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EXECUTIVE SUMMARY

The objective of this data package is to provide a comprehensive overview of the regulatory
criteria, periods and points of assessment, as well as the conceptual exposure models, exposure
assumptions, the dose and risk assessment methodologies, unit dose and risk factors, and cleanup
criteria for various radiological and nonradiological contaminants associated with multiple
exposure scenarios analyzed during dose and risk evaluations for various Waste Management
Areas at the Hanford Site. Additionally, the data package includes uncertainty analysis related to
the site-specific parameters and exposure assumptions, as well as the physical and toxicological
properties of radiological and nonradiological contaminants.

Three major risk and dose evaluations are conducted to address post-closure requirements related
to the retrieval of waste, disposition of tanks and ancillary equipment, and analysis of past leaks
for Waste Management Areas as well as Resource Conservation and Recovery Act of 1976
(RCRA) corrective action requirements pertaining to vadose contaminated soil. The evaluations
consist of the following: (1) Direct Contact Risk Assessment for vadose soil contamination as a
part of RCRA facility investigation/corrective measures study (RFI/CMS); (2) Performance
Assessments to address post-closure requirements specified in DOE O 435.1, Radioactive Waste
Management; and (3) Groundwater Risk Assessment as a part of RCRA Closure Analysis.
Several assessments are also performed within each major dose and risk evaluation.

Within each major risk and dose evaluation, several assessments are performed. The direct
contact vadose soil risk assessment includes three types of assessments: (1) Direct Contact
Human Health Risk Assessment; (2) Screening Level Ecological Risk Assessment; and

(2) “Protection of Groundwater” Data Evaluation. As part of DOE O 435.1 performance
assessment requirements, five types of assessments are conducted: (1) All-Pathways
Groundwater Dose Assessment for representative members of the public; (2) Atmospheric
Pathway Dose Assessment for representative members of the public, (3) Evaluation of radon flux
from the surface; (4) Assessment of impacts on water resources to establish limits on
radionuclides; and (5) Assessment of a hypothetical person assumed to inadvertently intrude for
a temporary period into the facility. All abovementioned assessments are used to establish limits
on radionuclide concentrations. As part of the RCRA Closure Analysis, two types of
assessments are performed: (1) Groundwater risk assessment to meet the RCRA Closure
Analysis requirements; and (2) Comparison of groundwater concentrations against regulatory
groundwater standards to evaluate the protectiveness water resources. The exposure scenarios
outlined and described in this document are intended to comply with State and Federal laws and
regulations, including those specified in Appendix I of the Hanford Federal Facility Agreement
and Consent Order (Ecology et. al. 1989) Action Plan.
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1.0 INTRODUCTION

The purpose of this exposure scenario data package is to document the most recent updates
associated with the exposure scenarios and exposure assumptions for both human and ecological
receptors. Also, the methods used to perform various risk evaluations for addressing
post-closure requirements (retrieval of waste, disposition of tanks and ancillary equipment,
analysis of past leaks) of the tank Waste Management Areas (WMAs) in the Central Plateau and
corrective action requirements under Resource Conservation and Recovery Act of 1976 (RCRA)
have been updated. The information presented in this data package will supersede

the information presented in the exposure scenario data package, RPP-ENV-58813, Rev. 1,
Exposure Scenarios for Risk and Performance Assessments in Tank Farms at the Hanford Site,
Washington.

1.1 DIFFERENCES BETWEEN UPDATED AND EXISTING EXPOSURE
SCENARIO DATA PACKAGES

RPP-ENV-58813, Rev. 1 presents the exposure scenarios, exposure assumptions and
methodologies for conducting risk evaluations based on five exposure scenarios. These
scenarios encompass:

e Exposure scenarios utilized for the baseline risk assessment (BRA)! to establish the need
for corrective action under RCRA

e Exposure scenarios provided by local Tribes including the Confederated Tribes of the
Umatilla Indian Reservation (CTUIR) and the Yakama Nation

e Exposure scenarios used for the performance assessment (PA) to demonstrate compliance
with the performance objectives and measures outlined in DOE M 435.1-1, Radioactive
Waste Management Manual

e Exposure scenarios used to demonstrate compliance with RCRA closure analysis

e Exposure pathways and land-use conditions used to establish soil and groundwater
cleanup standards under the 2007 Model Toxics Control Act (MTCA) (Revised Code of
Washington [RCW] 70.105D, “Hazardous Waste Cleanup—Model Toxics Control Act”),
as defined in Washington Administrative Code (WAC) 173-340-700, “Overview of
Cleanup Standards” to WAC 173-340-760, “Sediment Cleanup Standards.”

Certain exposure assumptions, methodologies for some of the risk evaluations and toxicological
properties for contaminants have been updated, and unit dose and risk factors are determined
based on the updated exposure assumptions, toxicological properties, and risk and dose
assessments methodologies. Those are incorporated in this data package. Additionally, the data
package incorporates information concerning the assessment of uncertainties related to the

! Baseline risks are risks that might exist in the absence of remediation or institutional controls.

1-1
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site-specific parameters and exposure assumptions. The following is a summary of those
updates.

1. Modification for Exposure Scenarios Associated with Direct Contact Vadose Soil
Risk Assessment

In October 2020, the U.S. Department of Energy (DOE) produced a report, DOE/RL-2019-46,
Central Plateau Inner Area Cleanup Principles and Parameters, based on the agreement
between DOE, U.S. Environmental Protection Agency (EPA), and Washington State Department
of Ecology (Ecology) (collectively referred to as the Tri-Parties). This report established a
consistent approach for assessing risks to human health and the environment and evaluating
remedial alternatives within the Inner Area. The updates in this data package based on
DOE/RL-2019-46 are as follows.

o Updated Human Receptor Scenarios — In addition to two Native American scenarios,
Section 2.2.1 of DOE/RL-2019-46 adopts two other exposure scenarios for each WMA
risk assessment: outdoor worker and construction worker. Based on the updated risk
assessment approach, this data package eliminates receptor scenarios found in
RPP-ENV-58813, Rev. 1, including: Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) Residential, CERCLA Maintenance
Worker, CERCLA Trespasser, MTCA Method B and MTCA Method C.

e Inclusion of Ecological Risk Evaluation — Section 2.2.2 of DOE/RL-2019-46 presents
the methodologies for ecological risk evaluation. ENV-RPP-58813, Rev.1 did not
include any methodologies for performing ecological risk evaluation. This data package
adopts the methodology presented in DOE/RL-2019-46, Section 2.2.2 for conducting
ecological risk evaluation.

o Updated Soil to Groundwater Evaluation — Section 2.2.3 of DOE/RL-2019-46 presents
an updated methodology for calculating the soil concentrations protective of groundwater
for both radiological and nonradiological contaminants based on the process defined in
DOE/RL-2011-50, Regulatory Basis and Implementation of a Graded Approach to
Evaluation of Groundwater Protection. The soil concentrations protective of
groundwater for nonradiological contaminants in RPP-ENV-58813, Rev. 1 were
back-calculated using the 2007 MTCA WAC 173-340-747, “Deriving Soil
Concentrations for Groundwater Protection,” subsection (4) “Fixed parameter
three-phase partitioning model.” No soil concentration protective of groundwater for
radiological contaminants is included in this data package and the updated methodology
presented in Section 2.2.3 of DOE/RL-2019-46 replaces the methodology presented in
RPP-ENV-58813, Rev. 1.
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Modification of Exposure Assumptions and Methodologies for Performance
Assessment

The dose equations for two exposure pathways and the exposure assumptions have been
modified to reflect the actual and most updated exposure conditions. The modifications are as
follows.

Dose Equation Related to Inhalation of Water Vapor — This represents an indoor
exposure, where the representative person inhales water vapor while showering and
engaging in other household activities, thereby receiving dose. According to the
exposure assumption, the receptor spends only 40% of the time indoors. Consequently,
the indoor time fraction (0.4) is included in the existing dose equation to determine dose
for inhalation of water vapor.

Dose Equation for External Gamma — The existing dose equation for this exposure
route is based on infinite source areas. However, the source area is finite in nature,
particularly for intruder scenarios. Tables representing radionuclide-specific area
correction factors (ACFs) for soil are currently available in ORNL/TM-2013/00, Area
Correction Factors for Contaminated Soil for Use in Risk and Dose Assessment Models.
Therefore, radionuclide-specific ACFs are incorporated into the dose equation to
calculate the actual dose for external gamma.

Intake Assumptions for All-Pathways Representative Person and Intruder Scenarios —
According to “ICRP Publication 101: Assessing Dose of the Representative Person for
the Purpose of Radiation Protection of the Public and The Optimisation of Radiological
Protection: Broadening the Process” (ICRP 2006a), using the 95" percentile of behavior
in deterministic calculations is a conservative assumption for defining an intake rate in
the absence of site-specific data. Generally, one exposure pathway for a particular
source will dominate the dose to the representative person from that source. If multiple
intake routes for radionuclides contribute significantly to the dose, it may not be
reasonable to assume that the 95 percentile habit data are applicable to all routes; the
more dominant route should be assigned a 95" percentile intake, and a lower value
should be assigned to other pathways, consistent with the requirement that assessments
represent a set of habits that are reasonable and sustainable.

For groundwater dose assessment, ingestion of drinking water is the dominant exposure
route for the representative person. Therefore, a 95" percentile intake rate is assigned for
the drinking water, while mean intake rates are assigned to other exposure routes.
Similarly, milk and crop ingestions are the most dominant exposure routes for Rural
Pasture and Suburban Garden intruder scenarios, respectively. Hence, 95" percentile
intake rates for representative person are assigned for those exposure routes, and the
mean intake rates are assigned for remaining exposure routes.

o Intake Assumptions for Fruits and Vegetable Ingestion — The intake rates for total fruits

and vegetables (edible portion, uncooked weight) are calculated using Table 9-4 of
EPA/600/R-18/098F, Update for Chapter 9 of the Exposure Factors Handbook Intake of

1-3
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Fruits and Vegetables. Table 13-69 of EPA/600/R-090/052F, Exposure Factors
Handbook: 2011 Edition presents the percent weight loss during food preparation. The
percent loss is taken into account in the updated intake assumptions for fruits and
vegetables.

Intake Assumptions for Meat — The intake rates for total meat (beef and poultry) (edible
portion, uncooked weight) are calculated using Table 11-4 of EPA/600/R-17/485F,
Update for Chapter 11 of the Exposure Factors Handbook Intake of Meats, Dairy
Products, and Fats. Table 13-69 of EPA/600/R-090/052F presents the percent weight
loss during food preparation. The percent loss is taken into account in the updated intake
assumptions for beef and poultry.

Contaminated Fraction of Homegrown Vegetables and Fruits — Based on Exposure
Factors Handbook (EPA 1997), the fraction of locally produced crops that are consumed
is 0.25. The fraction of locally produced crops that are consumed will depend upon the
size of the contaminated area. The fraction of fruits and vegetables produced from the
contaminated site can be calculated using the following equation, as stated in
EPA/540-R-00-007, Soil Screening Guidance for Radionuclides: User’s Guide:

Contaminated Fraction of Fruit and Vegetables (FPLANT)
FPLANT = A/4,000, when 0<A <2,000 m?
FPLANT = 0.5, when A > 2,000 m?

Where A represents the Area of contaminated zone (A)

The above equation and size information are utilized to update the fraction of locally
produced crops that are consumed.

Fraction of Locally Produced Dairy Products That are Consumed — The fraction of
food produced onsite depends on the size of the contaminated area. As the size of the
contaminated area (A) varies, the fraction of the locally produced milk consumed by the
receptor will also vary. Accordingly, a decrease in the size of the contaminated area will
result in a decrease in the contaminated fraction of milk ingested (FMILK). The

variation in the contaminated fraction of milk ingested, with the variation in the size of
the contaminated area, is described by the following empirical equations (Equation D.5 of
ANL/EAD-4, User’s Manual for RESRAD Version 6):

Contaminated Fraction of Milk (FMILK)
FMILK = A/20,000, when A < 20,000 m?
FMILK = 1.0, when A > 20,000 m?

The above equation and size information are utilized to update the fraction of locally
produced dairy products.

Soil and Fodder Ingestion Rates for Dairy Cow — The soil and fodder ingestion rates for
dairy cow are updated based on Table 1 of EPA’s Preliminary Remediation Goal (PRG)

20 of 296
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Calculator User’s Guide (PRG Home | PRG User’s Guide, Queried 03/23/2023,
[Table 1. Recommended Default Exposure Parameters],
https://epa-prgs.ornl.gov/radionuclides/prg guide.html).

o Dose Conversion Factors — DOE-STD-1196-2022, DOE Standard — Derived
Concentration Technical Standard presents the updated internal dose conversion factors
(DCFs), while Table 4-5 of EPA-402-R19-002, Federal Guidance Report No. 15,
External Exposure to Radionuclide in Air, Water and Soil provides the updated external
DCFs for radionuclides. These DCFs replace the internal and external DCFs provided in
DOE-STD-1196-2011, DOE Standard — Derived Concentration Technical Standard and
EPA-402-R-93-081, Federal Guidance Report No. 12, External Exposure to
Radionuclides in Air, Water, and Soil, respectively.

3. Modification of Risk Assessment Methodologies During RCRA Closure Analysis

The previous methodology for the residential tap water scenario considered inhalation of
volatiles during household activities as one of the three exposure routes. However, it did not
include inhalation of aerosols and volatiles that are generated during showering. The updated
exposure scenario data package includes the contribution of risk for inhalation of aerosol and
volatiles during showering.

4. Development of Unit Dose Factors and Unit Risk Factors

The updated data package calculates the unit dose factors (UDFs) for radionuclide contaminants
as a part of performance assessment and the unit risk factors (URFs) for both radiological and
nonradiological contaminants as a part of RCRA Closure analysis.

5. Selection of Assigned Values for Uncertainty Analysis

Uncertainty analysis is performed for performance assessment. Therefore, this data package
identifies several soil and exposure parameters, their assigned values, and the statistical
distribution for which the uncertainty analysis can be performed.

1.2 TYPES OF RISK EVALUATIONS

As part of various regulatory programs aimed at addressing site characterization, corrective
action, closure, and post-closure requirements for WMAs, three types of risk evaluations are
performed. These evaluations include:

(1) Risk Assessment for vadose soil contamination and Data Evaluation for “Protection of
Groundwater” as a part of RCRA facility investigation/corrective measures study (RFI/CMS),
referred to as “RFI/CMS Vadose Soil Risk Evaluation” in this data package

(2) PAs to address post-closure requirements outlined in DOE O 435.1, Radioactive Waste
Management, referred to as “DOE O 435.1 Performance Assessment” in this data package
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(3) Groundwater Risk Assessment as a part of RCRA Closure Analysis and “Protectiveness of
Water Resources” Data Evaluation, referred to as “RCRA Groundwater Risk Evaluation” in this
data package

Each of these three risk evaluations is briefly summarized below.

1.2.1 RCRA Facility Investigation/Corrective Measures Study Vadose Soil Risk
Evaluations

Within the RFI/CMS vadose soil risk evaluation, three assessments are performed: (1) Direct
Contact Human Health Risk Assessment (HHRA); (2) Screening Level Ecological Risk
Assessment (SLERA); and (2) “Protection of Groundwater” Data Evaluation. These assessments
are briefly described as follows.

Direct contact HHRA and the SLERA are performed for each WMA due to the presence of
radiological and nonradiological contaminants in the vadose soil. The purpose is to assess
potential risks associated with residual contamination at a site under baseline conditions

(i.e., assuming no further action), identify key radionuclide and nonradiological contributors to
risk, identify key exposure routes, and determine if there is a need to take an action to reduce
risks. In addition, a “Protection of Groundwater” data evaluation is performed to understand the
potential impacts on groundwater due to migration of radiological and nonradiological
contaminants from contaminated soil through the vadose zone to the aquifer. The evaluation
aims to identify the contaminants that could potentially affect the groundwater.

1.2.2 DOE O 435.1 Performance Assessment

The DOE O 435.1 PA valuates the impact of residual waste contaminants in tanks and ancillary
equipment, as required by DOE for the closure of single-shell tanks (SSTs) within a WMA. To
meet the PA requirements outlined in DOE M 435.1-1, five types of assessments are performed.
The first three assessments are performed to demonstrate compliance for a 1,000-year period at
nearby locations and they include:

e Dose assessment to representative members of the public considering all potential
exposure pathways (referred to as the All-Pathways Representative Person scenario)

e Dose assessment to representative members of the public from the atmospheric pathway,
and

e FEvaluation of radon release based on flux of radon from the surface rather than an
exposure scenario).
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The last two assessments are performed to establish limits on the radionuclides that may be
disposed of near the surface and they include:

e An assessment of impacts on water resources to establish radionuclide limits; and

e An assessment of a hypothetical person assumed to inadvertently intrude into the facility
for a temporary period to establish limits on radionuclide concentrations.

1.2.3 RCRA Groundwater Risk Evaluation

The RCRA groundwater risk evaluation consists of two types of assessments: (1) groundwater
risk assessment to meet the requirements of RCRA Closure Analysis; and (2) comparison of
groundwater concentrations against regulatory groundwater standards to evaluate the protection
of water resources. These assessments are summarized below.

Groundwater risk assessments are conducted using EPA’s residential tap water scenario to
evaluate the impacts of hazardous chemical and dangerous waste constituents to groundwater
from tank waste residuals left in WMA tanks and ancillary equipment at closure as a part of
RCRA Closure Analysis. This scenario evaluates potential groundwater contamination resulting
from the interaction of recharge water with residual chemical waste, mobilization, and transport
through the vadose zone to the water table. Additionally, a supplemental groundwater risk
assessment for radiological contaminants is performed for informational purposes.

The comparison of nonradiological contaminants concentrations in groundwater, 100 m
downgradient from the WMA fenceline against the regulatory groundwater standards is
performed to assess the protection of water resources. The regulatory groundwater standards
used during this data evaluation are the MTCA Method B groundwater cleanup levels.

1-7
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2.0 REGULATORY INFORMATION RELATED TO SITE CLOSURE, AND
PERFORMANCE MEASURES

This section provides a summary of the following:
e Regulatory information related to site closure

e Performance criteria for each type of assessment within the prescribed period of
assessment and spatial domain.

2.1 REGULATORY INFORMATION RELATED TO SITE CLOSURE

The DOE Office of River Protection (DOE-ORP) is actively pursuing closure of the SST system
located within the WMAs. The SST system contains 149 SSTs and associated components such
as ancillary equipment, transfer lines, and miscellaneous small tank structures that were
constructed at the Hanford Site between 1943 and 1964. These tanks were organized into

18 groups known as tank farms during operations. These tank farms are currently organized into
7 WMAs (A-AX, B-BX-BY, C, S-SX, T, TX-TY, and U) for closure purposes. Additionally,
there are 28 double-shell tanks at Hanford, built between 1968 and 1986.

The tanks are located underground with a minimum of 2 m (7 ft) of soil cover to provide
shielding from radiation exposure to operating personnel. Tank pits are situated on top of the
tanks to provide access for maintenance, pumps, and associated monitoring equipment. To
support the transfer and storage of waste within SSTs, there is a complex waste transfer system
of pipelines (transfer lines), diversion boxes, vaults, valve pits, and other miscellaneous
structures. These miscellaneous features of the tank farm are referred to in this document by the
general term “ancillary equipment and components.”

To address the cleanup of the Hanford Site, including the closure of the SST system, Ecology,
the EPA, and DOE entered into an enforceable agreement and consent order called the Hanford
Federal Facility Agreement and Consent Order (HFFACO) (Ecology et al. 1989), under
CERCLA and RCRA. The closure of WMASs requires that closure activities (e.g., retrieval of the
waste, disposition of tanks and ancillary equipment) and corrective actions associated with
contaminated soils be performed to meet all State and Federal laws and regulations, including
those identified in Appendix I “Single-Shell Tank System Waste Retrieval and Closure Process”
of the HFFACO (Ecology et. al. 1989) Action Plan.

According to Appendix I of the HFFACO, decisions regarding the closure of SST system soils
will be made through the RCRA corrective action process. This involves the development of
interim measures, RFI/CMS work plans and reports, remedial field investigations, and corrective
measures studies. The RFI/CMS report includes a site-specific human and ecological risk
assessment conducted for both radiological and nonradiological contaminants present in the
vadose zone soil prior to remediation activities for evaluating the potential health impacts to
receptors and determining the need of corrective action. A site-specific risk assessment follows
the requirements for CERCLA risk assessment defined under 61 Federal Register (FR) 19432,
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“40 CFR Ch. I, Corrective Action for Releases from Solid Waste Management Units at
Hazardous Waste Management Facilities; Proposed Rule,” which states that a site-specific risk
assessment for RCRA corrective action may follow EPA/540/1-89/001, Risk Assessment
Guidance for Superfund Volume Il Environmental Evaluation Manual Interim Final and
EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health
Evaluation Manual (Part A) Interim Final.

The HFFACO Action Plan Milestone M-045-00 states that closure of the SST system is to be
carried out in accordance with the RCRA-authorized Washington State dangerous waste
regulations specified in WAC 173-303-610, “Closure and Post-Closure.” The two primary
options for closure under WAC 173-303-610 call for a closed WMA that meets all regulatory
requirements for 1) clean closure or 2) a landfill closure. According to 78 FR 75913, “Record of
Decision: Final Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington,” arising from the DOE/EIS-0391, Final Tank Closure and
Waste Management Environmental Impact Statement for the Hanford Site, Richland,
Washington, the preferred closure alternative for the SST WMAs is Alternative 2B. Under this
alternative, the individual SSTs will be closed as landfill units under the requirements of

WAC 173-303, “Dangerous Waste Regulations” and DOE O 435.1, as applicable, or
decommissioned under DOE O 430.1B, Real Property Asset Management and would occur in
three major steps:

e 99% of the waste currently stored in Hanford’s 149 underground SSTs would be
retrieved

e The tanks and selected ancillary equipment would be filled with grout to immobilize
residual waste, prevent long-term degradation of the tanks, and discourage inadvertent
intruder access

e The closed tank system would be covered with an engineered modified RCRA Subtitle C
barrier, followed by post-closure care for 100 years.

It should be noted that DOE O 430.1C, Real Property Asset Management superseded
DOE O 430.1B Chg 2.

Removal and replacement of the top 4.5 m (15 ft) of soil was considered for the 241-BX and
241-SX Tank Farms; however, decisions on the extent of soil removal or treatment for other tank
farms would be made on a tank farm or WMA basis through the RCRA closure permitting
process.

Once a basis for action is determined, cleanup standards for chemicals will be based on the
MTCA (WAC 173-340, “Model Toxics Control Act—Cleanup”). The applicable cleanup levels
and criteria depend on the land use assumptions. For WMAs, the WAC 173-303-610 clean
closure performance standards for contaminated soils use the MTCA Method B cleanup levels
derived using the exposure assumptions for unrestricted land use given in WAC 173-340-740,
“Unrestricted Land Use Soil Cleanup Standards.” However, once landfill closure is required,
MTCA Method C cleanup criteria, derived using the exposure assumptions for industrial land
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use given in WAC 173-340-745, “Soil Cleanup Standards for Industrial Properties,” is an
appropriate closure performance standard for contaminated soils direct contact, in accordance
with WAC 173-303-64620, “Requirements.”

According to Section 2.5 of the HFFACO Action Plan, Appendix I, a single PA will be
conducted to ensure that the closure actions taken for a WMA will adequately protect human
health from all contaminants of concern, including both radiological and non-radiological
contaminants. The PA will incorporate all relevant performance requirements from various
regulations and orders, such as RCRA, Hazardous Waste Management Act of 1976

(RCW 70.105, “Hazardous Waste Management”), Federal Water Pollution Control Act (Clean
Water Act), Safe Drinking Water Act of 1974, and Atomic Energy Act of 1954, and any other
performance requirements that might be applicable or relevant and appropriate requirements
(ARARSs) under CERCLA. Compliance with DOE orders, particularly DOE O 435.1, will also
be required.

An impact assessment is performed related to DOE-generated hazardous chemicals and
dangerous waste within tanks and ancillary equipment at the closed WMA as a part of RCRA
Closure Analysis. A long-term groundwater risk evaluation is performed to evaluate the
potential health impacts to human receptors. The assessment also involved comparing the
concentrations of hazardous chemicals and dangerous chemicals remaining at WMA C after
closure against the WAC 173-340-720, “Groundwater Cleanup Standards” to evaluate the
protection of groundwater resources.

2.2  PERFORMANCE CRITERIA

As mentioned in Section 1.2, three types of risk evaluations are performed for each WMA. The
results of the risk evaluations are compared against their corresponding performance criteria to
demonstrate compliance. The following subsections present the performance criteria to be
utilized during each risk evaluation.

2.2.1 Performance Criteria for RCRA Facility Investigation/Corrective Measures Study
Vadose Soil Risk Evaluation

As mentioned in Section 1.2.1, direct contact HHRA, the SLERA, and “protection of
groundwater” data evaluation are performed as a part of RFI/CMS risk evaluation. The
performance criteria for each evaluation are presented below.

During direct contact HHRA, the excess lifetime cancer risks (ELCRs) are calculated for both
radiological and nonradiological contaminants of potential concern (COPCs) and noncancer
hazard index (HI) is calculated for nonradiological COPCs. Section 2.2.1 of DOE/RL-2019-46
presents the performance criteria for human health vadose zone soil risk assessment. The inner
area land use is industrial. Therefore, for radiological and nonradiological COPCs, the ELCRs
are compared against acceptable cancer risk level of 10 and 107, respectively, to assess the
need for corrective action. For nonradiological COPCs, the HI is compared against noncancer
threshold value of 1. An HI above 1 is considered unacceptable risk. The HI may exceed 1 even
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if all of the individual hazard quotients (HQs) are less than 1. In this case, the chemicals may be
segregated by similar mechanisms of toxicity.

The SLERA is performed for plant, soil invertebrates and wildlife according to the guidelines
provided in Section 2.2.2 of DOE/RL-2019-46. The soil concentrations for radiological and
nonradiological contaminants are divided by their ecological screening values to calculate the
HQ for plant, soil invertebrates and wildlife. Because the dose from radionuclides is additive,
the total contribution of radionuclides is calculated by summing the HQs for all radiological
contaminants. The result of total contributions, or sum of fractions (SOF), is then compared
against 1. For nonradiological contaminants, the HQ for an individual contaminant is compared
against the acceptable hazard threshold of 1.
It should be noted that when HQ>1, the scientific management decision point (SMDP) will be
considered before identifying the contaminants of concern for the site. The SMDP will consider
the following:

e Spatial characteristics of the waste site (area and depth of the waste site)

e Proximity and size of other waste sites and unaffected habitat

e Extent of site characterization (sample density, characterization of lateral extent of
contamination)

e Data quality (presence of qualifiers, adequacy of detection limits)

e Frequency that risk-based thresholds are exceeded and the location(s) of those
exceedances

e Chemical-specific properties of each contaminant of potential ecological concern
(potential to biomagnify, persistence)

e Ecological receptors specific details

e Feeding guild that is affected (plants; insects; omnivorous, herbivorous, insectivorous, or
carnivorous wildlife)

e Proportion of receptors affected
e Likelihood of population- or community-level effects
e Home range of the receptors at risk relative to the area exceeding PRG

e Evaluation of PRG (level of confidence, basis, relation to other PRGs such as those for
human health or groundwater protection.
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During “Protection of Groundwater” data evaluation, soil concentrations for radionuclides and
nonradiological contaminants are compared against their corresponding soil to groundwater soil
screening levels (SSLs) or PRGs to identify the contaminants that have the potential to impact
the groundwater. The evaluation of groundwater protection will be based on the graded
approach document, DOE/RL-2011-50.

For the SSLs calculation, contaminant of concern soil concentrations are compared against the
lowest SSL value from the following scenarios:

e Chemicals — Concentrations calculated using the EPA residential tap water scenario
based on carcinogenic effects at target risk level of 1x107

e Radionuclides — Concentrations calculated using the EPA residential tap water scenario
based on carcinogenic effects at target risk level of 1x107

e Concentrations calculated using the EPA residential tap water scenario based on
noncarcinogenic effects at an HQ value of 0.1.

The groundwater protection PRGs are compared to the lowest value from the following
scenarios:

e The Federal and State maximum contaminant level values, where available

e EPA screening levels for radionuclides for which no maximum contaminant level is
available

e Groundwater cleanup level as calculated using the residential tap water scenario at an
individual target risk level of 1x10™*

e MTCA Method B cleanup level for groundwater based on carcinogenic effects calculated
at target risk level of 1x10° with downward adjustment to maintain cumulative risk
below 1x10 for multiple contaminants in accordance with WAC 173-340-708, “Human
Health Risk Assessment Procedures,” subsections (5) “Multiple hazardous substances”
and (6) “Multiple pathways of exposure”

e MTCA Method B cleanup level for groundwater based on noncarcinogenic effects
calculated at an HQ value of 1 with downward adjustment to maintain a total HI of 1 for
multiple contaminants in accordance with WAC 173-340-708(5) and (6).
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Performance Criteria for DOE O 435.1 Performance Assessment

As mentioned in Section 1.2.2, five types of assessments are performed as a part of
DOE O 435.1 PA to meet the requirements provided in DOE M 435.1-1, Chapter IV. The
performance criteria for the five assessments are as follows.

2.2.3

Groundwater Pathway Dose to All-Pathways Representative Person shall not exceed
25 millirem (mrem) per year total effective dose equivalent, excluding the dose from
radon and its progeny in air.

Atmospheric Pathway Dose to All-Pathways Representative Person shall not exceed
10 mrem per year total effective dose equivalent, excluding the dose from radon and its

progeny.

Release of radon shall be less than an average flux of 20 pCi/m?/s (0.74 Bq/m?/s) at the
surface of the disposal facility.

As a part of groundwater resource protection evaluation, the peak concentrations for
radiological contaminants in groundwater downgradient of the WMA are compared
against drinking water standards (i.e., maximum contaminant levels specified in Title 40,
Code of Federal Regulations [CFR], Part 141, “National Primary Drinking Water
Regulations” [40 CFR 141] (including Title 40, CFR, Part 141, Subpart G—National
Primary Drinking Water Regulations: Maximum Contaminant Levels and Maximum
Residual Disinfectant Levels, § 141.66 Maximum contaminant levels for radionuclides)
and secondary maximum contaminant levels (MCLs) in Title 40, CFR, Part 143, “Other
Safe Drinking Water Act Regulations” [40 CFR 143], Subpart A—National Secondary
Drinking Water Regulations) over the compliance period. The State of Washington has
adopted the Federal drinking water regulations (revised as of July 1, 2009) for MCLs for
radionuclides in WAC 246-290, “Group A Public Water Supplies” [WAC 246-290-025,
“Adoption by Reference” and WAC 246-290-310, “Maximum Contaminant Levels
(MCLs) and Maximum Residual Disinfectant Levels (MRDLs)™].

For demonstrating compliance, potential dose or dose rate to an inadvertent intruder is
calculated by assuming that intrusion occurs following the loss of institutional controls
and at a time when it is assumed that an intruder would not detect the presence of the
waste containers and waste forms when drilling. The peak dose or dose rate results are
compared to the performance measures for chronic and acute exposure scenarios,
respectively, of 100 mrem/yr and 500 mrem total effective dose equivalent (excluding
radon in air).

Performance Criteria for RCRA Groundwater Risk Evaluation

As mentioned in Section 1.2.3, two types of assessments are performed to meet the requirements
of RCRA Closure Analysis and to evaluate the protectiveness of water resources. The
performance criteria for both evaluations are summarized below.
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To meet RCRA closure requirements, groundwater risk assessments are performed based on
EPA’s residential tap water scenario. The ELCRs for nonradiological contaminants are
compared against an acceptable cancer risk of 1x107 (1 in 100,000) for all carcinogens and
1x10° (1 in 1,000,000) for an individual carcinogen. The noncarcinogenic HI is compared
against 1.

To evaluate protection of water resources, chemical concentrations are compared to 2013 MTCA
Method B groundwater cleanup levels. The MTCA Method B potable groundwater cleanup
levels are based on an acceptable cancer risk of 1x107 (1 in 1,000,000) for carcinogens and an
HQ of 1 for noncarcinogens.

2.3  PERIOD OF ASSESSMENT (TEMPORAL EXTENT)

Temporal extent is defined as the period during which the assessment is performed to determine
compliance. This subsection describes the period of assessment used for each type of
assessment.

2.3.1 Period of Assessment for RCRA Facility Investigation/Corrective Measures Study
Vadose Soil Risk Evaluations

Due to radioactive decay and ingrowth of short-lived daughter products, direct contact HHRA
for radiological contaminants is assessed for a 1,000-year period. During SLERA, radioactive
decay rates and half-lives for radionuclides may be considered as a part of the SMDP.

The peak concentrations of groundwater over a period of 1,000 years are utilized during the
development of SSLs and PRGs for groundwater protection evaluation.

2.3.2 Period of Assessment for DOE O 435.1 Performance Assessment

DOE M 435.1-1 states that performance measures shall be evaluated for a 1,000-year period
following closure of the disposal facility and shall be used for direct comparison of results with
the performance criteria in the context of a reasonable expectation of future protectiveness.
According to DOE-STD-5002-2017, Disposal Authorization Statement and Tank Closure
Documentation, the compliance period is defined as a 1,000-year period after the assumed
facility closure. In addition, the PA includes a post-compliance period that extends the analysis
from 1,000 to 10,000 years. Longer time frames (10,000 years) are recommended in the analysis
of low-level radioactive wastes per U.S. Nuclear Regulatory Commission (NRC) guidance
(NUREG-1854, NRC Staff Guidance for Activities Related to U.S. Department of Energy Waste
Determinations — Draft Final Report for Interim Use). The post-compliance analysis period
(1,000 to 10,000 years) is intended to provide information to decision makers about potential
long-term doses and also to assess whether modeled peaks beyond the compliance period could
potentially occur within the compliance period.

All five assessments are performed under DOE O 435.1 PA for two timeframes — (1) Period of
compliance (0 to 1,000 years) and (2) Period of post-compliance (1,000 to 10,000 years). The
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results of the assessments during the period of compliance are compared against their
corresponding performance criteria, defined in Section 2.2.2. The results of the assessments
during the period of post-compliance are compared against their corresponding performance
criteria, defined in Section 2.2.2 to provide information about the effectiveness of the closure
system.

2.3.3 Period of Assessment for RCRA Groundwater Risk Evaluation

Like DOE O 435.1 PA, the peak groundwater concentrations related to DOE-generated
hazardous chemicals and dangerous waste over a period of compliance (0 to 1,000 years) and the
post-closure periods (1,000 to 10,000 years) are utilized during RCRA groundwater risk
evaluations.

2.4  POINT OF ASSESSMENT

The point of assessment (POA) is defined as the extent of area to analyze and appropriate
boundaries for compliance evaluation. This subsection describes the POA used for each type of
assessment.

2.4.1 Point of Assessment for RCRA Facility Investigation/Corrective Measures Study
Vadose Soil Risk Evaluation

Direct contact human health and ecological risk assessments are performed for each exposure
area (EA) within a WMA. OSWER 9285.6-10, Calculating Upper Confidence Limits for
Exposure Point Concentrations at Hazardous Waste Sites states that “An exposure unit is the
area throughout which a receptor moves and encounters an environmental medium for the
duration of the exposure. Unless there is site-specific evidence to the contrary, an individual
receptor is assumed to be equally exposed to media within all portions of the exposure unit over
the time frame of the risk assessment.”

“Protection of Groundwater” evaluation is also performed for each EA to understand the
potential impacts to groundwater from migration of radiological and nonradiological
contaminants in contaminated soil through the vadose zone to the aquifer. Both shallow soil (0
to 4.6 m or 15 ft) and deep soil (>4.6 m or 15 ft) sample results will be utilized during this
evaluation. The “point of compliance” under the Washington Administrative Code is the soil
throughout the vadose zone (WAC-173-340-740(6)(b), “Model Toxics Control Act—Cleanup,”
“Unrestricted Land Use Soil Cleanup Standards™). Therefore, the POA is the point where the
peak groundwater concentration resulting from the uniform initial soil concentration is calculated
in the forward calculation. This peak groundwater concentration is then used to back-calculate
the maximum allowable soil concentration at the point of compliance (all soil in the vadose
zone) to determine the maximum soil contaminant level that will not result in exceedance of
groundwater protection levels.
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2.4.2 Point of Assessment for DOE O 435.1 Performance Assessment
According to DOE-STD-5002-2017, during operations and active institutional controls:
e The POA for all pathways and the air pathway objectives are at the site boundary

e Radon flux and radon concentration POAs are at the surface of the facility and facility
boundary, respectively

e The POA for water resource protection is applied at the 100-m buffer zone
Following the loss of institutional control:

e The POA should correspond to the point of highest projected dose beyond a 100-m buffer
zone surrounding the disposed waste

e The POA for the radon flux is assessed at the surface of the cover
e The POA for water resource protection is applied at the 100-m buffer zone.

It should be noted that the closed WMA is assumed to remain under institutional control for a
period of 100 years after closure. During this time the WMA is assumed to be operated and
maintained so that a future member of the public does not reside at the buffer zone surrounding
the disposed waste. In addition, it is assumed that the leachate collection system and/or leak
detection system are operable and no releases from the facility to the vadose zone beneath the
facility occur during the period of institutional controls. Therefore, during the period of
compliance (0 to 1,000 years) and the period of post-compliance (1,000 to 10,000 years), the
POA for both groundwater and air pathways is assumed to be located outside a 100-m buffer
zone surrounding the disposed waste. The concept of a buffer zone is inherent in defining a
low-level waste disposal facility and a 100-m buffer zone is consistent with assumptions for
Title 10, CFR, Part 61, “Licensing Requirements for Land Disposal of Radioactive Waste”

(10 CFR 61). For radon flux rate calculations, the POA is at the surface of the cover. The POA
for water resources is located at the 100 m buffer zone.

For the intruder scenarios, the receptors are exposed to the drill cuttings brought to the ground
surface during installation of a well. The POA for the intruder scenarios is at the ground surface
of the WMA.

2.4.3 Point of Assessment for RCRA Groundwater Risk Evaluation

The POA for RCRA groundwater risk evaluations is located at the assumed exposure location
100 m downgradient of the WMA buffer zone boundary.
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3.0 CONCEPTUAL EXPOSURE MODEL

The conceptual exposure model (CEM) establishes a relationship to identify how human or
ecological receptors may contact released contaminants from a source or sources in
environmental media (soil, groundwater, air). It has six major components — (1) contaminated
sources, (2) release mechanisms, (3) environmental transport medium, (4) exposure routes,

(5) exposure endpoints, and (6) receptors. For exposure to be completed, all six components
must be present. In the absence of any one of these components, an exposure is considered
incomplete; therefore, while a hazard may exist, it creates no risk. Sections 3.1 through 3.4
present more specific information as various components of the CEM are provided for each type
of risk evaluation.

3.1 CONTAMINATION SOURCES
The five primary contamination sources in each WMA are:
e residual wastes left in tanks following waste retrieval;
e residual wastes in ancillary equipment (i.e., diversion boxes and pipelines);

e contamination in the underlying vadose zone, either from unplanned releases from tanks
and/or pipelines or from planned releases (e.g., intentional discharges to French drains);

e contamination in surface soils from past operations; and
e possible leaks during future retrieval operations.
3.2 CONCEPTUAL EXPOSURE MODEL FOR RCRA FACILITY
INVESTIGATION/CORRECTIVE MEASURES STUDY
VADOSE SOIL RISK EVALUATION
As mentioned in Section 1.2, direct contact human health and the SLERA are performed for each
WMA due to the presence of radiological and nonradiological contaminants in the vadose soil.
The CEM, prepared for each risk assessment, is presented below.

