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Final Work Plan for Screening Level Risk Assessment for the RPP-WTP

4. Screening Level Risk Assessment and Constituents of
Potential Concern

The SLRA must serve several purposes including: (1) meeting EPA guidance specifications;

(2) providing risk information for additional stakeholders, including Native American tribes and other
public members; (3) identifying potential financial risk associated with building and operating the River
Protection Project — Waste Treatment Plant (RPP-WTP); and (4) providing the information necessary to
determine what, if any, additional permit conditions are necessary for the operation of the RPP-WTP to be
protective of human health and the environment. For these reasons, the overall approach for the screening
level risk assessment (SLRA) will be to identify potential risk associated with a worst-case exposure
scenario as well as a plausible exposure scenario.

e  The worst-case exposure scenario represents worst-case assumptions regarding the location of
receptors, exposure pathways, and activity patterns (e.g., subsistence fishing). The receptor locations
used in the worst-case scenario are considered hypothetical since the assumed activities
(e.g., resident, subsistence farmer) do not currently occur in these locations nor are they expected to
occur in the future.

e The plausible exposure scenario represents more realistic assumptions regarding the location of
receptors. It reflects current uses of the surrounding land and habitats and reasonable assumptions
about future land uses. :

As with the worst-case exposure scenario, the plausible exposure scenario will incorporate conservative
assumptions regarding human and ecological exposure patterns as the standard for the deterministic
(as opposed to probabilistic) risk modeling.

The preliminary risk assessment (PRA) will be conducted prior to construction of the RPP-WTP. This
PRA will rely on assumptions of potential emissions and operating conditions. The final risk assessment
(FRA) will be conducted after construction of the RPP-WTP and completion of the environmental
performance demonstration. The FRA will utilize real emissions data from the environmental
performance demonstrations and focus on characterizing any potentially significant risks identified in the
PRA.

The PRA will be performed first and is discussed in more detail in this Work Plan. Requirements for the
FRA will be partially dictated by the results of the PRA and environmental performance demonstrations.
The FRA will include estimated emissions based on engineering calculations (pretreatment system
emissions and abated fugitive emissions) and environmental performance demonstration for the LAW and
HLW vitrification systems.

Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 1998a)
recommends the selection of Constituents of Potential Concern (COPCs) to focus on compounds that

(1) are likely to be emitted, due to the presence of the compound or its precursors in the waste feed;

(2) are potential products of incomplete combustion, (3) are potentially toxic to humans; and/or (4) have a
definite propensity for bioaccumulating or bioconcentrating in human and ecological food chains. The
COPC selection process described in EPA 1998a includes six steps:
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1 Start with a list of all compounds analyzed for in the environmental performance demonstrations and
note which compounds were detected according to analytical tests listed in the Quality Assurance
Project Plan for the Environmental Performance Demonstration (BNFL 1999b).

2 Evaluate the type of waste in Envelopes A through D to determine whether any of the compounds that
were not detected should be retained as COPCs because they are present in the waste.

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

4  Exclude compounds that are not detected, are not components of the waste, and do not have a high
potential to be products of incomplete combustion (PICs).

5 T raluatethe30la t tatively identified compounds (TICs) to determine whether any of these
compounds have toxicities similar to the detected compounds. If they do not, consider surrogate
toxicity data.

6 Evaluate compounds that may be of concern due to other site-specific factors. Include as COPCs any
compounds that are a concern due to site-specific factors and may be emitted by the combustion unit.

This process will utilize data collected during the environmental performance demonstration. Because the
PRA will be performed before the environmental performance demonstration results are available, it will
be necessary to develop a list of COPCs and a list of ROPCs based on information and assumptions rather
than emissions measurements. The following sections describe the strategy for identifying PRA
chemicals of potential concern (COPCs) and radionuclides of potential concern (ROPCs). The
COPC/ROPC selection process is summarized in Figure 4-1. The term COPC is used to represent
chemicals associated with the tank waste and melting process, while the term ROPC refers to radioactive
constituents of potential concern.

Vapor phase emissions are those emitted as volatile gases. Particle phase emissions are particulate
constituents (generally metals or other inorganics). Particle-bound emissions are gaseous constituents
that are bound to other particles.

4.1. Preliminary Chemicals of Potential Concern (COPCs)

The preliminary list of COPCs was compiled using input from the Regulatory Data Quality Objectives
Supporting Tank Waste Remediation System Privatization Project (Wiemers et al. 1998), the list of PICs
identified in Table A.1 of Human Health Risk Assessment Protocol for Hazardous Waste Combustion
Facilities (EPA 1998a) and the criteria pollutants regulated by the National Ambient Air Quality
Standards. Tables A-1 through A-5 in Appendix A of this Work Plan list 424 nonradioactive Preliminary
COPCs evaluated for the SLRA. Final COPCs carried through the quantitative risk assessment will be all
COPCs for which necessary toxicity data, physical/chemical parameters, and analytical methods are
available. COPCs not included in the quantitative risk assessment will be qualitatively addressed in the
uncertainty assessment. The COPC list will be re-evaluated for the FRA following the environmental
performance demonstration. The derivation of Tables A-1 through A-6 is discussed below and
summarized in Figure 4-1.

4.1.1. Regulatory Data Quality Objectives

Analytes considered during the Regulatory Data Quality Objectives process (Wiemers et al 1998) were
selected from a large universe of regulated constituents using technically defensible decision logic. The

Page 4-2
28 April 2000




—
OOV ~NON LN h WN =

S DL LY LW LW LW WL WLNRNNDRNDNDRNNDNDRNDN /= /= = e e s

RPT-W375-EN00001, Rev. 1
Final Work Plan for Screening Level Risk Assessment for the RPP-WTP

decision logic selected compounds that could plausibly be in the waste feed and of concern relative to the
risk assessment and permitting activities. A consolidated list of 850 chemical compounds

(Wiemers et al. 1998) was used as the input for the regulatory data quality objectives (DQOs) process.
This list of compounds included:

e Toxic Air Pollutant lists Class A (WAC 173-460-150, toxic air pollutants: known, probable, and
potential human carcinogens and acceptable source impact levels) and Class B (WAC 173-460-160,
toxic air pollutants, and acceptable source impact levels).

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

° wble .2l ..nk  T) Systen ~ rous F7 ‘e P it Application (DOE-RL 1991) constituents,
except for waste code F039. To aare, no landfill leachate has been added to the tanks. ..ierefore,
these compounds were not included in the regulatory DQO database used to select the COPCs.

e DST Waste Stream Profile Sheet constituents.

The list of 850 compounds was screened to arrive at a final list consisting of 139 organic and 49 inorganic
compounds. The initial list of 125 organic compounds includes polychlorinated biphenyls (PCBs). This
class of compounds includes 209 separate congeners. Fourteen of these congeners (the coplanar PCBs)
are considered to be “dioxin-like” and are evaluated individually. These 14 coplanar PCBs were added to
the regulatory DQO list of 125 resulting in a total of 139 organic compounds. Tables A-1 and A-2 in
Appendix A identify these organic and inorganic COPCs, respectively. A brief discussion of the
methodology and criteria used in the regulatory DQOs to narrow the initial input list is included below.
Additional details regarding this process are provided in Wiemers et al. 1998.

The organics were screened based upon the following:

Detectability in the single-shell/double-shell waste
Stability in the DST environment

Toxicity and carcinogenicity

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

The inorganics were established by the following:

Listing the inorganic compounds and metals in the input of the starting lists
Consolidating the list of metals and ions

Comparing the resulting list to the Hanford Site waste inventories
Considering the applicability of SW-846 (EPA 1986) analytical methods
Assessing alternative sources of information

Toxicity criteria were not used to screen inorganic chemicals because the starting list of inorganics was so
much shorter than the list of organic chemicals and there was not as large an unknown component to the
inorganics (i.e., not as many compounds that were not detected).
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4.1.2. Environmental Protection Agency Products of Incomplete Combustion

The organics and inorganics retained by the DQO process were compared to the EPA list of
recommended and potential PICs contained in Table A.1 from EPA 1998a. The 139 organic compounds
listed in Table A-3 in this Work Plan are the “Chemicals Recommended for Identification” and the
“Chemicals for Potential Identification” that were originally identified in Tables 1 and 2 of the Draft
Exposure Assessment Guidance for Resource Conservation and Recovery Act Hazardous Waste
Combustion Facilities (EPA 1994a). In addition, compounds identified in combustion unit emissions and
stack emissions originally identified in the Review Draft Addendum to the Methodology for Assessing
Health Risks Associated with Indirect Exposure to Combuster Emissions (EPA 1993d) were included. All
148 PICs from Table A.1 of EPA 1998a not already included as part of the DQO COPCs were added.
These additional 148 COPCs are listed in Table A-3 in Appendix A of this report. This was done to
assure a conservative approach.

4.1.3. Site-Specific Products of Incomplete Combustion

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

4.1.4. Chemicals Screened in the DQO Process

EPA Region X (1999) does not agree with the screening of chemicals based on toxicity. Therefore, all
chemicals not included in the DQO due to low toxicity, regardless of other factors (e.g., number of
detects) are included in the list of preliminary COPCs.

The DQO process identified 146 regulated organic chemicals with positive detects in the liquid or vapor
phase of the tank waste (PNNL, 1998 — Table B.5). These chemicals were carried through a toxicity
ranking which identified 19 higher toxicity chemicals (PNNL, 1998 — Table B.6) and 127 lower toxicity
chemicals. All 19 higher toxicity chemicals were retained for analysis (i.e., included with the 188
chemicals identified by the DQO in Figure 4-1 of this RAWP). Eighty-one of the lower toxicity
chemicals were also retained for analysis (PNNL, 1998 — Table B.34). The remaining 46 chemicals were
eliminated based on the following: 42 had <10 detects (PNNL, 1998 — Table B.8), 2 were common
laboratory contaminants (PNNL, 1998 — Table B.30), and 2 required unique methods for analysis
(PNNL, 1998 — Table B.32).

The 46 low toxicity regulated organic chemicals, with positive detects eliminated from the DQO, were
compared to the PICs previously added to the list of preliminary COPCs (sections 4.1.2 and 4.1.3 of this
RAWP). Based on this comparison, an additional 26 regulated organic chemicals with positive detects
eliminated from the DQO due to low toxicity and having <10 detects or unique methods for analysis were
added to the list of preliminary COPCs. These 26 additional chemicals are listed in Table A-5 under the
heading “Detected Chemicals eliminated due to low toxicity”.

The DQO process further identified 90 regulated organic chemicals that could plausibly be in the tanks ‘r
but which were never detected (PNNL, 1998 — Table B.22). These chemicals were carried through a i
toxicity ranking which identified 25 higher toxicity chemicals (PNNL, 1998 — Table B.24) and 65 lower

toxicity chemicals (PNNL, 1998 — Table B.23). All 25 higher toxicity chemicals were retained for
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analysis (i.e., included with the 188 chemicals identified by the DQO in Figure 4-1 of this RAWP). The
65 lower toxicity chemicals were eliminated.

The 65 low toxicity regulated organic chemicals with no detects, previously eliminated from the DQO,
were compared to the PICs previously added to the list of preliminary COPCs (sections 4.1.2 and 4.1.4 of
this RAWP). Based on this comparison, an additional 41 regulated organic chemicals with no detects
eliminated from the DQO due to low toxicity were added to the list of preliminary COPCs. These 41
additional chemicals were listed in Table A-5 under the heading “Non-detected chemicals eliminated due
to low toxicity™.

4.1.5. Criteria Pollutants

National Ambient Air Quality Standards (NAAQS) have  n established for six criteria pollutants
(sulfur dioxide, particulate matter, .1 - ozone,nitrr  nc¢  iade,andl 7. These {
pollutants will be addressed in the Prevention of Significant Deterioration (PSD) permit application for
this facility. In addition, five of these criteria pollutants are added to the list of preliminary COPCs. Lead
was previously included in the COPCs identified by the regulatory DQO process.

4.2. Preliminary Radionuclides of Potential Concern (ROPCs)

The preliminary radionuclides of potential concern (ROPCs) were established based upon Standard
Inventories of Chemicals and Radionuclides in Hanford Site Tank Wastes (Kupfer et al. 1997).
Information used to establish the global inventories originated from key historical records, various
chemical flowsheets used in reprocessing of irradiated Hanford Site reactor fuels, and from calculations
of radionuclide isotope generation and decay. Predominant Radionuclides in Hanford Site Waste Tanks
(Boothe 1996) provides the basis to consider 40 radionuclides that are estimated to present over 99% of
the inherent radiological risks in each of the following five categories for human receptors:

Long-term or short-term inhalation hazards
Long-term groundwater hazards

Long-term external radiation hazards
Short-term shielding concerns

Short-term volatile hazards

An additional six radionuclides (yttrium-90, barium-137m, europium-155, curium-242, curium-243, and
plutonium-242) were added to the list of 40 because they are important in the source term. The resulting
list of 46 radionuclides shown in Table A-6 in Appendix A of this Work Plan comprises the ROPCs.
These 46 radionuclides represent around 99% of the activity associated with the 177 single-shell and
double-shell waste tanks at the Hanford Site.

4.3. Selection of Final COPCs/ROPC:s for the Quantitative Preliminary Risk Assessment |

The preliminary COPCs and ROPCs identified in Tables A-1 through A-6 include an extensive list of
chemicals and radionuclides (1) potentially present in the waste to be processed and (2) potentially
produced as PICs during the processing of waste. Constituents are deleted from the final list of
COPCs/ROPCstobe  1ed through the quantitative risk assessment because:

e Appropriate human health or ecological toxicity data are not available to quantitatively evaluate
potential effects of the constituent;
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e Appropriate physical/chemical parameters are not available to quantitatively evaluate potential
emissions or fate and transport behavior of the constituent through the environment; or

¢ Emission estimates are not available .

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

4.3.1. Selection of Organic COPCs for Inclusion in the Quantitative PRA

The 370 organic preliminary COPCs identified as described in section 4.1 and Figure 4-1 are listed in
Table 4-1 and have been grouped into the following classes:

Tt T T m e ers “-—* --pla='~ "-~anics Compounds (SVOCs)
Aromatic Halogenated Hydrocarbons Dioxin and Furan Compounds
Aromatic Nonhalogenated Hydrocarbons Polychlorinated Biphenyls (PCBs)
Non-aromatic Nonhalogenated Hydrocarbons Phthalates
Non-aromatic Halogenated Hydrocarbons Light Polynuclear Aromatic Hydrocarbons
(PAHs) [molecular weight (MW)<200 g/mole]
Heavy PAHs (MW>200 g/mole)
Light Substituted Benzene Compounds
(MW<200 g/mole)

Other Light SVOCs (MW<200 g/mole)
Other Heavy SVOCs (MW>200 g/mole)
Herbicides and Organochlorinated Pesticides

EPA 1994a has identified several of these categories (dioxins/furans, PAHs, PCBs, phthalates, other

chlorinated organics and nitroaromatics) as having the highest potential to cause increased risk to human
health via indirect exposures.

Organic Chemicals with Adequate Toxicity Data

Toxicity data appropriate for the evaluation of potential impacts to human health due to chronic or acute
exposures are available from the sources listed in section 7.2 of this workplan.

Toxicity data appropriate for evaluation of chronic exposures to organic COPCs are summarized in
Appendix C. Of the 370 organic preliminary COPCs, about 200 have appropriate toxicity data available
for the evaluation of potential chronic effects (cancer and/or non-cancer). More than another 30 organic
COPCs can be evaluated for potential chronic effects using toxicity equivalency factors (see sections
7.2.3,7.2.4,and 7.2.5).

Toxicity data appropriate for the evaluation of potential effects resulting from acute (i.e., 1 hour) exposure
to organic COPCs are provided in Table 4-4. This table identifies over 260 of the organic preliminary
COPCs with appropriate toxicity data available for evaluation of potential acute effects.

Sources of toxicity data for evaluation of potential impacts to ecological receptor populations are
described in section 8.3, Effects Assessment Calculations, of this workplan. These data are summarized
for organic preliminary COPCs in various tables in Appendix C. Different toxicity data are provided for
each of the different types of receptor populations to be evaluated (e.g., aquatic invertebrates). Organic
constituents having appropriate toxicity data available for at least one ecological receptor of interest are
found in Appendix C.
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Only estimated emission rates are needed to model COPC concentrations in air and soil. Additional
physical/chemical data are required to model COPC transport through and uptake by other environmental
media (e.g., plants, beef, fish, and other biota). Quantitative exposure modeling will be performed for all
pathways and COPCs with appropriate physical/chemical data. If physical/chemical data are available for
some but not all pathways (e.g., plant uptake factors are available but beef uptake factors are not) for a
COPC, those pathways with available data will be included in the quantitative risk assessment.

Organic “~micals with Emission Rate Estimates
Organic

Potential emission rates will be estimated as described in the Air Quality Permit Application and
especially Appendix B of the three parts of the Application, and Section 3 of this Work Plan. The list of
COPCs for which there are emission rates is provided in Appendix E. Estimated emission rates will be
available for 269 organic COPCs.

The final list of organic COPCs that will be included in the quantitative PRA is provided in Appendix D.

COPC:s not carried through the quantitative PRA will be discussed qualitatively in the uncertainty
evaluation.

4.3.2. Selection of Final Inorganic COPCs for Inclusion in the Quantitative PRA
Inorganic COPCs are summarized in Table 4-2.

Inorganic Chemicals with Adequate Toxicity Data

Toxicity data appropriate for the evaluation of potential impacts to human health due to chronic or acute
exposures are available from the sources listed in section 7.2 of this workplan.

Toxicity data appropriate for evaluation of chronic exposures to inorganic COPCs are summarized in
Appendix C. Of the 54 (the 49 and the 5 criteria pollutants) inorganic preliminary COPCs, about 20 have
appropriate toxicity data available for the evaluation of potential chronic effects (cancer and non-cancer).
Two other chemicals without toxicity values can be evaluated for media-specific he: h based effects; see
sections 7.2.7 and 7.2.9.

Toxicity data appropriate for the evaluation of potential effects resulting from acute (i.e., 1 hour) exposure
to inorganic COPCs are provided in Table 4-4. This table identifies about 50 of the inorganic preliminary
COPCs with appropriate toxicity data available for evaluation of potential acute effects.

Sources of toxicity data for evaluation of potential impacts to ecological receptor populations are
described in section 8.3 of this workplan. These data are summarized for inorganic preliminary COPCs in
various tables in Appendix C. Different toxicity data are provided for each of the different types of
receptor populations to be evaluated (e.g., aquatic invertebrates). Inorganic constituents having
appropriate toxicity data available for at least one ecological receptor of interest are found in Appendix C.

Inorgani = 7L Adequate Physical/Chemical Data

As previously described for organic COPCs, only estimated emission rates are needed to model COPC
concentrations in air and soil. Additional physical/chemical data are required to model COPC transport
through and uptake by other environmental media (e.g., plants, beef, fish, and other biota). Quantitative
exposure modeling will be performed for all pathways and COPCs with appropriate physical/chemical
data. If physical/chemical data are available for some but not all pathways (e.g., plant uptake factors are
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available but beef uptake factors are not) for a COPC, those pathways with available data will be included
in the quantitative risk assessment.

Inorganic Chemr-~~'s Emission Rate Estimates

Estimated emission rates will be available for 53 of 54 inorganic COPCs. They will be developed in the
Air Quality Permit Application and especially Appendix B of the three parts of the Application.

The final list of inorganic COPCs that will be included in the quantitative PRA is provided in
Appendix D. COPCs not carried through the quantitative PRA will be discussed qualitatively in the
uncertainty evaluation. In addition to the inorganic COPCs, ROPCs having potential health effects not
associated with radioactivity will be evaluated as inorganic COPCs.

4.7~ € " ctic of Final F " PCs for Inclusion in the Quantitative PRA

Preliminary ROPCs are summarized in Table 4-3.

Radionuclides with adequate Toxicity Data

Toxicity data appropriate for the evaluation of potential impacts to human health due to chronic or acute
exposures are available from the sources listed in section 7.2 of this workplan.

Toxicity data appropriate for evaluation of chronic exposures to ROPCs are summarized in Table 4-3. Of
the 46 preliminary ROPCs, 46 have appropriate toxicity data available for the evaluation of potential
chronic effects. Toxicity data appropriate for the evaluation of potential effects resulting from acute (i.e.,
1 hour) exposure to ROPCs are provided in Table 4-4.

Sources of toxicity data for evaluation of potential impacts to ecological receptor populations are
described in section 8.3 of this workplan. These data are summarized for preliminary ROPCs in
Appendix C. ROPCs having appropriate toxicity data available for ecological receptors are found in
Appendix C.

Radionuclides Chemic~'~ with Adequate Physical/Chemical Data

As previously described for COPCs, only estimated emission rates are needed to model ROPC
concentrations in air and soil. Additional physical/chemical data are required to model ROPC transport
through and uptake by other environmental media (e.g., plants, beef, fish, and other biota). Quantitative
exposure modeling will be performed for all pathways and ROPCs with appropriate physical/chemical
data. If physical/chemical data are available for some but not all pathways (e.g., plant uptake factors are
available but beef uptake factors are not) for an ROPC, those pathways with available data will be
included in the quantitative risk assessment.

Radionuclides with Emission Rate Estinmr~*~3

Estimated emission rates will be available for 18 of 46 preliminary ROPCs. They will be developed in
the Air Quality Permit Application and especially Appendix B of the three parts of the Application.

The final list of ROPCs that will be included in the quantitative PRA is provided in Appendix D. ROPCs
not carried through the quantitative PRA will be discussed qualitatively in the uncertainty evaluation.
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Figure 4-1. Selection of Constituents of Potential Concern

Chemical Radionuclide
COPCs COPCs
Consolidated list of compounds Radionuclides in tank
used as input for regulatory DQO list waste representing 99%
(Wiemers et al. 1998) of the total hazard
- Toxic Air Pollutant (TAP) lists Classes A (WAC 173-450-150)
and B (WAC 173-460-180).
+ Underlying Hazardous Constituents (UHC) fist (40 CFR 268.48).
- Universal Treatment Standards (UTS) list (40 CFR 268.48).

+ Double-Shell Tank System Dangerous Waste Permit Application
(DOE-RL 1991) constituents, except for waste code F039.

- Double-Shell Tank Waste Stream Profile Sheet constituents. Radionuclides
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5. Quantification of Emissions

Following the identification of constituents of potential concern (COPCs) (section 4), emission rates must
be estimated for each chemical and radionuclide source. These emission rates will be used along with air
dispersion modeling to estimate exposure point concentrations for both human and ecological receptor
populations. Emission rates will be estimated for the preliminary risk assessment PRA (section 5.2) and
final risk assessment FRA (section 5.3) as described below and in section 3. The primary difference
between the PRA and the FRA is the estimation of emission rates. In the PRA, estimation of emission
rates relies upon modeling and engineering designs, while the FRA utilizes environmental performance
demonstration results to estimate emission rates. Both assessments rely on modeling to estimate exposure
point concentrations resulting from these emissions.

5.1. Emission Sources

The SLRA will evaluate potential emissions from three operating conditions as specified by EPA 1998a
guidance and defined below:

Stack Emissions — Chemicals and radionuclides released from the waste treatment plant stacks as a result
of normal (also known as routine) operations.

Process Upset Emissions — Chemicals and radionuclides released from the waste treatment plant stacks
as a result of nonroutine operations (such as a process malfunction). Upset emissions are assumed to be
at a greater rate than normal stack emissions because the upset condition is assumed to result in decreased
destruction or removal efficiency (DRE) or increased PIC formation. However, upset emissions are for a
shorter duration. For the PRA, the conservative assumption that all upset conditions result in increased
emission rates for short durations will be used, as described in section 5.2.2.

Fugitive Emissions — Fugitive emissions include chemicals and radionuclides released from the waste
treatment plant from all non-stack sources (such as chemical storage areas). EPA guidance includes leaks
from the combustion chamber due to “puffs” as a source of fugitive emissions. A “puff” results when a
shug of high British Thermal Unit (BTU) waste is burned causing a rapid increase in the formation of
combustion gases that exceeds the vol 3 of the combustion chamber. Waste processed by the waste
treatment plant will be of uniformly low BTU content.

Potential accidental releases (such as failure of tanks or transportation accidents) will not be included in
the SLRA. Accident scenarios are addressed in the hazards analysis and other nuclear and process safety
documents.

5.2. Emission Assumptions for the Preliminary Risk Assessment

The PRA will be conducted prior to construction of the waste treatment plant; therefore, no site-specific
emission data will be available for the plant. A combination of data from other facilities. process and
design information, model data, laboratory studies, and default assumptions will be use to estimate
emission rates for COPCs and ROPCs for the PRA. These data, when available, will be published in the
Work Plan. Otherwise, they will be published in the PRA report.
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5.2.1. Stack Emissions

The following sections describe the waste feed, assumptions associated with the waste feed, and the
approaches used for estimating stack emissions for different categories of COPCs and ROPCs. For the
PRA different approaches will be used to estimate stack emissions for different categories of

DPCs/ROPCs (i.e., COPCs present in waste feed) as described below. Actual emission rate calculations
will be developed in the Air Quality Permit Application and especially Appendix B of the three parts of
the Application and summarized in section 3 of this Work Plan. Estimated emission rates will be
tabulated in Appendix E. :

5.2.1.1. COPCs/ROPCs in Waste Feed

The RPP-WTP plant includes four treatment plants: pretrea” nt, LAW pretreatment, AW vitrification,
"HLWwvitrif lon-" ~ ~Tasfr c‘hetrez mntplants may be combined before exiting the plant
stack. The following four waste types will be treated in the RPP-WTP:

o Envelc—~ A. This LAW feed envelope will contain cesium and technetium at concentrations high
enough to warrant their removal during pretreatment, to ensure the ™ AW glass meets applicable
requirements.

e Envelope B. This LAW feed envelope will contain higher concentrations of cesium than Envelope A.
Both cesium and technetium will be removed to comply with the specifications for ILAW. This
envelope will contain higher concentrations of chlorine, chromium, fluorine and phosphates, and
sulfates, than those found in Envelope A, which may limit the rate of waste incorporation into the
glass.
T---~1-pe C. This LAW feed envelope will contain organically complexed strontium and transuranic
(I'RU) compounds, that will require removal in a processing step unique to this waste envelope. As
with Envelopes A and B, cesium and technetium will also require removal in the pretreatment process
to ensure that the ILAW specifications can be met.

e Envelope D. HLW feed envelope will be in the form of a slurry containing 10 to 200 grams of solids
per liter of slurry. The liquid fraction of the slurry will be comprised on envelope A, B, or C waste,
and the solid fraction will be Envelope D waste. Envelope D waste will be delivered via pipeline into
a receipt vessel or vessels located in the pretreatment plant.

Waste in Envelopes A, B, and C will be treated by the LAW treatment train. As part of this treatment,
solids, cesium, strontium/TRU (Envelope C only), and technetium will be removed from the waste during
pretreatment (that is, prior to entering the melter). The amount of waste from each envelope will depend
on the sodium content of the waste. Waste Envelope D, which includes the solids, strontium,
transuranics, cesium, and technetium removed from Envelopes A, B, and C, will be treated by the HLW
treatment train.

Waste feed may vary over the operating lifetime of the waste treatment plant. Initial plans call for the
plant to process Envelope B (LAW) waste through the pretreatment system only (that is, without
vitrification) and Envelope D (HLW) through the entire process for the first two years. During the next
nine years of operation both LAW (Envelopes A, B, and C) and HLW (Envelope D) will be processed
through the waste treatment plant.
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As a conservative approach, the following assumptions will be used in estimating waste feed rates for the
PRA.

o The waste treatment plant will operate at full capacity starting at year 1 (that is, the first two years of
reduced throughput will not be accounted for).

o The waste treatment plant will operate at full capacity for the entire 40-year design life of the facility.
This assumed operating period is longer than the operating period covered by the current permit
application.

o Waste feed volume for years 1 and 2 will be equal to those expected for each year 3 through 40. This
is a conservative assumption because the waste feed for years 1 and 2 will actually be less than for
each year 3 through 11 and m ~ belier hat the waste feed volume for the following
s th hd40 will be

* Acceptance of waste feed by the waste treatment plant will be based on the feed parameters for which
the pretreatment and vitrification processes are designed. The constituent concentrations defined in
the waste envelopes represent the maximum anticipated constituent concentrations in the waste feed.

o The concentration of each inorganic COPC and ROPC in the LAW waste used to estimate emission
rates for the PRA will be the maximum envelope concentration limits or the maximum concentration
reported in the most recent characterization data, whichever is larger. For organics, the COPC
concentrations will represent the estimated total mass of total organic carbon (TOC) assumed to be
present in the feed less the mass known to be accounted for by chelating agents and simple organic
acids.

e The concentration of each COPC and ROPC in the HLW waste used to estimate emission rates for the
PRA will be the maximum feed composition limit for this waste. The maximum feed composition
_limit is conservatively estimated based on:

- Envelope D concentration limits

- A maximum solids content of 200 g/L

- A minimum sodium concentration of 3M

- An assumption that all of the solids in the waste are present in their oxide form

Measured constituent concentrations reported in the Tank Waste Information Network System (TWINS)
Tank Characterization Database (PNL 1998) do not exceed the envelope concentration limits for any
constituents.

Emission rate estimates for organic and inorganic COPCs and ROPCs in the waste feed will be estimated
as described below.

- © 7 7 " in Waste Feed

Organic chemicals are not the primary component of the waste material to be processed by the waste
treatment plant; however, a variety of organic chemicals will be present in the waste material. Table 4-1
identifies the organic COPCs potentially present in the waste feed. The COPCs that are not products of
incomplete combustion (PICs) (that is, that are potentially present in the waste feed) will be modeled
through the process and treatment train. The COPCs will be used to represent the TOC mass in the waste
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feed, less the mass known to be chelating agents or simple organic acids. The TOC mass in the waste
feed will be estimated in the following manner.

To maintain a conservative bias in the risk assessment, it 1s assumed that the waste feed will contain 9%
organic carbon. This is more than twice the organic concentration allowable under the BNFL Inc.
contract. Samples were collected and analyzed for organic chemicals from two tanks in August 1999
(Klinger et al., 1999). One sample and a duplicate were analyzed from each tank. These two tanks are
estimated, by BNFL, to have some of the highest concentrations of organic chemicals in Hanford tank
waste. The results of this analysis showed that tank AN107 had higher concentration of organic
chemicals. Historical analyses of Hanford tank wastes have revealed that 78% to 99% of TOC can be
accounted for by chelating agents and simple organic acids (Campbell et al. 1995). Assuming the most
conservative contribution of organic constituents are hazardous constituents, other than chelating agents
(22%), the most conservative TOC in the waste feed (9%), and a conservative density of the waste, the
estimated worst~ concer _ ionofor; ic constituents in the waste feed i 1,700 mg/L. This value
was compared to the total mass of speciated organic chemicals identified by the analysis of the two
samples from Tank AN107 (1 sample and 1 duplicate) by summing the maximum detected concentration
of each detected chemical and the maximum detection limit for each non-detected chemical. Based on
these results, the total mass of identified organic chemicals is 23.9 mg/L.

The organic COPCs in the waste feed will be used to represent the total TOC mass in the waste feed by
using a scaling factor (that is, all detected and non-detected concentrations of each organic constituent are
multiplied by a scaling factor of 29,700/23.9).

