may occur.

As indicated in the conceptual model, potential exposure to hazardous substances in the soil can occur
through several exposure routes (i.e., ways for a receptor to come in contact with a hazardous
substance such as ingestion, inhalation) and transport mechanisms. Direct receptor contact with the
soil can result in incidental ingestion, dermal exposure, and external radionuclide exposures.
Receptors located near the site or downwind from a site could potentially be exposed through the
inhalation of contaminated dust or volatiles.

Hazardous substances in soil can also be transported to groundwater. Hanford Site groundwater
monitoring has detected radionuclides, in¢cluding tritium and uranium, and chemicals such as carbon
tetrachloride, chromium, trichloroethylene, and mitrate in the groundwater under the site (Jaquish and
Bryce 1990). Although previous liquid disposal practices may have contributed more to the migration
of contaminants into the groundwater in the past, infiltration due to precipitation is the probable
mechanism for transport currently, Columbia River-groundwater interactions may also influence
contaminant transport from the soil.

Once in the groundwater, hazardous substances can be directly ingested by receptors, or receptors
may be exposed through dermal contact with the water via wells during showering, bathing, and other
domestic or commercial water use. Inhalation of volatile substances in groundwater may also occur
during groundwater use and from volatile substances diffusing through the soil to the ambient air
from the groundwater. Groundwater used as an irrigation source may reintroduce hazardous
substances to the soil. Hazardous substances could also be transported to livestock if groundwater is
used as a water source,

Hazardous substances that have migrated to groundwater may also be transported to surface water.
Groundwater flowing under the Hanford Site enters the Columbia River. As discussed above, the

3-12



DOE/RL-91-45, Rev. 3

Columbia River is used as a source of water. for domestic, industrial, agricultural, and recreational
purposes. For example, the City of Richland uses river water to artificially recharge the unconfined
aquifer to provide treatment of turbid Columbia River water and enhance the city well field capacity.
Thus, hazardous substances transported to the Columbia River could potentially be ingested, dermally
absorbed during water use, swimming, showering, or bathing, and inhaled.

Hazardous substances in surface water may directly impact biota consumed by human receptors

(e.g, bioaccumulation in fish, livestock watered with Columbia River water). These substances can
also settle into sediments where contact during recreational use may occur or from which Columbia
River biota can be impacted. Surface water used as an irrigation source could reintroduce hazardous
substances to the soil.

Biotic uptake of hazardous substances from the soil can also occur resulting in the transport of
contaminants from soil to humans. For example, domestic animals and wildlife, while grazing, can
ingest soil containing hazardous substances. This would be in addition to ingesting plants that may
have taken up hazardous substances directly from the soil or from the deposition of hazardous
substances on the plants from dust as a result of wind erosion at a site. Crops or garden produce
grown in soils containing hazardous substances are another source of potential exposure for humans.

3.2.3.2 Exposure Pathways. As noted above, the conceptual model (Figure 3-4) summarizes
pathways that are likely to contribute significantly to overall risk and that can be assessed with

relatively well-defined parameters. These pathways are considered either primary or secondary
pathways for Hanford Site risk assessments as discussed below.

Primary pathways are presented in the conceptual model as those pathways, exposure media, and
routes that should be quantitatively evaluated for a specific scenario if contaminants are present in a
medium, The primary pathways listed below include many of those evaluated in risk assessments at
most hazardous waste sites (EPA-10.1991 and EPA 1991a) and frequently are risk-driving pathways
at hazardous waste sites (se¢ Figure 34). These pathways should be evaluated for all scenarios and
include the following: -

Ingestion of soil and dust

Inhalation of fugitive dust and/or volatiles
Ingestion of water (surface water or groundwater)
Dermal contact with soil contaminants

External exposure from radionuclides in soil.

a & & 2 &

External exposure to radionuclides is added as a Hanford Site-specific pathway because of
radionuclide use and production at the site. Soil contaminated by photon-emitters is the only exposure
media that should be routinely evaluated for the external exposure pathway.

If radioactive contaminants are covered by clean soil, the soil may provide sufficient shielding to
effectively eliminate the external exposure pathway. This shielding effect is a function of shielding
thickness, photon energy, and source activity. However, it may be generally assumed that all low
energy (< 100 keV) photons are effectively shielded if the source is covered by at least 1 meter of
soil (Kocher and Sjoreen 1985). Three meters of soil will eliminate external exposure to all but the
highest energy photon emitters (> 1 MeV).

Depending on land use, excavation may occur, thereby reducing or eliminating the clean soil cover,

The effect of shielding on the reduction or elimination of external exposures should therefore be based
on the thickness of clean soil cover assumed to exist following excavation.
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Several biota pathways have also been selected as primary exposure pathways for specific scenarios.
Again, because of the residential and agricultural areas in the vicinity of the Hanford Site, the specific
concern with radionuclides, the location of the Columbia River and the potential for contaminated
groundwater to reach the river, and the recreational hunting that occurs, biota pathways have been
selected as primary pathways for the recreational, residential, and agricultural scenarios, as
appropriate, The biota pathways are the following:

Consumption of dairy products (milk)

Consumption of beef :
Consumption of game (¢.g., venison, upland game birds, waterfowl)
Consumption of Columbia River fish

Consumption of homegrown produce.

Secondary pathways are those that should be qualitatively evaluated, at a minimum, but may be
quantitatively evaluated based on site characterization, contaminant characteristics, contaminant
migration, and availability of pathway-specific toxicity information. All pathways qualitatively
evaluated should be discussed in the uncertainty sections of the exposure assessment and the risk
characterization, The following secondary pathways are indicated in the conceptual model presented
in Figure 3-4;

Ingestion of sediment

Dermal contact with sediment
Inhalation of volatiles from water
Dermal contact with water,

Pathways have been selected as secondary pathways because they represent exposure routes that
depend on contaminant-specific parameters, frequency or duration of exposures, or likelihood of
occurrence. These secondary pathways may also contribute less to the overall risk or may require
qualitative evaluation because of limited availability of contaminant-specific information.

A sediment exposure pathway in the river is an example of a pathway selected as a secondary
pathway because the frequency of contact is limited by such factors as the weather and receptor
activity patterns (e.g., hunters normally wear clothing that protects from such exposures, water skiers
have little, if any, direct contact with sediment, swimmers and people wading represent a population
much smaller than those drinking the water and exposures occur on a less regular basis at the same
exact location).

Dermal exposures to water are also considered a secondary pathway because dermal exposures to
water occur over relatively short timeframes, and significant exposures may rely on chemical-specific
factors such as dermal permeability. The faster penetrating contaminants (dermal permeability
constant > 0.1 cm/hr) may also pose a hazard similar to direct consumption, but environmental
contaminants in this range appear to be a minority (EPA 1992c). Although risk values may indicate
that dermal exposure is a dominant pathway, it is important to note that there is an extreme degree of
uncertainty associated with its quantification. Dermal uptake is generally not an important pathway
for exposure to radionuclides, most of which have small dermal permeability constants. However,
there may be radionuclides at the Hanford Site, such as tritium, which have high dermal
permeabilities and should be evaluated on a case-by-tase basis.

Ingestion of contaminants is adequately evaluated by the soil ingestion pathway, especially for

children who are considered to have the same potential ingestion intake during the entire year from
either playing outside in contaminated soil or inside on dirty/dusty floors. Two potential air exposure
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routes are not presented in the conceptual model and are not recommended for quantitative evaluation
under any scenario, These pathways are the following:

. Ingestion of contaminated particulates or volatiles secondary to inhalation of
contaminated air

. Dermal exposure to airborne contaminants.

Ingestion of radioactive contaminants secondary to inhalation is already accounted for by the EPA
inhalation dosimetry model (EPA 1989¢). Dermal exposures to airborne chemicals and radionuclides
is comparable to dermal exposure to these analytes in soil. Therefore, the RAGS assertion that
dermal uptake is generally not an important pathway for radionuclides and chemicals is as valid for
airborne contaminants as it is for soil contaminants. Dermal exposures are considered to be lower
than inhalation intakes and are generally not considered in Superfund risk assessments, as noted in
Sections 6.3 and 10.5.5 of RAGS (EPA 1989a). Qualitative discussion of such pathways may be
appropriate in the uncertainty section of a risk assessment,

Three pathways associated with external exposure to radionuclides are also not recommended for
quantitative or qualitative evaluation unless site-specific information suggests the need to consider
them. The three pathways include the following:

. Air immersion pathway
. External radiation exposure from submerged sediment
- Water submersion.

Exclusion of the air immersion pathway is suggested because of the transient nature of such exposures
and the current lack of contaminant waste streams (e.g., the production of gaseous effluents) that
would provide an air immersion exposure. External radiation exposure from contaminants in
submerged sediment or due to water submersion may also be excluded from evaluation. As stated in
Section 10.5.5 of RAGS (EPA 1989a), the shielding effects of water and the generally short duration
of water submersion exposures typically make this a pathway of lesser significance.

If site-specific information suggests that these may be important pathways, radiation doses and risk
incurred during such events may be evaluated as foliows. This first step is to use dose rate
conversion factors (DRF), combined with estimates of exposure duration, to calculate committed
effective doses due to radioactively contaminated media. Current sources of DRF include DOE
(1988b) and EPA (1988b). The resulting dose can then be multiplied by a cancer incidence risk
factor to yield a cancer risk estimate, For the purposes of this methodology, a cancer incidence risk
factor of 6.2E-04/rem should be used, as this is the nominal factor currently employed by EPA
(1989¢) and is the risk factor most consistent with EPA radionuclide slope factors. Such an
evaluation should be performed by health physicists familiar with dosimetric concepts. Justification
for such an evaluation may include the detection of external radiation fields with field survey
instruments, or the presence of high-energy gamma emitters in media of concern (e.g., water and
sediment).

Although the conceptual model and scenarios presented in this risk methodology have indicated
primary and secondary pathways for evaluation in risk assessments, this does not preciude the
evaluation of other pathways. The risk assessor, lead regulatory unit manager, or the DOE unit
manager may identify contaminants or pathways at a specific site that warrant additional evaluation.
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Pathways that are not quantitatively evaluated should be addressed with respect to their contributions
to uncertainty in exposure assessment and risk characterization, focusing on their potential impacts on
overall risk.

3.2.4 Exposure Scenarios

The Hanford Site information found in Section 3.2.1, the current receptor information discussed in
Section 3.2.2, and the pathway information and conceptual model presented in Section 3.2.3 are
integrated to develop current and potential future exposure scenarios for-use in assessing risk at a site.
Both current and potential future exposures are considered in accordance with 40 CFR: 300.430(d)(4)
and WAC 173-340-708. Current exposure estimates are used to determine the risk based on existing
exposure conditions at the site. Future exposure estimates provide decision-makers with an
understanding of likely future risk.

As described previously, the scenarios developed in HSRAM are generally analogous to the
conceptual use options described in the HFSUWG (1992) report. However, one potentially unique
future use option is a Native American scenario, The specifics of such a scenario are currently under
development, and may be incorporated in future revisions of HSRAM.

Four scenarios have been developed for the methodology. These scenarios are a
commercial/industrial scenario, a recreational scenario, a residential scenario, and an agricultural
scenario. For the commercial/industrial scenario two variations are provided, limited action and no
action. The limited action scenario is provided in the HSRAM because of recent DOE guidance on
Use of Institutional Controls in a CERCLA Baseling Risk Assessment (DOE 1992). As indicated in
Section 3.2.2, almost all current use of the Hanford Site, except for that described under the-
recreational scenario, is commercial/industrial. The recreational scenario has been developed because
of the location of the Columbia River adjacent to the Hanford Site. The Columbia River is an
important recreational arga for fishing and other water sports, including use of the river bank along
the Hanford Site up to the high water mark for waterfowl hunting. Residential and agricultural land
use also currently occur near the Hanford Site.

The application of a specific scenario in the rigsk assessment should be based on site-specific
information and characterization of exposed populations as discussed in Section 6.2.2 of RAGS

(EPA 1989a). This is also in accordance with WAC 173-340-708, The inclusion or exclusion of any
of the four scenarios and evaluation of the limited action alternative should be determined in a timely
manner by the regulatory and DOE unit managers with support from technical and risk assessment -
personnel, The rationale for inclusion or exclusion of current and future scenarios should be well
documented. In addition to on-site scenarios, other receptors, such as recreational populations or
those that may be located off-site, should also be determined based on the location of a specific site,
contaminants detected at a site, the potential for contaminant transport off-site, and other relevant
factors. It is important to note that off-site receptors may not always be the closest receptors based
on physical location. For example, for some sites downwind receptors may be more distant than
upwingd receptors, but because of the potential for contaminant transport the downwind receptors
would be a more likely exposed population.

The scenarios are briefly discussed below. The risk assessor is referred to Appendix A for more

extensive information in each scenario including exposure parameters that should be used for
preparing risk assessments.
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Limited Action - Commercial/Industrial Scenario: Because the current use of the Hanford Site is
commercial/industrial, this scenario will be assessed at most sites. After analyzing the required
reasonable maximum exposure (RME), additional exposure scenarios could be developed wherein the
benefits of maintaining existing instimational controls or newly proposed controls are accounted for in
a limited action - comumercial/industrial scenario. A site-specific limited action commercial/industrial
scenario may be developed on a case-by-case basis for use as a current scenario if industrial activities
are currently conducted at a site. Site-specific exposure parameters related to type of activities

(e.g., office workers, maintenance workers), frequency and duration of activities (e.g., daily,
monthly), and media contact during the activities (e.g., drinking water, soil) should be applied.
Development of a site-specific scenario will generally be the exception and will require agreement of
the operable unit managers. All site-specific data and values must be justified and documented in the
risk assessment report as recommended by EPA (1991a).

Commercial/Industrial Scenario: The commercial/industrial scenario is presented in Appendix A.
The baseline risk assessment should assume no action and this scenario may be used, as appropriate,
for evaluating current exposures when site-specific activities are similar to those represented by this
scenario. It may also be used for evaluating future commercial/industrial scenarios. The
commercial/industrial scenario represents exposures that may occur to a person working at a site
whose job is primarily indoors, but who would have some outside activities that could result in
exposure to the soil sufficient to. incur soil ingestion and dermal contact exposures. In addition, the
scenario considers other commercial/industrial exposures (e.g., ingestion of potable water and
inhalation of contaminated air) generally used to assess exposures associated with
commercial/industrial land vse, as recommended by EPA (1991a), and exposures specific to the
Hanford Site and its contaminants (e.g., external exposure to radionuclides). Specific exposure
parameters and factors are summarized in Tables A-1, A-2, and A-3 of Appendix A,

Recreational Scenario: Recreational activities associated with the Columbia River could potentiatly
result in exposure to hazardous substances released from the Hanford Site. As discussed above, these
recreational activities include hunting, fishing, boating, water skiing, and swimming. The
recreational scenario presented in Appendix A considers these current activities and incorporates
additional activities, as appropriate, for a future recreational scenario. Specific exposure parameters
and factors are summarized in Tables A-4 and A-5, and A-6 of Appendix A.

Revisions in the recreational scenario may be required when options under consideration for the
Hanford Reach are finalized. The Hanford Reach of the Columbia River, Comprehensive River
Conservation Study and Environmental Impact Statement (NPS 1994) has proposed that land along the
Hanford Reach be designated a National Wildlife Refuge with Wild and Scenic River overlay,

Residential Scenario: As discussed above, there is not current on-site residential use of Hanford Site
land. However, residents are located in areas adjacent to, downwind, and down river from the site.
A residential scenario is provided in Appendix A for evaluating residential populations, Specific
exposure parameters and factors for the residential scenario are summarized in Tables A-7, A-8,

and A-9.

Agricultural Scenario: An agricultural scenario is also provided in Appendix A. As discussed in
Section 3.2.2, agricultural land use occurs in the vicinity of the Hanford Site. The agricultural
scenario includes a farm residence. Specific exposure parameters and factors for the agricultural
scenario are summarized in Tables A-10, A-11, and A-12.
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3.2.5 Quantification of Exposures

The exposure assessment includes a quantification of exposures for various pathways and receptors.
Exposure is the contact of a receptor with a chemical or physical agent. An exposure concentration
(i.e., a concentration that is contacted over the exposure period) is estimated that is used with
population variables (e.g., exposure parameters) and assessment variables (e.g., averaging times) to
determine an intake. This section describes the methodology for calculating intakes that are integrated
with toxicity values in the risk characterization to calculate risk,

3.2.5.1 Reasonable Maximum Exposure. The NCP and RAGS (EPA 19893) recommend the
evaluation of exposures based on RME. Similarly, the MTCACR states that cleanup levels shali be
based on estimates of current and future resource uses and reasonable maximum exposures expected
to occur under both current and potential future site use conditions (WAC 173-340-708). The goal of
calculating an RME is a result that represents an exposure scenario that is both protective and
reasonable; not the worst possible case (EPA 1991a). The exposure parameters and pathways
presented in this methodology are based on the RME concept presented in RAGS and the MTCACR.

3.2,5.2 Exposure Concentrations. Contaminant concentration data collected during the
investigation of a site are used to estimate the exposure concentrations of contaminants in various
media. The determination of an exposure concentration for use in calculating intakes is described in
Section 6.4.1 of RAGS with additional information provided in Section 6.5 (EPA 1989a). Exposure
concentrations are based on monitoring data using the 95 percent upper confidence limit (UCL) on the
arithmetic average. RAGS (EPA 1989a) recommends using the maximum detected concentration
when the 95% UCL exceeds the maximum concentration detected. Additional guidance on calculating
the 95% UCL is provided by EPA (1992d). See Section 3.2.5.4 for additional information on
exposure concentrations for radioactive contaminants,

Modeled exposure concentrations may also be required to provide estimates of exposure
concentrations at points remote from the sources, concentrations at 3 future time, or concentrations in
biota. Two Tri-Party Agreement milestones, M-29-01 and M-29-02, were established to support the
modeling efforts that may be required for baseline risk assessments at the Hanford Site

(Ecology et al. 1994), Appendix B of this document provides information on the codes and models to
be used in Hanford Site risk assessments (Milestone M-29-01). These codes and models are related
to the physical environment of soil and subsurface soil, groundwater, surface water and sediment, and
air. They have been selected, reviewed, and recommended by a committee of Tri-Party
representatives for use in support of the baseline risk assessment methodology.

A plan for development of area-wide groundwater models to support risk assessment and to evaluate
impacts of changing groundwater flow fields has also been prepared. This plan was developed to
support the M-29-02 Tri-Party Agreement milestone. The groundwater is considered a major medium
for the transport of contaminants to both human and ecological receptors.

Models or methods for determining exposure concentrations in food-chain biota, such as edible plants
and anirnals, may also be required depending on the exposure scenario selected for evaluation. The
methodology does not recommend any specific method or model for evaluating uptake or
biocaccumulation of nonradioactive contaminants in the food chain. Food chains are very complex
exposure pathways. Contaminant-specific physical and chemical information is required to estimate
contaminant transport through a food chain, The scenarios presented in Appendix A provide standard
exposure parameters for consumption of food-chain products such as beef, dairy products, fruit, and
garden vegetables, that should be used in the exposure assessment, Chemical-specific biotransfer
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factors should be developed, as necessary and appropriate, on a site-and chemical-specific basis to be
used in estimating concentrations of contaminants in biota.

Several sources of information are recommended by EPA Region 10 for this purpose inciuding the
following: ‘

. Wwildlife Exposure Factors Handbook (EPA 1993)
. Estimating Exposures to 2,3,7,8-TCDD (EPA 1988c)

. Methodology for Assessing Health Risks Associated with Indirect Exposure to
Combustor Emissions (EPA 1990)

. Development of a Risk Assessment Methodology for Land Application and Distribution
and Marketing of Municipal Sludge (EPA 1989f).

Additional sources of useful information for evaluating the transfer of nonradioactive substances in a
food chain are: ‘ S

. Review and Analysis of Parameters for Assessment Transport of Environmentally
Released Radionuclides through Agriculture (Baes et al. 1984)

. Development of a Risk Assessment Méthaddlogy Jor Land Application and Distribution
and Marketing of Municipal Sludge (EPA 19891)

. "Model of Organic Chemical Uptake and Clearance by Fish from Food and Water”
(Clark et al. 1990)

. "Plant Uptake of Non-Ionic Organic Chemicals from Soils” (Ryan et al, 1988)

. “Disposition of Toxic Metals in the Agricultural Food Chain. 1. Steady-State Bovine

Milk Biotransfer Factors” (Stevens 1991)

. "Bioconcentration of Organics in Beef, Milk, and Vegetation"
(Travis and Arms 1988)

. The Risk Assessment of Environmental and Human Health Hazards: A Textbook of
Case Studies (Paustenbach 1989)

. Assessing Human Health Risks from Chemically Contaminated Fish and Shellfish: A
Guidance Manual (EPA 1989g)

. Radioactive Comamination from Decommissioning (Kennedy et al. 1992).

An example of a code that may be used for evaluating transport and biotic uptake of radioactive
contaminants is the GENII computer code (Napier et al, 1988). GENII contains models to estimate
biotic transport of radionuclides and to estimate dose from terrestrial exposure pathways such as
aquatic food ingestion, ingestion of crops from farmlands contaminated by air transport and deposition
or irrigation by contaminated water, or animal product ingestion (i.¢., animals fed contaminated crops
or water). The GENII code presents an analysis in terms of radiation dose, not risk. Doses can be
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converted into risk estimates through the proper application of risk factors as described in
Section 3.2.3.2.