3.2.1 Conceptual Exposure Model for Direct Contact Human Health Risk Assessment

According to Section 2.2 of DOE/RL-2019-46, direct contact HHRAs are performed for
two receptor scenarios:

e An outdoor worker exposure scenario for radiological and nonradiological contamination
within 0 to 4.6 m (15 ft) below ground surface and

3-1
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e A construction worker exposure scenario for radiological contamination below 4.6 m
(15 ft) below ground surface.

Exposure routes selected for the outdoor worker and construction worker scenarios are as
follows.

e Radiological Contaminants — (1) incidental soil ingestion, (2) inhalation of dust, and
(3) direct (external) exposure.

e Nonradiological Contaminants — (1) incidental soil ingestion, (2) inhalation of dust and
volatiles, and (3) dermal contact with soil.

In addition, two Native American (tribal) scenarios—(1) CTUIR and (2) Yakama Nation—will
evaluate exposure to soil contamination of adult members and their children that reside full-time
within an exposure area located on the Hanford Site. This assumes that each exposure area has
the potential to be developed into a residence with a basement and a portion of the land area is
used for raising crops (fruits and vegetables) and pasturing livestock. The potentially complete
exposure routes for the CTUIR from exposure to radionuclides in surface soil include:

Direct contact (incidental soil ingestion and external exposure to ionizing radiation)
Inhalation of dust particulates emitted from soil

Consumption of homegrown crops (fruit and vegetables)

Consumption of livestock (beef and poultry).

The potentially complete exposure pathways for the Yakama Nation from exposure to
radionuclides in shallow vadose zone material from a WMA include:

Direct contact (incidental soil ingestion and external exposure to ionizing radiation)
Inhalation of dust particulates emitted from soil

Consumption of homegrown crops (fruit and vegetables)

Consumption of livestock (beef and poultry)

Consumption of milk.

The potentially complete exposure pathways for both the CTUIR and Yakama Nation from
exposure to hazardous substances in shallow vadose zone material include:

e Direct contact (incidental soil ingestion and dermal contact with soil)
¢ Inhalation of vapors and dust in ambient air.

Figure 4-4 of RPP-PLAN-64857, Phase 2 RCRA Facility Investigation/Corrective Measures
Study Work Plan for Waste Management Area A-AX presents that CEM for WMA A-AX.
Figure 3-1 adopted that CEM for performing direct contact HHRAs.
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Figure 3-1. Human Health Conceptual Site Model for Soil Contamination within Waste
Management Area.
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Source: Figure 4-4 of RPP-PLAN-64857, Phase 2 RCRA Facility Investigation/Corrective Measures Study Work Plan for Waste
Management Area A-AX.

3.2.2 Conceptual Exposure Model for Screening Level Ecological Risk Assessment
CHPRC-00784, Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the

Hanford Site presents the conceptual ecological exposure model for Hanford Site terrestrial
habitats as depicted in Figure 3-2.

3-3
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Figure 3-2. Conceptual Ecological Exposure Model for Hanford Site Terrestrial Habitats.
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Source: Figure 3-1 in CHPRC-00784, Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford
Site.

Hanford Site representative ecological receptors evaluated in the ecological risk assessment
represent various levels within the Hanford Site food web as well as various trophic guilds for
higher order receptors (i.e., birds, mammals). The represented ecological receptors for the
Hanford Site include:

Herbivorous birds—California quail (Callipepla californica)

Herbivorous mammals—Great Basin pocket mouse (Perognathus parvus)
Insectivorous birds—killdeer (Charadrius vociferus)

Insectivorous mammals—northern grasshopper mouse (Onychomys leucogaster)
Omnivorous birds—western meadowlark (Sturnella neglecta)

Omnivorous mammals—deer mouse (Peromyscus maniculatus)

Carnivorous birds (raptors)—red-tailed hawk (Buteo jamaicensis)

Carnivorous mammals—badger (Taxidea taxus).

In addition, plants and soil invertebrates are evaluated during the ecological risk evaluation.

3-4
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3.3 CONCEPTUAL EXPOSURE MODEL FOR RCRA FIELD INVESTIGATION/
CORRECTIVE MEASURES STUDY DOE O 435.1 PERFORMANCE
ASSESSMENT

Three types of dose assessments are performed as a part of DOE O 435.1 PA to evaluate the
impacts from residual waste contaminants in tanks and ancillary equipment at a closed WMA,
which is needed by DOE for closure of WMA SSTs. These include — (1) Dose assessment for a
representative member of the public that is inclusive of all potential exposure pathways (i.e., the
All-Pathways Representative Person scenario using multiple media); (2) Dose assessment for a
representative member of the public from the atmospheric pathway, and (3) Dose assessment for
hypothetical inadvertent intruder scenarios. Therefore, the CEMs are prepared for each type of
dose assessments, and they are presented below.

3.3.1 Conceptual Exposure Model for All-Pathways Representative Person (Groundwater
Pathway)

Current guidance from DOE and the International Commission on Radiological Protection
(ICRP) recommends the use of a Representative Person to describe a hypothetical member of the
public for use in projections of future dose. The Representative Person is described as a person
that is representative of the more highly exposed individuals in the population. Figure 3-3
presents the CEM for the All-Pathways Representative Person scenario. The representative
person lives and farms within the spatial boundaries of the WMA. The source of contamination
for the Representative Person is groundwater within the spatial boundaries of the WMA, and
subsequently drawn through the well. The Representative Person is assumed to use the water to
drink, shower, irrigate crops, and water livestock. Exposure occurs through the following routes:

Ingestion of water

Ingestion of homegrown crops (fruits and vegetables)
Ingestion of beef

Ingestion of milk

Ingestion of eggs

Ingestion of poultry

Incidental ingestion of soil

Inhalation of soil particulates

Inhalation of water vapor

External exposure.
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Figure 3-3. Conceptual Exposure Model for All-Pathways Representative Person Scenario.
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3.3.2 Conceptual Exposure Model for All-Pathways Representative Person (Groundwater
Pathway)

Figure 2-1 of CP-64491, Hanford Site Composite Analysis Data Package: Exposure Scenarios
and Radionuclide Specific Dose Conversion Factors presents the CEM for the groundwater and
the atmospheric pathway All-Pathways Representative Person scenario.

Figure 3-3 presents that CEM which is adopted for performing groundwater and atmospheric
pathway performance assessments. Under the atmospheric pathway scenario, the representative
person is exposed to three emitted gaseous radionuclides: '*C (as CO.), *H (as vapor), and '°1
(as vapor). These gaseous radionuclides will diffuse to the ground surface of the disposal
facility, entrapped into the ambient air through mixing and dispersion and further transported to
100 m and further away (20 km) from the disposal area of the surplus production reactor cores.

The All-Pathways Representative Person is assumed to be exposed through the following
exposure mechanisms:

Air submersion

Inhalation

External exposure to the contaminated ground surface

Incidental ingestion of soil presented in the contaminated ground surface
Consumption of homegrown crops from the contaminated ground surface
Consumption of beef

Consumption of milk

Consumption of poultry

Consumption of egg.

3.3.3 Conceptual Exposure Model for Inadvertent Intruder Scenarios

For the inadvertent intruder scenarios, a well is installed to the depth of the water table for the
supply of water. As the well is drilled through the WMA, the disposed waste is intercepted and
brought to the ground surface in the form of drill cuttings. Exposure scenarios are considered to
estimate dose to the hypothetical intruder include: (1) an acute scenario and (2) three chronic
scenarios. The acute scenario evaluates the dose received from well drilling and subsequent
exposure to the waste in the drill cuttings over a short time period. Chronic scenarios evaluate
the dose received from spreading the drill cuttings over the surface followed by living and/or
working on that area. Brief descriptions of one acute exposure scenario and three chronic
exposure scenarios are provided in Table 3-1.

Figures 3-4 through 3-7 present the CEM for four inadvertent intruder scenarios — acute Well
Driller, chronic Rural Pasture, chronic Suburban Garden, and chronic Commercial Farm. These
CEMs represent the same CEMs for those four intruder scenarios presented in Figures 7-2
through 7-5 of RPP-ENV-58813, Rev. 1.
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Table 3-1. Descriptions of the Inadvertent Intruder Scenarios.

Scenario Description
Acute Exposure: Dose is the result of drilling through the wastes of the contaminated area. Exposure
Well Driller routes include external exposure, inhalation of soil particulates, and incidental soil
ingestion. Exposure occurs during the drilling operation while in contact with the drill
cuttings.

Chronic Exposure: | Dose is the result of drilling a well that serves a rural pasture. Contaminated drill cuttings
Rural Pasture are mixed with the soil over the pasture area. Exposure routes include external exposure,
inhalation of soil particulates, incidental soil ingestion, and milk consumption.

Chronic Exposure: | Dose is the result of drilling a well that serves a suburban garden. Contaminated drill
Suburban Garden cuttings are mixed with the soil over the area where a residence and a garden are
constructed. Exposure routes include external exposure, inhalation of soil particulates,
incidental soil ingestion, and fruit and vegetable consumption.

Chronic Exposure: | Dose is the result of drilling a well that serves a commercial farm. Contaminated drill
Commercial Farm | cuttings are mixed with the soil over the commercial farm area. Exposure routes are
external exposure, inhalation of soil particulates, and incidental soil ingestion.

3.4 CONCEPTUAL EXPOSURE MODEL FOR RESOURCE CONSERVATION AND
RECOVERY ACT GROUNDWATER RISK EVALUATION

As mentioned in Section 1.2.3, groundwater risk assessment is performed using EPA’s
residential tap water scenario to evaluate hazardous chemical and dangerous waste constituent
impacts to groundwater from tank waste residuals left in WMASs’ tanks and ancillary equipment
at closure as a part of RCRA Closure Analysis. This scenario evaluates groundwater
contamination that may occur when recharge water encounters the residual chemical waste,
mobilizes it, and transports it through the vadose zone to the water table. A supplemental
groundwater risk assessment for radiological contaminants is also performed for informational
purposes. The CEM for EPA’s residential tap water scenario is summarized below.

The residential tap water scenario considers exposure of adults and children who reside on or
near WMAs on the Hanford Site. This assumes that a well is drilled 100 m downgradient of the
WMA and water from this well is used for domestic purposes. The exposure assumptions used
in this scenario reflect reasonable maximum exposure (RME).

Potentially complete exposure pathways for radionuclides in water downgradient from the WMA
include the following:

e Ingestion of tap water

e Inhalation of volatiles while showering
e External exposure from immersion in tap water.

3-8
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Figure 3-4. Conceptual Exposure Model for the Inadvertent Intruder Acute Well Driller Scenario.
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Figure 3-5. Conceptual Exposure Model for the Inadvertent Intruder Chronic Rural Pasture Scenario.
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Figure 3-6. Conceptual Exposure Model for the Inadvertent Intruder Chronic Suburban Garden Scenario.
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Figure 3-7. Conceptual Exposure Model for the Inadvertent Intruder Chronic Commercial Farm Scenario.
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The potentially complete exposure pathways for hazardous chemicals in water downgradient
from the WMA include the following:

e Ingestion of tap water
e Inhalation of aerosol and volatiles while showering
e Inhalation of volatiles during household activities

e Dermal contact with skin while showering and using groundwater for other domestic
purposes (such as washing dishes).

The CEM for the residential tap water scenario is provided in Figure 3-8 and shows all elements
of a complete exposure pathway. This CEM is based on Figure 5-1 of RPP-ENV-58813, Rev. 1.

3-13
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4.0 EXPOSURE ASSUMPTIONS AND ECOLOGICAL SCREENING VALUES

For each of the three risk evaluations, several risk and dose assessments are performed based on
the exposure scenarios identified in the CEMs presented in Sections 3.2 through 3.4. Ecological
screening values are utilized for the SLERA. The exposure assumptions and the ecological
screening values related to each receptor scenario during each assessment are summarized in the
following subsections of this report.

4.1 EXPOSURE ASSUMPTIONS FOR RECEPTORS SELECTED FOR RCRA
FACILITY INVESTIGATION/CORRECTIVE MEASURES STUDY
VADOSE SOIL RISK EVALUATION

As mentioned in Section 1.2, direct contact human health risk assessments and the SLERA are
performed for each WMA due to the presence of radiological and nonradiological contaminants
in the vadose soil. The receptor scenarios prepared for each risk assessment are presented below.

4.1.1 Exposure Assumption for Selected Receptor Based on Direct Contact Human
Health Risk Assessment

According to Section 2.2 of DOE/RL-2019-46, direct contact HHRA 1is performed for
two receptors — (1) An outdoor worker and (2) a construction worker. Tables 4-1 and 4-2 present
the exposure assumptions for outdoor worker and construction worker, respectively.

The HHRA will be performed for the two Native American (tribal) scenarios — (1) CTUIR and
(2) Yakama Nation. The CTUIR diet is a subsistence diet comprised of fish, native plants, and
wild game (4pplication of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk
Assessments [Harris 2008], Exposure Scenario for CTUIR Traditional Subsistence Lifeways
[Harris and Harper 2004]) whereas the Yakama Nation diet is a subsistence fisher-hunter-
gatherer diet comprised of fish, native plants, wild game, meat, and milk (Yakama Nation
Exposure Scenario for Hanford Site Risk Assessment, Richland, Washington [RIDOLFI, Inc.
2007]). To keep the consumption rate complete yet derived from the exposure area,
domesticated foods are substituted in this evaluation for wild foods (i.e., homegrown produce
and penned livestock and poultry are substituted for gathered wild plants and hunted game and
fowl). The equations used are derived from the EPA Farmer scenario (The Risk Assessment
Information System | RAIS Chemical PRG Calculator, Queried 10/05/2023, [RAIS Chemical
PRG Calculator User’s Guide], https://rais.ornl.gov/tools/rais_chemical prg guide.html), which
includes exposure from consumption of various categories of home-produced farm products. Of
these categories, produce, poultry, and beef are used to represent the CTUIR diet and produce,
beef, and milk are used to represent the Yakama Nation diet. Fish consumption is not evaluated
for the WMAS as no surface water body is located within the Central Plateau of the Hanford Site.



RPP-ENV-58813 Rev.02

(%%

7/3/2024 - 12:55 PM

Table 4-1. Exposure Assumptions for Outdoor Worker Scenario. (4 sheets)
Radiological Nonradiological
Exposure Parameters Symbol Units
Value Source Value Source
Total ELCRrow Equation 5-4 Equation 5-11
Soil ELCs,i Equation 5-1 Analyte-specific Equation 5-5
Ingestion SoillngOW q y p q
Excess . . .
Lifetime Inhalation ELCRhow unitless Isotope-specific Equation 5-2 Equation 5-9
Cancer Risk | External .
Gamma ELCRgxwow Equation 5-3 N/A —
Dermal = 7y o N/A Analyte-specifi Equation 5-7
Contact DermalOW nalyte-specific quation 5-
Hazard Index Hlow N/A Equation 5-12
Soil .
Ingestion HOsoitigow . Equation 5-6
Hazard . unitless - - . .
Quotient Inhalation HOpnow Analyte-specific Equation 5-10
Dermal .
Contact HQpermaiow Equation 5-8
Soil Concentration Cs mﬁg‘;”’gor Isotope-specific Measured Analyte-specific Measured
Averagine Time — Exhibit 6-14 of
Cai o8 AT. days N/A — 25,550 EPA/540/1-89/002
& (70 yearsx365 days/year)
Exhibit 6-14 of
EPA/540/1-89/002
Averaging Time — o (25 yearsx365 days/year)
Noncarcinogen AT days N/A 9,125 as ED is 25 years based on
OSWER Directive
9200.1-120
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Table 4-1. Exposure Assumptions for Outdoor Worker Scenario. (4 sheets)

Radiological Nonradiological
Exposure Parameters Symbol Units
Value Source Value Source
Body Weight — Adult BWo kg N/A — 80
Exposure Frequency EF,, days/yr 225 225
Exposure Duration ED,,, year 25 OSWER 25 OSWER Directive
Directive 9200.1-120 92001-120, Attachment 1
Exposure Time ETow hr/day 8 Attachment 1 8
Soil Ingestion Rate IRS,w mg/day 100 100
Area Correction Factor
for radlonuchfie i (Soil ACF s i unitless Isotope apd Area ORNL/TM-2013/OO; N/A o
volume, Infinite Specific see Section 7.1.7
Thickness)
Gamma Shielding Factor GSF, unitless 1 OuFdoqr exposure. No N/A —
shielding is assumed.
Dermgl Adsorption ABS,; unitless N/A — Analyte-specific See Section 7.2
Fraction
Skin Surface Area SAow cm?¥day N/A — 3,527
5 OSWER Directive
Soil Adherence Factor AFow mf:(,’j/;;n i N/A — 0.12 9200.1-120, Attachment 1
Gastrointestinal ABS nitl N/A — Analyte-specifi See Section 7.2
Adsorption Factor GI unitless yte-specific ee Section 7.
Inhalation Rate — Outdoor 3 OSWER
Worker Rdow m*/day 20 Directive 9285.6-03 N/A -
Particulate Emission 3 A-4 of A-4 of
Factor PEFow mke 730EH10 | ECR.HANFORD-10-0445 | 73919 | BCR HANFORD-10-0445
Table 4-1 of
Volatilization Factor VF m’/kg N/A — Analyte-specific | ECF-HANFORD-11-0033,

Rev. 2 (See Section 7.2)
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Table 4-1. Exposure Assumptions for Outdoor Worker Scenario. (4 sheets)

Radiological Nonradiological
Exposure Parameters Symbol Units
Value Source Value Source
Adult Soil . . .
Ingestion SFs4 risk/pCi Isotope-specific N/A —
Radiological External risk/yr . See Section 7.1.9
Slope Factor SFext-sv per Isotope-specific N/A —
Gamma .
pCi/yr
Inhalation SF; Risk/pCi | Isotope-specific N/A —
Oral Cancer Slope Factor CSFo (Iélag}f?%- N/A — Analyte-specific
(mg/kg- ,
Oral Reference Dose RfDo day) N/A — Analyte-specific
See Section 7.2
Inhalation Unit Risk 31 :
Factor IUR (png/m?) N/A — Analyte-specific
Inhalation Reference 3 :
Concentration RfC mg/m N/A — Analyte-specific
Half-life (T1) is
Decay Constant A unitless 0.693/T1 Analyte-specific, N/A —
Section 7.1.9
. Equal to exposure
Time Tow years 25 . N/A —
duration
Conversion Factors
. . g/mg or _ _
Unit Conversion Factor 1 UCF, ke/mg 0.001 1 g=1,000 mg 0.000001 1 kg =1,000,000 mg
Unit Conversion Factor 2 UCF, days/hr 0.042 1 day = 24 hours N/A —
. . g/kg or _ _
Unit Conversion Factor 3 UCF; ng/me 1,000 1,000 g=1kg 1,000 1,000 pg =1 mg

52 of 296

T A9 ‘€188S-ANA-ddYd



RPP-ENV-58813 Rev.02

St

7/3/2024 - 12:55 PM

Table 4-1. Exposure Assumptions for Outdoor Worker Scenario. (4 sheets)

Exposure Parameters

Symbol

Units

Radiological

Nonradiological

Value

Source

Value

Source

Unit Conversion Factor 4

UCF,

yr/day

0.00274

1 year = 365 days

N/A

Checker Review: David J. Watson

References:

ECF-HANFORD-10-0445, Calculation of Nonradiological Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the 100 Areas and 300 Area

Remedial Investigation/Feasibility Study Reports.

ECF-HANFORD-11-0033, Calculation of Inhalation Pathway Preliminary Remediation Goals Using Standard Method B Air Cleanup Levels for the 100 Areas and 300 Area

Remedial Investigation/Feasibility Study Reports.

EPA/540/1-89/002, Risk Assessment Guidance for Superfund: Volume I—Human Health Evaluation Manual (Part A) Interim Final.

ORNL/TM-2013/00, Area Correction Factors for Contaminated Soil for Use in Risk and Dose Assessment Models.

OSWER Directive 9200.1-120, “Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.”

OSWER Directive 9285.6-03, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual.

N/A = not applicable
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Table 4-2. Exposure Assumptions for Construction Worker Scenario. (2 sheets)

Radiological
Exposure Parameters Symbol Units
Value Source

Soil Ingestion ELCRsoitmgcw Equation 5-13
Excess Lifetime Inhalation ELCRpnew ' Isotope- Equation 5-14
Cancer Risk External Gamma ELCRgucw unitless specific Equation 5-15

Total ELCRrcw Equation 5-16
Soil Concentration o mg/kg or pCi/g ISSp(::é)ipffC- Measured
Exposure Frequency EF.. daysiyr so | Sitespecifc assumption (5 days per week for § wecks):
Exposure Duration ED.., year 1 OSWER 9355.4-24, Exhibit 5-1
Exposure Time ET. hr/day 8 Site-specific assumption, 8 hours per 24-hour day
Soil Ingestion Rate IRS. mg/day 330 OSWER 9355.4-24, Exhibit 5-1
?;jf{ S(‘)’lr:frfé“}‘; ggﬁg’;}fl‘i’&i&‘e‘:z‘)’nuc‘ide P ACF unitless ;jg;ospgei‘;gc ORNL/TM-2013/00; see Section 7.1.7
Gamma Shielding Factor GSF, unitless 1 Outdoor Exposure, No shielding is assumed.
Inhalation Rate- Adult IRAcw m?/day 60 PRG User’s Guide (Table 1)
Particulate Emission Factor PEFcy m’/kg 1.28E+06 Table 3 of ECF-HANFORD-16-0132
Decay Constant A unitless 0.693/T112 Half-life (T15) is Analyte-specific, Section 7.1.9
Time Tow years 1 Equal to exposure duration
Unit Conversion Factor 1 UCF; g/mg 0.001 1 g=1,000 mg
Unit Conversion Factor 2 UCF; days/hr 0.042 1 day = 24 hours
Unit Conversion Factor 3 UCF; g/kg 1,000 1,000 g=1kg
Unit Conversion Factor 4 UCF4 yr/day 0.00274 1 year =365 days
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Table 4-2. Exposure Assumptions for Construction Worker Scenario. (2 sheets)

Radiological
Exposure Parameters Symbol Units
Value Source
Adult Soil . . Isotope-
Ingestion SFsu risk/pCi specific
Radlolo'glcal Risk External Gamma SF ext-sv rlsk/yr per Isotqp - See Section 7.1.9
Coefficient pCi/yr specific
Inhalation SF; risk/pCi Isotope-
specific

Checker Review: David J. Watson

References:

DOE/RL-2007-27, Feasibility Study for the Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and

200-PW-6 Operable Unit.

ECF-HANFORD-16-0132, Calculation of Soil Radiological Preliminary Remedial Goals for the Construction Worker Scenario.

ORNL/TM-2013/00, Area Correction Factors for Contaminated Soil for Use in Risk and Dose Assessment Models.

OSWER 9355.4-24, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites.
PRG Home | PRG User’s Guide, Queried 03/23/2023, [Table 1. Recommended Default Exposure Parameters], http://epa-prgs.ornl.gov/radionuclides/users_guide.html.

N/A = not applicable
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For the food chain pathway, it is assumed that 100% of the food consumed and 100% of animal
fodder are grown within the exposure area. The total dietary ingestion rates for CTUIR (Harris
2008, Figure 1) and the Yakama Nation (RIDOLFI, Inc. 2007, Table 7) are maintained for all
food categories except fish. The food chain pathway is evaluated for an adult tribal member
since the CTUIR guidance does not provide separate food consumption rates for children.
Tables 4-3 and 4-4 present the exposure assumptions for CTUIR and Yakama Nation,
respectively.

4.1.2 Exposure Assumptions for the Screening Level Ecological Risk Assessment

SLERA is performed for plant, soil invertebrates, and terrestrial receptors shown in the CEM
(Figure 3-2) presented in this document. The assessments are performed by utilizing the lowest
reported ecological SSLs, Tier I, or Tier 2 ecological PRG based on lowest observed adverse
effect levels which are reported in the following reference documents:

e Table 6-1 of CHPRC-00784, Tier 1 Risk-Based Soil Concentrations Protective of
Ecological Receptors at the Hanford Site (Tier 1 ecological SSLs for plants, soil
invertebrates and wildlife)

e Table 2-9 of CHPRC-01311, Tier 2 Risk-Based Soil Concentrations Protective of
Ecological Receptors at the Hanford Site (Tier 2 nonradiological PRGs for wildlife)

e ECF-HANFORD-11-0158, Tier 2 Terrestrial Plant and Invertebrate Preliminary
Remediation Goals (PRGs) for Nonradionuclides for Use at the Hanford Site (Tier 2
plant/invertebrate PRGs).

For radiological contaminants, Tier 1 SSLs (CHPRC-00784) are used as radiological screening
levels for radiological risk in wildlife. Generic biota concentration guidelines (BCGs) are used
to evaluate risk to plant communities. No ecological screening values are available for soil
invertebrates. Therefore, no radiological ecological risk evaluation will be performed for soil
invertebrates. Tier 1 SSLs and plant risk-based screening values for radiological contaminants
are presented in Table 4-5.

For nonradiological contaminants, the risk-based ecological screening values for wildlife are
represented by the lower of the Tier 1 ecological SSLs (CHPRC-00784) and the Tier 2 wildlife
risk-based concentration values (CHPRC-01311). The soil screening values for terrestrial plants
and invertebrates are represented by the lower of the risk-based soil concentrations presented in
CHPRC-00784, Table 6-1 (generic soil screening levels) and the Tier 2 plant/invertebrate PRGs
(ECF-HANFORD-11-0158). For some receptors (plants, invertebrates) and analytes, the lowest
risk-based screening value is below Hanford background. In these instances, the Hanford
background concentration is used to screen data for that analyte and receptor, consistent with the
Principles and Parameters (DOE/RL-2019-46). The following reports were utilized to obtain the
Hanford soil background concentrations:

e DOE/RL-92-24, Hanford Site Background: Part 1, Soil Background for Nonradioactive
Analytes, Vol. 1
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e DOE/RL-96-12, Hanford Site Background: Part 2, Soil Background for Radionuclides
e ECF-HANFORD-11-0038, Soil Background for Interim Use at The Hanford Site
e Memo 1221558, “Issues Associated with Establishing Soil Cleanup Levels for Arsenic.”

Table 4-6 presents the nonradiological ecological screening values for wildlife and Table 4-7
presents the nonradiological ecological screening values for plants, soil invertebrates and
90" Percentile Hanford Soil Background.

4.2  EXPOSURE ASSUMPTIONS FOR RCRA FACILITY INVESTIGATION/
CORRECTIVE MEASURES STUDY DOE O 435.1 PERFORMANCE
ASSESSMENT

Three types of dose assessments are performed as a part of DOE O 435.1 PA to evaluate the
impacts from residual waste contaminants in tanks and ancillary equipment at a closed WMA —
(1) All-Pathways Groundwater Dose Assessment; (2) Dose Assessment for Atmospheric
Pathway, and (3) Dose Assessment for Hypothetical Inadvertent Intruder scenarios. The
exposure assumptions related to each type of dose assessment are presented below.

4.2.1 Exposure Assumptions for All-Pathways Representative Person during
Groundwater Dose Assessment

As mentioned in Section 3.3.1, a Representative Person is selected as the hypothetical member of
the public for calculating all-pathways groundwater dose. The Representative Person is
described as an age- and gender-weighted average person receiving a dose that is representative
of the more highly exposed individuals in the population (see DOE O 458.1, Radiation
Protection of the Public and the Environment and “ICRP Publication 101a: Assessing Dose of
the Representative Person for the Purpose of Radiation Protection of the Public” [ICRP 2006b]
and “ICRP Publication 103: The 2007 Recommendations of the International Commission on
Radiological Protection” [ICRP 2007]). The Representative Person is further defined by six age
subgroups including newborn, 1-year, 5-year, 10-year, 15-year, and adult. Therefore, age- and
gender-weighted intake rates were developed for the All-Pathways Representative Person
scenario in accordance with the recommendations described in DOE-STD-1196-2022. The
derivation of the intake rates for drinking water, air, crops, meat, poultry, milk, and egg are
presented in Appendix A. Table 4-8 presents age- and gender-weighted intake rates for the
All-Pathways Representative Person scenario. Table 4-9 presents the exposure assumptions for
the all-pathways groundwater scenario-dependent exposure parameters for the Representative
Person.



RPP-ENV-58813 Rev.02

0I-v

7/3/2024 - 12:55 PM

Table 4-3. Exposure Assumptions for Confederated Tribes of the Umatilla Indian Reservation Scenario. (7 sheets)

Radiological Nonradiological
Parameter Units Symbol .
Assigned Source Values Source
Value
Risk, Hazard Quotient and Decay Constant Variables
Soil ingestion ELCRsoitmgcruir Equation 5-17 Analyte- Equation 5-32
specific
Inhalation ELCRuncruir Equation 5-19 and Total Equation 5-38
External gamma ELCREucrum Equation 5-21 N/A N/A
Excess Crop ingestion ELCRcropcruir Isotope- Equation 5-22 N/A N/A
lifetime unitless specific
cancer risk Poultry ingestion ELCRpouycruir | and Total Equation 5-25 N/A N/A
Beef ingestion ELCRBeecruIr Equation 5-28 N/A N/A
Dermal ELCRpermaicTuR N/A Analyte- Equation 5-35
specific
Total ELCRrcrumr Equation 5-31 and Total Equation 5-40
Hazard index unitless Hlicrumr N/A — — Equation 5-41
Soil ingestion HQmgcruir Equation 5-34
Hazard Analyte-
. Dermal contact unitless HOQpermaicrum N/A — specific Equation 5-37
quotient and Total
Inhalation HQuncruir Equation 5-39
Time — CTUIR resident year Letuir 70 Harris and Harper 2004 N/A —
. X Analyte- Half-life (T12) is Analyte-
= ~ 1 _
Decay constant = 0.693/half-life year A specific specific, Section 7.1.9 N/A

Exposure Frequency, Exposure Duration, and Exposure Time Variables

Exposure frequency — CTUIR
resident

days/year

EF ctuir

365

Harris and Harper 2004

365

Harris and Harper 2004

Exposure duration — CTUIR
resident

years

EDctuir

70

Harris and Harper 2004

70

Harris and Harper 2004
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Table 4-3. Exposure Assumptions for Confederated Tribes of the Umatilla Indian Reservation Scenario. (7 sheets)

Radiological Nonradiological
Parameter Units Symbol .
Assigned Source Values Source
Value
Exposure duration — adult CTUIR Exposure duration for . Exposure duration for
- years EDtir-a 64 resident — Exposure duration 64 resident — Exposure
resident :
for adult duration for adult
Exposure duration — child CTUIR years ED uir-c 6 Harris 2008 6 Harris 2008
resident
Exposure time — CTUIR resident hrs/day ET i 24 Harris 2008 24 Harris 2008
5(333{ weight — CTUIR resident ke BWeira N/A — 70 | Harris and Harper 2004
Body weight — CTUIR resident _ OSWER Directive
child ke BW eutne N/A - 15 19200.1-120, Attachment 1
L . . Calculated from Harris 2008
Averaging time — carcinogenic days AT ctuir N/A — 25,550 (70 years<365 days/yr)
Averaglpg time — days AT N/A o 2.190 Calculated from Harris 2008
noncarcinogenic (6 yearsx365 days/year)
Inhalation, Ingestion, and Consumption Rates

Soil inhalation rate — age-adjusted m?- o Calculated o
CTUIR resident yr/day TFAcuir-aq 1,690 Equation 5-20 N/A
Soil inhalation rate — adult 3 .
CTUIR resident m°/day IRA ctir-a 25 Harris 2008 N/A —
Soil inhalation rate — child 3 .
CTUIR resident m’/day IRAcuir-c 15 Harris 2008 N/A _
Particulate emission factor m’/kg PEF 7.30E+10 A-4 of 7.30E+10 A-4 of

ECF-HANFORD-10-0445

ECF-HANFORD-10-0445
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Table 4-3. Exposure Assumptions for Confederated Tribes of the Umatilla Indian Reservation Scenario. (7 sheets)

Radiological Nonradiological
Parameter Units Symbol .
Assigned Source Values Source
Value
Analvte- Table 4-1 of
Volatilization factor m’/kg VF — — s eci]ﬁc ECF-HANFORD-11-0033,
p Rev. 2 (See Section 7.2)
Soil ingestion rate — age-adjusted mg- o Calculated
CTUIR resident yr/day TFSeuir-ag 28,000 Equation 5-18 o o
. . . mg-
Soil ingestion rate — age-adjusted o Calculated
CTUIR resident yg:;g' TFSeuiraq N/A - 526 Equation 5-33
rseoslildgiﬁesmn rate —adult CTUIR | 0 RS e 400 Harris 2008 N/A —
rseoslildgﬁes“‘m rate - child CTUIR | 4, IRS e 400 Harris 2008 N/A —
mg-
Dermal contact rate — Calculated
age-adjusted CTUIR resident ygf}%_ DESetuirad; N/A - 376 Equation 5-36
rsek;l‘(‘i:l‘jtfgfl area= CTUIR cm?day SAeira N/A _ 6,032
Skl.‘é Sutrfilc.? e CTUIR cm?day SAenire N/A _ 2373
resident chi OSWER Directive
: B 9200.1-120, Attachment 1

rseosllldifftlﬁiie factor=CTUIR =1 e AF s N/A — 0.07
Soil adherence factor — CTUIR
resident child mg/cm? A ctuire N/A - 0.2
Dermal absorption fraction unitless ABS, N/A — Analyte- See Section 7.2

specific
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Radiological Nonradiological
Parameter Units Symbol ;
A;s:l%::d Source Values Source
fractlon pf coptamlnant absorbed unitless ABSer N/A o Analyte— See Section 7.2
in gastrointestinal tract specific
Harris 2008, Figure 1, sum of
ingestion rates for Bulbs
(onions, other); Berries and
. . Fruits; Other Vegetation
Crop ingestion rate ~ CTUIR g/day IRecuur 777 | (lichen, pith, cambium); N/A —
Greens, Tea, Medicines, and
Spices; Honey and Sweeteners;
Seeds, Nuts, and Grain; and
Roots and Tubers.
Poultry ingestion rate — CTUIR A Harris 2008, Figure 1, ingestion o
resident g/day TRp-ctur 62 rate for Fowl & Eggs N/A
Beef ingestion rate — CTUIR A Harris 2008, Figure 1, ingestion o
resident g/day TRy-ctur 125 rate for Game, Large and Small N/A
Slope Factors
Soil ingestion slope factor risk/pCi SFs —
Inhalatlop cancer slope factor — risk/pCi SF. o
dust particulate Isotope-
: See Section 7.1.9 N/A
risk/yr specific
External exposure slope factor . SF ext-sv —
per pCi/g
Food ingestion slope factor risk/pCi SFy —
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Table 4-3. Exposure Assumptions for Confederated Tribes of the Umatilla Indian Reservation Scenario. (7 sheets)

Radiological Nonradiological
Parameter Units Symbol .
Assigned Source Values Source
Value
Oral reference dose mg/kg- RfD
day e
Inhalation reference concentration | mg/m?3 RfC _
N/A N/A ‘:;jglyftl‘; See Section 7.2
Oral slope factor (mg/k_glg- CSF,
day)
Inhalation unit risk factor (ng/m3)! IUR
Miscellaneous Variables
Soil concentration pCi/g or Cs Isotope- Measured value Analyte- Measured Value
mg/kg specific specific
. . Isotope-
Area correction factor — soil unitless ACF v and Arca- ORNL/TM—ZOB/OO, N/A o
volume . see Section 7.1.7
specific
Gamma shielding factor - unitless GSF, 1 No shielding is assumed N/A —
outdoor
Fraction of locally produced unitless CFon 1 Harris 2008 N/A -
crops that are consumed
Fraction of locally raised animals unitless CF, 1 Harris 2008 N/A L
that are consumed
Plant Transfer Factors — —
pCi/g-
fresh Isotope =Bv
. - - wet
Soil-to-plant transfer factor — wet pi)a(rjlit/;g)_er BVieri specific (see Section 7.1.3) N/A —

dry soil
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Radiological Nonradiological
Parameter Units Symbol ;
A;s:l%::d Source Values Source
pCi/g-
dry plant NCRP Report No. 129,
Soil-to-plant transfer factor — dry per BV, 0.0014 Table 5.7 (calculated geometric N/A —
pCi/g- mean of By’ values)
dry soil
. . Isotope- = BVyer
Wet root uptake multiplier — crop unitless Ripy specific (see Section 7.1.3) N/A —
= B i
Dry root uptake multiplier — . NCRP Report No. 129,
fodder unitless Rupp 0.0014 Table 5.7 (calculated geometric N/A o
mean of B,’ values)

Soil resuspension multiplier — unitless R 0.26 — MLF. N/A o
crop
?gghgsuspensmn multiplier — unitless Ress 0.25 = MLFy N/A —
Crop mass loading factor unitless MLF, 0.26 Pinder and McLeod 1989 N/A —
Fodder mass loading factor unitless MLFy 0.25 PRG User’s Guide, Table 1 N/A —

Animal Transfer Factors and Animal Ingestion Rates for Fodder and Soil — —
Poultry transfer factor day/kg TF poutnry Isotope- = BCFpoultry (Section 7.1.3) N/A —
Beef transfer factor day/kg TF pees specific =BCFper (Section 7.1.3) N/A —
Ingestion rate of fodder by keg/day Rioor 0.2 PRG User’s Guide, Table 1 N/A —
poultry
Ingestion rate of soil by poultry kg/day IR, 0.022 PRG User’s Guide, Table 1 N/A —
Ingestion rate of fodder by beef kg/day IR fodder,b 11.77 PRG User’s Guide, Table 1 N/A —
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Table 4-3. Exposure Assumptions for Confederated Tribes of the Umatilla Indian Reservation Scenario. (7 sheets)

Radiological Nonradiological
Parameter Units Symbol .
Assigned Source Values Source
Value
Ingestion rate of soil by beef kg/day IR, 0.5 PRG User’s Guide, Table 1 N/A —
Fraction of time animal is onsite unitless fa 1 Harris 2008 N/A —
Conversion Factors — —
. . g/mg or _ _
Unit conversion factor 1 ke/mg UCF; 0.001 1 g=1,000 mg 0.000001 1 kg =1,000,000 mg
. . g/kg or _ _
Unit conversion factor 2 ng/mg UCF; 1,000 1,000 g=1kg 1,000 1,000 pg =1 mg
Unit conversion factor 3 days/hr UCF3; 0.042 1 day =24 hours N/A —
Unit conversion factor 4 yr/day UCF, 0.00274 1 year = 365 days N/A —

Checker Review: David J. Watson

References:

Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments (Harris 2008).

Exposure Scenario for CTUIR Traditional Subsistence Lifeways (Harris and Harper 2004).

“Mass Loading of Soil Particles on Plant Surfaces” (Pinder and McLeod 1989).

NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to Site-Specific Studies.”

ORNL/TM-2013/00, Area Correction Factors for Contaminated Soil for Use in Risk and Dose Assessment Models.