Once COPC concentrations in the waste feed are established, emission rates will be estimated as follows:

E; = [Fraw % Crawi X (1-DRE)] + [Frrw X Chrwi * (1-DRE})]

where
E; = emission rate for chemical i (g/s)
F = LAW or HLW waste feed rate (L/s)
C; chemical / concentration in LAW or HLW feed (g/L)
DRE,; = destruction and removal efficiency for chemical i for the total treatment process (%/100)

The DRE will be estimated based on (1) results from bench-scale experiments of the melter technology
conducted by~ 2 Catholic University of America, Vitreous State Laboratory beginning in

November 1998 (Matlock and Pegg 1999), (2) thermodynamic modeling of chemicals not included in the
bench-scale experiments, and (3) process and design specifications for the pretreatment process and
post-treatment APCS. The DRE value to be used in the PRA will be selected following completion of
preliminary thermodynamic modeling and facility design. '

This approach for determining DRE is proposed for the following reason: the miscellaneous treatment
unit regulations allow flexibility in selecting performance standards by recognizing that the units are not
intended to perform all functions specified in the regulations for which specific regulations are applicable
(e.g., incinerators). The primary function of vitrification melters is to incorporate dangerous and
radioactive constituents into a stable glass form to the extent technically and economically feasible.
Asking these vitrification units to perform other functions, such as destruction of organics to an extremely
high percentage DRE, places a burden on the units that may impact the ability of the units to perform their
primary functions (that is, make acceptable glass). Therefore, it is proposed that the quantities of
hazardous organic constituents in the waste feed be investigated (during technology development testing)
and the applicable DRE be established that is adequately protective of human health and the environment
as defined by the risk assessment process.
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Radionuclides in Waste Feed

Table 4-3 lists the ROPCs known or suspected to be present in the waste feed materials. Emission rates
for these radionuclides will be estimated based on an assumed maximum radionuclide feed rate and an
estimated system removal efficiency (SRE) for the waste treatment plant process. Emission estimates for
normal operations will be calculated as:

Ei= [Fraw X Crami X (1-SRE)] + [Farw X Chrwi X (1-SRE))]

where
E; = emission rate for radionuclide i (pCi/s)
F I W or HLW waste feed rate (L/s)
radionuclide i concentration in LAW or HLW feed (pCi/L)
SRE; = system removal efficiency for radionuclide i (%/100)

The SRE will be estimated based on (1) results from bench-scale experiments of the melter technology
conducted by The Catholic University of America, Vitreous State Laboratory in November 1998
(Matlock and Pegg 1999), (2) thermodynamic modeling because experimental SREs will be based on cold
surrogates (that is, no radionuclides are used), and (3) process and design specifications for the
pretreatment process and post-treatment APCS. This SRE applies across the entire process (pretreatment,
vitrification, and offgas). The SRE value to be used in the PRA will be selected following completion of
preliminary thermodynamic modeling and facility design.

T mvmnaminn ton YXTaméa Feed

Metals and other inorganics will be introduced into the system both as components of the waste stream
and as process inputs to the treatment system (such as glass-forming materials including Al,O;, Fe,0;,
and so on). Table 4-2 lists the inorganic COPCs known or suspected to be present in the waste feed and
treatment feed materials. Emission rates for these inorganics will be estimated based on an assumed
maximum feed rate and estimated SRE for the waste treatment plant process. Emission estimates for
normal operations will be calculated as:

E; = [Fraw > Cram X (1-SRE)] + [Frrw % Crwi X (1-SRE))]

where
E; = emission rate for metal i (g/s)
F = LAW or HLW waste feed rate (L/s)
C:; = metal i concentration in LAW or HLW feed (g/L)
SRE; = system removal efficiency for metal i (%/100).

Concentrations of the glass formers will be specified by the process design. The SRE will be estimated
based on (1) results from bench-scale experiments of the melter technology conducted by The Catholic
University of America, Vitreous State Laboratory beginning in November 1998 (Matlock and Pegg
1999), (2) thermodynamic modeling of metals not included in the bench-scale experiments, and (3)
process and design specifications for the pretreatment process and post-treatment APCS. This SRE
applies across the entire process (pretreatment, vitrification, and offgas). The SRE value to be used in the
PRA will be selected following completion of preliminary thermodynamic modeling and facility design.
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In the case of mercury, assumptions must be made regarding the chemical speciation of the emissions as
well as the total emission rate. The following conservative EPA 1998a default assumptions regarding
mercury speciation will be used for the PRA:

% of total mercury

Chemical state exiting the stack
Vapor phase 80
Elemental Mercury (Hg) (20)
Divalent Hg*? (60)
Particulate phase 20
Elemental Hg (0.2)
Nivalant Ho'2 19

It is assumed that elemental mercury would be the form that leaves the stacks. Once settled in moist
areas, mercury could be methylated. The fraction of methylmercury in soil is assumed to be 2% and 15%,
respectively, in wetland soil and sediment (EPA Region X, 1999). Methylmercury fractions based on
data for mesic soils are expected to overestimate methylmercury fractions in Hanford’s xeric soils. Under
the most conducive conditions for methylation of mercury in the environment, methylmercury seldom is
more than a few percent of the inorganic mercury. For example, two different and independent methods
concluded that methylmercury represented less than 0.01% of the total mercury in floodplain soils at East
Fork Poplar Creek (EFPC) near Oak Ridge, Tennessee. Therefore, a conservative estimate of
methylmercury in Hanford soils for the PRA could be 0.1% of total mercury. Measurements taken from
wetland soils at EFPC showed methylmercury did not exceed 2.3% of total mercury. Therefore, 15% of
total mercury is a conservative estimate of the fraction of methylmercury in sediment and wetland soil at
Hanford for the PRA. Methylmercury was less than 0.1% (filtered) and 0.03% (unfiltered) of the total
mercury in surface water. Therefore, it is assumed for the PRA that the fraction of methylmercury in
Hanford surface water is 1% of total dissolved mercury. If measurements of methylmercury can be found
for Hanford media, then they may be used in lieu of the EPA guidance of 2% for soil, 15% for sediment
and wetland soil, and 1% for surface water.

M als may originate from the following sources in addition to the glass forming chemicals and tank
waste to be processed:

e Chromium may be associated with refractory material lining the melter
e Copper, nickel, palladium, and zinc may be used as catalysts in the APCS

These metals will be addressed to the extent possible in a quantitative fashion in the PRA.

5.2.1.2. PCDDs/PCDFs

Combustion Emissions Technical Resource Document (CETRED) (EPA 1994b) provides a technical
analysis of emissions of polychlorinated dibenzo-p-dioxin (PCDDs)/polychlorinated dibenzofurans
(PCDFs) from four types of hazardous waste combustion facilities: cement kilns, lightweight aggregate
kilns, incinerators, and industrial boilers. The results of this analysis indicate that the best controlled
hazardous waste combustion facilities can generally achieve a PCDD/PCDF emission level of 0.17 ng
TEQ/dry standard cubic meter (DSCM) at 7% O,. The RPP-WTP differs from these combustion facilities
in both technology and waste feed. The anticipated MACT standard is 0.2 ng TEQ/DSCM at 7% O,.
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The RPP-WTP will be required to meet the dioxin/furan MACT standard once promulgated. Therefore,
the anticipated MACT standard of 0.2 ng TEQ/DSCM at 7% O, will be used as the assumed stack
concentration for the PRA and converted to an emission rate based on the designed volumetric flow rate
of the melter.

Under the current industry-standard dioxin analytical method (EPA method 1613), dioxins in water can
be analyzed at a part-per-quadrillion level, whereas dioxins in solid media (such as waste mixtures, soil,
fish tissue) can be analyzed at a part-per-trillion level. These analytical limits are higher than many of the
human health risk preliminary remediation goals (PRGs) and equivalent to ecological toxicity reference
values (TRVs). For example, using data based on the dioxin, 2,3,7,8 TCDD, the PRGs for agricultural
land-use scenarios are one order of magnitude lower than the detection limit using EPA method 1613.
Thus, under the best analytical conditions (few interferences) the analyses for dioxins = 3¢ atrices
w( it be below levels that might cause unacceptable risk. It should be noti that the PRGs in the

ex ., above are based on movement of the dioxin through the food chain into beef, milk, and
vegetables. The PRGs based on more direct exposure pathways (such as dermal contact to or ingestion of
dioxin-contaminated soils) are higher (that is, part-per-trillion) and are the same order of magnitude that
can be analytically achieved. This situation is because the food chain models use bioaccumulation factors
and tend to be conservative in the estimation of concentrations after transfers.

Alternatively, ecological TR Vs are at or near the same order of magnitude as the analytical detection
limits. The lowest TRVs (4E-6 microgram/L) are for freshwater environments, whereas the analytical
detection limit in water is around 10E-6 microgram/L. Adherence to laboratory procedures that reduce
interferences and do not increase the detection limits would result in dioxin analytical measurements that
are comparable to units in the risk characterization for ecological receptors.

Toxics Best Available Control Technology (TBACT) standards (based on a top down assessment of
¢ rol options as required for the Clean Air Act permitting) will be addressed in separate documents but
nol © RAWP.

5.2.1.3.  Other Products of Incomplete Combustion

Many organic COPCs are not present in the RPP-WTP waste stream. However, they may be present in
stack emissions as PICs. Based on emissions testing during the laboratory studies, it is assumed some
PICs may be emitted from the waste treatment plant. Indicator PICs, such as chlorinated benzenes, et al.,
will be modeled using thermodynamic assumptions and models, and results from the laboratory studies.
Maximum Achievable Control Technology (MACT) standards may also be used to develop PIC
emissions rates. The EPA is committed to establishing technology-based regulations for hazardous air
pollutants (HAPs) under the Clean Air Act (CAA Amendments of 1990). The EPA process for
establishing MACT standards is based on measured emission levels achieved by the best performing
facilities.

5.2.1.4. Unknown ._.nissions

Unknown emissions are the percentage of organic emissions that cannot be quantitatively analyzed during
the environmental performance demonstration. Unknown emissions are nearly impossible to estimate for
the PRA. However, use of the COPCs to represent the total organic fraction in the waste will address risk
concerns associated with unknown emissions.

This methodology results in scaling up estimated waste feed concentrations of each organic COPC by a
factor of 1242, which will result in a conservative estimate of emissions and risk. This will also be
discussed in the uncertainty section.

Page 5-7
28 April 2000




N —

—
v N —= O D00 NION W

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4]
42
43
44
45
46
47
48
49

RPT-W375-EN00001, Rev. 1
Final Work Plan for Screening Level Risk Assessment for the RPP-WTP

5.2.2. Process Upset Conditions

Process upset conditions include periods of startup, shutdown, process malfunction (that is, the unit is
operating outside the permitted operating conditions), or equipment failure. Process upset conditions are
generally assumed to result in greater than normal stack emissions during the short period of the upset.
However, the EPA 1998a has indicated that upsets are not generally expected to significantly increase
stack emissions over the lifetime of a facility.

The potential for increased emissions during upset events will be addressed through the application of an
upset factor. This upset factor is based on the amount of time the facility is expected to operate in an
upset condition, and the estimated magnitude of stack emissions during upset relative to routine operating
conditions. The preferred method for estimating this upset factor is through the use of data from existing
f Titiesthathaveoy = : litions lar to the proposed waste treatment plant. The frequency d
duration of upset events may be estimated based on EPA 1998a:

e Data from emissions monitoring systems that measure operating parameters such as stack carbon
monoxide or oxygen

e Data on combustion chamber, air pollution control system (APCS), or stack gas temperature
e Ratio of automatic waste feed cut-off frequency and duration to operating time
e Variations in the APCS operating conditions

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

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

e Carbonmonoxideis ~ » ntly ed as an indicator of upset conditions, and aut  itic was feed
cut-offs are often triggered by increased stack gas concentrations of carbon monoxide. However,
routine operations such as adjusting waste feed or air intake rates will cause brief spikes in carbon
monoxide concentration.

e Test data used for these defaults are based on hazardous waste combustion facilities designed for the
destruction of liquid and/or solid organic waste. The technology and waste feed of the RPP-WTP
melter are different and less subject to upset than these facilities.

e The waste treatment plant will include a standby offgas treatment system designed to treat emissions
during an upset event.

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

Organics. A default facility is assumed to operate under upset conditions 20% of the time and stack
emissions are assumed to be 10 times greater than normal during this time.
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Upset Factor = (0.80) (1) + (0.20) (10) = 2.8

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

Upset Factor =(0.95) (1) + (0.05) (10) = 1.45

EPA has not determined a default upset factor for radionuclides. For the PRA, radionuclides are assumed
to behave similarly to metals with an upset factor of 1.45. The same upset factors will be used for both
tl  plausible and worst-case scenarios in the PRA and the FRA.

Site-specific upset factors may be derived based on the following:
e Data describing upset frequency, duration, and impact on emissions from similar melter facilities

e Process design data describing the potential for, and potential impact of, upset conditions at the waste
treatment plant

The potential for increased emissions during upset conditions is addressed in section 3. The most likely
condition that would result in a process upset in the LAW and HLW melters is a pressure surge in the
melters resulting in a “‘bypass event”. Potential emissions associated with bypass events will be evaluated
separately from upsets that are due to deteriorated operations. The melter is designed to avoid bypass
events through the use of an alternative route for emissions. This alternative route will prevent bypass
events unless power is lost. In the event of a complete power failure, a bypass event could occur for a
brief time (1 minute or less) until backup power is initiated. In the event of a power failure, the offgas
would be released to the confinement cell and exhausted through the cell ventilation HEPA filter or
returned to the melter and, then, exhausted through the vessel vent offgas system when power is restored.

5.2.3. Fugitive Emissions

Fugitive emissions include emissions of COPCs to air from any source except the stack. Because of the
stringent controls designed to prevent radiation exposures and especially the negative pressures of the
processing facilities, it is not anticipated that fugitive emissions will be emitted from either the
pretreatment, LAW treatment, or HLW treatment processes. Insignificant amounts of fugitive emissions
are anticipated from the materials storage areas that support processing plants as described below.

5.2.3.1. Waste Treatment Processing Facilities

The waste treatment plant ventilation system is being designed to confine all sources of radiation and
radiological contamination and, thus, fugitive releases of COPCs to the environment are not anticipated.
Confinement will be achieved through a combination of barriers or barrier systems, coupled with a
cascade ventilation system that will be designed to conform to stringent nuclear facility ventilation
standards.

The key to eliminating fugitive emissions is that the more contaminated areas are maintained at a greater
negative pressure with respect to the less contaminated areas. Because of this pressure gradient, no
fugitive emissions should be released from the processing plants (pretreatment, LAW pretreatment, LAW
vitrification, and HLW vitrification). The air flow from this containment system is HEPA filtered and
routed into the LAW and HL'W offgas streams for treatment before emission to the environment.
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5.2.3.2. Material Storage Systems

There are two storage facilities not directly associated with the main processing plant that have the
potential to be minor sources of fugitive emissions: the glass former storage system and the nitric acid
storage system.

The glass former storage bins will provide bulk storage for the alumina, boric acid, iron oxide, and similar
materials that will be used as part of a recipe to support glass formation in the melters. These materials
have no radiological contamination and do not contain COPCs, but very small levels of particulate
emissions may occur from periodic refilling of the bins by outside vendors. The storage systems will
have baghouses installed to minimize emissions during filling and normal operations.

The wet chemical storage system will be maintained to provide the nitric acid and other bulk chemicals
linopera” thep essplant. Emissions from this facility are not expected to be significant.

5.3. Measured Emission Rates for the Final Risk Assessment

e FRA will be conducted following construction of the waste treatment plant and completion of the
environmental performance demonstration (see BNFL 1999c). Emission rates for the FRA will be
estimated based on the environmental performance demonstration results.

The environmental performance demonstration program will be conducted in support of the RPP-WTP
Dangerous Waste Permit Application (BNFL 1999a) using the “Universal Approach” to permitting
described in EPA 1989a. With this approach, a single set of operating conditions is sought for treating a
relatively broad range of waste. To establish the set of operating conditions, the following worst-case
environmental performance demonstrations will be performed on the LAW vitrification and offgas
treatment systems (LAW treatment system), and the HLW vitrification and offgas treatment systems
(HLW treatment system):

o Low-temperature test designed to maximize the potential emissions of organic compounds
e High- n ature test designed to maximize the potential emissions of metals

Given that the waste treatment plant will not operate at the extreme limits of its operating envelope all the
time, EPA 1998a provides for an additional test condition consisting of normal or average system
operating parameters that may be specified in the testing program. If, as a result of the PRA, it appears
that estimating potential risks based on emissions from worst-case DRE and/or SRE conditions are overly
conservative, the normal operations test will be incorporated into the environmental performance
demonstration. The normal operations test condition would be representative of long-term facility
operations with equipment settings equivalent to those used during actual waste treatment. If the normal
operations test condition is included in the environmental performance demonstration, these results will
be compared to those derived under worst-case conditions and will be used for estimating emission rates
in the FRA.

5.3.1. Stack Emissions

To minimize the dose to sampling and analytical personnel and to obtain useful detection limits in the
environmental performance demonstration, a surrogate waste (performance demonstration feed) will be
used to represent tank waste. The performance demonstration feed is a nonradioactive blend of chemicals
(including radioactive surrogates), water, and glass-formers designed to mimic waste to be treated by the
waste treatment plant spiked with specific principal organic dangerous constituents (PODCs), metals, and
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chlorinated compounds. The performance demonstration feed will be formulated to represent worst-case
blends of difficult-to-destroy PODCs, metals, and chlorinated compounds. One performance
demonstration feed will be developed that will consist of the worst-case constituent concentration
conditions for the LAW Envelopes A, B, and C for testing the LAW melter. A second performance
demonstration feed will be developed that consists of the worst-case constituent concentration conditions
for the HLW Envelope D for testing the HLW melter. The specific makeup of performance
demonstration feed will be identified in the Environmental Performance Test Plan (BNFL 1999c) and
will include surrogates for primary radionuclides.

Sufficient quantities of PODCs, metals, and chlorinated compounds will be part of the performance
demonstration feed to measure the following:

D r each PODC

ST for the selec tals radionuclide surrogates
Gaseous HCI and Cl, emissions

Particulate matter emissions

Emission rates for PCDDs/PCDFs

Emission rates of other organic constituents

Chemicals to be spiked in the performance demonstration feed will be selected based on the compound’s
heat of combustion, thermal stability-based incinerability ranking, predicted behavior based on
thermodynamic calculations, the results of small-scale testing and technology demonstrations, and
Hanford waste analytical data as described in the Environmental Performance Demonstration Plan.

Different approaches will be used to estimate stack emissions for different categories of COPCs as
described below.

5.3.1.1. COPCs Identified in Waste Feed

Chemicals and radionuclides present in the waste feed may be present in stack emissions and will be
evaluated in the FRA as described below. Emission rates calculated from the measured removal
efficiency across the waste treatment plant will be estimated based on the chemical feed rate and
DRE/SRE as described previously for the PRA. Chemical feed rates will be estimated as described
previously using any new information that may become available after completion of the PRA (such as
new concentration data for tank waste, and waste feed information based on updated process designs).
The DRE/SRE to be used for the FRA will be based on the performance demonstration results.

Spiked Chemicals (PODCs, metals, radionuclide surrogates). Stack emissions will be estimated from
the DRE/SRE demonstrated for these chemicals. The DRE/SRE will be calculated as:

DRE/SRE = [(Qfeed = Qemix.\'ion)/ Qfeed] x 100

where

Qe = feedrate of the chemical (g/s)

Qemission = emission rate of the chemical at the stack (g/s). The upper confidence limit on the average
stack gas concentration will be used. If the chemical is detected in some but not all three
of the runs, the detected concentration(s) will be used along with the detection limit for the
chemical that was not detected.
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The detection limit being used in a situation where chemicals are not detected is the method detection
limit (MDL)-derived reported detection limit (RDL) for non-isotope dilution and is consistent with
T7A 1998a. For isotope dilution methods where chemicals are not detected, the method or the
method-defined estimated detection limit (EDL) is used and is consistent with EPA 1998a.

COPCs in Tank Waste and Included in Performance Demonstration Feed. If the chemical is
detected in some but not all stack gas samples, the detected concentration(s) will be used along with the
detection limit for the chemical that was not detected. Since the performance demonstration feed will
contain worst-case concentrations of COPCs from all three LAW Envelopes, an adjustment may be made
for the amount of each envelope to be included in the actual waste feed.

COPCs in Tank Waste but Not Included in Performance Demonstration Feed. Stack emissions will
be estimated from the DRE/SRE demonstrated for PC ~ ”s or other COPCs. The ~T ~ SRE will be

e ~ate¢  lescribed above. The PODC: intended to represent the most difficult to destroy
chemicals. ‘Lherefore, the DRE/SRE estimated from other COPCs included in the performance
demonstration feed may be used to estimate emissions of more easily destroyed COPCs.

53.1.2. PCDDs/PCDFs

Dioxin and furan congeners are not present in the waste treatment plant feed stream. However, they may
be pres  in stack emissions as PICs. PCDDs/PCDFs identified in stack emissions will be evaluated as
the upper conf nce limit on the average from the three environmental performance demonstration runs.
If a congener is detected in some but not all three of the runs, the detected concentration(s) will be used
along with the detection limit for the non-detects. PCDDs/PCDFs not identified in stack emissions will
be evaluated at their detection limit.

5.3.1.3. Other COPCs

Chemicals not present in waste may be present in stack emissions as PICs and will be evaluated in the
FRA as described below.

COPC:s Identified in Stack Emissions. For COPCs not present in the tank waste or performance
demonstration feed but identified in stack emissions, the lesser of the 95" percentile or maximi  stack
gas concentration from the environmental performance demonstration will be used to develop the
emission rate estimated used in the risk assessment (EPA 1998a). If the chemical is detected in some, but
not all three of the runs, the detected concentration(s) will be used along with one-half the detection limit
for the non-detect samples in these calculations.

COPCs That Are Potential PICs or Risk Drivers. COPCs that are not present in the tank waste or
environmental performance demonstration feed and are not identified in stack emissions during the
environmental performance demonstration, but which may be expected in the stack emissions as PICs
(based on thermodynamic modeling) or are risk drivers will be evaluated at one-half their detection limit.

COPCs That Are Not Potential PICs or Risk Drivers. COPCs that are not present in the tank waste or
environmental performance demonstration feed, are not identified in stack emissions during the
environmental performance demonstration, are not expected in the stack emissions as PICs (based on
thermodynamic modeling), and are not risk drivers will be assumed to be not present (that is, emission
rate = 0).
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5.3.1.4. Unidentified Organic Chemicals

The potential emission rate for unidentified organic chemicals will be based on environmental
performance demonstration estimates of total organic emissions (TOE). The TOE results will be used to
estimate a TOE factor as shown below:

Froe = (TOE/ZCi) X (TOC y51e/ TOCprr)

where
Fror = total organic emission factor (unitless)
TOE: = total organic emission concentration (mg/m’)
C = stack concentration of organic COPC; (mg/m’)

1
TOC vaste total organic ca n concentration in waste feed (g/L)
TOC - total o ic carbon ¢ :entration in performance demonstration feed (g/L).

The equation is from (EPA 1998a, p. 2-10) with a correction factor to account for the use of surrogate
feed in the environmental performance demonstration. The TOE factor is corrected for the difference in
organic carbon concentration between the actual waste feed and the performance demonstration feed used
in the environmental performance demonstration. The TOE factor will be calculated from emission
concentration data in the FRA because environmental performance demonstration data will be available at
that time. TOC will be an analyte for the test bum. The Z,C; includes all compounds not detected at the
same concentration assumed for emission rate estimates of these compounds as described above (that is,
detection limit, 1/2 detection limit, or zero) and will include any TICs included with the COPCs.

5.3.2. Process Upset Conditions
The potential impact of upset conditions on emission rates will be addressed by using an upset factor as
described in section 5.2.2. The upset factors used for the PRA will be reevaluated for the FRA based on

any changes in the design of the waste treatment plant process made since the PRA was conducted or
additional data than becomes available for similar facilities.

5.3.3. Fugitive Emissions

The potent  sources and magnitude of fugitive emissions identified for the PRA (section 5.2.3) will be
re-evaluated for the FRA based on the following:

o Changes in the design of the waste treatment plant process made since the PRA was conducted

e Observations during operation of the waste treatment plant during the operational testing period and
environmental performance demonstration

Revised fugitive emissions factors will be determined based on the above evaluation.
5.4. Uncertainties in Estimating Emission Rates
The estimation of emissions from the waste treatment plant is an important initial step in the risk

assessment. Uncertainties associated with this step will affect the results of the human health and
ecological risk assessments.
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54.1. ncertainties in Estimating Emission Rates for the Preliminary Risk Assessment

The PRA will be conducted prior to the environmental performance demonstration and is based on the
current facility design. This early PRA will result in a high level of uncertainty in the emission rate
estimates. This uncertainty will be addressed two ways: first, conservative assumptions w  be used in an
attempt to ensure that the uncertainty will result in overestimating rather than underestimating emissions;
and second, many of the assumptions used will be re-evaluated following construction of the waste
treatment plant and environmental performance demonstration. The primary sources of uncertainty in
estimating stack and fugitive emissions are described below.

5.4.1.1. Identification of COPCs/ROPCs

The COPC ™~ "7 7 list for the SLRA includes  ch wn or suspected to be present in the tank
voeasv chemica known or 1oedt | from a wide variety of hazardous waste
incinerators. Note that many of the COPCs/ROPCS included 1n this list will not be emitted from the
waste treatment plant.

5.4.1.2. Estimated Concentration of COPCs and ROPCs in Waste Feed

Emission rates will be estimated from the concentration of COPCs and ROPCs in waste feed, waste feed
rate, and the DRE/SRE achieved by the treatment process. Emission estimates will be based on high-end
estimates of the waste feed concentrations.

5.4.1.3. Waste Feed Rate

The waste treatment plant is assumed to operate at its maximum design throughput capacity for its design
life. It will take several years for the plant to reach its full capacity.

54.1.4. DRE/SRE

The DRE/SRE of the process will be estimated from the process design, vendor specifications for various
process equipment, and laboratory-scale testing of the technology. The use of these data sources may
result in an overestimation or underestimation of the actual DRE/SRE capability of the process.

5.4.1.5. Estimated Concentrations of PCDDs/PCDFs and Other PICs

The emission rate for PCDDs/PCDFs assumes that the waste treatment plant will meet the likely MACT
standard for these compounds. This standard is based on data from hazardous waste incinerators burning
large quantities of chlorinated organic chemicals. The waste treatment plant emissions are e :cted to be
below this standard because the RPP-WTP is much different from an incinerator (that is, the organics in
the feed are much lower) and there has been historical restriction on the amount of chlorides introduced to
the tank system due to the carbon-steel construction of the tanks.

Emission rates of other PICs will be based on data from surrogate testing, process design, and
thermodynamic modeling and mass balance. These data could result in an over or under estimation of
PIC emissions.
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5.4.2.4. DRE/SRE

The DRE/SRE of the process will be estimated from the results of the environmental performance
demonstration. This estimate wi reduce the uncertainty in the assessment. The environment
performance demonstration will utilize worst-case operating conditions to minimize the measured
DRE/SRE and maintain the conservative bias of the assessment.

5.4.2.5. Estimated Concentrations of PCDDs/PCDFs and Other PICs

The emission rates of PCDDs/PCDFs and other PICs will be measured during the environmental
performance demonstration. The performance demonstration feed will maximize the concentrations of
ha to-destroy and chlorinated organic chemicals to maximize the potential fo ation of PICs. = s
process will result in an overestimation of PIC emisstons.

5.4.2.6. Unidentified Organics

The FRA will utilize measured concentrations of organic chemicals in stack emissions rather than waste
feed concentrations, thus reducing the uncertainty in estimating unidentified organics.

5.4.2.7. Process Upset Conditions

The upset factors used for the PRA will be reevaluated for the FRA based on any changes in the design of
the waste treatment plant process, thus reducing the uncertainty in this parameter.

-.42.8. Fugitive Emissions

Availability of the completed design and operating information will reduce the uncertainty in this
parameter.

5.5. Summary for Quantification of Emissions

The SLRA uses estimated emission rates of the COPCs and ROPCs to calculate exposure concentrations
in air and other media (section 6). Estimated emission rates will include potential emissions from the
facility stack(s) during normal (routine) operations as well as emissions resulting from nonroutine (upset)
events and the few fugitive emissions that may escape from parts of the waste treatment plant other than
the stack(s).

1¢ PRA will be conducted prior to construction of the waste treatment plant, therefore, COPC/ROPC
emission rates will be estimated based on waste feed data, process and design information, emission data
from other facilities, laboratory studies, and default assumptions.

The FRA will be conducted following completion of the environmental performance demonstration.
Emission rates for the FRA will be estimated based on the environmental performance demonstration
results. The primary difference between the PRA and FRA is the estimation of emission rates.
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6. Environmental Modeling

Environmental modeling refers to four types of models that simulate the route of chemicals and
radionuclides from the stack towards human and ecological receptors. Air dispersion modeling is defined
first, followed by soil accumulation, biota uptake, and finally surface water and fish modeling.

6.1. Air Dispersion Modeling

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

6.1.1. Model Selection

The Industrial Source Complex Short Term Model, Version 3 (ISCST3) (EPA 1995a and EPA 1995b)
will be used to evaluate the air quality impacts in the vicinity of the RPP-WTP. This EPA-preferred
model (Guideline on Air Quality Models, 40 CFR Part 51, Appendix W) is generally considered a
conservative model for applications such as the SLRA. The model uses emissions source data and hourly
meteorological data to estimate ambient air concentrations and deposition rates of gases and particles at
locations (receptors) of interest in the vicinity of the facility (EPA 1995a, EPA 1995b, EPA 1998b). The
most recent version of the ISCST3 (98226) will be used in this analysis and will be supplemented by EPA
Risk Assessment Guidelines RAGs Part A and B models for radionuclides. This model has the capability
of handling a large number of sources that could occur from a typical industrial source, including point
sources (e.g., stacks) and area sources (e.g., fugitive emissions from an open area). However, it is
expected that fugitive emissions will be so small that a qualitative evaluation of the near-field
environment will suffice.

The ISCST3 model is capable of calculating ambient concentrations and deposition rates under variable
terrain conditions. This capability is important in air modeling because the calculation of ambient air
concentrations and deposition rates is greatly influenced by the height of the plume above local ground
level. Terrain is defined as “complex” if the elevation of the surrounding terrain within the assessment
area (up to 50 km for this risk assessment) is above the top of the stack, and “simple” if the terrain is at or
below the stack height. EPA has developed specific guidance for use in complex terrain (to avoid the
case where the source plume directly impacts elevated terrain), which was previously incorporated in the
COMPLEXI model. The ISCST3 model implements the algorithms from the COMPLEXI air quality
model when complex terrain occurs.

The ISCST3 model will be used to calculate ambient concentrations, and wet and dry deposition rates for
COPCs and ROPCs at pre-determined exposure locations. The terrain elevation of each receptor will be

_included in the model input. Terrain elevations will be obtained from digitized maps of the Hanford Site

for receptors located within the site or from U.S. Geological Survey digitized maps for receptors located
outside of the site.

6.1.2. Model Parameters

This section discusses the modeling input parameters for the air dispersion and deposition modeling
including: emissions data, meteorological data, exposure locations, calculations of deposition rates, and
model vanable settings.
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1.2.1. Emissions Source Information

Identification of emission sources and quantification of emission rates for each specific COPC and ROPC
was described in section 4.2, “Quantification of Emissions”. Other data required for model execution,
such as stack heights, stack diameters, stack gas flow velocities, and stack gas temperatures, will be
provided in the PRA along with all model output data.

nit Emission Rates. The ISCST3 model will be run with a unit (normalized) emission rate of 1.0 g/s,
which is used as model input to preclude having to run the model with specific emissions for each
COPC/ROPC. The relationship between the emission rate from a single source and the air parameter
values (air concentrations and depositions) at a particular receptor is linear. Therefore, the normalized
concentration and deposition outputs from ISCST3 can be adjusted to the COPC/ROPC-specific air
+  entrationsai deposition rates by using COPC/ROPC-specific emission rates, as illustrated below:

COPC,one = ISCST3,, X (COPC,,/Unit,,)

where
COPC,,,. = COPC/ROPC-specific air concentration at a receptor (pg/m’ for COPCs;
pCi/m’ for ROPCs)
ISCST3,,.. = modeled concentration based on the unit emission rate (ug/m’ for COPCs;
pCi/m’ for ROPCs)
COPC,, = COPC/ROPC-specific emission rate (g/sec)
Unit,, = unit emission rate of 1 g/sec.

Both radiological and chemical decay will be accounted for by use of a decay term:

COPC.oneiy = COPConero) X €™

where:
COPCconc(t) = COPC/ROPC-specific air concentration at time t (1g/m3)
COPCconc(0) = initial COPC/ROPC-specific air concentration (p1g/m3)
e = the base of the natural logarithm, approximately 2.71828
A = radiological or chemical decay constant (day-1)
t = time elapsed in days since emission of the COPC/ROPC.
where

A = 0.693/T1/2 and T1/2 is the half-life in days of chemical decay of COPCs (e.g., photooxidation)
or radiological decay of ROPCs.