Any estimations of radionuclide concentrations in biota that are prepared for a risk assessment should
be reviewed in relation to the results of the ongoing Hanford Site environmental monitoring program.
Currently, food and farm product surveillance for radionuclides is performed for milk, wine,
vegetables (e.g., cabbage, broccoli), fruits (e.g., apples, cherries, grapes, and melons), wheat, alfalfa,
beef, chicken, and eggs grown in the vicinity of the Hanford Site (Jaquish and Bryce 1990). There is
also sampling conducted for radionuclides in wildlife including deer, fish, upland game birds,
waterfowl, and rabbits,

Another issue related to the estimation of the exposure concentration that should be considered is
when the future scenario will occur, The application of future scenarios to estimate the risk
associated with a site is especially important at the Hanford Site because of the presence of
radionuclides. The exposure concentration will change because of the radioactive decay that occurs
resulting in different estimations of contaminant activities and activities of decay daughters. The time
in the furure when future scenarios are applied may also affect concentrations of organic chemicals
because many of these chemicals volatilize or biodegrade, resulting in depletion of the contaminant
source. Future scenarios for the baseline risk assessment are the years 2018 and 2118. In practice,
the application of these time frames is subject to agreement between operable unit managers,
especially when land release or a change in land use sooner than 2018 is likely.

3.2.5.3 Calculation of Nonradioactive Contaminant Intakes, Standard EPA equations for
exposure and risk assessment, as provided in RAGS (EPA 19892) and MTCACR, are used as a basis
for all calculations with appropriate conversion factors, as necessary.

The basi¢ equation for calculating intakes via ingestion (soil, water, or biota) or inhalation is;

Intﬂlm:CJ:Ilis'.xli'.lﬁ‘xlafl'l)J:C!SF‘ 1
BW x AT
" where : C = Concentration of chemical in the mediom
IR = Contact rate
EF = Exposure frequency (d/yr)
ED = Exposure duration (yr)
CF = Conversion factor (as appropriate)
BW = Body weight (kg)
AT = Averaging time (yr x 365 d/yr)
Intake = Contaminant-specific intake (mg/kg-d)

Typical concentration units, for example, are mg/kg, mg/L, mg/m® for soil, water, or air,
respectively. Typical contact rate units for ingestion are mg/d, L/d, and g/d for soil, water, and biota
ingestion, respectively; a typical contact rate for inhalation is m*/d,
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The basic intake equation is modified to provide an equation for calculating the absorbed dose
resulting from dermal exposure to contaminated water as follows:

CWxSAxKpxETx EFx ED x CP 2
BW x AT

Dermally absorbed dose =

where : cw = Concentration of chemical in water {mg/L)

SA = Skin surface area available for contact (cm®)
Kp = (Chemical-specific permeability coefficient (¢m/hr)
ET = Event time (hr/d)
EF = Exposure frequency (d/yr)
ED = Exposure duration (yr)
CF = Conversion factor (1 L/1000 cm’)
BW = Body weight (kg)
AT = Averaging time (yr x 365 d/yr)

Dermally :

absorbed dose = (mg/kg-d)

The intake equation is also modified to provide the absorbed dose equation for dermal exposures to
contaminated soil:

Dmﬂyabmrbﬁddm=CSxSAxAFxABSxEFxEDxCF . 3
BW x AT
where : CS = (Concentration of chemical in soil (mg/kg)

SA = Skin surface area available for contact (cm?)
AF = Soil-to-skin adherence factor (mg/cm?/event)
ABS = Chemical-specific absorption factor (unitless)
EF = Event frequency (events/yr)
ED = Exposure duration (yr)
CE = Conversion factor (1E-06 kg/mg)
BW = Body weight (kg)
AT = Averaging time (yr x 365 d/yr)

Dermally

absorbed dose = (mg/kg-d)

Section D-2.0 of Appendix D provides detailed equations for calculating intake values for
nonradioactive contaminants for a variety of exposure pathways, Section D-5.0 provides examples of
intake calculations.

The exposure intakes for the contaminants of potential concern should be presented in tabular form in
the baseline risk assessment. Exhibit 6-22 in RAGS (EPA 1989a) provides an example of how these
may be presented.

3.2.5.4 Calculation of Radioactive Contaminant Intakes. The quantification of exposures to
radioactive contaminants requires a separate treatment. The units used to express environmental
concentrations of radioactive and nonradioactive contaminants are different. Unlike nonradioactive
contaminants, intake estimates for radionuclides should not be divided by body weight or averaging
time. The calculated intakes, therefore, represent radionuclide activities inhaled or ingested over a
lifetime, or the lifetime-averaged contact with contaminated soils.
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This bas¢line risk assessment methodology recommends the use of Health Effects Assessment
Summary Tables (HEAST) (EPA 1994) or subsequent editions as the method for calculating lifetime
cancer induction risk from radioactive contaminant exposures. Standard EPA equations for exposure
and risk assessment, as provided in EPA (19892), are used as the basis for all HEAST methodology
calculations with appropriate conversion factors, as necessary. '

The basic equation for calculating intakes via ingestion (water, soil, biota) or inhalation is:

Intake = C x IR x EF x ED 4
where:
Intake = Radionuclide-specific lifetime intake (pCi)
C = (Concentration of radionuclide in media
IR = Contact rate
EF = Exposure frequency (d/yr)
ED = Exposure duration (yr)

Typical units for radionuclide concentrations are pCi/m® for air, pCi/g for soil, and pCi/L for water,
The potentially transient nature of some ingested media (e.g., surface water) requires that an
gvaluation be made as to the average radionuclide concentration during the exposure duration in
question. Typical contact rate units for ingestion are mg/d, L/d, and g/d for soil, water, and biota
ingestion, respectively; a typical contact rate for inhalation is m*/d.

The above equation may also be used for the evaluation of external exposures if geometric
considerations are ignored and an infinite slab source is assumed. In this case, the "intake" is
external exposure and would have the units of pCi-yr/g, environmental (i.e., soil) concentrations
would be measured in units of pCi/g, and the "contact rate” would be determined as follows:

IR, =ET xRF x CF 5
where:
IR, = External exposure contact rate (yr/d)
ET = Exposure Time (hr/d)
RF = Dose reduction factor (0.8, unitless)
CF = Conversion factor (1.14E-04 yr/hr)

Consideration must be made for the loss of radioactive contaminants either through decay or
migration into or away from the site in order to determine a time-averaged radionuclide concentration
for calculation of external exposures. This information will be provided by appropriate modelmg of
contaminants through the environment (see 3.2.5.2 and Appendix B).

A dose reduction factor is used to obtain a more realistic estimate of external exposures by taking into
account the effects of shielding while indoors. EPA (1991c) recommends a default dose reduction
factor of 0.8. The dose reduction factor may also be considered to account for ground roughness.

Section D-2.0 of Appendix D provides detailed equations for calculating intake values for radioactive
contaminants. Section D-5.0 provides examples of these intake calculations.
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3.2.6 Uncertainty Evaluation For Exposure Assessment

The exposure assessment requires multiple assumptions that can significantly impact the outcome of a
risk assessment, Key factors contributing to uncertainty in the exposure assessment are related to
definition of the physical setting, applicability of models and assumptions, and uncertainty in the value
of parameters used in the exposure assessment. Consideration in the uncertainty section may include
discussion on the following:

. Adequate identification of current land use

Likelihood of future tand use occurring

U Exclusion of chemicals from the quantitative risk assessment

. Exclusion of pathways from the quantitative risk assessment

. Model assumptions that impact exposure point concentrations

. When a 95% UCL exceeds the maximum detected value, the contaminant will be

characterized with the maximum value

. Use of standard default parameters |

¢ Uncertainty related to site-specific parameters

. Uncertainty related to biotransfer factors

. Uncértainty related to site characterization and sample data.

Discussion of these factors and other assumptions, as appropriate for a site, should include the
potential for over-estimating or under-estimating exposures based on the possible uncertainties stated
above.

3.3 TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to identify the potential adverse effects associated with
exposure to site-related substances and to estimate, using numerical toxicity values, the likelihood that
these adverse effects may occur based on the extent of the exposure. The toxicity assessment for
Hanford Site risk assessments is conducted in accordance with EPA (1989a) and EPA Region 10
(EPA-10 1991). Supplemental information is provided on the toxicity assessment for radionuclides.
Section 7.0 of RAGS (EPA 1989a) and the regional guidance (EPA-10 1991) should be consulted for
additional information on the toxicity assessment. :

The toxicity assessment component of the human health evaluation is presented below. Sources of
toxicity information are discussed in Section 3.3.1. Sections 3.3.2 and 3.3.3 present information on
noncarcinogenic and carcinogenic toxicity values, respectively, for both nonradicactive and
radioactive substances. Substances without toxicity values or without route-specific toxicity values are
discussed in Section 3.3.4. A discussion of the toxicity profile is presented in Section 3.3.5 and the
evaluation of uncertainty in the toxicity assessment is discussed in Section 3.3.6.
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Extensive toxicological and radiological information has been published and toxicity values are readily
available. However, it is recommended that this portion of the risk assessment be performed by
individuals with training, experience, and expertise in ¢valuating toxicological and radiological data.

3.3.1 Sources of Toxicity Information

The preparation of the toxicity assessment relies primarily on existing toxicity information, and does
not usually involve development of toxicity information or dose-response relationships. Toxicological
and radiological information that is already evaluated and summarized is available in a number of
documents, databases, or other sources. Information on general sources for toxicity information is
provided in Section 3.3.1.1 and the hierarchy of sources for numerical toxicity values is discussed in
Section 3.3.1.2. In addition, a companion document to the HSRAM is currently being developed to
provide general toxicity information and numerical toxicity values for typical Hanford Site
contaminants.

3.3.1.1 General Toxicity Information. The toxicity assessment should include information
regarding the toxic effects of contaminants identified at a waste site. Sources of general toxicity
information for risk assessment may inctude, but are not limited to, the following:

. Agency for Toxic Substances Disease Registry (ATSDR) Toxicoldgical Profiles

. Casaren and Doull's Toxicology: The Basic Sclence of Poison (Amdur et al. 1991) -
[includes a comprehensive chapter on radiation and radionuclides}

. Chemical Hazards in the Workplace (Proctor et al, 1988)

. Clinical Toxicology of Commercial Products (Gosselin ¢t al. 1984)

. Dangerous Properties of Industrial Materials (Sax 1984)

. Disposition of Toxic Drugs and Chemicals in Man (Baselt et al. 1989)

. EPA contaminant-specific documents including: Health Assessment Documents,
Health Effects Assessments, Health and Environmental Effects Assessments, and
Health and Environmental Effects Profiles

- Hazardous Substances Databases (e.g., IRIS and HEAST)

. The Merck Index: An Encyclopedia of Chemicals, Drugs and Biologicals
{(Windholz et al. 1983)

. Patty’s Industrial Hygiene and Toxicology (Clayton and Clayton 1981)
. Toxicological Chemistry (Manahan 1989)

* Health Effects of Exposure to Low Levels of lonizing Radiation (BEIR V) [National
Research Council (NRC) 1990)]
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. Risk Assessment Methodology: Environmental Impact Statement for NESHAFS
Radionuclides, Volume I* Background Information Document (EPA 1989¢)

. Limitation of Exposure to Ionizing Radiation (NCRP 1993),

3.3.1.2 Numerical Toxicity Values. The hierarchy of sources for numerical toxicity values used in
Hanford Site risk assessments is provided below.

The Integrated Risk Information System (IRIS), the EPA’s on-line database, is the preferred source
for numerical toxicity values and toxicity information. This system provides chemical-specific slope
factors, weight-of-evidence classifications, reference doses, and supporting discussion and references
for this information. The slope factors and reference doses have been reviewed and verified by
agency-wide work groups.

If toxicity information for a chemical or radionuclide is not available in IRIS, the risk assessor should
consult the HEAST (EPA 1994) or subsequent editions. HEAST provide a summary of all currently
available toxicity factors developed by the Environmental Criteria and Assessment Office (ECAQ) for
the Office of Emergency and Remedial Response, many of which are not yet available in IRIS.
However, certain toxicity values available in HEAST may not be verified and may still be undergoing
work-group review within EPA. These tables also provide pathway specific slope factors for many
radionuclides.

When numerical toxicity values are not available from IRIS or HEAST, alternative methods for
developing toxicity values or for evaluating compounds may be used when appropriate,” Section 3.3.4
below discusses how to evaluate substances without IRIS or HEAST toxicity values.

3.3,2 Toxicity Values for Noncarcinogenic Substances

Systemic, toxic effects other than cancer can be associated with exposures to both chemicals and
radionuclides. Sections 3.3.2.1 and 3.3.2.2 discuss the toxicity values and the approach for
evaluating noncarcinogenic effects that may occur from exposure to nonradioactive substances and
radioactive substances, respectively.

3.3.2.1 Nonradioactive Substances. The RfD is the toxicity value used to evaluate noncarcinogenic
effects resulting from exposures to chemicals or radionuclides. The RfD has been developed based on
the concept that protective mechanisms exist that must be overcome before an adverse effect is
manifested (i.e., there is a threshold that must be reached before adverse effects occur). The RID is
developed to reflect the duration of exposure (e.g., subchronic exposures - 2 weeks to 7 years and
chronic exposures - 7 years to a lifetime) and the route of exposure (e.g., inhalation, oral). In
addition, RfDs are currently being developed, as appropriate, to evaluate specific critical effects such
as developmental effects that may occur because of exposure to certain chemicals.

The subchronic RfD is utilized to evaluate potential noncarcinogenic effects from exposures that occur
because activities are performed for a limited amount of time (e.g., during remediation activities) or
when a substance with a short half-life degrades to negligible concentrations within several months.
For longer exposures, the chronic RfD is utilized to evaluate potential noncarcinogenic effects. The
chronic RfD is a daily exposure level that is likely to be without an appreciable risk of deleterious
effects to the general population, including sensitive subpopulations, during a lifetime.
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The toxicity reference values for the inhalation pathway are currently being verified as reference
concentrations (RfC). The RfC can be converted to an RfD for use in risk characterization using the
following conversion (EPA-10 1991):

ReD - RIC (mg/m®) x 20 mday 6
70 kg

Because carcinogens can also have systemic effects other than cancer, carcinogenic substances should
be evaluated for noncarcinogenic adverse effects. However, carcinogenic effects usually occur at
levels significantly lower than those associated with systemic toxic effects; thus, cancer risk is usually
the predominant adverse effect for carcinogens.

3.3.2.2 Radioactive Substances. Radiation-induced health effects can be classified as stochastic or
nonstochastic (i.¢, acute toxicity). Stochastic effects are those for which induction is probabilistic,
and that probability is a function of the absorbed dose. In addition, there is generally believed to be
no threshold dose below which a stochastic health effect cannot be induced, nor is there a dose above
which such an effect is guaranteed. Examples of stochastic health effects include carcinogenesis,
mutagenesis, teratogenesis, and life shorrening, ‘

Acute toxicity effects are those which have a threshold dose, and will occur if that threshold is
exceeded. The term acute is not exclusive to exposure duration but may also be used to characterize
any short, or sudden, event and is used to refer to effects that manifest over a short time period.

It does not refer to a length of exposure, Examples include hematological changes, cataracts of the
lens of the eye, erythema, and acute radiation syndromes, As stated in RAGS (EPA 1989a),
Section 10.5.3:

“In general, radiation exposure assessments need not consider acute toxicity effects,
Acute exposures are of less concern for radionuclides than for chemicals because the
quantities of radionuclides required to cause adverse effects from acute exposure are
extremely large, and such levels are not normally encountered at Superfund sites.”

Stochastic but noncarcinogenic health effects include genetic mutations, birth defects, and life
shortening, Several current references (NRC 1990; EPA 1989¢) provide risk factors for these effects.
BEIR V (NRC 1990) considers that limiting exposure to reduce cancer risk also limits genetically
significant exposure. RAGS (EPA 1989a) states that the risk of cancer appears to be limiting, and
may be used as the sole basis for assessing the radiation related human health risk of a site
contaminated with radionuclides. Thus, for Hanford baseline risk assessments, it is recommended
that only carcinogenic effects be routinely evaluated for radionuclides, as carcinogenesis is the
predominant adverse human health effect,

It is important to distinguish the carcinogenic potential of radiation (in which a radionuclide is only
the delivering agent) from the chemical toxicity of these elements and their compounds (e.g., Sr-90
v$, strontium salts or Pb-210 vs. lead). The internally committed quantities that pose a significant
radiation-induced cancer risk generally have an insignificant chemical toxicity., Some exceptions may
oceur (e.g., the nephrotoxic effects of uranium) and will be evaluated on a case-by-case basis,
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3.3.3 Toxicity Values For Carcinogenic Substances

Toxicity values have also been developed for evaluating potential human carcinogenic effects from
exposures to chemicals and radionuclides. Section 3.3.3.1 discusses the toxicity values utilized in
evaluating nonradioactive substances. Section 3,3.3.2 discusses the evaluation of carcinogenic effects
from exposure to radioactive substances.

3.3.3.1 Nonradioactive Substances. Potential human carcinogenic effects are evaluated using the
chemical-specific slope factor and accompanying EPA weight-of evidence determination. The toxicity
values (i.e., slope factors) for carcinogens have been derived based on the concept that for any
exposure to a carcinogenic chemical there is always a carcinogenic response (i.e.,. there is no
threghold). The slope factor is used in risk assessment to estimate an upper-bound lifetime probability
of an individual developing cancer as a result of exposure to a particular level of a potential
carcinogen, In addition to the slope factor, the likelihood that a substance is a human carcinogen is
also considered. A weight-of-evidence classification is assigned to each substance based on the
strength of human and animal evidence of carcinogenicity. The EPA (1989a) weight-of evidence
classifications are the following:

Group A — Human Carcinogen

Group B — Probable Human Carcinogen

Group C — Possible Human Carc¢inogen

Group D — Not Classifiable as to Human Carcinogenicity
Group E — Evidence of Noncarcinogenicity in Humans.

Toxicity values for carcinogens can also be expressed in terms of risk per unit concentration of the
substance in the medium where contact occurs, Unit risk values may be found in TRIS and HEAST
and are medium-specific. As discussed above for RfDs, slope factors and unit risk are specific for
the route of exposure. For nonradioactive substances, oral or inhalation slope factors and unit risk
are used as appropriate for the pathway.

Currently, the toxicity reference values for the inhalation pathway are being verified in units of
concentration in air. "The unit risk must be converted to inhalation slope factors for use in risk
characterization. The recommended conversion (EPA-10 1991) is:

SIOPC factor = Unit Risk (H'ﬂms)_l x 70 kg x 1E+03 “M p
20 m?/day

The toxicity values and supporting information for carcinogenic substances carried through the risk
assesement should be summarized in tabular form in the toxicity assessment. Examples of table
formats that may be used are presented in Section 7 of RAGS (EPA 1989a).

3,3.3.2 Radioactive Substances. Because all radionuclides are classified by EPA as Group A -
Human Carcinogens, further consideration of weight-of-evidence for radionuclides is not necessary.
In addition, cancer risk may be used as the sole basis for assessing the radiation related human health
risk of a site contaminated with radionuclides (EPA 1989a).

HEAST provides slope factors for radionuclides for ingestion, inhalation, and external exposure
pathways. These values are used to determine the lifetime incremental cancer induction rigk
associated with environmental concentrations of radionuclides (see Section 3.4.1). Currently, each
radionuclide slope factor is calculated for a single default jung class and gastro-intestinal absorption
factor. These factors were chosen to reflect those chemical forms of radionuclides that a receptor
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would expect to encounter through environmental contamination. Determination of the specific
chemical form of a radionuclide may indicate that the slope factor is biased, while lack of such
information is a source of uncertainty. HEAST users should consult EPA (1989e) for a more detailed
discussion of current EPA radiation risk assessment methodology. Included in this document are the
risk factors used to calculate radionuclide slope factors presented in HEAST, The nominal lifetime
cancer induction risk factor is 6.2E-04/rem.

3.3.4 Evaluating Substances Without Toxicity Values

EPA-derived toxicity values may not be available for all substances and all routes of exposure, In
these cases, the type of substance, the extent of contamination detected, the contaminated media, the
potential mobility, persistence, and toxicity of the substance, and implications of not quantitatively
evaluating the substance should be reviewed, Professional judgement may be used to select an
alternative method to evaluate the substance. However, the rationale for selecting an alternative
should always be well documented. Examples of several alternatives that can be considered for
evaluating substances without specific toxicity values are provided below.

Toxicity values may be developed by, or in consultation with, the Superfund Technical Support
Center at the ECAO office in Cincinnati on a case-by-case basis. However, EPA Region 10 risk
assessment staff should be consulted prior to contacting ECAQ (EPA-10 1991). More current
information may be available or similar derivations may be available from other risk assessments
conducted in Region 10,

ATSDR minimum risk levels {MRL) are available for some substances. The MRLs have been
developed consistent with reference dose methodology and may be useful for evaluating short-term
exposures (EPA-10 1991). Use of specific ATSDR MRLs should also be discussed with the EPA
Region 10 risk assessment group.