OSWER Directive 9200.1-120, “Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.”
PRG Home, Queried 03/23/2023, [PRG User’s Guide], http://epa-prgs.ornl.gov/radionuclides/users_guide.html.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation

N/A = not applicable

s
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Table 4-4. Exposure Assumptions for Yakama Nation Resident Scenario. (4 sheets)
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Radiological Nonradiological
Parameter Units Symbol
Value Source Value Source
Risk and Decay Constant Variables

Soil ingestion ELCRSsilingyN Equation 5-42 Analyte-specific Equation 5-61

Inhalation ELCRinnynN Equation 5-44 Analyte-specific Equation 5-67

External gamma ELCRExtyn Equation 5-46 N/A —
Excess lifetime cancer risk Crop ingestion unitless ELEReom Isotope-specific Equation 3-47 A —

Beef ingestion ELCRBeefyN and Total Equation 5-52 N/A —

Milk ingestion ELCRwmiky~n Equation 5-56 N/A —

Dermal contact ELCRpermalyN N/A Analyte-specific Equation 5-64

Total ELCRryn Equation 5-60 Total Equation 5-69

Soil ingestion HQumgyn N/A — Equation 5-63
Hazard quotient Dermal contact unitless HQpermaryN N/A — ;T?:);Tpedﬁc Equation 5-66

Inhalation HQumhyn N/A — Equation 5-68
Hazard index unitless Hlyn N/A N/A Total Equation 5-70
Time — Yakama Nation resident year tn 70 RIDOLFI, Inc. 2007, Table 7 N/A —
Decay constant = 0.693/half-life year’! A Isotope-specific Section 7.1.9 N/A —

Exposure Frequency, Exposure Duration, and Exposure Time Variables

Exposure frequency — Yakama Nation resident days/year EF,, 365 RIDOLFTI, Inc. 2007, Table 7 365 RIDOLFTI, Inc. 2007, Table 7
Exposure duration —Yakama Nation resident years ED,, 70 RIDOLFTI, Inc. 2007, Table 7 (Lifetime) 70 RIDOLFTI, Inc. 2007, Table 7
Exposure duration — adult Yakama Nation resident years EDyyq 64 Lifetime of 70 years — Exposure duration of child (6 years) 64 RIDOLFI, Inc. 2007, Table 7
Exposure duration — child resident years EDyy.c 6 RIDOLFI, Inc. 2007, Table 7 6 RIDOLFI, Inc. 2007, Table 7
Exposure time — Yakama Nation resident hrs/day ET,, 24 RIDOLFI, Inc. 2007, Table 7 24 RIDOLFI, Inc. 2007, Table 7
Outdoor exposure time — Yakama Nation resident hrs/day ET,. 17 (S::i:i]j)lstgi gom indoor exposure time in RIDOLFT, Inc. 2007, N/A —
Indoor exposure time — Yakama Nation resident hrs/day ET,.i 7 RIDOLFI, Inc. 2007, Section 3.3.2 N/A —
Averaging time — carcinogenic days ATeyn N/A — 25,550 Calcul(e;tg(;g(;?l g?c?al;z/l}’/;:rc) 2007
Averaging time — noncarcinogenic days ATeyn N/A — 2,190 Calcul??ﬁi:;%%;%g;i;ﬁ;‘ 2007
Body weight — Yakama Nation resident adult kg BWya N/A — 70 RIDOLFI, Inc. 2007, Table 7
Body weight — Yakama Nation resident child kg BWync N/A — 16 RIDOLFI, Inc. 2007, Table 7

4-17
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Radiological Nonradiological
Parameter Units Symbol
Value Source Value Source
Inhalation, Ingestion, and Consumption Rates
Soil inhalation rate — age-adjusted Yakama Nation resident m>3-yr/day IF Ayn-aqi 1,760 Calculated from RIDOLFI, Inc. 2007, Table 7 Equation 5-45 N/A —
Soil inhalation rate — adult Yakama Nation resident m?/day IRAyn-q 26 RIDOLFTI, Inc. 2007, Table 7 N/A —
Soil inhalation rate — child Yakama Nation resident m?/day IRAyn-c 16 RIDOLFI, Inc. 2007, Table 7 N/A —
Soil ingestion rate — age-adjusted Yakama Nation resident mg-yr/day TFSyn-ad; 15,200 Calculated from RIDOLFI, Inc. 2007, Table 7 Equation 5-43 N/A —
Soil ingestion rate — age-adjusted Yakama Nation resident mg-yr/kg-day IFSyn-adj N/A — 333 CalculaE;:;ibflzo;nEIili]zg;lF;,_‘I‘I;,c. 2007,
Soil ingestion rate — adult Yakama Nation resident mg/day IRSyn-a 200 RIDOLFI, Inc. 2007, Table 7 200 RIDOLFI, Inc. 2007, Table 7
Soil ingestion rate — child Yakama Nation resident mg/day IRSyn-c 400 RIDOLFI, Inc. 2007, Table 7 400 RIDOLFI, Inc. 2007, Table 7
Dermal contact rate — age-adjusted Yakama Nation resident mg-yr/kg-day DFESyn-adj N/A — 564 Calculated fromEI;Illzt%I;lFSIi 6120 2007, Table 7
Skin surface area — adult Yakama Nation resident cm?/day SAyn-a N/A — 6,032 OSWER Directive 9200.1-120, Attachment 1
Skin surface area — child Yakama Nation resident cm?/day SA yn-c N/A — 2,373 OSWER Directive 9200.1-120, Attachment 1
Soil adherence factor — adult Yakama Nation resident mg/cm? AFyn-q N/A — 0.07 OSWER Directive 9200.1-120, Attachment 1
Soil adherence factor — child Yakama Nation resident mg/cm? AF e N/A — 0.2 OSWER Directive 9200.1-120, Attachment 1
Dermal absorption fraction unitless ABSq4 N/A — Analyte-specific Section 7.2
Fraction of contaminant absorbed in gatrointestinal tract unitless ABSar N/A — Analyte-specific Section 7.2
Fruit ingestion rate — age-adjusted Yakama Nation resident g-yr/day IFFy-aqi 19,898 Calculated from RIDOLFI, Inc. 2007, Table 7 Equation 5-48 N/A —
Fruit ingestion rate — adult Yakama Nation resident g/day IRFyq 299 RIDOLFTI, Inc. 2007, Table 7 (ingestion rate for fruit/berry) N/A —
Fruit ingestion rate — child Yakama Nation resident g/day IRFy.c 127 RIDOLFI, Inc. 2007, Table 7 (ingestion rate for fruit/berry) N/A —
Vegetable ingestion rate — age-adjusted Yakama Nation g-yr/day IFVyn-adi 72,674 Calculated from RIDOLFI, Inc. 2007, Table 7 Equation 5-49 N/A —
Vegetable ingestion rate — adult Yakama Nation resident g/day IRV p-a 1,118 RIDOLFI, Inc. 2007, Table 7 (ingestion rate for vegetable/root) N/A —
Vegetable ingestion rate — child Yakama Nation resident g/day IRV e 187 RIDOLFI, Inc. 2007, Table 7 (ingestion rate for vegetable/root) N/A —
Beef ingestion rate — age-adjusted Yakama Nation resident g-yr/day IFByy-adj 46,328 Calculated from RIDOLFI, Inc. 2007, Table 7 Equation 5-53 N/A —
Beef ingestion rate — adult Yakama Nation resident g/day IRBy.q 704 RIDOLFI, Inc. 2007, Table 7 (ingestion rate for meat/game) N/A —
Beef ingestion rate — child Yakama Nation resident g/day IRBy,.c 212 RIDOLFI, Inc. 2007, Table 7 (ingestion rate for meat/game) N/A —
Dairy ingestion rate — age-adjusted Yakama Nation resident g-yr/day IFDyy_adj 82,194 Calculated from RIDOLFI, Inc. 2007, Table 7 Equation 5-57 N/A —
RIDOLFI, Inc. 2007, Table 7, volumetric ingestion rate for Milk
Dairy ingestion rate — adult Yakama Nation resident g/day IRDyq 1,236 (1.2 L/day) converted to mass ingestion rate N/A —
(=1.2 L/dayx1.03 kg/Lx1,000 g/kg = 1,236 g/day)
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Table 4-4. Exposure Assumptions for Yakama Nation Resident Scenario. (4 sheets)

Radiological Nonradiological
Parameter Units Symbol
Value Source Value Source
RIDOLFI, Inc. 2007, Table 7, volumetric ingestion rate for Milk
Dairy ingestion rate — child Yakama Nation resident g/day IRDy,.. 515 (0.5 L/day) converted to mass ingestion rate N/A —
(=0.5 L/day=1.03 kg/Lx1,000 g/kg = 515 g/day)
Inhalation Pathway
Particulate emission factor m’/kg PEF 7.30E+10 A-4 of ECF-HANFORD-10-0445 7.30E+10 A-4 of ECF-HANFORD-10-0445
e . Table 4-1 of ECF-HANFORD-11-0033
3 - - _ b
Volatilization factor m’/kg VF Analyte-specific Rev. 2 (See Section 7.2)
Slope Factors
Oral slope factor — soil risk/pCi SFs N/A —
Inhalation cancer slope factor —dust particulates risk/pCi SF; N/A —
Isotope-specific | See Section 7.1.9
External exposure slope factor risk/yr per pCi/g SFext-sv N/A —
Food ingestion slope factor risk/pCi SFy N/A —
Chronic oral reference dose mg/kg-day RfD,
Chronic inhalation reference concentration mg/m?3 RfC
N/A N/A Analyte-specific | See Section 7.2
Oral cancer slope factor (mg/kg-day)! CSF,
Inhalation unit risk factor (ng/m3)! 1UR
Miscellaneous Variables
Soil concentration pCi/g or mg/kg Cs Isotope-specific | Measured Analyte-specific | Measured
Area correction factor — soil volume unitless ACF exig0,i Isotope-specific | ORNL/TM-2013/00; See Section 7.1.7 N/A —
Gamma shielding factor — outdoor unitless GSF, 1 No shielding is assumed N/A —
Gamma shielding factor — indoor unitless GSF; 0.4 EPA/540-R-00-007, Equation 4 N/A —
Fraction of locally produced crops that are consumed unitless CFeyn 1 RIDOLFI, Inc. 2007 N/A —
Fraction of locally raised animals that are consumed unitless CF, 1 RIDOLFI, Inc. 2007 N/A —
Density of milk Kg/L Pm 1.03 PRG User’s Guide (Table 1) N/A —
Plant Transfer Factors
Soil-to-plant transfer factor — wet P Cl/g-fresgrslastgzlper pCirg- BVieri Isotope-specific | See Section 7.1.3 N/A —
Soil-to-plant transfer factor — dry pCi/g-dry plant.per pCi/g-dry BV 0.0014 N(,IRP Report No. 129, Table 5.7 (calculated geometric mean of N/A o
soil B,’ values)

Wet root uptake multiplier — crop unitless Rupy Isotope-specific = BVye (See Section 7.1.3) N/A —

- . . = BVay,i (NCRP Report No. 129, Table 5.7 [calculated geometric o
Dry root uptake multiplier — fodder unitless Rupp Isotope-specific mean of B, values]) N/A
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Radiological Nonradiological
Parameter Units Symbol
Value Source Value Source

Soil resuspension multiplier — crop unitless Res.c 0.26 =MLF. N/A —

Soil resuspension multiplier — fodder unitless Resr 0.25 =MLF¥ N/A —

Crop plant mass loading factor unitless MLF. 0.26 Pinder and McLeod 1989 N/A —
Fodder mass loading factor unitless MLFy 0.25 PRG User’s Guide (Table 1) N/A —

Animal Transfer Factors and Animal Ingestion Rates for Fodder and Soil

Milk transfer factor day/L TF itk Isotope-specific | See Section 7.1.3 N/A —
Ingestion rate of fodder by dairy cattle kg/day 1R fodder,d 20.3 PRG User’s Guide (Table 1) N/A —
Ingestion rate of soil by dairy cattle kg/day IR q 0.4 PRG User’s Guide (Table 1) N/A —

Beef transfer factor day/kg TFpeet Isotope-specific | See Section 7.1.3 N/A —
Ingestion rate of fodder by beef kg/day IR fodder,b 11.77 PRG User’s Guide (Table 1) N/A —
Ingestion rate of soil by beef kg/day IR 0.5 PRG User’s Guide (Table 1) N/A —
Fraction of time animal is onsite unitless fa 1 No shielding is assumed N/A —

Conversion Factors

Unit conversion factor 1 g/mg or kg/mg UCF; 0.001 1 g=1,000 mg 0.000001 1 kg = 1,000,000 mg
Unit conversion factor 2 g/kg or ug/mg UCF, 1,000 1,000 g=1kg 1,000 1,000 ug =1 mg
Unit conversion factor 3 days/hr UCF; 0.042 1 day =24 hours N/A —

Unit conversion factor 4 yr/day UCF4 0.00274 1 year =365 days N/A —

Checker Review: David J. Watson

References:

ECF-HANFORD-10-0445, Calculation of Nonradiological Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports.
ECF-HANFORD-11-0033, Calculation of Inhalation Pathway Preliminary Remediation Goals Using Standard Method B Air Cleanup Levels for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports.

EPA/540-R-00-007, Soil Screening Guidance for Radionuclides: User’s Guide.
“Mass Loading of Soil Particles on Plant Surfaces” (Pinder and McLeod 1989).
NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to Site-Specific Studies.”
ORNL/TM-2013/00, Area Correction Factors for Contaminated Soil for Use in Risk and Dose Assessment Models.
OSWER Directive 9200.1-120, “Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.”
PRG Home | PRG User’s Guide, Queried 03/23/2023, [Table 1. Recommended Default Exposure Parameters], http://epa-prgs.ornl.gov/radionuclides/users_guide.html.
Yakama Nation Exposure Scenario for Hanford Site Risk Assessment, Richland, Washington (RIDOLFI, Inc. 2007).
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Radiological Units Generic Screening Benchmark? Lowest Observed Adverse Effects Level-based Site-specific Tier 1 Preliminary Remediation Goals by Wildlife Receptorsb
Contaminants Plant Soil Invertebrates | California Quail | Meadowlark | Killdeer | Red-tailed Hawk | Great Basin Pocket Mouse | Deer Mouse | Grasshopper Mouse | Badger
Americium-241 pCi/g 21,500 — 28,900 25,000 11,900 17,800 72,100 48,700 41,400 4,840

Carbon-14 pCi/g 60,700 — 54 60 56 50 61 60 135 32

Cesium-137 pCi/g 2,210 — 2,390 2,700 2,800 1,430 2,510 2,630 3,280 924

Cobalt-60 pCi/g 6,130 — 805 805 805 863 805 805 806 1,000

Europium-152 pCi/g 14,700 — 1,740 1,740 1,740 1,880 1,740 1,740 1,740 2,220
Europium-154 pCi/g 12,500 — 1,610 1,610 1,610 1,740 1,610 1,610 1,610 2,060
Europium-155 pCi/g | 153,000 — 33,400 33,400 33,400 37,300 33,400 33,400 33,400 48,600

lIodine-129 pCi/g — — — — — — — — — —
Neptunium-237 pCi/g 8,150 — 8,190 8,140 7,880 9,150 8,250 8,170 8,180 11,200
Nickel-63 pCi/g — — — — — — — — — —

Plutonium-238 pCi/g 17,500 — 36,300 56,200 20,900 26,800 291,000 161,000 161,000 5,980

Plutonium-239 pCi/g 12,700 — 38,800 60,300 22,300 28,400 324,000 175,000 176,000 6,270
Plutonium-239/240 | pCi/g 12,700 — 38,800 60,300 22,300 28,400 324,000 175,000 176,000 6,270

Plutonium-240 pCi/g 12,700 — 38,800 60,300 22,300 28,400 324,000 175,000 176,000 6,270

Potassium-40 pCi/g — — — — — — — — — —

Radium-226 pCi/g 288 — 168 142 58 377 285 165 199 193

Strontium-90 pCi/g 3,580 — 521 302 151 112 706 519 413 91
Technetium-99 pCi/g 21,900 — 5,360 11,500 137,000 280,000 8,670 12,100 412,000 128,000

Thorium-228 pCi/g — — — — — — — — — —

Thorium-232 pCi/g 23,500 — 5,070 12,900 5,340 12,400 34,400 32,500 86,200 4,560

Tritium pCi/g | 1,680,000 — 1,430 1,280 936 1,130 3,270 2,290 2,830 420
Uranium-233/234 | pCi/g 51,600 — 12,700 21,800 6,370 40,900 30,300 24,800 51,600 14,200

Uranium-234 pCi/g 51,600 — 12,700 21,800 6,370 40,900 30,300 24,800 51,600 14,200

Uranium-235 pCi/g 27,400 — 6,340 7,810 4,360 10,200 8,600 8,130 9,630 8,060

Uranium-238 pCi/g 15,700 — 8,020 10,400 5,150 22,100 11,900 11,000 13,900 13,400

Checker Review: David J. Watson

References: CHPRC-00784, Tier I Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site.
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8 Source: CHPRC-00784, Table 6-1.
b Source: CHPRC-00784, Table 6-13.
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Table 4-6. Wildlife Ecological Screening Values for Nonradiological Contaminants. (3 sheets)

RPP-ENV-58813, Rev. 2

LOAEL-Based Tier 1 SSLs (Table 6-13 of CHPRC-00784, Rev. 1)

LOAEL-based Tier 2 PRGs (Table 2-9 of CHPRC-01311, Rev. 2)

Great Great
Soil Constituent Units Ca(lgifloal;;lia Meadowlark | Killdeer Reg-;l";li{led }E)acs]igt 1\1/[)::::6 Grzla\flsohl:)s[;per Badger Ca(l)ifloal;:lia Meadowlark | Killdeer ReI(_ll-;ll“;li{led I]:)acsligt 1\]/[):5; Gr:llsls;ll:)slzper Badger
Mouse Mouse
Aluminum mg/kg — — — — 6,872 2,708 3,799 7,101 19,217 31,220 7,214 74,599 4,883 3,988 13,059 7,811
Antimony mg/kg — — — — 97 7 6 167 NTD NTD NTD NTD 97 92 366 325
Arsenic mg/kg 8,104 10,559 2,132 45,439 459 190 318 881 4,776 7,403 2,284 40,102 201 127 302 847
Barium mg/kg 2,464 2,548 1,323 28,954 3,470 3,148 7,676 31,405 1,721 2,335 1,687 8,101 2,265 2,617 11,873 12,430
Beryllium mg/kg — — — — — — — — NTD NTD NTD NTD 14 20 181 289
Boron mg/kg 222 300 485 2,766 133 167 949 2,563 54 68 91 2,714 32 39 170 2,516
Cadmium mg/kg 278 5 2 2,335 2,065 28 24 5,228 294 103 29 1,711 2,203 624 858 4,704
Chromium mg/kg 349 101 38 1,355 1,284 299 313 3,536 193 221 109 610 544 517 1,424 1,765
Hexavalent chromium mg/kg — — — — 5,340 1,245 1,300 16,583 — — — — — — — —
Cobalt mg/kg 1,461 313 111 1,633 3,233 388 372 1,869 1,397 2,050 484 4,798 2,901 2,136 5,610 4,234
Copper mg/kg 1,914 272 107 13,021 1,894 176 182 4,672 423 461 213 12,881 233 193 1,217 4,631
Lead mg/kg 537 115 36 2,433 2,544 332 336 4,108 559 664 156 2,300 2,672 1,578 3,807 3,966
Lithium mg/kg — — — — 6,379 2,517 3,498 515 NTD NTD NTD NTD 1,664 1797 8,347 6,522
Manganese mg/kg 31,823 48,820 19,636 221,536 5,828 5,798 27,720 28,213 20,746 26,026 14,407 150,899 3,322 3,467 11,780 21,916
Mercury (methyl) mg/kg 36 21 4 134 8 2 3 43 — — — — — — —
Mercury (Inorganic) mg/kg 111 112 22 326 31 12 32 100 36 4.7 2 92 7.9 1.6 1.8 33
Molybdenum mg/kg 345 270 179 977 17 14 28 71 125 117 95 515 5.9 5.7 14 38
Nickel mg/kg 1,912 136 53 11,078 676 36 33 1,438 2,051 1,127 361 11,625 711 247 342 1,520
Selenium mg/kg 10 8 4 417 3 2 3 60 10 4.9 2.4 24 2.7 1.4 1.9 8.8
Silver mg/kg 3,453 128 50 20,437 14,418 346 300 30,969 4,238 3,973 983 20,186 24,465 9,806 14,362 30,778
Thallium mg/kg — — — — 25 9 12 13 NTD NTD NTD NTD 8.7 6.2 12 25
Tin mg/kg 204 318 575 4,603 279 377 4,025 7,639 97 98 84 335 130 133 365 693
Uranium mg/kg — — — — 556 359 682 1,545 2,002 339 139 82 371 59 57 22
Vanadium mg/kg 134 116 31 537 2,723 1,153 1,668 3,723 81 107 43 505 260 297 4,531 3,596
Zinc mg/kg 5,015 726 68 71,294 4,661 644 810 38,866 6,289 4,662 856 906 6,711 3,331 12,666 1,037
Fluoride mg/kg 6,123 11,539 2,281 37,771 16,521 13,816 59,985 29,224 NBD 2,686 845 11,074 NBD 3,877 4,061 13,833
Iodine mg/kg — — — — 1,594 1,834 15,579 7,590 — — — — — — —
Nitrate/Nitrite mg/kg — — — — 460,073 | 340,361 1,284,984 626,035 NTD NTD NTD NTD 27 40 1,284,984 626,035
1,1-dichloroethane mg/kg 7,230 435 165 27,909 — — — — — — — — — — —
1,1-dichloroethene mg/kg 7,230 434 165 22,866 — — — — — — — — — — — —
1,1,1-trichloroethane mg/kg 7,230 433 165 17,871 — — — — — — — — — — — —
1,1,2-trichloroethane mg/kg 7,230 434 165 24,063 — — — — — — — — — — — —
1,1,2,2-tetrachloroethane mg/kg 7,230 433 165 19,098 36,358 1,022 894 32,554 — — — — — — — —
1,2-dichlorobenzene mg/kg 176 182 164 8,687 — — — — — — — — — — — —
1,2-dichloroethane (DCA) mg/kg 7,230 444 169 32,168 — — — — — — — — — — — —
1,3-dichlorobenzene mg/kg 192 192 164 8,103 — — — — — — — — — — —
Methyl ethyl ketone mg/kg 21,017 10,406 3,123 115,382 1,861,055 | 412,224 455,968 2,505,793 — — — — — — —
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Table 4-6. Wildlife Ecological Screening Values for Nonradiological Contaminants. (3 sheets)

RPP-ENV-58813, Rev. 2

LOAEL-Based Tier 1 SSLs (Table 6-13 of CHPRC-00784, Rev. 1)

LOAEL-based Tier 2 PRGs (Table 2-9 of CHPRC-01311, Rev. 2)

Great Great
Seil Constituent Units Ca(l)ifloari;lia Meadowlark | Killdeer Reg-:;li{l ed IE) acsli::t l\l/[)::::e Grzll\flsohl:)s[;per Badger Ca(l)ifloari:lia Meadowlark | Killdeer Reg_:;li{l ed I]’f) acslig ¢ 1\]/[):5; Gr?\?[s;::)sl:per Badger
Mouse Mouse
2-hexanone mg/kg 21,017 5,483 1,856 96,532 14,698 1,759 1,708 18,135 — — — — — — — —
Benzene mg/kg — — — — 2,850 80 70 2,856 — — — — — — — —
Butanol mg/kg — — — — 203,572 11,625 10,503 268,194 — — — — — — — —
Carbon Tetrachloride mg/kg 7,230 433 165 14,765 — — — — — — — — _ _ _ _
Chlorobenzene mg/kg 7,230 433 165 13,345 15,756 442 387 11,036 — — — — — — — —
Chloroform mg/kg 7,230 434 165 26,006 16,693 470 412 18,041 — — — — — — — —
Cis-1,2-dichloroethylene mg/kg 7,230 434 165 26,892 — — — — — — — _ _ _ _ _
Dichloromethane (Methylene 1\ | 7539 436 166 34,562 20357 | 576 504 25,632 _ _ _ _ _ _ _ _
Chloride)
Ethyl Benzene mg/kg — — — — 1,027 1,151 4,075 99,076 — — — — — — — —
Methyl Isobutyl Ketone mg/kg 21,017 5,729 1,927 102,114 1,861,055 | 232,395 227,119 2,362,393 — — — — — — — —
n-butyl Benzene mg/kg — — — — 1,589 1,454 3,275 54,406 — — — — — _ _ _
Tetrachloroethylene mg/kg 7,230 431 164 15,467 2,850 80 70 2,216 — — — — — — — —
Toluene mg/kg — — — — 211,715 5,944 5,202 157,633 — — — — — — — —
Trans-1,2-dichloroethylene mg/kg 7,230 434 165 23,763 — — — — — — — — — _ _ _
Trichloroethylene (TCE) mg/kg 7,230 434 165 14,996 2,850 80 70 2,169 — — — — — — — -
Xylene mg/kg — — — — 826 940 3,494 88,509 — — — — — — — —
Acenaphthene mg/kg 68,306 2,849 1,096 383,617 142,500 2,793 2,422 193,905 — — — — — — — -
Acenaphthylene mg/kg 43,766 186 74 383,617 54,132 183 156 193,905 — — — — — — — —
Anthracene mg/kg 43,405 1,716 678 383,617 — — — — — — — — — — — —
Benzo(a)pyrene mg/kg — — — — 635 81 76 5,540 — — — _ _ _ _ _
Benzo(a)anthracene mg/kg — — — — 3,636 73 64 5,540 — — — _ _ _ _ _
Benzo(b)fluoranthene mg/kg — — — — 247 41 39 5,540 — — — — _ _ _ _
Benzo(ghi)perylene mg/kg — — — — 89 32 35 5,540 — — — — _ _ _ _
Benzo[k]fluoranthene mg/kg — — — — 4,069 46 39 5,540 0.17 NBD NBD NBD 1.6 NBD NBD NBD
Chrysene mg/kg — — — — 3,636 51 45 5,540 — — — — — _ _ _
Dibenz(ah)anthracene mg/kg — — — — 543 49 44 5,540 — — — _ _ _ _ _
Fluoranthene mg/kg — — — — 3915 841 839 138,503 NBD NBD 1.3 NBD NBD NBD 1,005 NBD
Fluorene mg/kg 68,306 446 175 383,617 101,786 313 267 138,503 NBD NBD 8 NBD NBD NBD 12 NBD
Indeno[1,2,3-cd]pyrene mg/kg — — — — 626 40 36 5,540 — _ — — _ _ _ _
2-Methylnaphthalene mg/kg 8 9 1,547 383,617 6 7 1,132 63,047 — — — — — — — —
Naphthalene mg/kg 340 369 378 383,617 100 109 348 83,102 — — — — — — — —
Phenanthrene mg/kg 56,061 2,406 943 383,617 — — — — NBD NBD 48 NBD NBD NBD 292 NBD
Pyrene mg/kg — — — — 1,375 600 727 69,252 — — — — — — — —
Low Molecular Weight PAHs mg/kg 67,600 128,679 23,165 383,617 130,652 97,560 372,987 181,716 — — — — — — — —
High Molecular Weight PAHs mg/kg — — — — 157 209 3,491 1,701 — — — — — — — —
Total Petroleum Hydrocarbons =\ o | 1050862 | 1,095354 | 356,382 | 5901794 | 610,716 | 451,807 | 1,705732 | 831,020 — — — — — — _ _

diesel
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Table 4-6. Wildlife Ecological Screening Values for Nonradiological Contaminants. (3 sheets)

LOAEL-Based Tier 1 SSLs (Table 6-13 of CHPRC-00784, Rev. 1) LOAEL-based Tier 2 PRGs (Table 2-9 of CHPRC-01311, Rev. 2)
. ) . Great Great
Soil Constituent Units Ca(lgifloal;;lia Meadowlark | Killdeer Reg-:;li{led }E)acs]igt 1\1/[)::::6 Grzla\flsohl:)s[;per Badger Ca(l)ifloal;:lia Meadowlark | Killdeer ReI(_ll-;ll“;li{led I]:)acsligt 1\]/[):5; Gr:llsls;ll:)slzper Badger
Mouse Mouse
Total Petmli‘i‘(‘)grylgmcarbons “ | mgkg | 1,050,862 | 1,995354 | 356382 | 5,901,794 | 610,716 | 451,807 | 1,705,732 | 831,020 — — — - — — — —
Normal paraffin hydrocarbons mg/kg — — — — 610,716 451,807 1,705,732 831,020 — — — — — — — —
Phenol mg/kg — — — — 14,657 1,578 1,511 17,756 NTD NTD NTD NTD 0.5 NBD NBD 23
2,4-dinitrotoluene mg/kg 38 39 26 932 29 28 74 597 — — — — — — — —
Bis[2-ethylhexyl] phthalate mg/kg — — — — 17,332 54 45 35,994 0.17 NBD NBD 1.2 18.5 NBD NBD 204
Polychlorinated Biphenyls (PCB) | mg/kg 100 3.6 1.8 251 29 1.6 1.5 85 NBD NBD 36 0.46 NBD NBD 35 0.18
Aroclor 1016 mg/kg 64 3.6 1.8 218 88 53 4.8 377 — — — — — — — —
Aroclor 1221 mg/kg 27 34 1.8 240 7 L5 1.5 82 — — — — — — — —
Aroclor 1232 mg/kg 22 34 1.8 262 5 1.4 1.5 88 — — — — — — — —
Aroclor 1242 mg/kg 104 3.6 1.8 256 31 1.6 1.5 87 — — — — — — — —
Aroclor 1248 mg/kg 94 3.6 1.8 243 3 0.3 0.3 11 — — — — — — — —
Aroclor 1254 mg/kg 115 3.6 1.8 273 35 1.6 1.5 91 — — — — — — — —
Aroclor 1260 mg/kg 204 3.6 1.8 515 77 1.6 1.5 154 — — — — — — — —
Aroclor-1262 mg/kg 378 718 128 2,125 277 205 773 377 — — — — — — — —
Aldrin mg/kg 2.2 0.4 0.2 5.3 51 9.9 9.8 134 0.03 NBD NBD 0.0099 0.58 NBD NBD 0.29
Hexl;itli-olr’ggf’c“lf}’lg(ane mg/kg 6.2 5.5 4.1 168 9.4 8.7 20 335 0.06 NBD NBD NBD 0.09 NBD NBD NBD
alpha-Chlordane mg/kg 608 121 50 1,508 925 205 207 2,641 1.15 NBD NBD NBD 1.4 NBD NBD NBD
gamma-Chlordane mg/kg 608 121 50 1,508 925 204 206 2,641 3.2 NBD NBD NBD 4 NBD NBD NBD
Dichlorodiphenyldichloroethane mg/kg — — — — — — — — 0.24 0.33 0.57 NBD 0.06 0.08 0.44 NBD
Dichlorodiphenyldichloroethylene | mg/kg 300 2.3 0.8 1.7 136 0.7 0.6 0.4 — — — — — — — —
Dichlorodiphenyltrichloroethane | mg/kg 300 3.5 1.2 46.3 136 1 0.9 12.7 0.22 0.24 0.25 NBD 0.05 0.06 0.19 NBD
Dieldrin mg/kg 6.1 0.2 0.08 5.2 0.57 0.02 0.02 0.69 0.002 NBD NBD NBD 0.00014 | NBD NBD NBD
Endosulfan I mg/kg — — — — — — — — 3.5 1.16 0.56 NBD 0.03 0.014 0.017 NBD
Endosulfan 11 mg/kg — — — — — — — — — — — — — — — —
Endosulfan sulfate mg/kg — — — — — — — — 32 0.044 0.017 NBD 0.3 0.001 0.0005 NBD
Endrin aldehyde mg/kg — — — — 5.1 1.4 1.4 140 0.06 NBD NBD NBD 0.1 NBD NBD NBD
Methoxychlor mg/kg — — — — 120 22 22 882 NTD NTD NTD NTD 0.51 0.44 0.9 NBD
Checker Review: David J. Watson

References:
CHPRC-00784, 2011, Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site, Rev. 1
CHPRC-01311, 2014, Tier 2 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site, Rev. 2

LOAEL = Lowest Observed Adverse Effect Level NBD = No Bioaccumulation Data NTD = No Toxicity Data PAH = polycyclic aromatic hydrocarbon
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Table 4-7. Nonradiological Ecological Screening Values for Plants and Soil Invertebrates and Hanford Background Concentration. (2 sheets)

Table 6-1 of CHPRC-00784 Table 6-3 of ECF-Hanford-11-0158 90 Percentile Background
Soil Constituent Unit EPA EcoSSLs ORNL - ES/ER/TM-85/R3 ES/ER/TM-126/R2 | WAC 173-340, Table 749-3 | Final Recommended Soil Tier 2 PRGs Concentration
Plants | Soil Invertebrate Plants Soil Invertebrate Plant Soil Biota Plants Soil Invertebrate
Aluminum mg/kg Narrative Statement 50 — 50 — — — 11,800
Antimony mg/kg — 78 5 — 5 — 842 842 130
Arsenic mg/kg 18 — 10 60 — — 128 128 20
Arsenic (I11) mg/kg — — — — — — — — —
Arsenic (V) mg/kg — — — — 10 60 — — —
Barium mg/kg — 330 500 — 500 — 500 358 132
Beryllium mg/kg 40 10 — 10 — 10 40 1.5
Bismuth mg/kg — — — — — — — —
Boron mg/kg — 0.5 — 0.5 — 29.6 28.6 3.89
Cadmium mg/kg 32 140 4 20 4 20 9.84 20 0.563
Chromium mg/kg — 1 0.4 42 42 259 149 18.5
Chromium (+3) mg/kg — 1 0.4 42 42 — — —
Cobalt mg/kg 13 — 20 — 20 — 15.7 15.7 15.7
Copper mg/kg 70 80 100 50 100 50 70 58 22
Lead mg/kg 120 1,700 50 500 50 500 9,090 1,700 10.2
Lithium mg/kg — — 2 — 35 — — — 13.3
Manganese mg/kg 220 450 500 — 1,100 — 1,260 1,260 512
Mercury mg/kg — — 0.3 0.1 0.3 0.1 0.3 12.5 0.013
Molybdenum mg/kg — 2 — 2 — 2 28 0.47
Nickel mg/kg 38 280 30 200 30 200 38 280 19.1
Selenium mg/kg 0.52 4.1 1 70 1 70 2.02 4.1 0.78
Silver mg/kg 560 — 2 — 2 — 560 2.99 0.167
Strontium mg/kg — — — — — — — —
Thallium mg/kg — 1 — 1 — 1 0.459 0.19
Tin mg/kg — 50 — 50 — 838 838 —
Uranium mg/kg — — 5 — 5 — 250 100 3.21
Vanadium mg/kg — — 2 — 2 — 89.4 116 85.1
Zinc mg/kg 160 120 50 200 86 200 621 8,980 67.8
Chloride mg/kg — — — — — — — — 100
Iodine mg/kg — — 4 — 4 — — — —
Fluoride mg/kg — — — — — — — — 2.8
Nitrate/Nitrite mg/kg — — — — — — — 52
Nitrate/Nitrite mg/kg — — — — — — — 52
Sulfate/Sulfite mg/kg — — — — — — — 237
Acenaphthene mg/kg 29 20 — 20 — — — —
Acenaphthylene mg/kg 29 — — — — — — —
Anthracene mg/kg 29 — — — — — — —
Benzo(a)pyrene mg/kg — 18 — — — — — — —
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Table 4-7. Nonradiological Ecological Screening Values for Plants and Soil Invertebrates and Hanford Background Concentration. (2 sheets)

Table 6-1 of CHPRC-00784 Table 6-3 of ECF-Hanford-11-0158 90 Percentile Background
Soil Constituent Unit EPA EcoSSLs ORNL - ES/ER/TM-85/R3 ES/ER/TM-126/R2 | WAC 173-340, Table 749-3 | Final Recommended Soil Tier 2 PRGs Concentration
Plants | Soil Invertebrate Plants Soil Invertebrate Plant Soil Biota Plants Soil Invertebrate

Benzo(a)anthracene mg/kg — 18 — — — — — — —
Benzo(b)fluoranthene mg/kg — 18 — — — — — _ _
Benzo(ghi)perylene mg/kg — 18 — — — — — — _
Benzo[k]fluoranthene mg/kg — 18 — — — — — — —
Chrysene mg/kg — 18 — — — — — — _
Dibenz(ah)anthracene mg/kg — 18 — — — — — — —
Fluoranthene mg/kg — 18 — — — — — — _
Fluorene mg/kg — 29 — 30 — 30 — — —
Indeno[1,2,3-cd]pyrene mg/kg — 18 — — — — — — _
2-Methylnaphthalene mg/kg — 29 — — — — — — _
Naphthalene mg/kg — 29 — — — — — — _
Phenanthrene mg/kg — 29 — — — — — — _
Pyrene mg/kg — 18 — — — — — — —
Low Molecular Weight Polycyclic Aromatic Hydrocarbons | mg/kg — 29 — — — — — — —
High Molecular Weight Polycyclic Aromatic Hydrocarbons | mg/kg — 18 — — — — — — _
Gasoline Range Organics — — — — — — 100 — — _
Total Petroleum Hydrocarbons — diesel mg/kg — — — — — 200 — _ _
Phenol mg/kg — — 70 30 70 30 — — —
Bis[2-ethylhexyl] phthalate mg/kg — — 100 — 100 — — — _
Polychlorinated Biphenyls (PCB) mg/kg — — 40 — 40 — - — _
Aroclor 1016 mg/kg — — 40 — 40 — — — _
Aroclor 1221 mg/kg — — 40 — 40 — — — _
Aroclor 1232 mg/kg — --- 40 — 40 — — — —
Aroclor 1242 mg/kg — — 40 — 40 — — — _
Aroclor 1248 mg/kg — — 40 — 40 — — — _
Aroclor 1254 mg/kg — — 40 — 40 — — — —
Aroclor 1260 mg/kg — — 40 — 40 — — — —
Aroclor-1262 mg/kg — — 40 — 40 — — — —
alpha-Chlordane mg/kg — — — — — 1 — — —
gamma-Chlordane mg/kg — — — — — 1 — — —

Checker Review: David J. Watson

References:

CHPRC-00784, Tier I Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site.

ECF-HANFORD-11-0158, Tier 2 Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) for Nonradionuclides for Use at the Hanford Site.
ES/ER/TM-85/R3, Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 Revision.
ES/ER/TM-162/R2, Preliminary Remediation Goals for Ecological Endpoints.

WAC 173-340, “Model Toxics Control Act—Cleanup,” Washington Administrative Code, as amended.

EcoSSL = Ecological Soil Screening Level EPA = U.S. Environmental Protection Agency ORNL = Oak Ridge National Laboratory PRG = Preliminary Remediation Goal
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Table 4-8. Age-Weighted and Gender-Weighted Intake Rates for the All-Pathways
Representative Person Scenario.

Intake Parameter Symbol | Value Units Rationale

Inhalation rate INH; 14.8 | m’/day

Mean Intake Rate
Soil ingestion rate IR, 35.5 mg/day

Drinking water ingestion rate IR, 2.8 L/day | 95" Percentile Intake Rate

Crop ingestion rate (includes fruits and vegetables) IR. 66.2 kg/year
Beef ingestion rate IR, 12.2 kg/year

Milk ingestion rate IR, 100.4 | L/year Mean Intake Rate
Egg ingestion rate IR, 15.3 kg/year
Poultry ingestion rate IR, 9.8 kg/year

Checker Review: David J. Watson

4.2.2 Exposure Assumptions for All-Pathways Representative Person During

Atmospheric Dose Assessment

As mentioned in Section 3.3.2, Representative Person is also selected as the hypothetical
member of the public for performing atmospheric pathway dose assessment. Therefore, the
calculated age- and gender-weighted intake rates (Table 4-8) for Representative Person are
utilized during this assessment. Table 4-10 presents the exposure assumptions for the
atmospheric pathway scenario-dependent exposure parameters for the Representative Person.