Analysis of Multiple Stacks. Based on the preliminary design of the RPP-WTP, there may be numerous
separate stacks (LAW and HLW Vitrification System Stacks, Pretreatment Stack, and separate abated
fugitive emissions stacks). If the stacks are located close together and have identical characteristics (stack
heights, operating parameters, COPC/ROPC-specific emission rates), then a single model run may be
used to represent the stacks. However, it is expected that each stack will need to be modeled separately
using the ISCST3 model, because the COPC/ROPC-specific emission rates are likely to vary between
stacks, and the stacks may have different elevations or emission characteristics. Thus, at a given receptor,
one stack may be the main contributor of ambient concentrations and deposition rates of some
COPCs/ROPCs, while another stack would be the primary contributor of other COPCs/ROPCs.
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Assuming that the RPP-WTP has more than one stack, each source will be modeled separately using the
ISCST3 model. The contribution from each source to the total COPC/ROPC-specific concentration and
deposition rate at a receptor will be combined in a spreadsheet to determine the total

- COPC/ROPC-specific ambient concentration and deposition rate at each exposure location.

6.1.2.2. Meteorological Data

The ISCST3 model uses hourly meteorological data, along with the emissions data, as one of the two
primary input data sets. Five years of comprehensive Hanford Site surface meteorological data collected
by the Hanford Site Meteorological Station during the period 1992 to 1997 will be used as input into the
model. The Hanford Meteorological Monitoring Network includes a station located at the 200-E area,
within 1 mile of the location of the proposed RPP-WTP facility. The air-dispersion modeling uses wind

€ | direction  d temperature =~  from that stat’ “ 1,1 ite-specific:  meters Ty
the model, such as precipitation and solar radiation, are collected at the main Hanford Meteorological
Station, located approximately 5 miles west-northwest of the RPP-WTP site. The terrain in the vicinity of
the RPP-WPP site is relatively flat, with no major topographic features. The close proximity of the
monitoring stations to the proposed facility and the lack of terrain obstacles ensure that the collected
meteorological data are representative of the site.

The meteorological monitoring station at the 200-E area (near the site of the proposed BNFL facility) is
part of the 30-station Hanford Meteorological Monitoring Network, operated by Pacific Northwest
National Laboratory (PNNL) for the Department of Energy. The 200-E Station consists of a 10-meter
tower, with wind speed and wind direction data collected at the standard 10-meter height and ambient
temperature monitored at 2 meters. An on-site data logger collects the data for each parameter, computes
15-minute averages, and transmits these averages to the main Hanford Meteorological Station, where the
data are permanently archived. Other data that are less site-specific, such as barometric pressure,
precipitation, and solar radiation, are monitored at the main 410-foot Hanford Meteorological Station.

PNNL operates the stations on a daily basis and maintains a comprehensive quality assurance program to
ensure the quality of the data collected in the Hanford Meteorological Monitoring Network. Because the
risk assessment will be conducted on the concentrations and deposition rates calculated by using the
meteorological data from the worst-case year, the ISCST3 model will be run independently with each
year of meteorological data.

In addition to the surface meteorological data, upper air data collected during the same period are required
to run the ISCST3 model. The upper air data, typically collected twice-daily at selected National Weather
Surface (NWS) stations, are used to provide an estimate of the morning and afternoon mixing heights as
an input to the model. Although mixing heights computed from -Hanford Site meteorological data would
be desirable, the nearest valid upper air data are collected at Spokane, Washington, approximately

125 miles to : northeast of the Hanford Site. The Spokane upper air data should be representative of the
Hanford Site, because Spokane is in the same regional climatic area as the Hanford Site. The upper air
data are available from the National Climatic Data Center in Asheville, North Carolina, USA.

The screening-level risk assessment will use ISCST3 air quality model to determine the . bient
concentrations and deposition rates of COPCs due to the emissions from the RPP-WTP. This model only
allows the input of meteorological data from one station, which may result in some uncertainty in the
results due to wind direction variations across a large area such as the Hanford Site. This limitation is one
of the shortcomings of the ISCST3 model.
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However, this is a screening level risk assessment, and EPA has approved the use of ISCST3 as the
default model in similar applications. If the results of this risk assessment produce results that are near
unacceptable risk levels, then it may be warranted to use a more comprehensive model such as
CALPUFF, that allows the use of multiple meteorological data sets.

The Hanford Site Climatological Data Summary 1997, With Historical Data (PNNL-11794 UC-603)
summarizes the precipitation data collected over the period of record for the Hanford meteorological
monitoring stations. The document lists the average number of days per year with precipitation of a
specified amount. These data are presented below.

e Average annual number of days with 0.10 inch of precipitation or more: 23 days
[12 of these days (approximately 50 percent) occurred during the months of November through
February, in which the | ecipitation is likely to be in the form of snow]

¢ Average annual number of days with 0.25 inch of precipitation or more: 7 days
[4 of these days (approximately 50 percent) occurred during the months of November through
Fel ary, in which the precipitation is likely to be in the form of snow])

e Average annual number of days with 0.50 inch of precipitation or more: 1 day

Thus, the extremely dry climate at the Hanford Site (average precipitation is just over 6 inches per year),
means that there are very few days in which there is a potential for entrainment of soil due to rainwater
splash. Investigation of this mechanism therefore does not appear to be appropriate for this screening
level risk assessment.

The ISCST3 model requires the use of additional computer programs, referred to as “preprocessing”
programs to format the meteorological data and other input variables into a file that can be used by
ISCST3. The two preprocessing programs to be used for this modeling effort are described below.

The MPRM Preprocessing Program. A meteorological preprocessor program must be used to prepare
the meteorological data for input into the ISCST3 program. For on-site data, the Meteorological
Processor for Regulatory Models (MPRM) is recommended by EPA, and will be used in this risk
assessment ~ 'A 1996a). This model performs the required meteorological formatting, and meshes the
Hanford Site data with the NWS upper air data.

In addition to formatting the meteorological data, the MPRM model requires an additional series of input
parameters, which are representative of the application site. These are site-specific parameters that can
influence the calculated deposition rates, and include:

e Monin-Obukhov length (a measure of atmospheric stability)

e Surface roughness height (a measure of the height of obstacles to wind flow, used to determine how
close a particle must be above the ground before it is subject to deposition)

¢ Noon-time albedo (the fraction of incoming solar radiation that is reflected from the ground at noon,
which affects the hourly net heat balance)

e Bowen ratio (a measure of the amount of moisture at the surface, which affects the heat balance)
e Anthropogenic heat flux (surface heating caused by human activity)
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e Fraction of net radiation absorbed at the ground (the final component of the radioactive heat balance)

EPA has provided guidance for estimating values for these parameters in the user guides for the MPRM
meteorological preprocessing program and the ISCST3 air quality model (EPA 1996a and EPA 1995a
and EPA 1995b). Estimated values are provided in these user guides for different land use categories or
different vegetative types, depending on the parameter. Values also vary for some parameters by season.
The most appropriate value for each parameter by season will be entered into the model input file.

The ISCST3 model requires that the meteorological data set contain no missing records. Any missing
data will be substituted using EPA-recommended procedures (Atkinson and Lee 1992).

ilding P.  ile Inpu* ™ m (BPI" ~ b - 7 sc ea
ficant impact on t 3 T : bu:
produces a phenomenon, known as building downwash, in which a stack plume can be brought cownward
toward the ground much sooner than if the buildings were not there, resulting in localized areas of high
emission concentrations.

Consequently, the ISCST3 model contains algorithms for evaluating the potential for downwash.
lowing EPA guidance (EPA 1998a), all nearby structures with heights of at least 40% of the height of
shortest stack to be modeled will be evaluated for building downwash. The BPIP calculates the
maximum crosswind widths of the buildings, which are then input into the ISCST3 model to estimate
building wake effects on air dispersion. The required building dimensions (length, height, and width) will
be obtained from engineering drawings and used as input in the BPIP preprocessor. The BPIP output file
formatted for direct input into the ISCST3 model.

6.1.2.3.  Receptor Data

The impact assessment area, for which COPC/ROPC-specific concentrations and deposition rates will be
calculated, will extend out to 50 km in all directions from the RPP-WTP.

Receptor Grid. The ISCST3 model will be run using a Cartesian grid of exposure locations extending
out to 50 km from the center of the RPP-WTP. The receptor grid points will be identified using universal
transverse mercator coordinates. Receptor grid spacing will be established at 100-m intervals from the
RPP-WTP up to a distance of 3 km, at 500-m intervals from 3 to 10 km, at 2-km intervals from 10 to 30
km, and at 4-km intervals from 30 to 50 km (Figure 6-1). As needed, additional modeling runs will be
made with a finer grid resolution (50 m) to more precisely identify the locations of maximum impacts.

Discrete Receptors. Additional exposure locations will be evaluated at specific locations identified as
potentially sensitive receptors in the human health and ecological risk assessments.

Receptor Elevations. The elevation for each exposure location will be used as input into the ISCST3
model. Elevations for all exposure locations within the Hanford Site will be obtained from digitized maps
of the area. Elevations for exposure locations outside the site are available in digital form from the U.S.
Geological Survey.

1.2.4.  Calculation of Deposition Rates
The determination of deposition rates is an important input into the human health and ecological risk

assessments being conducted for the RPP-WTP. The ISCST3 model will be used to calculate both wet
and dry deposition rates, in addition to ambient concentrations, at each exposure location.

Page 6-5
28 April 2000




—
OOV 0~V A WN—

W W LW W WHERNBRDNDNDNDRNDBNDN DN m e = et bt b bt et e
B WN = OV ~-ITAWUPAWN—=OVOO~IO WA WDN —

W
W

36
37
38
39
40
41
42
43
44
45
46
47
48
49

RPT-W375-EN00001, Rev. 1
Final Work Plan for Screening Level Risk Assessment for the RPP-WTP

Dry deposition occurs in the absence of precipitation, while wet deposition is influenced by precipitation
type and rate. The two types of deposition result from different physical processes and, therefore, must be
considered separately.

Dry Deposition. The dry deposition flux, F,, is calculated as follows:

Fy=%ax vy
where

F; = drydeposition flux (ug/m’-sec)
X ambient concentration value calculated in ISCST3 (ug/m’)
V,  deposition velocity (m/sec).

The ISCST3 model calculates the deposition velocity from particle diameter, mass fraction, and particle

density, which are the data input into the model for each particle size fraction. The calculation of

deposition velocities within the ISCST3 model includes the effects of Brownian motion, inertial

impaction, and gravitational settling. Particularly for the larger particles, the key parameter governing the

rate of dry deposition is the terminal settling velocity. The terminal velocity, in turn, is affected primarily

by the particle size and density: large particles have the highest terminal velocities (and therefore the
ghest deposition rates), and small particles have lower terminal velocities.

Tt is important to note that particles have a positive terminal settling velocity and, therefore, are subject to
y deposition. The revised (May 15, 1999) ISCST3 model issued by EPA in June 1999 now includes a
s dry deposition algorithm, and consequently the analysis of dry deposition will be extended to gasses
through the application of the enhanced ISCST3 model. Solar radiation is a required parameter in the gas
dry deposition algorithm and will be obtained from on-site data sets collected by the Hanford
Meteorological Monitoring Network.

Wet Deposition. The wet deposition flux, F,, is calculated by using a scavenging ratio to model the wet
removal of particles and gases in the atmosphere. The flux of material to the surface through wet
deposition is the product of a scavenging ratio times the ambient air concentration, integrated through the
vertical:

Fuu = [Az (v y2) de

[

where
F,, = wet deposition flux (pg/mz-s)
A = scavenging ratio (S
¥ = concentration (ng/m’)

The scavenging ratio is calculated by the following equation:

A=AxR
where
A = scavenging ratio (S™)
A = scavenging coefficient (hr/s-mm)
R = precipitation rate (mm/hr)
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Sites, EPA Office of Health and Environmental Assessment, by C. Cowherd, Ir., G. Muleski, P.

Englehart, and D. Gillette (1985, EPA/600/8-85/002) and further discussed in Soil Screening Guidance:

Technical Background Document, EPA Office of Solid Waste and Emergency Response (1996,
'A/540/R95/128).

The technical approach to address the resuspension of particulate matter requires three steps: (1) the
estimation of emissions from the site, (2) the estimation of ambient concentrations of resuspended
particulate matter, and (3) the estimation of exposure. The estimation of exposure is addressed elsewhere
in this work plan; the following outlines the technical approach used to conduct the first two steps.

1 The Estimation of Emissions Resulting from the Resuspension of Particulate Matter

The approach suggested by Cowherd et. al. (1985) assumes that the soil surface at a site is

3 e ‘a” renum!  ( I reservoir”) of  dible particles. T. e surfaces tend to
have a relatively low w | speed threshold for wind erosion. Field experiments of erodible soils have
shown that the magnitude of particulate emissions was most sensitive to wind speed and surface soil
characteristics. The best fit to the experimental data was a function of the cube of the mean annual
wind speed, divided by the threshold friction velocity, which is the wind velocity necessary to initiate
soil erosion. The threshold friction velocity depends upon characteristics of the local soil, such as the
presence of a surface crust, soil moisture content, size distribution of the exposed material, and the
presence of nonerodible elements (e.g., vegetation, rocks).

Particulate emissions per square meter due to resuspension are calculated by determining a
representative mean wind speed and threshold friction velocity for that site, following guidance
provided in the two references cited above. Total emissions due to resuspension at the site are
determined by multiplying the emissions per unit area by the total exposed area.

2 The Estimation of Ambient Particulate Concentrations Resulting from the Resuspension of Particulate
Matter.

The particulate emissions rate will be used as input into the ISCST3 model to determine the dispersion of
resuspended particulate. The areas with emissions will be treated as area sources in the model.

6.1.3. Model Output

The modeled output from ISCST3 will be combined from each source (stack), if available, at each
exposure location, so total emissions from the RPP-WTP will be presented at each exposure location.
Tables of the results will be provided for use in the risk assessment, both in tabular and electronic form.
In addition, plots will be used to graphically represent the concentrations and deposition rates of
emissions from the RPP-WTP.

6.1.3.1. Chronic Output

Chronic output from the RPP-WTP, to be evaluated in the risk assessment, will be based on the annual
average ambient air concentrations and deposition rates for each COPC/ROPC at each exposure location,
as calculated by the ISCST3 model. Five complete sets of annual average concentrations and deposition
rates will be calculated, one for each of the five years of meteorological data used as input into the
ISCST3 model. The worst-case year, with the highest concentration and deposition, will be used in the
risk assessment.
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6.1.3.2.  Acute Output

"he acute output from the RPP-WTP, to be evaluated in the risk assessment, will be based on the highest

‘hour average air concentrations as required by EPA guidance (EPA 1998a) for each COPC/ROPC at
-ach exposure location, as calculated by the ISCST3 model. The use of 1-hour average air concentrations
is to support the analysis of worst-case acute effects in the risk assessment. An acute inhalation scenario
is recommended in EPA guidance because it is possible for air concentrations of COPCs/ROPCs to

‘gnificantly exceed the annual average concentration for a brief time and, thus, result in acute effects to

ceptor populations via inhalation. Because the acute effects are only due to direct inhalation, deposition
rates are not important in determining the acute risk. Concentrations in soil and other media reflect
long-term deposition of COPCs/ROPCs. The long-term cumulative concentration in these media will be
greater than the concentration resulting from any single acute event. Therefore, the acute exposure
scenario is only applicable to the inhalation pathway.

The highest 1 1 erage concentration will be calculated for the worst-case year. Acute emissions
estimates include process upset and fugitive emissions in addition to normal stack emissions as described
in section 4.2  Acute emission modeling does not include accidental (i.e., catastrophic) releases.
Accident scenarios are included in the risk management program under the Clean Air Act.

6.1.3.3. Exposure Point Concentrations

Exposure point concentrations used for estimating dose of COPCs and ROPCs depends on the location of
the receptor. The location of the various receptor populations identified for the quantitative risk
assessment will correspond to the receptor grid nodes defined during air dispersion modeling

(section 6.1.2.3). In keeping with the protective approach used in this risk assessment, the location with
the maximum concentration of COPCs/ROPCs will be used in estimating exposure point concentrations.
Because the point of maximum concentration may be different for airborne COPCs/ROPCs and
COPCs/ROPCs deposited via wet and dry deposition mechanisms, EPA 1998a recommends the following
method for selecting the point of maximum concentration. Within each area to be evaluated, receptor grid
nodes or exposure locations with the highest modeled unitized value will be identified for each of the
following parameters:

Vapor phase air concentration

Vapor phase wet deposition rate

Particle phase air concentration

Particle phase wet deposition rate
Particle phase dry deposition rate
Particle-bound phase air concen  ion
Particle-bound phase wet deposition rate
Particle-bound phase dry deposition rate

The parameters are chosen because COPCs/ROPCs occur in three phases: vapor phase, particle phase,
and particle-bound phase. Vapor phase COPCs/ROPCs are transported in the atmosphere as gases,
particle phase COPCs/ROPCs are transported as particles, and particle-bound COPCs/ROPCs are
transported primarily with the COPC/ROPC condensed (or adsorbed) on the surface of particles.

If all eight of these maxima occur at the same receptor grid node, the receptor will be evaluated at this
location. If all eight of these parameters are not at the maxima at the same location, a receptor will be
evaluated at the location where each maximum occurs. This could lead to the evaluation of each receptor
at eight different locations. However, it is anticipated that all eight parameters will be maximized at three
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grid locations or less because the location of highest air concentration and deposition generally occur at
the same receptor grid. In summary, if all eight parameters are not at their maxima at the same receptor
grid node or exposure location, multiple exposure locations will be evaluated. A single receptor will not
be evaluated for concentration maxima occurring at different locations.

6.2. Soil Accumulation Modeling

COPC/ROPC concentrations in soil will be calculated by summing the vapor p!  : and particle phase of
COPCs/ROPC:s to the soil (Figure 6-2). Both wet and dry deposition of particles and deposition of vapors
will be considered. The calculation of soil concentration also incorporates a term that accounts for loss of
COPCs/ROPCs by several mechanisms, including leaching, erosion, runoff, degradation (biotic and
abiotic), radiological decay, and volatilization. Loss of COPCs/ROPCs from the soil will be modeled
using, __ es that | on the physical and chemical characteristics of the soil, such as pH, structure,

ic , and moisture content. Equatic [ ent inthis tionareb lon
presented in EPA 1998a. Values for the equation variables are presented in Appendix B-1.

Because soil concentrations may require many years to reach steady state, the equations used to calculate
the average soil concentration over the period of deposition are derived by integrating the instantaneous
soil concentration equation over the period of deposition. The following equations are the basis for
calculating the cumulative soil concentration for carcinogenic COPCs and ROPCs:

For exposure durations that are less than the operating life of the RPP-WTP (T, < tD)

ne [[tD_ exp(—ks x tD)J_(T L exp-ksx Tl)ﬂ

S =
ks x (tD-1,) ks ks

For exposure durations longer than the operating life of the RPP-WTP (T, <tD < T;)

(MHCE J (1-expl—ks x(T, — D))

ks s '
(Tz “Tl)

Cs=

The following equation is the basis for calculating the cumulative soil concentration for noncarcinogenic
COPCs/ROPCs:

_Dsx [1 — exp(~ ks x tD)]

Cs
ks
where
Cs = Average soil concentration over exposure duration (mass COPC/kg soil)
Ds = Deposition term (mass COPC/kg soil/yr)
T, = Time period at the beginning of combustion (yr)
ks = COPC soil loss constant due to all processes (1/yr)
tD = _.me period over which deposition occurs or time period of combustion (yr)
Cs,p = Soil concentration at time tD (mass COPC/kg soil)
T, = Length of exposure duration (yr).
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Calculating the COPC/ROPC soil loss constant (ks) includes consideration of several removal processes
that may not occur simultaneously. The constant (ks) will be determined by using the soil’s physical,
chemical, radiological, and biological characteristics to consider the loss resulting from the following:

Leaching

Runoff

Erosion

Biotic and abiotic degradation
Radiological decay
Volatilization.

The following equation will be used to calculate the soil loss constant ks:

ks k +kse+] +. cay+ r
where
ks = COPC/ROPC soil loss constant due to all processes (1/yr)
ksg = COPC/ROPC soil loss constant due to biotic and abiotic degradation (1/yr)
kse = COPC/ROPC soil loss constant due to soil erosion (1/yr)
ksr = COPC/ROPC soil loss constant due to surface runoff (1/yr)
ksl = COPC/ROPT soil loss constant due to leaching (1/yr)
kdecay =~ ROPC radiological decay constant (1/yr)
ksv = COPC/ROPC soil loss constant due to volatilization (1/yr).

The soil loss constants listed above will be compiled from available sources for each COPC and ROPC.
Inson :ases, the soil loss constant must be calculated based on additional parameters. The equations
that describe these processes are presented in Appendix B-2.

The soil loss ¢ eswill :considered in the calculation of soil concentrations. A number of soil loss
parameters are dependent on the available water, calculated as (P+I-RO-E,), which is related to
precipitation (P), irrigation (I), surface runoff (RO), and evapotranspiration (E,) in the Hanford Site area.
Climate in the region results in greater evapotranspiration than precipitation. Therefore, water added to
the system to irrigate crops would not generally be available to generate surface runoff or leachate.
Because little water is available for soil erosion, surface runoff, and leaching, these processes will have a
negligible effect on the concentration of COPCs/ROPCs in soils. Exclusion of these processes is
consistent with the conservative screening level approach being used.

The COPC/ROPC loss constant due to volatilization (ksv) will be assumed to be equal to zero as
recommended by EPA 1998a. Any volatile COPCs sorbed to particulates would volatilize prior to
deposition onto soil. Soil loss constant due to biotic and abiotic degradation (ksg) is presented for a
number of COPCs in EPA 1998a and repeated in Appendix B. Where no value is presented in

EPA 1998a, additional sources will be consulted prior to release of the final Work Plan. If no value can
be obtained for this parameter, it will conservatively be assumed to be equal to zero. See Appendix B-1
for soil loss values for COPCs and ROPCs.

As described previously, soil erosion, surface runoff, leaching, volatilization, and chemical (biotic and
abiotic) degradation are not expected to contribute significantly to chemical loss from soil at this site.
The primary loss process at this site is radiological decay.
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The deposition term (Ds) for the preceding equations will be calculated from the results of the dispersion
modeling using the following equation:

Ds = [;001'3%} x[F, x (315.36 x Vdv x Cyv + Dywv) + (Dydp + Dywp)x (1 - F, )]
i
where
Ds = Deposition term (mg COPC/kg soil/yr)
100 = Units conversion factor (mg-m*/kg-cm?’)
Q = COPC/ROPC emission rate (g/s)
Z = Soil mixing zone depth (cm)
BD = Soil bulk density (g soil/cm’ soil),
F, F concentrat t* e (unitless)

315.36 = Units conversion tactor (m-g-s/cm-mg-yr)

Dry deposition velocity (cm/s)

Cyv = Unitized yearly average air concentration from vapor phase (mg-s/g-m’)
Unitized yearly average wet deposition from vapor phase (s/m*-yr)
Unitized yearly average dry deposition from particle phase (s/m-yr)
Dywp = Unitized yearly average wet deposition from particle phase (s/m’-yr).

<

[a %
<
Il

QU
&3
i

In the equations presented above, a number of parameters require additional calculations, which are
presented in Appendix B-2. The dry deposition velocity (Vdv) and COPC/ROPC emission rate (Q) will
be provided by the air dispersion modeling. Site-specific factors such as soil mixing depth, soil bulk
density, avail e water, and volumetric water content will have values as described below.

The soil mixing depth typically used in the calculations are:

e 1 cm for untilled soil
e 20 cm for tilled soil

These values are consistent with those presented in EPA 1998a.  or this risk assessment, the soil mixing
depth will conservatively be assumed to be 1 cm.

The soil dry bulk density (SD) used in the calculations will be the value of 1.5 g/cm’ as recommended in
EPA 1998a. Alternatively, if a Hanford Site-specific value can be determined using ASTM Method.
D2937 (ASTM 1994) and Method D2215 (ASTM 1998) by May 2000, the site-specific value will be
used.

The values of the soil volumetric water content (8,,,) will be 0.2 mL/cm’ recommended by EPA 1998a.
Alternatively, if a site-specific value can be determined by May 2000, the site-specific value will be used. -

6.3. Terrestrial Plant and Animal Modeling

The modeled concentrations of contaminants in plants consumed by both humans and non-human
receptors will be convergent. This is based upon previous stakeholder and tribal nations requests. This is
not to say that receptors that ingest whole organisms will be exposed to the same contaminant
concentration as receptors that eat only particular organs or tissues of the organism. Whole-body tissue
concentrations will be calculated in the human health and ecological risk assessments using identical
bioaccumulation factors, ingestion rates, and other parameters, and identical model equations. The
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ecological risk assessment will use modeled whole-body concentrations to estimate doses to wildlife
receptors.

6.3.1. Plants

The discussion in this section applies to plants for human consumption such as vegetables, as well as
plants for animal consumption such as forage (including native plants consumed by browsing animals)
and silage plants.

COPC and ROPC concentrations in plants will be estimated for aboveground produce as well as
belowground produce. Aboveground produce will be exposed to particulate deposition and vapor phase
contamination. as well as root uptake from soil and subsequent transfer to aboveground foliage
o “3). w  und plan rts are categorized as protected (i.e., the plant structure prevents
ionofcor  ina ° through the d tion and air-to-plant pathwa  and unprotected. For
example, corn kernels are protected by the husk. Protected plant parts will be limited to grain used as
animal feed in this evaluation. All other plant parts for human and animal consumption will be
considered unprotected; i.e., not physically shielded from deposition. Belowground produce will only be
exposed to contaminants from root uptake.

Concentrations of COPCs/ROPCs in plants will be estimated using the equations presented below as
recommended by EPA 1998a. Values for the chemical-specific parameters are presented in
Appendix B-1.

6.3.1.1. Aboveground Plants/I ‘ect Deposition

Concentrations of COPCs/ROPCs in aboveground produce due to direct deposition will be calculated
using the following equation:

pix ] 000x O x (1 = F Vs [Pvdp + (Fw > _ ywp)]x Rp x [1 — exp(— kp x Tp))]

Ypxkp
where

Pd = Aboveground produce concentration due to wet and dry direct deposition (mass COPC/kg
DW)

1,000 = Units conversion factor (mg/g)

Q = COPC/ROPC emission rate (g/s)

F, = Fraction of COPC/ROPC in air concentration in vapor phase (unitless)

Dydp = Unitized yearly average dry deposition from particle phase (s/m’-yr)

Fw = Fraction of COPC/ROPC wet deposition that adheres to plant surfaces (unitless)

Dywp = Unitized yearly wet deposition from particle phase (s/m*-yr)

Rp = Interception fraction of the edible portion of plant (unitless)

kp = Plant surface loss coefficient (1/yr)

Tp = Length of plant exposure to deposition per harvest or growing season of the edible portion
of the i plant group (yr)

Yp = Yield or standing crop biomass of the edible portion of the plant (kg DW/m?).

Parameters representing the interception fraction (Rp), plant surface loss (kp), length of plant exposure
(Tp), and crop yield (Yp) may require additional calculations. Values that will be used for each of these
parameters are described below and are shown in Table 6-1.

Page 6
28 April 2000




CO~1I NV B W=

10
11
12
13
14
15

16

17
18
19
20
21
22
23
24
25
26
27
28
29

30
31
32

33

34
35
36
37
38
39
40
41

RPT-W375 _ {00001, Rev. 1
Final Work Plan for Screening ~ el Risk Assessment for the RPP-\. .

Interception fraction (Rp) depends on the type and productivity of the plant being modeled. EPA 1998a
reports interception fractions ranging from 0.053 for exposed fruits to 0.982 for exposed vegetables. The
Rp is set to a value of 0.39 as recommended by EPA 1998a for fruits and vegetables consumed by human
receptors. This value represents a weighted average Rp based on the relative ingestion rates of fruits and
vegetables. Interception fractions of 0.499 for forage (including wild plants consumed by browsing
animals) and 0.459 for silage were calculated from the correlation between Rp and productivity provided
in EPA 1998a using the parameters below:

Rp Y Yp
Interception Fraction Constant Standing Biomass
Forage 0.499 2.88 0.24
Silage 0.459 0.769 0.8
Th :Rp valuesareusedforr r ingdep tion onto fo L :f

For chemical COPCs, EPA 1998a recommended value for the surface loss coefficient of 18 (1/yr) will be
used in the calculations for chemicals. For radionuclides the surface loss coefficient will be calculated
using the following equation:

In2
kp= (n—] x CF
2
where
kp = Plant surface loss coefficient (1/yr)

Half-life (days)
Conversion factor of 365 (days/yr)

197)

CF

The value used for the length of edible plant exposure to deposition per harvest (Tp) will be 0.164 yr (60
days) as recommended by EPA 1998a. The EPA 1998a recommended value of 2.24-kg DW/m’ for the
standing crop biomass (Yp) will be used. Alternatively, if a Hanford site-specific length value for edible
plant exposure to deposition can be determined by May 2000, the site-specific value will be used.

6.3.1.2.  Aboveground Plants/Air-to-Plant Transfer

The concentration of COPCs/ROPCs in aboveground plants due to air-to-plant transfer will be calculated
based on the following equation:

CyvxBv, _xVG._.
Pv = QxF, x— s
Pa
where
Pv = Concentration of COPC/ROPC in the plant resulting from air-to-plant transfer
(ug COPC/g DW)

Q = COPC/ROPC emission rate (g/s)
F, = Fraction of COPC/ROPC air concentration in vapor phase (unitless)
Cyv = Unitized yearly average air concentration from vapor phase (ng-s/g-m’)
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Bv,; = COPC/ROPC air-to-plant biotransfer factor [(mg COPC/g DW plant)/(mg COPC/g air)]
VG,, = Empirical correction factor for aboveground produce (unitless)
Pa Density of air (g/m’).

6.3.1.3. Root Uptake

The concentration of COPCs/ROPC:s in plants due to uptake from the soil will be calculated for
i veground and belowground plants. Concentrations in aboveground plants will be calculated using the
following equation:

Pr=CsxBr

where

Pr = Concentration of COPC\ROPC in produce due to root uptake (mg/kg)

Cs Average soil concentration over exposure duration (mg COPC/kg soil)

Br = Plant-soil bioconcentration factor for produce (unitless) from EPA 1998a and repeated in
Appendix B

For concentrations in belowground plants the following equation will be used:

Pre CsxRCFx VG e
Kd x1
where-
Pr = Concentration of COPC/ROPC in produce due to root uptake (mg/kg)
Cs Average soil concentration over exposure duration (mg COPC/kg soil)
RCF = Root concentration to soil water concentration factor (unitless)
VGiooneg = Empirical correction factor for belowground produce (unitless)
Kd, = Soil-water partition coefficient (L/kg)
1 = Conversion factor (kg/L)

6.3.2. Animal Tissue, Eggs, and Milk

The concentration of chemical and radiological COPCs/ROPCs in animal tissue (including beef, pork,
poultry, and game animals), eggs, and milk products are estimated based on the amount of
COPCs/ROPCs that each animal is assumed to consume through its diet from the following sources:

Forage (primarily pasture grass and hay for domestic animals wild plants for game animals)
Silage (forage that has been stored and fermented)

Grain

Incidental soil ingestion associated with grazing and browsing

1e feed items are assumed to be contaminated through the following pathways:

Direct deposition of particles — wet and dry deposition of particle phase COPCs/ROPCs onto forage,
silage, and soil
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e Vapor transfer — uptake of vapor phase COPCs/ROPCs in forage and silage

* Root uptake — root uptake of COPCs/ROPCs deposited in soil and subsequent transfer to
aboveground plant portions of forage, silage, and grain

Figure 6-4, Figure 6-5 and Figure 6-6 present conceptual models of the sources and pathways that result
in animal product contamination.

Concentrations of chemical and radiological COPCs/ROPCs in beef, pork, poultry, eggs, and milk will be
estimat  using the equations presented below as recommended by EPA 1998a. Values for the
chemical-specific parameters are presented in Appendix B-1. Concentrations of COPCs/ROPCs in game
animals will be estimated using the equations presented in section 8.2.2.1.

The concentration of COPCs in animal prodw  except wild game, willbe e * iated 'ng the following
equation:

A, =(Z(F, xQp, xP;)+ Qs x Cs x Bs)x Ba , x MF

J
where
A; = Concentration of COPC/ROPC in animal product j (mass COPC/kg FW tissue)

F; Fraction of plant type i/ grown on contaminated soil and ingested by the anim  (unitless)
Qp; = Quantity of plant type i eaten by the animal per day (kg DW plant/day)

P; = Concentration of COPC/ROPC in each plant type i eaten by the animal (mg/kg DW)
Qs = Quantity of soil eaten by the animal each day (kg/day)

Cs = Average soil concentration over exposure duration (mass COPC/kg soil)

Bs = Soil bioavailability factor (unitless)

Ba; = COPC/ROPC biotransfer factor for animal product j (day/kg FW tissue)

MF = Metabolism factor (unitless).