Substances with established toxicity vatlues may be considered for use as surrogates for substances that
do not have published toxicity values. The use of a surrogate may be appropriate for evaluating
substances that have similar documented toxic effects in the same target organ or similar mechanisms
of toxic action.

Toxicity values for specific substances may not be available for potential routes of exposure that are
evaluated (e.g., dermal exposure), but may be available from another exposure route. In general,
route-to-route extrapolation of toxicity values is not recommended except for using oral toxicity
values, adjusted for absorbed dose, to evaluate dermal exposures (EPA 1989a). Any extrapolation
between routes of exposure should consider toxic effects that are localized or are dependent on the
route of exposure. :

Substances may also be qualitatively evaluated in place of a quantitative evaluation, The potential
impact of either a qualitative evaluation of a substance or the use of a derived toxicity value in the
absence of a published value, should always be discussed in the uncertainty section of the toxicity
assessment, This discussion should address the implications of the absence of the quantitative
evaluation on the risk estimate. It should also address, as appropriate, the impact from the utilization
of nonverified toxicity values.
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3.3.5 Toxicity Profiles

The baseline risk assessment should provide toxicity information for each contaminant of potential
concern carried through the full assessment. A short toxicity profile may be provided in the toxicity
assessment section or in an appendix, but should provide toxicity information that is concise and
directed toward the nontechnical reader, It is recommended that acute and chronic toxic effects
should be distinguished, and the level of confidence in the studies providing the toxicity information
stated, A brief summary of the supporting information for the toxicity values used in the assessment
should be included as part of the toxicity profile. This information includes critical effects and target
organs, uncertainty factors, and other relevant information, IRIS provides valid and useful data for
the toxicity profiles. The ATSDR toxicological profiles are good examples of informative yet
readable toxicity discussions.

As indicated previously, a companion document to the HSRAM is currently being developed to
provide toxicity profiles for typical Hanford Site contaminants. Profiles will include numerical
toxicity values as well as discussion describing the health effects of concern and the extent of
supporting data. '

3.3.6 Uncertainty Evaluation

Uncertainty is associated with the toxicity values and toxicity information available to assess potential
adverse effects. This uncertainty in the information and the lack of specific toxicity information
contribute to uncertainty in the toxicity assessment. The types of uncertainty that should be discussed
in the toxicity assessment are provided in the following sections, Additional information on
uncertainty in toxicity assessments can be found in Sections 7 and 8 of RAGS (EPA 1989a).

3.3.6.1 Uncertainty in Toxicity Values and Information. An understanding of the degree of
uncertainty associated with toxicity values is an important part of interpreting and using those values.
A high degree of uncertainty in the information used to derive a toxicity value contributes to less
confidence in the assessment of risk associated with exposures to a substance. Sources of uncertainty
associated with published toxicity values may include the following;

. Use of dose-response information from effects observed at high doses to predict the
adverse health effects that may occur following exposure to the low levels expected
from human contact with the agent in the environment

. Use of data from short-term exposure studies to extrapolate to long term exposures or

vice-versa
. Use of data from animal studies to predict human effects
* Use of data from homogenous animal populations or healthy human populations to

predict effects in the general population.

For noncarcinogenic substances, the toxicity values (RfD) have uncertainty factors calculated into the
value for each of the sources of uncertainty listed above. A factor of 1¢ is usually used for sach of
the sources of uncertainty listed above. Use of uncertainty factors in the development of RfDs is
directly related to the uncertainty associated with hazard quotients (HQ) calculated using these RfDs.
More confidence can be placed in HQs calculated from RfDs with small un¢ertainty factors than HQs
calculated from RfDs with large uncertainty factors.
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In addition, the quality of the studies, the consistency of results between different studies, the
biological plausibility of the toxic effect, and the completeness of the supporting database contribute
to confidence in the toxicity value and the likelihood that a substance will cause an adverse effect.
Such information should be included in the discussion of uncertainty regarding the toxic effects of
substances carried through the risk assessment.

It is important to note that use of EPA toxicity values restricts the risk assessment to an evaluation of
selected critical health effects, not a range of health. effects that a receptor population might
experience. This issue should be recognized in the uncertainty assessment, and the assessor should
gvaluate whether the health effects of concern have been adequately identified.

Radiation exposure data has a distinct advantage over most chemical exposure data in that it is largely
derived from human epidemiological studies, eliminating the uncertainty that arises when relating data
gathered from animal studies to humans. However, the use of this human radiation exposure data has
its own particular and significant sources of uncertainty. The most important of these sources
include: the extrapolation of risk observed in populations exposed to relatively high doses, delivered
acutely, to populations receiving relatively low dose chronic exposures; selection of an appropriate
risk projection model; application of cancer risk derived for one population (Tapanese) to another
(U.S.); estimation of dose to target cells due to intakes of alpha-particle emitters; and statistical
uncertainties (EPA 1989¢).

In addition, the chemical form of a radionuclide has significant implications regarding uptake after
inhalation or ingestion. As is often the case, such information is not available, and it is not possible
to know whether a radionuctide slope factor is conservatively or liberally biased. The importance of
this issue depends on the radionuclide in question, and such a determination should be made by
persons with training in dosimetric modeiing.

3.3.6.2 Uncertainty in the Toxicity Assessment. Uncertainty is also present in the overall toxicity
assessment because of

. Uncertainty in the toxicity information of individual substances
. Possible synergistic, antagonistic or potentiative interactions of substances
. Evaluation of substances that do not have toxicity values through qualitative

discussion, use of surrogates, route-to-route extrapolation of toxicity values.

The overall confidence in the toxicity assessment should be discussed regarding these uncertainties
and other site-or substance-specific considerations.

3.4 RISK CHARACTERIZATION

The information from the exposure assessment and the toxicity assessment is integrated to form the
basis for the characterization of risk and human health hazards. The risk characterization presents
quantitative and qualitative descriptions of risk. As stated in RAGS (EPA 19892), "A risk
characterization ¢annot be considered compiete unless the numerical expressions of risk are
accompanied by explanatory text interpreting and qualifying the results.” Thus, the risk
characterization serves as the bridge between risk assessment and risk management and is a key step
in the ultimate decision making process.
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The following sections describe the risk characterization methodology. Carcinogenic risk
characterization is presented in Section 3.4.1, noncarcinogenic risk characterization is presented in
Section 3.4.2, and assessment and presentation of uncertainty is discussed in Section 3.4.3. Use of
site-specific human studies is discussed in Section 3.4.4 and a risk characterization summary is
presented in Section 3.4.5. Additional information on risk characterization can be found in Section 8
of RAGS (EPA 1989a) and in Region 10 guidance (EPA-10 1991),

3.4.1 Quantification of Carcinogenic Risk

For carcinogens, risk is estimated as the likelihood of an individual developing cancer over a lifetime
as a result of exposure to a potential carcinogen (i.e., incremental or excess individual lifetime cancer
risk). The slope factor converts daily intakes averaged over a lifetime of exposure, as derived in the
exposure assessment, to the estimated incremental lifetime risk of an individual developing cancer.
The equation for risk estimation is:

Risk = (Chronic Daily Intake) (Slope Factor) " B

This linear equation is only valid for intakes resulting in estimated risk below 1E-02, Cancer risk
estimates should be expressed using one significant figure only. Section D-6.0 of Appendix D
includes examples of risk calculations for nonradioactive and radioactive carcinogens.

Absorption adjustments may be required in the risk characterization to ensure that the site exposure
estimates and the slope factors are both expressed as absorbed doses or as intakes. Appendix A of
RAGS (EPA 1989a) describes how adjustments for absorption efficiency should be made.

Estimations of carcinogenic risk for individual chemicals are calculated as described above. Cancer
risk is assumed to be additive, and risk from different chemicals and pathways can be summed, as
appropriate, to evaluate the overall cancer risk posed by chemicals at a site (see discussion below
relating to the summation of estimated chemical cancer risk and estimated radionuclide cancer risk).
In addition to the chemical-specific risk, the pathway-specific risk and the total site risk should be
calculated for chemical carcinogens present at a site that impact the same receptor. Because scenarios
have been defined for Hanford Site risk assessments, pathways that should be summed have already
been defined.

When using HEAST methodology, carcinogenic risk associated with radionuclides is calculated as
above for chemical carcinogens, except that intakes and slope factors are defined to represent Jifetime
(not daily) exposures. The environmental concentrations and intake and exposure factors are
combined, as in Section 3.2.5.4, to provide intake values and time-averaged concentrations {in units
of pCi, and (pCi-yr/g), respectively]. These values are then multiplied by the appropriate slope
factors provided in HEAST to yield the lifetime incremental cancer incidence risk.

Radionuclide slope factors provided in HEAST for evaluating the external exposure pathway were
developed under the assumption that radionuclides are uniformly distributed (e.g., geometric
considerations are ignored and an infinite slab source is assumed). Therefore, use of these slope
factors may not be appropriate if the extent of soil contamination is limited (e.g., within 1E+04 o),
or if contaminated soil is covered with a clean soil cover. For such cases, shielding calculations may
be performed, when approved by the unit managers, in order to provide a more accurate estimate of
the external exposure risk. Such calculations usually provide a dose rate (not a lifetime risk)
estimate. Dose rates can be combined with exposure parameters identified in Section 3.2.5.4 to

3-31



DOE/RL-9145, Rev. 3

provide a lifetime dose, which can then be converted into a risk estimate by multiplying by the
nominal cancer incidence risk factor (6.2E-04/rem) recommended by EPA (1989%e).

A contaminant of concern for the human health evaluation is any contaminant that is retained in the
screening process and whose pathway-specific risk or total incremental cancer risk excéeds 1E-06.
This risk represents the total risk for a contaminant at the site when the 95% UCL is used as an
exposure point concentration, without regard to background. For contaminants of concern, the risk
associated with Hanford Site background concentrations should also be calculated and presented in the
risk characterization. When contaminants of concern are present in mobile media (e.g.,
groundwater), the risk associated with project-specific background distribution may also be presented
(see Section 2.2.3). The presentation of total site risk, background risk, and project-specific risk will
provide Tri-Party risk managers important information to ensure that site characterization, evaluation,
and remediation efforts are directed to the waste units releasing the contaminants of concern,

Although the risk from exposure to chemicals and radionuclides can be quantified, the models,
assumptions, and data used to estimate chemical risk are very different from those used to estimate
radionuclide risk. In spite of the differences between chemical and radiological incremental lifetime
cancer risk estimation protocols, the NCP [40 CFR Section 300.432(e}(2)(()(D)] and MTCACR
(WAC 173-340-708) require the consideration of cumulative risk attributable to- multiple contaminant
or multiple pathway exposures. Therefore, to allow for the evaluation of such cumulative risk,
chemical and radiological incremental lifetime cancer risk may be summed. Section 10.7.3 of RAGS:
(EPA. 1989a) provides additional discussion on the summation of risk. When risk is summed, the
differences in how risk is estimated for each category of substance should be thoroughly discussed in
the uncertainty assessment. Cumulative risk estimates must be put into the proper perspective for
each site. ‘ :

3.4.2 Quantification of Noncarcinogenic Risk

Potential human health hazards associated with exposure to noncarcinogenic substances, or
carcinogenic substances with systemic toxicities other than cancer, are evaluated differently from
carcinogenic risk. The daily intake over a specified time period (¢.g., lifetime or some shorter time
period) is compared to an RfD for a similar time period (e.g., chronic RfD or subchronic RfD) to
determine a ratio called the hazard quotient. Estimates of intakes for Hanford Site baseline risk
assessments will usually be determined for chronic exposures. The nature of the contaminant sources
and the potential for release of contaminants from a site preclude short-term fluctuations in
contaminant concentrations that might produce acute or subchronic effects. However, the risk
assessor should be aware of site-specific information that would suggest acute or sub-chronic
exposures may occur and risk should be appropriately evaluated using the chronic or subchronic RfD.

The formula for estimation of the hazard quotient is:

Hazard Quotient = Daily Intake
RID 9

Section D-6.0 of Appendix D provides an example of the calculation of the hazard quotient for
nonradioactive contaminants.

Absorption adjustments may be required in the risk characterization to ensure that the site exposure
estimates and RfDs are both expressed as absorbed doses or as intakes. Appendix A of RAGS
(EPA 19892) describes how adjustments for absorption efficiency should be made.
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If the hazard quotient exceeds unity, the possibility exists for systemic toxic effects. The hazard
quotient is not a mathematical prediction of the severity or incidence of the effects, but rather is an
indication that effects may occur, especially in sensitive subpopulations. The chemical-specific hazard
quotients can be summed to determing a hazard index for a pathway or a site (based on the same
scenario). If a hazard index exceeds unity, an evaluation of the specific substances should be
performed so that only substances with similar systemic toxic effects (i.e., similar ¢ffects in the same
target organs via the same mechanism) are summed. Section 8.2.2 of RAGS (EPA 1989a) discusses
this segregation of substances by effect and mechanism of action more extensively.

In general, noncarcinogenic risk posed by radionuclides does not need to be evaluated

(see Section 3.3.2.2)., However, the chemical toxicity of some radionuclides (e.g., uranium) may be
significant when compared to the hazard posed by their radioactive characteristics, and will be
evaluated on a case-by-case basis.

In addition to evaluation of carcinogenic risk, a contaminant of concern for the human health
evaluation is any contaminant whose pathway-specific HQ or total hazard index exceeds 1. As with
the evaluation of risk, the contribution of Hanford Site background and project-specific control
distribution to the HQ or HI should be presented in the risk characterization for the contaminants of
concern.

3.4.3 Assessment and Presentation of Uncertainty

The risk, both carcinogenic and noncarcinogenic, presented in a risk assessment is not a fully
probabilistic estimate of risk, but rather a conditional estimate given multiple assumptions about
exposures, toxicity, and other variables. Therefore, at a minimum, a qualitative discussion of
uncertainty should be provided in all risk assessments performed for the Hanford Site to place the risk
estimates in proper perspective. The uncertainty discussion should consider both uncertainties
inherent in the risk assessment process (e.g., toxicity values, default exposure parameters) and
uncertainties specific to a project (e.g., data evaluation, contaminant identification). Specific

- considerations in evaluating uncertainty are discussed above in 3.2.6 and 3.3.6 and in the following
sections. The risk assessor should also consult RAGS (EPA 1989a) and EPA Region 10 guidance
(EPA-10 1991) for additional discussion on uncertainty considerations.

3.4.3.1 Site-specific Uncertainty Factors. Uncertainty related to the likelihood that site
contaminants and concentrations of those contaminants detected are representative of the site should
be discussed. Data collection (e.g., sampling plans, sample quality control, analytical limits) and data
evaluation factors (e.g., data validation considerations, TIC) that ¢can influence the risk assessment
results should also be included. Consideration of specific site characteristics, availability of
information on site-specific environmental conditions, and uncertainties in model application to the
site should also be evaluated for their impact on over- or underestimating the risk associated with a
site,

3.4.3.2 Exposure Assessment Uncertainty Factors. A discussion of important assumptions used in
the exposure assessment should be included as part of the uncertainty discussion of the risk
characterization. Section 3.2.6 provides information on the uncertainty evaluation that should be
summarized in the overall uncertainty in the risk associated with a site. The multiple assumptions
made in the exposure assessment can significantly impact the risk assessment results.

3.4.3.3 Toxicity Assessment Uncertainty Factors. Factors related to uncertainty in the toxicity
assessment are presented above in Section 3.3.6 and should be summarized as part of the uncertainty

3-33



DOE/RI1-91-45, Rev, 3

section of the risk characterization. The uncertainty related to the toxicity information and values
used in the risk assessment is especially important for those substances carried through the
quantitative assessment that contribute most of the estimated risk. The weight of evidence for the
carcinogenic substances and the confidence in the database supporting noncarcinogenic effects should
be included in the uncertainty discussion.

The uncertainty contributed by not quantitatively evaluating substances in the risk assessment because
of inadequate toxicity information should also be presented in the uncertainty section of the risk
characterization. The possible consequences of excluding substances and impacts on the overall
estimate of risk for a site should also be evaluated. .

3.4.3.4 Risk Characterization Uncertainty Factors. The summation of cancer risk across pathways
or for multiple pathways may make the total cancer risk estimate more conservative, This is because
each slope factor, for chemical carcinogens, is an upper 95th percentile estimate and such probability
distributions are not strictly additive. Also, summing risk from all ¢carcinogens gives equal weight to
slope factors derived from animal data and slope factors derived from human data. As discussed in
Section 3.4.1, most of the chemical carcinogenic data are derived from animal studies, whereas,
radionuclide carcinogenic data have been derived primarily from human exposures.

The relative uncertainty between slope factors for various carcinogens should be fully discussed in the
risk characterization. If estimates of carcinogenic risk from chemical exposures and estimates of
carcinogenic risk from radionuclide exposures are combined to determine a cumulative risk, the
relative significance of this cumulative risk should be put into perspective. Numerical risk estimates
should always be accompanied by appropriate descriptive information to characterize the risk.

Similarly, for noncarcinogenic substances, the assumption of dose additivity is not always appropriate
because substances may have different effects in different target organs. In addition, the confidence
in the RfD databases and the severity of effects associated with exposures greater than the RfD may
vary, Summing all hazard quotients gives equal weight to critical effects of varying toxicological
significance.

Although a qualitative assessment of uncertainty in the overall risk estimate is required, at a
minimum, the best and most scientific approach to the problem would be to conduct a probabilistic
risk assessment from the start of the evaluation. A probabilistic assessment could utilize the range of
variation in contaminant information, exposure parameters, and toxicity data to provide a risk
distribution curve. This distribution of risk, rather than a point estimation of risk, would provide risk
managers with a better understanding of the uncertainties in the risk and the protectiveness of
potential risk reduction strategies.

3.4.4 Consideration of Other Site-Specific Human Studies

RAGS (EPA 1989a) recommends consideration of site-specific human studies that may be available to
aid in evaluating the estimates of risk associated with a site. This aspect of the risk characterization is
especially important for the Hanford Site where epidemiological studies have been ¢conducted to
evaluate potential exposures to radionuclides. Little information is available with respect to
site-specific human health studies of potential exposures to nonradicactive contaminants.

Consideration should also be given to a comparison of information presented in the risk assessment

with respect to the on-going surveillance that occurs at the Hanford Site. Radionuclide concentrations
are routinely measured in food and farm products and wildlife. The Columbia River is monitored for
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water quality parameters and radionuclides. Also, air monitoring and ground radiation surveys are
conducted. Information on radioactive dose exposures based on surveillance information is published
annually in a report available to the public (Jaquish and Bryce 1990). Any use of on-going
surveillance studies or results should be carefully evaluated for its applicability to the baseline risk
assessment process and specific risk assessments.

3.4.5 Risk Characterization Summary
The risk characterization should include a final discussion to place the numerical estimates of risk in

the context of what is known and what is not known about the site. This discussion should include
the following:

. Confidence that key site-related contaminants have been identified

. Description of known or predicted health risk (cancer and noncaréinogenic effects)

. Confidence in the toxicity information supporting the rigk esﬁﬁatinm

- Confidence in the exposure assessment estimates

. Magnitude of the cancer risk relative to the site-remediation goals (i.e., NCP or
MTCACR) -

. Major factors driving the risk including contaminants, pathways, and scenarios

. Significance of cancer risk estimates from chemicals and radionuclides

. The uncertainty associated with the results.

The risk characterization summary should include tables to display risk information in addition to the
text, Examples of table format are provided in Section 8 of RAGS (EPA 1989a).

The risk characterization provides information to aid remedial project managers in making decisions
regarding a site. It is the responsibility of the risk assessment team members, who are familiar with
all of the steps involved in the site risk assessment, to highlight the major conclusions of the risk
assessment, References to risk as significant or insignificant, acceptable or unacceptable, should not
be made unless the use of these terms is specifically defined. The results of the human health
gvaluation and the environmental evaluation are provided separately. However, an overall summary
of both may be provided in the final risk characterization summary for the site risk assessment.
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3.5 SUMMARY OF HUMAN HEALTH EVALUATION

The human health evaluation methodology presented in Section 3.0 integrates federal, regional, and
state requirements with Hanford Site-specific information to provide a framework for conducting
baseline risk assessments at the Hanford Site. As such, it provides a conservative estimate of the risk
associated with a site. The human health evaluation of the baseline risk assessment should be
conducted by individuals with experience in the technical and regulatory aspects and limitations of
risk assessment. ' z

The process to identify contaminants of potential concern for Hanford Site baseline risk assessments
utilizes the numerous site-gpecific procedures for data collection, sampling and analysis, data
evaluation and validation, and site characterization to focus the efforts of the risk assessor in this step.
The identification of contaminants of potential concern also includes the use of a conservative
preliminary risk-based screening, as recommended by EPA Region 10, to focus the overall baseline
risk assessment process.

The exposure assessment provides four potential exposure scenarios: a commercial/industrial
scenario, a recreational scenario, a residential scenario, and an agricultural scenario. A general
coneeptual model for exposure assessment is provided in Figure 3-4 and includes the primary and
secondary pathways that should be considered for cach scenario, The exposure parameters
incorporate those recommended in a potential stats ARAR, the MTCACR, with site-specific and EPA
standard default exposure parameters, Appendix A provides the main body of information on the
assumptions for each scenario and the exposure parameters that should be used. The exposure
assessment also presents information on evaluating exposures to radionuclides because of the use and
disposal of radioactive materials at the Hanford Site.