4.2.3 Exposure Assumptions for Intruder Scenarios

Potential doses are calculated for inadvertent intruder scenarios by assuming intrusion occurs

following the loss of institutional controls. Doses are calculated for an acute exposure scenario —

Well Driller, and three chronic scenarios — (1) Rural Pasture; (2) Suburban Garden and
(3) Commercial Farm. Tables 4-11 through 4-14 present the exposure assumptions for Well
Driller, Rural Pasture, Suburban Garden, and Commercial Farm, respectively.

4.3 EXPOSURE ASSUMPTIONS FOR RCRA GROUNDWATER RISK

EVALUATION

As mentioned in Section 3.4, groundwater risk assessment is performed for EPA’s tap water
scenario to evaluate hazardous chemical and dangerous waste constituent impacts to
groundwater from tank waste residuals left in WMASs’ tanks and ancillary equipment at closure
as a part of RCRA Closure Analysis. Table 4-15 presents the exposure assumptions for EPA’s

tap water scenario.
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Table 4-9. Exposure Assumptions for the All-Pathways Groundwater Scenario-dependent Exposure Parameters. (3 sheets)

7/3/2024 - 12:55 PM

Parameter Name Symbol Value Units Reference

Soil ingestion rate IR, 35.5 mg/day See Table 4-8

Exposure frequency EF 350 days/yr OSWER Directive 9285.6-03

Water ingestion rate IR, 2.8 L/day

Crop ingestion rate (includes homegrown fruits and vegetables) IR, 66.2 kg/yr

Beef ingestion rate IR, 12.2 kg/yr

Milk ingestion rate IR, 100.4 L/yr See Table 4-8

Egg ingestion rate IR, 15.3 kg/yr

Poultry ingestion rate IR, 9.8 kg/yr

Inhalation rate — water vapor INH,, 14.8 m?/day

Andelman volatilization factor K 0.5 L/m? PRG User’s Guide (Table 1)

. . Mean Inhalation Rate (14.8 m*/day
— ) 3

Inhalation rate — indoors INH;, 5,402 m°/yr [Table 4-8])%365 days/yr
Based on DOE/EA-1934, the mean of
the maximum predicted impact plus

Mass loading factor M 4.75E-05 g/m? annual averaged ambient
concentrations for three test pits (39.7,
48.2 and 54.6 pg/m’, respectively).
Based on PRG User’s Guide (Table 1,

Fraction of time spent indoors tin 0.4 unitless farmer); [= (10 hrs/day=350 days/yr) /
8,760 hrs/yr]
Based on NCRP Report No. 129,

Inhalation rate — outdoors INH 12,775 m?/yr Table 4.13 (Agriculture,
AG)(35 m’/day=365 days/yr)
Based on PRG User’s Guide (Table 1,

. . . Resident farmer)

Fraction of time spent outdoors tour 0.486 unitless [= (12.167 hrs/dayx350 days/yr) /
8,760 hrs/yr]

Enrichment factor Ef 0.7 unitless NCRP Report No. 129 (Table 4.4, AG,
Agriculture)

Ratio of radionuclide concentrations in indoor versus outdoor air /0 0.3 unitless NCRP Report No. 129 Section 4.3.2
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Table 4-9. Exposure Assumptions for the All-Pathways Groundwater Scenario-dependent Exposure Parameters. (3 sheets)

7/3/2024 - 12:55 PM

Parameter Name Symbol Value Units Reference
Fraction of consumed locally produced crop (fruits and vegetables) F, 0.5 unitless EPA/540-R-00-007 (p. 2-24)
Fraction of consumed locally produced animal products (beef, dairy, . PRG User’s Guide, Section 4.8.1
F, 1 unitless
poultry, eggs)
Water ingestion rate for beef IRy 53 L/day PRG User’s Guide (Table 1)
Soil ingestion rate for beef IR, 0.5 kg/day PRG User’s Guide (Table 1)
Fodder ingestion rate for beef IR podder,p 11.77 kg/day PRG User’s Guide (Table 1)
Water ingestion rate for dairy cattle IRq 92 L/day PRG User’s Guide (Table 1)
Soil ingestion rate for dairy cattle IR q 0.4 kg/day PRG User’s Guide (Table 1)
Fodder ingestion rate for dairy cattle IR podder,a 20.3 kg/day PRG User’s Guide (Table 1)
Water ingestion rate for poultry IR, 0.4 L/day PRG User’s Guide (Table 1, Chicken)
Soil ingestion rate for poultry IR;, 0.022 kg/day PRG User’s Guide (Table 1, Chicken)
Fodder ingestion rate for poultry IR podderp 0.2 kg/day PRG User’s Guide (Table 1, Chicken)
(pCi/kg fresh
Elemen- weight of
Crop-soil bioconcentration factor through uptake BVieri . crop)/(pCi’kg See Section 7.1.3
specific :
dry weight of
soil)
(pCi/kg fresh
o . . . . weight of Based on NCRP Report No. 129,
Crop-soil bioconcentration factor from all resuspension/soil adhesion B, 0.0014 crop)/(pCi/kg Table 5.7 (calculated geometric mean
processes . )
dry weight of | of B,’ values)
soil)
Pasture-soil bioconcentration factor through root uptake Bp Analyte (pCi/kg dry See Section 7.1.3
Specific weight of
fodder)/(pCi/kg | Based on NCRP Report No. 129,
Bioconcentration factor from resuspension/soil adhesion for fodder B’ 0.071 dry we}ght of | Table 5.7 (calculated geometric mean
soil) of B, values)
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Table 4-9. Exposure Assumptions for the All-Pathways Groundwater Scenario-dependent Exposure Parameters. (3 sheets)

Parameter Name Symbol Value Units Reference
. . e . Site-specific soil type
Element-specific soil water distribution coefficient Ky mL/g (See Section 7.1.1 for sand)
Radionuclide indoor shielding factor € unitless See Section 7.1.2
Bioconcentration factor for beef cattle BCFheer d/kg See Section 7.1.3
Bioconcentration factor for milk BCFuin d/L See Section 7.1.3
Bioconcentration factor for poultry BCFpouinry Analyte- d/kg See Section 7.1.3
Bioconcentration factor for egg BCFEgq specific d/kg See Section 7.1.3
Area correction factor ACFgy unitless See Section 7.1.7
Dose conversion factor
Water Ingestion DCFig mrem/pCi
Inhalation DCF, mrem/pCi See Section 7.1.8
Milk Ingestion DCFingm mrem/pCi
External Gamma DCF . (mrem/yr)/pCi/g
Soil saturation S unitless
. . Soil- . . .
Soil bulk densit /cm? -
oil bulk density Ps specific g/cm Site-specific soil type

Soil porosity n unitless
Unit conversion factor 1 UCF,; 1,000 g/kg 1,000 g=1kg
Unit conversion factor 3 UCF3; 0.001 g/mg 1 g= 1,000 mg

Checker Review: David J. Watson

References:

DOE/EA-1934, Environmental Assessment Expansion of Borrow Areas on the Hanford Site.

EPA/540-R-00-007, Soil Screening Guidance for Radionuclides: User’s Guide.
NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to Site-Specific Studies.”
OSWER Directive 9285.6-03, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Supplemental Guidance “Standard Default Exposure

Factors” Interim Final.

PRG Home | PRG User’s Guide, Queried 03/23/2023, [Table 1. Recommended Default Exposure Parameters], http://epa-prgs.ornl.gov/radionuclides/users_guide.html.
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Table 4-10. Exposure Assumptions for the Atmospheric Pathway Scenario-dependent Exposure Parameters. (3 sheets)

Parameter Symbol Value Units Reference
EPA 2014, Appendix E (Gas)
. . 0 Sportisse 2007
Dry deposition velocity Va 0.007 (for 1) m/s (Based on a surrogate value from field data
of a different iodine radioisotope, '*'T)
Rainfall rate RR 17.22 cm/yr HMS 2023 (average from 1947-2022)
Scavenging conversion factor SCF 1.00E-07 yr/(cm s) EPA 2014
. . Calculated a1
Scavenging coefficient SC Equation 5-111 S EPA 2014
.. . Based on 95™ Percentile site-specific
Mixing layer height H 187.1 m mixing height (1994 to 2022)
Exposure time ET 12.167 hr/d PRG User’s Guide (Table 1. farmer)
Thickness of the contaminated ground surface T 0.15 m Assumptions
Exposure frequency EF 350 d/yr OSWER Directive 9285.6-03
Gamma shielding factor GSF, 1 unitless No shielding was assumed.
. . Mean Inhalation Rate (14.8 m*/day
_ : 3
Inhalation rate — indoors INH, 5,402 m’/yr [Table 4-8])x 365 days/yr
Based on PRG User’s Guide (Table 1,
Fraction of time spent indoors tin 0.4 unitless farmer); [= (10 hrs/day=350 days/yr) /
8,760 hrs/yr]
Based on NCRP Report No. 129,
Inhalation rate — outdoors INH 12,775 m?/yr Table 4.13 and AG (Agriculture)
(35 m?/dayx365 days/yr)
Based on PRG User’s Guide (Table 1,
Fraction of time spent outdoor tout 0.486 unitless farmer) [= (12.167 hrs/dayx350 days/yr) /
8,760 hrs/yr]
Accumulation time taceu 3.15E+07 s 1-yr time step
o . Appendix A, Mean Intake Rate for
Soil ingestion rate IR 353 mg/day Representative Person (Table 4-8)
Crop ingestion rate (includes fruits and vegetables) IR. 66.2 kg/year Appendix A, Mean Intake Rate for

Representative Person (Table 4-8)
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Table 4-10. Exposure Assumptions for the Atmospheric Pathway Scenario-dependent Exposure Parameters. (3 sheets)

7/3/2024 - 12:55 PM

Parameter Symbol Value Units Reference

Ingestion rate of fodder for beef cattle IR podder, b 11.77 kg/day PRG User’s Guide (Table 1)
Ingestion rate of soil for beef IR, 0.5 kg/day PRG User’s Guide (Table 1)

. . Appendix A, Mean Intake Rate for
Beef ingestion rate IR 12.2 ke/yr Representative Person (Table 4-8)
Fraction of locally produced beef consumed F, 1 unitless PRG User’s Guide, Section 4.8.1
Fodder Ingestion rate for dairy cattle IR podder,d 20.3 kg/day PRG User’s Guide (Table 1)
Soil ingestion rate for dairy cattle IR 4 0.4 kg/day PRG User’s Guide (Table 1)
Milk ingestion rate IR, 100.4 L/yr

. . Appendix A, Mean Intake Rate for
Poultry ingestion rate IRr 98 ke/yr Representative Person (Table 4-8)
Egg ingestion rate IRE 15.3 kg/yr
Fodder ingestion for poultry IR podderp 0.2 kg/day PRG User’s Guide (Table 1, Chicken)
Soil ingestion rate for poultry IR;, 0.022 kg/day PRG User’s Guide (Table 1, Chicken)
Fraction of locally produced milk consumed F, 1 unitless PRG User’s Guide, Section 4.8.1
Fraction of locally produced crops (fruits and vegetables) F, 0.5 Unitless EPA/540-R-00-007 (p 2-24)
Fraction of locally produced poultry consumed F, 1 unitless PRG User’s Guide, Section 4.8.1
Fraction of locally produced egg consumed F, 1 unitless PRG User’s Guide, Section 4.8.1
(pCi/kg fresh
Crop-soil bioconcentration factor from all B’ 0.0014 weight of crop)/ Based on NCRP Report No. 129, Table 5.7
resuspension/soil adhesion processes Y ’ (pCi/kg dry weight | (calculated geometric mean of B,’ values)
of soil)
. . . . . (pCi/kg dry weight
Bioconcentration factor from resuspension/soil adhesion , . Based on NCRP Report No. 129, Table 5.7
B, 0.071 of fodder)/(pCi/kg - ,
for fodder . . (calculated geometric mean of By’ values)
dry weight of soil)
(pCi/kg fresh
Crop-soil bioconcentration factor through uptake BVyeri Element- weight of crop)/ See Section 7.1.3
P ghup went specific (pCi/kg dry weight "

of soil)
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Table 4-10. Exposure Assumptions for the Atmospheric Pathway Scenario-dependent Exposure Parameters. (3 sheets)

Parameter Symbol Value Units Reference
Analvte- (pCi/kg dry weight
Pasture-soil bioconcentration factor through root uptake Bp Y of fodder)/(pCi/kg | See Section 7.1.3
specific . .
dry weight of soil)

. . . . Site-specific soil type
Element-specific Soil Water Distribution Coefficient Ky mL/g (See Section 7.1.1 for sand)
Radionuclide Indoor Shielding Factor € unitless See Section 7.1.2
Bioconcentration factor for beef cattle BCFpeer d/kg See Section 7.1.3
Bioconcentration factor for milk BCF i d/L See Section 7.1.3
Bioconcentration factor for poultry BCFpoyisry Analyte- d/kg See Section 7.1.3
Bioconcentration factor for egg BCFggq specific d/kg See Section 7.1.3
Area correction factor ACFgy unitless See Section 7.1.7
Dose conversion factor

Water Ingestion DCFiyg mrem/pCi
Inhalation DCFiup mrem/pCi See Section 7.1.8
Milk Ingestion DCFingm mrem/pCi
External Gamma DCF .y (mrem/yr)/pCi/g
Unit conversion factor 1 UCF,; 1,000 g/kg 1,000 g=1kg
Unit conversion factor 2 UCF; 0.001 g/mg 1 g=1,000 mg
Unit conversion factor 3 UCF; 1E-6 m?/cm? 0.000001 m* =1 cm?3

Checker Review: David J. Watson

References:

“A review of parameterizations for modelling dry deposition and scavenging of radionuclides™ (Sportisse 2007).

CAP88-PC Version 4.1 User Guide (EPA 2019).
EPA/540-R-00-007, Soil Screening Guidance for Radionuclides: User’s Guide.

HMS 2023, Hanford Site (Hanford.gov), Queried 07/2023, [Hanford Meteorological Station], https://www.hanford.gov/files.cfm/Monthly and Seasonal Precipitaion.pdf.
NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to Site-Specific Studies.”
OSWER Directive 9285.6-03, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Supplemental Guidance “Standard Default Exposure

Factors” Interim Final.

PRG Home, Queried 03/23/2023, [PRG User’s Guide], http://epa-prgs.ornl.gov/radionuclides/users_guide.html.
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Table 4-11. Acute Well Driller Scenario Parameter Values.

Parameter Symbol Units Value Reference
Exposure frequency—well driller EFya days/yr 5 HNF-SD-WM-TI-707, Rev. 5
Exposure duration—well driller EDyq year 1 HNF-SD-WM-TI-707, Rev. 5
Based on
HNF-SD-WM-TI-707, Rev. 5,

Fraction of time spent

outdoors—well driller Foutwd year 0.0046 | Table A13

(5 days/yrx8 hours/day /
8,760 hours/yr)

Ingestion rate—Soil, well driller IR va mg/day 100 OSWER Directive 9285.6-03

Based on NCRP Report
No. 129 Table 4.13 and
Commercial Construction
(35 m*/day=365 days/yr)

Inhalation rate—Outdoor, well

driller INH s d m?/yr 12,775

Based on DOE/EA-1934, the
mean of the maximum
predicted impact plus annual
Mass loading factor M g/m3 4.75E-05 | averaged ambient
concentrations for three test pits
(39.7, 48.2 and 54.6 ng/m?,
respectively).

NCRP Report No. 129
Enrichment factor Ef unitless 4 Section 4.2.2.1 (Recently
disturbed soil)

Area correction factor ACFgy unitless See Section 7.1.7
Dose conversion fgctor ) Analyte-

External Gamma DCFe; | (mrem/yr)/pCi/g
Unit conversion factor 1 UCF; pCi/Ci 1E12 1 pCi=1E-12 pCi
Unit conversion factor 2 UCF; g/mg 0.001 1 g= 1,000 mg
Unit conversion factor 3 UCF3 kg/g 0.001 1kg=0.001g

Checker Review: David J. Watson

References:

DOE/EA-1934, Environmental Assessment Expansion of Borrow Areas on the Hanford Site.

HNF-SD-WM-TI-707, Exposure Scenarios and Unit Factors for the Hanford Tank Waste Performance Assessment, Rev. 5.

NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to
Site-Specific Studies.”

OSWER Directive 9285.6-03, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual,
Supplemental Guidance “Standard Default Exposure Factors” Interim Final.
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Table 4-12. Chronic Rural Pasture Scenario Parameter Values. (3 sheets)

Parameter Symbol Units Value Reference
Area of the pasture Ay cm? 16.00E+07 USDA 2023
HNF-SD-WM-TI-707, Rev. 5
N 2 >
Area of the borehole—rural pasture Avwellrp cm 558.6 (26.67-cm borehole diameter)
Area of the borehole—pipeline Aweip cm?
Length of the pipeline Lpipe cm Site-specific Site-specific
Diameter of the pipeline Dyipe cm
Depth to which drill cuttings are tilled into the pasture Zp cm 15 HNF-SD-WM-TI-707, Rev. 5
Depth to groundwater Zew cm
Thickness of the formation (bottom of tank to water Zi om Site-specific Site-specific
table)
Soil bulk density PRP g/cm’
Enrichment factor E unitless 07 NCRP Report No. 129 (Table 4.4, No Food
Suburban)
Exposure frequency—rural pasture (resident) EF,, days/yr 350 OSWER Directive 9285.6-03
Based on Equation D.5 of ANL/EAD-4, User’s
. . . . Manual for RESRAD Version 6, and size of
Fraction of locally produced milk that is consumed F unitless 0.8 rural pasture area of 16,000 m?, this value is
calculated as: (16,000 m?/ 20,000 m?) = 0.8
Based on PRG User’s Guide (Table 1, Resident)
Fraction of time spent indoors—rural pasture Linrp unitless 0.656 (16.416 hours/dayx350 days/year)/
8,760 hours/year
Based on HNF-SD-WM-TI-707, Rev. 5,
Fraction of time spent outdoors—rural pasture Yout,rp unitless 0.16 Table A18
(4 hours/day=350 days/year)/ 8,760 hours/year
Ingestion rate of fodder by dairy cattle IR podder,a kg/day 20.3 PRG User’s Guide (Table 1)
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Table 4-12. Chronic Rural Pasture Scenario Parameter Values. (3 sheets)

Parameter Symbol Units Value Reference
Ingestion rate of soil by dairy cattle IR q kg/day 0.4 PRG User’s Guide (Table 1)
. 0 .
Ingestion rate—Milk, rural pasture Ronry Liyr 2815 Appendix A, 95" Intake Rate for Representative
Person
. . Appendix A, Mean Intake Rate for
Ingestion rate—Soil, rural pasture IR, mg/day 35.5 Representative Person
. Mean Inhalation rate (14.8 m3/day
_ ) 3
Inhalation rate—Indoor, rural pasture INHy, 1y m’/yr 5,402 [Table 4-8])x365 days/yr
. NCRP Report No. 129 Table 4.13 (No Food
_ 3
Inhalation rate—Outdoor, rural pasture INHouirp m’/yr 9,125 Suburban) (25 m*/day*365 days/yr)
Ratio of rgdlonucllde concentrations in indoor versus 10 unitless 03 NCRP Report No. 129 Section 4.3.2
outdoor air
Cattle water ingestion rate IR,4 L/d 92 PRG User’s Guide (Table 1)
Based on DOE/EA-1934, the mean of the
. 3 i maximum predicted impact plus annual
Mass loading factor M g/m 4.75E-05 averaged ambient concentrations for three test
pits (39.7, 48.2 and 54.6 pg/m’, respectively).
(pCi/kg dry
o . weight of
Pasture-soil bioconcentration factor for , . Based on NCRP Report No. 129, Table 5.7
. . . B’ fodder)/ (pCi/kg 0.071 . X
resuspension-soil adhesion effects . (calculated geometric mean of By’ values)
dry weight of
soil)
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Table 4-12. Chronic Rural Pasture Scenario Parameter Values. (3 sheets)

Parameter Symbol Units Value Reference
Inventory I; pCi Tank-specific
(pCi/kg dry
o . weight of
Pasture-soil bioconcentration factor through root Bp fodder)/(pCi/ke See Section 7.1.3
uptake )
dry weight of
soil)
Radionuclide indoor shielding factor € unitless See Section 7.1.2
Analyte-specific
Bioconcentration factor for milk BCFuin d/L See Section 7.1.3
Area correction factor ACFEy unitless See Section 7.1.7
Dose conversion factor
Water Ingestion DCFg mrem/pCi
Inhalation DCF mrem/pCi See Section 7.1.8
Milk Ingestion DCFingm mrem/pCi
External Gamma DCF (mrem/yr)/pCi/g
Unit conversion factor 1 UCF,; g/kg 1,000 1,000 g=1kg
Unit conversion factor 2 UCF; g/mg 0.001 1 g= 1,000 mg

Checker Review: David J. Watson

References:

DOE/EA-1934, 2013, Environmental Assessment Expansion of Borrow Areas on the Hanford Site.
HNF-SD-WM-TI-707, Exposure Scenarios and Unit Factors for the Hanford Tank Waste Performance Assessment, Rev. 5.

NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to Site-Specific Studies.”

OSWER Directive 9285.6-03, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Supplemental Guidance “Standard Default Exposure

Factors” Interim Final.

PRG Home | PRG User’s Guide, Queried 03/23/2023, [Table 1. Recommended Default Exposure Parameters], http://epa-prgs.ornl.gov/radionuclides/users_guide.html.
USDA 2023: https://farmers.staging.platform.usda.gov/sites/default/files/2022-09/farmersgov-small-scale-factsheet-balancing-animals-with-forage-10-2022.pdf: “Many forage
specialists use a rule-of-thumb that it takes 4 acres to feed a beef cow calf pair for 12 months.” Therefore, an increased area of rural pasture of approximately 4 acres

(16,000 m?) is recommended for the chronic rural pasture scenario.
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Table 4-13. Chronic Suburban Garden Scenario Parameter Values. (2 sheets)

Parameters Symbol Unit Value Source
. Exposure Area for Residential Lot (Table 1 of
2
Area of the home construction lot Asg cm 2.0E+07 EPA/540-R-00-007)
Based on HNF-SD-WM-TI-707, Rev. 5
. 2 >
Area of the borehole—suburban garden Avellsg cm 214 (16.51-cm borehole diameter)
Depth to which drill cuttings are tilled into the garden Zsq cm 15 HNF-SD-WM-TI-707, Rev. 5
Depth to groundwater Zew cm . .
- 3 Site-specific —
Soil bulk density PG g/cm3
(pCi/kg-fresh
Crop-soil bioconcentration factor representing all , weight of crop)/ Based on NCRP Report No. 129, Table 5.7
. . . B’y . 0.0014 . ,
resuspension-soil adhesion processes (pCi/kg-dry (calculated geometric mean of B,’ values)
weight of soil)
Enrichment factor E unitless 07 NCRP Report No. 129 (Table 4.4, No Food
- Suburban)
Exposure frequency—suburban garden (resident) EF, days/yr 350 OSWER Directive 9285.6-03
Based on the equation on p. 2-23 of
Fraction of homegrown fruits and vegetables F, unitless 0.5 EPA/540-R-00-007, this value is calculated as:
(2,000 m?/ 4,000 m?) = 0.5
Based on PRG User’s Guide (Table 1,
. . . . Resident)
Fraction of time spent indoors tinsg unitless 0.656 (16.42 hours/dayx350 days/ycar)/
8,760 hours/year
Based on HNF-SD-WM-TI-707, Rev. 5,
Fraction of time spent outdoors tout,sg unitless 0.08 Table A18
(2 hours/day=350 days/year)/ 8,760 hours/year
. . 95% Intake Rate for Representative Person
Ingestion rate—Crop (fruits and vegetables) IR. kg/year 173.2 (Appendix A)
Ingestion rate—Soil, suburban garden IR s mg/day 35.5 Mean Intake Rate for Representative Person
(Table 4-8)
. Mean Intake Rate (14.8 m3/day
_ ) 3
Inhalation rate—Indoor, suburban garden INHy, 5o m’/yr 5,402 [Table 4-8])x365 days/yr
Inhalation rate—Outdoor, suburban garden INH o 5¢ m?/yr 9,125 NCRP Report No. 129 Table 4.12 (Outdoor

Worker) (25 m3/dayx365 days/yr)
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Table 4-13. Chronic Suburban Garden Scenario Parameter Values. (2 sheets)

Parameters Symbol Unit Value Source
Ratio of concentrations in indoor versus outdoor air /0 unitless 0.3 NCRP Report No. 129 Section 4.3.2
Based on DOE/EA-1934, the mean of the
. 3 i maximum predicted impact plus annual
Mass loading factor M g/m 4.75E-05 averaged ambient concentrations for three test
pits (39.7, 48.2 and 54.6 pg/m?, respectively).
(pCi/kg fresh
Crop-soil bioconcentration factor from all B’ 0.0014 weight of Based on NCRP Report No. 129, Table 5.7
resuspension/soil adhesion processes Y ’ crop)/(pCi/kg dry (calculated geometric mean of B,’ values)
weight of soil)
(pCi/kg fresh
o . A weight of .
Crop-soil bioconcentration factor through uptake BViyeri crop)/(pCi/kg dry See Section 7.1.3
weight of soil)
Inventory I; pCi Tank or pipeline specific
Radionuclide indoor shielding factor € Analyte-specific unitless See Section 7.1.2
Area correction factor ACFgy unitless See Section 7.1.7
Dose conversion factor
Water Ingestion DCFig mrem/pCi .
Inhalation DCFi, mrem/pCi See Section 7.1.8
External Gamma DCF . (mrem/yr)/pCi/g
Unit conversion factor 1 UCF; 1,000 g/kg 1,000 g=1kg
Unit conversion factor 2 UCF, 0.001 g/mg 1 g=1,000 mg

Checker Review: David J. Watson

References:

DOE/EA-1934, 2013, Environmental Assessment Expansion of Borrow Areas on the Hanford Site.

EPA/540-R-00-007, Soil Screening Guidance for Radionuclides: User’s Guide.

HNF-SD-WM-TI-707, Exposure Scenarios and Unit Factors for the Hanford Tank Waste Performance Assessment, Rev. 5.

NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to Site-Specific Studies.”
OSWER Directive 9285.6-03, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Supplemental Guidance “Standard Default Exposure

Factors” Interim Final.

PRG Home | PRG User’s Guide, Queried 03/23/2023, [Table 1. Recommended Default Exposure Parameters], http://epa-prgs.ornl.gov/radionuclides/users_guide.html.
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Table 4-14. Chronic Commercial Farm Scenario Parameters.

Parameter Symbol Units Value Reference
Area of the commercial farm Aer cm? 6.48E+09 HNF-SD-WM-TI-707, Rev. 5
Area of the borehole— 4 2 1,380 HNF-SD-WM-TI-707, Rev. 5
commercial farm wellef ¢ ’ (41.91 cm borehole diameter)
Depth to which drill cuttings Zys em 15 HNF-SD-WM-TI-707, Rev. 5
are tilled into the farm
Depth to groundwater Zow cm . .

- - 3 Site-specific —
Soil bulk density Pef g/cm
. . NCRP Report No. 129 (Table 4.4, No

Enrichment factor Ey unitless 0.7 Food Suburban)
Exposure frequency— ‘ HNF-SD-WM-TI-707, Rev. 5,
commercial farm EFy days/yr 180 Table A18

Fraction of time spent indoors tinef unitless 0 NCRP Report No. 129, Table 3-11

Based on HNF-SD-WM-TI-707,

Fraction of time spent Rev. 5, Table A18

outdoors loutf unitless 0.164 (8 hours/dayx180 days/year)/
8,760 hours/year
. . 95t Percentile Intake Rate for
Ingestion rate—Soil IR, s mg/day 116.4 Representative Person (Table 4-8)
o 3
Inhalation rate—Indoor INHip, o m?/yr 5,402 Mean Inhalation rate (14.8 m*/day

[Table 4-8])x 365 days/yr

Based on NCRP Report No. 129
Inhalation rate—Outdoor INHous,e m’/yr 12,775 Table 4.13 and Agriculture
(35 m*/day=365 days/yr)

Ratio of radionuclide
concentrations in indoor 1/0 unitless 0.3 NCRP Report No. 129 Section 4.3.2
versus outdoor air

Based on DOE/EA-1934, the mean of
the maximum predicted impact plus
annual averaged ambient

. 5 i
Mass loading factor M g/m 4.75E-05 concentrations for three test pits
(39.7, 48.2 and 54.6 ng/m?,
respectively).

Radionuclide indoor shielding ‘ unitless See Section 7.1.2
factor
Area correction factor ACFgy unitless See Section 7.1.7
Dose conversion factor Analyte-

Water Ingestion DCFiyg | mrem/pCi specific

Inhalation DCFiyy | mrem/pCi See Section 7.1.8
External Gamma DCFey | (mrem/yr)/
pCi/g

Unit conversion factor 1 UCF; g/mg 0.001 1 g= 1,000 mg

Checker Review: David J. Watson

Reference:

DOE/EA-1934, Environmental Assessment Expansion of Borrow Areas on the Hanford Site.

HNF-SD-WM-TI-707, Exposure Scenarios and Unit Factors for the Hanford Tank Waste Performance Assessment, Rev. 5.

NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant to
Site-Specific Studies.”
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Table 4-15. Exposure Assumptions for the Tap Water (Residential) Scenario. (2 sheets)

N iological
Parameter Units Symbol onradiologica
Value | Source
xposure Frequency, Exposure Duration, and Exposure Time Variables
Exposure frequency — resident day/year EF, 350
Exposure duration  fesident — ED, 26 OSWER Directive 9200.1-120, Attachment 1
Exposure duration — adult resident year ED,., 20
Exposure duration — child resident year ED,.. 6
. . 23.29 (carcinogen) . . .
Exposure time — resident hrs/day ET, 23.46 (noncarcinogen) Exposure time (24 hrs/day) — Immersion event time (hr/event) x Event (1 /day)
Carcinogenic averaging time — resident days AT, 25,550 Based on Exhibit 6-11 of EPA/540/1-89/002 (70 yearsx365 days/year)
Noncarcinogenic averaging time — resident days ATy 2,190 Based on Exhibit 6-11 of EPA/540/1-89/002 using ED... (6 yearsx365 days/year)
Inhalation and Water Ingestion Rates

Drinking water ingestion rate — age-adjusted resident L-yr/kg-day IFW,q4i 0.937 Equation 5-187
Drinking water ingestion rate — adult resident L/day IRW,., 2.5 L

P - - ; 5 OSWER Directive 9200.1-120, Attachment 1
Drinking water ingestion rate — child resident L/day IRW,.. 0.78 frective achmen

Skin Surface Area and Dermal-Absorbed Dose Variables

Skin surface area — age-adjusted resident cm?-yr-event/kg-day SA;-adi 7,459 Equation 5-199
Skin surface area — adult resident cm? SA4;-q 19,652 OSWER Directive 9200.1-120, Attachment 1 (Resident Water Surface area adult)
Skin surface area — child resident cm’? SA-c 6,365 OSWER Directive 9200.1-120, Attachment 1 (Resident Water Surface area child)
Absorbed dose per event mg/cm?-event DA evens Equation 5-201 or Equation 5-202 for organics
Equation 5-205 for inorganics

Partitioning constant derived by Bunge Model unitless B
Fraction of absorbed water unitless FA Analyte-specific
Dermal permeability coefficient cm/hour K, Section 7.2
Lag time hours/event T
Time to reach steady state hours ¥
Event duration — age-adjusted resident hours/event T dj 0.671 Equation 5-190

cventr-ad ’ Equation 5-203

. 0.54 (noncarcinogen) Equation 5-203 (noncarcinogens)
Event Duration hours/day Teven 0.671 (carcinogen) Equation 5-204 (carcinogens)
Event duration — adult resident hours/event Tevent-r-a 0.71 L
OSWER Directive 9200.1-120, Attachment 1
Event duration — child resident hours/event Tevent-r-c 0.54 frective achmen
Fraction of contaminant absorbed in gastrointestinal tract unitless ABSqr Analyte-specific See Section 7.2
Body weight — adult kg BW, 80 .
- - OSWER Directive 9200.1-120, Attachment 1

Body weight — child kg BW. 15 frective achmen

Inhalation Pathway-Volatilized Air from Other Household Activities

Andelman volatilization factor

L/m’ |

K

| 0.5

PRG User’s Guide, Section 4.1.4

Inhalation — Inhalation of Aerosol during Showering

Concentration of contaminant in Aerosol mg/L Clerosol Calculated Equation 5-189

Breathing Rate m>/min BR 0.012

Aerosol mass generation rate mg/min G 6 Table 2 of EPA/GOO/R-15/271

Mass Fraction of Contaminant in the water unitless f 1.00E-06 Mass-balance discussion in section 2.5.1 of EPA/600/R-15/271
Simulated groundwater concentration ng/L Cy Modeled concentration Site-specific

Volume of the Shower Stall m3 Vs 2

Removal rate of aerosols while the shower is on min-! ki 0.3 Table 2 of EPA/600/R-15/271

Time an individual remains in the shower after it is turned off min 71> 0
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Parameter Units Symbol Nonradiological
Value Source
Removal rate of aerosols while the shower is off min-! k> 0.1
Duration of shower (Carcinogenic) min T 4.02E+01 = Tevent-r-agi X 60 min/hr
Duration of shower (Noncarcinogen) min T 3.24E+01 = Tevent-r-c X 60 min/hr

Inhalation — Inhalation of Volatiz

ed Air during Showering

Concentration of contaminant in Air mg/m’ Cuir Calculated Equation 5-193
- -
ifzf:?;iigte rE /ﬁﬂf g 0'(;12 Table 2 of EPA/600/R-15/271
Transfer Efficiency Coefficient unitless T. Analyte-specific Section 7.2
Simulated groundwater concentration mg/L Cy Modeled concentration Site-specific
Volume of the Shower Stall m? Vs 2
Air exchange rate while the shower is on min’! Kon 0.15 Table 2 of EPA/600/R-15/271
Time an individual remains in the shower after it is turned off min T, 0
Air exchange rate while the shower is off min-! kofr 0.075 Table 2 of EPA/600/R-15/271
Duration of shower (Carcinogenic) min T 4.02E+01 =TEvent-r-agj X 1 (event/day) x 60 min/hr
Duration of shower (Noncarcinogen) min T 3.24E+01 =TEvent r-c (hrs/event) x 1 (event/day) x 60 min/hr
Toxicity Values
Chronic oral reference dose mg/kg-day RfD,
Chronic inhalation reference concentration mg/m? : RfC Analyte-specific See Section 7.2
Cancer Slope Factor — oral (mg/kg-day)! CSF,
Inhalation unit risk (ng/m3)! IUR
Risk and Hazard Quotient Variables
Total ELCRy Equation 5-206
Ingestion ELCRyg Equation 5-186
. . Inhalation of aerosol during showering . ELCR ero-Shower Equation 5-190
Excess lifetime cancer risk Inhalation of volatiles during showering unitless ELCRyol Shower Caleulated Equation 5-194
Inhalation of volatiles during other activities ELCRvo1 otheract Equation 5-196
Dermal contact ELCRpermal Equation 5-198
Ingestion HOp, Equation 5-188
Inhalation of aerosol during showering HQ 4ero-Shower Equation 5-192
Hazard quotient Inhalation of volatiles during showering unitless HOvo! shower Calculated Equation 5-195
Inhalation of volatiles during other activities HOvo! otherdet Equation 5-197
Dermal contact HOpermai Equation 5-200
Hazard index unitless HI Calculated Equation 5-207
Miscellaneous Variables
Water concentration pCi/L or pg/L | Cy Analyte-specific Modeled concentration
Conversion Factors
Unit conversion factor 1 mg/ug UCF, 0.001 1 mg=1,000 pg
Unit conversion factor 2 L/cm? UCF, 0.001 1 liter = 1,000 cm?
Unit conversion factor 3 day/hr UCF} 0.042 24 hours = 1 day

Checker Review: David J. Watson

References:

EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A) Interim Final.
EPA/600/R-15/271, Incorporating a Capability for Estimating Inhalation Doses in TEVA SPOT.
OSWER Directive 9200.1-120, “Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.”

PRG Home, Queried 03/23/2023, [PRG User’s Guide], http://epa-prgs.ornl.gov/radionuclides/prg_guide.html.
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5.0 RISK AND DOSE ASSESSMENT METHODOLOGIES

The methodologies for performing radiological and nonradiological dose and risk assessments as
a part of three risk evaluations are presented in this section. The dose and risk assessments are
performed based on the CEMs presented in Section 3 and the exposure assumptions for the
receptor scenarios defined in Section 4 of this document.

5.1 RISK ASSESSMENT METHODOLOGIES FOR RCRA FACILITY
INVESTIGATION/CORRECTIVE MEASURES STUDY VADOSE
SOIL RISK EVALUATION

Three types of assessments are performed as a part of RFI/CMS Vadose Soil Risk Evaluation —
(1) Direct contact HHRA; (2) SLERA; and (3) “Protection of Groundwater” data evaluation.
The methodologies are presented below.

5.1.1 Direct Contact Human Health Risk Assessment

Direct contact HHRAs are performed based on the CEM presented in Section 3.2.1 of this
document. The ELCRs are calculated for both radiological and nonradiological contaminants
and the HI is calculated for only nonradiological contaminants during the risk assessment for the
following receptor scenarios — (1) An outdoor worker; (2) a construction worker; (3) CTUIR;
and (4) Yakama Nation. The following sections of the report present the methodologies for
calculating cancer risk and noncancer hazard for each of the four receptor scenarios.

5.1.1.1 Calculation of Cancer Risk and Noncancer Hazard for Outdoor Worker. The
equations used to calculate the cancer risk from exposure to radiological contaminants and to
calculate cancer risks and noncancer hazard for nonradiological contaminants are presented in
the following sections. Table 4-1 presents the exposure assumptions for the outdoor worker
exposure scenario.

5.1.1.1.1 Cancer Risks from Exposure to Radionuclides. Cancer risks from exposure to
radionuclides are calculated for incidental soil ingestion, inhalation of dust particulates from soil,
and external exposure from ionizing radiation.

Incidental Ingestion of Radionuclides in Soil. The following equation from the Risk
Assessment Information System (RAIS) website (The Risk Assessment Information System
[RAIS], Queried 03/23/2023, [RAIS Radionuclide Risk Calculator User’s Guide],
https://rais.ornl.gov/tools/rais_rad risk guide.html, Section 4.3.1) is used to calculate cancer
risks from incidental soil ingestion.

(1 — e~*ow) x C, X SF, x EF,,, X ED,,, X IRS,,, X UCF,
tow X A

(5-1)

E LCRSoilIngOW =

5-1
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Where:
ELCRsoitmgow = excess lifetime cancer risk for ingestion (unitless)
A = decay constant (yr'')
tow = time — exposure duration for outdoor worker (years)
Cs = soil concentration (pCi/g)
SFs = soil ingestion slope factor (risk/pCi)
EFo, = exposure frequency — outdoor worker (days/year)
EDoyw = exposure duration — outdoor worker (years)
IRSow = incidental soil ingestion rate — outdoor worker (mg/day)
UCF; = unit conversion factor (g/mg).

Inhalation of Dust Particulates in Soil. The following equation from the Risk Assessment
Information System website (RAIS 03/23/2023, Section 4.3.1) is used to calculate cancer risks
from inhalation of dust particulates in soil.

1 — e Mow) x C, x SF; X EF,,, X ED,,, X ET,,, X UCF, X IRA WXLXUCF
ELCRInhOW _ ( ) s i 0 0 0 2 0 PEFOW 3 (5_2)
tow X A
Where:
ELCRmnow = excess lifetime cancer risk (unitless) for Inhalation
A = decay constant (yr')
tow = time — exposure duration for outdoor worker (years)
Cs = soil concentration (pCi/g)
SF; = inhalation slope factor (risk/pCi)
EFo, = exposure frequency — outdoor worker (days/year)
EDow = exposure duration — outdoor worker (years)
ETow = exposure time — outdoor worker (hr/day)
UCF> = unit conversion factor (day/hr)
IRAow = soil inhalation rate — outdoor worker (m>/day)
PEFow = particulate emission factor for outdoor worker (m>/kg)
UCF3 = unit conversion factor (g/kg).