The fraction of each plant type grown on contaminated soil and ingested by the animal (F;) will be 1.0
(100%), as recommended by EPA 1998a. Values for P; and Cs in the above equation will be calculated,
using appropriate equations as previously discussed. Biotransfer factors (Ba) from EPA 1998a will be
used. Values for Qp, Qs, Bs, and MF are shown in Table 6-2; these values are from EPA 1998a.

Animal products include tissue (beef, pork, poultry, game), dairy products, and eggs. The biotransfer
factors used to estimate COPC/ROPC concentrations in meat (fat and muscle) generally do not include
transfer to other organ tissues. Chemical-specific biotransfer factors are provided by EPA 1998a. Other
parameters are summarized in Table 6-2.

The metabolism factor (MF) represents the estimated amount of COPC that remains in fat and muscle
tissue. The MF only affects the concentration of bis(2-ethylhexyl)phthalate since evidence indicates this
chemic. is more readily metabolized and excreted by mammals than other COPCs. The MF does not

apply to poultry or eggs.
6.4. Surface Water and Fish Bioaccumulation Modeling
Estimating the intake of COPCs/ROPCs due to bioaccumulation in fish from surface water contaminants

will involve several steps (Figure 6-7). First, the concentration of COPCs/ROPCs in surface water is
calculated based on the following:
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Direct deposition into surface water

Runoff from impervious surfaces within the water :d

Runoff from pervious surfaces within the watershed

Soil erosion from the watershed

Direct diffusion of vapor phase COPCs/ROPCs into the surface water

Chemical, biological, or radiological transformation of compounds within the surface water body

COPCs/ROPCs in surface water and fish will be estimated using the equations presented below as
recommended by EPA 1998a. Values for the chemical-specific parameters are presented in

Appendix B-1. It should be noted that the Hanford Surface Environmental Surveillance Program collects
and analyzes fish tissues in the Hanford Reach of the Columbia River. However, the SLRA will be

col icted prior to release of emissions from the RPP-WTP; therefore, the data collected could not
represent contamination contributed for the RPP-WTP and cannot be used to calibrate the fish model.

Finally, ROPCs will be evaluated using similar equations to those presented for COPCs.
_1e equation used to quantify the total COPC/ROPC load to the surface water body is as follows:

LT = Ldep + Ldif + Lri + Lrp + Le + eransform

where

L = Total COPC/ROPC load to the water body, including deposition, runoff, and
erosion (g/yr)

Lip = Total wet and dry particulate deposition and wet vapor deposition of COPC directly to
water body (g/yr)

Ly Vapor phase COPC diffusion (dry deposition) load to water body (g/yr)

L, = Runoff load from impervious surfaces (g/yr)

L, Runoff load from pervious surfaces (g/yr)

L. = Load due to soil erosion (g/yr)

Liransform = Load due to biological, chemical, and/or radiological transformation within the water
body (g/yr).

As discussed previously in section 6.2, evapotranspiration exceeds precipitation in the Hanford Site area,
resulting in insufficient water available to cause significant erosion or runoff of COPCs/ROPCs.
Therefore, the terms for runoff from pervious (L,,), impervious surfaces (L,;), and erosion (L.) will not be
quantified in the above equation. It should be noted that exclusion of these minor processes from the
surface water calculations does not result in loss of contaminated material. This material is accounted for
in the soil calculations where it is assumed no chemicals are lost due to erosion or runoff. Due to limited
data and uncertainty associated with the chemical or biological internal transfer of compounds into
daughter products, L qnsm Will be assigned the default value of zero, as recommended by EPA 1998a.
Therefore, the only terms quantified are L., and L.

Total wet and dry particulate deposition and wet vapor deposition of COPCs/ROPCs directly to the
waterbody (L,) will be calculated with the following equation:

LdeszX[FVXDYWWV+(1_FV)XDthp]XAw

where
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= Total (wet and dry) particle phase and wet vapor phase COPC/ROPC direct deposition

load to water body (g/yr)

= COPC/ROPC emission rate (g/s)

Fraction of COPC/ROPC air concentration in vapor phase (unitless)
Unitized yearly (water body) average wet deposition from vapor phase (s/m’-yr)

= Unitized yearly (water body) average total (wet and dry) deposition from particle phase

(s/m”-yr)
Water body surface area (m®).

Emission rates are modeled (see section 4.2); F, is chemical-specific; A,, is site-specific; and Dywwv and
Dytwp are modeled air parameters.

The vapor phase COPC/ROPC diffusion (dry deposition) load to the water body (L) will be calcul 1
with the following equation:

T wk

K, xQxF, xCywvx A, xCF
H
RxT,,

Ly =

= Vapor phase COPC/ROPC diffusion (dry deposition) load to water body (g/yr)
Overall COPC/ROPC transfer coefficient (m/yr)

COPC/ROPC emission rate (g/s)

Fraction of COPC/ROPC air concentration in vapor phase (unitless)

Unitized yearly (water body) average air concentration from vapor phase (ug-s/g-m’)
Water body surface area (m?)

Conversion factor of 1 x 10 (g/pg)

Henry’s Law constant (atm-m’/mol)

Universal gas constant (atm-m’/mol-K)

Water body temperature (K).

Emission rates (Q) and Cywv are modeled values; A, is site-specific; F,, H, and R are chemical-specific
values; and EPA 1998a recommends a value of 298°K for T,

Total water body COPC/ROPC concentration (C,..r) Will be calculated with the following equation:

where

Cuor =

Vi,
fie
kwr
Aw

1l

L,
Cotat =
fo xfwc + kwf XAW x(dwc + dbs)

Total water body of COPC/ROPC concentration in g COPC/m’ water body

Total COPC/ROPC load to the water body (g/yr)

Average volumetric flow rate through the water body (m’*/yr)

Fraction of total water body COPC/ROPC concentration in the water column (unitless)
Overall total water body COPC/ROPC dissipation rate constant (1/yr)

Water body surface area (m?)
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d.. = Depth of water column (m)
des Depth of upper benthic sediment layer (m).

The total load to the water body (L7) is calculated (see previous equation); and Vf,, Ay, and d,. are
site-specific; d, will be 0.03, as recommended by EPA 1998a; equations for f,. and k,.,appear in
Appendix B-2.

Total COPC/ROPC concentration in the water column (C,.,,) Will be calculated with the following
equation:

d, . +d..
we
chtot = ch X thot X
wc

where

C.cor = Total COPC/ROPC concentration in water column (mg COPC/L water column)

f.. = Fraction of total water body COPC/ROPC concentration, in the water column (unitless)

Cuwir = Total water body COPC/ROPC concentration including water column and bed sediment
(mg COPC/L water body)

d.. = Depth of water column (m)

dys = Depth of upper benthic sediment layer (m).

Equations for f,. are found in Appendix B-2; C,,, is calculated (see previous equation); d,.. is
site-specific; and d, is 0.03 as recommended by EPA 1998a.

The dissolved phase COPC/ROPC water concentration (Cg4,) will be calculated with the following
equation:

- chtot
™~ 1+Kd, xTSSxCF
where
Caw = Dissolved phase water concentration (mg COPC/L water)
C.cor = Total COPC/ROPC concentration in water column (mg COPC/Lwater column)
Kd;, = Suspended sediment/surface water partition coefficient (L water/kg suspended sed ent)
TSS = Total suspended sediment concentration (mg/L)
CF = Conversion factor of 1 x 10 (kg/mg).

Cuetor 15 calculated (see previous equation); Kd,,, is chemical-specific; and TSS is site-specific (see
Appendix B-2 if measured data are not available).

The COPC/ROPC concentration sorbed to bed sediment (C,;) will be calculated with the following

equation:
Cup = fpo % C oy x| it | Lo * e
Hbs +des XCBS db

5

where
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C,; = COPC/ROPC concentration sorbed to bed sediment (mg COPC/kg sediment)

= Fraction of total water body COPC/ROPC concentration in benthic sediment (unitless)

C.ior = Total water body COPC/ROPC concentration, including water column and bed sediment
(mg COPC/L water body)

Kd,, = Bed sediment/sediment pore water partition coefficient (L COPC/kg water body)

—
g
|

6,s = Bed sediment porosity (Lpore water/Lsediment)
Css = Bed sediment concentration (g/cm3)

d.. = Depth of water column (m)

d,s = Depth of upper benthic layer.

The ec :ion for f,, and 6, are found in Appendix B-2; C,,,, is calculated (see previous equation); Kd,, is
* =2mical-specific; 7 °d,. are site-specific; and d,, 1s 0.3, as recommended by EPA 1998a.

After calculating COPC/ROPC concentrations in the water column and benthic sediments, the
concentration in fish tissue will be calculated. The fish concentration due to dissolved phase water
concentrations will be calculated using bioconcentration factors (BCF) for COPCs with a log K,,, less
than 4:

Cﬁsh = de X BCFﬁsh

where
Cssn = Concentration of COPC in fish (mg COPC/kg FW tissue)
Cs = Dissolved phase water concentration (mg COPC/L)

BCFj,» = Bioconcentration factor for COPC in fish (L/kg).

With the exception of extremely hydrophobic compounds such as dioxins, furans, and PCBs, fish tissue
concentrations of COPCs with log K,,, greater than 4 will be calculated using bioaccumulation factors
(BAF):

Cﬁsh =Cgy % BAFﬁsh

where
Csisn = Concentration of COPC in fish (mg COPC/kg FW tissue)
Caw = Dissolved phase water concentration (mg COPC/L)

BAF;,,  Bioaccumulation factor for COPC in fish (L/kg FW tissue).

Extremely hydrophobic compounds such as dioxins, furans, and PCBs are expected to be sorbed to bed
sediments but not suspended particulate and will bioaccumulate from the benthic sediment layer into fish
tissue. The following equation will be used to estimate fish tissue concentrations ( Cg;s) for hydrophobic
compounds:

C..L, X flipiff X BSAF
OCsed

Cﬁsh =

where
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Uncertainties in the application of the model are reduced when the model is used to calculate longer-term
averages (annual averages), and when several years of meteorological data are available to use in the
model.

6.5.2. ncertainty in Soil Accumulation Modeling

Estimating soil concentrations incorporates numerous uncertainties, which are inherent in the assumptions
that are the basis for the calculations. Examples of uncertainty in the parameters would be soil mixing
depth, soil bulk density, and volumetric water content, which are assigned a single value, but may vary
widely over a relatively small area. The concentration of COPCs/ROPCs in soil will be subject to loss
due to biotic and abiotic degradation; however, transformation and subsequent increase of secondary
COPCs are not considered in the assessment. Transformation of ROPCsand f  ition of daughter
luctsis :ludec  this asses through the use of toxicity values that include * ugt  sroducts.

6.5.3. Uncertainty in Terrestrial Plant and Animal Modeling
Calculation of COPC/ROPC concentration in biota incorporates the uncertainties inherent in calculation

of soil concentrations because the soil is one of the sources of COPCs/ROPCs in biota. Uncertainties also
arise from the assumption that the location of maximum soil concentration is the location of exposure to

biota overan -year period. Additionally, although COPCs/ROPCs are incorporated into plants and
animal tissue, sumed that the COPC/ROPC concentration in soil does not decrease due tot =
proces A ons of the animal feed ingestion rates introduces additional uncertainty because t|

are based on average rates.

Additional pathways such as fugitive dust emission or entrainment of soil in rainwater splash may
contribute to COPC/ROPC concentrations in biota. However, no equations are available to quantify these
pathways, and this contribution is considered negligible compared to direct deposition and uptake.
addition, the chemical transport through inedible portions of plants (e.g., corn husks) may contribute to
COPC/ROPC concentrations in edible portions of plants (e.g., corn kernel). Transfer factors for this type
of chemical tr sport are not available; however, if transfer does occur, it is likely to be negligible.

6.5.4. Uncertainty in Surface Water and Fish Modeling

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

The calculation of fish tissue concentrations incorporates the uncertainty inherent in the calculation of
surface water concentrations, as well as the following sources. It is assumed that steady-state
bioconcentration factors (BCF) for transfer of COPCs/ROPCs from contaminated surface water to fish
tissue apply to the Columbia River and any other surface water. Additionally, generic BCF values will be
used in the calculations that do not account for variability among specific fish species associated with
specific surface water systems. There is uncertainty in assigning COPCs exclusively to either water
ylumn or bed sediment for purposes of estimating fish-tissue concentrations as described in the EPA
guidance for human health (EPA 1998a). The problem is that this approach to partitioning COPCs in the
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aquatic environment may not reflect the multiple pathways by which different kinds of fish are potentially
exposed to any given contaminant. The EPA approach estimates fish-tissue concentrations using BCFs
and dissolved water concentrations for COPCs with low K,,.s; BAFs and whole-water concentrations for
COPCs with moderate K,,,s; and BAFs and bed-sediment concentrations for COPCs with high K,.s. The
uncerta vy lies in the source and meaning of the different biotransfer factors used for the different media.

If the EPA (1998a) biotransfer factors do not incorporate all the pathways to all fish from the single
medium where ch COPC is assumed to predominate, then the exposure will be underestimated. It is
unlikely that the EPA transfer factors account for all pathways relevant to all fish. Fish takeup
contaminants into their tissue via the water in contact with their gills and via the ingestion of water,
abiotic particulates, and biota. Some fish will be exposed by primarily one pathway, while others will be
exposed over n " 'iple pathways. Dissolved contaminants are primarily taken up across the gill
m 1€, thus, all fish living in the water column will be exposed to dissolved nants. Filter-
feeding fish, ch usually live in the water column, will also be exposed to cont ts bound to
suspended p: alates that they filter out of the wa'  and ingest. Sediment-ingesting fish that live in the
water column will also be exposed to sediment contaminants by direct ingestion. Predatory fish, which
are also water-column dwellers, will also be exposed to dissolved, particulate-bound, and sediment
contaminants by ingesting prey that were so exposed, as well as by direct uptake from the water column
and ingestion of suspended particulates. In fact, there are probably few fish that are exposed to only
ssolved contaminants; perhaps only those that live in the water column and selectively feed on
planktonic animals to the exclusion of abiotic particula . Therefore, assigning each contaminant to a
particul  class of media (dissolved water, whole water, and bed sediment), based on its tendency to
adsorb to particles or organic carbon, potentially neglects pathways from other media. Further discussion
of uncertainty related to these pathways is presented in the ecological section.

Su ary for Environmental Modeling

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

The ISCST3 will be used for the air quality modeling task. The RPP-WTP emissions, as determined by
the design engineers, and 5 years of Hanford Site meteorological data collected by the inford Site
Meteorological Station will be used as input into the model. COPC/ROPC-specific concentrations and
deposition rates will be calculated at a gridded network of receptors and at specific sensitive receptors
identified by the risk assessment analysts.

Fate and transport modeling will be used to estimate COPC/ROPC concentrations in various exposure
media (air, surface water, fish tissue, soil, animal tissue, eggs, milk, and plants). This modeling effort
will utilize assumed emission rates with a combination of default and site-specific parameters to describe
the movement of COPCs/ROPCs through the environment. This modeling is predictive and cannot be
confirmed by sampling environmental media since the emissions source does not yet exist. The high
level of uncertainty associated with this predictive modeling is addressed through the use of conservative
assumptions whenever possible. Estimated media concentrations resulting from this modeling effort will
be used in the exposure assessment for the Human Health (Chapter 7) and Ecological (Chapter 8) risk
assessments. Environmental modeling will be the same for the PRA and FRA with the possible inclusion
of additional site-specific modeling parameters in the FRA.
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1 Figure 6-2. Sources of COPC and ROPC Concentrations in Soil
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Figure 6-4. Generic Sources of Constituents of Potential Concern Concentrations in
Animal issue, Eggs, and Dairy Products
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7. Screening Human Health Risk Assessment

This section presents four fundamental components of the human health risk assessment (HHRA)
process: (1) data evaluation (2) exposure assessment, (3) toxicity assessment, and (4) risk
characterization. The data evaluation step includes the selection of COPCs/ROPCs (section 4) and the
quantification of emissions (section 5). Each of the remaining three components is discussed below.

7.1.  Exposure Assessment

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

A human health conceptual exposure model has been developed that identifies potential receptors and
potentially complete exposure pathways (i.e., exposure scenarios). The conceptual exposure model is
shown as Figure 7-1. The end product of the conceptual model is identifying exposure scenarios that are
 ined by potentially exposed populations and exposure pathways. The conceptual model was
developed from information obtained from and the Screening Assessment and Requirements for a
Comprehensive Assessment: Columbia River Comprehensive Impact Assessment (DOE-RL 1998). The
Native American scenario is taken from Harris and Harper 1997. The specific scenario contained in
Harris and Harper 1997 represents a scenario developed for the Confederated Tribes of the Umatilla
Indian Reservation. Exposure scenarios for other tribes may be different.

The conceptual exposure model focuses on identifying complete exposure pathways for potentially
exposed populations. An exposure pathway is the means through which an individual may come in
contact with a chemical in the environment. Exposure pathways are determined by environmental
conditions (e.g., location of groundwater, vegetative cover, wind speed/direction), the potential for
chemical migration among media (e.g., soil, surface water, or air), and by the lifestyles and work
activities of potentially exposed populations. Although several potential pathways may exist, not all may
be complete. For a pathway to be complete, the following four factors must exist:

e  Source of COPC/ROPC release into the environment

® Release and transport mechanism (e.g., deposition to soil) that moves the COPC/ROPC from
the source to other locations

e Point of contact with the affected medium
o Exposure route such as breathing vapors or ingesting affected media

These four factors were considered in the conceptual exposure model. The sources of COPC/ROPC
release are the stack and any fugitive emissions from the RPP-WTP (see section 5). Transport processes,
potential points of contact, and complete exposure pathways are identified to formulate exposure
scenarios that will be the focus of the quantitative risk assessment. This process is surnmarized in the
following section.
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7.1.1. Characterization of Exposure Setting

Characterizing the exposure setting is the first step in identifying potentially exposed populations. This
characterization includes identifying the location of human populations within the study area, and types of
activities that can be expected under current and reasonable potential future land use.

The brief site characterization provided in this section is adequate to identify most possible receptors,
especially the most significantly exposed receptors. A more detailed site characterization will be supplied
in the PRA to describe all the populations evaluated.

The study area is defined as the area within a 50-kilometer radius of the RPP-WTP (Figure 7-2). This is
considered to be the limit of the ISCST3 air-dispersion model. While it is possible for human populations
to be exposed beyond this 50-km radius, the concentration of airborne and deposited emissions will be
o of © T le 7 7 sew " ‘hestudyarea;e mntially approaching zero. EPA 1998a
reports that tne most s _. leposition of airborne emissions has been observed within a 3-km radius
of a source (Figure 7-3). The Hanford Site boundary extends approximately 9 to 28 kilometers from the
RPP-WTP. The Columbia River is located approximately 8 to more than 20 kilometers from the
RPP-WTP. Therefore the potential for offsite impacts is likely to be minimal. Because of the importance
of the Columbia River as a potable water and recreational resource, it will be included in the quantitative
risk assessment despite its distance from the RPP-WTP. Currently, no residential receptors are present on
the Hanford Site, nor are there likely to be any in the near future. Game animals that browse on Hanford
Site property and plants that grow on Hanford Site property may be harvested by Native Americans living
offsite.

Characterization of the exposure setting includes the following:

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

e Characterization of potentially exposed populations — Including identifying the location and activity
patterns of current populations relative to the facility, determining plausible future land use, and
1dentifying subpopulations of potential concern.

Characterization will concentrate on the areas potentially most impacted by emissions based on the results
of the air-dispersion modeling.

Current Land Use

Current land use within the 50-km study area is characterized based on aerial photographs, zoning maps,
land development plans, and information presented in:

e Hanford Site Risk Assessment Methodology (DOE-RL 1995)

o Screening Assessment and Requirements for a Comprehensive Assessment: Columbia River
Comprehensive Impact Assessment (DOE-RL 1998)

o The Future for Hanford: Uses and Cleanup (DOE 1992)

» Draft Hanford Remedial Action Environment Impact Study and Comprehensive Land Use Plan
(DOE 1996a).
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Representatives of the Nez Perce Tribe, Yakama Nation, and Confederated Tribes of the Umatilla Indian
Reservation are also being consulted in evaluating current land use in the study area.

Future Land Use

Plausible future land use is characterized based on land development plans, and information presented in:
e  Hanford Site Risk Assessment Methodology (DOE-RL 1995)

e Screening Assessment and Requirements for Comprehensive Assessment: Columbia River
Comprehensive Impact Assessment (DOE-"" 1998)

T. Fut  for nford: and C  nup (DOE 19

e Draft Hanford Remedial Action Environmental Impact Study and Comprehensive Land Use Plan
(DOE 1996)

Representatives of the Nez Perce Tribe, Yakama Nation, and Confederated Tribes of the Umatille: :dian
Reservation are also being consulted in evaluating plausible future land use in the study area. Worst-case
future land use will be based on the assumption that the exposure locations could be used for any purpose
regardless of development plans, or the actual potential for such use to occur.

7.1.2. Identification of Exposure Scenarios

EPA 1998a recommends the following exposure scenarios for evaluating potential risks from combustion
facilities:

e Resident - Adult

e Resident - Child

e Subsistence Farmer - Adult
e Subsistence Farmer - Child
e Subsistence Fisher - Adult
e Subsistence Fisher - Child
e Nursing Infant

e Acute Risk

The subsistence farmer — adult and child, and subsistence fisher — adult and child, represent worst case
scenarios.

The nursing infant scenario is recommended by EPA guidance (EPA 1998a) to address specific concerns
regarding exposure to PCDDs and PCDFs. EPA guidance recommends inclusion of the nursing infant
only for PCDDs/PCDFs; however, both coplanar and non-coplanar PCBs will also be evaluated for this
pathway in the SLRA. Because radionuclides are the primary component of the waste to be treated at the
facility, ROPCs will also be evaluated for this pathway. The ROPCs strontium (Sr-90), iodine (I-129),
and cesium (Cs-134 and Cs-137) will be evaluated for the nursing infant scenario. These radionuclides
are potentially present in the waste and are judged to have the highest potential for accumulation in milk
and toxicity (EPA 1999d). No other COPCs/ROPCs will be evaluated for this scenario, which will be
evaluated based on intakes for both the resident adult and the Native American resident adult.
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In addition to the recommended exposure scenarios listed above, EPA recommends evaluation of special
subpopulations by identifying their locations, and determining whether they are located in areas that are
particularly conducive to impacts from RPP-WTP emissions. Special subpopulations are defined as
human receptors or segments in the population that potentially may be at higher risk due to receptor
sensitivity to COPCs. As noted by the EPA, the risk assessment approach used is designed to protect
human health, including special subpopulations (e.g., through the use of RfDs developed to account for
toxicity to sensitive receptors). However, to address actual characteristics of the exposure setting and
potential community concerns, the following additional exposure scenarios will be evaluated: Hanford
Site industrial worker, and Native American subsistence resident.

Workers employed at the RPP-WTP will not be included in the risk assessment because other regulations
exist for occupational exposures within the RPP-WTP boundary (e.g., Occupational Safety and Health
Administration or Department of Energy (DOE)-equivalent standard). However, be« e of its location
within the Hanford Site, the closest and most likely receptors are  her Hanford S°  worl located
outside the RPP-WTP boundary. Therefore, a Hanford Site industrial worker scenario will be included in
the risk assessment.

Native American tribes (Yakama Nation, Confederated Tribes of Umatilla Reservation, Nez Perce Tribe)
ceded the land currently occupied by the US Government’s Hanford Site. However, these tribes claim
retained rights to use resources on this land. A wide range of possible Native American activities related
to traditional life styles exists. The Native American scenarios will address a variety of potential
exposures associated with food gathering (including hunting and fishing), as well as cultural and social
activities.

7.1.3. Description of Land Use Scenarios

Exposure scenarios to be addressed by the risk assessment are described in more detail below and
summarized in Table 7-1. The scenarios to be carried through the quantitative risk assessment will be
determined based on the results of the air-dispersion modeling. For example, if air-dispersion modeling
indicates that significant emissions will not reach the Columbia River, the subsistence fisher scenario will
not be evaluated in the quantitative 1 * issessment. Because the location of sacred sites is confidential
within the tribes, representatives of the three tribes will be consulted following completion of the
air-dispersion modeling to determine potential impacts to sacred sites.

Four types of exposure scenarios will be quantified: plausible current, plausible future, worst-case future,
and acute exposure. By examining these four types of exposure scenarios, a range of possible exposures
will be provided, giving the permit and risk managers additional information on which to base decisions.
Using this approach, it will not be necessary to rely solely on worst-case assumptions.

The primary difference between plausible and worst-case scenarios is the assumed location of receptor
populations. For the plausible scenarios, potential receptors are assumed to be located in areas where
similar receptors currently exist or may reasonably be expected to exist some time in the future. For the
worst-case scenarios, receptor populations are assumed to be located at the point of maximum
concentration regardless of the likelihood of this occurring. For example, no residential development is
expected within 10 kilometers (Figure 7-2 and Figure 7-3) of the RPP-WTP; however, if the point of
maximum concentration falls within this area, a residential receptor will be evaluated at this location. The
four types of exposure scenarios are defined below.
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7.1.3.1. Plausible Current Land Use Scenarios

The area within a 10-km radius of the RPP-WTP is completely within the current boundaries of the
Hanford Site. Current activities in this area are associated with waste management, environmental
restoration, and industrial and commercial land use (Figure 7-4). The potentially exposed population in
tt  area is limited to Hanford Site industrial workers. The 50-km study area extends beyond the Hanford
Site boundary and includes areas that are, or can be used, for residential development. Although Native
Anmerican residents do not live within the site boundaries, they may engage in food gathering (plant
gathering, hunting, fishing) and cultural activities on Hanford Site land.

Based on this information, the plausible current exposure scenarios are as follows:

Hanford Site indu 1l worker
R O T
Native American resident adult and child hunter/gatherer living at the Hanford Site boundary and
conducting some food gathering on the Hanford Site
e Native American resident adult and child fisher living at the Hanford Site boundary and fishing the
Columbia River

7.1.3.2. Plausible Future Land Use Scenarios

Plausible future land use includes continued use of the area for industrial and commercial purposes and
residential development beyond the Hanford Site boundary (Figure 7-5). Although Native American
residents do not live within the site boundaries, they may engage in food gathering (i.e., plant gathering,
hunting, fishing) and cultural activities on Hanford Site land. Based on this information the plausible
future exposure scenarios are as follows:

Hanford Site industrial worker

e Residential adult and child at the Hanford Site boundary
Native American resident adult and child hunter/gatherer living at the Hanford Site boundary and
conducting some food gathering on the Hanford Site

e Native American resident adult and child fisher living at the Hanford Site boundary and fishing the
Columbia River

Plausible current and future land use scenarios are very similar and may be the same for some receptors.

7.1.3.3. Worst-Case Futurg Land Use Scenarios

EPA 1998a recommended exposure scenarios (resident adult and child, subsistence farmer adult and
child, subsistence fisher adult and child, and nursing infant) will be evaluated at the point of maximum
concentration identified by air-dispersion modeling to provide a worst-case estimate of exposure and risk.

In addition to these EPA-recommended scenarios, resident subsistence Native American scenarios
(including a nursing infant) will be evaluated for unrestricted land-use. Based on this information,
worst-case future exposure scenarios are as follows:

Resident adult and child (on-site)

Subsistence farmer adult and child (on-site)

Subsistence fisher adult and child (off-site, at the Columbia River)
Nursing infant (on-site)
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e Native American subsistence resident adult and child hunter/gatherer (on-site)
e Native American subsistence resident adult and child fisher (offsite, at the Columbia River)
e Native American nursing infant (on-site)

71.3.4. Acute Exposure

EPA 1998a recommends evaluating potential acute exposures in addition to the chronic exposures
evaluated by previously described exposure scenarios. The acute exposure scenario includes direct

i1 * alation of airborne emissions at the estimated maximum 1-hour concentration. The receptor for the
a..te exposure scenario is located at the point of maximum 1-hour concentration and is independent of

I 1- use. Because the acute exposure scenario is based on the maximum-modeled concentration and
assumes that a receptor will be present at the location of that maximum during the hour in which it occurs,
this * o °* edaworst-ca 3 ario.

7.1.4. Exposure Pathways

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

e COPCs and ROPCs
— direct inhalation of emissions

e ROPCs only
— external exposure to radionuclides in air.

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

e COPCs and ROPCs
— ingestion of soil
— inhalation of resuspended soil
— ingestion of homegrown or wild gathered produce
— ingestion of homegrown beef, milk, chicken, eggs, and pork
— ingestion of drinking water
— ingestion of fish
— ingestion of wild game (including fowl and eggs)

e COPCs only
— dermal absorption in the sweat lodge

e ROPCs only
— external exposure to radionuclides in soil

e PCDDs/PCDFs, PCBs, and selected ROPCs (Sr-90, I-129, Cs-137, and Cs-137) only
— ingestion of breast milk

e VOCs, SVOCs, and volatile ROPCs only
— inhalation of vapors in the sweat lodge
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E =mal radiation exposure will be quantitatively evaluated for radionuclides in air and soil. External
radiation exposure is not expected to be significant for surface water because of the following:

o Distance to the Columbia River will result in extremely low concentrations of ROPCs via deposition

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

e Exposure to air and soil are continuous while potential exposure to surface water is intermittent

Thus, external radiation exposure is not expected to be significant for surface water because the distance

to the Columbia River will result in extremely low concentrations of ROPCs via deposition. Thus, ROPC

concentrations in air near the facility, and in soil following deposition and accumulation, are expected to
c Toow rations.

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

o Groundwater pathways
e Resuspended dust
o Dermal contact

Groundwater pathways are generally not significant contributors to risk from airborne emissions because
exposure concentrations in groundwater following air ¢~ jersion, deposition, leaching, and groundwater
dispersion are much less than concentrations in air, soil, and other media. Conditions at the Hanford Site
(i.e., very low precipitation) will make the contribution to groundwater even less than at other sites.
Therefore, exposure to groundwater will not be included in the quantitative risk assessment. However,
surface water concentrations will be used to evaluate the ingestion of drinking water, as well as inhalation
of VOCs/SVOCs and dermal absorption for the Native American sweat lodge scenario.

Inhalation of resuspended dust can be an important exposure pathway at contaminated sites where the
contaminant source is at the surface or in the soil. This was explained in the air dispersion modeling
section (6). At these sites, dust resuspension generally represents the only source of inhalation exposure
(unless significant volatiles are present). At sites such as the RPP-WTP where the source of
COPCs/ROPC:s is airborme emissions, direct, continuous inhalation of these emissions is a much more
important exposure pathway than periodic inhalation of fugitive dust. However, because of the dry, dusty
conditions at the Hanford Site, inhalation of resuspended dust will be evaluated in the PRA.

Dermal exposure pathways (to soil, surface water, or air) will not be included in the PRA with the
exception of the Native American sweat lodge scenario. This is a non-conservative assumption, because
dermal contact will occur when direct contact with soil or surface water is a potentially complete
pathway, along with incidental ingestion. However, dermal exposure pathways have been identified as
insignificant contributors to risk in numerous risk assessments prepared and/or reviewed by EPA for
airborne emissions from thermal treatment facilities. If initial PRA results indicate that the ingestion
pathway results in risks that are borderline for any plausible receptor, then the dermal exposure pathway
may be included in the PRA. A discussion of the potential impact associated with exclusion of this minor
pathway from the quantitative risk assessment will be included in the uncertainty assessment.
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7.1.5. Quantification of Exposure

The following section provides the calculation algorithms that will be used to quantify intake (or dose) for
each COPC and ROPC. Estimates of the lifetime average daily doses (LADDs) and average daily doses
(ADDs) will be quantified. The LADD defines a dose level that is distributed (averaged) over an entire
lifetime, rather than a specific incremental exposure period. Unlike the LADD, the * ™D is not averaged
over an entire lifetime.

The equations that will be used to quantify each of the exposure pathways are given below and are based

on those presented in Appendix C of EPA 1998a; these equations are subject to change as the guidance is
modified.