The toxicity assessment provides general information for conducting a toxicity assessment and
provides supplemental information on evaluating toxicity associated with radioactive contaminants.

The risk characterization is the final step in the human health evaluation, For Hanford Site risk
assessments, this step is conducted as recommended in RAGS (EPA 1989a). Toxicity information
and exposure assessment information is integrated to quantify the cancer risk and hazard ‘
quotients/indices, The risk characterization for Hanford Site baseline risk assessments includes
consideration of carcinogenic risk related to radioactive contaminants and nonradioactive
contaminants. An essential element of the risk characterization is a discussion of the uncertainty
associated with the results of the risk assessment. Although a qualitative presentation of the
uncertainty should be presented at a minimum, a probabilistic assessment to provide information on
the range of the risk and the uncertainty in the risk analysis may be a useful tool in the
decision-making process that follows the risk assessment,

‘The human health evaluation methodology provides guidance for conducting baseline risk assessments
at the Hanford Site, Within the methodology, there is also a recognition that risk assessment is a
dynamic, evolving process that may require the use of professional judgment during the preparation
of a site-specific risk assessment.
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4.0 ECOLOGICAL EVALUATION METHODOLOGY

This chapter providesugeneral guidance and methods for conducting ecological evaluations for risk
assessment at the Hanford Site. These evaluations consider risk and exposure scenarios developed to
assess current and post-remediation conditions of the site.

The EPA framework (EPA 1992b) for ecological risk assessment provides a:basic structure and
starting principles for conducting an ecological evaluation. However, it does not:provide specific
methodology for the evaluation. The objective of this chapter is to'provide guidelines and
methodology for Hanford Site-specific ecological evaluations, based on the framework guidance and
the Tri-Party Agreement. The general framework outling is presented, along with specifics on how
the framework is implemented at the Hanford Site.

An ecological evaluation is different from a human bealth risk evaluation in that the ecological
evaluation does the following:

. Estimates risk at several levels of ecological organizatimi (individuals, populations,
communities and ecosystems)

. Considers indirect effects to organisms (e.g., risk to a predator when contaminants
reduce the number of prey)

. Addresses concerns independent from the human health evaluation
. Considers ecological as well as toxicological data.
The three phases of the ecological evaluation process are the following:

Problem formulation
Analysis
. Rigk characterization,

The three-phased approach is displayed graphically in Figure 4-1. These phases are addressed in
Sections 4.1, 4.2, and 4.3, respectively.

4.1 PROBLEM FORMULATION

The problem formulation phase of the ecological evaluation establishes the focus and extent of the
evaluation. It is the site discovery and data-gathering phase. This phase identifies the objectives of
the assessment and develops a conceptual model that illustrates the linkages between the ecological
receptors at the site and the site contaminants. The conceptual model considers the toxic effects of
the contaminants and the transport of contaminants via air, water, soil, and living organisms. This is
the first step in identifying what data are required for the evaluation, and should involve reviewing
Hanford Environmental Information System (HEIS) data, historical data, LFI data, and other sources.
The basic question is, “what plants and animals exist at the site and how are they exposed to the
contaminants?”
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Figure 4-1. Ecological Evaluation Framework (Derived from EPA 1992b).
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To effectively achieve study objectives, the risk assessor and the risk manager must establish
communication during the problem formulation phase. The risk manager ensures the inclusion of
societal values. The risk assessor ensures that the evaluation addresses the important ecological
conditions and concerns. Both perspectives are necessary to appropriately utilize resources to produce
technically sound evaluations that are based on a societal value system.

The problem formulation phase, depicted in Figure 4-2, collects data on three basic components to
define how biological receptors are exposed to the contaminants, and what the ecological effects of
that exposure might be. The basic components are the following,

. Identify and characterize stressors.
- Are they inorganic or organic chemicals or radionuclides?
- What are their distributions and concentrations?
- How are they transported through the environment?
- Will they bioaccumulate?

U Identify and characterize the potential biological receptors and habitats of concern.
- What are the principal species at the site?
-  How abundant are they?
- What is their spatial and temporal distribution?
- How does energy flow through the ecosystem?

. Determine the possible toxicological effects of the contaminants.
- What types of plants and animals will they affect?
-  How do the contaminants affect the plants and animals?
- What concentrations are toxic?

The information from the above basic components is used to determine how ecological effects can be
measured and assessed (endpoints). An endpoint is defined as a quantitative expression of the
environmental factors {ecological concerns) considered to be at risk (Suter 1993), These factors are
reflected in the assessment and measurement endpoints, The information from the three components
is integrated into a conceptual exposure model that will target the studies and identify data
requirements to complete the evaluation (ecological risk assessment), The conceptual model illustrates
how the principal receptors are exposed to the contaminants of concern at the site.

41.1 Charhcterizatiun of Stressors

The characterization of stressors begins with the identification of chemical, physical, or biological
entities that can canse an adverse response. Stressor characteristics include type (physical or
chemical), intensity (concentration), duration, spatial and temporal distribution (0ccurrence relative to
receptor distributions), and transport mechanisms, The stressors directly addressed by the HSRAM
are radiological and chemical contarninants,

The identification of COPC begins with evaluation of site data. Historical information must be used
t0 determine what was potentially disposed in a waste site. Historical data and ficld data from LFis
and HEIS define what contaminants have been measured in groundwater, surface water, soil and
sediments, or biological samples. The quality of the data used in the risk assessment process must
meet the data quality objectives set for the study, and be addressed in an uncertainty section of the
risk assessment.
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Figure 4-2. Problem Formulatioﬁ for Ecological Evaluations (Derived from EPA 1992b).
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Screening against background eliminates those constituents that are present below established
background values for the various media. If no background data are available for a given constituent,
then that constituent is included in the ecological Tisk assessment. The screening procedure can be
done in conjunction with the human health evaluation or as an independent effort. The step-wise
screening process must be consistent with EPA guidance (EPA 1992a) as discussed in Section 2.1,
For specifics regarding background screening.see Section 2.2. Those contaminants that-remain after
the background screen are defined as COPC for the ecological evaluation. The COPC are identified
for each media (soil, sediments, groundwater, surface water, and biota) that represent a potential
exposure route.

There is a difference between the human health and environmental screening process. The human
health screening procedure includes, as a-final step, a risk-based screening step. The ecological
evaluation does not conduct any further routine or standard screening steps. However, the
concentrations of the COPC present at the site should be evaluated based on their potential effects to
biological receptors, to see if it is appropriate to further reduce the list of COPC. For example, some
constituents toxic to humans at low levels may be essential nutrients for plants at the site and may not
be toxic to the animals present. The COPC that are found to pose a risk to ecological receptors, at
the completion of the environmental evaluation, are designated contaminants of concern (COC) and
are carried forward through the ecological risk assessment process.

4.1.2 Ecosystems Potentially at Risk

To develop exposure scenarios and assess ecological risk for a site, the receptors that are potentially
exposed to the contaminants must be identified. The receptors can be different species of plants and
animals (big sagebrush, Great Basin pocket mouse, Swainson’s hawk, coyote), different habitats
(wetland, riparian, shrub-steppe), or other ecosystem components, Ecosystems potentially at risk at
the Hanford Site include semi-arid terrestrial, riparian, lacustrine, and riverine systems. Major
vegetation communities at the Hanford Site are presented in Section C.1.1.1 of Appendix C.
Typically, for an ecological risk assessment, certain species of plants and animals from the habitats of
interest are selected to represent the potential receptors that may be at risk at the site.

The biological receptors or ecosystem components are characterized to determine abundance,
distribution, sensitive life stages, and other attributes that can be used to evaluate how the receptors
are exposed to the contaminants. The species of interest are typically species that are considered most
appropriate for determining if contaminants have a toxic effect (or negative impact) on the population
of that species, or on a community comprised of several species. Species of interest may be species
that are the following:

] Abundant at the site

. Structurally important in the ecosystem (dominant in terms of productivity, relative
abundance, or biomass)

. Functionally important {major forage species, nesting species)
. Known to be sensitive to the contaminants

. Important as a commercial or recreational resource

. Threatened or endangered, or otherwise protected.
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Maps of sensitive or important habitat for selected species of concern {e.g., wetlands, raptors) on the
Hanford Site are presented by Downs et al. (1993) While species that use sensitive habitats are of
special importance, the environmental risk assessment may include other species that are better
indicators of adverse effects from exposure to the COPC.

4.12.1 Protecied Species. The CERCLA process requires ecological risk assessments to evaluate
potential impacts on threatened and endangered species, and crucial habitat that is designated as
critical habitat for supporting those threatened or endangered species. Threatened and endangered
species and designated critical habitats identified by the federal government are defined pursuant to
the ESA. The Federally listed threatened and endangered species that are known to occur, or could
occur, at the Hanford Site (and species that have been identified as candidates for future listing) are
presented in Table C-1 of Appendix C. The ecological risk assessment will evaluate the potential
effects of contaminants on the threatened and endangered species at the Hanford Site, and selected
candidate species. There are no critical habitats, as defined pursuant to ESA regulations {50 CFR
Section 424,02(d)], on the Hanford Site,

State-designated endangered, threatened, and sensitive plant and animal species that are known to
occur, or could occur, at the Hanford Site are also shown in Table C-1. The Washington State
Department of Natural Resources (DNR) and the Washington Department of Fish and Wildlife
(WDFW) are the agencies responsible for protecting the state listed plant and animal species,
respectively. Information on state identified species and sensitive habitats is also available through the
Washington Natural Heritage Program. While state laws do not provide a level of protection
equivalent to the ESA, the state listed species will be considered in the ecological rigsk assessment, and
the state listed threatened and endangered species will be afforded the same level of protection as the
federally listed species, The problem formulation phase of the risk assessment will include meeting
with appropriate agencies and entities to determine specific requirements for evaluating protected
species, and to assist in confirming which threatened, endangered, candidate, and sensitive species
may occur within the area addressed by the risk assessment,

Threatened, endangersd, and sensitive species at the Hanford Site are routinely monitored through
DOE’s Wildlife Resources Monitoring Project (Caldwell 1994), In addition, DOE’s Wildlife
Surveillance Program (Woodruff and Hanf 1992) monitors contaminant uptake in wildlife.
Management Plans for the protection of threatened and endangered species at the Hanford Site have
been written and implemented (Fitzner and Weiss 1994a, 1994b).

A regulatory definition of a sensitive habitat does not exist. However, guidance can be derived from
the CERCLA hazard ranking system (HRS), which is promulgated as an appendix to the NCP

(40 CFR Part 300; Appendix A), Table 4-23 of the HRS provides sensitive-environment rating
valugs, There is a list of potential Hanford Site sensitive habitats in Appendix C of this document.

4.1.2.2 Selection of Ecological Receptors. Because ecosystems are complex and the interaction of
exposure and toxic effects is difficult to measure at the community or ecosystem level, individual
species are frequently selected to assess the risk and extrapolate this risk to the population,
community, or ecosystem. Factors to consider in selecting potential ecological receptors include the
following:

Select species from several taxa

. Reptiles and Amphibians
. Invertebrates
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Mammals
. Birds
. Fish.

Select species from several different trophic levels
. Primary Producer
. Level 1 Consumer (herbivore, granivore)
. Level 2 Consumer (carnivore)
. Level 3 Consumer (carnivore/top predator),

Select species based on site use
. Common resident
. Seasonally abundant
. Nesting or spawning on site
. Migratory. -

Select species based on legal/social status
. Federal Species of Concern
. State Species of Concern
. Tribal/Trustee Concerns and Interests.

The risk assessment should include receptors from several different trophic levels, assess various
exposure routes, evaluate sensitive life stages, evaluate potential effects on threatened and endangered
species, and address impacts to sensitive and valued habitats.

4,1.3 Ecological Effects

The potential ecological or toxicological effects on species or ecosystems from exposure to
contaminants of potential concern are gathered from published literature and toxicological databases.
These information sources can include field and/or laboratory test data. Identification of toxicological
effects refers to the relationship between levels of exposure to the contaminants of potential concern
and the degree and severity of the response (e.g., increased mortality, decreased growth rates, or
reproductive failure). Ecological effects also include the indirect effects of the contaminants (e.g.,
nonchemical impact on a predator due to a decrease in the number of prey). The toxicological effects
are related to the concentrations of the contaminants, in that different concentrations may have
different effects (e.g., behavioral changes, reproductive effects, or mortality).

Many studies have been completed on Hanford Site wildlife and habitats. These studies were
designed to assess habitat associations, food requirements, abundance, contaminant levels, and/or
locations of species of interest. Some of the ecological sampling took place within individual operable
units (e.g., Schmidt et al. 1993) while others addressed the entire site. These studies also provide
information on organism weights, home range sizes, abundance, and distribution. This information is
very useful for developing the conceptual exposure model, and for assessing rick later in the risk
assessment process (see Appendix C). In addition, Driver (1994) reviewed ecotoxicological data for
selected hazardous material found at the Hanford Site. The literature review summarized
toxicological information for uranium, plutonium, cesium, strontium, cobalt, chromium, technetium,
tritium, europium and nitrate. '

In selected cases, qtiantitative ecological models may be developed to simulate contaminant transport
through the ecosystem to the receptors, or to estimate what occurs at the community or ¢cosystem
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level when a given population (single species) is impacted as a result of being exposed to one or more
contaminants. When possible, these models will be verified by collecting data on the ¢community or
ecosystem responses to contaminants at the Hanford Site.

4.1.4 Endpoint Selection | -

Endpoints can be determined from information compiled in the first three steps of the problem .
formulation phase (Sections 4,1,1, 4.1.2, and 4.1.3). )

"An endpoint is a characteristic of an ecological component (¢.g. increased mortality
in fish) that may be affected by exposure to a stressor (Suter 1990). Two types of
endpoints are relevant to an ecological evaluation. Assessment endpoints are explicit
expressions of the environmental value that is to be protected. Measurement
endpoints are measurable responses to a stressor that are related to the valued
characteristics chosen as the assessment endpoints” (Suter 1990).

There are four levels of ecological organization: individual, population, community, and ecosystem.
As shown in Table 4-1, each of these levels has attributes that could be selected as appropriate
measurement or assessment endpoints, However, because of the complexity and inherent variations in
natural ecosystems, measurement endpoints are usually selected from the individual and population
levels. Changes in the number of species and shifts in the relative abundance of species within a
community, however, are relatively easy to measure-at the community level. The difficulty in this
case may be in establishing a link between the measured community changes and the real cause of
those changes,

Table 4-1 presents examples of assessment and measurement endpoints. EPA guidance has stated:

"Sound professional judgement is necessary for proper assessment and measurement
endpoint selection, and it is important that both the selection rationale and the linkages
between the measurement endpoints, assessment endpoints, and policy goals can be
clearly stated” (EPA 1992b). A public involvement process can be used to aid in the
selection of assessment endpoints,

As noted earlier, ecological risk is the probability of an adverse effect on individuals, populations,
communities, or ecosystems, Generally, adverse effects at higher levels of ecological organization are
initially manifested through adverse effects to individual organisms. The selection of an endpoint
(assessment and measurement) must be consistent with the purpose of the ecological risk assessment.

Once assessment endpoints are defined, appropriate measurement endpoints are selected. The EPA
(1991d) defines measurement endpoints as those endpoints used to approximate, represent, or lead to
an assessment endpoint, While assessment and measurement endpoints can be identical, they most
often are not. The rationale for extrapolating from a measurement endpoint to an assessment endpoint
must be explicitly stated. For example, in a closed population (¢.g., pond) lower reproductive rates
for a species could affect the population of the species. Table 4-2 summarizes characteristics of
potential assessment and measurement endpoints.

It is likely that the use of individual-level effects will continue to be the basis for many risk
assessments because of the difficulty and general lack of methods to extrapolate from measurement
endpoints to assessment endpoints at the higher levels of ecological organization. In selecting
endpoints for risk assessments, consideration should be given to the location of the waste site, the
types of contaminants present, and the likely receptors located within or near the site.
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Examples of endpoints that might be used for risk assessment are viability of the prey or predator
population (an assessment endpoint), and individual mortality (2 measurement endpoint). Other site
conditions, such as the depauperate nature of many of the waste sites, occurrence of the species on
and adjacent to the waste site, and seasonal use of the sites by the species should also be considered

in selecting endpoints,

Table 4-1, Recommended Endpoints at Each Level of Ecological Organization’,

Level of Organization Assessment Endpoints Measureient Endpoints
Individual Organism health Death®
(Appropriate only for Growth®
threatened and endangered Reproduction®
species) Morbidity
Behavior
Population Viability Birth rate
Death rate
Immigration/Emigration
Age-Size-Class Structure®
Distribution®
Abundance®
Community Deviation in structure and Species shifts
function from unimpaired Numbers of species®
community Species dominance”
| Trophic shifts
Ecosystem Deviation in structure and Biomass®
function from unimpaired Productivity (P/R ratio)®
system Nutrient dynamics
Materials and energy flow®

"Generic examples are shown in this table; in practice, an ecological component would also be
specified (.g., mortality in trout; flood retention by wetlands). In addition, the spatial scale of
the endpoint is often specified.

*Depending on the goal of the assessment, these measurement endpoints may also serve as
assessment endpoints.
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Table 4-2. Characteristics of Assessment and Measurement Endpoints,

Derived from EPA (1989b).

Assessment Endpoints ‘ Measurement Endpoints
Socially relevant Corresponds to or is predictive of an assessment
Biologically relevant endpoint
Unambiguous operational definition |Readily measured
Measurable or predictable Cost-effectively measured
Susceptible to the contaminant Appropriate to the scale of the site
Logically relevant to the project Appropriate to the exposure pathway
decision Appropriate temporal dynamics

Low natural variability
Diagnostic

Broadly applicable
Standard

Existent data series

4.1.5 Conceptual Model

The conceptual model development involves reducing the study area into a practical ecological
foodweb and contaminant transport and exposure model, that can be tested during the analysis phase
of the evaluation. The model documents assumptions made in the problem formulation process and
allows for a meaningful review of this first phase of the evaluation. It also serves as the basis for
initiating the analysis phase of the ecological evaluation. The conceptual exposure scenarios for the
risk assessment will be partly hypothetical because of institutional and engineering controls that
currently limit contaminant transport from the waste sites. For example, contaminant transport from
waste sites in the 100 Areas has been minimized by covering the sites with clean gravel or cobbles
and treating the surface with nonselective herbicides on an annual basis. In the 200 Areas, most of
the inactive waste sites have been re-vegetated with Siberian wheatgrass and are treated with broadleaf
herbicides on a regular bagis (Stegen 1994). A generic version of a conceptual model is depicted in
Figure C-2, Appendix C,

"The major focus of the conceptual model is the development of a series of working
hypotheses regarding how the stressors might affect the ecological components of the
natural environment (EPA 1992b)." Conceptual model development should identify
the pathway(s) by which contaminants of potential concern may be transported to
ecological receptors, and should assist in defining exposure scenarios. For example,
an exposure mode!l linking a chemical contaminant to a receptor might include
processes such as partitioning of the chemical among various environmental media,
chemical/biological transformation processes, and identification of potential routes of
exposure (¢.g., ingestion), Although many assumptions are included in the
development of the conceptual model, only those assumptions and hypotheses that are
most likely to contribute to the risk are usually evaluated in detail.

The intent of the ecological conceptual model is to provide a working model to illustrate ecological
foodwebs and the abiotic and biotic transport pathways that will be assessed in the ecological risk
assessment. Foodwebs may show energy flow in the ecosystems and provide guidance on selecting
ecological receptors to meet the objectives of the risk assessment. A foodweb, in combination with
an understanding of contaminant transport pathways, is used to identify potentially affected receptors.

4-10
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Major habitat types at the Hanford Site include grasslands, shrublands, riparian zones, the Columbia
River, and transition zones between the different habitat types. The wildlife present in each habitat
type are dependent on the vegetation for food, cover, and nesting places. Many receptors are
common to more than one habitat type, while others are confined to only one habitat.

Detailed foodwebs for grasslands and riparian habitats are shown in Figures C-3 and C-6 of
Appendix C. The figure shows energy flow through various trophic levels: Foodwebs illustrate how
a particular species may be exposed to contaminants. For example, a mule deer feeding on
contaminated grass-would be directly exposed to. contaminants that have accumulated in vegetation.
In contrast, a raptor would be exposed via the food chain to those same contaminants only after
transport of the contaminant through two trophic levels (vegetation to herbivore to raptor). Both the
deer and the raptor, however may be directly exposed to contaminants in drinking water,

Rooting depths of plant species and burrowing activities of animals should also be considered in the
analysis of contaminant transport. Table C-2 in Appendix C shows the rooting depths of plants and
burrowing depths of various insects and mammals found at the Hanford Site. This information can be
used to develop site-specific exposure scenarios, Dominant plant species and plant cover must also be
considered. For example, the dominant vegetation communities in the 100 B/C area are Bromus
tectorum/Salsola kall, and Chrysothamnus nauseosus/Bromus tectorum (Stegen 1994). However,
disturbed/nonvegetated areas with less than 5% cover are also present. These areas are routinely
sprayed with herbicides. To develop a site specific exposure scenario, it is necessary to determine
within the conceptual model what vegetation would be present if waste sites were not disturbed.