External Exposure to Ionizing Radiation. The following equation from the Risk Assessment
Information System website (RAIS 03/23/2023, Section 4.1.1) is used to calculate cancer risks
from external exposure to ionizing radiation.

(1 — e Mow) X Cs X SFoyp—sp X EFyyy X UCF, X .

ELCR _ . EDy,, X ET,,, X UCF, X GSF, X ACF 2yt _sy (5-3)
Extow too X A
Where:
ELCRewow = excess lifetime cancer risk (unitless) for External Gamma
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y) = decay constant (yr')
tow = time — exposure duration for outdoor worker (years)
Cs = soil concentration (pCi/g)

SFexsy = external exposure slope factor (risk/yr per pCi/g)
EFow = exposure frequency — outdoor worker (days/year)
UCFy = unit conversion factor (yr/day)

EDo,y = exposure duration — outdoor worker (years)

ETow = exposure time — outdoor worker (hr/day)

UCF> = unit conversion factor (day/hr)

GSF, = gamma shielding factor — outdoor (unitless)
ACFexsy = area correction factor soil volume (unitless).

Calculation of Cumulative Cancer Risk. For estimating the total cancer risk from exposure to
multiple radionuclides, the following equation is used. The basis for the equation is provided in
EPA/540/1-89/002.

N
1
Where:
ELCRrow = total excess lifetime cancer risk from route of exposure (unitless)
ELCR; = total excess cancer risk for the i radionuclide (unitless)
N = number of radionuclides.

5.1.1.1.2 Cancer Risk and Noncancer Hazard from Exposure to Nonradiological
Contaminants. Cancer risks and noncancer hazards are calculated from exposure to
nonradiological contaminants through ingestion of soil, dermal contact with soil, and inhalation
of dust particulates and vapors in ambient air.

Incidental Ingestion of Soil. The following equations from the EPA Regional Screening Levels
User’s Guide website (U.S. Environmental Protection Agency | Risk Assessment | Regional
Screening Levels (RSLs), Queried 03/23/2023, [Regional Screening Levels (RSLs) - User’s
Guide], https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide), Section 4.3.1 are
used to calculate cancer risks and hazard quotients from incidental ingestion of soil.

C; X EF,,, X RBA X ED,,, X CSE, X IRS,,, X UCF,

ELCRsoiimgow = BW,., x AT, (5-5)
And:
1
oo _ Cs X EF,, X RBA X ED,,, X RfD, X IRS,,, X UCF; (5-6)
Soillngow BVVOW X ATnc
Where:
ELCRsoimgow = excess lifetime cancer risk for ingestion (unitless)
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Cs = soil concentration (mg/kg)
EFoy = exposure frequency — outdoor worker (days/year)
RBA = relative bioavailability factor (unitless) (For arsenic, it is 0.6. Otherwise, 1)
ED,y = exposure duration — outdoor worker (years)
CSF, = oral slope factor (mg/kg-day)’!
IRSow = incidental soil ingestion rate — outdoor worker (mg/day)
UCF, = unit conversion factor (kg/mg)
BWoy = body weight — outdoor worker (kilograms)
AT = averaging time — carcinogenic (days)
HQsoimgow = hazard quotient for soil ingestion (unitless)
RfD, = chronic oral reference dose (mg/kg-day)
ATye = averaging time — noncarcinogenic (days).

Dermal Contact with Soil. The following equations from the EPA Regional Screening Levels
User’s Guide website (EPA 03/23/2023), Section 4.3.1 are used to calculate cancer risks and
hazard quotients from dermal contact with soil.

CSF,

C; X EF,,, X ED,,, X ngl X SA,, X AF,,, X ABS; X UCF; 5-7)
ELCRpermaiow = BW,,, X AT,
And:
Cs X EF,,, X ED,,, X RfD, iABSG, X SA,w X AF,,, X ABS; X UCF; (5-8)
HQDermalOW - BVVOW X ATnc
Where:
ELCRpermaiow = excess lifetime cancer risk for dermal contact (unitless)
Cs = soil concentration (mg/kg)
EFow = exposure frequency — outdoor worker (days/year)
ED,y = exposure duration — outdoor worker (years)
CSF, = oral slope factor (mg/kg-day)’!
ABSar = fraction of contaminant absorbed in gastrointestinal tract (unitless)
SAow = skin surface area — outdoor worker (cm?/day)
AFoy = soil adherence factor — outdoor worker (mg/cm?)
ABSaq = dermal absorption fraction (unitless)
UCF| = unit conversion factor (kg/mg)
BWo = body weight — outdoor worker (kilograms)
AT, = averaging time — carcinogenic (days)
HOQOpermaiow = hazard quotient for dermal contact (unitless)
RfD, = chronic oral reference dose (mg/kg-day)
ATne = averaging time — noncarcinogenic (days).

Inhalation of Dust Particulates and Vapors in Ambient Air. The following equations from
EPA-540-R-070-002, Risk Assessment Guidance for Superfund Volume I: Human Health
Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final
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(Equations 6 and 11) and the EPA Regional Screening Levels User’s Guide website
(EPA 03/23/2023), Section 4.3.1.2 are used to calculate the cancer risks and hazard quotients for
the inhalation pathway.

CSXEFOWXEDOWXETOWXUCFZ><IUR><UCF3x(%+ﬁ) 5.9
ELCRymhow = - oz )
C
And:
1 1 1
Cs X EFyyy X EDgyy X ETypy X UCF; X e X (77 + m) (5-10)
HQnhow = AT
nc
Where:
ELCRmnow = excess lifetime cancer risk for inhalation (unitless)
Cs = soil concentration (mg/kg)
EFoy = exposure frequency — outdoor worker (days/year)
EDoyw = exposure duration — outdoor worker (years)
ETow = exposure time — outdoor worker (hours/day)
UCF> = unit conversion factor (day/hr)
IUR = inhalation unit risk (png/m?)!
UCF3 = unit conversion factor (ug/mg)
VF = volatilization factor (m*/kg)
PEF,, = particulate emissions factor for outdoor worker (m*/kg)
AT, = averaging time — carcinogenic (days)
HOQOumwow = hazard quotient for inhalation (unitless)
RfC = reference concentration (mg/m?)
ATne = averaging time — noncarcinogenic (days).

Calculation of Cumulative Cancer Risk and Noncancer Hazard Index. For estimating the
total cancer risk from exposure to multiple carcinogens from a single exposure route, the
following equation is used. The basis for the equation is provided in EPA/540/1-89/002.

N
ELCRTOW = z RiSkl‘ (5-11)
1
Where:
ELCRrow = total excess lifetime cancer risk from route of exposure (unitless)
ELCR; = excess lifetime cancer risk for the i chemical (unitless)
N = number of chemicals.

The hazard index is calculated using the following equation. The basis for the equation is
provided in EPA/540/1-89/002.
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N
Hiow = ) HO, (5-12)
1
Where:
Hlow = hazard index (unitless)
HQ; = hazard quotient of the i chemical
N = number of chemicals.

5.1.1.2 Calculation of Cancer Risk and Noncancer Hazard for Construction Worker. The
equations used to calculate the cancer risk from exposure to radiological contaminants are
presented in the following sections. Table 4-2 presents the exposure assumptions for the
construction worker exposure scenario.

5.1.1.2.1 Cancer Risks from Exposure to Radionuclides. Cancer risks from exposure to
radionuclides are calculated for incidental soil ingestion, inhalation of dust particulates from soil,
and external exposure from ionizing radiation.

Incidental Ingestion of Soil. The following equation from the Risk Assessment Information
System website (RAIS 03/23/2023, Section 4.4.1) is used to calculate cancer risks from

incidental soil ingestion.

(1 — e *ew) x Cs X SF, X EF,,, X ED,,, X IRS,,, X UCF,

ELCRsoitngew = toy X A (5-13)
Where:
ELCRsoimgcw =  excess lifetime cancer risk for soil ingestion (unitless)
y) = decay constant (yr')
tew = time — exposure duration for construction worker (years)
Cs = soil concentration (pCi/g)
SFs = soil ingestion slope factor (risk/pCi)
EF., = exposure frequency — construction worker (days/year)
ED. = exposure duration — construction worker (years)
IRScv = incidental soil ingestion rate — construction worker (mg/day)
UCF; = unit conversion factor (g/mg).

Inhalation of Dust Particulates in Soil. The following equation from the Risk Assessment
Information System website (RAIS 03/23/2023, Section 4.4.1) is used to calculate cancer risk
from inhalation of dust particulates in soil.

(1 — e Mew) x Cs X SF; X EF, X EDgy, X ET,,, X UCF, X IRA,, X L UCF;,

PEFcy (5-14)

ELCRippew = tow X A
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excess lifetime cancer risk for inhalation (unitless)
decay constant (yr!)

time — exposure duration for construction worker (years)
soil concentration (pCi/g)

inhalation slope factor (risk/pCi)

exposure frequency — construction worker (days/year)
exposure duration — construction worker (years)
exposure time — construction worker (hr/day)

unit conversion factor (day/hr)

soil inhalation rate — construction worker (m>/day)
particulate emission factor for construction worker (m>/kg)
unit conversion factor (g/kg).

External Exposure to Ionizing Radiation. The following equation from the Risk Assessment
Information System website (RAIS 03/23/2023, Section 4.4.1) is used to calculate cancer risks
from external exposure to ionizing radiation.

Where:

ELCRExcw

A

few

Cs

SF ext-sv
EFey
UCF4
EDcw
ETew
UCF,
GSF,
A CF ext-sv

ELCRgxtcw =

(1 —e™Mew) X Cg X SFppt—sp X EFy X UCF, X ..
wEDpy X EToy X UCF, X GSFy X ACFs—g (5-15)
tow X A

excess lifetime cancer risk for external gamma (unitless)
decay constant (yr!)

time — exposure duration for construction worker (years)
soil concentration (pCi/g)

external exposure slope factor (risk/yr per pCi/g)
exposure frequency — construction worker (days/year)
unit conversion factor (yr/day)

exposure duration — construction worker (years)
exposure time — construction worker (hr/day)

unit conversion factor (day/hr)

gamma shielding factor — outdoor (unitless)

area correction factor soil volume (unitless).

Calculation of Cumulative Cancer Risk. For estimating the total cancer risk from exposure to
multiple radionuclides, the following equation is used. The basis for the equation is provided in
EPA/540/1-89/002.

N
ELCRycy = Z ELCR, (5-16)
1
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Where:
ELCRrcw = total excess lifetime cancer risk from route of exposure (unitless)
ELCR; = excess lifetime cancer risk for the i radionuclide (unitless)
N = number of radionuclides.

5.1.1.3 Calculation of Cancer Risk and Noncancer Hazard for the Confederated Tribes of
the Umatilla Indian Reservation. The equations used to calculate the cancer risk from
exposure to radiological contaminants and to calculate cancer risks and noncancer hazards from
exposure to nonradiological contaminants are presented in the following sections. Table 4-3
presents the exposure assumptions for the CTUIR exposure scenario.

5.1.1.3.1 Cancer Risks from Exposure to Radionuclides. Cancer risks from exposure to
radionuclides are calculated for the following exposure routes:

Direct contact (incidental soil ingestion and external exposure to ionizing radiation)
Inhalation of dust particulates emitted from soil

Consumption of homegrown crops (fruit and vegetables)

Consumption of livestock (beef and poultry).

Incidental Ingestion of Soil. The following equations from the Risk Assessment Information
System website (RAIS 03/23/2023, Section 4.1.1) are used to calculate cancer risks from
incidental soil ingestion.

(1 B e_ltcmir) X Cs X IFSctuir-adj X EFcpyir X UCFy X SE

ELCRSOLlIngCTUIR - tctuir X A (5 17)
And:
IFSctuir—adj = (EDctuir—a X IRSctuir—a) + (EDctuir—c X IRSctuir—c) (5'18)
Where:
ELCRsoimgcruir - = excess lifetime cancer risk for ingestion (unitless)
A = decay constant (yr'!)
Letuir = time — exposure duration for CTUIR resident (years)
Cs = soil concentration (pCi/g)
IFSctuir-ady = age-adjusted soil ingestion rate — CTUIR resident (yr-mg/day)
EFctuir = exposure frequency — CTUIR resident (days/year)
UCFy = unit conversion factor (g/mg)
SFs = soil ingestion slope factor (risk/pCi)
EDctir-a = exposure duration — adult CTUIR resident (years)
IR S ctuir-a = incidental soil ingestion rate — adult CTUIR resident (mg/day)
EDctir-c = exposure duration — child CTUIR resident (years)
IR S ctuir-c = incidental soil ingestion rate — child CTUIR resident (mg/day).

5-8
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Inhalation of Dust Particulates in Soil. The following equations from the Risk Assessment
Information System website (RAIS 03/23/2023, Section 4.1.1) are used to calculate cancer risks
from inhalation of dust particulates in soil.

(1 — e~ Meuir) X Cs X IFAcryir-aaj % L EF,,;r X UCF, x SF;

= PEF (5-19)
ELCRmncruir toenty X A
And:
IFActuir-adj = (EDctuir-a X ETctuir X UCF3 X IRActuir-a) (5_20)
+ (EDctuir-c X ETctuir X UCF3 X IRActuir-c)
Where:
ELCRpncrur = excess lifetime cancer risk for inhalation (unitless)
A = decay constant (yr')
Letuir = time — exposure duration for CTUIR resident (years)
Cs = soil concentration (pCi/g)
IFAcuirai = age-adjusted soil inhalation rate — CTUIR resident (m>-yr/day)
PEF = particulate emission factor (m*/kg)
EF ctuir = exposure frequency — CTUIR resident (days/year)
UCF: = unit conversion factor (g/kg)
SF; = inhalation of dust particulate slope factor (risk/pCi)
EDctuir-a = exposure duration — adult CTUIR resident (years)
ETcnir = exposure time — CTUIR resident (hr/day)
UCF3; = unit conversion factor (day/hr)
IR A ctuir-a = soil inhalation rate — adult CTUIR resident (m>/day)
EDctir-c = exposure duration — child CTUIR resident (years)
IR A ctuir-c = soil inhalation rate — child CTUIR resident (m?/day).

External Exposure to Ionizing Radiation. The CTUIR subsistence lifestyle scenario assumes
no difference between indoor and outdoor exposure conditions (Harris 2008, Harris and Harper
2004). External exposure to ionizing radiation is therefore evaluated assuming indoor and
outdoor radiation levels are equivalent (i.e., indoor and outdoor shielding factors are both
assumed to be equal to one, indicating no shielding). The following equation from the Risk
Assessment Information System website (RAIS 03/23/2023, Section 4.1.1) is used to calculate
excess lifetime cancer risk from external exposure to ionizing radiation:

(1 — e Heruir) X Cg X ACFoyt_sp X EFeryiy X UCFy X EDopyiy X (ETepyir X UCF3 X GSFy X SFops_s,)

ELCRExtcrur = (5‘21)

Letuir X 1
Where:
ELCRexcruir = excess lifetime cancer risk for external gamma (unitless)
A = decay constant (yr')
Letuir = time — exposure duration for CTUIR resident (years)
Cs = soil concentration (pCi/g)
ACFexsvi = area correction factor soil volume (unitless)

5-9
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exposure frequency — CTUIR resident (days/year)
unit conversion factor (yr/day)

exposure time — CTUIR resident (hr/day)

unit conversion factor (day/hr)

gamma shielding factor — outdoor (unitless)
external exposure slope factor (risk/yr per pCi/g).

Consumption of Homegrown Crops. Homegrown crops (fruits and vegetables) are used to
represent the following combined CTUIR food categories (Harris 2008, Figure 1):

bulbs (onions and other)

berries and fruits

other vegetation (lichen, pith, cambium)
greens, tea, medicines, and spices
honey and sweeteners

seeds, nuts, and grain

roots and tubers.

The following equations from the Risk Assessment Information System website
(RAIS 03/23/2023, Section 4.1.1) are used to calculate cancer risks from consumption of
homegrown crops.

(1 — e~ Aetuir) x Cg X (Rypy + Res—c) X IR; X CF, X EFpyiy X EDoyyiy X SFf

ELCRcropcruir = Y] (5-22)
Rupy = BViyer (5-23)
Res—c = MLEF, (5-24)
Where:
ELCRcropcTUIR excess lifetime cancer risk for crop ingestion (unitless)
A decay constant (yr!)
Letuir time — exposure duration for CTUIR resident (years)
Cs soil concentration (pCi/g)
Rupy wet root uptake multiplier — crop (unitless)
Resc soil resuspension multiplier — crop (unitless)
IR crop ingestion rate — CTUIR resident (g/day)
CF. fraction of locally produced crops that are consumed (unitless)
EFctuir exposure frequency — CTUIR resident (days/year)
EDctir exposure duration — CTUIR resident (years)
SFy food ingestion slope factor (risk/pCi)
BVyer soil-to-plant wet transfer factor (pCi/g-fresh plant per pCi/g-dry soil)
MLF. crop mass loading factor (unitless).

5-10
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Consumption of Poultry. Farm-raised poultry is used to represent the CTUIR food category of
fowl & eggs (Harris 2008, Figure 1). The following equations were derived from the Risk
Assessment Information System website (RAIS 03/23/2023, Section 4.8.2) and are used to
calculate cancer risks from consumption of poultry.

(1 — e~ Aetuir) X Cg X IR, X CFy X EFppyir X EDppyir X SFp X ..
- TE, X | (IRsoaderp X fo X (Rupp + Res.y)) + (IRspy X fo)| (525

ELCRPoultryCTUIR =

Letuir X A
Rypp = BVyry (5-26)
Res—f = MLFf (5-27)
Where:
ELCRpounyctur = excess lifetime cancer risk (unitless)
A = decay constant (yr'!)
Letuir = time — exposure duration for CTUIR resident (years)
Cs = soil concentration (pCi/g)
IR, = poultry ingestion rate — CTUIR resident (g/day)
CF, = fraction of locally raised animals that are consumed (unitless)
EF cuir = exposure frequency — CTUIR resident (days/year)
ED¢tir = exposure duration — CTUIR resident (years)
SFy = food ingestion slope factor (risk/pCi)
TF, = poultry transfer factor (day/kg)
IRfodder,p = ingestion rate of fodder by poultry (kg/day)
fa = fraction of time animal is onsite (unitless)
Rupp = dry root uptake multiplier — fodder (unitless)
Res.r = soil resuspension multiplier — fodder (unitless)
IR;) = ingestion rate of soil by poultry (kg/day)
BV = soil-to-plant wet transfer factor (pCi/g-dry plant per pCi/g-dry soil)
MLFy = fodder mass loading factor (unitless).

Consumption of Beef. Farm-produced raised beef is used to represent the CTUIR food category
of game, large and small (Harris 2008, Figure 1). The following equations were derived from
the Risk Assessment Information System website (RAIS 03/23/2023, Section 4.8.2) and are used
to calculate cancer risks from consumption of beef.

(1 — e~ Atetuir) X Cy X IR, X CFy X EFzyir X EDgpyir X SFy X ..

TFbeef X [(IRfodder,b X fa X (Rupp + Res-f)) + (IRs,b X fa)] (5'28)
Letuir X A

ELCRBeefCTUIR =

Rupp = BVary (5-29)
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Where:

ELCRBgeefcTuIR
A
Letuir
Cs
IRy
CF,
EF ctuir
EDctuir
SEy
TF, beef
1R fodder,p
Ja
Rupp
Res-f
IR
B Vdry,i
MLFy
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Res—f = MLFf (5-30)

excess lifetime cancer risk (unitless)

decay constant (yr!)

time — exposure duration for CTUIR resident (years)

soil concentration (pCi/g)

beef ingestion rate — CTUIR resident (g/day)

fraction of locally raised animals that are consumed (unitless)
exposure frequency — CTUIR resident (days/year)

exposure duration — CTUIR resident (years)

food ingestion slope factor (risk/pCi)

beef transfer factor (day/kg)

ingestion rate of fodder by beef (kg/day)

fraction of time animal is onsite (unitless)

dry root uptake multiplier — fodder (unitless)

soil resuspension multiplier — fodder (unitless)

ingestion rate of soil by beef (kg/day)

soil-to-plant wet transfer factor (pCi/g-dry plant per pCi/g-dry soil)
fodder mass loading factor (unitless).

Calculation of Cumulative Cancer Risk. For estimating the total cancer risk from exposure to
multiple radionuclides, the following equation is used. The basis for the equation is provided in

EPA/540/1-89/002.

Where:

ELCRrcruir
ELCR;
N

N
ELCRTCTUIR = ZlELCRl (5-31)

total excess lifetime cancer risk from route of exposure (unitless)
excess lifetime cancer risk for the i radionuclide (unitless)
number of radionuclides.

5.1.1.3.2 Cancer Risks and Hazard Quotients from Exposure to Nonradiological
Contaminants. Cancer risks and noncancer hazards are calculated from exposure to
nonradiological contaminants through ingestion of water, dermal contact with soil, and
inhalation of dust particulates and vapors in ambient air.

Incidental Ingestion of Soil. The following equations were derived from the EPA Regional
Screening Levels User’s Guide website (EPA 03/23/2023), Section 4.1.1.3 and are used to
calculate cancer risks and noncancer hazards from incidental ingestion of soil.

ELCRsouimgcruir = AT
c

Cs X IFSctuir—qaj X RBA X EF s X UCFy X CSF,

(5-32)

5-12



RPP-ENV-58813 Rev.02 7/3/2024 - 12:55 PM 103 of 296

RPP-ENV-58813, Rev. 2

Where:
EDctuir—a X IRSctuir—a EDctuir—c X IRSctuir—c
IFSctqu—ad] BWctuir—a " BWctuir—c (5 33)
And:
Hng — Cs X UCFl X RBA X IRSctuir—c X EFctuir X EDctuir—c (5_34)
BWetyir-c X ATnc X RfDo
Where:
ELCRsoimgcruir = excess lifetime cancer risk for soil ingestion(unitless)
Cs = soil concentration (mg/kg)
1FScuir-adj = age-adjusted soil ingestion rate — CTUIR resident (mg-year/kg-day)
RBA = relative bioavailability factor (unitless) (0.6 for arsenic, 1 for others)
EFctir = exposure frequency — CTUIR resident (days/year)
UCF| = unit conversion factor (kg/mg)
CSF, = oral slope factor (mg/kg-day)’!
AT, = averaging time — carcinogenic (days)
EDcir-a = exposure duration — adult CTUIR resident (years)
IRScuir-a = incidental soil ingestion rate — adult CTUIR resident (mg/day)
BW ctuir-a = body weight — adult CTUIR resident (kg)
EDctir-c = exposure duration — child CTUIR resident (years)
IR S ctuir-c = incidental soil ingestion rate — child CTUIR resident (mg/day)
BWewir-c = Dbody weight — child CTUIR resident (kg)
HOQOung = hazard quotient (unitless)
AT = averaging time — noncarcinogenic (days)
RfD, = chronic oral reference dose (mg/kg-day).

Dermal Contact with Soil. The following equations were derived from EPA/540/R/99/005,
Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E,
Supplemental Guidance for Dermal Risk Assessment) Final (Equations 3.11 and 3.12) and the
EPA Regional Screening Levels User’s Guide website (EPA 03/23/2023), Section 4.1.1 and are
used to calculate cancer risks and noncancer hazards from dermal contact with soil.

CSF,
Cs X DFSctuir—adj X ABSq X EF¢pyir X ﬁ X UCF,
B a1 (5-35)
ELCRDermalCTUIR - AT
c
Where:
EDctyir—a X SActuir—a X AFctuir—a EDctyir-c X SActuir—c X AFCtuir—C
DFScyir—aaj = + >0
ctuir—adj BW ryir—a BW tuir—c ( )
And:
HQ — CS X UCFl X SActuir—c X AFctuir—c X ABSd X EFctuir X EDCtuir_c (5-37)
DermalCTUIR BW_tyir—c X AT X (RfD, X ABS¢;)

5-13
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Where:
ELCRpermaictuir - = excess lifetime cancer risk for dermal contact (unitless)
Cs = soil concentration (mg/kg)
DF'Scuir-adj = age-adjusted dermal contact rate — CTUIR resident (mg-year/kg-day)
ABSa = dermal absorption fraction (unitless)
EFctir = exposure frequency — CTUIR resident (days/year)
CSF, = oral slope factor (mg/kg-day)!
ABScr = fraction of contaminant absorbed in gastrointestinal tract (unitless)
UCF; = unit conversion factor (kg/mg)
AT = averaging time — carcinogenic (days)
EDctir-a = exposure duration — adult CTUIR resident (years)
SA ctuir-a = skin surface area — adult CTUIR resident (cm?/day)
AF cuuir-a = soil adherence factor — adult CTUIR resident (mg/cm?)
BW eniir-a = body weight — adult CTUIR resident (kg)
EDctir-c = exposure duration — child CTUIR resident (years)
SA ctuir-c = skin surface area — child CTUIR resident (cm?/day)
AF cuuir-c = soil adherence factor — child CTUIR resident (mg/cm?)
BW ctuir-c = body weight — child CTUIR resident (kg)
HQpermaictuir© = hazard quotient for dermal contact (unitless)
ATy = averaging time — noncarcinogenic (days)
RfD, = chronic oral reference dose (mg/kg-day).

Inhalation of Dust Particulates and Vapors in Soil. The following equations were derived
from EPA-540-R-070-002 (Equations 6, 11, and 12) and the EPA Regional Screening Levels
User’s Guide website (EPA 03/23/2023), Section 4.1.1.3 and are used to calculate the cancer
risks and noncancer hazards for the inhalation pathway.

Cy X ET,pir X EFopnir X EDypir—q X IUR X UCF, X UCF; X (% + %) (5-38)
ELCRmhcruir = AT
c
And:
1 1
Cs X ETetuir X EFctyir X EDcpyir—c X UCF; X (W + W) (5-39)
HQmncruir = AT, X RfC
Where:
ELCRuncrur = excess lifetime cancer risk for inhalation (unitless)
Cs = soil concentration (mg/kg)
ET i = exposure time — CTUIR resident (hr/day)
EF ctuir = exposure frequency — CTUIR resident (days/year)
EDctuir-a = exposure duration — adult CTUIR resident (years)
IUR = inhalation unit risk (pg/m?)’!
UCF: = unit conversion factor (ug/mg)
UCF3; = unit conversion factor (days/hour)
VF = volatilization factor (m?/kg)

5-14
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PEF = particulate emissions factor (m>/kg)
AT, averaging time — carcinogenic (days)

HQOmicruir - = hazard quotient for inhalation (unitless)
EDctir-c = exposure duration — child CTUIR resident (years)
ATne = averaging time — carcinogenic (days)
RfC = reference concentration (mg/m>).

Calculation of Cumulative Cancer Risk and Noncancer Hazard. For estimating the total
cancer risk from exposure to multiple carcinogens from a single exposure route, the following
equation is used. The basis for the equation is provided in EPA/540/1-89/002.

N
ELCRTCTUIR = Z ELCRl (5'40)
1
Where:
ELCRrcrur = total excess lifetime cancer risk from route of exposure (unitless)
ELCR,; = excess lifetime cancer risk for the i chemical (unitless)
N = number of chemicals.

The hazard index is calculated using the following equation. The basis for the equation is
provided in EPA/540/1-89/002.

N
Hicrom = ). HOQ; (5-41)
1
Where:
Hlcruir = hazard index (unitless)
HQ; = hazard quotient of the i chemical
N = number of chemicals.

5.1.1.4 Calculation of Cancer Risk and Noncancer Hazard for the Yakama Nation. The
equations used to calculate the cancer risk from exposure to radiological contaminants and to
calculate cancer risks and noncancer hazards from exposure to nonradiological contaminants are
presented in the following sections. Table 4-4 presents the exposure assumptions for the
Yakama Nation exposure scenario.

5.1.1.4.1 Cancer Risks from Exposure to Radionuclides. Cancer risk from exposure to
radionuclides are calculated for the following exposure routes:

Direct contact (incidental soil ingestion and external exposure to ionizing radiation)
Inhalation of dust particulates emitted from soil

Consumption of homegrown crops (fruit and vegetables)

Consumption of livestock (beef and poultry)

Consumption of milk.

5-15



RPP-ENV-58813 Rev.02 7/3/2024 - 12:55 PM 106 of 296

RPP-ENV-58813, Rev. 2

Incidental Ingestion of Soil. The following equation from the Risk Assessment Information
System website (RAIS 03/23/2023, Section 4.1.1) is used to calculate cancer risks from
incidental soil ingestion.

(1 — e *m) X Cs X IFSyy qaj X EFy X UCF; X SFq

E LCRSoilIngYN = Eyn X 1 (5-42)
And:
IFSynaaj = (EDynq X IRSyn o) + (EDyn.c X IRS () (5-43)
Where:
ELCRsoimgyn = excess lifetime cancer risk for soil ingestion (unitless)
y) = decay constant (yr'!)
bn = time — exposure duration for Yakama Nation resident (years)
Cs = soil concentration (pCi/g)
IFSynaqj = age-adjusted soil ingestion rate — Yakama Nation resident (mg-yr/day)
EF,, = exposure frequency — Yakama Nation resident (days/year)
UCF; = unit conversion factor (g/mg)
SF; = soil ingestion slope factor (risk/pCi)
EDynq = exposure duration — adult Yakama Nation resident (years)
IRSyn-q = incidental soil ingestion rate — adult Yakama Nation resident (mg/day)
EDyy.c = exposure duration — child Yakama Nation resident (years)
IRSyn-c = incidental soil ingestion rate — child Yakama Nation resident (mg/day).

Inhalation of Dust Particulates in Soil. The following equation was derived from the Risk
Assessment Information System website (RAIS 03/23/2023, Section 4.1.1) and is used to
calculate cancer risks from inhalation of dust particulates in soil.

(1 —e ) X Cs X IFAyn qqj X % X EF,, X UCF, X SF;

tyn X A

ELCRippyn = (5-44)

And:
IFAyn aaj = (EDyn.g X ETyy X UCF3 X IRAyp q) + (EDyn.c X ETyn X UCF3 X IRA,, ) (5-45)

Where:
ELCRmnywv = excess lifetime cancer risk for inhalation (unitless)
A = decay constant (yr')
bn = time — exposure duration for Yakama Nation resident (years)
Cs = soil concentration (pCi/g)
IFAymqag; = age-adjusted soil inhalation rate — Yakama Nation resident (m>-yr/day)
PEF = particulate emission factor (m*/kg)
EF,, = exposure frequency — Yakama Nation resident (days/year)
UCF> = unit conversion factor (g/kg)
SF; = inhalation of dust particulates slope factor (risk/pCi)
EDynq = exposure duration — adult Yakama Nation resident (years)

5-16
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ET,, = exposure time — Yakama Nation resident (hr/day)

UCF3; = unit conversion factor (day/hr)
IRAyne = soil inhalation rate — adult Yakama Nation resident (m?/day)
EDync = exposure duration — child Yakama Nation resident (years)
IRAync = soil inhalation rate — child Yakama Nation resident (m?/day).

External Exposure to Ionizing Radiation. The Yakama Nation subsistence lifestyle scenario
includes time spent both indoors and outdoors and the guidance (RIDOLFI, Inc. 2007) indicates
indoor activities may take place on dirt floors. Therefore, external exposure to ionizing radiation
is evaluated assuming indoor and outdoor radiation levels are equivalent (i.e., indoor and outdoor
shielding factors are both assumed to equal to one, indicating no shielding). The following
equation from the Risk Assessment Information System website (RAIS 03/23/2023,

Section 4.1.1) is used to calculate excess lifetime cancer risk from external exposure to ionizing

radiation:
(1—e_M3’")XCSXACFext_S,,XEFynxUCF4XEDynx((ETyn.o+ETyn_i)><UCF3><GSFO)...
XSFoxt-sv 5-46
ELCRpyeyn = e (5-46)
Where:
ELCReayy = excess lifetime cancer risk for external gamma (unitless)
A = decay constant (yr')
bn = time — exposure duration for Yakama Nation resident (years)
Cs = soil concentration (pCi/g)
ACFexsy = area correction factor soil volume (unitless)
EFy, = exposure frequency — Yakama Nation resident (days/year)
UCF4 = unit conversion factor (yr/day)
EDyy, exposure duration — Yakama Nation resident (years)
ETyno = outdoor exposure time — Yakama Nation resident (hr/day)
ETyni = indoor exposure time — Yakama Nation resident (hr/day)
UCF3; = unit conversion factor (days/hr)
GSF, = gamma shielding factor — outdoor (unitless)
SFesv = external exposure slope factor (risk/yr per pCi/g).

Consumption of Homegrown Crops. Homegrown crops (fruit and vegetables) are used to
represent the following combined Yakama Nation food categories (Harris 2008, Figure 1) —
(1) fruit/berry; and (2) vegetable/root.

The following equation from the Risk Assessment Information System website
(RAIS 03/23/2023, Section 4.1.1) is used to calculate cancer risks from consumption of
homegrown crops.

(1 —e ) x Cs X (Rypy + Resc) X (IFFyn aaj + IFVyn.qaj) X ...
. CF; X EE, X SFf (5-47)
tyn X 4

ELCRcropyn =

5-17
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Where:

And:

Where:

ELCRcropyn
A
byn
Cs
Rupv
ReS-C
IFFyn-adj
IFVyn-ad
CF, c-yn
EF,,
SEy
EDyn—a
IRFyn-q
EDyn—c
IRFy-c
IRV yp-a
IRV yyc
B Vwet
MLF,
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IFF,n_qaj = (EDyn—q X IRE,,_4) 4+ (EDyp_c X IRF,,_ ) (5-48)
IFVyn_qaj = (EDyn—q X IRV;yn_g) + (EDyn_c X IRVyy_.) (5-49)
Rupy = BViyer (5-50)
Res—c = MLEF, (5-51)

excess lifetime cancer risk for crop ingestion (unitless)

decay constant (yr!)

time — exposure duration for Yakama Nation resident (years)

soil concentration (pCi/g)

wet root uptake multiplier — crop (unitless)

soil resuspension multiplier — crop (unitless)

age-adjusted fruit ingestion rate — Yakama Nation resident (g yr/day)
age-adjusted vegetable ingestion rate — Yakama Nation resident (g yr/day)
fraction of locally produced crops that are consumed (unitless)
exposure frequency — Yakama Nation resident (days/year)

food ingestion slope factor (risk/pCi)

exposure duration — adult Yakama Nation resident (years)

fruit ingestion rate — adult Yakama Nation resident (g/day)

exposure duration — child Yakama Nation resident (years)

fruit ingestion rate — child Yakama Nation resident (g/day)

vegetable ingestion rate — adult Yakama Nation resident (g/day)
vegetable ingestion rate — child Yakama Nation resident (g/day)
soil-to-plant wet transfer factor (pCi/g-fresh plant per pCi/g-dry soil)
crop mass loading factor (unitless).

Consumption of Beef. Farm-produced raised beef is used to represent the Yakama Nation food
category of meat and game (RIDOLFI, Inc. 2007, Table 7). The following equation from the
Risk Assessment Information System website (RAIS 03/23/2023, Section 4.8.2) is used to
calculate cancer risks from consumption of beef.

(1 —e ) X Cg X IFByp_qq; % CFy X EF,y X SFf X ..

---TFbeef X [(IRfodder,b X fa X (Rupp + Res-f)) + (IRs,b X fa)] (5'52)
ELCRBeefYN = Y
yn
Where:
IFByn_gaj = (EDyn—q X IRByy_4) + (EDyp_c X IRBy,_) (5-53)
Rupp = BVary (5-54)
Res_y = MLFf (5-55)
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Where:

ELCRpeesyn = excess lifetime cancer risk for beef ingestion (unitless)
A = decay constant (yr')
bn = time — exposure duration for Yakama Nation resident (years)
Cs = soil concentration (pCi/g)

IFBy.aqi = age-adjusted beef ingestion rate — Yakama Nation resident (g yr/day)
CF, = fraction of locally raised animals that are consumed (unitless)
EF,, = exposure frequency —Yakama Nation resident (days/year)
SFy = food ingestion slope factor (risk/pCi)

TFpeef = beef transfer factor (day/kg)
IRfadery = 1ingestion rate of fodder by beef (kg/day)
fa = fraction of time animal is onsite (unitless)
Rupp = dry root uptake multiplier — fodder (unitless)
Resr = soil resuspension multiplier — fodder (unitless)
IR; b = ingestion rate of soil by beef (kg/day)
EDy-q = exposure duration — adult Yakama Nation resident (years)
IRByn.a = beefingestion rate — adult Yakama Nation resident (g/day)
EDy.c = exposure duration — child Yakama Nation resident (years)
IRBy,.. = beefingestion rate — child Yakama Nation resident (g/day)
BVan = soil-to-plant wet transfer factor (pCi/g-dry plant per pCi/g-dry soil)
MLFy = Fodder mass loading factor (unitless).

Consumption of Milk. The following equation from the Risk Assessment Information System
website (RAIS 03/23/2023, Section 4.8.2) is used to calculate cancer risks from consumption of
milk from farm-raised dairy cattle.

(1 — e ) X Cg X IFDypy.qaj X CF, X EF,y X SF; X TFy X pi X ..
m
[(IRfodder,d X fa X (Rupp + Res-f)) + (IRs,d X fa)] (5-56)
ELCRyikyn =
tyn X A
IFDy,_qq; = (EDyp—g X IRDyy o) + (EDyp—c X IRDyp_ ) (5-57)
Rypp = BVary (5-58)
Res—f = MLFf (5-59)
Where:
ELCRuvinyyn = excess lifetime cancer risk (unitless)
A = decay constant (yr')
tyn = time — exposure duration for Yakama Nation resident (years)
Cs = soil concentration (pCi/g)
IFDy,aqy = age-adjusted dairy ingestion rate — Yakama Nation resident (g yr/day)
CF, = fraction of locally raised animal products that are consumed (unitless)
EFy, = exposure frequency — Yakama Nation resident (days/year)
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SFy = food ingestion slope factor (risk/pCi)
TF, = milk transfer factor (day/L)
Pm = density of milk (kg/L)
IRpoadera = 1ngestion rate of fodder by dairy cattle (kg/day)
fa = fraction of time animal is onsite (unitless)
Rupp = dry root uptake multiplier — fodder (unitless)
Res.r = soil resuspension multiplier — fodder (unitless)
IRs a4 = ingestion rate of soil by dairy cattle (kg/day)
EDy-q = exposure duration — adult Yakama Nation resident adult (years)
IRDy-q = dairy ingestion rate — adult Yakama Nation resident adult (g/day)
EDy-c = exposure duration — child Yakama Nation resident child (years)
IRDyn-c = dairy ingestion rate — child Yakama Nation resident child (g/day)
BV = soil-to-plant wet transfer factor (pCi/g-dry plant per pCi/g-dry soil)
MLFy = fodder mass loading factor (unitless).

Calculation of Cumulative Cancer Risk. For estimating the total cancer risk from exposure to
multiple radionuclides, the following equation is used. The basis for the equation is provided in
EPA/540/1-89/002.

N
ELCRyyy = Z ELCR, (5-60)
1
Where:
ELCRryv = total excess lifetime cancer risk from route of exposure (unitless)
ELCR; = excess lifetime cancer risk for the i radionuclide (unitless)
N = number of radionuclides.