7.1.5.1. Inhalation of Vapor Phase and Particulate Emissions

Inhalation of vapor phase and particulate emissions will be quantified with the following equations:

_ C,xIRxETxEFxEDx 0 001

COPCs: Lo =
BW x AT x 365
ROPCs: I, =C, xIRxETxEFxED
where
L. = average daily COPC/ROPC intake via inhalation (mg COPC/kg-day for chemicals; pCi
ROPC for radionuclides)
C, = total COPC concentration in air (ug/m’ for chemicals; pCi/m’ for radionuclides)
IR = inhalation rate (m*/hour)
ET = exposure time (hour/day)
EF = exposure frequency (day/year)
ED = exposure duration (year)
0.001 = conversion factor (mg/pg)
BW = body weight (kg)
AT = averaging time (year)
365 = conversion factor (day/year)

7.1.5.2.  Ingestion of Soil

Ingestion of COPCs/ROPC:s in soil will be quantified with the following equations:

COPCs: 1., = CsxCR,,; xF,; xEFxED

ol BW x AT x 365
ROPCs: I, =CsxCR,,; xF,,; x EFx EDx1000
where
Lo,y = daily intake of COPC/ROPC due to soil ingestion (mg/kg-day for chemicals; pCi for
radionuclides)
Cs = average soil concentration of COPC/ROPC over exposure duration (mg COPC/kg soil for

chemicals; pCi ROPC/g soil for radionuclides)
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CR,,; = consumption rate of soil (kg/day)
Fs = fraction of ingested soil that is contaminated (unitless)

EF = exposure frequency (day/year)
ED = exposure duration (year)

BW = body weight of receptor (kg)
AT = averaging time (year)

365 = conversion factor (day/year)
1000 = conversion factor (g/kg)

7.1.5.3. Ingestic of Produce

Ingestion of COPCs/ROPCs in homegrown or wild gathered produce will be quantified with the
following equations:

C Cs:
- {{(Pd + Pv + Pr)x CRag)+ (Pr x CRyp) + (Prog x CRug )t x Fae x EF x ED
* AT x 365

ROPCs:
I, = {(Pd + Pv + Pr)x CRag+ (Pr x CRpp )+ (Pr x CRug)}x F,, x EF x ED x 1000 x BW

v re
I,, = daily intake of COPC/ROPC from produce (mg/kg-day for chemicals; pCi for radionuclides)
Pd = COPC/ROPC concentration in aboveground produce due to direct deposition onto plant
surfaces (mg/kg for chemicals; pCi/g for radionuclides)

Pv = COPC/ROPC concentration in aboveground produce due to air-to-plant transfer (mg/kg for
chemicals; pCi/g for radionuclides)

Pr = COPC/ROPC concentration in aboveground produce due to root uptake (mg/kg for
chemicals; pCi/g for radionuclides)

CR,; = consumption rate of aboveground unprotected produce (kg/kg-day DW or dry weight)

CR,, = consumption rate of aboveground protected produce (kg/kg-day DW or dry weight)

Pr,, = COPC/RO! _ concentration in belov  ound produce due to root uptake (mg/kg for
chemicals; pCi/g for radionuclides)

CRy; = consumption rate of belowground produce (kg/kg-day DW or dry weight)

F,, = fraction of ingested produce that is contaminated (unitless)

EF = exposure frequency (day/year)

ED = exposure duration (year)
AT = averaging time (year)
365 = conversion factor (day/year)

1000 = conversion factor (g/kg)
BW body weight (kg)

7.1.5.4. Ingestion of Beef, Milk, Pork, Poultry, Eggs, and Wild Game

Ingestion of COPCs/ROPCs in homegrown beef, milk, pork, poultry, eggs and wild game will be
quantified with the following equations.
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A; xCRj x F; x EF x ED
AT x365

COPCs: I; =

ROPCs: I, =A; xCR, xF; x EFx EDx1000x BW

where
I; = daily intake of COPC/ROPC i from animal j (mg/kg-day for chemicals; pCi for
radionuclides)
A; = concentration of COPC/ROPC i1 in animal j (mg/kg FW or fresh (wet) weight for chemicals;
pCi/g for radionuclides)
CR; = consum) nrate of animal j (kg/kg-day FW or fresh (wet) weight)

F;, = fraction of ingested animal tissue j that is contaminated (unitless)
EF exposure freq 1cy (day/year)
= exposure duration (year)
AT = averaging time (year)
= conversion factor (day/year)
1000= conversion factor (g/kg)
BW = body weight (kg)

For the metals mercury, selenium, and cadmium, the concentrations in beef, milk, and pork as well as the

consumption rate are in kg DW per day and must be adjusted using wet weight to dry weight conversion
factors.

7.1.5.5. Ingestion of Fish

Ingestion of COPCs/ROPCs in fish (e.g., chinook salmon, bass) will be quantified using the following
¢ .ations:

COPCs. Iﬁsh _ C s X (CR asn iia:a:;% )5x F ion X EF X ED
ROPCs: I, = Cg, x(CR 4, +CR,..) xFp, x EFXED x1000 x BW
where
Isn = daily intake of COPC/ROPC from fish (mg/kg-day for chemicals; pCi for radionuclides)

Csin = concentration of COPC/ROPC in fish (mg/kg for chemicals; pCi/g for radionuclides)
CRy,, = consumption rate of fish (fillets) (kg/kg-day FW)
CR rgans = consumption rate of fish parts (e.g., head, fins, etc.) (kg’kg-day FW)

Fs, = fraction of ingested fish that are contaminated (unitless)
EF = exposure frequency (day/year)

ED = exposure duration (year)

AT = averaging time (year)

365 = conversion factor (day/year)

1000 = conversion factor (g/kg)
BW = body weight (kg)
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1 7.1.5.6. Ingestion of Water

2 Ingestion of COPCs/ROPCs in drinking water will be quantified using the following equation:

3
C,. xCR,, xF, xEFxED
4 COPCs: I, =
BW x AT x 365

5

6 ROPCs: I, = Cs x CR4y x Fg x EF x ED

7

8  where

9
10 I, = daily intake of COPC/ROPC in drinking wa  (mg/kg-day for chemicals, pCi for
11 radionuclides)
12 w = ssolved phase COl OPC water concentration /L for che >1/L for
13 radionucli  s)
14 CR,. = drinking water consumption rate (L/day)
15 F;, = fraction of ingested drinking water that is contaminated (unitless)
16 EF = exposure frequency (day/year)
17 ED = exposure duration (year)
18 BW body weight (kg)
19 AT = averaging time (year)
20 365 = conversion factor (day/year)
21

22 17.1.5.7. Ini Ingestion of Breast Milk

23 The infants ingestion of COPCs/ROPCs in breast milk will be quantified for dioxins/furans, coplanar
24  dioxin-like PCBs and selected radionuclides (Sr-90, I-129, Cs-134, and Cs-137) based on the following
25  equations:

26

mxCExhxf, f,xf, xIR,, x ED

0.693x f.
27 COPCs: Lypyy= ———
B Winfant x AT
28
29 ROPCs: Lifan = E<—h—ﬁx f,xf,xIR,, xEDxEFI
0.693xf,

30
31  where
32
33 Lingant = average infant intake of COPC/ROPC (pg/kg-day for chemicals; pCi for radionuclides)
34 m = average maternal intake of COPC/ROPC across all adult ingestion scenarios
35 (mg/kg BW-day for chemicals; pCikg BW-day for radionuclides)
36 CF = conversion factor of 1x10° (pg/mg)
37 h = half-life of COPC/ROPC in adults (days)
38 f, fraction of ingested COPC/ROPC that is stored in fat (unitless)
39 f, = fraction of mother’s weight that is fat (unitless)
40 f; = fraction of mother’s breast milk that is fat (unitless)
41 f, = fraction of ingested COPC/ROPC that is absorbed (unitless)
42 IR« = ingestion rate of breast milk by infant (kg/day)
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ED = exposure duration (year)
BW,,u = body weight of infant (kg)
AT averaging time (year)

EF exposure frequency (day/year)

Il

fi

7 s equation is expected to overestimate chemical concentrations in the lipid portion of breast milk
because it does not consider the time required to reach steady state or contaminant losses from breast
feeding as desc red below EPA (1998a):

e Chemical concentrations in milkfat may be overestimated by a factor of 10 or more if the half-life of
the chemical is large compared to the exposure duration (i.e., near steady state conditions are not
reached).

° nant 1 can be ificant. (190 ) o1 thatthe high 1
- ——_ . 2__7Fsare excreted in breast milk within the first few weeks after de Lo ~ear of
breast fee ng, PCDD/PCDF concentrations are about 30-50% of initial levels.

For dixoins/furans, as recommended in EPA 1998a, Iy, will be compared to an average infant intake
target level of 60 pg/kg-day of 2,3,7,8-TCDD TEQ. As recommended by EPA Region X, for coplanar
(dioxin-like) PCBs, Liyan Will be compared to an average infant intake target level of 13 pg/kg-day of
2,3,7,8-TCDD TEQ. Cancer risks will be quantified for ROPCs, based on Iy

7.1.5.8. External Exposure to Radionuclides in Soil

External exposure to 1onizing radiation in soil from ROPCs will be quantified using the following
equation:

ROPCs: I, = Cs x (1-Se) x Te x EF x ED x (1/365)

where
I, = intake of ROPC due to external exposure to ionizing radiation in soil [(pCi-year)/g]
Cs = average soil concentration of ROPC (pCi/g)
Se = shielding factor (unitless)
Te = exposure time factor (unitless)

EF = exposure frequency (day/year)
ED exposure duration (year)
1/365= conversion factor (year/day)

7.1.5.9. External Exposure to Radionuclides in Air

External exposure to ionizing radiation in air from ROPCs will be quantified using the following
equation:

ROPCs: I,,= Ca x EF x ED x 86400 x AF x 0.037
where

Liva = intake of ROPC due to external exposure to ionizing radiation
in air [(Bg-secs)/m’]
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Ca concentration of ROPC in air (pCi/m’)
EF = exposure frequency (day/year)
ED = exposure duration (year)
86400 = conversion factor (secs/day)
AF = age factor of 1 for adults and 1.3 for children (unitless)
(Saito, et al. 1998)
0.037 conversion factor (Bq/pCi)
7.1.5.10. Inhalation of Vapors in Sweat Lodge Scenario

The inhalation of volatile and semivolatile organic compounds for Native American adults inside the
sweat lodge will be quantified with the following equation which assumes a hemisphere with a2 m
diameter:

where

Iinlr

Cw
VW
T
IR
EF
ED
ET
1
24
BW
AT
365

7.1.5.11.

Cw x xIRxEFxEDxETx—}—
2, 24
—Tr
VOCs and SVOCs that are COPCs: I, = ’
BW x AT x 365
: A 1
Volatile ROPCs: I,,=Cw x . xIRx EFXxEDxET x—
2 24
3

average daily intake of VOCs/SVOCs that are COPCs/ROPCs, from adult inhalation within
the sweat lodge (mg COPC/kg-day for chemicals; pCi for radionuclides)

average surface water concentration (mg/L for chemicals; pCi/L for radionuclides)

volume of water used in sweat lodge (L)

radius of sweat lodge (m)

inhalation rate (m’/day)

exposure frequency (day/year)

exposure duration (year)

exposure time (hour/day)

conversion factor (day/hour)

body weight (kg)
averaging time (year)
conversion factor (day/year)

Dermal Absorption in Sweat Lodge Scenario

The dermal absorption of water for Native American adults inside the sweat lodge (a hemisphere with a 2
m diamter) will be quantified with the following equation:

CwxSAxKnxETxEFxEDx10
BW x AT x 365

COPCs: 1, =
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Cw
SA
Kp
ET
EF

ED

10
BW
AT
365
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average daily intake of COPCs, from adult dermal absorption within the sweat lodge (mg
COPC/kg-day)

= average surface water concentration (mg/L)

body surface area available for contact (m?)
permeability constant (COPC-specific) (cm/hour)
e osure time (hour/day)

e osure frequency (day/year)

exposure duration (year)

conversion factor [( ! \x( m ] or( L ]

m , \cm m’-cm,

body weight I
averaging time (year)
conversion factor (day/year)

Inhalation of Resuspended Soil

The inhalation of resuspended soil will be quantified with the equation shown below. See section 6.1.2.6
for information regarding the estimation of air concentrations of resuspended dust.

where

Iinltsoil
Casail

IR
ET
EF
ED
0.001
BW
AT
365
1000

7.1.6.

C

a g xIRxETx EFx ED x 0.001
COPCS: Iinhsail == o -

BW x AT x 365

OPCs: Iin/lsail = Ca_w,'[ x IR x ET xEF xED

average daily COPC/ROPC intake via inhalation of resuspended soil (mg/kg-day for
chemicals; pCi for radionuclides)

average air concentration of COPC/ROPC from resuspended soil (ug COPC/m’ for
chemicals; pCi ROPC/m’ for radionuclides)

inhalation rate (m’/hour)

exposure time (hour/day)

exposure frequency (day/year)

exposure duration (year)

conversion factor (mg/pg)

body weight (kg)

averaging time (year)

conversion factor (day/year)

conversion factor (g/kg)

Exposure Parameters

The equations presented above are the basis for quantifying the exposure to COPCs/ROPCs experienced
by a potential receptor. The values that will be used for each parameter identified in the equations are
provided in Tables 7-2, 7-3, and 7-4. For residential scenarios in Table 7-2, exposure values were
predominantly taken from the Human Health Risk Assessment Protocol for Hazardous Waste Combustion
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7.1.7.2. Exposure Point Concentrations for Worst-case Exposure Scenarios

For the worst-case future land use scenarios, exposure will be evaluated at the point(s) of maximum
concentration regardless of actual land use patterns.

Residential Scenarios. Residential scenarios, including resident adult and child, subsistence farmer adult and
¢ d,nursing in~ t, and the residential portion of the subsistence fisher adult and child will be evaluated at
the point(s) of maximum concentration as identified by the air-dispersion modeling unless physical factors
would preventa  dence at this location. COPC/ROPC concentrations in drinking water will be estimated
from the point(s) of maximum concentration at the Columbia River.

Subsistence Fisher Scenario. The adult and child subsistence fisher will obtain{ 1 from the point(s) of
1 dmum concentration at : Columbia River.

I ive American Scenarios. ...e potential future location of activities will be determined with input
f nthethree »es after completing the air-dispersion modeling. The locations selec | will represent
the max ally impacted location at the minimum distance from the RPP-WTP for each activity.

7.2. Toxicity Assessment

1 s section of the SLRA will present the chemical specific dose-response information to be used in the
r._cassessment. The toxicity assessment will be performed in accordance with EPA 1998a guidance.
Chronic toxicity data will be obtained according to the following hierarchy:

1 Integrated Risk Information System (IRIS) EPA 1998c or most current. IS is an on-line
database that provides toxicity values for chronic oral and inhalation exposures. All data contained in
IRIS are verified by an EPA work group. As such, IRIS serves as the primary source of toxicity
values for the risk assessment.

2 Health Effects Assessment Summary Tables (HEAST) (EPA 1995d and EPA 1997a or most
ct nt). HEAST is an EPA document that supplements IRIS by providing nonverified toxicity
values, as well as values for evaluating the potential for noncancer effects following subchronic
exposures. Information in HEAST (EPA 1997a) is used as a secondary source for chemicals when
information is not available from IRIS. HEAST (EPA 1995d) is the source for ™ carcinogenic
toxicity values (slope factors) for radionuclides. Ingrowth of radioactive daughters will be accounted
for by using the +D (plus daughters) slope factors. This is a conservative approach since use of the
+D assumes secular equilibrium.

3 Provisional Values. In the absence of established values from IRIS or HEAST, provisional toxicity
values are  :d and are available from several sources (i.e., NCEA’s Superfund Technical Support
Center, EPA Regional Toxicologists, ATSDR Toxicological Profiles).

4 Surrogate Values. When toxicity values for a chemical are not available from the sources listed
above, the use of a surrogate value may be necessary. This process involves applying a toxicity value
established r one chemical to another chemical for which no value has been established. The
application of surrogate values is based on similarities in structure, mechanism of action, and toxicity.
The surrogate values will be identified in the SLRA when their need is identified

The same approach will be used for the toxicity assessment in both the PRA and FRA. Any new toxicity
values that become available prior to development of the FRA will be incorporated in the final
assessment.
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7.2.1. Noncarcinogenic Health Effects

Potential noncarcinogenic health effects associated with exposure to COPCs will be evaluated using
acceptable daily intake levels (i.e., reference doses and concentrations) established by EPA 1997a and
EPA 1998c or as described above.

It is widely accepted that most biological effects of chemicals occur only after a threshold dose is
exceeded (Klaassen et al. 1996 and Paustenbach 1989). For purposes of establishing noncarcinogenic
health criteria, this threshold dose is usually estimated from the no-observed adverse effect level
( )JAEL) or lowest-observed adverse effect level (LOAEL) de mined in animal or human studies.
NOAEL is defined as the exposure level at which no statistically or biologically significant increases are

or severity of adverse effects (EPA 1989b). The LOAEL is the lowest exposure

statistically or biolt ":ally ¢ 1ificant increases in frequency or severity of

89b). The LOAEL or NOALL from the most sensitive animal or human study is
used by the EPA to establish long-term health criteria, termed reference doses (RfDs). A RfD is defined
as an estimate (with uncertainty spanning perhaps an order of magnitude) of the dose of a chemical
(expressed in mg/kg-day) that is likely to be without an appreciable risk of deleterious effects during a
lifetime = A 1989b). Similarly, a reference concentration (RfC) represents the concentration of a
chemical inenv mmental media (expressed in pg/L for water or mg/m’ for air) that is likely to be
without an appreciable risk of deleterious effects during a lifetime (EPA 1989b). When derivinga R 'or
F -, a NOAEL value is used preferentially over a LOAEL value if both are available from the key study.
EPA derives RfDs and RfCs by applying uncertainty factors to the NOAEL or LO * 7. value to provide a
margin of safety. The equation for deriving a RfD or RfC is shown below:

RD or RfC = (NOAEL or LOAEL) / (UF x MF)

where
RfD = reference dose (mg/kg/day)
RIC = reference concentration (mg/m’)
NOAEL = no-observed-adverse-effect-level
LOAEL = lowest-observed-adverse-effect-level
UF = uncertainty factor
MF = modifying factor.

Uncertainty factors can range from 1 to 10,000 and may include a factor of up to 10 to account for each of
the following.

Variation in sensitivity within human populations

Extrapolation of effects observed in animals to humans

Extrapolation from less-than-lifetime exposures in the critical study to lifetime exposures
Extrapolation from a LOAEL to a NOAEL, if necessary

In some cases, a modifying factor [usually ranging from 1 to 10 or <1 for most essential nutrients (EPA
1989b)] also is applied to the NOAEL/LOAEL. This value reflects a qualitative professional assessment
of additional uncertainties in the critical study and in the entire database for the chemical not explicitly
addressed by the above uncertainty factors (EPA 1989b). RfDs and RfCs can be interconverted using
default exposure assumptions (i.e., 70-kg body weight, 2 L/day water intake, and 20 m3/day brea ng
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2.10. Radionuclide Assessment

HEAST (EPA 195d) and EPA Federal Guidance Report 13 (EPA 1999b) are the sources for all
carcinogenic toxicity values (slope factors) for radionuclides. Ingestion, inhalation, and external exposure
slope factors for radionuclides are provided in Table 4-3. Risks will be calculated using slope factors that
include the potential toxicity of daughter products.

7.2.1  Nursing Infant Assessment

|
|
Potential infant exposure to PCDD/PCDFs, coplanar PCBs, and selected radionucli (Sr9°, ', cs',
Cs"7) in human breast milk will be evaluated in the SLRA. The interpretation of infant exposures is
nited by the lack of infant dose-response data (EPA 1998a). Potential infant exposures will be
aluated in the SLRA two ways; by comparison to background exp: ,and by t calculation of a
cer risk value.

7.2.11.1 Comparison to Background
Because the possible impact of a brief early life exposure to these chemicals is unknown, the most
appropriate method for evaluating the potential for adverse health effects to exposed infants is through a

comparison to average background exposures.

Polychlorinated Dibenzo-p-dioxins and Pol--~*'~=-~*~d Dibenzofur---

EPA (1998d) recommends that risk assessments include a comparison of exposures to PCDDs and

PC Fs with a national average background exposure level for infants of 60 pg TEQ/kg/day. This value is
a modeled ADD based on a measured average concentration of 16 ppt 2,3,7,8-TCDD TEQ in the lipid
portion of breast milk. This comparison to background will utilize EPA TEF (rather than WHO TEFs)
because historic data available for background concentrations and exposures are*  ed on the EPA TEF
values.

Polychlonnated Biphenyls (PCBs)

Possible effects of coplanar PCBs will be evaluated for nursing infants using average background
exposure concentrations. A reported range for the average background concentration of coplanar PCBs in
human milk is 10-20 ng/L (higher levels have been measured) with a recommended point value of 13
ng/L (EPA 1999d).

Ri onuclides

Background concentrations of the four radionuclides of interest are not currently available. If background
values become available they will be included in the SLRA. Background data identified by

September 2000 will be included in the draft PRA. Background data identified up to four weeks prior to
subsequent submissions (e.g., final PRA, FRA) will be included in these later documents.

7.2.11.2 Estimated Cancer Risk

Incremental Lifetime C  :er Risks are generally estimated from the total lifetime exposure or dose of a
chemical (LADD) and the cancer slope factor. Cancer slope factors represent an upper-bound estimate of
the probability of developing cancer per unit dose of a chemical. The possible impact of a brief early life
exposure alone to a potential carcinogen is unknown. Per EPA guidance (EPA 1998a), an infant
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cancer risk will be calculated for a 1 year exposure (1 year ADD) to PCDDs/PCDFs, coplanar PCBs and
the four potentially bioaccumulative ROPCs.

(J ™t O

Polychlorinated Dibenzo-p-dioxins and Polychlorinate

Infant cancer risks will be estimated using the same TEF/TEQ approach described previously. Because
PCDDs/PCDFs act as a cancer promoter rather than a cancer initiator, exposures early in life may not be
as important as those that occur later (i.e., following initiation).

-t ch] p~=-1~ PCBs)

Infant cancer risks will be estimated using the same TEF/TEQ approach described for coplanar P(
previously.

Radionuclides

Risks will be estimated using slope factors that include the potential toxicity of dau; er products as
described for adult exposures.

7.2.12. Acute Effects Assessment

In addition to chronic effects, direct inhalation of airborne COPCs and ROPCs (vapor and particulate)
will be evaluated for potential acute effects. Modeled short-term, one-hour maximum air concentrations
will be compared to acute inhalation exposure criteria (AIEC) to evaluate the potential for COPCs/ROPCs
emitted from the RPP-WTP to pose an acute health hazard to potentially exposed receptors. Acute
toxicity data for COPCs/ROPCs will be obtained according to the following hierarchy:

1 Values from NCEA (as provided by EPA Region X)

2 Acute exposure guideline levels (AEGL-1)

3 Emergency response planning guidelines (ERPG-1)

4  Acute reference exposure levels (ARELSs) from California EPA

5 Temporary emergency exposure limits (TEEL-1)

6 Subcommittee on consequence assessment and protective actions (SCAPA) toxicity-based
approach (DOE 1997)

The most up-to-date references currently available for items 2-5 above are:

AEGL-1: (EPA Region X and 10-30-99 Federal Register)
~ 7 3-1: http://www.scapa.bnl.gov/scapawl.htm
AREL: http://oehha.ca.gov/scientific/relnums.htm

TEEL-1: http://tis.eh.doe.gov/web/chem_safety/teel . html

Updated references will be used for these acute toxicity data when the references become available.

For acute exposures to ROPCs, derived air concentrations based on the ALI will be used.  iese derived
air concentrations for acute exposure comparison will be the concentration of the radionuclide in air that,
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EPA 1998a recommends an HQ goal of 0.25 for evaluating emission rates and this risk goal will be
applied here. Additive noncarcinogenic health effects can be evaluated when exposure to more than one
chemical occurs by using the HI approach (see section 7.2.1).

Additivity of Noncarcinogenic Effects

Multiple chemical exposures can result in synergism, antagonism, and/or additivity of biological
responses when the chemicals act on similar target organs or when they are metabolized by the same
enzymatic pathways. It is appropriate in risk assessment to evaluate the possible health effects associated
v h multiple chemical exposures at a site. EPA risk assessment guidelines (EPA 1989b) state that
additivity of noncarcinogenic health effects should only be considered if the chemicals have the same
toxicological er  oint (e.g., organ or enzyme systems). Note that the same toxicological endpoint also

implies the same mechanism of a ity for all chemicals will initially be assumed to occur
dl  »fthe toxicoll cal em nnroach is likely to overestimate the truel  1an health
nisks associated with exposure to L. Zssince many chemicals may t on different target

organs. If the target hazard index (HI) is exceeded, a segregation of the HI by toxicological endpoint will
be considered. In addition to multiple chemicals, receptors may be exposed via more than one pathway.
As the EPA (1989b) notes:

“There are two steps required to determine whether risks or hazard indices for two or more pathways
should be combined for a sii e exposed individual or group of individuals. The first is to identify
reasonable exposure pathway combinations. The second is to examine whether it is likely that the same
individuals would consistently face the “reasonable maximum exposure” for more than one pathway.”

The simplified equation for calculating a generic HI is presented below.

D ADD
HazardIndex=ADD‘ + ADD, +. 4
RD, R, RID

n

1 HI of 0.25 or less indicates that levels of exposure are acceptable. HI will be calculated for all COPCs
and all pathways for a given receptor.

7.3.2. Carcinogenic Risks

Carcinogenic health risks are defined in terms of a probability that an individual may develop cancer as a
result of exposure to a given chemical or radionuclide at a given concentration (EPA 1989b). The
incremental probability of developing cancer (i.e., the excess cancer risk) is the additional risk above and
beyond the cancer risk an individual would face in the absence of exposures characterized in this
assessment. The excess cancer risk will be determined for each potentially carcinogenic COPC or ROPC
using the total LADD from all pathways and cancer slope factors as described below.

Excess Cancer Risk = LADD x SF for all pathways except external exposure to air
Excess Cancer Risk = LADD x RF for external exposure to air,
where
LADD = Lifetime average daily dose, with units of
e (mg/kg-day) for COPCs

o pCi for ingestion and inhalation of ROPCs
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e (pCi-yr/g) for external exposure to ionizing radiation in soil (for ROPCs)
e (Bg-secs/m’) for external exposure to ionizing radiation in air (for ROPCs)

SF = Cancer slope factor, with units of
e (mg/kg-day)’ for COPCs
e (pCi)" for ingestion and inhalation of ROPCs
e (pCi-yr/g)" for external exposure to ionizing radiation in soil (for ROPCs)

RF  Cancer incidence risk factor (Bg-secs/m’)" for external exposure to ionizing radiation in air (for
ROPCs) (EPA 1999c).

Oral and inhalation slope factors are provided in Table 4-1 (organic COPCs), Table 4-2 (inorganic
COPCs’ 1 Table 4-3 (ROPCs). The slope factors provided for radionuclis .2 tal .from EPA
a d include ty ¢ tc icts. of these ““ ~ 7 slope for  “"onuclic
is conservative because it assumes the daughter species are in equilibrium with the parent. For many
radionuclides this equilibrium may require thousands of years.

The LADD and slope factor are multiplied, yielding a dimensionless value that represents the probability
of developing cancer within a lifetime (70 years) due to the chemical or radiological dose (LADD)
received by a person. For example, a theoretical risk value of 0.0001 or 1 x10™ is referred to as a
probability of 1 in 10,000 of developing cancer. As with the HIs, the theoretical excess cancer risk will
be presented for each scenario on a chemical/radiological-specific, pathway-specific, and total risk basis.
In addition, chemical and radiological risks will be presented separately. The theoretical excess cancer
risk may be compared to both the de minimus lifetime cancer risk rate of 1 x10°® (i.e., negligible risk) and
the acceptable regulatory risk range of 1 x 10 to 1 x 10* (OSWER Directive 9355.0-30 EPA 1991a).

. ue target risk goal for emissions from the RPP-WTP is 1 x 107,

7.4. Uncertainty Assessment

Numerous sources of uncertainty inherent in the risk assessment process exist. Some degree of
uncertainty is introduced into the assessment each time an assumption is made. Many assumptions have
valid and strong scientific bases, whereas others are estimates usually represented by a range of values.

The purpose of the uncertainty analysis is to identify and discuss areas of uncertainty associated with the
quantitative estimates of risk for COPCs and ROPCs. This discussion serves to place the risk estimates in
proper perspective by fully specifying the assumptions and qualitatively evaluating the uncertainties of
the assessment.

A table providing a qualitative summary of all potential sources of uncertainty and the potential effect of
that uncertainty on the risk estimates will be included in the PRA. The key variables and assumptions
that contribute most to uncertainty will be identified and further addressed in the FRA. A qualitative
discussion of the uncertainties associated with each component of the risk assessment will be provided
including:

e Site Characterization. The degree of confidence in the current and future land use assumptions will
be: Iressed.

e Exposure Assessment. Uncertainties surrounding fate and transport modeling, and the assignment of
exposure parameter values will be addressed, including any excluded pathways such as dermal
contact with soil and the handling of plants.
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e Toxicity Assessment. Uncertainties surrounding the toxicity values (RfDs a1 SFs),
weight-of-evidence classifications, toxicity value data gaps, conversions of toxicity values from
concentration to dose (e.g., UR to SF, RfC to inhalation RfD), and route-to-route extrapolations will
be addressed.

e Risk Characterization. Uncertainties surrounding the practice of summing HIs and risks across
chemicals and pathways. The uncertainties associated with the evaluation of chemical and
radionuclide emissions will also be addressed.

The fo  sources of uncertainty listed are unique to the human health risk assessment. Uncertainties
associated with COPC/ROPC selection, emission rates, and environmental modeling are provided in
previous sections.

To aid in the process of moving the dangerous waste permit process forward, special attention will be
given to uncertainties associated with estimated risk that exceeds risk goals.

7.5. Summary for Screening Human Health Risk Assessment

Risks to human health from the potential emission of COPCs and ROPCs result from (1) exposure to the
COPC/ROPC and (2) the toxicity of the COPC/ROPC. The screening HHRA utilizes the estimated
emission rates (section 5) and results of fate and transport modeling (section 6) to calculate potential
human exposure to COPCs and ROPCs. This exposure information is combined with toxicity data to
estimate the potential for adverse effects to human populations in the vicinity of the RPP-WTP.

The PRA will use conservative exposure assumptions to compensate for the high level of uncertainty
associated with conducting a risk assessment for a facility that is still in the design phase. The PRA will
include a qualitative uncertainty analysis.

The FRA will focus on COPCs and ROPCs that exceed risk goals in the PRA and may utilize additional
site-specific emission, fate and transport, and exposure data collected after completion of the PRA.
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Figure 7-4 Hanford Site Existing Land Use Map - 1996
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2 Figure 7-5 Hanford Site Projected and Use Map - 146
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Table 7-2 Exposure Parameters for Residential Scenarios
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Exposure
Pathway Parameter | Description Units Value® Comment
Infant Ingesting BW infane Body weight of infant | kg 10 l Mean of 6 mo. to 1 year
Breast Milk' old infant’s weight
(cont’d) ranging from 9.1to 11.3
kg
| Al Averaging ‘l'me year 1 EPA OSW
recommendation
acknowledging that this
value may overestimate
. carcinogenic risks by a
' factar nf 70

EPA default exposure parameters (EPA 1Y9¥a), unless otherwise noted.

EPA Region X personal communication (EPA 1999¢).

¢ RAGS, Part B (EPA 1991b).

4 Saito, et al., 1998.

Surface water concentrations will be used to evaluate the ingestion of drinking water pathway.

Dioxins, furans, coplanar PCBs, and radionuclides are evaluated for the infant’s ingestion of breast milk.
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8. Screening Ecological nisk Assessment

The screening  ological risk assessment incorporates four fundamental components of the ERA process:
(1) problem formulation, (2) exposure assessment, (3) effects assessment, and (4) risk characterization.
Selection of C( 'Cs (section 4), quantification of emissions (section 5), and dispersion modeling
(section 6) feec ritical information to this process.

8.1. Problem Formulation

This tion of the Work Plan focuses on the conceptual exposure model, ecological setting, ecological
receptor identification, and assessment/measurement endpoints. Each is defined below.

8.1.1. Ecol~7ical Conceptual Exposure Model

A conceptual ¢..posure model has been developed that identifies potential ecological receptors and
potentially complete exposure pathways (that is, exposure scenarios). The conceptual model is shown as
Figure 8-1. T1 :nd product of the conceptual model is the identification of exposure scenarios that are
defined by pot__ ially exposed populations and exposure pathways. The conceptual model was
developed from information obtained from EPA (1998a) and Screening Assessment and Requirements for
a Comprehensive Assessment: Columbia River Comprehensive Impact Assessment (DOE-RL 1998).