From the assessment of possible vegetation types, rooting depth scenarios and wildlife burrowing
scenarios can be developed. These conditions can then be used to assess potential transport of
contaminants through plants and animals. Exposure scenarios for the maximum exposed individual
and for the average exposed individual should be developed. Another condition of the conceptual
model is that the exposure scenarios should reflect current waste site conditions (limited vegetation,
revegetated) as closely as practical, ‘

The potential exposure of an animal to contaminants from a given waste site is related to the size of
the animal’s home range and its location relative to the location of the waste site, The degree of
receptor exposure is assumed to be proportional to the amount of time the animal spends within the
waste site, the amount of food consumed from within the waste site, the type of food available, and
the concentration and bioavailability of the contaminants.

4.2 ANALYSIS PHASE

The analysis phase, as illustrated in Figure 4-3, consists of a technical evaluation of data concerning
the receptors potential exposure to contaminants, and the subsequent effects of that exposure. This
phase consists of two activities, characterization of exposure and characterization of ecological effects.
The purpose of characterization of exposure is to predict or measure the spatial and temporal
disteibution of the stressors and their co-occurrence or contact with the ecological receptors of
concern. The purpose of characterization of ecological effects is to identify and quantify the adverse
effects elicited by a given concentration of a stressor and, to the extent possible, to evaluate
cause-and-effect relationships (EPA 1992b). :

The output of this analysis phase is an exposure profile and a stressor-response profile that are used in
the next phase, the risk characterization phase. For the Hanford Site baseline risk assessment, the
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scope of the analysis phase includes the impact of chen_ﬁcal and radionuclide contaminants on
receptors, and the potential impact of changes in habitats because of contamination.

4.2.1 Characterization of Exposure

The elements of the characterization of exposure are graphically depicted in the left half of

Figure 4-3. Key steps of the exposure assessment are 1) identifying the receptors and stressors that
will be evaluated in the risk assessment, 2) compiling and processing all relevant information related
to the distribution of the contaminants and the receptors in relation to space and time, and 3)
developing an exposure profile for each receptor of interest,

The process for characterization of exposure builds on the information developed in the Problem
Formulation phase, and concludes by quantitatively estimating the exposure (or dose) of the receptors
to each of the contaminants of potential concern. This exposure characterization process includes four
steps; stressor characterization, ecosystem characterization, exposure analysis, and presentation of
exposure profiles, ‘

To characterize exposure, one or more exposure scenarios are developed to illustrate how the
contaminants are transported from onsite media to the ptants and animals, and how much of the
contaminants are taken up by the receptors. The exposure scenarios, based on the conceptual
model(s) developed in the Problem Formulation phase, identify the exposure routes used to.estimate
the risk to each receptor (e.g., breathing contaminated air, drinking contaminated water, eating
contaminated food, and inadvertently consuming contaminated soil). The exposure scenarios also
consider how frequently the receptors come in contact with the contaminants, and what quantities of
the contaminants are taken up by the receptors. Separate exposure scenarios are developed for each
receptor. Exposure scenarios should include reasonable maximum exposure scenarios and perhaps
less conservative scenarios based on average contaminant concentrations and expected or known
animal behavior and plant density at the site.

4.2.1.1 Stressor Characterization. Stressor characterization is the process of determining onsite
concentrations of the COPC, and the scale of disturbance caused by nonchemical stressors

(EPA 1992b). This process builds on the information developed in Section 4.1,1 of the Problem
Formulation phase. For each operable unit, the distribution of stressors within the study area, the
seasonal availability, and zones of contact between the stressors and receptors is evaluated. Also,
because many of the COPC are radionuclides, the presence of shielding material between the stressor
and the receptor must be considered. The solubility and transport characteristics of the specific
chemicals and radionuclides are evaluated through various sources,

The concentrations or quantities of the contaminants at the waste site are determined based on field
investigations (e.g., LFI), monitoring data (e.g., WHC’s near-field monitoring program), or fate and
transport modeling, Site-specific data will be used when available. The need for additional
site-specific sampling should be determined during the Problem Formulation phase of the risk
assessment, or earlier. The stressor characterization step must consider the spatial and temporal
interactions between the COPC and the receptors of interest.

4-12



DOE/RL-91-45, Rev. 3

Figure 4-3. Analysis. for Ecological Evaluations (Derived from EPA 1992b).
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4.2.1.2 Ecosystem Characterization. This step in the analysis phase defines the spatial and
temporal distribution of the receptors of interest, and describes the habitats that may be impacted by
the contaminants. The receptors and habitats of interest are based on the conceptual model developed
in the Problem Formulation phase, and food pathway diagrams for the receptors of interest.

Examples of food pathway diagrams are shown in Appendix C, Figures C-2 through C-6. Site
specific exposure models and food pathway diagrams will be developed for each ecological risk
assessment.

The ecosystem characterization process identifies the food preferences, feeding habits, home range,
reproductive cycles, and habitat requirements of each. receptor of interest. This characterization
process also considers if the stressor could alter normal behavior, that could in turn enhance or reduce
the exposure of the receptor t0 the contaminant. Attributes of the ecosystem that might influence the
distribution of the stressors in space or time are also considered. For example, contaminants that tend
to bioaccumulate as they move through trophic levels can significantly increase the exposure of higher
predators to those contaminants,

Several ecological studies have been conducted for the CERCLA program at the Hanford Site, and
these studies are valuable data resources for characterizing ecosystems at the waste sites. For
example, Landeen et al. (1993) and Weiss and Mitchell (1992) studied the ecosystems in the

100 Areas, Cushing (1993) provided information on the aquatic ecosystems at the 100-HR-3 and
100-NR-1 operable units, Brandt ¢t al, (1993) reported on the biological resources at the 300-FF-3
operable unit, and Rogers and Richard (1977) studied the ecosystems at the 200 Area Plateau Waste
Management Area. Ecological data are also available from the WHC near-facility monitoring -
program (both biotic and abiotic data) and the Pacific Northwest Laboratory site-wide environmental
surveillance program (Schmidt et al. 1993 Woodruff and Hanf 1992).

4.2.1.3 Exposure Analysis. Exposure analysis considers the spatial ‘and temporal distribution of the
stressors and receptors and how they overlap, Spatial considerations include such factors as whether
contaminants and receptors are present simultaneously at potential points of exposure. This requires
information on both the horizontal and vertical distribution of contaminants and receptors. Temporal
considerations include determining if the receptor is a seasonal inhabitant or permanent resident, and
if the contaminants vary seasonally. The contaminant uptake by the species of interest is also
considered in the exposure analysis.

For the Hanford Site, the spatial distribution of the receptors (including the home ranges of animals
and distribution of vegetation) is evaluated to establish the point or zone of contact between
contaminants and receptors. For example, if the home range for an animal of interest overlaps a
waste site boundary, the animal is assumed to be exposed for at least part of the time to the site
contaminants. The duration of exposure is assumed to be proportional to the fraction of the
organisms home range that overlaps the waste site. For organisms whose home range falls wholly
within a waste site it is assumed that 100% of their diet consists of contaminated foodstuffs. An
organism also may spend time on more than one waste site. In this case, the proportional uptake of
contaminants from all waste sites within the organism's home range should be caiculated, and
summed to estimate the total risk to the receptor,

Exposure to contaminants can occur through ingestion, by drinking water, through preening or
burrowing activities, and through external exposure to radiation. For secondary consumers
(predators), the major route of exposure is normally through ingestion. The dose of radiological or
nonradiological chemicals received by a receptor can be calculated in many cases by using trophic
level transfer coefficients, For radionuclides that emit gamma radiation, external radiation is the
principal exposure route linking radionuclide contaminants to receptors. In this case, distance,
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duration of exposure, and the presence of shiclding material determine the amount of exposure.
For alpha and beta emitting radionuclides, the principal exposure route is usually consumption of

food, water, and/or soil. Example calculations for estimating the dose of radiomuclides and chemicals
received by receptors are given in Appendix E.

The importance of the drinking water pathway will vary, depending on the receptor, For some
riparian species such as Canadian geese, water consumption is important and should be evaluated.

For other receptors such as raptors, drinking water may be an ingignificant exposure route. An -
assessment as to whether certain species are known to require drinking water is presented in Appendix
C, Table C-2. Table C-2 in'Appendix C also gives a sammary of plant rooting depths-for various
species of Hanford Site plants. This information is used to determine if plants are exposed to
contaminants that are located below the surface. Similarly, available information on burrowing depths

of insects and anjmals is also provided in Table C-2.

4.2.1,4 Exposure Profile, The exposure profile quantifies the magnitude and spatial and temporal
patterns of exposure for the scenarios developed during the Problem Formulation phase (Section 4.1)
or the exposure analysis process (Section 4.2.1.3). Exposure profiles can be expressed using a
variety of units. If chemical contaminant uptake by animals is being estimated, the exposure is
usually expressed in dose units (e.g., mg/kg body wt./day). For expressing exposure at the
ecosystem level, the exposure might be expressed in units of concentration/unit area/time. For habitat
impacts, the exposure profile could be expressed as the percentage of habitat impacted per year, or

the decrease in plant mass in kg/area/year.

The exposure profile step should also include a discussion of the uncertainties involved in estimating
exposure. It is important that each of the various sources of uncertainty be evaluated and carried
forward to the next phase of the risk assessment, the Risk Characterization phase.

4,22 Characterization of Ecological Effects

The characterization of ecological effects is based on what is known regarding the toxicity of
contaminants. This assessment summarizes the data relating adverse effects in a given receptor to the
concentrations of each contaminant of potential concern. The assessment quantifies the adverse '
effects caused by the stressor (contaminant), and relates these effects to the assessment endpoint
established in the Problem Formulation phase. In geaeral, the more complex the organism, the more
sensitive the organism is to ionizing radiation. Table 4-3 presents minimum apparent safe threshold
exposure levels of radiation for several classes of organisms, and ranks the general sensitivity of the
types of organisms. Mammals, in general, are the class most sensitive to ionizing radiation, while
crustaceans, invertebrates, and mollusks are least sensitive. No comparable relationship exists for
inorganic and organic chemicals. The characterization of ecological effects (or toxicity assessment)
consists of four steps; the evaluation of relevant effects data, ecosystem characterization, an ecological
response analysis, and development of stressor-response profiles (Figure 4-3).
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Table 4-3. Ionizing Radlatmn Sensltwmes for Biological Organism Categories.

" Minimum Apparent
' Safe Threslmld .
Exposure Level, Inferred Ordinal
Organism Source | mGy/d _ Class = |
Mammals ¢ 410 | 1 (most sensitive)
Reptiles ¢ 20 2
Fish (salmon smolts) v 95
Birds o 200-1000 3
Deciduous trees (hiomass) | 240
Shortgrass plains (blomass) ’ 1700-3000 4
Pond snail ‘ 240-1200-6000
Old Fields (biumass) ) 5860 5
Daphnia (freshwater invert.) ° 3940-4610 ‘
Crustaceans ‘ 10,000-100,000
Invertebrates® ) 500,000-1,000,000 | 6 (least sensitive)
Mollusks ‘ 100,000-1,000,000

*It was assumed this represents monocot grasses; it was undefined in the source.
[t was assumed this represents dicot shrubs; it was undefined in the source.
*Except earthworms; found to be affected at 24 mGyId

“Terrestrial - IAEA 1992,

‘Freshwater aquatic - NCRP 1991.

Dimensional units: 100 rad = 1 Gy (gray); 100 R = 1 Gy; 1 rad/d = 10 mGy/d.

4.2,2.1 Evaluation of Relevant Effects Data. The evaluation of relevant effects data relates the
characteristics of the contaminants (chemicals and radionuclides) to ecotoxicological effects. This step
in¢ludes obtaining information and data from the scientific literature and state and federal regulations,
that present concentrations of contaminants, or doses, that are considered to be safe (levels that do not
elicit measurable responses) to the receptors at the site. These “safe” levels are referred to as ‘
benchmarks, standards, or criteria. No observed adverse effects level (NOAEL) are a good example.
These can be obtained from the literature or, if necessary, derived based on field and laboratory
bioassay tests, or obtained from the literature. Guidance for calculating NOAELS are presented by
Newell et al. (1987). ‘

There are several benchmarks, standards, or criteria that have been developed for aquatic ecosystems.
Benchmarks for radionuclides are given in NCRP (1991) and DOE Order 5400.5 (DOE 1990). The
DOQE benchmark for aquatic organisms is 1 rad/day. Benchmarks for inorganic and organic
chemicals in aquatic ecosystems include EPA's Quality Criteria for Water 1986 (EPA 1986b) and the
state of Washington’s Model Toxic Control Act (MTCA, 173-201A-040 Water Quality
Standards-Surface Waters). The EPA criteria and the Washington State standards for inorganic
contaminants applicable at the Hanford Site are shown in Tables 4-4 and 4-5. Because the toxicity of
these contaminants (metals) change with water hardness, the toxicity values at water hardness of 63
mg/L (representative of the Columbia River) and 150 mg/L (representative of Hanford Site
groundwater near the river) are given. Generally, the state standards are more restrictive than the
EPA criteria, and the most conservative values are used in the ecological risk assessment.
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There are few widely accepted benchmarks for terrestrial organisms. Terrestrial benchmarks will be
obtained, when possible, from scientific reports documenting responses of receptors to contaminants
based on laboratory or field experiments. “Benchmarks that represent NOAELs or lowest observed
adverse effects level (LOAEL) will be used when available, rather than lethal concentration at which

'50% of experimental organisms die (LCy) or other values that are based on more acute exposures.
Also, whenever possible, data that minimize the need for extrapolations (to equate the laboratory data
to the expected exposure conditions at the site) will be used. For example, results from acute toxicity
tests should not be used to estimate risk under chronic exposure conditions, unless no other data are
available. Opresko et al. (1993) developed benchmarks for some tecrestrial animals, and Suter el al.
(1993) developed benchmarks for plants.

Both of these publications, however, stipulated that the benchmarks were appropriate for screening

potential contaminants to se¢ if more studies were required, but were not necessarily appropriate for
clean-up criteria or for establishing "safe” levels. -

Table 4-4. Metal Criteria with Hardness Factors: Columbia River.

Hardness of Columbia | Ecology: Criteria | EPA: Criteria
Metals River at Richland Concentrations | Concentration
Pumphouse, ug/L* ug/L* ug/L*
Cadmium acute 63 2 2
chronic 63 1 i
Chromium I |acute 63 1189 1189
chronic 63 142 145
Copper | acute 63 10 1
chronic 63 7 3
Lead acute 63 3l 44
chronic 63 1 2
Nickel acute 63 982 967
chronic 63 109 108
Zing acute 63 70 79
chronic 63 64 72
* Woodruff and Hanf (1993).

" WAC 173-201A-040.
¢ EPA (1986a) and 57 FR 246, part 131, Water Quality Standards,
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Table 4-5. Metal Criteria with Hardness Factors: Groundwater.

Metals Hardness of | Ecology: Criteria | EPA: Criteria
Groundwater | Concentration | Concentration
ug/L’ ug/L ug/L
Cadmium acute 150 5 6
chronic 150 1 .2
Chromium IH acute 150 2420 . 2420
chronic 150 288 294
Copper acute 150 22 26
| chronic 150 14 17
Lead acute 150 94 134
chronic 150 4 3
Nickel acute 150 2078 2019
chronic 150 231 224
Zinc acute 150 147 165
chronic 150 133 149

"Dirkes (1990).

4.2.2.2 Ecosystem Characterization. The ecosystem characterization step in the ecological/toxicity
assessment process is the same as the ecosystem characterization step conducted for the exposure
assessment (see Figure 4-3 and Section 4.2.1.2). That is, the receptors of interest-have to be
identified and characterized in order to determine which species are used to determine relevant
effects.

4.2.2.3 Ecologica! Response Analysis. The ecological response analysis is used to relate the
magnitude, frequency, and duration of the exposure to the magnitude of the response. The ecological
response analysis also describes the relationship between the measurement and assessment endpoints,
and evaluates the strength of association between these two endpoints. This dose/response step aiso
lists the assumptions used for the toxicity/ecological effects assessment, discusses the extrapolations
used to estimate dose/response values, and presents cause-effect information when possible. Proof of
causality, however, is not required in a CERCLA ecological risk assessment (EPA 1992b), The
selection of appropriate experimental dose/response analyses used in toxicity tests are important for
gstimating responses of receptors at the site,

Tt will often be necessary to make dose-duration adjustments as well as extrapolations between species
(often between species of differing genera, families). The EPA (19920) identifies commonly used
extrapolations as follows:

Extrapolation between taxa
Extrapolation between responses
Extrapolation from laboratory to field
Extrapolation from field to field.
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The indirect effects of the contaminants, such as interspecies interactions (competition, disease), or
trophic-level relationships (¢.g., predation) are also considered in this analysis, when possible,
However, these data are generally not available.

4.2.2.4 Stressor-Response Profile, The stressor-response profile describes the stressor-response
relationship and summarizes the characterization of the toxicity/ecological effects assessment process
(EPA 1992b). Because the ecological risk assessment addresses chemical and radionuclide stressors
released from the site (i.e., contaminants of potential concern), the following discussion focuses on
the dose/response profile of specific contaminants.

"The output of the toxicity assessment is a contaminant dose/response profile. In most instances this
will not be in the form of a dose/response curve. Even if such data were initially available, it would
be inappropriate to imply a high degree of certainty to the assessment by carrying the entire curve
through the many manipulations (¢.g., magnitude, duration, frequency, and timing of exposure in the
study setting should be related to the magnitude of effects) that are often required to apply the data to
the endpoint of interest. Most frequently, the contaminant dose/response profile will congist of a
conservatively-derived value that estimates either a reference dose, or a concentration of contaminant
that is expected to result in no significant impact to the endpoint in question.

Similar to the exposure profile step (Section 4.2.1.4), the stressor-response profile step should include
a discussion of the uncertainties involved in estimating the toxicological effects of the contaminants.
This should include discussing the extrapolations used to estimate toxic benchmarks, and the
assumptions used to develop the stressor-response profiles,

4.3 RISK CHARACTERIZATION

The risk characterization phase evaluates the likelihood of an adverse effect to receptors affected by
the stressors identified. The risk characterization phase of the ecological evaluation is depicted in
Figure 4-4. The risk characterization phase consists of two steps, risk estimation and risk description.

4.3.1 Risk Estimation

4.3.1.1 Integration of Stressor-Response and Exposure Profiles. The likelihood of an adverse
effect to a receptor species is frequently estimated by integrating the results of the exposure profile
(from the characterization of exposure step) and the stressor-response profile (from the
characterization of ecological effects step). This can be accomplished by dividing the estimated dose
received by the onsite receptor (the exposure profile) by the "safe” exposure level (the
stressor-response profile) for that receptor. This ratio is referred to as the environmental hazard

quotient (EHQ).

In this manner, the exposure profiles and contaminant dose/response profiles for COPC are
compared, and the results extrapolated to determine whether or not a significant potential exists for an
adverse impact 1o the receptor. An indication of such an impact exists when the exposure profile
exceeds the dose/response profile (Barnthouse et al. 1986). Those contaminants of potential concern
that are associated with such an impact potential are then regarded as contaminants of concern,

The EHQ is the exposure concentration (or dose) divided by a benchmark concentration (or dose)

established by the dose/response profile. A benchmark is usually a toxicity value that is protective of
the receptor(s) as discussed in the previous section. If the EHQ exceeds unity (> 1), then the
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potential for an adverse impact to an individual organism is assumed to exist, The degree of potential
impact is further evaluated by taking into consideration such factors as the degree of habitat
contamination (e.g., the areal proportion of a given habitat that is, or is expected to be, contaminated)
and the degree of confidence that the benchmark value is appropriate for the site.

In the case of ionizing radiation from a radionuclide, where the benchmark is 1.0 rad/day:

EHQ - rganism's dose 10
benchmark

For nonradiological chemicals, an acute or chronic toxicity value, regulatory criteria, or the NOAEL
is used to assess risk and serve as the benchmark for calculation of EHQs. An EHQ at or above 1
(exceeding or meeting the benchmark) would indicate a potentially measurable risk. For
nonradiological chemicals, the EHQ is calculated by dividing the concentration of the contaminant at
the exposure point by the benchmark value (expressed as a concentration). If the contaminant is taken
up through ingestion of food or soil, then the dose rate rather than the concentration is used. For
more information ¢oncerning the exposure equations see Appendix E.

contaminant concentration 11
benchmark

EHQ -

The risk characterization process should also address the potential for cumulative toxic effects. Each
contaminant of potential concern should be evaluated with respect to its toxicity mechanism. For
example, if two contaminants are known to affect an assessment endpoint in a similar manner, the
effects of these contaminants should (in the absence of contaminant-specific information) be assumed
to be additive. The contaminant-specific EHQs can then be summed to form an ecological hazard
index (EHI), and the risk characterization ¢an proceed in the manner described above with regard to
EHQs.

Ecological risk associated with radionuclides is estimated by calculating the total dose from ionizing
radiation. Each radionuclide in the environment contributes to the total dose. Therefore, the
cumulative effect of all the radionuclides is accounted for in the initial calculation (Appendix E).