5.1.1.4.2 Cancer Risks and Noncancer Hazard from Exposure to Nonradiological
Contaminants. Cancer risks and noncancer hazards are calculated from exposure to
nonradiological contaminants through ingestion of water, dermal contact with soil, and
inhalation of dust particulates and vapors in ambient air.

Incidental Ingestion of Soil. The following equations from the EPA Regional Screening Levels
User’s Guide website (EPA 03/23/2023), Section 4.1.1.3 are used to calculate cancer risks and
noncancer hazards from incidental ingestion of soil.

Cs X RBAX UCF; X IFSyy_gqj X EF,y X CSE,

ELCRSOilIngYN = AT
c

(5-61)

Where:

EDyn—a X IRSyn—q  EDyn—c X IRSyn ¢

IFS.,, _ .=
yn-ad) BW,,_q BW,,_,

(5-62)
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And:
Cs X RBAX UCFy X IRSy_ X EE,y X ED,,
HO«. = -
QSOLlITLgYN BWyn—c % ATnc % RfDO (5 63)
Where:
ELCRsoimgyn = excess lifetime cancer risk for soil ingestion (unitless)
Cs = soil concentration (mg/kg)
RBA = relative bioavailability factor (unitless) (0.6 for arsenic, 1 for others)
UCF, = unit conversion factor (kg/mg)

IFSynaqj = age-adjusted soil ingestion rate — Yakama Nation resident (mg-yr/kg)

EF,, = exposure frequency — Yakama Nation resident (days/year)

CSF, = oral slope factor (mg/kg-day)!

AT = averaging time — carcinogenic (days)
EDynq = exposure duration — adult Yakama Nation resident (years)
IRSyn-q = incidental soil ingestion rate — adult Yakama Nation resident (mg/day)
BWiyn-a = body weight — adult Yakama Nation resident (kg)
EDy-c = exposure duration — child Yakama Nation resident (years)
IRSyn-c = incidental soil ingestion rate — child Yakama Nation resident (mg/day)
BWyc = body weight — child Yakama Nation resident (kg)

HQsoimegyy = hazard quotient for soil ingestion (unitless)
ATy = averaging time — noncarcinogenic (days)
RfD, = chronic oral reference dose (mg/kg-day).

Dermal Contact with Soil. The following equations from EPA/540/R/99/005 (Equations 3.11
and 3.12) and the EPA Regional Screening Levels User’s Guide website (EPA 03/23/2023),
Sections 4.1.1.1 and 4.1.1.3 are used to calculate cancer risks and noncancer hazards from
dermal contact with soil.

CSF,
Cs X UCFy X DFSy_gqj X ABSq X EF,, X ﬁ
ELCRpermaiyn = = (5-64)
AT,

Where:

DFSyn_aa; = EDyp_q X SAyn_q X AE,;_q N EDyp_c X SAyn_c X AE,_¢ (5-65)

BWyn_q BWyn—¢
And:
Cs X UCFy X SAyp_c X AE,_ X ABSy X EE,; X ED,,,,
HQpermayn = (5-66)
BW,_c X ATy X (RfD, X ABSg)
Where:
ELCRpermaiyn = excess lifetime cancer risk for dermal contact (unitless)
Cs = soil concentration (mg/kg)
UCF; = unit conversion factor (kg/mg)
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DFSyn-adj = age-adjusted dermal contact rate — Yakama Nation resident (mg-year/kg-day)
ABSa = dermal absorption fraction (unitless)
EF,, = exposure frequency — Yakama Nation resident (days/year)
CSF, = oral slope factor (mg/kg-day)!
ABSc1 = fraction of contaminant absorbed in gatrointestinal tract (unitless)
AT, = averaging time — carcinogenic (days)
EDy-q = exposure duration — adult Yakama Nation resident (years)
SAyn-a = skin surface area — adult Yakama Nation resident (cm?/day)
AFyn-a = soil adherence factor — adult Yakama Nation resident (mg/cm?)
BWiyn-a = body weight — adult Yakama Nation resident (kg)
EDy-c = exposure duration — child Yakama Nation resident (years)
SAyn-c = skin surface area — child Yakama Nation resident (cm?/day)
AFyne = soil adherence factor — child Yakama Nation resident (mg/cm?)
BWiyn-c = body weight — child Yakama Nation resident (kg)
HQpermaiyw = hazard quotient for dermal contact (unitless)
ATye = averaging time — noncarcinogenic (days)
RfD, = chronic oral reference dose (mg/kg-day).

Inhalation of Dust Particulates and Vapors in Soil. The following equations from
EPA-540-R-070-002 (Equations 6, 11, and 12) and the EPA Regional Screening Levels User’s
Guide website (EPA 03/23/2023), Section 4.1.1 are used to calculate the cancer risks and
noncancer hazards for the inhalation pathway.

| G X UCF, X (VlF PéF) X ETyn X UCFy X ERyy X EDyy X IUR ¢ o)
ELCRpuyy = o
C
And:
C; X (1 1 5%F) X ETyn X UCFy X EFyy X EDyp
HQnyn = VE PEF 4 4 (5-68)
AT,. X RfC
Where:
ELCRunwvww = excess lifetime cancer risk for inhalation (unitless)
Cs = soil concentration (mg/kg)
UCF> = unit conversion factor (ug/mg)
VF = volatilization factor (m*/kg)
PEF = particulate emissions factor (m>/kg)
ETy, = exposure time — Yakama Nation resident (hr/day)
UCF3 = unit conversion factor (day/hour)
EF,, = exposure frequency — Yakama Nation resident (days/year)
EDyy, = exposure duration —Yakama Nation resident (years)
IUR = inhalation unit risk (pg/m?)’!
AT = averaging time — carcinogenic (days)
HQumnyw = hazard quotient for inhalation (unitless)
EDyy.c = exposure duration — child Yakama Nation resident (years)
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ATy = averaging time — carcinogenic (days)
RfC = reference concentration (mg/m?>).

Calculation of Cumulative Cancer Risk and Noncancer Hazard. For estimating the total
cancer risk from exposure to multiple carcinogens from a single exposure route, the following
equation is used. The basis for the equation is provided in EPA/540/1-89/002.

N
ELCRpyy = Z ELCR, (5-69)
1
Where:
ELCRryv = total excess lifetime cancer risk from route of exposure (unitless)
ELCR; = excess lifetime cancer risk for the i chemical (unitless)
N = number of chemicals.

The hazard index is calculated using the following equation. The basis for the equation is
provided in EPA/540/1-89/002.

N
Hlyy = ) HO, (5-70)
1
Where:
Hlyy = hazard index (unitless)
HQ; = hazard quotient of the i chemical
N = number of chemicals.

5.1.2 Screening Level Ecological Risk Assessment

A SLERA is conducted to evaluate ecological receptor exposure and potential risk using soil data
for radiological and nonradiological contaminants occurring within the shallow vadose zone (0 —
15 ft) soil of the WMA. The representative Hanford ecological receptors evaluated are: plants,
soil invertebrates, California quail (Callipepla californica), Meadowlark (Sturnella neglecta),
Killdeer (Charadrius vociferus), Red-tailed hawk (Buteo jamaicensis), Great Basin pocket
mouse (Perognathus parvus), Deer mouse (Peromyscus maniculatus), Grasshopper mouse
(Onychomys leucogaster), and Badger (Taxidea taxus).

5.1.2.1 Quantifying Screening Level Ecological Risk. The SLERA involves the calculation
of an HQ, which represents an index of risk posed to ecological receptors. The HQ is computed
by dividing the sample-specific measured soil concentration by the ecological receptor-specific
soil screening value. The HQ is quantified using the following equation presented in the second
step of the EPA’s eight-step process outlined in EPA 540-R-97-006, Ecological Risk Assessment
Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessments —
Interim Final.
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Measured Soil Concentration

HO =
¢ Lowest Receptor — Specific soil Screening Value

Table 4-5 presents Tier 1 SSLs and plant risk-based screening values for radiological
contaminants. Table 4-6 presents the nonradiological ecological screening values for wildlife
and Table 4-7 presents the nonradiological ecological screening values for plants, soil
invertebrates and 90" Percentile Hanford Soil Background.

For nonradiological contaminants, when an HQ value is less than a value of one, the soil
concentration is below the lowest selected ecological receptor soil screening level and the
constituent is deemed to pose a negligible risk and not retained for further evaluation.
Conversely, HQ values that are greater than a value of one indicate a potential for ecological risk
and the constituent is identified as a contaminant of potential ecological concern (COPEC) for
further evaluation of site and receptor factors in an SMDP.

For radionuclides, in addition to the calculation of an HQ, an SOF is calculated for each sample
to determine the cumulative risk of all radiological contaminants. The SOF is computed by
summing the HQs for all radionuclides detected in each soil sample. Similarly, if the
radionuclide SOF is greater than a value of one then a potential risk to an ecological receptor(s)
is indicated and an evaluation of additional site and receptor factors is then undertaken in an
SMDP.

5.1.3 Groundwater Protection Evaluation

Groundwater protection is evaluated by determining the potential groundwater impacts from
migration of radiological and nonradiological contaminants from contaminated soil through the
vadose zone to the aquifer. The evaluation is performed based on the methodologies defined in
the graded approach document (DOE/RL-2011-50).

All of the WMA s are located within the 200 East and 200 West Areas of the Central Plateau;
SSLs and unit-length PRGs protective of groundwater will be developed for 200 East and

200 West Areas. Unit-length PRGs are expressed as the maximum allowable contaminant mass
per mass of soil for nonradiological constituents or contaminant activity per mass of soil for
radionuclides within a specified length, referred to as a unit length, in the general direction of
groundwater flow.

Two simulation software systems—(1) three-dimensional Subsurface Transport Over Multiple
Phases (STOMP)? flow simulations and (2) one-dimensional GoldSim®? software system—can
be utilized to predict the peak groundwater concentrations in the aquifer at the downgradient
edge of the modeled WMA within each of the representative lithostratigraphic columns for

two different recharge scenarios — (1) Native land cover scenario and (2) Evapotranspiration
barrier scenario. The peak groundwater concentrations can be scaled by the appropriate

2 Subsurface Transport Over Multiple Phases (STOMP) has been developed and distributed by Battelle Memorial
Institute, Richland, Washington.

3 GoldSim® simulation software is a registered trademark of GoldSim Technology Group, LLC of Seattle,
Washington (see http://www.goldsim.com).
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regulatory compliance criteria, defined in Section 2.2.1 in a back-calculation step to determine
PRG values for the point of compliance (vadose zone soil) for the 200 East and 200 West areas.

It should be noted that the unit-length PRGs are readily scalable to the length of WMAs,
assuming that soil contamination extends the length of the WMA, in the general direction of
groundwater flow for determining the WMA-specific PRGs, respectively. The results of the soil
concentrations will be compared against the WMA-specific PRGs during this evaluation.

5.2  DOSE ASSESSMENT METHODOLOGIES FOR DOE O 435.1 PERFORMANCE
ASSESSMENT

Based on Section 3.3, a total of six types of dose assessments are performed as a part of

DOE O 435.1 PA. They include — (1) Groundwater Pathway Dose based on All-Pathways
Representative Person; (2) Atmospheric Pathway Dose based on All-Pathways Representative
Person; (3) Intruder Dose Assessment — Acute Well Driller Scenario; (4) Intruder Dose
Assessment — Chronic Rural Pasture Scenario; (5) Intruder Dose Assessment — Chronic
Suburban Garden Scenario; (6) Intruder Dose Assessment — Chronic Commercial Farm Scenario.
The methodologies for each of those dose assessments are presented in the following sections.

5.2.1 Groundwater Pathway Dose Based on All-Pathways Representative Person

Figure 3-3 presents the CEM for the All-Pathways Representative Person scenarios.

The representative person is assumed to use the water to drink, shower, irrigate crops, and water
livestock and become exposed from the following media — (1) Contaminated Groundwater;

(2) Soil Irrigated with Contaminated Groundwater; (3) Homegrown Crops Irrigated with
Contaminated Groundwater; (4) Cattle Raised with Contaminated Groundwater; (5) Dairy Cows
Raised with Contaminated Groundwater; and (6) Poultry Raised with Contaminated
Groundwater. This data package calculates the exposure route-specific and total UDFs based on
the exposure assumptions presented in Table 4-9. The equations used to calculate the exposure
route-specific UDF and dose for each radionuclide are presented in the following sections.

5.2.1.1 Exposure from Contaminated Groundwater. Direct exposure to contaminated
groundwater from direct consumption as drinking water and from inhalation of water vapor
while using groundwater for household uses (e.g., cooking, showering) causes a radiological
dose to a member of the public in the future. The media-specific concentrations and dose
equations for various exposure routes related to direct exposure to contaminated groundwater are
presented below.

5.2.1.1.1 Dose from Ingestion of Water. The future member of the public’s household water
supply is assumed to be contaminated groundwater. The resident drinks water from this water
supply and receives dose. Equation 5-71 is used to calculate UDF from ingestion of water
containing a unit concentration of radionuclide ;. The combined equation (Equations 5-71 and
5-72) is consistent with Equations 4.17 and 4.18 from NUREG/CR-5512, Residual Radioactive
Contamination From Decommissioning, Technical Basis for Translating Contamination Levels
to Annual Total Effective Dose Equivalent, Final Report, Vol. 1.
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UDF,,; = IRy, X EF X DCFp,q; (5-71)
Where:
UDF,,, = UDF for radionuclide i from ingestion of water per unit concentration in water
(mrem/yr per pCi/L)
IR, = water ingestion rate (L/day)
EF = exposure frequency (days/yr)
DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi per pCi/L).

The following equation is used to calculate dose from ingestion of water.

D, ; =C,; X UDF,,; (5-72)
Where:
Dy, i = dose due to radionuclide i from drinking contaminated water (mrem/yr)
Ch,i = concentration of radionuclide 7 in water (pCi/L)
UDF,,, = UDF forradionuclide i from ingestion of water per unit concentration in water

(mrem/yr per pCi/L) (Equation 5-71).

5.2.1.1.2 Dose from Inhalation of Water Vapor. The future member of the public’s
household water supply is assumed to be contaminated groundwater extracted from ground using
a well. The resident inhales water vapor while showering and doing other household activities
and consequently receives dose. However, in order to receive a dose from this pathway,
radionuclides must be volatile. Dose is only calculated for '*C and *H, which are assumed to
volatilize during household water use. Water vapor inhalation for '?°I is excluded based on it
having a low Henry’s Law constant for volatilization. Equations 5-73 and 5-74 are used to
calculate UDF and total dose, respectively, from inhalation of water vapor from showering or
other household activities. The combined equation is consistent with the equation for the
inhalation of vapor based on “Resident Tap Water” scenario in Section 4.1.4 of EPA’s
“Preliminary Remediation Goals for Radionuclide Contaminants at Superfund Sites” online user
guide (EPA Home | OLEM | Superfund | Superfund Risk Assessment | Risk Assessment Home |
Human Health Risk Assessment Tools and Databases | Preliminary Remediation Goals for
Radionuclides (PRG), Queried 03/23/2023, [PRG User’s Guide],
http://epa-prgs.ornl.gov/radionuclides/prg_guide.html).

UDFinhwv,i =t;, XINH,,, X EF X K X DCFinh,i (5-73)
Where:
UDFinwvi = UDF due to radionuclide 7 from inhalation of water vapor per unit
concentration in water (mrem/yr per pCi/L)
tin = Indoor Time Fraction (unitless)
INH,» = inhalation rate of water vapor (m>/day)
EF = exposure frequency (days/yr)
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K = Andelman volatilization factor (L/m?®)
DCFin,i = inhalation dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from ingestion of water.

Dinhwv,i = Cw,i X UDFippwy i (5-74)
Where:
Diniw,i = dose due to radionuclide i from inhalation of water vapor (mrem/yr)
Cw,i = concentration of radionuclide i in water (pCi/L)
UDFinhwvi = UDF due to radionuclide i from inhalation of water vapor per unit

concentration in water (mrem/yr per pCi/L) (Equation 5-73).

5.2.1.2 Exposure from Soil Irrigated with Contaminated Groundwater. The future
member of the public irrigates a field or pasture with contaminated groundwater. As a result, the
irrigated surface soils become contaminated. Direct exposure to this contaminated soil causes
dose to a member of the public in the future. The media-specific concentration and dose
equations for various exposure routes related to exposure from soil irrigated with contaminated
groundwater are presented below.

5.2.1.2.1 Radionuclide Concentrations in Irrigated Soil. When contaminated water is
applied to soil, the contaminants are held in the soil by two mechanisms: sorption onto soil
particles and dissolved contaminants held in the water content in the soil. Volatile components
will also partition to the soil air.

The following mass balance and equilibrium principals are applied to develop the concentrations
of radionuclides sorbed to the soil particles, dissolved in the saturated pore space and volatilized
to the unsaturated pore space (three-phase equilibrium).

The volume of the irrigated soil is a representative volume (V7). The volume of the
three media—soil, porewater, and soil air—in the representative volume are determined by the
soil porosity and saturation in accordance with Equation 5-75.

A Vow = VrSn (5-75)
B Vi=Vr(1=5n
C Vs =Vr(1—n)
Where:
Vew = volume of the porewater in the representative soil volume (mL)
Vr = representative soil volume (mL)
S = soil saturation (unitless)
n = soil porosity (unitless)
Vi = volume of the soil air in the representative soil volume (mL)
Vs = volume of the soil in the representative soil volume (mL).
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The associated mass of the porewater, soil air, and soil particles in the representative soil volume
can be determined by the volumes and densities in accordance with Equation 5-76.

a Mpw = Vpwpw = VrSnpy, (5-76)
b My =0
c Mg =Vsp, = Ve (1 —n)p, = Vrpp
Where:
Mpw = mass of the porewater in the representative soil volume (g)
Vew = volume of the porewater in the representative soil volume (mL)
pw = density of the porewater in the representative soil volume (g/mL)
Vr = representative soil volume (mL)
S = soil saturation (unitless)
n = soil porosity (unitless)
My = mass of the soil air in the representative soil volume (assumed =~ 0g)
Ms = mass of the soil in the representative soil volume (g)
Vs = volume of the soil in the representative soil volume (mL)
pp = particle density of the soil in the representative soil volume (g/mL)
p» = dry bulk density of the soil in the representative soil volume (g/mL).

The total inventory dissolved in the pore water, sorbed to the soil surface and volatilized to the
soil air, is derived from the groundwater concentration (Cgy ;). The volume of groundwater in
the representative soil volume is equated to the pore water volume. The total mass of each
radionuclide in the representative soil volume is determined by Equation 5-77.

Mr; = Cow,iVpw = Cow,iVrSn (5-77)
Where:

Mr; = total mass of radionuclide 7 in the representative soil volume (g)
Cowi = concentration of radionuclide i in the groundwater (pCi/L)
Vew = volume of the porewater in the representative soil volume (mL)

Vr = representative soil volume (mL)

S = soil saturation (unitless)

n = soil porosity (unitless).

The total mass of each radionuclide in the porewater, soil air, and sorbed to the soil is determined
by mass balance according to Equation 5-78.

Mr; = Mpw; + Ms; + My; (5-78)
Where:
Mr; = total mass of radionuclide 7 in the representative soil volume (pCi)
Mpw,; = mass of radionuclide 7 in the porewater of the representative soil volume (pCi)
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Ms; = mass of radionuclide i sorbed to soil particles in the representative soil volume
(pCi)

My; = mass of radionuclide i volatilized to the soil air in the representative soil volume
(pCi).

The concentrations of each radionuclide are determined using the mass and volume of each
medium in the representative soil volume and are related to each other by equilibrium
distribution coefficients in accordance with Equation 5-79.

a Cour = 2 (5-79)
' Vew
My,
b Cai = % = Kn,iCpw,i
A
c Csi = & = K;:Cpw i
) MS JAZPW,I
Where:
Cpowi = concentration of radionuclide i in the pore water in representative soil volume
(pCi/mL)
M,,,; = mass of radionuclide i in the porewater of the representative soil volume (pCi)
Vow = volume of the porewater in the representative soil volume (mL)
C4i = concentration of radionuclide 7 in the soil air in representative soil volume (pCi/mL)
M,; = mass of radionuclide 7 volatilized to the soil air in the representative soil volume
(pCi)
Va4 = volume of the soil air in the representative soil volume (mL)
Kni = dimensionless air-water distribution coefficient (Henry’s Law coefficient) of
radionuclide i
Cs; = concentration of radionuclide i on the soil in representative soil volume (pCi/g)
Ms; = mass of radionuclide i sorbed to soil particles in the representative soil volume
(pCi)
Ms = mass of the soil in the representative soil volume (g)
Kqi = soil-water distribution coefficient of radionuclide i (mL/g).

This distribution of the mass from the groundwater to the porewater, soil particles and soil air
assumes that the irrigation water is in rapid equilibrium with the surface soil layer and soil air.

Total radionuclide concentration in the soil (i.e., sorbed plus dissolved plus vapor) is given
assuming equilibrium between the three phases—solid, pore water and air-filled porosity—by
Equation 5-80. Equation 5-80 is consistent with Equation 10 of EPA/540/R-96/018, Soil
Screening Guidance: User’s Guide.

_ Mg,
Cstot,i = 75 (5'80)
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total radionuclide concentration in surface soil layer (pCi/g)
= total mass of radionuclide i in the representative soil volume (pCi) (Equation 5-78)
mass of the soil in the representative soil volume (g).

In order to evaluate all of the equations above, the porewater concentration needs to be expressed
in terms of the groundwater concentration. This relationship is derived by substitution and
simplification from Equation 5-75 through Equation 5-80 with the previously derived terms. The
resulting relationship is Equation 5-81g.

1.

a

Combine Equation 5-78 and Equation 5-80.
MT,' MPW,'+MS,'+MA,'
Coori = 30 == 3 (5-81)

Substitute in relationships from Equation 5-79.
_ Cpw,iVpw + Kq,iCpw,iMs + Ky i Cpyy,iVa
Cstot,i - MS

Substitute in relationships from Equation 5-75 and Equation 5-76.
Cow,iVrSn + K i Cow,iVrpp + KpiCow,iVr (1 — S)n

Vrpp

Cstot,i -

Simplify resulting expression and combine with Equations 5-80 and Equation 5-76 and
rearrange terms.
Cowi[Sn + Kqipp + Kyi(1 —S)n]  Mp; My,
Pb - Ms Vi
Mr; = Cpw,Vr[Sn + Kqipp + Ky (1~ S)n]

Cstot,i -

Combine with Equation 5-77.
Cpw, Vr[Sn + Kqipy + Kyyi(1 = S)n]

Vrpp
_ Cow,i[Sn + Kqipp + Ky i (1 — S)n]

Pp

Cstot,i -

Simplify and rearrange expression to solve for the porewater concentration.

_ CowiSn_ Cowi[Sn+ Kqipp, + Ky (1 — S)n]
Cstot,i - b - o

CowiSn = Cpwi[Sn+ Kgipp + Ky i(1 — S)n]

Sn
Crw,i

T [Sn+ Kapp + Ky i(1—S)n] "
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Where:
Cpowi = concentration of radionuclide i in the pore water in representative soil volume
(pCi/mL)
S = soil saturation (unitless)
n = soil porosity (unitless)
Kaqi = soil-water distribution coefficient of radionuclide i (mL/g)
Pb = dry bulk density of the soil in the representative soil volume (g/mL)
Kni = dimensionless air-water distribution coefficient (Henry’s Law coefficient) of
radionuclide i
Cow,i = concentration of radionuclide i in the groundwater (pCi/L).

The volatile radionuclide inventory in the contaminated water used for irrigation is likely to be
negligibly small, so (1 — S)nxKy,; can be ignored. These equations are used whenever C,; and
Cswori are used in the equations for the All-Pathways Representative Person scenario.

In a batch system, Equation 5-79 is able to predict the three media concentrations in equilibrium
with a fixed introduction of contaminated groundwater into the soil by irrigation. In a system
that includes a continuous application of irrigation water, the porewater concentration will
increase until it equals the irrigation water concentration. The time it takes for the porewater
concentration to equalize to the irrigation water concentration (which is set equal to the
groundwater concentration) depends on the irrigation rate and radionuclide-specific soil-water
distribution coefficient (K4). For moderate to high irrigation rates (greater than 100 mm/yr) and
low Kas (less than 1 mL/g), equalization happens quickly. For high Kgs, equalization can take
decades or centuries. A pessimistic approach can be taken by assuming that the porewater
concentration is instantaneously equal to the irrigation water concentration. This is a reasonable
approximation for contaminants that are mobile in the environment and could reach the
groundwater during the simulated period. It is overly pessimistic for radionuclides with Kas
exceeding 100 mL/g.

In the dose model, Equation 5-81d is replaced by setting the pore water concentration equal to
the irrigation water concentration and evaluating the activity in the soil air and soil with activity
levels that would be in equilibrium with that aqueous concentration using Equation 5-81f.

5.2.1.2.2 Dose from Incidental Ingestion of Soil. The future member of the public
incidentally ingests soil and dust particulates that adhere to crops. When the crops are grown in
the contaminated area, the soil is also contaminated. The individual receives a dose from
ingesting the contaminated soil. Equations 5-82 and 5-83 are used to calculate UDF and dose,
respectively, from incidental ingestion of soil. The combined equation (Equations 5-82 and
5-83) is consistent with Equation 7.3 in National Council on Radiation Protection (NCRP)
Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of
Factors Relevant to Site-Specific Studies” that calculates the dose for this exposure route.

UDFy; = Cg; X IRy X EF X UCF3 X DCFin; (5-82)
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Where:
UDF; = UDF of radionuclide i in soil based on unit concentration of water (mrem/yr per
pCi/L)
Csi = radionuclide concentration sorbed in soil based on unit concentration of water
(pCi/g per pCi/L)
IR, = soil ingestion rate (mg/day)
EF = exposure frequency (days/yr)
UCF3; = unit conversion factor (g/mg)
DCFigi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from ingestion of soil.

Ds.i = Cw,i X UDFS'i (5-83)
Where:
Dy, = dose due to radionuclide i from ingestion of soil (mrem/yr)
Cw,i = concentration of radionuclide 7 in water (pCi/L) assuming porewater
concentration is equal to irrigated groundwater concentration
UDF,;, = UDF for radionuclide i from ingestion of soil based on unit concentration of water

(mrem/yr per pCi/L) (Equation 5-82).

Note that use of the sorbed radionuclide soil concentration (Cy,;) in this equation assumes
ingestion of dry soil. Ingestion of dissolved radionuclides held in the water content of the soil is
assumed to be negligibly small and is disregarded.

5.2.1.2.3 Dose from Inhalation of Soil Particulates. The area surrounding the future member
of the public’s residence and farm is irrigated with contaminated groundwater. Consequently,
the ground becomes contaminated. Soil and dust particulates in the air from the contaminated
ground can cause dose when inhaled. Equations 5-84 and 5-85 are used to calculate UDF and
dose, respectively, from inhalation of soil particulates. The equations assume that the
concentration and mass loading factor are the same indoors and outdoors. Equation 5-84 is
consistent with Equation 7.2 in NCRP Report No. 129 that calculates the dose for this exposure

route.
I
UDFinh,i = Cs,i X Ef X M X (INHln X tin X 5 + INHOut X tout) X DCFinh,i (5‘84)
Where:
UDFii = UDF from inhalation of soil particulates containing sorbed amounts of
radionuclide i based on unit concentration of water (mrem/yr per pCi/L)
Cs,i = radionuclide concentration sorbed in soil for radionuclide i per unit concentration
of water (pCi/g per pCi/L)
Er = enrichment factor (unitless)
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M = mass loading factor (g/m?)
IHN;y, = indoor inhalation rate (m>/yr)
tin = fraction of time spent indoors (unitless)
7] = ratio of radionuclide concentrations in indoor and outdoor air (unitless)
IHN,: = outdoor inhalation rate (m>/yr)
fout = fraction of time spent outdoors (unitless)
DCFii = inhalation dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from inhalation of soil particulates.

Dinni = Cw;i X UDFipp i (5-85)
Where:
Dinpi = dose due to radionuclide i from ingestion of soil (mrem/yr)
Cw,i = concentration of radionuclide 7 in water (pCi/L)
UDF i = UDF for radionuclide i from inhalation of soil particulates based on unit

concentration of water (mrem/yr per pCi/L) (Equation 5-84).

5.2.1.2.4 Dose from External Exposure to Soil. The area surrounding the future member of
the public’s residence and farm is irrigated with contaminated groundwater. Consequently, the
ground becomes contaminated. An individual spending time in the contaminated area will
receive an external radiation dose. Equations 5-86 and 5-87 are used to calculate UDF and dose,
respectively, from external exposure to soil. The combined equation (Equation 5-86 and
Equation 5-87) is based on Equation 7.1 in NCRP Report No. 129 that calculates the dose for
this exposure route. Instead of the soil moisture correction factor included in Equation 7.1, ACF
was considered during the calculation of dose for external gamma.

UDFext,i = Cstot,i X (tin X €+ tout) X ACFext,i X DCFext,i (5-86)
Where:
UDF..; = UDF from external exposure to soil containing radionuclide i based on unit
concentration of water (mrem/yr per pCi/L)
Cstot,i = total radionuclide concentration in surface soil layer per unit concentration of
water (pCi/g per pCi/L) (Equation 5-81)
tin = fraction of time spent indoors (unitless)
€ = transmission or shielding factor (unitless)
fout = fraction of time spent outdoors (unitless)
ACFey; = area correction factor for radionuclide i (unitless)
DCF.; = external exposure dose conversion factor for radionuclide i (mrem/yr per pCi/g).

The following equation is used to calculate dose from external exposure to soil.

Dexti = Cw,i X UDFext,i (5-87)
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Where:
Dexii = dose due to radionuclide i from external exposure to soil (mrem/yr)
Cw,i = concentration of radionuclide 7 in water (pCi/L)
UDFeyi; = UDF for radionuclide i from external exposure to soil based on unit

concentration of water (mrem/yr per pCi/L) (Equation 5-86).

5.2.1.3 Exposure from Homegrown Crops Irrigated with Contaminated Groundwater.
The future member of the public irrigates a field/pasture with contaminated groundwater and
consumes fruits and vegetables grown in the field/pasture. The media-specific concentration and
dose equations for exposure routes related to exposure from homegrown crops irrigated with
contaminated groundwater are presented below.

5.2.1.3.1 Radionuclide Concentrations in Crops. The equation below determines the amount
of contaminant that is transferred from the soil to the crop by root uptake and deposition
processes. The concentration of a radionuclide in the crop is given by Equation 5-88.

Equation 5-88 is consistent with Equation 7.7 in NCRP Report No. 129 for this exposure route.

Cei = Cseor,i X (Bv,i + By) (5-83)
Where:
C.; = radionuclide concentration in homegrown crops per unit concentration in water
(pCi/g per pCi/L)
Csori = total radionuclide concentration in surface soil layer per unit concentration of water
(pCi/g per pCi/L) (Equation 5-81)
B.,i = crop-soil bioconcentration factor of radionuclide i through root uptake
pCi
( kg freshweightof crop >
pCi
kg dry weight of soil
B’y = crop-soil bioconcentration factor representing all resuspension-soil adhesion

pCi
kg fresh weight of crop
Pprocesses ( pCi >

kg dry weight of soil

5.2.1.3.2 Dose from Consumption of Homegrown Crops (Fruits and Vegetables). The
future member of the public grows fruits and vegetables in an area impacted by contaminated
groundwater that is used for irrigation. The resident receives dose from ingesting the crops.
Equations 5-89 and 5-90 are used to calculate UDF and dose, respectively, from consumption of
homegrown crops (fruits and vegetables). The combined equation (Equations 5-89 and 5-90) is
consistent with Equation 7.4 in NCRP Report No. 129 for this exposure route.

UDFC'i = Cc,i X IRC X Fv X UCFl X DCFing,i (5-89)
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Where:
UDF.; = UDF from crop consumption containing accumulated amounts of radionuclide i
based on unit concentration of water (mrem/yr per pCi/L)
Cei = radionuclide concentration in crop based on unit concentration of water (pCi/g
per pCi/L) (Equation 5-88)
IR = crop ingestion rate (kg/yr)
F, = fraction of crops consumed that is homegrown (unitless)
UCF; = unitconversion factor (g/kg)
DCFigi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of homegrown crops.

D.; = Cy,; X UDF,; (5-90)
Where:
De,io = dose due to radionuclide i from consumption of crops (mrem/yr)
Cw,i = concentration of radionuclide 7 in water (pCi/L)
UDF.; = UDF for radionuclide i from consumption of crops based on unit concentration of

water (mrem/yr per pCi/L) (Equation 5-89).

5.2.1.4 Exposure from Cattle Raised with Contaminated Groundwater. The future
member of the public irrigates a field/pasture with contaminated groundwater and grows fodder
for beef cattle, dairy cows, and poultry in the field/pasture. The beef cattle consume the fodder
and drink contaminated groundwater provided by the resident. Radionuclides accumulate in the
cattle and become an ingestion pathway for the future member of the public when meat from the
cattle is consumed. The media-specific concentration and dose equations for various exposure
routes related to exposure from cattle raised with contaminated groundwater are presented
below.

5.2.1.4.1 Radionuclide Concentrations in Animal Fodder. The equation below determines
the amount of contaminant that is transferred from the soil to fodder by root uptake and
deposition processes. The concentration of a radionuclide in animal fodder is given by
Equation 5-91. Equation 5-91 is consistent with Equation 7.8 in NCRP Report No. 129.

Cfodder,i = Cstot,i X (Bp,i + B{?) (5-91)
Where:
Cfodderi = radionuclide concentration in livestock fodder (pCi/g per pCi/L)
Csioi = total radionuclide concentration in surface soil layer per unit concentration of
water (pCi/g per pCi/L) (Equation 5-81)
By = pasture-soil bioconcentration factor of radionuclide i through uptake
pCi
<kg dry weightof fodder)
pCi
kg dry weight of soil
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B’ = pasture-soil bioconcentration factor representing all resuspension-soil adhesion

pCi
kg dry weight of fodder
Processes < pCi )

kg dry weight of soil

Note that Crader,i refers generically to all livestock animal feed. This equation is used whenever
Clodder,i 1s used in the equations for calculating radionuclide concentrations in meat and animal
products (beef, milk, eggs, and poultry) for the All-Pathways Representative Person.

5.2.1.4.2 Radionuclide Concentrations in Farm-Raised Beef. The concentration of a
radionuclide that is transferred to beef from the consumption of contaminated water,
contaminated fodder, and contaminated soil is given by Equation 5-92. Equation 5-92 is
consistent with the equations developed for the exposure route named “Farmer Direct
Consumption of Agricultural Products” in EPA’s “Preliminary Remediation Goals for
Radionuclide Contaminants at Superfund Sites” online user guide, Section 4.8.3 (beef cattle
contamination from water) and Section 4.8.4 (beef cattle contamination from soil and fodder)
(EPA Home | OLEM | Superfund | Superfund Risk Assessment | Risk Assessment Home |
Human Health Risk Assessment Tools and Databases | Preliminary Remediation Goals for
Radionuclides (PRG), Queried 03/23/2023, [PRG User’s Guide],
http://epa-prgs.ornl.gov/radionuclides/prg_guide.html).

Coi = (Coi X IRy p + Croageri X IRfoaderp X UCF; + Cspori X IRgp, X UCF,)

X BCFbeef,l' (5 92)
Where:
Ch,i = concentration of radionuclide 7 in beef per unit concentration of water (pCi/kg
per pCi/L)
Cw,i = unit concentration of radionuclide 7 in water ( pCi/L per pCi/L)
[Rw,p = 1ingestion rate of water for beef cattle (L/day)
Crodderi = concentration of radionuclide 7 in fodder based on unit concentration of water
(pCi/g per pCi/L) (Equation 5-91)
IRwdders = ingestion rate of fodder for beef cattle (kg/day)
UCF1 = unit conversion factor (g/kg)
Cstoti = total concentration of radionuclide 7 in surface soil layer per unit concentration
of water (pCi/g per pCi/L) (Equation 5-81)
IRsp = ingestion rate of soil for beef cattle (kg/day)
BCFreeri = bioconcentration factor of radionuclide i in beef cattle (day/kg).

5.2.1.4.3 Dose from Consumption of Farm-Raised Beef. The future member of the public
raises beef cattle in an area impacted by a contaminated water supply used as drinking water for
the animals and to also irrigate pastures. The resident receives dose from ingesting the beef from
the cattle. Equations 5-93 and 5-94 are used to calculate UDF and dose, respectively, from
consumption of farm-raised beef. Their combined equation is consistent with Equation 7.6 in
NCRP Report No. 129 for this exposure route.
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UDFy,; = Cp; X IRy, X Fy X DCFipg; (5-93)
Where:
UDFy; = UDF from radionuclide 7 in beef per unit concentration of water based on unit

concentration of water (mrem/yr per pCi/L)

Cpi = concentration of radionuclide i in beef based on unit concentration of water
(pCi/kg per pCi/L) (Equation 5-92)

IRy = beef ingestion rate (kg/yr)

F, = fraction of beef consumed that is raised locally (unitless)

DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of beef.

Db.i = Cw,i X UDFb’l' (5-94)
Where:
Dy, = dose due to radionuclide i from consumption of beef (mrem/yr)
Ch,i = concentration of radionuclide 7 in water (pCi/L)
UDF; = UDF for radionuclide i from consumption of beef per unit concentration of water

based on unit concentration of water (mrem/yr per pCi/L) (Equation 5-93).

5.2.1.5 Exposure from Dairy Cows Raised with Contaminated Groundwater. The future
member of the public irrigates a field/pasture with contaminated groundwater and grows fodder
for beef cattle, dairy cows, and poultry in the field/pasture. The dairy cows consume the fodder
and drink contaminated groundwater provided by the resident. Radionuclides accumulate in the
animals and become an ingestion pathway for the future member of the public when milk from
the dairy cows is consumed. The media-specific concentration and dose equations for various
exposure routes related to exposure from dairy cows raised with contaminated groundwater are
presented below.

5.2.1.5.1 Radionuclide Concentrations in Milk. The concentration of a radionuclide that is
transferred to milk from the consumption of contaminated water, contaminated fodder, and
contaminated soil by dairy cows is given by Equation 5-95. Equation 5-95 is consistent with the
equations developed for the exposure route named “Farmer Direct Consumption of Agricultural
Products” in EPA’s “Preliminary Remediation Goals for Radionuclide Contaminants at
Superfund Sites” online user guide, Section 4.8.3 (dairy contamination from water) and

Section 4.8.4 (dairy contamination from soil and fodder) (EPA Home | OLEM | Superfund |
Superfund Risk Assessment | Risk Assessment Home | Human Health Risk Assessment Tools
and Databases | Preliminary Remediation Goals for Radionuclides (PRG), Queried 03/23/2023,
[PRG User’s Guide], http://epa-prgs.ornl.gov/radionuclides/prg_guide.html).

Cm,i = (Cw,i X IRW,d + Cfodder,i X IRfodder,d X UCFl + Cstot,i X IRs,d X UCFl)

5-95
X BCFpjiki (5-99)
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concentration of radionuclide i in milk per unit concentration of water (pCi/L per
pCi/L)

concentration of radionuclide i in water per unit concentration of water (pCi/L
per pCi/L)

ingestion rate of water for dairy cows (L/day)

concentration of radionuclide 7 in fodder per unit concentration of water (pCi/g
per pCi/L) (Equation 5-91)

ingestion rate of fodder for dairy cows (kg/day)

unit conversion factor (g/kg)

total concentration of radionuclide i in surface soil layer per unit concentration of
water (pCi/g per pCi/L) (Equation 5-81)

ingestion rate of soil for dairy cows (kg/day)

bioconcentration factor of radionuclide i in dairy cows (day/L).