The conceptua nodel focuses on identifying complete exposure pathways for potentially exposed
receptor populations. An exposure pathway is the means through which an organism comes in contact
with a chemici' in the environment. Exposure pathways are determined by environmental conditions
(e.g., location _ 'habitat and home ranges and wind speed/direction), the potential for chemical migration
among media ~ 2., air, soil, or surface water), and by the behavior and diet of potentially exposed plant
and animal po  ations. Although several potential pathways may exist, as was explained in the human
health risk ass___ment, not all pathways may be complete. For a pathway to be complete, the following
four factors must exist:

1 A source of COPC/ROPC release into the Hanford Site environment,

2 Arelease - d transport mechanism (e.g., deposition to soil) that moves the COPC/ROPC from the
source, su  as stack, to other locations in the environment,

3 Apointo! >ntact with a contaminated medium, and

4  An exposure route to the receptor such as ingesting or inhaling affected media

These four factors were considered in the conceptual model. The sources of COPC and ROPC release are
the stack and fugitive emissions from the RPP-WTP. Transport processes, potential points of contact, and
complete exposure pathways are identified to formulate exposure scenarios that will be the focus of the

quantitative risk assessment. The technical context for this is as follows.

8.1.2. Ecc gical Characterization

The Hanford e and adjacent region are a shrub-steppe vegetation zone with a shrub overstory and an
understory of asses. Ecological resources at the Hanford Site are extensive, diverse, and important as
explained in | itzel et al. 1998. Because the Hanford Site has not been farmed or grazed for over
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50 years, it has become a refuge for a variety of plant and animal species (Gray and Rickard 1989)
containing one of the largest remaining undisturbed shrub-steppe ecosystems in Washington

(see Appendix C-1 for a listing of plants and animals observed on the site). About 665 km” (257 mi’) of
undeveloped lands located on-site (almost half of the total area of the Hanford Site) have been designated
as ecological s~ 1y areas or refuges (Figure 8-2).

8.1.2.1. Pl siographic Setting

The Hanford S..c lies within the Intermountain Semidesert Province (USFS 1994). This province
includes the plains and plateaus of the Columbia-Snake River Plateaus and the Wyoming Basin. The
climate is cool, the average temperature being about 50°F, and semi-arid, with the average annual
precipitationrar ng m 10 to 20 inches across the province from west to east. At the Hanford Site, the
average annual precipitation totals about six inches. This precipitation is evenly ~ itributed throughout

t  fall, winter, and spring months, with little precipitation during the summer months.

The Hanford S... lies within the semi-arid Pasco Basin of the Columbia Plateau in southeastern
Washington and occupies an area of approximately 1,450 km’ (560 mi’) north of the confluence of the
Yakima River with the Columbia River. The Pasco Basin lies within the southwest corner of the larger
Columbia Basin. The Hanford Site occupies approximately one-third of the land area within the Pasco
Basin. The Columbia River flows through the northern part of the Hanford Site and forms part of the
Hanford Site’s eastern boundary after turning south. The Yakima River runs near the southerr  sundary.
Rattlesnake Mountain, Yakima Ridge, and Umtanum Ridge form the southwestern and western
boundaries of * = Hanford Site. The Saddle Mountains form the northern boundary. Adjoining lands to
the west, nortt ind east are principally range and agricultural land. The Hanford Site exhibits low relief,
ranging from 1 ) m (390 ft) above mean sea level (MSL) at the Columbia River to 230 m (750 ft) MSL
in the vicinity  the RPP-WTP sites.

The 200 Areas, nPP-WTP sites are located on the Central Plateau. The Central Plateau is characterized
by generally lc—--relief hills with deeply incised river drainages. Gable Butte and Gable Mountain (small
east—west ridg ) are prominent features of the Central Plateau.

8.1.2.2. Regional Ecology

The region ha: een characterized as shrub-steppe. Shrub-steppe vegetation is dominated by a shrub
overstory witt 1 understory of grasses (Daubenmire 1970). Non-industrialized lands on the Hanford
Site have not ' =n farmed or grazed by livestock for over 50 years, allowing it to serve as a refuge for a
variety of plai ind animal species (Gray and Rickard 1989). As  =d earlier, approximately 665 km’
(257 mi®) of v leveloped lands within the Hanford Site have been designated as refuges or ecological
study areas. £ steppe is considered a priority habitat by the State of Washington because of its
importance to ife species of concern (Neitzel et al. 1998). The National Biological Service has
identified native shrub and grassland steppes in Washington and Oregon as endangered ecosystems
(DOE 1996).

Biodiversity c.. the Hanford Site is enhanced by the large, relatively undisturbed tract of native
shrub-steppe habitat and by the Hanford Reach which is a stretch of the Columbia River below the Priest
Rapids Dam (T™OE 1996a). Additional factors influencing biodiversity include topographic features such
as Rattlesnake /ountain, Gable Butte, Gable Mountain, and the presence of a variety of soils ranging
from sand to ¢ ty and sandy loam. Unique terrestrial habitats include basalt outcrops, scarps (cliffs),
scree slopes, i . d sand dunes. Aquatic habitats are mostly associated with the Columbia River and include
open water habitat, wetlands, and riparian areas (Figure 8-3).
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Cold Creek and tributary, Dry Creek, are ephemeral streams within the Yakima River drainage system
that roughly par lel State Route 240 through the Hanford Site. Both streams drain areas to the west of
Hanford Site. ¢ -face flow, when it occurs, infiltrates and disappears into the surface sediments in the
western portion of the Hanford Site. Rattlesnake Springs, located on the western portion of the Hanford
Site, forms a sn I surface stream that flows for about 3 km (1.8 mi) before disappearing into the ground.

West Lake is lo ted north of the 200 East Area and is recharged from groundwater (Neitzel et al. 1998).
West Lake has: _t received direct effluent discharges frc  any Hanford Site facilities. This water body is
created by an elevated water table within a low surface area south of Gable Mountain. This artificially
elevated water table occurs under much of the Hanford Site, reflecting the augmented recharge from
Hanford Site operations. Currently, West Lake has been reduced to a collection of small pools ai
mudflats (Neitzel et al. 1998).

M [ " ote™ north of 200 Area East but south of West Lake) and the B Pond System
d: 20U Area East) received cooling water discharges from several facilities at the

Hanford and Rickard 1977). These artificial water bodies, formed by the waste water

discharg peration of the separation facilities, were decommissioned and covered with soil.

Vegetat

The Hai.._._ ____ __ _ shrub-steppe ecosystem characterized by bunchgrasses and sagebrushes

(Figure 8-3). This ecosystem is also referred to as high desert, northern desert shrub, or desert scrub
(Franklin and Dymess 1973). Prior to Western European settlement, the dominant plant in the area was
big sagebrush (Artemisia tridentata) with an understory of perennial bunchgrasses, especially Sandberg’s
bluegrass (Poa ndbergii) and bluebunch wheatgrass (Agropyron spicatum). Following settlement in the
early 1800s, gr-_ing and agriculture disrupted the native vegetation and opened the way for invasive
species such as Russian thistle (Salsola kali) and cheatgrass (Bromus tectorum). Cheatgrass is now

« minant in fie” 's that were cultivated prior to the establishment of the Hanford Site. Cheatgrass also is
well establishe: n rangelands at elevations less than 244 m (800 ft) (DOE and Ecology 1996).
Establishment . the Hanford Site as a nuclear complex in 1943 resulted in the creation of a secured area
of mostly unde loped land with scattered, small industrial facilities. Consequently, the Hanford Site is
one of a small: mber of remaining shrub-steppe tracts in Washington that is relatively undisturbed.
Wildfire is a cc..imon occurrence and can significantly alter the shrub component of the vegetation. The
most recent extensive fire on the Hanford Site was in 1984. Trees were planted and irrigated on most of
the pre-1943 fz as to provide windbreaks and shade. Some of these trees have persisted and serve as
nesting platforn..; for several species of birds, (that is, hawks, owls, ravens, magpies, and great blue
herons), and as night roosts for wintering bald eagles (DOE and Ecology 1996) (Figure 8-4).

The Central Plateau and surrounding areas have been identified as predominantly shrub-steppe

(Neitzel et al. 1998 and Duranceau 1995). This designation includes communities dominated by big
sagebrush and bitterbrush (Purshia tridentata) with an understory of cheatgrass or Sandberg’s bluegrass.
Over 100 plan” pecies occur on the Central Plateau and vicinity. Common plant species include big
sagebrush, rab brush (Chrysothamnus nauseous), cheatgrass, and Sandberg’s bluegrass.

The RPP-WTI ites in the 200 East Area and the immediately surrounding area are approximately 40%
big sagebrush _..d rabbitbrush (Figure 8-3). Another 20% is dominated by Russian thistle, with the
remainder beire disturbed vegetation or bare gravel (PNL 1994). Other vegetation in the 200 Areas
includes introc :ed perennial grasses planted to revegetate and stabilize disturbed areas such as waste
burial grounds Siberian wheatgrass (4gropyron sibericum) has been used extensively and has proven to
be drought tolc.ant and better adapted to sandy soil than other species (Stegen 1993).
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Wetland specie:. uch as cattail, reeds, and various trees, such as willow, cottonwood, and Russian olive,
are established  )und some of the man-made ditches and ponds that are in the area. The
decommissionil.., of some facilities have eliminated the supply of industrial water feeding some ponds.
Without this water supply, the artificially supported wetland habitats have also been eliminated.

Almost 600 spe s of plants have been identified on the Hanford Site (Neitzel et al. 1998). The
dominant plant: re big sagebrush, rabbitbrush, cheatgrass, and Sandberg’s bluegrass, with cheatgrass
providing half of the total plant cover on much of the Hanford Site. Cheatgrass and Russian thistle that
are annuals introduced to the United States from Eurasia in the late 1800’s, invade disturbed areas. Big
sagebrush and bitterbrush are widely spaced and usually provide less than 20% canopy cover. Bitterbrush
provides important browse for the resident mule deer herd. The important understory plants are grasses,
especially cheatorass, Sandberg’s bluegrass, Indian ricegrass, June grass, and needle-and-thread grass.

( d Plat More than 100 species of plants have been identified on the Central Plateau
(Cushing 19 Common species include sagebrush, rabbitbrush, cheatgrass, and Sandberg’s bluegrass.
Dominant ve_.._:ion type consists of b° sagebrush with an understory of cheatgrass and Sandberg’s

1 iegrass (Neitzel et al. 1998). Cheatgrass provides approximately 50% of the total plant cover.
Cheatgrass also is common where native plant communities have been disturbed by wildfire or past
construction activities. Three vegetation subtypes occurring in the vicinity of the 200 West Area of the
Central Plateau are sagebrush and Sandberg’s bluegrass, sagebrush and needle-and-thread grass, and
spiny hopsage ~~d Sandberg’s bluegrass. Past wildfires in the Central Plateau have opened up some
areas, creating nosaic of shrub- and grass-dominated areas. Sandberg’s bluegrass and cheatgrass are
the most comm.uil grass species. Other vegetation includes riparian species associated with man-made
ditches and ponds and introduced perennial grass planted to revegetate disturbed areas (DOE and
Ecology 1996).

These riparian species include herbaceous species, such as cattail and reeds, and trees, such as willow,
co’ d,a1 Russ’ olive(0™ ° :letal. 1998). Several of these ponds recently have been

de 'sion..., resulting in the nation of wetland habitat as the supply of industrial waste water
feeding the por ' was terminated. Introduced perennial grasses (that is, Siberian wheatgrass) have been
used extensive  in the Central Plateau to revegetate and stabilize waste burial grounds against wind and
water erosion. Siberian wheatgrass has proven to be drought tolerant and better adapted to sandy soils
than other cult’ irs used in Central Plateau revegetation efforts (WHC 1993).

Columbia Riv . The two major vegetation types occurring along the Hanford Reach of the Columbia
River are ripar....1 and upland (NPS 1994). Riparian habitats are found along the shoreline, slack water
and slough areas, and on islands in the river. Riparian vegetation at these locations includes both woody
and herbaceour -pecies maintained by the high water table immediately adjacent to the river. Common
plant species o urring in the riparian zone include black cottonwood, mulberry, willow, dogbane, and a
variety of grasses and forbs (Neitzel et al. 1998). Sensitive habitats within the riparian zone include
islands and cobbled shorelines occurring as a narrow band along the Hanford Reach. Plant species
occurring in these areas include perennial summer-blooming forbs adapted to seasonal changes in water
levels (NPS 1994). Upland habitats along the Hanford Reach are composed of shrub-steppe vegetation
similar to that “~und on the Central Plateau (DOE and Ecology 1996).

In summary, s; cial topographic features include Gable Butte and Gable Mountain north of the Central
Plateau and an extensive series of active sand dunes in the southeast portion of the area. The dominant
plant commun*‘es are cheatgrass, sagebrush-bitterbrush and Sandberg’s bluegrass, sagebrush and
cheatgrass, Sa:  berg’s bluegrass, and riparian plant communities (Sackschewsky et al. 1992). Depending
on the locatior many of the terrestrial plants occurring in this area are the same as those found in the
adjacent Colu1__)ia River and Central Plateau. Big sagebrush, bitterbrush, rabbitbrush, cheatgrass, and
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Sandberg’s blu¢ _ ass are common species in the 300 and 400 Areas (Neitzel et al. 1998). Common plants
growing in riparian areas along the Columbia River include reed canarygrass, common witchgrass, large
bamyard grass, mmer-blooming forbs, sandbar willow, poplar, white mulberry, and Russian olive

(NPS 1994). V__etation occurring on scree slopes, outcrops, and scarps on Gable Butte and Gable
Mountain is limited to scattered individuals or groups of plants. Plant species include squaw currant,
bluebunch wheatgrass, rock buckwheat, and thyme buckwheat. Rigid sagebrush occurs, at the Hanford
Site, only on Gable Mountain and Umtanum Ridge (Downs et al. 1993).

wildlife

Almost 300 species of terrestrial vertebrates have been observed at the Hanford Site. This number
includes 41 spe-*-s of mammals, 246 species of birds, four species of amphibians, and nine species of
reptiles (Neitze :al. 1998).

Mammals. La : herbivorous mammal species that are found on the Hanford Site include mule deer,
elk, and white-{ ed deer. Mule deer, with an on-site herd of several hundred, occur just about
everywhere on ... Hanford Site but are most often found near the Columbia River. White-tailed deer and
elk began to ap; ar on the Hanford Site during the early 1970s. White-tailed deer tend to remain in the
riparian habitat: .long the rivers, while elk generally are restricted to the Fitzner-Eberhardt Arid Lands
Ecology Reserve (FEALE Reserve). Elk frequently move off the reserve to private lands to the north and
west, particularly during late spring, summer, and early fall. This herd grew from an estimated eight
animals in 197! > almost 600 animals in 1997 (Neitzel et al. 1998).

C  mon mammalian predators are the coyote, bobcat, and badger. These carnivores feed primarily on
the several species of small mammals found on the Hanford Site, including the Great Basin pocket mouse,
Western harves* -nouse, grasshopper mouse, deer mouse, house mouse, Townsend’s ground squirrel,
mountain and s ebrush voles, black-tailed jackrabbit, brushy-tailed woodrat, and Northern pocket
gopher. Of these small mammals, the Great Basin pocket mouse is the most abundant. Coyotes have
been a major predator of Canada goose nests on Columbia River islands, especially upstream from the
abandoned Har rd townsite (DOE and Ecology 1996).

Black-tailed jac * -abbits are common on the Hanford Site and are most often found in mature stands of
sagebrush. Co ntail rabbits also are common but are more closely associated with the developed areas
of the Hanford Site. Townsend’s ground squirrels occur in colonies of various sizes scattered across the
Hanford Site. The most abundant mammal inhabiting the site is the Great Basin pocket mouse. This
mouse occurs all across the Columbia River plain and on the slopes of the surrounding ridges. Other
small mammal: nclude the deer mouse, harvest mouse, grasshopper mouse, mountain vole, vagrant
shrew, and Me...am’s shrew (DOE and Ecology 1996).

Up to 14 species of bats are known or have the potential to occur on the Hanford Site. They include the
pallid bat, hoar Hat, silver-haired bat, little brown bat, California brown bat, Yuma brown bat, and the
Pacific westenn  g-eared bat (Fitzner and Gray 1991). The pallid bat, which roosts in abandoned
buildings, is cc ~sidered to be most abundant. All of these bat species feed on insects.

Birds. Nearly 70 species of birds occur on or near the Hanford Site as year-round residents, seasonal
residents, migr ts, and accidentals (Neitzel et al. 1998).

Eleven raptors __ive been documented as nesting on the Hanford Site. These include the northern harrier
(Circus cyaner °, red-tailed hawk (Buteo jamaicensis), Swainson’s hawk (Buteo swainsoni), golden eagle
(Aquila chrysa »s), prairie falcon (Falco mexicanus), American kestrel (Falco sparverius), barn owl
(Tyto alba), gr t homed owl (Bubo virginianus), long-eared owl (4sio otus), short-eared owl (4sio
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flammeus), ani” “urrowing owl (Athene cunicularia) (Fitzner and Gray 1991, Rickard et al. 1988).
Raptors use a* riety of habitats for nesting and foraging on the Hanford Site. Nesting habitats include
outcrops, cliff rees, marshes, fields, and utility towers. Depending on raptor species, prey may include
small mamma’- birds, reptiles such as snakes, and insects.

A variety of sc..2bird species occur in the shrub-steppe vegetation. These include the Western
meadowlark (Sturnella neglecta), grasshopper sparrow (Admmodramus savannarum), horned lark
(Eremophila alpestris), and sage thrasher (Oreoscoptes montanus) (Downs et al. 1993). The Western
meadowlark ¢ " horned lark are the most abundant breeding bird species within the shrub-steppe habitat
(Rickard and . _»le 1989). These two species nest on the ground in the open, while other species

e.g., sage spar  w, sage thrasher, and loggerhead shrike) require sagebrush or bitterbrush as nesting
structures.

C mupla | game bird species include the chukar partridge (4/ectoris chukar), California quail
(Callipepla californicus), and Chinese ring-necked pheasant (Phasianus colchicus). Sage grouse
(Centrocercus - ~ophasianus) and gray partridge (Perdix perdix) are less common and are rarely seen.
Although onc¢ 10re common, sage grouse are now essentially absent from the Hanford Site, displaced
after a major w.udfire in 1984 (Brandt 1995). A 1997 inventory conducted by The Nature Conservancy
did not record any sage grouse in the sagebrush-steppe habitat of the FEALE Reserve

(Neitzel et al. 1998). None of the upland birds are native to the area except the sage grouse.

Reptiles and . _mphibians. Nine species of reptiles and four species of amphibians are found at the
Hanford Site ( eitzel et al. 1998). The most abundant reptile is the side-blotched lizard

(Uta stansbur._.1a) (Neitzel et al. 1998). The short-homed lizard (Phrynosoma douglassii) and northemn
sagebrush liza * ““reloporous graciosus) are also common in mature sagebrush habitats with sandy soil.
Cor onlyen tered snakes include the gopher snake (Pituophis melanc  icus), yellow-bellied racer
(Coluber constrictor), and Pac' ™ rattlesnake (Crotalus viridis). Less common are striped whipsnakes
(Masticophis taeniatus) | d night snakes | _ spiglena torquata). Amphibians on the Hanford Site
are associated with riparian habitats located along permanent water bodies or the Columbia River (Fitzner
and Gray 1991). Species include the Great Basin spadefoot toad (Spea intermontana), Woodhouses toad
(Bufo woodhc “eii), and the Pacific tree frog (Hyla regilla).

Insects. Grasshoppers and darkling beetles represent some of the more conspicuous insect groups. The
populations o oth of these species of insects are subject to seasonal changes and weather variations
(Rogers and Kuckard 1977). Fifty percent of the known insect species are of the order Coleoptera
(beetles) (ERDA 1975). Many of the insect species are important in the food web of birds and mammals
found on the Hanford Site. Species like the darkling beetle play an important role in the decomposition
process by feeding on decaying plant material, animal feces, fungi, and live plant tissue (Weiss and
Mitchell 1992).

The Nature C iservancy has identified nearly 1,500 species of insects on the Hanford Site (Hall 1998).
The Nature C 1servancy identified 41 new species of insects including six new species of bees, six new
species of flic., five new species of leafhopper and planthopper insects, one new species of wasp, and one
new species of beetle (Neitzel et al. 1998). The Nature Conservancy focused on the FEALE Reserve, the
North Slope, and along the Columbia River. Consequently, none of these new species has been reported
from the 200 Areas.

Central Plat--u. A characterization study of small mammals performed south of the 200 East Area
resulted in th  ollowing five species being trapped: the Great Basin pocket mouse, deer mouse, northern
grasshopper 1 use, sagebrush vole, and western harvest mouse (Rogers and Rickard 1977). The Great
Basin pocket ouse represented more than 90% of the individuals caught. Medium- and large-size
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mammals that 1y occur in the Central Plateau include rabbits, coyotes, badgers, and mule deer (Rogers
and Rickard 19 ). Some of these organisms will be receptors in the ecological risk assessment. Other
mammals poter.._.ally using areas associated with ponds and ditches in the 200 Areas include muskrats,
porcupines, an¢ iccoons. Many common bird species, such as the western meadowlark and sage
sparrow, are lit y to occur on the Central Plateau where suitable habitats exist. Thirty-seven species of
terrestrial birds  ere recorded during surveys conducted in the 200 Areas in 1986 (Schuler et al. 1993).

Unique habitat. an be found on Gable Butte and Gable Mountain situated north of the Central Plateau.
These unique hauitats include basalt outcrops, scarps, and scree slopes. Birds likely to occur in these
habitats are the prairie falcon, rock wren, poorwill, and chukar; small mammals include the yellow-bellied
marmot and wood rat; reptiles include rattlesnakes, gopher snakes, and horned lizards

(Downs et al. 1773).

Columbia Riv . Terrestrial wildlife species use both shoreline riparian and shrub-steppe habitats
occurring alony he Columbia River and on the islands. Wildlife reported to use the Hanford Reach
include 184 spc..es of birds, 36 species of mammals, 9 species of reptiles, and 4 species of amphibians
(NPS 1994). The Canada goose uses islands along the Hanford Reach extensively for nesting.
Monitoring of nesting geese that use the Hanford Site have been ongoing since 1950. These studies
indicate that C  1da geese nest more frequently on islands in the downstream reach because of heavy
predation by ¢ _ stes further upstream (Neitzel et al. 1998). Mule deer use the islands and other riparian
areas for fawni~ 7 habitat. Wildlife occurring in shoreline habitat includes 46 species that use willow
communities a 49 species that use grass areas (NPS 1994).

8.1.2.3. A« atic Ecosystems

Washington St_.: has classified the stretch of the Columbia River that includes the Hanford Reach as
Class A, Excel” 1t (Neitzel et al. 1998). Class A waters must be suitable for essentially all uses,
including raw _.nking water, recreation, and wildlife habitat. Water from the Columbia River is used for
both irrigation ~1d municipal water supplies. Federal and state drinking water quality standards apply to
the Columbia ] ver and are currently being met (Ne™™ 1 et al. 1998). Water samples from the Columbia
River and thre: )onds on the Hanford Site are routinely collected and analyzed.

The Columbia ~iver supports an ecosystem of plankton, benthic invertebrates, fish, and other
communities. lgae are abundant in the river and provide food for herbivores, such as immature insects,
which are then 1iten by camivorous species, such as bass.

Aquatic plants | the Hanford Reach include water milfoil, waterweed, pondweed, Columbia yellowcress,
watercress, an luckweed. Water milfoil is an aggressive introduced aquatic plant and is becoming a
nuisance in the iver. Other aquatic species found in the Hanford Reach include a variety of microflora,
zooplankton, ¢..J benthic invertebrates. Microflora include both sessile types (periphyton) and
free-floating types (phytoplankton). Microflora species include diatoms, golden or yellow-brown algae,
green algae, blue-green algae, red algae, and dinoflagellates. Dominant zooplankton taxa include
Bosmina, Diaptomus, and Cyclops. Benthic invertebrate taxa occurring in the Hanford Reach include;
insect larvae such as caddisflies, midge flies, black flies, also snails, freshwater sponges, limpets, and
crayfish (Neit. 1etal. 1998).

The Hanford 1 ach supports over 40 species of fish. The anadromous Chinook salmon, sockeye salmon,
coho salmon, d steelhead trout use the river to migrate to and from upstream spawning areas. Chinook
salmon and st.-lhead trout also spawn in the Hanford Reach in the fall (Figure 8-6). Shad may also
spawn in this ~“-etch of river. Mountain whitefish, white sturgeon, smallmouth bass, crappie, catfish,
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near the 200 East Area. The B Pond Complex was constructed in 1945 to receive cooling water from
facilities in tha rea. Wetland plants occurring along the shoreline of B Pond include herbaceous species
such as showy ilkweed (4sclepias speciosa), western goldenrod (Solidago occidentalis), three square
bulrush (Scirp  americanus), horsetails (Equisetum spp.), rushes (Juncus spp.), and common cattail
(Typha latifolia), and woody species such as mulberry (Morus alba), silver poplar (Populus alba), black
cottonwood (Populus trichocarpa), and willow (Salix spp.) (Sackschewsky et al. 1992). Wildlife species
observed at B Pond include a variety of mammals and waterfowl species (Meinhardt and

Frostenson 1979).

8.1.3. Receptor Identification

Food webs represent the transfer of matter among the components of an ecosystem. This transfer occurs
through the uptake and absorption of substances from abiotic media or consumption of animal and plant
i . Inacontamin: -~ wirom t,the transfer o 1taminants may also occur durty uptake or
consumptlon o ontaminated media.

The food web representing the terrestrial organisms of the Hanford Site and their trophic relationships is.
The food web representing the aquatic organisms of the Hanford Site and their trophic relationships is
shown in Figure 8-8.

8.1.3.1. Terrestrial Receptors

A simplified fc 1 web for selected terrestrial receptors is presented in Figure 8-9. The receptors selected
for use in the e  logical risk assessment are shown in bold in figure:

Plants: chc..grass, rabbitbrush

Terrestrial Invertebrates: earthworms, darkling beetles
Herbivorous Mammals: mule deer

Omnivorous Mammals: Great Basin pocket mouse
Omnivorous Birds: Western meadowlark

Carnivorous Mammals: coyote

Carnivorous Birds: burrowing owl, red-tailed hawk.

Species profiles are not required for plants (cheatgrass and rabbitbrush) and terrestrial invertebrates
(earthworms ar * darkling beetles). Single-page species profiles for mammals and birds containing a
short narrative 1d a table of receptor parameters are provided.

8.1.3.2.  Aq-atic Receptors

A simplified fc .J web of selected aquatic receptors is presented in Figure 8-10. The receptors selected
for use in the ecological risk assessment are shown in bold on the figure and are listed below:

o Benthic Invertebrates (sediment-dwelling organisms): clams, insects

e Aquatic Organisms, Fish, and Other: bass, salmon, channel catfish; water fleas, other invert -ates
e Waterfowl and Shorebirds: Canada goose, spotted sandpiper

e Piscivorous Terrestrial Carnivores: great blue heron, bald eagle, mink

Species profiles are not required for the very numerous benthic invertebrates (clams, insects, snails, and
worms), the planktivorous fish and small invertebrates (small carp, small Northern squaw fish, small
suckers, water ¥=as, and other invertebrates), and fish (bass, salmon, and channel catfish). Single-page
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species profiles of birds and mammals containing a short narrative and a table of receptor parameters are
provided.

8 4. Asse ment and Measurement Endpoints
Environmental atutes govern the maintenance of ecological resources, including:

1 preservation and conservation of threatened and endangered organisms
2 maintenance and protection of terrestrial organism populations and ecosystems
3 maintenanc - and protection of aquatic organism populations and ecosystems

An assessment _.1dpoint is defined by EPA as “an explicit expression of the environmental value that is to
be protected” (A 197 ). This applies to ecological receptors (population, community, or individual in
the case of ath  tened or endangered species). Measures of effect e defined as a change in an attribute
of an assessme  :ndpoint or its surrogate in response to a stressor to which it is exposed. . 2cision
criteria prescril  now the endpoints are evaluated.

Policy goals, assessment endpoints, measures of effect and exposure, and decision rules used for the
ecological risk assessment are presented ir. . .ble 8-1.
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Western meadowlark (Sturnella neglecta)

The Western meadowlark is a ground-nesting bird that
nests in chi grass and sagebrush-bunchgrass
communities (R _ _:ard et al. 1988, Schuler et al. 1988).
This species exhibits resistance to plant community
structure changes resulting from grazing or wildfires
(Rickard et al. 1988). The Western meadowlark is a
common, omnivorous bird of open habitats in
southeastern Washington and is abundant in the
shrub-steppe ecosystem (Schuler et al. 1988). It feeds
on a variety of items, which includes both insects and
plant material, mostly seeds. One study (Bent 1958 in
Sample et al. 1997) reports that the Western

dov © s ¢ "70% ~  zcts and
3U0% plant mz . Studies conducted in southeastern
Washington indicate that it is the main bird prey item in
the diets of the I-tailed, ferruginous, and Swainson’s
hawks (Rickard .. al. 1988). Adult female Western
meadowlarks average 94.2 grams in weight and lay
three to seven eggs in dome-shaped nests concealed in
the grass or weeds and constructed of the same
materials.

Parameter | Definition Value ReferancaMintag
BW F 'y weight (kg) 0.094 Adult temnale
HR F  ne range (ha) 0.42 Pitts 1984 in EPA 1993b; Bull and
Farrand 1994
TUF Temporal use factor 1 Will be 1 unless specific value exists
IRg F__d ingestion rate 0.028 ATG 1998
(g/g-d=kg/kgBW/day)’
PF P~ 1t fraction 0.30 Bent 1958 in Sample et al. 1997
AF A..mal fraction 0.70 Bent 1958 in Sample et al. 1997
SF Soil fraction 0 No data
IRw Water ingestion rate 0.186° | Estimated (EPA 1993b)
(. -d=L/kgBW/day)
IR; * * \lation rate (m’/day) 0.066 | Allometric, 0.4089 BW *"
i (EPA 1993b, Eq. 3-19)
* Food inge y/g — d) reexpressed as kg/kg BW/day is assumed nét to include ingested soil; therefore, PF + AF = 1.0.
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boundary. Other places are those of maximum contaminant concentration. In keeping with the protective
approach used in this risk assessment, the location wi  the maximum concentration of COPCs and
ROPCs will be used in estimating exposure point concentrations. Because the point of maximum
concentration may be different for airborne contaminants deposited via wet and dry deposition
mechanisms, EPA 1998a recommends the following method for selecting the point of maxim
concentration. Within each area to be evaluated, receptor grid nodes or exposure locations with the
highest modeled unitized value will be identified for each of the following parameters:

Vapor phase air concentration

Vapor pha wet deposition rate

Particle phaoe air concentration

Particle phase wet deposition rate
Particle pt  :dry deposition rate
Particle-b« 1 phase air concentration
Particle-bound phase wet deposition rate
Particle-bo 1 phase dry deposition rate

At each of the unique locations, air concentrations from vapor, particle phase, and particle bound fractions
will be summed, and concentrations of deposited materials will be summed to determine the point or
location of area-weighted maximum exposure. Air concentrations and deposition rates will not be
summed together.

8.2.2. Terrestrial Receptors

For receptors living in soil (e.g., vegetation and soil invertebrates), the HQ is calculated as the ratio of the
concentration ¢ “ COPC in soil and the TRV for the receptor and the COPC. That is:

HQ,'jk = Cjk[TRV,j

where

HQ;x = hazard quotient for receptor i at exposure location & for COPC j (unitless)
G = concentration of COPC in soil at exposure location k& (mg/kgsoi)
TRV, = toxicity reference value of receptor i for COPC j (mg/kgsir)-

The HQ for a wildlife receptor that does not live in the medium containing COPCs but is exposed by
ingestion, inhalation, and other routes is calculated as the ratio of the ADD and the TRV. That is:
HQ[I"‘ = ADDUk/TRVU

where

ADD;; = average daily dose of COPC ; to receptor i at exposure location k (mg/kg BW/day)
calculated using concentration of COPC j at exposure location & (units vary)
TRV, = toxicity reference value of receptor i for COPC (mg/kg BW/day).