Risk estimations may also be made by comparing the distribution of an effect parameter to the
distribution of an exposure parameter. The risk in this case is quantified by evaluating the degree of
overlap (Barnthouse et al. 1986). This approach requires a larger database than the EHQ approach,
and is a probabilistic approach., ‘

Risk estimations can also be conducted using simutation modeling. Again, this approach requires a
relatively large database, and, when possible, empirical field data should be used to validate the
model, Simulation modeling can be used to estimate the transport of contaminants through a food
web to a receptor, to estimate changes in the population of a receptor species that is under stress, or
to predict plant succession in a contaminated area. :
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Figufc 4-4. Risk Characterization for Environmental Evaluations (EPA 1992b).
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4.3.1.2 Uncertainty. An important element of the risk characterization process is the uncertainty
analysis. This is particularly trug for ecological evaluations where methods and databases are not
standardized to the extent of the human health evaluation methods and databases. The uncertainty
assessment for an ecological evaluation can range from a purely qualitative assessment, based on best
professional judgement, to a quantitative assessment employing probabilistic simulation modeling.
The type of uncertainty assessment best suited for a particular ecological evaluation depends on the
extent of the available data, the severity of the risk, and the outcome of the evaluation itself.

The EPA (1992b) points out four categories of uncertainty that may be relevant to an ecological risk
assessment as follows: . ‘

. Conceptual model formulation — incorrect assumptions made during conceptual modet
development

. Information and data — incompleteness of data or information

. Stochasticity (natural variability) — inherent in stressor characteristics, ecological

components and, the factors that influence their distribution

. Error — introduced through experimental design or the sampling/measurement
procedures.

The EPA (198%a) recommends that biotic pathway assessments (within the context of both the human
health and the ecological evaluation) be regarded, at best, as semiquantitative because of a current
lack of understanding of the general theoretical relationships among contaminants, ecosystems, and
biological species. The EPA also notes that biotic pathway assessment errors of up to three-to-four
orders of magnitude should be anticipated. Two approaches are suggested for uncertainty analysis.
The first would be a simple qualitative approach that provides an overall general statement of the
degree of uncertainty based on an evaluation by the risk assessors performing the ecological
assessment. The second would consist of an entirely independent analysis using available quantitative
and qualitative information relevant to the four categories of uncertainty pointed out by the EPA
(1992h), above. The two independent analyses should agree with one another if they have been
performed correctly.

The EPA (1989a) recommends that the uncertainty assessment include the following:

Variance estimates for all statistics

Assumptions underlying use of statistics, indices, and models

The range of conditions under which models or indices are applicable
Narrative explanations of other sources of potential error in the data.

In addition to the above, any data-quality deficiencies that are known to be associated with the data
sets and any faulty assumptions employed in the evaluation should also be documented and addressed
in the uncertainty assessment.

The uncertainty analysis discussed above is a limited approach. The alternative is to conduct a
probabilistic risk assessment from the start of the evaluation. In this manner, the resulting risk
distribution curve not only provides variance information, it also provides for a much more reason-
able estimate of risk or likely future risk. For most ecological evaluations at the Hanford Site a
semi-quantitative uncertainty assessment is the most feasible approach,
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4.3.2 Risk Description

The ecological risk deseription consists of two steps, the ecological risk summary component
presented in Subsection 4.3.2.1, followed by the interpretation of ecological significance in
Subsection 4.3.2.2.

4.3.2.1 Ecological Risk Summary. The final portion of the risk characterization process involves
documenting the evaluation results for the project decision-makers to allow a decision on relevant
issues in a risk-based manner. Risk estimation and uncertainty (through all phases of the evaluation)
are summarized. Risk predictions that are testable are documented. Ecological risk endpoints are
expressed in terms of assessment endpoints and their direct-management relevance,

A discussion of the weight-of-avidence provides additional input for determining the level of
confidence in the assessment. Factors useful in the discussion of the weight-of-evidence are the
completeness and quality of data, supplementary information relgvant to the final conclusion, and the
degree of correlation between the presence of a contaminant and some significant adverse effect.
Identification of additional analyses or data that may reduce the uncertainty should also be discussed
in the ecological risk summary,

4.3.2.2 Interpretation of Ecological Significance. This step explains the ecological implications of
the condition(s) at a site to the decision-maker. In addition to the potential for toxicological effects,
ecologically relevant topics such as physical alterations to the habitat from past activity (e.g.,
construction, farming) and the potential for ecosystem and habitat recovery following any impact,
should be explained. Interpretation of ecological significance of the conclusion is necessary because it
provides the critical link between the risk estimation and the communication of the results. Several
aspects of ecological significance that potentially influence the interpretation of the results

(EPA 1992b) are the following:

. The nature and magnitude of the effects
Spatial and temporal patterns of the effects
. Recovery potential,

If significant changes occurred or are predicted in the assessment or measurement endpoints, it is
necessary to discuss the nature and magnitude of the effects associated with each habitat and receptor.
For example, the spatial distribution of the stressor can have devastating effects if the area affected is
a critical resource for a certain species. With respect to tempora) distribution, the persistence of the
stressor and the seasonal occurrence of the receptor define the degree of exposure and potential risk.
Finally, the nature of the contaminants, the duration of exposure, and the extent of the adverse
impacts will effect the evaluation of recovery potential. Additional analyses may be required to
investigate the potential recovery once the stressor is removed, The Risk Evaluation of Remedial
Alternatives for the Hanford Site (DOE-RL 1994a) should be consulted for details regarding use of
ecological evaluations for comparing remedial action alternatives,
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5.0 QUALITATIVE RISK ASSESSMENT METHODOLOGY

This chapter of the HSRAM provides the general methodology to perform qualitative risk assessments
in support of the interim remedial measures pathway of the Hanford Past-Practice Strategy

(DOE-RL 1992a) as discussed in Section 1.4.2. It was intended that a qualitative risk assessment
would provide a characterization of site risk to allow the Tri-Party Agreement representatives to
evaluate the risk posed by selected waste sites identified in operable unit work plans and determine
whether the risk warrant keeping the waste sites on the pathway for cleanup using interim remedial
measures, Qualitative risk assessments were not intended to replace the need for a baseline rigk
assessment nor to serve as a basis for establishing preliminary remediation goals.

5.1 INTRODUCTION

A qualitative approach to risk assessment is a process to enable one to think usefully about a problem
and associated remedies, to develop a robust argument for action, and to make use of quantitative
information that may only partially characterize contamination at a site. The QRA is only one of the
tools used in the HPPS. All sites, whether selected for an IRM or not, will be evaluated as part of a
comprehensive baseline risk assessment prior to a final remedy selection for an operable unit or
aggregate area.

The QRA evaluates risk for high-priority waste sites at an operable unit as identified in the work plan
for that operable unit. The fundamental requirement for performing a QRA is that sufficient
information be known from which a risk calculation and/or risk rating can be made.

When sampling data shows the concentration of contaminants at a site, the QRA provides a limited,
quantitative evaluation of human health and ecological risk. Based on the results of this quantitative
evaluation, a qualitative assessment of the potential risk associated with each site is made, A
discussion of the uncertainties associated with the sampling data, exposures, and contaminant toxicity
is also included. For some sites, site-specific sampling data may not be available. In these cases, the
QRA presents a qualitative assessment of site risk based solely on an evaluation of historical site
records, process information, and other available and pertinent information.

The approach for conducting a QRA includes the following general procedures.
- Collect, interpret, and review information for a site such as location, generation

process, source characteristics, sampling data, and other pertinent information. In
some cases, this may include information obtained from analogous sites.

. When data are available, perform a limited human healtth and ecological quantitative
risk assessment for predefined exposure scenarios and indicator organism,
respectively.

. When data are unavailable, a qualitative assessment should be made for ecological

risk, as well as for buman health risk.

. Provide project managers with a qualitative assessment of potential site risk, including
the degree of confidence in the human health and ecological risk assessments.
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Because of methodological differences between the human health and ecological portions of the QRA,
the sections of this chapter do not directly correspond to these bulleted procedures. Section 5.2
pertains to both human health and ecological portions of the QRA because identical sources of data
are used for both portions. The methodologies for the human health and ecological portions of the
QRA are discussed separately in Sections 5.3 and 5.4, respectively.

5.2 DATA EVALUATION AND CONTAMINANT IDENTIFICATION

Site information should be reviewed to identify the nonradioactive and radioactive contaminants that
may be present in the key media (¢.g., s0il, groundwater, surface water, air, or biota). This
information includes process knowledge, disposal knowledge, records of inventory, historical
information, information obtained during site reconnaissance, and LFI data, Historical and LFI data
are generally the only data available with which to quantify environmental contaminant
concentrations, The protocol for evaluating these data is described in Sections 5.2.1 and 5.2,2. Data
collected from analogous sites or similar categories of sites (e.g., cribs associated with the reactor
sites) may also be used to identify contaminants present at a site. Section 5.2,3 discusses how the
various sources of information are combined to develop a site contaminant list.

5.2.1 Evaluation of Historical Data

Dorian and Richards (1978) is a primary source of historical radiological soil data for 100-Area
operable units, Operable unit work plans often provide convenient summaries of these historical data
for use in a QRA, These historical data, when available, provide waste site information that is
compared to LFI data to support 1dent1ﬁcat10n of possible contaminants for consideration in the QRA,
and to support the characterization of the risk for the high-priority waste sites. Dorian and Richards
data are considered of lower quality than LF] data. Atlthough standard laboratory methods were used
" in the sample analyses, the historical data were not validated according to current EPA guidelines,
Radionuelide concentrations in historical data must be corrected for radionuclide decay prior to use in
the QRA.

5.2.2 Evaluation of LFI Data

The LFI data available for each operable unit commonly include information from samples collected
from boreholes and test pits in areas both within and outside of the high priority waste sites specified
in the work plan, Sampling and field activities for an operable unit are usvally summarized in a
"Description of Work" report for each specific operable umit.

Quantitative site information includes both historical data and data generated from LFI sampling
activities, When historical and/or LFI sample data exist, these data are the primary source for
identification of contaminants at a high-priority waste site. Qualitative site information (e.g., process
knowledge, records of inventory) should still be evaluated even when sample data exist, particularly
when data quality is not high or when the site is inadequately characterized. Discrepancies between
the list of contaminants identified in limited site sampling and constituents expected to be present at a
site based on historical and process knowledge may affect the level of confidence associated with the
data.

When data are unavailable for a waste site, an attempt should be made to identify an analogous site.
An analogous site is one for which identical types and similar concentrations of contaminants are
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anticipated based on process knowledge and site conditions. If sample data from an analogous site
have already been collected and evaluated in a previons QRA, the risk rating associated with the
analogous site may be applied to the site in question (see Section 5.3.4.1). Contaminants identified at
an analogous site may be presented as an indication of the contaminants and the associated risk
expected at the site in question; however, the analogous site data itseif should not be presented in the
QRA,

5.2.3 Identification of Contaminants

For a QRA, contaminants are identified by evaluation of site information, historical data and LFI
data, While the general concepts of the contaminant identification process described in Section 2.2
and depicted in Figure 2-1 are followed, much more latitude is allowed in selection of the information
to be used in a qualitative evaluation of risk. When data are not available, a qualitative evaluation of
risk may be presented based on analogous site information. The source and nature of all information
used in a QRA must be clearly identified and its uncertainty discussed.

For a soil operable unit, sample data from within the depth range of 0 to 4.6 m (15 ft) from the
surface is used for identification and characterization of contaminants. This represents a reasonable
estimate of the depth from which soil may be excavated and re-distributed as accessible surface soil as
a result of potential site development activities such as home construction. Contaminants in soil
below 4.6 m (15 ft) are evaluated solely for potential threat to groundwater.

5.2.3.1 Consideration of Hanford Site Background Data. Currently, background reports are
available for nonradioactive soil analytes (DOE-RL 1993a) and nonradioactive groundwater analytes
(DOE-RL 1992b). A report of background for radioactive soil analytes is in preparation. Because
organic chemicals are not naturally occurring at Superfund sites, organics are not compared to
background concentrations (EPA 1989b). Section 2.2.2 provides a discussion on selection of an
appropriate statistic to represent background constituent concentrations,

The Hanford Site background data should be reviewed to ensure that it is appropriate for the data
being screened. Hanford Site background should not be used if the site-wide background information
is too general for a specific natural condition of the project. For example, the Hanford Site
background data report has identified soils in three terrestrial ecosystems that show distinctly higher
concentrations for many analytes. These three soil association types are: (1) highly alkaline soils of
playa and ephemeral drainages, (2) riparian ecosystem soils, and (3) the grassy soils on Rattlesnake
Mountain (DOE-RL 1993a).

Hanford Site background data are not currently available for all potential waste site parameters that
are detected during project sampling, In this case, the waste site parameters should be evaluated by
performing the preliminary risk-based screening as described in Section 3.1.2 using the maximum
detected concentration of those parameters.

Project-specific background distributions, if used for screening contaminants, must be reviewed for
the intended application by operable unit managers prior to use in the risk assessment process.
Project-specific background distributions can be valuable by providing information for site
characterization and site evaluation to ensure remedial efforts are directed to the source of the
contamination. Procedures for use in calculating project-specific background distributions from
sampling data are discussed in Section 2.2.3.
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5.3 HUMAN HEALTH EVALUATION FOR THE QRA

The human health evaluation for the QRA follows the same general methodology described in
Section 3,0, What distinguishes the QRA is the scope of the rigsk assessment with regard to site
characterization and the number of exposure scenarios and pathways evaluated. Because of these
limitations, the risk estimates in a QRA are not presented directly but are used t0 assign a qualitative
risk rating to each high-priority waste site. Sections 5.3.1 and 5.3.2 pertain exclusively to sites for
which sample data are available.

5.3.1 Identification of Contaminants of Potential Concern and Exposure Concentrations

Following contaminant identification (discussed in Section 5.2.3), the same methodology presented in
Section 3.1 is used to identify COPC in the QRA. In general, both the historical and LFI data are
considered for identification of COPC. COPC are defined as contaminants that are retained for
further evaluation in the QRA following both comparison to a background concentration value

(see Section 5.2.3.1) and preliminary risk-based screening. The preliminary risk-based screening for
the QRA is conducted using exposure parameters for the residential scenario at an lifetime
incremental cancer risk (ICR) of 1E-07 and an HQ of 0.1.

The highest concentration of a contaminant from either the historical or LFI data sets is selected for
comparison to risk-based concentrations in the preliminary risk-based screening. This maximum
detected concentration is also used as the exposure concentration in the exposure assessment, The
maximum detected concentration, rather than a statistic of the distribution of contaminant
concentration, is used in the QRA because of the generally minimal aumber of site samples available
for the risk evaluation, Radionuclide concentrations should be corrected for radioactive decay before
comparison to risk-based screening concentrations.

5.3.2 Exposure Assessment

The exposure assessment for the QRA is conduc¢ted in a similar manner to that described in

Section 3.2, The exposure assessment includes the determination of exposure scenarios, exposure
pathways, exposure parameters, and the quantification of exposures. The scenarios and pathways for
the QRA have been discussed and selected by the 100 Area Tri-Party Agreement unit managers. The
components of the exposure asgsessment methodology are individually discussed in Sections 5.3.2.1
through 5.3.2.4. '

5.3.2.1 Exposure Scenarios. Exposure scenarios define the conditions in which receptors are
exposed to COPC. The QRA evaluates current human health risk for two exposure scenarios defined
as frequent-use and occasional-use. These exposure scenarios use exposure parameters that are
identical to those presented in Appendix A for the residential and recreational exposure scenarios.
Within the context of the QRA, however, these exposure parameters do not define a particular
land-use setting but are used to represent bounding estimates of potential site risk. The exposure
scenarios are described as "frequent-use” and "occasional-use” to emphasize this bounding quality.
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£.3.2.2 Exposure Pathways. The pathways that are evaluated in the human health portion of the
QRA are a subset of those discussed in Section 3,2,3.2. The pathways that are evaluated in a QRA
include the following:

Soil ingestion

Fugitive dust inhalation

Inhalation of volatile organic compounds (VOC) from soil
Water ingestion

External radiation exposure from soil.

In general, evaluation of these pathways is sufficient for the purposes of a QRA. However, additional
pathways, such as dermal absorption from water and soil, inhalation of VOCs from indoor water use,
and ingestion of contaminated biota, may be also be evaluated if site information suggests that this is
appropriate,

Not all of the exposure pathways identified in the bullets may be appropriate for a specific QRA. In
particular, QRAs for a groundwater operable unit may include ingestion of water, as well as some of
the additional pathways identified in the previous paragraph, but none of the other bulleted pathways.
Conversely, QRAs for a source operable unit are untikely to include ingestion of water.

Modeling of contaminant transport to an off-site receptor will generally not be conducted as part of
the QRA for a site. Fate and transport modeling is more appropriate to the level of investigation
associated with a baseline risk assessment in support of an RI/FS for a site, operable unit, or
aggregate area. If the risk assessor chooses to conduct transport modeling in the QRA, the modeling
effort should utilize a level of sophistication that is appropriate considering the modeling objectives,
the available data, the complexity of the conceptual model for the site, and the required accuracy of
the results. '

5.3.2.3 Exposure Parameters. As discussed in Section 5.3.2.1, the exposure parameters for the
frequent- and occasional-use exposure scenarios are identical to those of the residential and
recreational exposure scenarios, respectively, Exposure parameters for the residential and recreational
exposure scenarios are provided in Appendix A,

5.3.2.4 Quantification of Exposure. Quantification of comtaminant exposure should be conducted
as described in Section 3.2.5. Detailed equations used for estimating contaminant intakes are
provided in Appendix D. Evaluation of future scenarios requires that radionuclide concentrations be
decay corrected before calculating intake values, It is not always necessary to evaluate future
scenarios in a QRA because the TRM pathway focuses on current risk and prioritization of
remediation efforts.

5.3.3 Toxicity Assessment

The general procedures for toxicity assessment are presented in Section 3.3. The toxicity assessment
for the QRA should include identification of contaminant-specific toxicity factors and a brief
discussion of the key toxicities associated with the COPC. The toxicity assessment, as with the
remainder of the QRA, should include sufficient information on the COPC to assist project managers
in reaching decisions on IRMs, but does not need to be an exhaustive evaluation of all potential
toxicities,
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5.3.4 Risk Characterization

The methodology for the risk characterization in the QRA differs depending on whether sample data
were available for conducting a limited quantitative risk evaluation. Therefore, risk characterization
is discussed separately for each situation in Sections 5.3.4.1 and 5.3.4.2. A discussion of uncertainty
associated with risk characterization is provided in Section 5.3.4.3.

As described in Section 5.2.3, site risk may be evaluated for sites lacking sample data by comparison
to an analogous site at which data has been collected. Although the sample data from the analogous
site are not considered transferable to the site in gquestion, the qualitative risk rating associated with
the risk estimate is. Therefore, it is preferable to identify an analogous site that has already been
evaluated in a previous QRA.

5.3.4.1 Risk Characterization When Quantitative Data Are Available. When contaminant
concentrations ¢an be quantified, risk characterization is conducted as described in Section 3.4. The
risk characterization in 2 QRA should include the following:

. Calculation of contaminant-specific ICRs and HQs, as described in Section 3.4.1 and
3.4.2, respectively (equations and examples are provided in Appendix D)

- Calculation of total risk from contaminant-specific risk

. Qualitative discussion of the calculated contaminant-specific and total risk with respect
to the following levels: ‘

Contaminant-specific ICR = 1E-06
Contaminant-specific HQ = 1
Total ICR = 1E-06

HI (i.e., sum of HQs) = 1

. Categorization of site risk using the following relative risk ranking categories:

High (ICR > 1E-02)

Medium (ICR = 1E-02 to 1E-04)
Low (ICR = 1E-04 to 1E-06)
Very Low (ICR < 1E-06), .and

. Qualitative discussion of the uncertainty associated with the risk estimates
(see Section 5.3.4.3).

5.3.4.2 Risk Characterization When Quantitative Data Are Not Available. For sites where
sampling data are not available, the risk characterization should focus on a qualitative discussion of
the threat posed by the site and the confidence in the information available to assess the threat. All
available sources of information for a high-priority waste site should be reviewed to identify
chemicals or radionuclides that may impact the key exposure media (e.g., soil, groundwater, surface
water, or air). Qualitative sources of information include process knowledge, disposal knowledge,
records of inventory, historical information, and information obtained during site reconnajssance.

After compiling a list of potential site contaminants and likely exposure media, the risk assessor

should calculate risk-based concentrations (RBC) for these contaminants and media for a frequent-use
scenario and occasional-use scenario at a HQ of 1 and an ICR of 1E-06. The risk characterization is
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performed by evaluating the likelihood that a potential contaminant is present at the site at
concentrations exceeding its RBC. This comparison of estimated concentrations to RBCs is a means
of putting qualitative site information into perspective where risk may be evaluated. For example, if
historical data indicate that very high concentrations of contaminants may be present in the soil, the
calculation of an RBC provides a basis for identifying concentrations that are of concérn.