5.2.1.5.2 Dose from Consumption of Milk. The future member of the public raises dairy
cows in an area impacted by a contaminated water supply used as drinking water for the animals
and to irrigate pastures for the cows. The resident receives dose from ingesting the milk from the
cows. Equations 5-96 and 5-97 are used to calculate UDF and dose, respectively, from
consumption of milk. Their combined equation is consistent with Equation 7.5 in NCRP Report
No. 129 for this exposure route.

Where:
UDF i
Chi
IR

Fa
DCFing-m,i

UDFm,l' = Cm,i X IR, X F, X DCFing—‘m,i (5-96)

= UDF from radionuclide 7 in milk based on unit concentration of water

(mrem/yr per pCi/L)

= concentration of radionuclide i/ in milk based on unit concentration of water

(pCi/L per pCi/L) (Equation 5-95)
milk ingestion rate (L/yr)

= fraction of milk consumed that is produced locally (unitless)
= ingestion dose conversion factor for radionuclide i in milk (mrem/pCi).

The following equation is used to calculate dose from consumption of milk.

Where:

Dm,i
Cw,i
UDF m,i

Dm.i = Cw,i X UDFm'i (5-97)

dose due to radionuclide i from consumption of milk (mrem/yr)

concentration of radionuclide i in water (pCi/L)

UDF for radionuclide i from consumption of milk per unit concentration of water
(mrem/yr per pCi/L) (Equation 5-96).
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5.2.1.6 Exposure from Poultry Raised with Contaminated Groundwater. The future
member of the public irrigates a field/pasture with contaminated groundwater and grows fodder
for beef cattle, dairy cows, and poultry in the field/pasture. The poultry consume the fodder and
drink contaminated groundwater provided by the resident. Radionuclides accumulate in the
animals and become an ingestion pathway for the future member of the public when meat and
eggs from the poultry are consumed. The media-specific concentration and dose equations for
various exposure routes related to exposure from poultry raised with contaminated groundwater
are presented below.

5.2.1.6.1 Radionuclide Concentrations in Poultry. The concentration of a radionuclide that
is transferred to poultry from the consumption of contaminated water, contaminated fodder, and
contaminated soil is given by Equation 5-98. Equation 5-98 is consistent with the equations
developed for the exposure route named “Farmer Direct Consumption of Agricultural Products”
in EPA’s “Preliminary Remediation Goals for Radionuclide Contaminants at Superfund Sites”
online user guide, Section 4.8.3 (poultry contamination from water) and Section 4.8.4 (poultry
contamination from soil and fodder) (EPA Home | OLEM | Superfund | Superfund Risk
Assessment | Risk Assessment Home | Human Health Risk Assessment Tools and Databases |
Preliminary Remediation Goals for Radionuclides (PRG), Queried 03/23/2023, [PRG User's
Guide], http://epa-prgs.ornl.gov/radionuclides/prg_guide.html).

Cpi = (Cwi X IRy » + Croaderi X IRfoaderp X UCFy + Cspori X IR, X UCF;) (5-98)
X BCFpoultry,i
Where:
Cpi = concentration of radionuclide 7 in poultry per unit concentration in water
(pCi/kg per pCi/L)
Cw,i = concentration of radionuclide i in water per unit concentration in water (pCi/L
per pCi/L)
IR, = ingestion rate of water for poultry (L/day)
Chodder,i = concentration of radionuclide 7 in fodder per unit concentration in water (pCi/g
per pCi/L) (Equation 5-91)
IRpoaderp = ingestion rate of fodder for poultry (kg/day)
UCF; = unit conversion factor (g/kg)
Cstont = total concentration of radionuclide 7 in surface soil layer per unit concentration
in water (pCi/g per pCi/L) (Equation 5-81)
IR p = ingestion rate of soil for poultry (kg/day)
BCFpouiry,i = bioconcentration factor of radionuclide i in poultry (day/kg).

5.2.1.6.2 Dose from Consumption of Poultry. The future member of the public raises poultry
in an area impacted by a contaminated water supply used as drinking water for the animals and
to irrigate fields for the poultry. The resident receives dose from ingesting the poultry meat.
Equations 5-99 and 5-100 are used to calculate UDF and dose, respectively, from consumption
of poultry. The combined equation is consistent with the part of Equation 7.6 in NCRP Report
No. 129 that calculates the dose for a similar exposure route (meat).
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UDF,; = Cp; X IR, X F; X DCFypq; (5-99)
Where:
UDF,; = UDF from radionuclide i in poultry per unit concentration in water (mrem/yr per

pCi/L)

Cp,i = concentration of radionuclide 7 in poultry based on unit concentration of water
(pCi/kg per pCi/L) (Equation 5-98)

IR, = poultry ingestion rate (kg/yr)

Fy = fraction of poultry consumed that is raised locally (unitless)

DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of poultry.

Dp.i = CW,i X UDFp’l' (5-100)
Where:
Dy, = dose due to radionuclide i from consumption of poultry (mrem/yr)
Ch,i = concentration of radionuclide 7 in water (pCi/L)
UDF,; = UDF for radionuclide i from consumption of poultry per unit concentration in

water (mrem/yr per pCi/L) (Equation 5-99).

5.2.1.6.3 Radionuclide Concentrations in Eggs. The concentration of a radionuclide that is
transferred to eggs from the consumption of contaminated water, contaminated fodder, and
contaminated soil by poultry is given by Equation 5-101. Equation 5-101 is consistent with the
equations developed for the exposure route named “Farmer Direct Consumption of Agricultural
Products” in EPA’s “Preliminary Remediation Goals for Radionuclide Contaminants at
Superfund Sites” online user guide, Section 4.8.3 (egg contamination from water) and

Section 4.8.4 (egg contamination from soil and fodder) (EPA Home | OLEM | Superfund |
Superfund Risk Assessment | Risk Assessment Home | Human Health Risk Assessment Tools
and Databases | Preliminary Remediation Goals for Radionuclides (PRG), Queried 03/23/2023,
[PRG User’s Guide], http://epa-prgs.ornl.gov/radionuclides/prg_guide.html).

Ce,i = (Cw,i X IRw,p + Cfodder,i X IRfodder,p X UCFl + Cstot,i X IRs,p X UCFl)

5-101
X BCFeqq, ( )
Where:
Ce,i = concentration of radionuclide 7 in eggs per unit concentration in water (pCi/kg
per pCi/L)
Cw,i = concentration of radionuclide i in water per unit concentration in water (pCi/L
per pCi/L)
IRw,p = ingestion rate of water for poultry (L/day)
Croaderi = concentration of radionuclide i in fodder per unit concentration in water (pCi/g

per pCi/L) (Equation 5-91)

5-40



RPP-ENV-58813 Rev.02 7/3/2024 - 12:55 PM 131 of 296

RPP-ENV-58813, Rev. 2

IRfvaderp = 1ingestion rate of fodder for poultry (kg/day)
UCF, = unit conversion factor (g/kg)
Cisioni = total concentration of radionuclide 7 in surface soil layer per unit concentration
in water (pCi/g per pCi/L) (Equation 5-81)
IR, ), = ingestion rate of soil for poultry (kg/day)
BCF.qi = bioconcentration factor of radionuclide 7 in eggs (day/kg).

5.2.1.6.4 Dose from Consumption of Eggs. The future member of the public raises poultry in
an area impacted by a contaminated water supply used as drinking water for the animals and to
irrigate fields for the poultry. The resident receives dose from ingesting the meat and eggs from
the poultry. Equations 5-102 and 5-103 are used to calculate UDF and dose, respectively, from
consumption of eggs. Their combined equation is consistent with the part of Equation 7.6 in
NCRP Report No. 129 that calculates the dose for a similar exposure route (meat).

UDFe‘i = Ce,l' X IRe X Fa X DCFing,i (5-102)
Where:
UDF.; = UDF from radionuclide i in eggs based on a unit concentration in water (mrem/yr
per pCi/L)
Ce,i = concentration of radionuclide 7 in eggs based on unit concentration of water
(pCi/kg per pCi/L) (Equation 5-101)
IR, = egg ingestion rate (kg/yr)
Fy = fraction of eggs consumed that is raised locally (unitless)
DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of egg.

De.i = CW,i X UDFe‘i (5-103)
Where:
D, = dose due to radionuclide i from consumption of egg (mrem/yr)
Ch,i = concentration of radionuclide 7 in water (pCi/L)
UDF.; = UDF for radionuclide i from consumption of egg based on unit concentration in

water (mrem/yr per pCi/L) (Equation 5-102).

5.2.1.7 Total Dose for All Exposure Routes. The total dose to the future member of the
public is the sum of the doses from the included exposure routes. The total radionuclide dose is
the sum of the dose from all exposure routes for each radionuclide separately. The total dose is
the sum of the total radionuclide doses. The following equation is used to calculate the
groundwater pathway total effective dose for each radionuclide from all exposure routes
summed.
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14
a Drotari = ) D) (5-104)
j

n
b Diotarj = z D;;
i
n bp
¢ Diotar = Z z Dj,i
i

Where:
Dioiai = total dose from radionuclide i in all included exposure routes (mrem/yr)
p = total number of exposure routes
D = dose from radionuclide i via exposure route j (mrem/yr)
n = total number of radionuclides
Dioiij = total dose from all radionuclides from exposure route j (mrem/yr)
D = total dose from all radionuclides via all included exposure routes (mrem/yr).

5.2.2 Atmospheric Pathway Dose Based on All-Pathways Representative Person

Figure 3-3 presents the CEM for the All-Pathways Representative Person scenarios. Under the
atmospheric pathway scenario, the representative person is exposed to three emitted gaseous
radionuclides: '*C (as CO»), *H (as vapor), and '?°I (as vapor). These gaseous radionuclides will
diffuse to the ground surface of the disposal facility, entrapped into the ambient air through
mixing and dispersion and further transported to 100 m and further away (site-specific, 20 km
from the Integrated Disposal Facility) from the WMA. The All-Pathways Representative Person
is assumed to be exposed through the following exposure mechanisms:

e Air Submersion

Inhalation

External exposure to the contaminated ground surface

Incidental ingestion of soil presented in the contaminated ground surface
Consumption of homegrown crops from the contaminated ground surface
Consumption of beef

Consumption of milk

Consumption of poultry

Consumption of egg.

The media-specific concentration and dose equations for each exposure route are presented in the
following.

5.2.2.1 Exposure From Contaminated Air. The representative person will be exposed to the

contaminated air via air submersion and inhalation of gaseous radionuclides in air. The
equations for calculating UDFs and doses for those two exposure routes are presented below.
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5.2.2.1.1 Dose from Air Submersion. An individual in a contaminated volume of air will
receive external radiation exposure, primarily from gamma/photon emitters in the surrounding
air. Equation 5-105 is used to calculate the UDF for air submersion. The combined equation
(Equations 5-105 and 5-106) is consistent with the dose equation for air submersion developed
for the exposure scenario named “Resident Air” in Section 4.1.3 of EPA’s “Dose Compliance
Concentrations for Radionuclides at Superfund Sites” online user guide (DCC Home,

Queried 03/23/2023, [DCC User’s Guide], https://epa-dccs.ornl.gov/users_guide.html).

UDFgupi = tour X GSF, X DCFqyp; (5-105)
Where:
UDFsp; = UDF from air submersion for radionuclide i based on a unit concentration in air
((mrem/yr))
(pCi/m3)
tout = fraction of time spent outdoors (unitless)
GSF, = outdoor gamma shielding factor (unitless), radionuclide-specific
DCFsui = 4ir submersion dose conversion factor for radionuclide i (M)
(pCi/m3)

The following equation is used to calculate dose from air submersion.

Dsub,i = Cair,i X UDFsub,i (5-106)
Where:
Diup,i = dose from air submersion for radionuclide i (mrem/yr)
Ciri = radionuclide concentration in air for radionuclide i (pCi/m?)
UDFsp; = UDF from air submersion for radionuclide i based on a unit concentration in air

(%) (Equation 5-105).

5.2.2.1.2 Dose from Inhalation of Gaseous Radionuclides. The exposed individual will
receive a dose from inhalation of gaseous radionuclides in the air (*H, '*C, and '#1).

Equation 5-107 is used to calculate the UDF for inhalation dose. The combined equation
(Equations 5-107 and 5-108) is consistent with the dose equation for inhalation, presented for the
exposure scenario named “Resident Air” in EPA’s “Dose Compliance Concentrations for
Radionuclides at Superfund Sites” online user guide (DCC Home, Queried 03/23/2023, [DCC
User’s Guide], https://epa-dccs.ornl.gov/users guide.html.

UDFipi = (INH;, Xty + INHpye X toye) X DCFipp (5-107)
Where:
UDFini = dose from air inhalation for radionuclide i based on a unit concentration in air
((mrem/yr))
(pCi/m3)
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INH;, = inhalation rate while indoors (m?®/yr)
tin = fraction of time spent indoors (unitless)
INH,x = inhalation rate while outdoors (m*/yr)
fout = fraction of time spent outdoors (unitless)
DCFi,,i = inhalation dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from air inhalation.

Dinn,i = Cair,i X UDFipp,; (5-108)
Where:
Dinpi = dose from air inhalation for radionuclide i (mrem/yr)
Ciri = concentration in air for radionuclide i (pCi/m?)
UDFini = UDF from air inhalation for radionuclide i based on a unit concentration in air
(mrem/yr) -
( s ) (Equation 5-107).

5.2.2.2 Exposure From Contaminated Soil via Deposited Airborne Radionuclides. The
representative person will be exposed to contaminated soil resulting from the deposition of
airborne radionuclides. The media-specific concentrations of the radionuclides in the ground
surface and soil, and doses associated with such exposure routes, are presented below.

5.2.2.2.1 Concentration of Airborne Radionuclides Deposited on the Ground Surface.
Contaminants in air can be deposited on the ground surface through dry and wet deposition
mechanisms. Equation 16 of CAP88-PC Version 4.1 User Guide (EPA 2019) is used to
calculate the dry deposition rate for air (in pCi/m?) as follows.

Depd‘i = UACaiT,i X Vd,i (5-109)
Where:
Depsi = radionuclide-specific deposition rate under dry conditions [pCi/(m? - sec)] based
on radionuclide-specific unit concentration in air
UACuri = unit air radionuclide-specific concentration in air (1 pCi/m?)
Vai = radionuclide-specific velocity with which the dry deposition occurs (m/sec).

Equation 17 of EPA 2019 is used to calculate the wet deposition rate (defined as “Precipitation
Scavenging” in the User Guide) and scavenging coefficient for air are as follows.

Dep,,; = UACq; X SC X H (5-110)

And:
SC = RR x SCF (5-111)
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Where:
Dep,; = radionuclide-specific deposition rate under wet conditions [pCi/(m? - sec)] based
on radionuclide-specific unit concentration in air
UACuri = unit air radionuclide-specific concentration in air (1 pCi/m?)
SC = scavenging coefficient (sec™)
H = mixing layer height (m)
RR = rainfall rate (cm/yr)
SCF = scavenging conversion factor (yr/cm-sec).

Based on Sector Ground Surface Concentrations within EPA 2019, the equation used to
calculate the total ground surface deposition rate [pCi/(m? - sec)] based on radionuclide-specific
unit air concentration is as follows.

TDep; = Depy; + Dep,,; (5-112)
Where:
TDep; = total deposition rate for radionuclides [pCi/(m? sec)], radionuclide-specific
Depy; = radionuclide-specific deposition rate under dry conditions [pCi/(m? - sec)]
(Equation 5-109)
Dep,; = radionuclide-specific deposition rate under wet conditions [pCi/(m? - sec)]

(Equation 5-110).

The equation used to calculate the radionuclide concentration that has been accumulated on the
ground surface because of dry and wet depositions based on unit air concentration is as follows.

Cgrd,i =TDep; X tgccu (5-113)

Where:

pCi/m?
pCi/m3

Cgrd, i

Radionuclide-specific concentration on ground surface ( ), based on unit

concentration of air

TDep; = total deposition rate (pCi/m?>-sec), radionuclide-specific (Equation 5-112)

tacew = time interval over which the deposition has occurred (sec).
The following assumptions applied to the above equation are (1) the deposited radionuclide
concentration will reach equilibrium in ground surface at the end of the deposition interval
(e.g., 1-yr), with no further accumulation in time; (2) no loss of radionuclide from the ground
surface will occur during the deposition interval; and (3) the radionuclide is not tilled into
the soil as part of agriculture.

5.2.2.2.2 Concentration of Radionuclides in Soil Deposited on the Ground Surface.

The following equation is used to calculate the radionuclide concentration in the top layer of soil
(surface soil mixing zone) resulting from dry and wet deposition. A soil mixing depth of 15 cm

5-45



RPP-ENV-58813 Rev.02 7/3/2024 - 12:55 PM 136 of 296

RPP-ENV-58813, Rev. 2

(6 in.) (based on EPA recommendation [EPA530-R-05-006, Human Health Risk Assessment
Protocol for Hazardous Waste Combustion Facilities Final]) is used to generate soil
concentrations for incidental soil ingestion and the ingestion of produce and meat and dairy

products.
1 1
Csi = Cgrai X = X — X UCF; (5-114)
T  ps
Where:
Cs; = radionuclide concentration in soil (p(_:—i/gz
' (pCi/m?)
3 2
Cgrai = radionuclide concentration on ground surface Egj:lls (Equation 5-113)
T = Thickness of the contaminated ground surface (m)
Ds = soil dry bulk density (g/cm?)
UCF; = unit conversion factor (m?/cm?).

Again, the assumptions for the above equation are (1) the deposited radionuclide concentration
will reach equilibrium in ground surface at the end of the deposition interval (e.g., 1-yr), and
(2) no loss of radionuclide from the ground surface will occur during the deposition interval
considered for the PA.

5.2.2.2.3 Dose from External Exposure from Contaminated Soil Redeposited from Air.
The exposed individual will be subject to external exposure to radionuclides that have been
redeposited on the ground after transport along the air pathway. The following equation is used
to calculate the dose for direct external exposure. The combined equation (Equations 5-115 and
5-116) is consistent with Equation 7.1 in NCRP Report No. 129 that calculates the dose for this
exposure route. Instead of the soil moisture correction factor included in Equation 7.1, ACF was
considered during the calculation of dose for external gamma.

UDFext,i = Cgrd,i X (tin X & + tout) X ACFext,i X DCFext,i (5'1 15)
Where:
UDFe.:i = UDF from the exposure to contaminated ground surface for radionuclide i
((mrem/yr))
(pCi/m3)
Carai = ground surface concentration for radionuclide 7 per unit concentration of air
(pCi/m? )) .
(—(pCi ) (Equation 5-113)
tin = fraction of time spent indoors (unitless)
& = transmission or shielding factor for radionuclide i (unitless)
fout = fraction of time spent outdoors (unitless)
ACFey; = area correction factor for external exposure for radionuclide i (unitless).
DCF.; = dose conversion factor for external exposure to ground surface for radionuclide i
[(mrem/yr)/(pCi/m?)].
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The following equation is used to calculate dose from direct external exposure.

Dexti = Cairji X UDFeyy; (5-116)
Where:
Dexii = dose from external exposure for radionuclide i (mrem/yr)
Ciri = concentration in air for radionuclide i (pCi/m?)
UDF..; = UDF from direct external exposure for radionuclide i per unit concentration in

ir (%) (Equation 5-115).

5.2.2.2.4 Dose from Incidental Ingestion of Contaminated Soil Redeposited from Air.
The exposed individual will receive dose due to the incidental ingestion of soil present at

the contaminated ground surface. The following equation is used to calculate the UDF from
incidental ingestion of soil. The combined equation (Equations 5-117 and 5-118) is consistent
with Equation 7.3 in NCRP Report No. 129.

UDFg; = Cs; X IR X EF X UCF, X DCFp, 4 ; (5-117)
Where:
UDF,; = UDF for radionuclide i from incidental ingestion of soil per unit concentration
in air (—(mrem/ yr))
(pCi/m?) .
Csi ~ concentration in soil for radionuclide i for unit concentration of air, ((pc,—l/g))
(pCi/m3)
(Equation 5-114)
IR; = soil ingestion rate (mg/day)
EF = exposure frequency (days/yr)
UCF> = unit conversion factor (g/mg)
DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from incidental ingestion of contaminated soil,
redeposited from air.

Ds,i = Cair,i X UDFS'i (5-118)
Where:
Ds,i = dose for radionuclide i from incidental ingestion of soil (mrem/yr)
Clairi = concentration in air for radionuclide i (pCi/m?)
UDF;; = UDF for radionuclide i from incidental ingestion of soil per unit concentration in

i ((mrem/yr)

(Ci/m®) ) (Equation 5-117)
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5.2.2.3 Exposure from Homegrown Crops within Contaminated Soil Redeposited via Air.
The representative person consumes fruits and vegetables grown in the contaminated soil,
resulted by the redeposition of radionuclides from air. The media-specific concentration and
dose equations for exposure routes related to exposure from homegrown crops are presented
below.

5.2.2.3.1 Radionuclide Concentration in Homegrown Crops (Fruits and Vegetables).
Crops grown in contaminated soil may be consumed by people. The equation below determines
the amount of contaminant that is transferred from the soil to the crop by root uptake and
deposition processes. The concentration of radionuclide in the crop is given by the following
equation. Equation 5-119 is consistent with Equation 7.7 in NCRP Report No. 129 for this
exposure route.

Cei = Cs; X (B, + By) (5-119)
Where:
C.i; = radionuclide -specific concentration in homegrown crops per unit concentration in
air ( (pCi/g) )
(pCi/m?3)
= . . . Y Ci . . )
Ci.i Radionuclide-specific concentration in soil (%), dry weight of soil per unit
concentration in air (Equation 5-114)
B = ( pCi )
v O . kg fresh weight of crop
crop-soil bioconcentration factor through root uptake e ,
(kg dry weight of soil)
radionuclide dependent
B,” = crop-soil bioconcentration factor representing all resuspension-soil adhesion

pCi
kg fresh weight of crop

processes<( )>, radionuclide dependent.

(rgary weigheorsan)
kg dry weight of soil

5.2.2.3.2 Dose from Consumption of Homegrown Crops (Fruits and Vegetables).

The following equation is used to calculate the UDF from consumption of homegrown crops
(fruits and vegetables). The combined equation (Equations 5-120 and 5-121) is consistent with
Equation 7.4 in NCRP Report No. 129 for this exposure route.

UDF,; = Cc; X IR X F, X UCF; X DCFyg; (5-120)
Where:
UDF.; = UDF for radionuclide i from crop consumption per unit concentration in air
((mrem/yr))
(pCi/m?3)
Cei = concentration in crop for radionuclide i based on unit concentration of air per
pCi
unit concentration in air <p§i3> (Equation 5-119)

m
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IR, = crop ingestion rate (kg/yr)
F, = fraction of homegrown crops consumed (unitless)
UCF, = unit conversion factor (g/kg)
DCFigi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of homegrown crops.

D.; = Cair; X UDF,; (5-121)
Where:
De,i = dose for radionuclide i from consumption of crops (mrem/yr)
Cairi = concentration in air for radionuclide i (pCi/m?)
UDF.; = UDF for radionuclide i from consumption of crops per unit concentration in air

(mrem/yr) .
(m) (Equation 5-120).

5.2.2.4 Exposure from Cattle Raised within Contaminated Soil. The representative person
grows fodder for beef cattle, dairy cows, and poultry in the field/pasture. The beef cattle
consume the fodder and ingest contaminated soil. Radionuclides accumulate in the cattle and
become an ingestion pathway for the future member of the public when meat from the cattle is
consumed. The media-specific concentration and dose equations related to exposure from cattle
raised within contaminated soil are presented below.

5.2.2.4.1 Radionuclide Concentrations in Animal Fodder. Fodder grown in contaminated
soil may be used to feed livestock animals. The equation below determines the amount of
contaminant transferred from soil to fodder by root uptake and deposition processes.

The concentration of radionuclide in animal fodder is calculated by the following equation.
Equation 5-122 is consistent with Equation 7.8 in NCRP Report No. 129.

Cfodder,i = Cs,i X (Bp + B,p) (5-122)
Where:
Cfodaeri = radionuclide concentration in fodder per unit concentration in air, pCi/g per
pCi/m? (fresh weight)
A = . . . ) . D Ci
Cis.i radionuclide concentration in surface soil per unit concentration in air ( (;ii;/rfz))
(dry weight) (Equation 5-114)
B, = pasture- or fodder-soil bioconcentration factor through
pCi
uptake<(kg fresh o °ff°dder)>, radionuclide dependent
(kg dry weight of soil)
By = pasture- or fodder-soil bioconcentration factor representing all resuspension-soil
pCi
adhesion processes <(kg fresh o °”°dder)>, radionuclide dependent.
(kg dry weight of soil)
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5.2.2.4.2 Radionuclide Concentrations in Beef. The concentration of radionuclides that are
transferred to beef from the consumption of contaminated fodder and contaminated soil is
calculated by the following equation.

Coi = (Croaderi X IRfoadery X UCFy + Cs X IR, X UCF;) X BCFyeer (5-123)
Where:
Ch,i = radionuclide concentration in beef per unit concentration in air, pCi/kg per
pCi/m?
Croaderi = radionuclide concentration in fodder per unit concentration in air, pCi/g per
pCi/m? (Equation 5-122)
IRfadery = 1ngestion rate of fodder for beef (kg/day)
UCF; = unitconversion factor (g/kg)
Cs = radionuclide concentration in soil per unit concentration in air, pCi/g per pCi/m?
(Equation 5-114)
IR;» = ingestion rate of soil for beef (kg/day)
BCFreer = bioconcentration factor of radionuclides in beef (day/kg).

5.2.2.4.3 Dose from Consumption of Beef. The following equation is used to calculate

the UDF from consumption of locally produced beef. Equations 5-124 and 5-125 are used to
calculate UDF and dose, respectively, from consumption of farm-raised beef. Their combined
equation is based on Equation 7.6 in NCRP Report No. 129 for this exposure route.

UDFb,l' = Cb,i X IR, X F, X DCFing,i (5-124)
Where:
UDFy; = UDF for radionuclide i from beef consumption per unit concentration in air
((mrem/yr))
(pCi/m?) _
Cbi ~ concentration in beef for radionuclide 7 per unit concentration of air (M)
(pCi/m3)

(Equation 5-123)

IRy = beef ingestion rate (kg/yr)

F, = fraction of locally produced beef consumed (unitless)

DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of beef.

Dy; = Cair;y X UDFy; (5-125)
Where:
Dy, = dose for radionuclide i from consumption of beef (mrem/yr)
Ciri = concentration in air for radionuclide i (pCi/m?)
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UDF; = UDF for radionuclide i from consumption of beef per unit concentration in air

(mrem/yr) )
(m) (Equation 5-124).

5.2.2.5 Exposure from Dairy Cows Raised within Contaminated Soil. As mentioned
earlier, the representative person grows fodder for beef cattle, dairy cows, and poultry in the
field/pasture. The dairy cows consume the fodder and ingest contaminated soil. Radionuclides
accumulate in the animals and become an ingestion pathway for the receptor when milk from the
dairy cows is consumed. The media-specific concentration and dose equations related to
exposure from dairy cows raised with contaminated soil are presented below.

5.2.2.5.1 Radionuclide Concentrations in Milk. The concentration of radionuclides that are
transferred to milk from the consumption of contaminated fodder and contaminated soil by dairy
cattle is calculated by the following equation.

Cm,i = (Cfodder,i X IRfodder,d X UCFl + Cs,i X IRs,d X UCFl) X BCFmilk,i (5'126)
Where:
Cni = radionuclide-specific concentration in milk per unit concentration in air (pCi/L
per pCi/m®)
Croaderi = Radionuclide-specific concentration in fodder per unit concentration in air
(pCi/g per pCi/m?) (Equation 5-122)
IRfadera = 1ingestion rate of fodder by dairy cattle (kg/day)
UCF; = unit conversion factor (g/kg)
Cs,i = Radionuclide-specific concentration in soil per unit concentration in air (pCi/g
per pCi/m?) (Equation 5-114)
IR;.q = ingestion rate of soil by dairy cattle (kg/day)
BCFuii = bioconcentration factor of radionuclides in milk (day/L).

5.2.2.5.2 Dose from Consumption of Milk. Equations 5-127 and 5-128 are used to calculate
UDF and dose, respectively, from consumption of milk. Their combined equation is consistent
with Equation 7.5 in NCRP Report No. 129 for this exposure route.

UDFm'i = Cm,i X IR, X F; X DCFing,i (5-127)
Where:
UDF,; = UDF for radionuclide i from milk consumption per unit concentration in air
((mrem/yr))
(pCi/m?) _
Cm,i ~ concentration in milk for radionuclide i per unit concentration in air ( (pc_l/L) )
(pCi/m3)
(Equation 5-126)
IRy, = milk ingestion rate (L/yr)
Fa = fraction of locally produced milk consumed (unitless)
DCFigi = ingestion dose conversion factor for radionuclide i (mrem/pCi).
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The following equation is used to calculate dose from consumption of milk.

Dini = Cair,i X UDFyy s (5-128)
Where:
Do, i = dose for radionuclide i from consumption of milk (mrem/yr)
Ciri = concentration in air for radionuclide i (pCi/m?)
UDF,,; = UDF for radionuclide i from consumption of milk per unit concentration in air

(%) (Equation 5-127).

5.2.2.6 Exposure from Poultry Raised within Contaminated Soil. As mentioned earlier, the
representative person grows fodder for beef cattle, dairy cows, and poultry in the field/pasture.
The poultry consume the fodder and ingest contaminated soil. Radionuclides accumulate in the
animals and become an ingestion pathway for the receptor when meat and eggs from the poultry
are consumed. The media-specific concentration and dose equations related to exposure from
poultry raised with contaminated soil are presented below.

5.2.2.6.1 Radionuclide Concentrations in Poultry. The concentration of radionuclides that
are transferred to poultry from the consumption of contaminated fodder and contaminated soil is
calculated by the following equation.

CP,L' = (Cfodder,i X IRfodder,P X UCFl + Cs,i X IRs,p X UCFl) X BCFPoultry,i (5'129)
Where:
Cpi = radionuclide concentration in poultry per unit concentration in air (pCi/kg per
pCi/m?)
Crodder,i = radionuclide concentration in fodder for unit air concentration (pCi/g per
pCi/m?) (Equation 5-122)
IRfpaderp = 1ngestion rate of fodder by poultry (kg/day)
UCF; = unit conversion factor (g/kg)
Cs,i = radionuclide concentration in soil for unit air concentration per unit
concentration in air (pCi/g per pCi/m?) (Equation 5-114)
IR;p = ingestion rate of soil by poultry (kg/day)
BCFpouy = bioconcentration factor of radionuclides in poultry (day/kg).

5.2.2.6.2 Dose from Consumption of Poultry. Equations 5-130 and 5-131 are used to
calculate UDF and dose, respectively, from consumption of poultry. The combined equation is
consistent with the part of Equation 7.6 in NCRP Report No. 129 that calculates the dose for a
similar exposure route (meat).

UDFE, = Cp X IRp X Fy X DCFipg (5-130)
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Where:
_ f di lide i fi . £ 1 (mrem/yr)
UDF, = UDF for radionuclide i from consumption of poultry (W)
Gy = radionuclide concentration for radionuclide 7 in poultry per unit concentration in
. ( (pCi/kg) .

air ((pCi/m3)) (Equation 5-129)

IR, = poultry ingestion rate (kg/year)
Fa = fraction of locally produced poultry that is consumed (unitless)
DCFi,; = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of poultry.

Dp,i = Cair,i X UDFp‘i (5-131)
Where:
Dy, = dose for radionuclide i from consumption of poultry (mrem/yr)
Ciri = concentration in air for radionuclide i (pCi/m?)
UDF),; = UDF for radionuclide i from consumption of poultry per unit concentration in air

(mrem/yr) .
(—(p v ) (Equation 5-130).
5.2.2.6.3 Radionuclide Concentrations in Eggs. The concentration of radionuclides that are
transferred to eggs from the consumption of contaminated fodder and contaminated soil is given
by Equation 5-132.

Cei = (Croageri X IRfoagerp X UCFy + Cg; X IRg, X UCF;) X BCF 4 (5-132)
Where:
Ce,i = radionuclide concentration in eggs per unit concentration in air (pCi/kg per
pCi/m?)
Crodderi = radionuclide concentration in fodder per unit concentration in air (pCi/g per
pCi/m?) (Equation 5-122)
IRfaderp = 1ingestion rate of fodder by poultry (kg/day)
UCF; = unit conversion factor (g/kg)
Cs,i = radionuclide concentration in soil per unit concentration in air (pCi/g per
pCi/m?) (Equation 5-114)
IR, ), = ingestion rate of soil by poultry (kg/day)
BCF.qi = bioconcentration factor of radionuclides in eggs (day/kg).

5.2.2.6.4 Dose from Consumption of Eggs. Equations 5-133 and 5-134 are used to calculate
UDF and dose, respectively, from consumption of eggs. Their combined equation is consistent
with the part of Equation 7.6 in NCRP Report No. 129 that calculates the dose for a similar
exposure route (meat).
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UDFe; = Coy X IR, X Fy X DCFip g ; (5-133)
Where:
UDF,; = dose for radionuclide i resulting from consumption of eggs (M)
el g p gg (pcl/m3)
Cei = concentration in eggs for radionuclide i based on unit concentration of air
(pCi/kg) .
(m) (Equation 5-132)
IR, = egg ingestion rate (kg/yr)
Fa = fraction of locally produced eggs that are consumed (unitless)
DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of egg.

De,i = Cair,i X UDFe,i (5-134)
Where:
De,i = dose from consumption of egg for radionuclide 7, (mrem/yr)
Clairi = concentration in air for radionuclide i (pCi/m?)
UDF.; = UDF from consumption of egg for radionuclide i per unit concentration in air

(%) (Equation 5-133).

5.2.2.7 Total Effective Dose for Atmospheric Pathway. The total dose to the representative
person is the sum of the doses from the included exposure routes. The total radionuclide dose is
the sum of the dose from all exposure routes for each radionuclide separately. The total dose is
the sum of the total radionuclide doses. The following equation is used to calculate the
atmospheric pathway total effective dose for each radionuclide from all exposure routes
summed.

p
a Deotari = Z D;; (5-135)
J

n
b Dtotal,j = Z Dj,l'
i
n p
¢ Diotar = Z Z Dj,i
i j

Where:
Diowri = total dose from radionuclide 7 in all included exposure routes (mrem/yr)
D = dose from radionuclide i via exposure route j (mrem/yr)
p = total number of exposure routes
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n = total number of radionuclides.
Diwij = total dose from all radionuclides from exposure route j (mrem/yr)
Diwiws = total dose from all radionuclides via all included exposure routes (mrem/yr).

5.2.3 Intruder Dose Assessment — Acute Well Driller Scenario

The acute Well Driller exposure scenario evaluates the short-term exposure of a well driller to
drill cuttings that are exhumed from a well installed to the depth of the water table for the supply
of water. As the well is drilled through the wastes, the driller is exposed to the radionuclides in
the drill cuttings. The well driller is assumed to be exposed to drill cuttings for a total of

five days (8 hours per day for a total of 40 hours). The dose is calculated by assuming that the
cuttings are uniformly spread across the drill pad and are not diluted by mixing with clean soil.

The conceptual model of the acute intruder exposure scenario is illustrated in Figure 3-4. The
figure presents exposure routes for All-Pathways Representative Person and the yellow
highlighted boxes and purple lines indicate the following completed exposure routes for acute
Well Driller: external exposure, inhalation of soil particulates, and incidental soil ingestion. The
equations used to calculate the radionuclide concentrations in the drill cuttings and the dose
calculations for each exposure route are presented below.

5.2.3.1 Radionuclide Concentration in Drill Cuttings. The following equation is used to
calculate the radionuclide concentration in drill cuttings resulting from intrusion into the waste
and the subsequent interception of disposed waste as a result of drilling a borehole to the depth
of groundwater. The equation uses the time-dependent inventory from each waste source to
account for decay and ingrowth.

1
Ciags = I; j X =————< X DF,,. X UCF; X UCF. 5-136
i,ds i,j (Vw % pw) wc 1 3 ( )
Where:

Cids = concentration of radionuclide 7 in drill cuttings (pCi/g per pCi/g)

I;j = time-dependent radionuclide inventory (Ci)

Vw = volume of waste to be disposed at each source (m?)

D = bulk waste density (kg/m?)
DF,. = dilution factor for waste cuttings in drill cuttings (unitless) (Equation 5-137)
UCF; = unit conversion factor (pCi/Ci)
UCF3; = unit conversion factor (kg/g).

The dilution factor for waste cuttings in drill cuttings (DF.) is calculated using the design
information available for the WMA. The parameters are subject to modification as the WMA
design evolves and is finalized. It is also noted that the WMA cap thickness can be omitted from
the calculation to avoid use of preliminary designs information. This omission results in a higher
estimation of radionuclide concentrations in the drill cuttings and more conservative estimates
(i.e., higher) of potential dose.
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Z
DFye === (5-137)
gw
Where:
DF,. = dilution factor for waste cuttings in drill cuttings (unitless)
Zwaste = depth of waste intercepted by borehole (m)
Zow = depth to groundwater (m).
For tank, Zwaste 1s calculated by:
Z v, v,
t = =
waste = 7 o (DTank)z (5-138)
Where:
Zwaste = depth of waste intercepted by borehole (m)
Vw = residual waste volume (m?)
Arank = cross-sectional area of the tank (m?)
Drane = diameter of the tank (m).
For pipeline, Zwaste 1s calculated by:
Z = by
waste = Tripe X Wpipe (5-139)
Where:
Zwaste = depth of waste intercepted by borehole (m)
Vw = residual waste volume (m?)
lppe = total pipeline length (m)
Wpipe = pipeline width (m) or diameter.

5.2.3.2 Dose Attributed to Incidental Soil Ingestion. Equations 5-138 and 5-139 are used to
calculate UDF and dose, respectively, to the well driller resulting from incidental ingestion of

soil. The combined equation (Equations 5-140 and 5-141) is consistent with Equation 7.3 in
NCRP Report No. 129.

UDFs; = IRsywq X EFy,q X EDy,q X UCF, X DCF; g4 (5-140)
Where:
UDF;; = UDF for radionuclide i resulting from incidental soil ingestion per unit
concentration in drill cuttings (mrem per pCi/g)
IR wa = soil ingestion rate — well driller (mg/day)
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EFya = exposure frequency — well driller (days/yr)
EDya exposure duration — well driller (year)
UCF> unit conversion factor (g/mg)
DCFiing = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from incidental ingestion of soil.

Ds,i = Ci,ds X UDFS'i (5-141)
Where:
Dy, = dose for radionuclide i from incidental ingestion of soil (mrem)
Cids = concentration of radionuclide i in drill cuttings (pCi/g) (Equation 5-136)
UDF;; = UDF for radionuclide i from incidental ingestion of soil per unit concentration in

drill cuttings (mrem per pCi/g) (Equation 5-140).

5.2.3.3 Dose Attributed to Inhalation of Soil Particulates. Equations 5-142 and 5-143 are
used to calculate UDF and dose to the well driller resulting from inhalation of soil particulates
suspended in the air during outdoor exposure. The combined equation (Equations 5-142 and
5-143) is a slight modification of Equations 4.3 and 7.2 in NCRP Report No. 129.

UDFinh,i = Ci,ds X Ef X INHout,wd X M X Loutwa X DCFi,inh (5-142)
Where:
UDFi.,i = UDF for radionuclide i resulting from inhalation of soil per unit concentration
in drill cuttings (mrem per pCi/g)
Cids = unit concentration of radionuclide 7 in drill cuttings (pCi/g per pCi/g)
Er = enrichment factor (unitless)
INHouwa = outdoor inhalation rate — well driller (m?/yr)
M = mass loading factor (g/m?)
tout,wd = fraction of time spent outdoors — well driller (year)
DCFi,i = inhalation dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from inhalation of soil particulates.