The second equation is used to estimate risk for the wildlife receptors in the terrestrial food web: mule
deer, Great Basin pocket mice, Western meadowlark, coyote, burrowing owl, and red-tailed hawk. The
RME concentrations of COPCs/ROPC:s in surface soil, plant and animal tissue, and air, ingestion and
inhalation rates, body weights, and bioaccumulation factors (Appendix C-2) will be used to estimate the
ADDs for receptors, as published in the receptor profiles and as described below.
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8.2.2.1. Ingestion Exposure Calculations (Soil to Wildlife)

For wildlife rec  tors, such as mammals and birds, that are exposed to COPCs/ROPCs in soil by
ingestion of soi  ingestion of terrestrial biota, or both, the ADD is calculated as follows:

. rbivores, Mid-level Predators, and Omnivores

ADDj; = AUFy x TUF x [(Cry x IPr;) + (Cvi x IPv)) + (Cdy x IAd;) + (Cy x IS, x AEs;))/BW,
= AUF;, x TUF x Cy x [(IPr; x SPr;) + (IPv; x SPv)) + (IAd;x BAF-S)) + (IS, x AEs;)]//BW,

where
AUFy = Area Use Factor for receptor i at exposure location & (unitless) =
if A, 2HR,
/ HR,;if A, <HR,
where

Ay = Area of exposure location & (ha)

HR; = Home range, foraging range, or territory size of receptor i (ha)

TUF, Temporal Use Factor for receptor i at exposure location k (unitless) = 1 unless
receptor-specific value is available

Cri = Concentration of COPC j in plant reproductive tissue (fruit, nuts, flowers) at exposure
location k (mg/kg-wet wt.) = RME tissue concentration, unless otherwise directed

IPr; = Rate of ingestion of plant reproductive tissue by receptor i (kg/day)

Cvi = Concentration of COPC in plant vegetative tissue (leaf, stem, root) at exposure
location k& (mg/kg-wet wt.) = RME tissue concentration, unless otherwise directed

IPy; = Rate of ingestion of plant vegetative tissue of receptor i (kg/day)

Cdy = Concentration of COPC in terrestrial invertebrate tissue at exposure location &
(mg/kg-wet wt.) = RME tissue concentration, unless otherwise directed

1Ad; = Rate of ingestion of terrestrial invertebrate tissue by receptor i (kg/day)

Ci = Concentration of COPC in soil at exposure location k (mg/kg-dry wt.) = RMEj; soil
concentration, unless otherwise directed

IS; Rate of soil ingestion (kg-dry wt./day) by receptor: IF,; x SI;, where IF; is the total
food ingestion rate (kg-dry wt./day) of receptor i and SI;is the fraction of food ingested
by receptor i that is soil, on a dry weight basis

AEs; = Absorption efficiency factor for COPC j in ingested soil (unitless) = 1, unless
chemical-specific value is available

BW; Body weight of receptor i (kg)

SPr; = Soil-to-Plant transfer factor for reproductive tissue for COPC j (kgsoi-dry
wt./Kgissue-Wet Wt.)

SPy; = Soil-to-Plant transfer factor for vegetative tissue for COPC j
(kgsoil‘dry “’t'/kglissue'“/et Wt)

BAF-§; Soil-to-soil invertebrate tissue transfer factor for COPC j (kggoi-dry wt./kg ssue-wet wt.)
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For wildlife receptors that are exposed to COPCs/ROPCs in soil by ingestion of terrestrial biota, the ADD
is calculated as follows:

Top Predators
ADD,JL = AUF,“- X TUFik X [Z,,(ank X IAﬂi) + (Cjk XIS,' XAESJ' )]/BW,

where

Cny = BAF-T,; x Ci x [(SPr; x FPr,) + (SPv; x FPv,) + (BAF-S; x FA,) + (AEs; x FS,)]

and

Cny = Concentration of COPC j in animal tissue of prey type n at exposure location k&
" " vt.) = RME tissue concentration, unless otherwise directed

IAn; t  oftissue of animal; ' type n by receptor i (kg/day)

BAF-T,; 11ssue-to-ussue transfer factor for prey type n for COPC j (kggssue-wet wt./T -~

FPr, = Fraction of total daily ingestion by prey type n that is plant reproductive tissue
(unitless) = IPr,/IT,

FPv, = Fraction of total daily ingestion by prey type n that is plant vegetative tissue (unitless)
= IPv,/IT,

FA, Fraction of total daily ingestion by prey type n that is terrestrial invertebrate tissue
(unitless. [Ad,/IT,

FS, = Fraction of total daily ingestion by prey type n that is soil (unitless) = IS,/IT,,

d

IT, =IPr, + Py, + 1Ad, + IS,

where

IT, = the total daily ingestion by prey type n of receptor i (kg/day)

IPr, = Rate of ingestion of plant reproductive tissue by prey type n of receptor i (kg/day)
IPv, = Rate of ingestion of plant vegetative tissue by prey type n of receptor i (kg/day)

1Ad, = Rate of ingestion of terrestrial invertebrate tissue by prey type n of receptor i (kg/day)

IS, = Rate of soil ingestion (kg-dry wt./day) by prey species n of receptor i = IF, x SI,
where IF, is the total food ingestion rate (kg-dry wt./day) of prey species n of receptor i
and S, is the fraction of food ingested by prey species r that is soil, on a dry weight
basis

Soil ingestion rates for Hanford receptors (Table 8-2) are required to calculate ADDs. Receptors are
exposed to contaminants in soil by direct and indirect soil ingestion. Direct soil ingestion occurs during
grooming, burrowing, and ingesting soil attached to the outside of the food. Indirect soil ingestion occurs
during fer ng on prey that contain soil in the gut. Soil ingestion fractions (direct and indirect soil
ingestion) for two out of eleven Hanford receptors (Canada goose and mule deer) are documented in
EPA (1993b). These values (Table 8-2) are derived from datair  :yer et al. (1994), EPA (1993), and
Higley and Ku—~rman (1996). For three receptors (coyote, Great Basin pocket mouse, and spotted
sandpiper), soi ngestion fractions for surrogate species documented in Beyer et al. (1994) are used to
timate direct and indirect soil ingestion. The indirect soil ingestion rates for the remaining six receptors
without published values (bald eagle, red-tailed hawk, burrowing owl, western meadowlark, great blue
heron, and mink) are estimated as described below. Direct soil ingestion is not estimated for these six
receptors because direct soil ingestion is assumed to be a minor contribution compared to indirect soil
mgestion.
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Cop = SPrixCy

and for terrestri  invertebrates,

Coy = BAF-§;x C;
where
SPr; = ,0il-to-plant transfer factor for reproductive tissue for ROPC j (kgsui-dry wt./kgiissue-wet
BAF-S; = \SN;.iz-to-tissue transfer factor for terrestrial invertebrates for ROPC j (kgsou-dry wt./Kgissue
wet wt.)

The concentration of a radionuclide in a mammal or bird receptor results from the inhalation or ingestion
of material that contains radionuclides and the uptake and effective bioaccumulation in the receptor. For
ingestion:

COjk = Cm,jk X BAF-T,J X SIR,
where

Cmy; = the average concentration of ROPC in the matter ingested by receptor i at location &
pCi/g)
BAF-T; = he bioaccumulation factor representing the retention of ROPC j in tissue of receptor i
resulting from the ingestion rate of ROPC j by receptor i
pCi retained / (pCi ingested / day)].
SIR; = specific ingestion rate or receptor i (kg matter/kg body weight/day) = IT, + IN;

Values of BAF-T;; (Appendix Table C-2-2) were derived from ingestion-to-beef uptake factors presented
by Baes et al. (1984) [in units of (pCi retained/kg tissue)/(pCi ingested/day)]. The Baes et al. (1984)
values were multiplied by an average beef body weight at slaughter of 550 kg to calculate a whole-body
retention rate in units of pCi retained/pCi ingested/day (see Section 8.2.4.3). The same values (Appendix
Table C-2-2) were used for both ingestion exposure and inhalation exposure.

The average concentration of a radionuclide in the material ingested or inhaled by a receptor (Cj) is
calculated usir~ the equation for the receptor’s ADD for that substance in its prey and in soil or other
abiotic media  rested or inhaled, that is:
ijk = ADD,Jk / SIR,

where

ADDy, = average daily dose of ROPC to receptor i at location k (pCi/g/day) by inhalation or

ingestion

SIR; = specific ingestion rate or receptor i (kg matter/kg body weight/day) = IT, + IN;

For inhalation, the contribution to body burden 1s given by:

Cojk(inlmled) = AUF,-k X TUF,‘k X Dpjk X AEPJ X BAF-TJ' x IR, / (BW, X 1000)

where
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AUF; = Area Use Factor for receptor i at exposure location k (unitless) =
1ifA;, HR;
AJ/HR; if A; <HR;
where
Ay = Area of exposure location & (ha)
HR; = Home range, foraging range, or territory size of receptor i (ha)
TUF; = Temporal Use Factor for receptor i at exposure location & (unitless) = 1, unless
receptor-specific value is available ‘
Dpjx = Density of ROPC in air particulates at exposure location k (pCi/m”)
AEp; = Absorption efficiency factor for ROPC in inhaled particles (unitless) = 1, unless

radionuclide-specific value is available

BAF ., = Bioaccumulation factor representing the retention of ROPC in tissue of receptor
i resulting from the inhalation rate of ROPC
L r (d/(pC 1@ Vday)]

IR; = Rate of inhalation of particulates in air by receptor i (m*/day)

BW; = Body weight of receptor i (kg)

1000 = Conversion factor, g/kg

The total body burden of ROPC j is found by adding body burdens from inhaled and ingested
radionuclides:

Cojjkgroraty = COjjifingesied) T COjjkfinhated)

8.2.2.5. Ex rnal Exposure

The external to.a.-body dose rate to a terrestrial receptor, including plants, from aboveground exposure to
a single ROPC is:

Ri;’k =A_. w X TIJF,'[( X Fabovei X F,—uka CFb x Cjk X DCFS_,' X h,'

where
Rjx = total-body dose to soil surface receptor i from external exposure to ROPC in soil at location
k (rem/day)
AUF; = Area Use Factor for receptor i at exposure location & (unitless) =
1if Ak >= HR,'
A/HR;if A, <HR;
Ay = Area of exposure location k (ha)
HR; = Home range, foraging range, or territory size of receptor i (ha)
"TUF; = Temporal Use Factor for receptor i at exposure location & (unitless) = 1 unless receptor-
specific value is available
Faovei = Traction of time receptor { spends on the ground surface (unitless)
Frum = dose rate reduction factor accounting for roughness of the ground surface at location & =
0.7 (unitless)
CFb = unit conversion factor from Sv/s per Bq/m’ to rem/d per pCi/g = 5.12 x 10'' rem/day per
pCi/g) / (Sv/s per Bg/m®)
Ci = concentration of ROPC in soil at location k (pCi/g)
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dose coefficient for ROPC in soil contaminated to a depth of 15 cm at location & (Sv/s
per Ba/m’) (Eckerman and Ryman 1993, Table II1.6)

factor to adjust for height of receptor i above the ground surface (Appendix Table C-2-
4)

The external DCF values from Eckerman and Ryan (1993) are based on exposures at a height of

1 m (3.28 ft), but Hanford Site receptors are exposed at varying distances from the soil. The height
adjustment factor (h) is assumed to be 1 for receptors exposed at approximately 1 m above the ground
surface (such a mnule deer); h is assumed to be 2 for receptors on the ground surface (such as western
meadowlark); «...d h is assumed to be 2 plants growing close to the ground (that is, cheatgrass).

The external total-body dose rate to a terrestrial receptor from belowground expo  :to a single ROPC is:

where

AUF

A,
TUF,

1.05

I::bclow
CFa

C ik
QF
q)m

EI"
n"l

R,'jk = AUF,} X TUF,} x1.05x Fbelow x CFax Cjk X QF X ((DB X Ef + (Dy X Eyl'ly)

= total-body dose to subsurface receptor i from external exposure to ROPC in soil at

location k (rem/day)

= Area Use Factor for receptor i at exposure location k (unitless) =

11f Ak >= HR,'
AyHR;if A, <HR;

Area of exposure location k (ha)

Yome range, foraging range, or terrtory size of receptor i (ha)

['emporal Use Factor for receptor i at exposure location & (unitless) = 1 unless receptor-
specific value is available

sonversion factor to account for immersion in soil rather than water

= fraction of time receptor i spends below ground in tunnels or burrows (unitless)

it

unit conversion factor from pCi/g x MeV/disintegration to rad/day = 5.11 x 10”
rad/day/[(pCi MeV/(g soil x disintegration)]

conceniration of ROPC in soil at location k (pCi/g)

quality factor to account for relative effectiveness of radiation types: 1 rem/rad for 3 and
y radiation

absorbed fraction of energy emitted by 3 or y radiation (unitless), where m= 3 or y
average effective energy emitted by B or y radiation (MeV/disintegration)

proportion of disintegrations producing (3 or y radiation (unitless)

The dose rate for external radiation from radionuclides suspended in air will be calculated as described by
Eckerman and Ryman (1993). The dose rate equation is:

where
R

AUF;

R;ix = AUF x TUF; x Dpj x DCFa; x CFc

= total-body dose to terrestrial receptor i from external exposure to ROPC in air at

It

location k (rem/day)

Area Use Factor for receptor i at exposure location & (unitless) =
11if A/( >= HR,
A/HR;if A, <HR;
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Ay = Area of exposure location k (ha)

HR; Home range, foraging range, or territory size of receptor i (ha)

TUF,; = Temporal Use Factor for receptor i at exposure location k (unitless) = 1 unless receptor-
specific value is available

Dpjx = density of ROPC; in suspended particles at location k (pCi/m)

DCFaj dose conversion factor for exposure to ROPC j by immersion in air (Sv/sec per Bq/m’)
(Eckerman and Ryman 1993, Table II1.1)
CFc = unit conversion factor from Sv/sec per Bq/m’ to rem/day per pCi/m® = 3.20 x 10°

(rem/day per pCi/m®) / (Sv/s per Bg/m’)

Conc: rations of ROPCs in air (pCi/m’®) derived by fate and transport modeling will be used for the
concentration term Dpj.

The total-body dose from external exposure is added to the total-body dose from internal exposure to
calculate the combined total-body dose, Rj.

8.2.3. Aquatic Receptors
For receptors living in surface water or sediment (e.g., aquatic life and salmon and other fish living in

surface water, and sediment-dwelling organisms living in sediment), the HQ is calculated as the ratio of
the measured concentration of COPC in the medium and the TRV. That is:

HQEI"‘ = C_,/(/TRV,_,
where

HQ; = L..ard quotient for receptor i at exposure location k for COPC ; (unitless)
G = ¢~centration of COPC j in water or sediment at exposure location & (ug/L or mg/kg)
TRV, = t icity reference value of receptor i for COPC (ng/L or mg/kg).

The HQ for a wildlife receptor that does not live in the surface water or sediment containing the COPCs
but is exposed from aquatic food webs by ingestion, inhalation, and other routes is calculated as the ratio
of the estimated ADD (mg/kg BW/day) and the TRV (mg/kg BW/day). That is:

HQ;,'[.- = ADD,_,k/TRV,_,

The above equ on is used to estimate risk for the wildlife receptors in the aquatic food web: Canada
goose, spotted sandpiper, great blue heron, bald eagle and mink. The concentrations of COPCs in
sediment or surface water, estimated COPC concentrations in plant and animal 1  ue, ingestion rates, and
bio-accumulation factors (Appendix C-2), will be used to estimate the ADDs for these receptors, as
described below.

8.2.3.1. Ireestion Exposure Calculation (Sediment to Wildlife)

For animal re.  tors such as invertebrates and birds that are exposed to chemicals in sediment by
ingestion of sediment, ingestion of sediment-associated biota, or both, the exposure is calculated as
follows:

ADDy. = AUF; x TUF; x [(Cpy x IP) + Z,(Cpyx X IAm)) + (Csji x IS, x AEs))}/BW;
AUF; x TUF,, x Csy x [(IP, x SP))+ Z,(IAm; x BSF,,) + (IS; x AEs)1/BW,

i
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Cpix

IP;
Cmyy

IAmi
Csjx

IS,
AEs;

SP;

J

BSF,,

Note that BS.
tissue chemic
conversion It
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Concentration of COPC j in aquatic plant tissue at exposure location &

(mg/kg-wet wt.) = RME tissue concentration, unless otherwise directed

Rate of ingestion of aquatic plant tissue by receptor i (kg/day)

Concentration of COPC j in tissue of prey type m at exposure location k (mg/kg-wet wt.)
= RME tissue concentration unless otherwise directed

Rate of ingestion of prey type m by receptor i (kg/day)

Concentration of COPC in sediment at exposure location &k (mg/kg-dry wt.) = RME;x
sediment concentration

Rate of ingestion of  liment by receptor i (kg/day)

Absorption efficiency factor for COPC j in ingested sediment (unitless) = 1, unless
cl.____cal __ zcific value is availat

{ liment-to-Plant transfer factor for aquatic plant tissue for COPC j

(kgsedimem'dry Wt-/kgtissue‘wet Wt)

Sediment-to-tissue transfer factor for prey m for COPC j

(kgsedimenl'dry Wt-/kglissue’vvet Wt)

the literature (also referred to as BSAF) is often provided as a ratio of lipid-normalized
esidue to organic carbon-normalized sediment chemical concentration so that a

oe needed to determine BSF,,;.

:stion Exposure Calculation (Surface Water to Animals and Wildlife)

For animal re - __tors such as mammals and birds that are exposed to chemicals in surface water by

ingestion of st

ADD;

where
Cij
WPj =

IW;
BCF,,;

8233. F
Ecological re:

deposition gri
is calculated ¢ -

where

HQu

ace water, ingestion of aquatic biota, or both, the exposure is calculated as follows:

AUF; x TUFy x [(Cpjy x IP)) + Z,,(Cmy. x TAm,) + (Cwy x IW)/BW;
= AUF; x TUFy x Cwy x [(IP, x WP)) + £,(IAm, x BCF,,;) + IW,/BW,

Concentration of COPC j in surface water at exposure location k4 (mg/L) = RME, water
concentration, unless otherwise directed

Water-to-plant transfer factor for aquatic plant tissue for COPC j (L/kg tissue wet wt.,
Table C-2-3)

Rate of water ingestion by receptor i (L/day)

Surface water-to-tissue transfer factor for prey type m for COPC j (L/kgssue-wet wt.).

liological Exposure Calculations

stors are exposed internally and externally to ROPCs in aquatic habitats within the
surrounding the RPP-WTP at the Hanford Site. The risk from exposure to radionuclides
the ratio of the estimated total-body dose rate (R;) and the TRV. That is:

HQu = Ri/TRV;

1zard quotient for receptor i at exposure location k for all ROPCs (unitless)
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Ri; = total body dose rate to receptor i at exposure location £ (rem/day)
TRV; = toxicity reference value (dose rate) of receptor i for ROPCs (rem/day).

The total-body dose rate of aquatic ecological receptors results from both intemnal and external exposure
to all radionuclides, which are summed to estimate the combined exposure. That is:

Ri=Z; [Rj(internal) + Ry(external)]
Dose rates for aquatic receptors are calculated as in Blaylock et al. (1993).
8.2.3.4. Internal Exposure
The internal total-body dose rate to an aquatic receptor from exposure to a single ROPC is:
Rjix = CFa x [Coy x (QF x ®,Eyn, + QF x ®pEgng + QF x P Eqn,)]

where

R = internal total-body dose of ROPC j to receptor i at exposure location & (rem/day)

CFa = unit conversion factor from pCi/g x MeV/dis to rad/day, 5.11 x 10°

Coj = concentration of radionuclide ROPC j in organism i at exposure location k (pCi/g wet weight)

QF = quality factor to account for relative effectiveness of radiation types: 1 rem/rad for  and y
and 20 remv/rad for « radiation

®,, = ab--rbed fraction of each radiation-energy type m (dimensionless) where m=a, B, or y
E, = av age effective energy emitted by «, B, or y radiation (MeV per disintegration)
n, = pr sortion of disintegrations producing a, 3, or y radiation.

According to L.aylock et al. (1993), internal beta radiation for large fish and internal alpha radiation for
both small and large fish are completely absorbed (i.e., ® =1).

8.2.3.5. External Exposure

The external total-body dose rate to a generic aquatic receptor from exposure to a single ROPC in aquatic
habitat is calculated as in Blaylock et al. 1993, that is:

R,‘jk = AUF,‘k X TUF,'k x CFa x [Cij X (1 — F_; - F,',,) x 1000 mL/L /1 g/mL
+ Csj x (0.5F; + F;,)] x QF x [(1-®,) x E;n, + (1-®yp) x Egng]

where
Rii = total-body dose to terrestrial receptor i from external exposure to ROPC j in surface water
and sediment at location 4 (rem/day)
AUF; = Area Use Factor for receptor i at exposure location k (unitless) =
1if Ak >= HR,
Ak/HR,lf Ak < HR:
Ay = Area of exposure location & (ha)
HR; = Home range, foraging range, or territory size of receptor i (ha)
TUF; = Temporal Use Factor for receptor i at exposure location & (unitless) = 1 unless receptor-

specific value is available
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CFa = unit conversion factor from pCi/g x MeV/disintegration to rad/d = 5.11 x 10°
rad/day/[pCi MeV/(g x disintegration)]

Cwj, = concentration of ROPC in water at location k (pCi/L)

F, = fraction of time the receptor spends at the sediment-water interface (unitless) [exposure 1s
assumed to be one-half as great at the interface as while immersed (Blaylock et al. 1993)]

Fi, = fraction of time the receptor spends buried in sediment (unitless)

1000 mL/L = unit conversion factor for volume of water

1 g/ml, = unit conversion factor for density of water

Csjx = concentration of ROPC j in sediment at location & (pCi/g)

QF = quality factor to account for relative effectiveness of radiation types: 1 rem/rad for f§ and
v radiation

D, = absorbed fraction of energy emitted by B or y radiation (unitless), where m= B or y

E. average effective energy emitted by B or y radiation [eV/di  :gration)

Ny = tion of di tioo product 8 or yradiation (unit

According to B' ylock et al. (1993), external beta radiation from water and sediment for large fish and
external alpha1 liation for both small and large fish from water and sediment are negligible.

Where ROPC c._icentrations are available for sediment but not surface water or surface water but not
sediment, screening benchmarks presented by DOE (1998) will be used to screen exposures of fish and
aquatic invertebrates.

Note that DOE (1998) has used the methods developed by, and TRUs published by, Blaylock et al (1993)
to derive these sediment and surface water radiological benchmarks for aquatic biota.

8.2.4. Exposure Variables

The magnitt  : of exposure of ecological receptors to COPCs and ROPCs in environmental media

de >n° ‘ousparame s and variablesinthe jove  )sureer ions. ..ie exposure  iables
include factors correcting for the fraction of a receptor’s total exposure originating at the exposure
location, variables determining the rate of uptake into tissues and cells, and factors accounting for the
accumulation in one medium of substances present in another medium. The exposure variables for
ecological receptors are briefly discussed below.

8.2.4.1. Space and Time Factors for Exposure Calculations

For wildlife receptors that are exposed to COPCs and ROPCs by ingestion and inhalation, the calculation

‘of exposure may require exposure factors that adjust for the fraction of a receptor’s exposure obtained

from the contaminated site. A receptor may obtain only a fraction of its exposure to a contaminant from
the exposure location as a result of the receptor foraging over an area larger than the exposure location,
spending only a fraction of its lifetime at the exposure location, or both. The rules for use and derivation
of area-use and temporal-use factors follow.

Area-Use Factor

The area-use factor (AUF) estimates the fraction of a receptor’s exposure that comes from the exposure
location. The AUF is the smaller of 1 and the ratio of the area of the exposure location and the area in
which a receptor lives or forages, whichever is more appropniate to the routes by which the receptor is
exposed. The AUF is calculated as follows:
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AUF, =1,ifA,>HR,
= A/;/I’IR,‘, if A/,- < HR/

If the receptor has a home range large enough to comprise multiple exposure locations in the exposure
grid, then the exposure location k can be an aggregate of smaller sites, in which case the AUF is
calculate as above, using the area of the aggregate, which is the sum of the areas of the smaller units.
Assuming that the receptor moves randomly over the exposure location, the area-weighted exposure
concentrations of COPCs are used to calculate the average daily dose for that receptor that comes from
t  multiple nodes on the exposure grid.

Temporal-Use Factor

There are several approaches to dealing with the temporal aspect of exposure. The first approach is to
assume conserv=tively, that receptors are exposed throughout their lifetime to COPC.

at the exposure cation. The second approach is to estimate the temporal- 7 or L
of time each yeart' ~ 1receptor is in the vicinity of the exposure location during which it forages or
resides at the exposure location. The remaining time is assumed to be spent in either, one an area free of
contamination, or two an area with ‘background’ levels of contaminants. The third approach is more
complicated because it depends on receptor behavior and physiology, and the duration of the toxicity test
on which the TRV is based. In general, the TUF is calculated as follows:

TUFy = (EF; x ED)/AT;
where
EF; = fi |uency of exposure of receptor i at exposure location & (days/year)

ED; = d._ation of exposure of receptor i at exposure location 4 (years)
AT; exposure averaging time for receptor i (days).

- -r the SLRA, the TUF will be assumed to be 1 for all receptors (unless explicitly stated otherwise). This
is a reasonable assumption because the duration of toxicity tests is short compared to the duration of
exposure of the receptor at the site.

8.2.4.2. Uptake Variables

The exposure equations for ecological receptors include parameters for the ingestion and inhalation of
ecological receptors and the efficiency of absorption of COPCs and ROPCs from inhaled or ingested
:dia.

Ingestion and Inhalation Rates

The magnitude of exposure of ecological receptors to COPCs and ROPCs in environmental media
depends on the rate of intake of the contaminated media. For wildlife receptors exposed by ingestion and
inhalation, rec~-tor-specific ingestion and inhalation rates are required to estimate exposure. Published
values for foo: ngestion (IP and IA), soil and sediment ingestion (IS), water i1 stion (IW), and
inhalation (IR) will be used to estimate exposure.

Absorption Efficiency

Substances ingested or inhaled by ecological receptors are absorbed and taken up into the receptors cells
and organs to varying degrees. The efficiency of absorption depends on the relative affinity of the
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substance for the environmental medium (soil, air, particulate, sediment, water, and tissue) and for the
receptor’s tissues. Published absorption values will be used for a COPC or ROPC when available. For
both the PRA and the FRA, the absorption efficiency (AE) for inhaled and ingested media will be
assumed to be the same or 100% of the actual absorption of the contaminant in the experiment or field
observation used to derive the TRV. This is a conservative assumption for COPCs and ROPCs ingested
as soil, sediment, or particulates in water, and inhaled as particulates.

8.2.4.3. Bi ccumulation Factors for Calculating Terrestrial Exposures

The calculatio1 f exposure for ecological receptors may require one or more bioaccumulation and
transfer factors. These factors are used to estimate the concentration in the tissue of an organism from the
concentrations in the contaminated media to which it is exposed. Such factors are required to estimate
exposure for wildlife receptors, such as mammals and birds, that are exposed to chemicals in soil by
ingestion of plants, soil-dwelling invertebrates or other wildlife, when the concentration in the ingested
organism is not measured directly. In each case, the numerator of the factor must have units
corresponding to concentration in the medium taking up the substance (tissue) and the denominator the
units of concentration in the ‘source’ medium (soil, tissue). The rules for use and derivation of
»accumulation or transfer factors follow:

Soil-to-plant transfer factor

The soil-to-plant transfer factor (SP) is the ratio of the chemical concentration in plant tissue and in soil as
follows: The SP is used to estimate the tissue concentration of plants exposed to chemicals in soil from
the concentrati —1 of chemical in bulk soil. That is:

SP = [(mg/kgtissue‘wet Wt)/ (mg/kgsoil'dry Wt)]

SPr; = Soil-to-Plant transfer factor for reproductive tissue for COPC j
= (kgeoi-dry wt./Kgssue-wet wt.)

and

SPv; = Soil-to-Plant transfer factor for vegetative tissue for COPC j
= (kgsoil-dry Wt./kgt;ssue-wet Wt)

where reprodt ive tissues are flowers, seeds, and fruit, and vegetative tissues are leaf, stem, and root.
Concentratior. ire estimated for plant tissues that are fed upon by wildlife receptors.

The first choic. for terrestrial soil-to-plant (SP) transfer values will be EPA (1999) values. Per

EPA (1999a), recommended SP values for inorganic elements are values published in Baes et al. (1984),
and for those with no published field or laboratory data, the arithmetic average of the available SP values
for the other inorganics will be used as the SP. EPA recommends using bioaccumulation equivalency
factors (BEFs) to estimate the bioaccumulation of PCDD and PCDF congeners for which field or
laboratory measurements are not available. The BEF is the predicted ratio of bioaccumulation of a PCDD
or PCDF congener in soil to the bioaccumulation of TCDD (EPA 1999a). BEFs were used by EPA
(1999a) to calculate the BAFs presented in Appendix C for PCDD and PCDF congeners. The EPA
(1999a) recommended SP values for organic compounds with no field or laboratory data are est  ited
using the Travis and Arms (1988) regression on K,..:

log SP = 1.588 — (0.578 log K,)
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BAF-S values available for other inorganics. For organic compounds with no field or laboratory data.
EPA (1999a) uses values derived from K,,,s for daphnids, an aquatic macroinvertebrate, exposed to PAHs
(Southworth et al 1978). For organic compounds with no field or laboratory data available, we will seek
values from the State of Washington and Pacific Northwest National Laboratory (PNNL) derived from
Hanford site-specific data. If values are not available from either of these sources, published values from
published sources (e.g. HAZWRAP 1994) will be used. The Southworth et al (1978) regression for
daphnids is not recommended for earthworms. Where no appropriate published surrogate data are
available, the default BAF-S for organic compounds will be 10.

The earthworn  AF-S for lead (Pb) is calculated from the site-specific concentrations of calcium and
lead (Corp anc  organ 1991), as follows:

BAF"Sworm.Pb,kz 0.2x Cworme,kICsoil,Pb,k
where

log Cuormpos = 1.16 +(0.916 x log Citevi) — (0.326 x log Cgoitcar)

and
Cuwormpos =  the concentration of lead in worm tissue at exposure location k (mg/kgssue-dry wt.)
Cewitros =  the concentration of lead in soil at exposure location & (mg/kgs.i-dry wt.)
Cuilcax =  the concentration of calcium in soil at exposure location k (mg/kgei-dry wt.)

The concentration of lead in the worm tissue (mg/kgssue-dry wt.) is converted to wet weight by
multiplying by 0.2, on the assumption that worms are 80% water. No other substance is known to have
an equation for predicting site-specific BAFs that depends on the concentration of a different substance.

BAF-S values are listed in Appendix C2. Note that the earthworm data (of which there are several
values) serve ¢~ proxy for the darkling beetie and other desert terrestrial invertebrates (Figure 8-9) for
which there ar 10 known BAF-S values.

Tissue-to-tissue transfer factor

The tissue-to-tissue transfer factor (BAF-T) is the ratio of the chemical concentrations in predator tissue
and that in the tissue of its prey [(mg/kg/(mg)/kg:sswe-wet wt.)]. The BAF-T is used to estimate the tissue
concentration of animals exposed to chemicals by ingestion of prey from the concentration of chemical in
the prey. That is:

BAF-T,; = Tissue-to-tissue transfer factor for prey type n for COPC j (kggssue-wet wt./kg)

where, for example, prey type n is a mid-level predator of soil-dwelling invertebrates such as a Western
meadowlark or Great Basin pocket mouse and also a prey of top predators, such as coyotes or owls and

receptors such as deer and rabbits, which are considered wild game in the human health risk assessment.
Tissue concentrations are estimated for animals that are fed upon by wildlife receptors.

For me um-to-tissue accumulation factors for mammals and birds, EPA (1999a) proposes the use of
Baes et al. (1984) and Travis and Arms (1988) Ba values (d/kg) multiplied by the receptor’s absolute
ingestion rate for the medium (kg-medium/d). The EPA approach holds that the ratio of the receptor’s
tissue concen tion (mg/kg body weight) to the receptor’ contaminant intake rate (mg/d) is invariant. In
other words, : eer (56.5 kg body weight, 1.74 kg/d ingestion rate) would have a seven-fold higher body
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burden than a cottontail (1.2 kg body weight, 0.237 kg/d ingestion rate) eating the same vegetatlon
because of the deer’s seven-fold larger food ingestion rate.