Exposure parameters for calculating RBCs for a frequent-use scenario or occasional-use scenario are
provided in Appendix A (for residential scenario and recreational scenario, respectively). Detailed
equations for calculating RBCs for exposure media and pathways of concern in a QRA are provided
in Appendix D.

The risk characterization should include a qualitative discussion of the available site information, the
results of the RBC calculations, and the potential threat posed by the site. The qualitative risk rating
for a site where sample data are unavailable should be characterized as either high, medium, or low.

5.3.4.3 Uncertainty in the Risk Characterization. Uncertainty in the results of a QRA is expected
to be high because of the methodology used in the risk evaluation, The relatively high degree of
uncertainty is reflected in the use of bounding scenarios in the exposure assessment and the use of
qualitative rigk rankings to express the results of the QRA, The types of uncertaintics associated with
the QRA, however, are identical to those discussed in Section 3.4.3. These areas are as follows:

. Site-specific uncertainty

. Uncertainty in the exposure parameters

. Uncertainty in the toxicity values

. Uncertainty in the risk characterization.

For the QRA, a discussion of the uncertainty in the site-specific information is especially important.
For sites where sample data are available, uncertainty associated with the nature and extent of
contamination is ¢ritical, Data gaps should be identified and the potential impacts of the absent
information on the QRA should be discussed. An evaluvation of the sample data with regard to
anticipated levels of contamination based on historical and process information should also be
performed. Additional uncertainties associated with the use of an analogous site in a QRA must be
addressed as well, For sites where sample data are unavailable, the discussion of site-specific
uncertainty should include an evaluation of confidence associated with historical site information,
process information, monitoring data, or other available information used in the QRA.

Uncertainty in the exposure assessment is addressed in part by the use of frequent- and occasional-use
exposure scenarios as bounds. Discussion of uncertainties in the exposure assessment should include
an evaluation of the likelihood that potential exposure conditions are in fact bounded by these
scenarios, The risk assessor should utilize the discussion points presented in Section 3.2.6 to address
the key factors contributing to uncertainty in the exposure assessment.

Uncertainty associated with contaminant toxicity can be divided into two basic categories: uncertainty
associated with the accuracy of a particular toxicity value for a stated target effect, and uncertainty
associated with toxic effects uncharacterized by the toxicity value. A discussion of the factors
contributing to uncertainty in the toxicity values is presented in Section 3.3.6.

Uncertainty in the risk characterization is naturally a function of the uncertainties in each of the three
areas discussed that contribute to the numerical risk estimate. An additional uncertainty is introduced
during risk characterization by the evaluation of site-wide risk as an additive function of individual
contaminant risk. Section 3.4.3.4 provides guidance for discussing uncertainty in the numerical
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characterization of site risk. The relative risk rankings employed in the QRA are also affected by the
uncertainties discussed in this section, particularly the risk rankings for sites where sample data exist
because these risk rankings are directly linked to the numerical risk estimate.

Uncertainty in the qualitative risk rating for sites without sample data is expected to be higher than
for sites where sample data exist. Uncertainties associated with the calculation of RBCs include
uncertainties associated with exposure parameters and toxicity values as discussed above. The
site-specific uncertainty, however, is subjective and cannot be readily described. Furthermore, the
subjective nature of the risk classification increases the degree of uncertainty.

5.4 ECOLOGICAL EVALUATION FOR THE QRA

The ecological evaluation for the QRA 'is an abbreviated version of the baseline ecological risk
assessment described in EPA’s Framework Document for ecological risk assessments (EPA 1992b).
The QRA includes the same three basic phases as a baseline ecological risk assessment; Problem
Formulation, Analysis, and Risk Characterization. However, the number of biological receptors and
the number of exposure routes to each receptor are limited to fewer than would be considered in a
baseline risk assessment, This allows the QRA to be conducted with a more limited database, and
with less extensive analyses than a baseline assessment. Because the main objective of the QRA is to
compare the relative risk at several sites (to see which sites remain on an IRM pathway) rather than to
estimate the potential risk posed by the site, the QRA does not require the full range of biological
receptors and exposure routes that would normally be considered in a bageline risk assessment.

The Hanford waste sites have been placed into two categories of operable units for performing QRAs.
The source operable units include the contaminated soil and solid waste sites that act as the "sources"
for the contaminants that occur in the ecosystems at the Hanford Site, The source operable units are
considered "terrestrial” ecosystems, and only terrestrial organisms and contaminants in soils and solid
waste are considered in the QRA, The groundwater operable units (the second category) include the-
groundwater beneath the source operable units that can transport the contaminants to other areas of
the site, or to the Columbia River. The groundwater operable units are considered "aquatic”
ecosystems for the purpose of the QRA because the groundwater influences biological receptors only
after it surfaces in springs, or enters creeks, or enters the Columbia River via springs or subsurface
flows. Aquatic (e.g., fish and algae) and riparian (e.g., ducks and cattails) organisms and
contaminants in groundwater are considered in the QRA, The biological receptors and exposure
pathways used in the QRA for the source sites (terrestrial) are, therefore, different than the biological
receptors and exposure pathways considered in the groundwater sites (aquatic).

5.4.1 Problem Formulation

The problem formulation phase of the QRA identifies the environmental contaminants (stressors), the
ecosystems potentially at risk (receptors), and the potential ecological effects of the contaminants
(Figure 4-2). The problem formulation phase also defines which biological endpoints will be used to
assess risk, and presents a conceptual exposure model for the area being studied.

5.4.1.1 Stressor Identification. A stressor is any physical, chemical, or biological entity that can
induce an adverse response. The stressors addressed in the QRAs at the Hanford Site are limited
primarily to inorganic chemicals and radionuclides. Organic chemicals are considered if they are
present, but have been found at relatively few waste sites. The stressors, or contaminants of
potential concern, are identified vsing LFI sampling data, HEIS data, historical reports, and survey
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reports (Sections 2.0 and 4.0). At many waste sites in the 100 Areas, the primary data sources for
the QRA are LFI sampling data and historical data from the Dorian and Richards (1978) report on
radionuclide contaminants at the Hanford Site.

For the source operable units, the contaminants of potential concern are identified using soils data
from the waste sites and from the area immediately around the waste sites, For the groundwater
operable units, the contaminants of potential concern are identified using data from near-river wells.
Analyses of water from the near-river wells is used as a conservative indicator of the water quality of
groundwater as it enters the Columbia River via springs or subsurface flows.

The concentrations of the inorganic chemicals and radionuclides in the soil and groundwater samples
are evaluated to identify the maximum representative value for each of the constituents, in each
media. The maximum representative value is defined in Section 2.0. The maximum representative
value for each constituent is then compared to the Hanford Site background data, and if the maximum
representative value exceeds the background range (95% upper tolerance level, see Section 2.0), the
constituent is considered to be a contaminant of potential concern. In-addition to the comparison to
background, the soil and groundwater data are screened to identify those constituents that are
essentially nontoxic to biological receptors under typical environmental exposure scenarios (.g.,
constituents such as calcium and sodium). These may be removed from the list of COPC with
appropriate documentation of this decision, based on their concentrations, the scientific literature, and
site-specific conditions.

5.4.1.2 Receptor Identification. The Great Basin pocket mouse was selected as the representative
receptor for the terrestrial waste sites (source operable units). This species is relatively common in
the terrestrial ecosystems in the area, and has a home range that is comparable to the size of many of
the waste sites. Therefore, an assumption was made for assessing risk, that this species lives within
the waste site and obtains all of its food from within the waste site. The Great Basin pocket mouse
lives in subsurface burrows and comes to the surface at night to feed primarily on piant seeds. This
animal, therefore, theoretically lives in close proximity to the COPC at the waste sites. The risk to a
Great Basin pocket mouse is estimated assuming that soil contaminants are taken up by plants,
incorporated into plant tissue (including the seeds), and the seeds are subsequently eaten by the
mouse. The food pathway is assumed to be the major exposure route. The mouse is also exposed to
ionizing radiation from the radionuclides in the soil, but this is considered to be a minor pathway.
The equations used for estimating the dose received by the mouse, for both radionuclides and
inorganic chemicals, are presented in Appendix E. The Great Basin pocket mouse is the only
biological receptor used in the QRA for the terrestrial sites.

To evaluate the potential risk of inorganic chemicals and radionuclides in groundwater operable units,
several species were selected as representative receptors. These species were selected in order to
assess impacts on species that live in the Columbia river, as well as species that live in the riparian
habitats along the river (and eat plants and animals living in the aquatic ecosystem). The
representative species used for estimating ecological risk in groundwater operable units include fish
and aquatic invertebrates living in the river and ducks and herons living in the riparian habitats along
the river. The food pathway is assumed to be the major exposure route. For the aquatic
invertebrates and fish, a second principal pathway is the uptake of contaminants directly from their
water environment across permeable membranes such as the gills, For assessing risk to the aguatic
and riparian receptors, exposure to ionizing radiation was considered to be a minor pathway. The
equations for estimating the doses received by fish, aquatic invertebrates, ducks, and herons from
both radionuclides and inorganic chemicals are presented in Appendix E.
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5.4.1.3 Endpoint Selection. For the purposes of an ecological risk assessment, an endpoint is an
observed effect on a biological component of the ecosystem that may be affected by exposure to a
stressor (Suter 1991). At the Hanford waste sites, the stressors are the inorganic chemicals and
radionuclides present in the soil or water. For the QRAs, the endpoint is the toxicity of individual
inorganic contaminants and/or the impact of the total radiation dose to the receptor. Endpoints for
ecological risk assessments, and the distinction between assessment and measurement endpoints, are
discussed by EPA (1989h).

For assessing the impact of radionuclides, the total dose received by a receptor (calculated using the
equations in Appendix E), is compared to a dose of 1 rad/day, based on DOE Order 5400.5 (DOE
1990) and the International Atomic Energy Agency (1992). A total dose less than 1 rad/day is
considered to be below the level that would cause measurable impacts to the receptors at the waste.
sites, For inorganic chemicals, the dose received by the receptor (estimated using the equations in
Appendix E) is compared to the benchmark for the contaminant in question, If the estimated dose
exceeds the benchmark, it is assumed that a toxic effect to the individual organism is possible. The
benchmark values are usually acquired from the literature and represent concentrations or doses that
are estimates of NOAEL, LOAEL, or other measures of chronic toxicity based on laboratory
experiments or field studies. For aquatic organisms, EPA's ambient water quality criteria for the
protection of aguatic organisms are frequently used (EPA 1986b). The state of Washington’s MTCA
surface water standards are similar benchmarks, specified at the state level.

5.4.1.4 The Conceptual Model. For the QRA, the conceptual model assumes the receptors are
exposed to the contaminants via a limited number of pathways, essentially using onty those pathways
that are considered to be the major routes of exposure. In general, the conceptual models developed
for the QRA assume that the primary route of exposure is via the food pathway. Contaminants in the
soil or groundwater are taken up by plants (the primary producers) rooted in the g0il or living in the
water, and the contaminants are transferred through the food chain by animalg that eat the plants
(herbivores), and are subsequently by animals that prey on the plant-eating animals (see Appendix C
for more information on the plants and animals in the area and the typical food webs).

The QRA for the source operable units evaluates the risk to a small herbivore, the Great Basin pocket
mouse by estimating the transfer of soil contaminants from the soil to plants, and then estimating the
daily food intake by the mouse, The conceptual model assumes that the mouse lives entirely within
the waste site and obtains all of its food by eating contaminated plants from the waste site.

The QRA for the groundwater operable units evaluates the risk to fish and aquatic invertebrates
(ctustacea) living in the Columbia River, and to plant-eating ducks, fish-eating ducks, and herons
living in the riparian areas and feeding primarily on aquatic organisms. The conceptual model
assumes that fish and invertebrates live within the contaminated area, and reach a physiological
equilibrium with the contaminants in the water. The conceptual model for the QRA assumes that the
food pathway is the major exposure pathway for the ducks and heron.. More detail on the calculations
and input parameters used are presented in Appendix E.

5.4.2 Analysis

The analysis phase of the QRA includes two processes, a characterization of exposure and a
characterization of ecological effects (Figure 4-3). The characterization of exposure process describes
how the receptor comes in contact with and takes up the contaminants, and estimates the dose
received by the receptor. The concentration and distribution of the contaminant is compared to the
distribution and activities of the receptor to estimate the dose the receptor receives, For the QRA, the
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dose is expressed in rads/day for the radionuclide contaminants, mg/kg body weight/day for the
inorganic contaminants taken up via the food pathway, or simply the concentration of the contaminant
for inorganic contaminants taken up directly from soil or water.

The characterization of ecological effects process for the QRA is limited primarily to reviewing the
scientific literature to obtain information regarding the toxicity of the contaminants of potential
concern at the Hanford Site to the plants and animals selected as receptors for the QRA.

5.4.2,1 Characterization of Exposure. Several assumptions regarding the concentrations and
distributions of the ¢ontaminants and the distribution and activities of the receptors are made for the
QRA, to simplify the process of estimating the dose to the receptor. Because the objective of the
QRA is to compare the relative risk of different waste sites, an abbreviated risk assessment protocol
can be used, as long as the same protocol is used at all the waste sites being compared. Therefore,
one protocol was developed to compare the waste sites within the source operable units and one
protocol was developed to compare the waste sites within the groundwater operable units.

The first set of assumptions made for the QRA concerns the types of receptors used to assess risk,
Only one receptor, the Great Basin pocket mouse, is used to assess the potential ecological risk at the
source operable units. The mouse is common in the area, has a home range comparable to the area
of a typical waste site, and lives in and on the soils where the contaminants are located. For the
groundwater operable units, several aquatic and riparian species are used to estimate ecological risk.
These include fish, aquatic invertebrates, and aquatic plants living in the river; and plant-eating ducks,
fish-eating ducks, and herons living in the riparian habitat, '

The second set of assumptions concerns the distribution and concentrations of the contaminants at the
operable units. The concentration of the contaminant being considered is assumed to be the maximum
representative concentration for that contaminant, based on the LFI and historical data sets. For the
source operable units, the soil concentrations from samples at or near waste sites are used. For the
groundwater operable units, the concentrations in near-river wells are used. The maximum
representative value is defined in Section 2.0. Also, the maximum representative concentration is
assumed to be uniformly distributed over the waste site (that is, the contaminant concentration at the
point of exposure is the maximum representative concentration). The contaminants are assumed to be
100% bioavailable.

A third set of assumptions concerns the activities of the receptors. The pocket mouse is assumed to
spend its entire lifetime within the confines of the waste site, to get all of its food from contaminated
plants, and to be exposed to the contaminants 365 days per year. The fish and aquatic invertebrates
are assumed to live their entire lifetimes in contaminated water, to reach an equilibrium with the
concentrations of contaminants in the water media where they live, and to be exposed for 365 days
per year. The ducks and heron are assumed to get all of their food from contaminated prey (plants,
fish), and to live within the contaminated area. The exposure durations and uptake rates for the ducks
- and heron are described in more detail in Appendix E. The transfer of contaminants in soils to the
plants is estimated using soil-to-plant transfer coefficients and equations adapted from EPA’s Human
Health Evaluation Manual (EPA 1989a). The transfer of contaminants from water to the fish and
aquatic invertebrates is estimated using bioconcentration factors, which assume that these aquatic
animals reach an equilibrium condition with the water in which they live,

To estimate the total dose from ionizing radiation to organisms in the aquatic and riparian ecosystems,
the CRITR2 computer code developed by Baker and Soldat (1992) is used. The steady-state model

embodied in CRITR2 assumes that the aguatic organisms reach an equilibrium with the concentrations
of the contaminants in the water where they live. Selected receptors are evaluated at various levels of
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the aquatic foodweb. The organisms evaluated using CRITR2 are generic aquatic plants, fish, aquatic
invertebrates, a plant-eating duck, a fish-eating duck, and a heron. The CRITR2 model is used to
estimate radiation doses to plants and animals that are truly aquatic (¢.g., fish and algae that reside
within the water), and also to estimate total doses to animals that feed primarily on aquatic species
(e.g., fish-eating ducks and herons),

For the source operable units, two scenarios were evaluated with respect to the soil depth. In one
case the mouse is assumed to be exposed only to those contaminants found in the upper 1.8 m (6 ft)
of soil, and in the second case exposure is assumed to include contaminants within the upper 4.6 m
(15 ft) of soil. In the former case the exposure scenario assumes that most plant roots are within the
upper 1.8 m of soil, and that there is no excavation of the soils in the area for construction of
buildings or industrial/agricultural purposes. Therefore, the pocket mouse is exposed only to
contaminants in the soil zone where it lives (at the ground surface and in burrows, plus the external
exposure to radionuclides in soils both above and below its burrows within the upper 1.8 m of soil),
In the latter case, it is assumed that the mouse feeds on deeper rooted plants whose roots penetrate
more than 1.8m, and that the ground may be excavated for buildings, Therefore, the deeper
contaminants could be physically moved to shallower depths and be located in areas frequented by the
mouse.

5.4.2.2 Characterization of Ecological Effects. During the process for characterization of
ecological effects information is gathered from a variety of resources to estimate acceptable levels of
exposure for each receptor and for each contaminant. The acceptable exposure levels are those doses
or concentrations of the contaminants that are below levels that cause a measurable adverse response
in the receptor, The DOE benchmark of 1 rad/day, based on DOE Order 5400.5 (DOE 1990) and
the International Atomic Energy Agency (1992), is used as the acceptable total dose to ionizing
radiation, for both aguatic and terrestrial organisms. Appendix E describes the techniques and
formulas for estimating total dose from exposure to radionuclides, both external and internal. For
fish and aquatic invertebrates, the acceptable exposure levels to inorganic and organic chemicals are
represented by EPA’s Quality Criteria for Water 1986 for the protection of aquatic organisms, or the
Washington MTCA surface water standards. The acceptable exposure levels for the mouse, ducks,
and heron, with respect to inorganic and organic chemicals, are obtained from the scientific literature
that presents NOAEL, LOAEL, or other chronic toxicity values. The available literature frequently
does not have values for the exact receptor species being considered (i.e., the Great Basin pocket
mouse), and in these cases toxicity data on closely related species are used, sometimes with an
appropriate adjustment factor.

The use of a limited number of receptors, a limited number of exposure pathways, the conservative
assumptions regarding exposure, and the assumption of 100% bioavailability of the contaminants
introduces uncertainty into the risk assessment process. The possible influence of these and other
assumptions and other sources of uncertainty must be discussed in the risk assessment reports along
with the conclusions of the results of the assessment.

5.4.3 Risk Characterization

In the risk characterization phase, exposure information and toxicity data are integrated to estimate
risk to the riparian, aquatic and terrestrial receptors selected for the QRAs (Figure 4-4). For the
QRAs at the Hanford Site, a quotient method is used to determine whether or not a specified level of
environmental contamination might be of concern, In this method, a benchmark concentration or
dose is identified and used as a "safe threshold" or measure of protection for a given receptor. These
benchmark values are then compared with the contaminant concentrations at the waste sites (or the
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dose received by the receptor), and those concentrations (or doses) that exceed the benchmark values
are considered to have potential adverse effects (see Section 4.0). The likelihood of an adverse effect
on a receptor, therefore, is expressed in the form of an EH(Q. The EHQ is defined as the ratio of
the dose received by the receptor (or concentration of the contaminant at the waste site) to the
benchmark (safe threshold) value,

The EHQ for determining effects of ionizing radiation from radionuclides is calculated using the

equation:
EHQ = organism's dose 12

be_nchmark

where the benchmark is one rad/day (DOE Order 5400.5 [DOE 1990]), and where the total dose to
the receptor is determined using the CRITR2 computer model (Baker and Soldat 1992) for aquatic and
riparian species, or the equations for calculating internal radiation dose to terrestrial receptors (Section
E-1.1.1 in Appendix E) for the mouse.

The EHQ for determining the effect of an innrganic (or organic) contaminant to an aquatic receptor
such as fish is calculated using the equation:

EHQ = gcontaminant ¢concentration 13
benchmark

where the benchmark is EPA’s chronic ambient water quality criterion or MTCA's chronic water
quality standard for that contaminant, and where the exposure to the fish is expressed as the
concentration of the contaminant in the water. An EHQ at or exceeding one is assumed to indicate
potential risk to the receptor.

The EHQ for determining the effect of an inorganic (or organic) contaminant on an aquatic or
rerrestrial receptor that is exposed to the contaminant through the food chain is calculated using the

equation: .
EHQ = organism’s chemical dose 14
benchmark

where the benchmark is the NOAEL, LOAEL, or other indicator of a chronic toxic dose obtained
from the literature, and where the organism’s chemical dose is calculated using the equation for
calculating internal chemical doses to receptors (Section E-1,2,1 and E-1.2.2 in Appendix E).

5.4.3.1 Ecological Risk Summary. An ecological risk summary must be presented for the QRA,
summarizing the risk estimation calculations, discussing the potential additive effects of the
contaminants present at waste sites, and discussing the uncertainties involved in deriving the results
and conclusions of the QRA, The risk summary process should integrate all of the information
developed in the QRA, and present it in a format appropriate for the risk managers.