It is proposed tc  alculate BAF-Ts from published biotransfer factors (Ba), as follows:
BAF-T,;=Ba, x BW, x SIR,
where

BAF-T,;, = animal-to-animal tissue transfer factor for prey species n and COPCj (kgssue-wet wt./kg)

Ba, = biotransfer © or for animal 4 (d/kg)
BW, = body weight of animal 4 (kg)
SIR, = specific food 1 stion rate of prey species n (I ,-wet wt./kg/d)

This: __roacht :stimating BAF . assumes that the ratio of the amount of contaminant taken up per unit
body weight an_ he amount of contaminant ingested per unit body weight per day (mg/kg / mg/kg/d) is
constant among similar species, e.g., mammals.

The proposed approach can be derived from a simple model,

dC(issue/ dt=7- kCtissuea

where Cygpe (m  ZOPC/kg body weight) is the COPC-tissue concentration (amount of contaminant per

‘unit tissue) at ti = t; Z is the amount of contaminant absorbed per unit tissue per unit time (mg COPC/

kgBW/day); an_ \ is the loss (depuration) rate constant (d). A blouptake factor (BF) can be defined as
the ratio of the equilibrium tissue concentration [Cysye(+)] and the “input” of contaminant into the
organism, that is,

BF = [Ctissue(‘)]/z-

BF has units mg COPC/kgBW per mg COPC/kgBW/d, or more simply days (d). BF is equal to the
inverse of the loss rate,

BF = [Ciissue(+)VZ = [Z/A} /1Z. = 1/,
because Cisue(+) can be shown to be equal to Z/A.
It is likely that the depuration rate constant varies in nature, but possibly not as much as food ingestion
rates. Metabolic scaling theory suggests that rate constants or frequencies (time™') vary as the inverse of
the 0.25 power of body we™ "it while rates with units of mass or volume per unit time (e.g., kg/d) vary
approximately  the 0.75 power of body weight (Schmidt-Nielsen 1984). If depuration rate constants are
less vaniable th . ingestion rates, then BF will be more invariant across species and individuals than EPA.
Given that the amount of contaminant absorbed per unit tissue per unit time (Z) can be estimat  as

Z= Cingesled x AE x SIR,
then the relationship of BF to the BAF-T required in the RPP-WTP is as follows:

BAF-T=C u’ssue(‘)/Cingested
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= (Z/ )")/ (Cingestcd)

= Cingesled x AE x S[R/(k X Cingesled)
= (1/A) x AEx SIR

=BF x AE x SIR,

where BAF has units (mgCOPC/kg-receptor tissue/mgCOPC/kg-medium ingested), AE is the absorption
efficiency (mg™ JIPC-receptor tissue/mgCOPC-medium ingested), and the specific ingestion rate (SIR)
has units kg-m  um ingested’kg BW/d. Thus, BF isolates the storage component of the bioaccumulation
process from t!  ingestion (SIR) and absorption (AE) components of the process.

The BAF will be relatively invariant with body weight if the BF, AE, and SIR vary as the 0.25, 0, and —

0.25 powers of body weight, respectively. As stated above, the depuration constant likely varies as the

inverse of the 0.25 power of body weight and BF is the inverse of the depuration constant, so it likely

v sasthe( "7 power. To the extent that absorption is a tissue property, absorption efficiency should

not vary with body weight (exponent = 0). If ingestion rate varies approximately as the 0.75 power of

body weight (Schmidt-Nielsen 1984), then the body-weight specific ingestion rate will vary as
rroximately the —0.25 power of body weight (W*”* /W' = W02%),

The proposed BAF values are calculated from Baes et al. (1984) and Travis and Arms (1988) Ba values
because BF va’ :s are not available. Assuming that the ratio of the receptor-tissue concentration to
specific ingest._.1 rate of contaminant is invariant across species, that is,

BFcow = BFreceptor

Ceow(*)/(Cingestea X AEcow X SIRcow ) = Creceptor(+}/(Cingested X AEreceptor X SIReceptor),
the BAF for the receptor is calculated from the Ba value for the cow as described above.
Assuming that AEcepor = AEow, 1t follows that,

BAF receptor = Crcceptor(‘)/ Cingested
= [Creccplor(')/ (Cingeslcd X AErcccptor/ AECOW X SIchccplor)] X SIRreccptor
= [Ccow(‘)/(Cingcsted X SIRcow)] X S[Rreccplor
= [Ccow(‘)/(cingesled X IRcow)] X chow X SIRreceptor
= Bacow X chow X S[Rreccpton

because the bi  -ansfer factor Ba (d/kg) is defined as follows (Baes et al. 1984):
Bacow = Ccow(‘)/(cingeslcd X IRcow)’

where IR, 1s the ingestion rate (kg/d) of the cow.

When publist  field or laboratory values are not available, the first choices for Ba values are those
recommended by EPA (1999a). For mammals, EPA (1999a) recommends using the following regression
on K, (Travis and Arms 1988) for organic compounds (except dioxins/furans):

logBa= -7.6 +log K,w
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For dioxins/furans, EPA (1999a) recommends for mammals the use of the Ba values presented in

EPA (1995). For mammals and inorganic elements (except mercury), the EPA (19992) recommended
values are thos¢ ~zported in Baes et al. (1984). For mercury, EPA (1999a) recommends for mammals the
use of the Ba vi ie for total mercury reported for cows in EPA (1997d) converted to a wet weight basis
and partitioned into methylmercury and mercuric chloride forms in the ratio of 0.13:0.87. For all
mammal receptors, the Ba values are multiplied by the ratio of the receptor fat to the beef cattle fat.

For birds, EPA (1999a) recommends using for organic compounds (except dioxins/furans) the Travis and
Arms (1988) Ba values for mammals adjusted for the lower fat content of birds. Bird Ba values are
derived by multiplying the mammal value by the ratio of bird fat to mammal fat (0.15/0.19). For
dioxins/furans, ~ A (1999a) recommends for birds using the Ba values for chickens derived in
Stephens et al.  195). For birds and cadmium, selenium, and zinc, the EPA (1999a) recommended
:s are those reported in EPA (1992). For mercury, EPA (1999a) recommends for birds ~  1se of the
alue for ¢  mercury for poultry reported in EPA (1997d) converted to a wet we b and
partitioned into methylmercury and merct  :chl le formsintl ratio of 0.13:C 7.

The second choice for tissue-to-tissue bioaccumulation (BAF-T) values will be values preferred and
provided by the State of Washington. Where such values are not available, we will seek values from
PNNL derived from Hanford site-specific data. If values are not available from these sources, we will use
values published in Baes et al. (1984) for elements and from published studies that have been compiled by
HAZWRAP (1994). These values are found in Appendix C-2.

Default BAFs ” -mammals and birds are 1 for inorganic and 10 for organic COPCs.

Published BAl s are listed in Appendix C2. Unless Hanford site-specific BAF-Ts become available,
these and other BAF values will be used.

Abiotic medium-to-vertebrate tissue transfer factor

The abiotic medium-to-vertebrate animal tissue transfer factor (BAF-T) is the ratio of the chemical
concentration in vertebrate animal tissue and the concentration in soil, drinking water or air (mg/kg/
mg/kgg-dry wt. or L or m3). The BAF-T is used to estimate the tissue concentration of vertebrates
exposed to chemicals by soil ingestion (direct or indirect), water ingestion, or inhalation from the
concentration of chemical in the abiotic medium. That is,

BAF-T,; = abiotic medium-to-vertebrate animal tissue transfer factor for prey
species 7 and COPC j (kgeoi-dry wt. or L or m’/kg)

where, prey type n is a mid-level predator, such as the Western meadowlark or Great Basin pocket mouse,
that feeds upon plants or soil-dwelling invertebrates. Tissue concentrations are estimated for mid-level
predators that are fed upon by wildlife receptors, such as coyotes and burrowing owls, because prey-tissue
concentration: re needed to estimate the daily dose to receptors.

The BAF-Ts 1_ ' vertebrates ingesting soil, drinking water or inhaling air are the same as the BAF-Ts for
tissue-to-tissue uptake. As with BAF-Ts for tissue-to-tissue uptake, BAF-Ts for uptake from abiotic
media are calculated from published biotransfer factors (Ba), the beef cattle body weight (200 kg), and the
prey’s specific ingestion or inhalation rate for the abiotic medium. The Ba values used to calculate BAF-
Ts for abiotic medium-to-tissue uptake are the same as the Ba values used to calculate BAF-Ts for tissue-
to-tissue uptake. The default BAF-T values for abiotic media are the same as the default BAF-Ts for
fissue.
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Default bioaccumulation values

When a bioaccumulation factor for terrestrial receptors is not available, a default value will be used.
Default values : conservative, order of magnitude estimates, based on an evaluation of available
published valur 'HAZWRAP 1994). Default values are selected to be larger than most published values.

The default SP for terrestrial plants is 1 for all contaminants without published values. Default AP value
for organic compounds is 1. Default BAF-S values are 1 for inorganic and 10 for organic contaminants
without published values. Default BAF-Ts for terrestrial mammals and birds are 1 for inorganic and 10
for organic contaminants.

8.2.4.4. Bioaccumulation Factors for Calculating Aquatic Exposures

The calculation of exposure for ecological receptors may require one or more bioaccumulati o1 1sfer
factors that are used to estimate the concentration in the tissue of an organism from the concentrations in
the contaminat "~ media to which it is exposed (Figure 8-11). Such factors are required to estimate
exposure for w life receptors, such as mammals and birds that are exposed to chemicals in sediment or
surface water by ingestion of plants, sediment-dwelling invertebrates, or aquatic biota, when the
concentration in the ingested organism is not measured directly. In each case, the numerator of the factor
must have units corresponding to the units of the medium taking up the substance (tissue) and the
denominator the units of the ‘source’ medium (sediment, water, tissue). The rules for use and derivation
of these factors follow:

Water-to-plant ansfer factor

The water-to-p...at transfer factor (WP) is the ratio of the chemical concentration in aquatic plant tissue
and that dissolved in water [(mg/kgssue-wet wt.)/(mg/L)]. The WP is used to estimate the tissue
concentration of aquatic plants exposed to chemicals in sediment or surface water from the concentration
of chemical dissolved in sediment pore water or surface water, respectively. That is:

WP; = water-to-plant transfer factor for aquatic plant tissue for COPC j
dissolved in water (L/kgssue-wet wt.).

Aquatic plants are assumed to be exposed only to the dissolved phase of contaminants in sediment pore
water, or surface water, depending on the morphology of the particular type of aquatic plant (e.g., rooted,
floating). Concentrations are estimated for aquatic plant tissues that are fed upon by terrestrial receptors
(e.g., Canada goose).

If field-measured WPs at the Hanford Site are available, they are the first choice. Second choice are
laboratory-measured WPs. The third choice is field or laboratory values in EPA (1999a). If no field or
laboratory values are available, WPs will be calculated as the product of the SP and the Sediment Kd. We
do not recomr.  1d that WP values for organic compounds be derived using the Southworth et al (1978)
regression on , for daphnids as described in EPA (1999a) because aquatic plants and aquatic
microcrustace___ invertebrate animals are expected to have different uptake and depuration. Default WPs
are 1 for COPCs/ROPCs without more preferred values.

Sediment-to-plant transfer factor
The sediment-* - -plant transfer factor (SP) is the ratio of the chemical concentration in aquatic plant tissue

and that in sed 1ent [(mg/Kgyissue-Wet Wt.)/(Mg/kgsedimen-dry wt.)]. The SP is used to estimate the tissue
concentration  aquatic plants exposed to chemicals in sediment. That is,
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SP; = Sediment-to-plant transfer factor for aquatic plant tissue for COPC j
(kgsedimenl'dry Wt-/kgtissue'wet Wt)

Rooted aquatic plants are assumed to be exposed only to the dissolved phase of contaminants in sediment
pore water. Therefore, if SP values are not available for a constituent, the SP can be estimated from the
water-to-plant tissue transfer factor (WP) and the sediment Kd. That is,

SP;= WP/Kd,
where
WP; = Water-to-plant transfer factor for aquatic plant tissue for COPC j
(L/kgissue-wet wt.)
Kd; = Soil-to-water partitioning coefficient for _ __ ’j (L/Kgsedimen-dry wt.)

This assumes e« librium between sediment and sediment pore water.

The first choice for sediment-to-aquatic plant tissue (SP) values will be field or laboratory values
preferred and provided by EPA (1999a). Where such values are not available, values will be obtained
from the State of Washington or PNNL values derived from Hanford site-specific data. If values are not
available from either of these sources, terrestrial soil-to-plant transfer values will be used for the
vegetative parts of plants (SPv) published in Baes et al. (1984) for elements and values derived from
regressions on K,,, (Travis and Arms 1998) for organics in accordance with EPA (1999a) (Appendix C.2).
If SPv values are not available, calculate the SP as the ratio of the water-to-plant tissue value (WP) and
soil-to-water partition coefficient (Kd), as described above. Default SP values are the same as the
terrestrial SP,, and SP, values.

Surface water-to-aquatic invertebrate transfer factor

The surface water-to-aquatic invertebrate tissue transfer factor (BCF) is the ratio of the chemical
concentrations in animal tissue and that in the surface water to which the animal is exposed [(mg/kgjssue-
wet wt.)/(mg/L)]. The BCF is used to estimate the tissue concentration of animals exposed to chemicals
in surface water from the concentration of chemical in the surface water. The tissue concentration is
estimated for animals that are fed upon by wildlife receptors. That is:

BCF;,,; = Surface water-to-aquatic invertebrate tissue transfer factor for prey
for COPC j (L/kgyissue-wet wt.).

where m is an aquatic organism such as small fish and crustaceans, which are an important diet item of
many terrestrial predators of aquatic biota, such as herons.

The first choice for BCFs for aquatic invertebrates are values preferred and provided by the State of
Washington or EPA, including field or laboratory values reported in EPA (1999a). Where such values are
not available, we will seek values from PNNL derived from site-specific field or laboratory data. If
values are not available from either of these sources, we will use published values for surrogates derived
from field or laboratory data and values for organics derived from regressions on K,,,.

If no more preferred values are available, BCFs for aquatic invertebrates are calculated per EPA (1999a)
from the octanol water-partitioning coefficient (K,,) using the regression equation of
Southworth et al. (1978):
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log BCF,,;=0.819 x log K./~ 1.146
where

BCF;,; = Surface water-to-tissue transfer factor for invertebrate aquatic biota for COPC j
(L/Kgissue-wet wt.).
Kow; = Qctanol-water partition coefficient of COPC j (Lyman et al.1982).

For BCFs deriv . from field data on tissue concentrations and total water column concentrations,
modeled total C™PC concentration in the water column (C,,.) Will be used to estimate aquatic
invertebrate tise . concentrations. For BCFs derived from laboratory data or K, regressions, the
modeled dissolved phase water concentration (Cy,,) Will be used to estimate the aquatic invertebrate tissue
concentrations.

Published BCFs are listed in Appendix C2. The default BCFs are 500 for inorganics and 100,000 for
VOCs, SVOCs, and pesticides/PCBs.

Water-to-fish tissue transfer factor

The water-to-fish tissue transfer factor (BCF) is the ratio of the chemical concentration in fish tissue and
the concentration in water [(mg/kgsue-wet wt.)/( mg/L)]. The fish BCF is used to estimate the tissue
concentration of fish from the concentration in the water to which the fish is exposed. That is,

BCFy; = Water-to-fish tissue transfer factor for COPC j (L/kggssue-Wet wt.)

The fish tissue concentrations are estimated because fish are consumed by wildlife receptors, such as
herons, bald ea~'es, and mink.

The first choice or BCFs for fish are values preferred and provided by the State of Washington or EPA,
including field - laboratory values reported in EPA (1999a). Where such values are not available, we
will seek value Tom PNNL derived from site-specific field or laboratory data. If values are not available
from either of these sources, we will use published values for surrogates derived from field or laboratory
data and values for organics derived from regressions on K,,.

If preferred values are not available for organic compounds, BCFs for fish are calculated using the
following regression«  the K., (Bintein et al. 1993):

log BCF = 0.91 x log Ko, —1.975 x log (6.8 x 107 x K, + 1.0) — 0.786

If preferred values are not available for inorganic COPCs and ROPCs, per EPA (1999a), the BCF will be
estimated as the arithmetic average of available BCFs for other inorganics.

For BCFs derived from field data for fish-tissue concentrations, modeled total COPC concentrations in
the water column (Cyo) Will be used to estimate fish-tissue concentrations. In this case, the BCF is
equivalent to the BAF (EPA 1999a). For BCFs derived from laboratory data or K., regressions, the
modeled dissolved phase water concentration (Cy,) will be multiplied by both BCFs and EPA (1995f)
food-chain mv pliers (FCMs) to estimate the fish-tissue concentrations (EPA 1999a). That is,

BAF = BCFjgq, x FCM,
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voozre
BAF = Bioaccumulation factor (mg/kgiss..-wet wt./ mg/L)
E_qq = Bioconcentration factor (mg/kgyssu.-wet wt./ mg/L)
FCM = trophic level food-chain multiplier (unitless)

EPA (1995) has calculated FCMs for log K, values ranging from 3.5 to 9.0.

Published BCFs for fish are listed in Appendix C-2, Table C-2-3. The default fish BCFs are 500 for
inorganics and 100,000 for organic VOCs, SVOCs, and pesticides/PCBs.

Sediment-to-animal tissue transfer factor

The sediment-to-animal tissue transfer factor (BASF) is the ratio of the chemical con itrations in
sediment-dwelling animal tissue and that in bulk sediment [(mg/Kgssue-Wet Wty /Kgsedimen-dry wt.)].
The BASF is used to estimate the tissue concentration of animals exposed to chemicals in sediment by all
exposure routes (ingestion, direct contact) from the concentration of chemical in bulk sediment. The
tissue concentrr*on is estimated for animals that are fed upon by wildlife receptors. That is:

BASF,,;= Sediment-to-animal tissue transfer factor for prey m for COPC j
(kgsedimem'dry “’t-/kglissue"vvet Wt)

where prey type m is typically a sediment-dwelling invertebrate, such as a burrowing amphipod or
chironomid, which are important diet items of predators, such as the spotted sandpiper or certain fishes
1 . may also be a sediment-ingesting fish such as carp and catfish.

BASFs are available in the literature for only a few chemicals. The first choice for BASFs are field or
laboratory values preferred and provided by the EPA (1999a). However, we do not recommend that the
BCF,,, derived using the Southworth et al (1978) regression for daphnids be used directly for the BASF as
described in EPA (1999a). Where such values are not available, values from the State of Washington or
PNNL will be obtained which are derived from Hanford site-specific data. If values are not available
from either of these sources, published soil-to-soil invertebrate tissue transfer factors (BAF-S) will be
used for inorganics and water-to-aquatic invertebrate tissue transfer factors (BCFs) will be derived for
organics. For organics, the BASF will be estimated from the BCF as follows:

BASF,,"' = BCF,,,j/dek

where
BCF,; = Surface water-to-aquatic invertebrate transfer factor for prey type m for
COPC j (L/kgyissue-wet wt.),
k . = Sediment-water partitioning coefficient for COPCj at exposure

location k (L/Kgcgimen-dry Wt.),

Note that BASF in the literature (also referred to as BSAF) is often provided as a ratio of lipid-normalized
tissue chemical residue to organic carbon-normalized sediment chemical concentration, so that a
conversion may be needed to determine BASF.

For organic compounds, the Kd is a function of the K, and the organic matter content of the sediment,

that is:
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dek = Ko‘-‘/‘ X FOCk
where

K,; = the carbon-water partitioning coefficient for COPC j (L/kgsegimen-dry wt.)
FOC; = nmass fraction of organic carbon content of the sediment at exposure
location k (unitless).

Because the K, 1s available for few compounds, the K., the octanol-water partitioning coefficient, is
used to estimate K. (EPA 1993c).

To estimate animal tissue concentrations, the BASFs derived from both field data and from aquatic
invertebrate 1 willber “uplied byt ideled bed-sediment COPC concentration (Cys). Using
bed-sediment concentrations with BASFs derived from BCFs is equivalent to using dissolved phase v zr
concentrations: 1BCFs.

Published BAS alues are listed in Appendix C2. The default BASF values are the same as the default
BAF-S values (1 for inorganics, 10 for organics).

Default bioaccumulation values

When a transfer factor for aquatic receptors is not available because it was not measured in a field or
laboratory investigation, it has no suitable surrogate value, or it could not be calculated, then a default
value will be used. Default values are conservative, order of magnitude estimates, based on an evaluation
of available published values (e.g., HAZWRAP 1994) and professional judgement. Default values are
selected to be larger than most published values.

The default W1  1d SP values for aquatic plants is 1 and is the same as the default v for terrestrial

1 nts. Default CFs for aquatic animals are 500 for inorganics and 100,000 for VOCs, SVOCs, and
pesticides/PCBs. The default BASF values are the same as the default BAF-S values (1 for inorganics, 10
for organics). Default BAF-Ts for mammals and birds ingesting aquatic biota are 1 for inorganic and 10
for organic COPCs.

8.3. Effects Assessment Calculations

TRVs are concentrations or doses of constituents that are associated with a specified level of adverse
effect on ecological receptors. ..lVs are used as the denominator in hazard quotients, as shown in the
HQ equations (section 8.4).

8.3.1. Toxicity Reference Values for Terrestrial Receptors

TRV for receptors dwelling in and thus, exposed by direct contact to COPCs/ROPCs in soil (plants,

earthworms) are typically values from published sources, if field observations or site-specific toxicity
tests of these media are not available.

8.3.1.1. Si 71le Chemical TRVs

Vs for plants and soil-dwelling invertebrates are derived values based on a review of published
single-chemical laboratory studies (Efroymson et al. 1997a and 1997b).
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8.3.1.3. Inhalation TRVs

Avpvropriate inhalation toxicity data are those from chronic studies with ecologically significant

e oints. For example, mortality, impaired reproduction, organ dysfunction, and, in some cases, reduced

growth are potentially ecologically significant endpoints, where as cancer is not. Portal effects on the
piratory tract (e.g., irritation) that do not lead to systemic effects (e.g., death) under chronic exposure

are also not likely to be ecologically significant effects. The use of such data to derive TR Vs is extremely

conservative, w :h may be appropriate in certain situations, e.g., as a NOAEL in a screening ERA.

Chronic studies are usually more appropriate than acute data. In the absence of chronic data and assuming
the endpoint is appropriate for the ERA, an acute benchmark is the conservative choice for the TRV, if it

- is less than the oral benchmark. In some cases, it may be appropriate to further reduce the acute

benchmark by an acute-to-chronic uncertainty factor. No cases are known of any commor | ot
causing ecologically significant effects from acute inhalation exposure at a dose lower than tl
causing significant effects from chronic oral exposure.

There are inhalation toxicity data from laboratory experiments reported in IRIS, RTECS and other
databases. Air concentrations associated with varying levels of effect are reported for one or more
laboratory animals, most if not all of which are mammals. These TRVs are reported as concentrations
(mg/m®) with a specified exposure duration and period. Assuming that the test durati  and period is
approprii ly long for natur. conditions, then test data can be used to derive inhalation TRVs for wildlife
receptors of the same vertebrate class (mammal to mammal, bird to bird) given certain crucial
assumptions. These assumptions are discussed below in Section 8.3.1.3.

When c¢  erting from published thre ld-air concentrations to threshold doses, we assume that the
values of the test species inhalation rate and body weight used to make the conversions are equal to those
in the published study. A similar approach is used to interconvert threshold doses for ingestion and
threshold dietary concentrations (Sample et al. 1996). See Appendix C2 for data.

8.3.1.4. Body-weight Scaling of TRVs

The starting point for deriving TR Vs for receptors is thus the TR Vs for one or more test species. TRVs
for receptors should be derived from TRVs for test species from a similar taxonomic group. TRVs for
birds should be derived from the TRV for a bird test species, and those for mammals from a mammal test
species. The following equation is used to derive the TRV dose for wildlife receptors for COPCs in
ingested matter (e.g., soil, sediment, water, biota) or inhaled air from published TRVs for test species:

TRV, =TRV, x (BW/BW)"*
where

TRV, = Toxicity Reference Value of receptor i for COPC j (mg/kg BW/day)

TRV, = Toxicity Reference Value of test species ¢ for COPC j (mg/kg BW/day)
BW; = Body weight of receptor i (kg)
BW, = Body weight of test species # (kg)

For ingestion TRVs, the body-weight ratio scaling exponent is 0.25 based on the weight of theoretical and
empirical evidence (Travis et al. 1998, EPA 1992b) as presented in Sample et al (1996). Although there
is some evidence that the body-weight ratio scaling exponent for acute toxicity inbr  .is 0

(Sample et al. 1996, Sample 1999), acute toxicity data (i.e., LCso) may not be appropriate to predict body-
weight scaling of chronic toxicity (Sample 1999). Acute toxicity likely operates by different mechanisms
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(QF rem/rad or sievert/gray) for the greater damage done by alpha particles than by beta and gamma

r ation, and QF was included in the dose calculations used by IAEA (1992) to evaluate the benchmark.
Inclusion of QF results in the calculation of effective dose in rem/day rather than absorbed dose in
rad/day. Therefore, for this evaluation, radiological benchmarks for biota have been restated in units of
rem/day rather than rad/day.

8.3.2. Toxicity Refefence Values for Aquatic Receptors

TRVs for receptors dwelling in and thus exposed by direct contact to COPCs in sediment
(sediment-dwelling biota) or surface water (fish, aquatic biota) are typically values from published
sources if field observations or site-specific toxicity tests of these media are not available. The units of
these values vary by source and medium, e.g., ug/L for s ace waterand  /kg-dry wt. for sediment.
TRVs for sediment-dwelling biota are . ved values from published studies and reports, including field
measured concentration and effect co-occurrence data and laboratory bioassays (Jones et al. 1997). Vs
for aquatic biota are values such as chronic National Ambient Water Quality a (NAV _C)and

Tier II values and lowest chronic values derived from published studies (Suter and Tsao 1996). TRVs for
wildlife receptors exposed by ingesting biota exposed to surface water or sediment: e derived as for
terrestrial wildlife receptors (section 8.3.1).

Published TRVs for COPCs for sediment-dwelling invertebrates, aquatic biota, and wildlife receptors
(mammals and birds) are listed in Appendix C-3.

For all sed t and aquatic biota, the TRV for total-body radiological dose from combined intemal and
external exposure for all ROPCs combined is 1.0 rem/day (IAEA 1992). However, the TRV for aquatic
wildlife receptors (that is, birds and mammals) is 0.1 rem/day.

84. F kEquations

Risk estimates for a receptor at an exposure location is calculated as the HQ, which is the ratio of the
estimated exposure and the TRV. That is:

HQ = Estimated Exposure/TRV.

The HQ equation takes different forms depending on how the receptor is exposed, which also determines
how the TRV is expressed (section 8.2.2). In the ecological risk assessment for the RPP-WTP, the
exposure to ecological receptors is either a media concentration (Cj;), an average daily dose of a COPC
(ADDj;), or a daily total-body radiological dose (Ry).

The HQ is an index of the total risk to the receptor from exposure to the COPC if the COPC does not
occur in the ‘background’ environment or if the home range of the receptor is smaller than the area of the
exposure location, that is, if the AUF =1.

The HI is an index of the combined risk from exposure to multiple COPCs that. ‘e similar modes of
action. A preliminary classification of inorganic COPCs groups arsenic, antimony, selenium, and
vanadium as respiratory inhibitors; lead, manganese, and mercury as central nervous system inhibitors;
and aluminum, ~hromium, and nickel as deoxyribonucleic acid (DNA) and protein reactors. Org ¢
COPCsare typ lly grouped by chemical structure: VOCs, PAHs, organochloride pesticides, and PCBs.
These chemica roupings are based on professional judgement and experience. For the PRA all HQs,
regardless of mode of actions, will be grouped and summed because such summing represents the  ost
conservative case. When the HI exceeds 0.25, additional His by mode of action will be developed. Thus,
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the HI for a receptor at an exposure location is calculated from the HQs for the individual COPCs as
follows:

Hly = Z; HQj
where

Hl; = liazard Index for receptor i at exposure location & (unitless)
HQ; = Hazard Quotient for receptor i at exposure location k for COPC (unitless).

Calculating HI assumes an additive effect on receptors from COPCs of all classes.

T ¢ ation for receptors exposed to ROPCs is equivalent to an HI because the dose from all
radio s is summed to estimate the total-body di mint 1l and external exposures.

The threshold value for HQs and HIs for COPCs will be 0.25, unless a similar mode of action can be
demonstrated and approved by Ecology. HIs for COPCs and ROPCs will not be added together.

8.5. Reporting of Major Ecological Risk Findings

Risk characterization will be reported in such a way as to capture all the various elements of the work.
The following ontline of headings is proposed:

e Current Risk at Exposure Location 1,2,3...n
— Terrestrial Conditions: Central Plateau
— Plausible Scenario
Chemicals
Ra-*1logicals
— W t-case Scenario
Chemicals
Rac“Hlogicals
— Aaquatic ’onditions: Columbia River
— Plausible Scenario
Chemicals
Radiologicals
— Wi t-case Scenario
Ch...icals
Radiologicals

o Future Risk at Exposure Locations 1,2,3...n
— rrest 1 Conditions
— Plz ible Scenario
Ch icals
Radiok :als
— Worst-case Scenario
Chemicals
1 liologicals
— Agquatic Conditions
— Plausible Scenario
Chemicals
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Radiologicals

—  Worst-case Scenario
Chemicals
Rac logicals

This will be do1.. for the PRA as well as the FRA within the SLRA.

8.6. Uncertainties in Ecological Risk Assessment

Evaluation of uncertainties is part of the ERA process (EPA 1998e). Uncertainties in each of the four
inter-related steps of the EPA approach to the screening the ERA will be discussed as follows:

problem formulation
expo ‘eass ment
effects asse nent

and risk ch...cterization

Uncertainties about the data will be evaluated in the exposure assessment and the effects assessment
steps.

8.6.1. Problem Formulation

Environmental - - acentrations of contaminants deposited on the soil and water at exposure locations will be
based on many , :dictions. A degree of uncertainty exists about the predicted spatial distribution of
contaminants. Exposure concentrations could be overestimated or underestimated, depending on how good
the model is in predicting contaminant distribution.

Because the conservative exposure parameters (section 8.6.2) will be used to calculate HQs, the estimates of
risk from ecological COPCs/ROPCs are conservative (that is, protective). Using conservative exposure
concentrations decreases the likelihood of underestimating the risk posed by each ecological COPC/ROPC

t estl il od of overestimating the risk. Note that for wildlife receptors not living in soil,
sedi ir surface water, HQ is a function of chemical dose (ADD) or radiological dose (R), which in
turn, depends on a number of exposure factors (in addition to contaminant exposure concentration). Thus,
several factors determine how conservative a HQ might be (in addition to contaminant exposure
concentration).

The distribution and abundance of organisms comprising the ecological receptors at exposure locations have
not been quantified by field studies. The lack of quantitative data introduces uncertainties conceming
whether, and to what extent, the risk characterization based on the selected receptor species underestimates,
or overestimates, the risk to organisms that are not used in the risk computations butza  found at exposure
locations. Additional reconnaissance on the Hanford Site at and near the exposure locations of max 1m
deposition will establish the nature and quality of habitat and confirm the presence of vegetation types and
active, visible animal species. This is especially needed regarding bodies of water. Observations made
during this reconnaissance will validate assumptions about the presence of unobserved organisms that are

sential to normal ecosystem functioning, such as soil-dwelling worms and ar* >pods | herbivorous
insects.

One (or more) unobserved species at exposure locations possibly 1s more sensitive than those ecological
receptors for which toxicity data were available for use in setting TRVs. It does not necessarily follow that
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In addition, cumulative risk more broadly includes risk from multiple sources at the Hanford Site.
Therefore, the ecological risk characterization for exposure locations may underestimate actual risks to
plants and animals from cumulative risks.

8.6.5. Sumr_.ry of Uncertainties

The most important uncertainties in the ecological portion of the SLRA for exposure locations are those
surrounding the estimates of the contaminant concentrations to which ecological receptors are actually
exposed (exposure point concentrations) and the concentrations that present an acceptable level of risk or
harmful effects (toxicity thresholds or reference values). These uncertainties arise from multiple sources,
especially from the lack of site-specific data on contaminant transport and transformation processes,
organismal toxicity, animal behavior and diet, population dynamics, and the response of arid land plant
¢ . anin ypulations to stressors in the Hanford Site environments. Despite these uncertainties, the
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