5.4.3.2 Uncertainty Evaluation. Significant uncertainty exists in the ecological QRA because of the
simplifying assumptions used, and because the science of ecological risk assessments is relatively
new, Most available information on the effects of ionizing radiation is based on acute dose situations,
not from low-dose exposure and chronic effect conditions (Rose 1992). The use of acute data
extrapolated to chronic levels is not always appropriate and must be viewed with caution, For
example, under chronic exposure conditions, there is a point at which damage caused by very low
concentrations of contaminants can be counteracted by a living organisms ability to repair damage.
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At this point, there is no adverse biclogical effect (Ophel et al, 1976) but this condition is not
considered in evaluation of the risk of radiological dose.

Toxicity information also presents uncertainties for both human and ecological risk assessments,
Animal toxicity values for many contaminants are based on acute-exposure animal studies, with the
effects extrapolated to estimate chronic dose levels for those animals. Also, in many cases, plant or
animal toxicity values are not available for the receptors of interest, so available data from related
species are used.

The EHQ approach is a frequently used technigue for estimating the potential for a toxic effect of a
contaminant on an individual organism. The NOAELs, LOAELs, or other dose benchmarks used to
calculate the EHQ usually represent responses to contaminants by individuals, and not responses by
populations or communities. Therefore, an EHQ of one (or greater than one) frequently represents a
potential risk to individual plants or animals (e.g., a mouse or a duck), but may have very little
relevance to the risk to a population of mice or ducks in a natural ecosystem.

5.4.3.3 Uncertainty for Source Operable Unit QRAs. The QRA for terrestrial ecosystems models
the potential exposure of mice assuming they live their entire life at the waste site. The following
conservative assumptions lead the QRA to conclusions that overestimate the risk at the waste site.

. Vegetation and physical conditions at the wasté sites are suitable habitat for mice,
. The mouse remains within the confines of the waste site for its entire life.

. The mouse eats only contaminated food.

U The concentrations of the contaminants at the point of exposure are the maximum

representative concentrations, not average or median concentrations.

. The contaminants are 100% bioavailable, and uniformly distributed within the abiotic
and biotic media.

. Plant-to-soil transfer coefficients, and other trophic level input parameters are usually
not specific to the Hanford Site.

. Only the food pathway is considered in the QRA to estitate risk to the Great Basin
pocket mouse (this assurnption would tend to underestimate risk).

5.4.3.4 Uncertainty for Groundwater Operable Unit QRAs, The QRA for aquatic (and riparian)
ecosystems models the potential exposure of site contaminants to several aquatic and riparian species.
Similar to the QRA approach for terrestrial ecosystems, the approach for aquatic ecosystems is
generally conservative. The QRA results will tend to overestimate the risk from groundwater
contamination. The following assumptions bias the QRA towards overestimating risk:

. "The receptor is assumed to remain within the contaminated zone, and obtain all its
food by eating contaminated vegetation or prey.

. The congentrations of the contaminants at the point of exposure are the maximum
representative concentrations, not average or median concentrations.
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. The groundwater flows (represented by near-river wells) are not diluted by bank
storage or as the groundwater enters the river.

. The contaminants are 100% bioavailable, and uniformly distributed within the abiotic
and biotic media.

. Only the food pathway, and/or direct absorption of contaminants from the water (for
fish and aquatic invertebrates) are considered in the QRA (this assumption would tend
to underestimate risk).

. Toxicity benchmark values (NOAELs, LOAELSs) are generally not available for the
native plant and wildlife species present at the site, so data from other related species
are used. (NOTE: this may overestimate or underestimate the risk),

The conservative approach used in the QRA for estimating ecological risk does not have a significant
effect on the conclusions of the QRA because the conclusions are used to compare the relative risk at
the different waste sites and all waste sites are assessed using the same conservative approach, The
results of the QRA, however, should not be used as an estimate of the risk at the waste sites, or even
as an approximate estimate of the contaminant con¢entrations that should be attained by remedial
actions at the site. . :
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A-1.0 EXPOSURE SCENARIOS

This appendix provides four exposure scenarios for use in Hanford Site risk assessments. The four
scenarios are: commercial/industrial, recreational, residential, and agricultural. Application of the
scenarios in individual risk assessments should be based on site-specific information and
characterization of exposed populations as discussed in Section 6.2.2 of RAGS (EPA 1989) and in
accordance with WAC 173-340-708. Additional information on scenario selection is provided in
Section 3.2.4. '

The scenarios provided below include discussions of the exposure assumptions and parameters used to
develop each scenario. The exposure parameters are based on a blend of conservative exposure
parameters from MTCACR (a potential state ARAR), site-specific parameters, standard EPA default
exposure parameters, and professional judgment. Based on the concept of reasonable maximum
exposure as recommended by RAGS (EPA 1989) and MTCACR (WAC 173-340-708), the most
conservative parameter is not always used. The rationale for the selection of specific exposure
parameters is presented under each exposure scenario.

A-2.0 COMMERCIAL/INDUSTRIAL SCENARIO

A site-gpecific industrial scenario should be developed and used as a current scenario if industrial
activities are currently conducted at the site. Site-specific exposure parameters related to type of
activities (e.g., office workers, maintenance workers, etc.), frequency and duration of activities (e.g.,
daily, monthly, etc.), and media contact (e.g., source of drinking water) should be applied and the
rationale for their use justified and documented in the risk assessment.

A default commercial/industrial scenario has also been developed for use as a future scenario or
wherever appropriate for current site-specific activities, This scenario represents exposures that may
occur to a person whose job at a site is primarily indoors, but would include some outside activities,
for example building and grounds maintenance, that could result in exposure to the soil sufficient to
incur soil ingestion and dermal contact exposures on a less than daily basis, If changes in the current
use of the Hanford Site occur, such a scenario could represent future commercial/industrial workers
that would have combination indoor/outdoor work responsibilities such as facility maintenance,
hardware/lumber sales, or farm equipment sales. The scenarios conservatively assume that workers
do not wear protective clothing while working,

A discussion of the pathways and assumptions used to evaluate the risk associated with the
commercial/industrial scenario is presented below. The pathways represent exposure pathways
recommended in EPA 1991, EPA Region-10, MTCACR, and Hanford Site-specific pathways (e.g.,
radionuclide exposures), as appropriate. Exposure parameters and factors for the
commercial/industrial scenario are summarized in Tables A-1, A-2, and A-3.

Several assumptions are common to all exposure pathways. Since adults are the only receptor
population, an exposure duration of 20 years (WAC 173-340-745) and body weight of 70 kg
(MTCACR, EPA 1991, EPA-10 1991) are used to evaluate carcinogenic and noncarcinogenic
contaminants. The averaging time for noncarcinogens is always equal to the exposure duration,
converted to days, while the averaging time for carcinogens is 70 yr (x 365 d/yr}, in accordance with
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EPA 1991. Although MTCACR uses a 75 yr averaging time, the derivation of EPA slope factors for
estimating Jifetime cancer risks is based on a 70 yr averaging time. The use of the 70 yr value results
in 4 more conservative estimate of the incremental lifetime cancer risk because the intake is averaged
over a shorter time period. Body weight and averaging time apply only to nonradioactive
contaminants, and are not used in the calculation of radionuclide intakes,

A-2.1 DIRECT SOIL EXPOSURE PATHWAYS

Three primary exposure pathways have been identified that should be evaluated as part of the
commercial/industrial scenario. These pathways include:

. Ingestion of contaminated soil
. Dermal contact with the soil
. External exposure from radionuclides in the soil.

The MTCACR provides standard exposure parameters for exposure to soil at industrial sites for the
ingestion pathway (WAC 173-340-745). These parameters are used in evaluating soil ingestion. For
purposes of the methodology, the same exposure frequency, exposure duration, body weight, and
averaging time are also applied to dermal contact with soil. Additional dermal exposure parameters,
as required, are based on the "Dermal Exposure Assessment: Principles and Applications” (EPA
1992). All parameters are presented in Tables A-1, A-2, and A-3 with appropriate references to the
source of the parameter. '

The MTCACR assumes a frequency of contact of (.4 to represent a reasonable maximum soil
exposure. This parameter has been retained for the commercial/industrial scenario. The climate at
the Hanford Site (hot summers and cold winters) supports the assumption that outside activities would
not be likely for most workers on a daily basis.

A-2.2 AIR EXPOSURE PATHWAYS

The potential air exposure pathways include:
- Inhalation of fugitive dust
. Inhalation of volatile emissions from the soil,

The MTCACR Method C provides parameters for evaluating industrial/commercial exposures to
airborne contaminants under WAC 173-340-750. These parameters are used for evaluating exposures
under the commercial/industrial scenario and are presented in Tables A-1, A-2, and A-3, The
exposure frequency of 250 d/yr, recommended by EPA 1991, is used to represent the number of
working days per year,
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A-2.3 GROUNDWATER EXTOSURE PATHWAYS

The potential groundwater exposure pathways (via wells) are:

. Direct ingestion of groundwater
. Inhalation of volatile contaminants from groundwater use at work
. Dermal contact with groundwater during showering.

For any of these pathways to be operable, the risk assessor should evaluate both the potential for
groundwater use and whether site-specific conditions or modeling indicate that contaminants from the -
site impact the groundwater.

Ingestion exposures of groundwater should be evaluated for all sites where groundwater use is likely.
Inhatation of volatiles and dermal contact with the groundwater should be guantitatively evaluated
when site contamination suggests these may be important routes of exposure {(e.g., volatile or organic
chemicals are present in the groundwater), The risk assessor should consult EPA 1992 and EPA-10
1991 for additional guidance on evaluating dermal exposures.

Specific parameters for evaluating exposure through ingestion of groundwater in the
commercial/industrial scenario are based on EPA 1991. These parameters have been selected because
the water intake parameters for Method B of MTCACR (e.g., included exposure of a child) and the
exposure parameters for Method C (2 L/d with institutional controls) are not typical of workplace
walter consumptions. Standard default parameters for dermal contact with water and inhalation of
volatiles from water use as provided in EPA 1991 and EPA-10 1991 are used for evaluating the
dermal contact and volatile inhalation pathway, Modification has been made to use the MTCACR
WAC 173-340-745 commercial/industrial exposure duration of 20 yr for all exposure pathways in this
scenario.

A-2.4 SURFACE WATER EXPOSURE PATHWAYS

The potential surface water exposure pathways are the same as those listed above for groundwater.
As with the groundwater pathway, the surface water pathways should only be considered if
site-specific conditions indicate that site contaminants will impact the surface water and surface water
is used at a site, Furthermore, the surface water pathway would generally be evaluated in place of
the groundwater pathway. Appropriate modifications would be required if both groundwater and
surface water were used at a site. The parameters for evaluating the surface water pathways are the
same as those used for evaluating groundwater exposure pathways.

A-3.0 RECREATIONAL SCENARIO

A recreational scenario is provided because recreational activities associated with the Columbia River
could result in exposure to hazardous substances released from the Hanford Site. As discussed above,
these recreational activities currently include activities such as hunting, fishing, boating, water skiing,
and swimming. The recreational scenario presented considers pathways related to these current
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activities and incorporates additional pathways, as appropriate, that may occur in the future should

recreational use of the Hanford Site be expanded. For use in current scenarios, only those exposure

pathways that are directly related to a site should be evaluated. For most risk assessments, this will

be limited to the surface water, air, sediment, and biota exposures since direct access to the Hanford *
Site for recreational purposes is limited to the bank of the Columbia River up to the high water mark.

Future scenarios could include on-site exposures pathways related to soil and groundwater.

Therefore, these pathways have been included in the recreational scenario.

A discussion of the pathways used to evaluate the risk associated with the recreational scenario is
provided below. The MTCACR, although acknowledging that recreational activities may occur at a
site, does not provide parameters for evaluating recreational exposures. Similarly, EPA does not
currently provide standard default parameters for exposures that may occur during recreational
activities other than for swimming (EPA 1991). Therefore, exposure parameters are derived based on
information contained in the "Exposure Factors Handbook” (EPA 1990), EPA 1991, EPA-10 1991,
EPA 1992, and residential exposure parameters of MTCACR, The rationale for the parameters used
is described in the pathway discussions, The exposure parameters are summarized in Tables A4,
A-3, and A-6 with appropriate references to the sources of the parameters,

Several assumptions are common to all exposure pathways, These are the exposure frequency, the
exposure duration, body weights, and the averaging times. Since much of the recreation is centered
around the Columbia River, the exposure frequency for swimming activities [7 d/yr (EPA 1989, EPA
1991)] is considered representative of time spent in outdoor activities during good weather, The
mean time that men and women spend in active sports and outdoors (i.e., activity categories 80 and
81 that include hiking, fishing, hunting, swimming, picnicking, etc.) is 1.70 hr/week (EPA 1990).
During the warmer weather months (¢.g., approximately 26. weeks/yr) this would correspond to about
6 days total (8 hr/d) in outdoor recreational activities. Therefore, 7 days is considered appropriate for
use as an exposure frequency for evaluation of recreational exposures, in the ahsence of site-specific
data. Then, for exposure pathways such as soil ingestion or inhalation where the exposure parameters
are "daily intake rates,” (see Tables A-3, A-6, A-7) the exposure frequency becomes 7 days per year,
24 hrs per day, while exposure during events such as swimming is limited by site-specific parameters
and the time actually spent performing the event.

If location-specific data becomes available that is representative of the actual frequency of various
outdoor activities in the Tri-Cities area, then this information should be used in place of these
estimations. A review of exposure parameters used in radionuclide dose surveillance is now being
conducted and may provide additional data for estimating recreational frequencies for the Tri-Cities
area. The one exception to this exposure frequency is for the ingestion of game and fish, for which
daily exposure is assumed.

The exposure duration is based on whether the receptors are exclusively children, exclusively adults,
or both adults and children, For example, the MTCACR recormmendation of children as the receptor
population for noncarcinogens is used for inhalation and soil and water ingestion routes. Dermal
exposures are evaluated for the RME combination, in accordance with EPA-10 1991. Exposure to
contaminants in biota is evaluated for adult receptors because consumption rates referenced in EPA
(1991) and WAC 173-340-730 are adult-specific,

Body weights are largely determined by the choice of receptor (i.e., child or adult), The child body

weight (16 kg) is consistent with MTCACR recommendations. The 70 kg adult weight is
recommended by MTCACR, EPA 1991, and EPA-10 1991,
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For noncarcinogens, the averaging time is equal to the exposure duration converted to days [i.e. yr x
(365 d/yr)] Although MTCACR uses a 75 yr averaging time for carcinogens, the derivation of EPA
slope factors for estimating lifetime cancer risks is based on a 70 yr averaging time. Therefore, the
averaging time for evaluating carcinogens is 70 yr (converted to days), in accordance with EPA 1991
and consistent with the assumptions used in the development of cancer slope factors. The use of the
70 yr value results in a more conservative estimate of the incremental lifetime cancer risk because the
intake is averaged over a shorter time period.

Body weight and averaging time apply only to nonradioactive contaminants, and are not used in the
calculation of radionuclide intakes (see Section 3.2,5.4).

A-3.1 DIRECT SOIL EXPOSURE PATHWAYS

These pathways include:

. Ingestion of soil
. dermal contact with soil
. external exposure to radionuclides.

These exposure pathways are those that would occur during outside recreational activities such as
picnicking, fishing, hunting, or hiking, All of these pathways are considered primary pathways that
should be evaluated for recreational exposures on the Hanford Site.

Other than the exposure parameters discussed above, the remaining parameters for recreational soil
exposures are based on MTCACR Method B residential soil exposures (WAC 173-340-740) with
modification as indicated below. For noncarcinogens, the parameters are a soil contact rate of 200
mg/d, an average body weight of 16 kg, and an exposure duration of 6 yr. The typical child-
exposure values are used because these are representative of a potentially sensitive subpopulation.

For carcinogens, the MTCACR Method B parameters have been modified to reflect the parameters
recommended by EPA 1991 and EPA-10 1991 except for the child body weight which for consistency
is 16 kg as recommended throughout the MTCACR. These modifications to MTCACR
recommendations have been made because the exposure to carcinogens at an earlier age is potentially
more toxicologically significant and should be considered. The use of these modified factors is more
conservative than the use of MTCACR parameters. The exposure parameters for carcinogens are as
follows: for children, ingestion rate of 200 mg/d, body weight of 16 kg, and exposure duration of 6
years; for adults, ingestion rate of 100 mg/d, body weight of 70 kg, and exposure duration of 24
years.

Dermal contact with soil by children and adults is also assumed to occur with the same frequency (7
d/yr) and duration as the soil ingestion pathways. The remaining dermal exposure parameters are
standard exposure factors provided in EPA 1992 or EPA-10 1991, as noted in the tables.
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A-3.2 AIR EXPOSURE PATHWAYS

The only air pathways considered in the recreational scenario are the inhalation of fugitive dust and
the inhalation of volatile emissions that may ‘be associated with a site. These are considered primary ~
exposure pathways and should be evaluated in the recreational scenario. The frequency of contact is "
7 d/yr, consistent with the soil exposure pathways. The remainder of the parameters are the same as
those provided in the MTCACR (WAC 173-340-750).

A-3.3 GROUNDWATER EXPOSURE PATHWAYS

The direct ingestion of groundwater is provided as a potential exposure pathway only if groundwater
is likely to be a source of drinking water. The contact rates and other exposure factors are the same
as provided in Method B of MTCACR (WAC 173-340-720) except for the exposure frequency (7
d/yr). Under current recreational exposure scenarios, groundwater is not accessible for consumption
. except possibly at some springs along the river,

The potential exposure to groundwater contaminants via other pathways such as dermal absorption
from contact with the groundwater or the inhalation of volatiles is not recommended for quantitative
assessment. If contaminants at a site suggest that this may be a significant pathway (i.e., extensive
groundwater contamination with organics or volatiles), then the risk can be assessed quantitatively.
For most cases, it is assumed that a qualitative evaluation will be appropriate.

A-3.4 SURFACE WATER EXPOSURE PATHWAYS

The direct ingestion of surface water is provided as a potential exposure pathway only if surface water
is likely to be a source of drinking water. The contact rates and other exposure factors are the same
as provided in Method B of MTCACR for ingestion of groundwater except for the exposure
frequency (7 d/yr). The consumption of surface water as a primary drinking source would be in
place of groundwater as a drinking source.

Dermal contact with surface water in the Columbia River during swimming should be assessed if site
contaminants impact the Columbia River. The exposure parameters provided are standard default
parameters for swimming (EPA 1992). Dermal absorption should only be quantitatively assessed if
sufficient information is available to derive an appropriate chetnical-specific absorption factor. If
absorption information is unavailable, this pathway may be qualitatively evaluated.

A-3.5 SEDIMENT EXPOSURE PATHWAYS FOR THE COLUMBEIA RIVER

These pathways are considered secondary pathways that should be assessed only if there is sufficient
information to identify sediment impacts from a specific site. Direct ingestion of sediment that may
occur during swimming events should be evaluated using soil ingestion parameters. Dermal contact
with sediment may also occur during swimming or wading events. Exposure by the dermal route
would be limited because sedirment would continually be washed off by contact with the water.
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A-3.6 BIOTA EXPOSURE PATHWAYS

Several potential recreational exposure pathways related to the ingestion of biota should be considered
for the recreational scenario. It is important that a plausible connection be made between the
contamination at a site and the likelihood that biota are impacted by contaminants from that site. All
analysis of biota pathways should be well-documented in the risk assessment. The potential exposure
pathways include:

. Ingestion of fish from the Columbia River

. Ingestion of game (deer) foraging on contaminated sites
. Ingestion of waterfowl

. Ingestion of native plants,

Parameters for evaluating these exposure pathways are provided in Tables A4, A-5, and A-6.
Parameters for evaluating risk associated with consumption of waterfowl (e.g., geese and duck) have
not been developed by any of the regulatory agencies. These parameters should be developed on a
case-by-case basis using professional judgment. The Washington Department of Wildlife (WDOW)
provides annual small game harvest summaries that can be used in determining hunter success rates
in the region.

The MTCACR specifies that soil cleanup levels for other nonresidential site uses such as recreational
ot agricultural uses shall be established on a case-by-case basis, and these cleanup levels shall be at
least as stringent as method C cleanup levels (WAC 173-340-740). Although a recreational scenario
is presented here, it is very likely that under current land use other scenarios, such as the ‘
commercial/industrial scenario, may dominate the estimation of risk associated with a site, In many
cases, the exposures resulting from recreational use will be less than an industrial exposure because
the frequency, duration, and magnitude of the recreational exposure is less. An exception to this
would be if contamination in the food chain (not evaluated under the commercial/industrial scenario)
resulted in high exposures, '

Revisions in the recreational scenario may be required when options under consideration for the
Hanford Reach are finalized. The consideration of the Hanford Reach for protection may change
potential recreational nses along the river and on the Hanford Site bordering the river.

A-4.0 RESIDENTIAL SCENARIO

Residential land use of the Hanford Site does not currently occur, and it does not appear likely in the
foreseeable future (DOE-RL 1990). Residences are currently located downwind, down river, and in
the vicinity of the site. . The current residential exposures are primarily limited to contaminants in
mobile media, specifically air, water, and some biota such as fish or wildlife. If residential use
occurred in the future, on-site receptors would also have the potential for exposure to soil
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contaminants, The Hanford Future Site Uses Working Group (HFSUWG 1992) identified eight future
use options and two cleanup scenarios for the Hanford Site. While none of these include specific
future use of the Hanford Site for residences the “unrestricted” cleanup sc