Dinni = Cias X UDFinp (5-143)
Where:
Dinn,i = dose for radionuclide i from inhalation of soil particulates (mrem)
Cids = concentration of radionuclide i in drill cuttings (pCi/g) (Equation 5-136)
UDFinni = UDF for radionuclide i from inhalation of soil particulates (mrem per pCi/g)

(Equation 5-142).
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5.2.3.4 Dose Attributed to External Exposure. Equations 5-144 and 5-145 are used to
calculate UDF and dose to the well driller resulting from external exposure. The combined
equation is a slight modification of Equation 7.1 in NCRP Report No. 129 that calculates the
dose for this exposure route. Due to outdoor scenario, the assigned value for fraction of time
indoors included in Equation 7.1 is zero.

UDFext,i = tout,wd X DCFext,i X ACFext,i (5'144)
Where:
UDFey; = UDF from radionuclide i resulting from external exposure (mrem per pCi/g)
Lout,wd = fraction of time spent outdoors by well driller (year)
ACFey; = area correction factor for radionuclide i (unitless).
DCF.y; = external exposure dose conversion factor for radionuclide i (mrem/yr)/(pCi/g).

The ACF is used to adjust the external radiation dose conversion factor developed under the
idealized assumption of an infinite areal extent of contamination to the expected areal extent of
contamination (see Table 12 of ORNL/TM-2013/00). The area of contamination for the acute
exposure Well Driller scenario is assumed to be 2,000 m?.

The following equation is used to calculate dose from external exposure:

Dexti = Cias X UDFgye; (5-145)
Where:
Dexii = dose from radionuclide i resulting from external exposure (mrem)
Cids = concentration of radionuclide 7 in drill cuttings (pCi/g) (Equation 5-136)
UDFey; = UDF for radionuclide i from external exposure (mrem per pCi/g)

(Equation 5-144).

5.2.3.5 Total Acute Exposure Dose. The following equation is used to calculate the total dose
to the well driller for each radionuclide:

Dwa,i = Ds;i + Dinni + Dexe,i (5-146)
Where:
Dyai = total dose from radionuclide i (mrem)
Ds; = dose from radionuclide 7 resulting from incidental soil ingestion (mrem)
(Equation 5-141)
Dinpi = dose from radionuclide i resulting from inhalation of soil (mrem) (Equation 5-143)
Dexi = dose from radionuclide i resulting from external exposure (mrem) (Equation 5-145).
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The following equation is used to calculate the total acute dose to the well driller:

n
Drotatwa = ) Dwai (5-147)
i
Where:
Dywaww = total dose from all radionuclides (mrem)
Dyai = total dose from radionuclide i (mrem) (Equation 5-146)
n = total number of radionuclides.

5.2.4 Intruder Dose Assessment — Chronic Rural Pasture Scenario

The Rural Pasture scenario evaluates the long-term exposure to an individual who uses the target
field as a residence, with a pasture used for milk production from dairy cows. The pasture is
used to raise dairy cattle that eat fodder grown from the pasture, and the resident subsequently
drinks the pastured cows’ milk. In addition to exposure from milk consumption, the resident is
exposed by incidental soil ingestion, inhalation of the soil particulates, and external exposure.

The conceptual model of the Rural Pasture exposure scenario is illustrated in Figure 3-5. The
figure presents exposure routes for All-Pathways Representative Person and the yellow
highlighted boxes and purple lines indicate the completed exposure routes for Rural Pasture.
The equations used to calculate the radionuclide concentrations in pasture soil, the dose
attributed to incidental soil ingestion of pasture soil, the dose attributed to consumption of milk
from cows grazing in contaminated pasture soil, the dose attributed to inhalation of soil
particulates, the dose attributed to external exposure to contaminated pasture soil, and total
chronic pasture dose.

5.2.4.1 Radionuclide Activity in Drill Cuttings. The concentration of radionuclides in
pasture soil resulting from the drill cuttings is determined by first calculating the activity of each
radionuclide in the drill cuttings, and then calculating the radionuclide concentration in the
pasture soil. The following two equations are used to calculate the radionuclide activities and
radionuclide concentrations for all three of the chronic scenarios. The differences in
radionuclide activities for each scenario are the well diameters and the depth that the drill
cuttings are tilled into the soil of the target field (Rural Pasture, Suburban Garden, or
Commercial Farm).

The following equation is used to calculate the activity of the ith radionuclide in the drill
cuttings, Si.

S, = [, Zwelks (5-148)
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Where:
I; = inventory activity (pCi) at a given time
Awens = area of the well for chronic scenario s (m?)
Aw; = area over which the residual waste is spread (m?).

For tanks, Awen is calculated by:

2

d
Ay =T X ( W;”'S) (5-149)
Where:
Awer = Area of the well for chronic scenario (m?)
dwes = Diameter of the well for chronic scenario (m?).

For pipelines, Ayeu is calculated by:

Awen = dPipe X lPipe (5-150)
Where:
Awen = Area of the well for chronic scenario (m?)
lpipe = total pipeline length (m)
dpipe = pipeline width (m) or diameter.

5.2.4.2 Radionuclide Concentration in Pasture Soil. The following equation is used for the
radionuclide concentrations in the contaminated soil mass.

S .
Crp,i = < P > (5-151)

Arp X er X prp + Awell,rp X Zgw X Ps

Where:
Crp,i = concentration of radionuclide 7 in pasture soil (pCi/g)
Srp,i = activity in drill cuttings for the i species for Rural Pasture scenario (pCi)
(Equation 5-148)
Ay = area of pasture (cm?)
Zp = depth to which drill cuttings that are tilled into the pasture (cm)
Prp = dry bulk density in the pasture (g/cm?)
Awenrp = area of the well for Rural Pasture (cm?)
Zow = depth to groundwater (cm)
Ds = dry bulk density of the drill cuttings (g/cm?®) (Equation 5-152).
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The cutting dry bulk density should account for soils from the waste source to water table. The
average drill cuttings bulk density is assumed to be approximated as:

Z
o, = ZPKLk (5-152)
Zgw
Where:

ps = Average dry bulk density (g/cm?)
pr = the k™ formation dry bulk density (g/cm®)
Zr = the k™ formation thickness (cm)
Zow = Depth to groundwater (cm).

5.2.4.3 Dose Attributed to Incidental Soil Ingestion. The following equation is used to
calculate UDF to the rural pasture resident resulting from incidental ingestion of pasture soil.
The combined equation (Equations 5-153 and 5-154) is consistent with Equation 7.3 in NCRP
Report No. 129.

UDF;; = IRs,, X EF., X UCF, X DCFyg; (5-153)
Where:
UDF;; = UDF from radionuclide i resulting from incidental soil ingestion per unit
concentration in drill cuttings (mrem/yr per pCi/g)
IR; = soil ingestion rate — rural pasture (mg/day)
EFyy = exposure frequency — rural pasture (days/yr)
UCF> = unit conversion factor (g/mg)
DCFigi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from incidental ingestion of soil.

DS,i = Crp,i X UDFS,l' (5-154)
Where:
Ds,i = dose rate for radionuclide i from incidental ingestion of soil (mrem/yr)
Crp,i = concentration of radionuclide 7 in pasture soil (pCi/g) (Equation 5-151)
UDF;; = UDF for radionuclide i from incidental ingestion of soil per unit concentration in

drill cuttings (mrem/yr per pCi/g) (Equation 5-153).

5.2.4.4 Dose Attributed to Consumption of Milk. The following equations are used to
calculate the concentration of contaminant in livestock fodder, the concentration of contaminant
in milk, and the dose from consumption of milk. The following equation is used to calculate the
concentration of contaminant in livestock fodder. Equation 5-155 is consistent with Equation 7.8
in NCRP Report No. 129.
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Cfodder,i = Crp,i X (Bp,i + B;Io,i ) (5-155)
Where:
Croaderi = concentration of radionuclide 7 in livestock fodder per unit concentration in drill
cuttings (pCi/g per pCi/g) at any given time
Cip.i = concentration of radionuclide 7 in the pasture soil per unit concentration in drill
cuttings (pCi/g per pCi/g) at any given time (Equation 5-151)
By = pasture-soil bioconcentration factor through uptake for radionuclide i

( i )
< kg dry weight of fodder )

(aryweightorsan)
kg dry weight of soil
B = pasture-soil bioconcentration factor for resuspension effects for radionuclide i

( i )
< kg dry weight of fodder )

(aryweightorsan)
kg dry weight of soil

The following equation is used to calculate the concentration of contaminant in milk resulting
from consumption of contaminated fodder, and contaminated soil by the dairy animal.

Cm,i = (Cfodder,i X IRfodder,d X UCFl + Crp,i X IRs,d X UCFl) X BCFmilk,i (5‘156)

Where:
Cni = concentration of radionuclide 7 in milk per unit concentration in drill cuttings
(pCi/L per pCi/g) at any given time
Crodderi = concentration of radionuclide 7 in livestock fodder per unit concentration in drill
cuttings (pCi/g per pCi/g) at any given time (Equation 5-155)
IRfadera = 1ingestion rate of fodder by dairy cattle (kg/day)
UCF; = unit conversion factor (g/kg)
Crp,i = concentration of radionuclide i in the pasture soil per unit concentration in drill
cuttings (pCi/g per pCi/g) at any given time (Equation 5-151)
IR;.q = ingestion rate of soil by dairy cattle (kg/day)
BCFuii; = bioconcentration factor of radionuclide i in milk (day/L).

The equation is used to calculate the UDF from ingestion of milk. The combined equation
(Equations 5-157 and 5-158) is consistent with the part of Equation 7.5 in NCRP Report No. 129
that calculates the dose for this exposure route.

UDFm,l' = Cm,i X IRm,rp X Fm X DCFing,i (5-157)
Where:
UDF,,; = dose from radionuclide i resulting from ingestion of milk per unit concentration
of drill cuttings (mrem/yr per pCi/g)
Cmi = concentration of radionuclide i in milk per unit concentration in drill cuttings

(pCi/L per pCi/g) at any given time (Equation 5-156)
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IRy, = milk ingestion rate (L/yr)
Fon = fraction of locally produced milk that is consumed (unitless)
DCFi,i = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from ingestion of milk.
Dpi = Crpi X UDFy, ; (5-158)

Where:

Do, i dose rate for radionuclide i from ingestion of milk (mrem/yr)
Cip.i = concentration of radionuclide 7 in pasture soil (pCi/g) (Equation 5-151)
UDF i UDF for radionuclide i from incidental ingestion of soil (mrem/yr per pCi/g)
(Equation 5-157).

5.2.4.5 Dose Attributed to Inhalation of Soil Particulates. The following equation is used to
calculate UDF to the rural pasture resident resulting from inhalation of dust particulates
suspended in the air during outdoor exposure. The combined equation (Equations 5-159 and
5-160) is a slight modification of Equation 7.2 in NCRP Report No. 129.

I
UDFinh,i = Ef X M X <INHin,Tp X tin,rp X (—) + INHout,Tp X tout,rp) X DCFinh,i (5'159)

0
Where:
UDFi,i = UDF from radionuclide i resulting from inhalation of soil per unit concentration
in drill cuttings (mrem/yr per pCi/g)
Er = enrichment factor (unitless)
M = mass loading factor (g/m?)
INHin,;, = indoor inhalation rate — rural pasture (m>/yr)
Linrp = fraction of time spent indoors — rural pasture (unitless)
5 = ratio of radionuclide concentrations in indoor and outdoor air (unitless)
INHour, = outdoor inhalation rate — rural pasture (m>/yr)
Lout,rp = fraction of time spent outdoors — rural pasture (unitless)
DCF iy = inhalation dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from inhalation of soil particulates.

Dinni = Crpi X UDFipp (5-160)
Where:
Dinhi = dose rate for radionuclide i from inhalation of soil particulates (mrem/yr)
Crp,i = concentration of radionuclide i in rural pasture soil (pCi/g) (Equation 5-151)
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UDFi,; = UDF for radionuclide i from inhalation of soil particulates per unit
concentration in drill cuttings (mrem/yr per pCi/g) (Equation 5-159).

5.2.4.6 Dose Attributed to External Exposure. The following equation is used to calculate
UDF to the rural pasture resident resulting from external exposure. The combined equation
(Equations 5-161 and 5-162) is consistent with Equation 7.1 in NCRP Report No. 129 that
calculates the dose for this exposure route.

UDFext,i = (tin,rp X &; + tout,rp) X ACFext,i X DCFext,i (5‘161)
Where:
UDFeyi = UDF from radionuclide 7 resulting from external exposure to pasture soil per
unit concentration of drill cuttings (mrem/yr per pCi/L)
Linrp = fraction of time spent indoors — rural pasture (unitless)
& = transmission or shielding factor for radionuclide i (unitless)
Lout,rp = fraction of time spent outdoors — rural pasture (unitless)
ACFeyi = area correction factor for radionuclide i (unitless)
DCF..; = external exposure dose conversion factor for radionuclide i (mrem/yr per pCi/g).

The ACF is used to adjust the external radiation dose conversion factor developed under the
idealized assumption of an infinite areal extent of contamination to the expected areal extent of
contamination (see Table 12 of ORNL/TM-2013/00). The area of contamination for the Rural
Pasture exposure scenario is assumed to be 8,500 m?.

The following equation is used to calculate dose from external exposure.

Dexti = Crpi X UDFexy; (5-162)
Where:
Dexii = dose rate from radionuclide i resulting from external exposure (mrem/yr)
Cip.i = concentration of radionuclide 7 in rural pasture soil (pCi/g) (Equation 5-151)
UDFey; = UDF for radionuclide i from external exposure per unit concentration of drill

cuttings (mrem/yr per pCi/g) (Equation 5-161).

5.2.4.7 Total Chronic Rural Pasture Dose. The following equation is used to calculate the
total dose to the resident with a rural pasture for each radionuclide:

Drp,i = Ds,i + Dm,i + Dinh,i + Dext,i (5-163)
Where:
Dy = total dose rate from radionuclide i (mrem/yr)
Dsi = dose rate from radionuclide 7 resulting from incidental soil ingestion (mrem/yr)

(Equation 5-154)
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Dy = dose rate from radionuclide i resulting from ingestion of milk (mrem/yr)
(Equation 5-158)

Dinni = dose rate from radionuclide i resulting from inhalation of soil (mrem/yr)
(Equation 5-160)

Dewi = dose rate from radionuclide i resulting from external exposure to drill cuttings

(mrem/yr) (Equation 5-162).

The following equation is used to calculate the total dose to the resident with a rural pasture for
all radionuclides.

n

Drp,total = Z Drp,i (5-164)
i
Where:
Dy = total dose rate from all radionuclides (mrem/yr)
n = total number of radionuclides
Dyp,i = total dose rate from radionuclide i (mrem/yr).

5.2.5 Intruder Dose Assessment — Chronic Suburban Garden Scenario

The Suburban Garden scenario evaluates the long-term exposure to an individual who uses the
target field as a home construction lot with a garden. The garden is used to grow fruits and
vegetables and the resident subsequently eats them. In addition to exposure from fruit and
vegetable consumption, the resident is exposed by incidental soil ingestion, inhalation of the soil
particulates, and external exposure.

The conceptual model of the chronic Suburban Garden exposure scenario is illustrated in
Figure 3-6. The figure exposure routes for All-Pathways Representative Person and the yellow
highlighted boxes and purple lines indicate the completed exposure routes for Suburban Garden.
The equations used to calculate the radionuclide concentrations in the drill cuttings and the dose
calculations for each exposure route are presented below.

5.2.5.1 Radionuclide Concentration in Garden Soil. The following equation is the
radionuclide concentration in garden soils.

S i,ds
Csgi = : 5-165
9t Asg X ng X psg + Awell,sg X Zgw X Ps ( )
Where:
Csgi = concentration of radionuclide 7 in the garden soil surface layer—suburban garden
(pCi/g)

Si ds = activity of radionuclide i in the drill cuttings (pCi) (Equation 5-148)
Asq = area of home construction lot (suburban garden) (cm?)

5-65



RPP-ENV-58813 Rev.02 7/3/2024 - 12:55 PM 156 of 296

RPP-ENV-58813, Rev. 2

Zsq = depth to which drill cuttings are tilled into the garden (cm)
Psg = soil dry bulk density in the garden (g/cm?)
Aweisg = area of the well—suburban garden (cm?)
Zow = depth to groundwater (cm)
Ps = dry bulk density of the drill cuttings (g/cm?) (Equation 5-152).

5.2.5.2 Dose Attributed to Incidental Soil Ingestion. The following equation is used to
calculate UDF to the suburban garden resident resulting from incidental ingestion of garden soil.
The combined equation (Equations 5-166 and 5-167) is consistent with Equation 7.3 in NCRP
Report No. 129.

UDFs; = IRssq X EF;q X UCF, X DCFing; (5-166)
Where:
UDF;; = UDF from radionuclide i resulting from incidental soil ingestion per unit
concentration in drill cuttings (mrem/yr per pCi/g)
IR s¢ = soil ingestion rate — suburban garden (mg/day)
EF = exposure frequency — resident (days/yr)
UCF> = unit conversion factor (g/mg)
DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from incidental ingestion of soil.

Ds,i = ng,i X UDFS,l' (5-167)
Where:
Ds,i = dose rate for radionuclide i from incidental ingestion of soil (mrem/yr)
Csgi = concentration of radionuclide 7 in garden soil (pCi/g) (Equation 5-165)
UDF;; = UDF for radionuclide i from incidental ingestion of soil per unit concentration in

drill cuttings (mrem/yr per pCi/g) (Equation 5-166).
5.2.5.3 Dose Attributed to Consumption of Homegrown Crops (Fruits and Vegetables).
The following equations are used to calculate the concentration of contaminant in the crop
(homegrown fruits and vegetables) and the dose from consumption of the crop. The following

equation is used to calculate the concentration of contaminant in the crop. Equation 5-168 is
consistent with the Equation 7.7 in NCRP Report No. 129 for this exposure route.

Cei = Csgi X (Byi+ By, (5-168)
Where:

C.i = concentration of radionuclide i in crop per unit concentration in drill cuttings (pCi/g
per pCi/g)
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Csei = concentration in garden soil per unit concentration in drill cuttings (pCi/g per pCi/g)
(Equation 5-165)
B.i = crop-soil bioconcentration factor through uptake for radionuclide i

( I )
( kg fresh weight of crop >

pCi
(kg dry weight of soil)
B',; = crop-soil bioconcentration factor representing all resuspension-soil adhesion

( I )

. . . kg fresh ight of

processes for radionuclide i < e ——— >
(kg dry weight of soil)

The following equation is used to calculate UDF resulting from consumption of homegrown
fruits and vegetables. The combined equation (Equations 5-169 and 5-170) is consistent with
Equation 7.4 in NCRP Report No. 129 for this exposure route.

UDFC'i = Cc,i X IRC,Sg X E, X UCF; X DCFing,i (5-169)
Where:
UDF.; = UDF from radionuclide 7 resulting from consumption of crops (homegrown
fruits and vegetables) (mrem/yr per pCi/g)
Cei = concentration of radionuclide 7 in crop (pCi/g per pCi/g) (Equation 5-168)
IR o = crop ingestion rate (kg/yr)
F, = fraction of homegrown fruits and vegetables consumed (unitless)
UCF; = unit conversion factor (g/kg)
DCFigi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from consumption of crops:

DC,i = Cc,i X UDFCJ' (5-170)
Where:
Dc,i = dose rate for radionuclide i from consumption of homegrown crops (mrem/yr)
Cei = concentration of radionuclide i in homegrown crops (pCi/g) (Equation 5-168)
UDF¢; = UDF for radionuclide i from consumption of homegrown crops per unit

concentration in drill cuttings (mrem/yr per pCi/g) (Equation 5-169).

5.2.5.4 Dose Attributed to Inhalation of Soil Particulates. The following equation is used to
calculate UDF to the suburban garden resident resulting from inhalation of dust particulates
suspended in the air during outdoor exposure. The combined equation (Equations 5-171 and
5-172) is a slight modification of Equation 7.2 in NCRP Report No. 129.

I
UDFinh,i = Ef X M X <INHin,Sg X tin,sg X5+ INHout,Sg X tout,sg) X DCFinh,i (5'171)
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dose rate from radionuclide i resulting from inhalation of soil per unit
concentration in drill cuttings (mrem/yr per pCi/g)

enrichment factor (unitless)

mass loading factor (g/m?)

indoor inhalation rate — suburban garden (m?/yr)

fraction of time spent indoors — suburban garden (unitless)

ratio of radionuclide concentrations in indoor and outdoor air (unitless)

outdoor inhalation rate —suburban garden (m*/yr)
fraction of time spent outdoors — suburban garden (unitless)
inhalation dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from inhalation of soil particulates.

Where:

Dinn,i
ng,i
UDFinn,i

=C.. .

sg,i X UDFinh,i

Dinp,i (5-172)

dose rate for radionuclide 7 from inhalation of soil particulates (mrem/yr)
concentration of radionuclide 7 in garden soil (pCi/g) (Equation 5-165)
UDF for radionuclide i from inhalation of soil particulates per unit
concentration of drill cuttings (mrem/yr per pCi/g) (Equation 5-171).

5.2.5.5 Dose Attributed to External Exposure. The following equation is used to calculate
UDF to the suburban garden resident resulting from external exposure. The combined equation
(Equations 5-173 and 5-174) is consistent with Equation 7.1 in NCRP Report No. 129 that
calculates the dose for this exposure route.

Where:

UDF, ext,i

tin,sg
&i
tout,sg
A CF ext,i
DCF ext,i

UDFext,i =

(tin,sg X g+ tout,sg) X ACFext,i X DCFext,i (5'173)

dose rate from radionuclide i resulting from external exposure per unit
concentration of drill cuttings (mrem/yr per pCi/L)

fraction of time spent indoors — suburban garden (unitless)

transmission or shielding factor for radionuclide 7 (unitless)

fraction of time spent outdoors — suburban garden (unitless)

area correction factor for radionuclide i (unitless)

external exposure dose conversion factor for radionuclide i (mrem/yr per pCi/g).

The ACEF is used to adjust the external radiation dose conversion factor developed under the
idealized assumption of an infinite areal extent of contamination to the expected areal extent of
contamination (see Table 12 of ORNL/TM-2013/00). The area of contamination for the
suburban garden exposure scenario is assumed to be 5,000 m?.
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The following equation is used to calculate dose from external exposure.

Dext,i = ng,i X UDFext,i (5-174)
Where:
Dexii = dose rate from radionuclide 7 resulting from external exposure (mrem/yr)
Csgi = concentration of radionuclide 7 in garden soil (pCi/g) (Equation 5-165)
UDFewi = UDF for radionuclide i from external exposure per unit concentration of drill

cuttings (mrem/yr per pCi/g) (Equation 5-173).

5.2.5.6 Total Suburban Garden Exposure Dose. The following equation is used to calculate
the total dose to the suburban garden for each radionuclide.

Dsg,i = Ds,i + DC,i + Dinh,i + Dext,i (5-175)
Where:

Dsgi = total dose rate from radionuclide 7 in waste source j (mrem/yr)

Dy, = dose rate from radionuclide i resulting from incidental soil ingestion (mrem/yr)
(Equation 5-167)

Dci = dose rate from radionuclide 7 resulting from ingestion of homegrown crops
(mrem/yr) (Equation 5-170)

Dinni = dose rate from radionuclide i resulting from inhalation of soil (mrem/yr)
(Equation 5-172)

Dewi = dose rate from radionuclide i resulting from external exposure to garden soil

(mrem/yr) (Equation 5-174).

The following equation is used to calculate the total dose to the suburban garden:

n

Dsg,total = Z Dsg,i (5-176)
i
Where:
Dy = total dose rate from all radionuclides (mrem/yr)
n = total number of radionuclides
Dy i = total dose rate from radionuclide i (Equation 5-175).

5.2.6 Intruder Dose Assessment — Chronic Commercial Farm Scenario
The Commercial Farm scenario evaluates the long-term exposure to an individual who uses the

target field as a commercial farm. This scenario represents an individual who works on the
commercial farm and grows and tends to the crops but does not consume what is produced. The
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commercial farm worker is exposed by incidental soil ingestion, inhalation of soil particulates,
and external exposure.

The conceptual model of the acute intruder exposure scenario is illustrated in Figure 3-4. The
figure presents exposure routes for All-Pathways Representative Person and the yellow
highlighted boxes and purple lines indicate the completed exposure routes for commercial farm
worker. The equations used to calculate the radionuclide concentrations in the drill cuttings and
the dose calculations for each exposure route are presented below.

5.2.6.1 Radionuclide Concentration in Commercial Farm Soil. The following equation is
for the radionuclide concentration in the commercial farm soil.

Si,ds
CCf’l Acf X Zcf X pcf + Awell,cf X Zgw X Ps (5 177)
Where:
Cefi = concentration of radionuclide 7 in the commercial farm soil surface layer (pCi/g)
Si,ds = activity of radionuclide i in the drill cuttings (pCi) (Equation 5-148)
Acr = area of commercial farm (cm?)
Zey = depth to which drill cuttings are tilled into the commercial farm (cm)
Def = soil dry bulk density in the commercial farm (g/cm?)
Aweney = area of the well—commercial farm (cm?)
Zaw = depth to groundwater (cm)
Ps = dry bulk density of the drill cuttings (g/cm?) (Equation 5-152).

5.2.6.2 Dose Attributed to Incidental Soil Ingestion. The following equation is used to
calculate UDF to the commercial farmer resulting from incidental ingestion of soil. The
combined equation (Equations 5-178 and 5-179) is consistent with Equation 7.3 in NCRP Report

No. 129.
UDFs; = IRscr X EFcp X UCFy X DCFyg (5-178)
Where:
UDF;; = dose rate from radionuclide i resulting from incidental ingestion of soil per unit
concentration in drill cuttings (mrem/yr per pCi/g)
IR;, ¢ = soil ingestion rate — commercial farmer (mg/day)
EFr = exposure frequency — commercial farmer (days/yr)
UCF; = unit conversion factor (g/mg)
DCFi,gi = ingestion dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from incidental ingestion of soil.

DS,i = Ccf,i X UDFS‘i (5-179)
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Where:
Dy, = dose rate for radionuclide i from incidental ingestion of soil (mrem/yr)
Cefi = concentration of radionuclide i in commercial farm soil (pCi/g) (Equation 5-177)
UDF;; = UDF for radionuclide i from incidental ingestion of soil per unit concentration in

drill cuttings (mrem/yr per pCi/g) (Equation 5-178).

5.2.6.3 Dose Attributed to Inhalation of Soil Particulates. The following equation is used to
calculate UDF to the commercial farmer resulting from inhalation of dust particulates suspended
in the air during outdoor exposure. The combined equation (Equations 5-180 and 5-181) is a

slight modification of Equation 7.2 in NCRP Report No. 129.

I
UDFinh,i = Ef X M X <INHin,Cf X tin,cf X =4 INHout,Cf X tout,cf) X DCFinh,i (5'180)

0
Where:
UDFinh,i dose from radionuclide i resulting from inhalation of soil per unit concentration
in drill cuttings (mrem/yr per pCi/g)
Er enrichment factor (unitless)
M mass loading factor (g/m?)
INH,n o indoor inhalation rate — commercial farmer (m>/yr)
tinef fraction of time spent indoors — assumed to be zero for commercial farmer
(unitless)
7] ratio of radionuclide concentrations in indoor and outdoor air (unitless)
INHous,ef outdoor inhalation rate — commercial farmer (m*/yr)
Lout,cf fraction of time spent outdoors — commercial farmer (unitless)
DCFinp,i inhalation dose conversion factor for radionuclide i (mrem/pCi).

The following equation is used to calculate dose from inhalation of soil particulates.

Dinni = Ccfi X UDFinp i (5-181)
Where:
Dinni dose rate for radionuclide i from inhalation of soil particulates (mrem/yr)
Cefi concentration of radionuclide i in commercial farm soil (pCi/g)
(Equation 5-177)
UDFinp,i UDF for radionuclide i from inhalation of soil particulates per unit

concentration in drill cuttings (mrem/yr per pCi/g) (Equation 5-180).

5.2.6.4 Dose Attributed to External Exposure. The following equation is used to calculate
UDF to the commercial farmer resulting from external exposure. The combined equation
(Equations 5-182 and 5-183) is consistent with Equation 7.1 in NCRP Report No. 129 that
calculates the dose for this exposure route.
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UDFext,i = (tin,cf X & + tout,cf) X ACFext,i X DCFext,i (5-182)
Where:
UDFeqi = dose rate from radionuclide 7 resulting from external exposure per unit
concentration in drill cuttings (mrem/yr per pCi/L)
tinef = fraction of time spent indoors — assumed to be zero for commercial farmer
(unitless)
&i = transmission or shielding factor for radionuclide i (unitless)
tout,cf = fraction of time spent outdoors — commercial farmer (unitless)
ACFey; = area correction factor for radionuclide i (unitless)
DCFey; = external exposure dose conversion factor for radionuclide i (mrem/yr per pCi/g).

The ACEF is used to adjust the external radiation dose conversion factor developed under the
idealized assumption of an infinite areal extent of contamination to the expected areal extent of
contamination (see Table 12 of ORNL/TM-2013/00). The area of contamination for the
commercial farm is sufficiently large that the ACF for the Commercial Farm exposure scenario
is 1.0.

The following equation is used to calculate dose from external exposure.

Dext,i = Cepi X UDFext,i (5-183)
Where:
Dexii = dose rate from radionuclide i resulting from external exposure (mrem/yr)
Cepi = concentration of radionuclide i in commercial farm soil (pCi/g)
(Equation 5-177)
UDF..i = UDF for radionuclide i from external exposure per unit concentration in drill

cuttings (mrem/yr per pCi/g) (Equation 5-182).

5.2.6.5 Total Chronic Commercial Farm Dose. The following equation is used to calculate
the total dose to the commercial farm worker for each radionuclide:

Dcri = Ds;i+ Dinni + Dext,i (5-184)
Where:
D.i; = total dose rate from radionuclide i (mrem/yr)
Dsi = dose rate from radionuclide 7 resulting from incidental soil ingestion (mrem/yr)
(Equation 5-179)
Dimni = dose rate from radionuclide i resulting from inhalation of soil (mrem/yr)
(Equation 5-181)
Dexi = dose rate from radionuclide i resulting from external exposure to drill cuttings

(mrem/yr) (Equation 5-183).
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The following equation is used to calculate the total dose to the commercial farm worker:

n
Doy torar = ) Degi (5-185)
i
Where:
D¢ = total dose rate from all radionuclides (mrem/yr)
n = total number of radionuclides
Deyi = total dose rate from radionuclide i (Equation 5-184).

5.3 RCRA GROUNDWATER RISK EVALUATION FOR HAZARDOUS
CHEMICALS

RCRA groundwater risk evaluation is performed for hazardous substances. The following
sections present the methodologies for the assessment. By assuming unit groundwater
concentrations (1 mg/L), the exposure route-specific and cumulative cancer URF (risk per mg/L)
and/or noncancer unit hazard quotient (UHQ) (HQ per mg/L) are calculated for nonradiological
contaminants under tap water exposure scenario. These URFs and UHQs are presented in
Section 8.3.

Figure 3-8 presents the CEM for the tap water (residential) scenario and shows all of the
elements of a complete exposure pathway. The tap water (residential) scenario considers
exposure of adults and children who reside on or near WMAs on the Hanford Site. This assumes
that a well is drilled 100 m downgradient of the WMA and water from this well is used for
domestic purposes.

5.3.1 Calculation of Cancer Risk and Noncancer Hazard for Hazardous Substances

The equations used to calculate the cancer risk and noncancer hazard for nonradiological
contaminants are presented in the following. Table 4-15 presents the exposure assumptions for
the tap water exposure scenario.

As mentioned in Section 3.4, cancer risks and noncancer hazards from exposure to
nonradiological contaminants are calculated for ingestion of tap water, inhalation of volatiles
while showering, laundering and dish washing activities and dermal contact with skin while
showering and using groundwater for other domestic purposes.

5.3.1.1 Ingestion of Tap Water. The following equations, derived from the EPA Regional
Screening Levels User’s Guide website (EPA 03/23/2023), Section 4.1.2.3 are used to calculate
cancer risks from ingestion of tap water.

Cw X EF. X [FW,_qq; X CSF,
AT,

ELCRjpg = (5-186)
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Where:

ED,_ XIRW,_. ED,_5 XIRW,_
IFWr—adj _ r CBVVC r—c + r ana r—a (5-187)

The following equation, derived from EPA/540/1-89/002 (Exhibit 6-11) and the EPA Regional
Screening Levels User’s Guide website (EPA 03/23/2023), Sections 4.1.2.1 is used to calculate
the noncancer HQ from ingestion of tap water.

Cw X IRW,_. X EE. X ED,._,

HOmg = BW, x AT, X RfD, (5-188)
Where:
ELCR;,s = excess lifetime cancer risk for ingestion (unitless)
Cw = unit groundwater concentration (1 mg/L)
EF; = exposure frequency—resident (days/year)
IFW,.4a; = drinking water ingestion rate—age-adjusted resident (L-yr/kg-day)
CSF, = oral cancer slope factor (mg/kg-day)™!
AT = carcinogenic averaging time—resident (days)
ED,.. = exposure duration—child resident (years)
IRW,.. = drinking water ingestion rate—child resident (L/day)
BW. = body weight—child (kg)
ED, . = exposure duration—adult resident (years)
IRW,., = drinking water ingestion rate—adult resident (L/day)
BW, = body weight—adult (kg)
HOQug = hazard quotient for ingestion (unitless)
ATy = noncarcinogenic averaging time—resident (days)
RfD, = chronic oral reference dose (mg/kg-day).

5.3.1.2 Inhalation of Volatile Hazardous Substances in Tap Water. During showering, the
contaminants may be present in the shower air as gas and/or contained in aerosol. During other
household activities using tap water, the contaminants may be present in the air as gas.
Therefore, these exposure routes are considered during the calculation of risk and hazard:

a. Inhalation of contaminants within aerosol during showering
b. Inhalation of volatilized contaminants during showering
c. Inhalation of volatilized contaminants during other household activities.

The concentrations of contaminants within aerosol and air during showering are calculated using
the inhalation dose calculation approaches presented in EPA/600/R-15/271, Incorporating a
Capability for Estimating Inhalation Doses in TEVA-SPOT. Equation 1 of EPA/600/R-15/271
represents the inhalation dose equation in mg, based on the mass-balance model for
aerosolization. To calculate the concentration of contaminants within the aerosol, the equation
was modified by dividing the resulting dose by the shower stall volume as shown below:

5-74



RPP-ENV-58813 Rev.02 7/3/2024 - 12:55 PM 165 of 296

RPP-ENV-58813, Rev. 2

BRGf /(i) [T = = (1 = exp(—IaT)) + 1 (1 = exp(—Ia T (1 = exp(=ksT,))]

Caerosor = . (5-189)
Where:
Cuerosol = concentration of contaminant in aerosol (mg/m?) based on unit water
concentration (1 mg/L)
BR = breathing rate (m*/min)
G = aerosol mass generation rate (mg/min)
f = mass fraction of the contaminant in the water
ki = removal rate for aerosols while the shower is on (min™")
Vs = volume of the shower stall (m?)
T = duration of the shower (minutes)
k> = removal rate for aerosols after the shower is turned off (min')
T> = the time an individual remains in the shower after it is turned off (minutes).
The following equations, derived from EPA-540-R-070-002 (Equations 6 and 11) used to
calculate the cancer risks for the inhalation of contaminants in aerosol.
C X EF. X ED, X T, —r—aaj X UCF; X UCF3 X IUR
ELCRAero_shower — Aerosol T r Event—-r—adj 1 3 (5_190)
AT,
Where:
T g XEDp_g+T —y—c XED,_
TEvent—r—adj — Event—-r—a r aED Event—r—c r—c (5_191)
T

The following equations, derived from EPA-540-R-070-002 (Equations 6 and 12) are used to
calculate the noncancer HQs for the inhalation of contaminants in aerosol.

_ CAerosol X EF;‘ X EDr—c X TEvent—r—c X UCFl X UCFB

HQAero_shower - ATnc % RfC (5-192)
Where:
ELCR4ero shower = cancer risk due to inhalation of contaminants in air (unitless)
Clerosol = concentration of contaminant in aerosol (mg/m?) (5-189)
EF, = exposure frequency—resident (days/year)

ED, = exposure duration—resident (years)

Tevent-r-adi = event duration—age-adjusted resident (hours/event)
UCF; = unit conversion factor (mg/png)
UCF3 = unit conversion factor (day/hr)
IUR = inhalation unit risk (pg/m?)’!
AT = carcinogenic averaging time (days)
Tevent-r-a = event duration—adult resident (hours/event)
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ED,. = exposure duration—adult resident (years)
Tevent-r-c = event duration—child resident (hours/event)
ED;,.. = exposure duration—child resident (years)
HQ 4ero_shower = hazard quotient due to inhalation of contaminants in air (unitless)
ATne = noncarcinogenic averaging time —resident (days)
RfC = chronic inhalation reference concentration (mg/m?)

Equation 9 of EPA/600/R-15/271 represents the inhalation dose equation in mg, based on the
mass-transfer efficiency coefficient model for volatilization. To calculate the air concentrations
of volatile contaminants in a shower, the equation was modified by dividing the resulting dose by
the shower stall volume as shown below:

L PRGT n) 1 1 (e KoiT) + (1 = exp (Ko (1 = exp (Ko B))] (5 )
v,
Where:
Cur = concentration of contaminant in air (mg/m?)
BR = breathing rate (m*/min)
C, = simulated groundwater concentration (mg/L)
O» = Flowrate of water (L/min)
T. = Transfer Efficiency Coefficient (unitless)
Kon = Air exchange rate while the shower is on (min')
Vs = volume of the shower stall (m?)
T; = duration of the shower (min)
Koy = Air exchange rate while the shower is off (min ')
T> = the time an individual remains in the shower after it is turned off (min).

The following equations, derived from EPA-540-R-070-002 (Equations 6 and 11), are used to
calculate the cancer risks for the inhalation of air contaminants during showering.

Cair X EF- X EDy X Tgyent—r—aqj X UCF3 X EV, X UCFy X IUR

ELCRy,i—_shower = AT,
c

(5-194)
The following equations, derived from EPA-540-R-070-002 (Equations 6 and 12), are used to

calculate the noncancer HQs for the inhalation of air contaminants during showering.

CAir X EF, X EDy_¢ X Tgpent—r-c X EVy X UCFB
HQvo1-shower =

(5-195)

AT,. X RfC
Where:
ELCRyoi snower = excess lifetime cancer risk due to inhalation of volatilized contaminants in
air during showering (unitless)
Cuir = concentration of contaminant in air (mg/m?) (Equation 5-193)
EF. = exposure frequency—resident (days/year)
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ED, = exposure duration—resident (years)
Tevent-r-adj = event duration—age-adjusted resident (hours/event)
UCF3 = unit conversion factor (day/hr)
EV, = event frequency—resident (events/day)
UCF; = unit conversion factor (ug/mg)
IUR = inhalation unit risk (png/m?)!
AT = carcinogenic averaging time (days)
HQvoi snower = hazard quotient due to inhalation of volatilized contaminants in air during
showering (unitless)
ED,.. = exposure duration—child resident (years)
Tevent-r-c = event duration—child resident (hours/event)
ATne = noncarcinogenic averaging time (days)
RfC = chronic inhalation reference concentration (mg/m?)

The following equation, derived from EPA-540-R-070-002 (Equations 6 and 11) and the EPA

Regional Screening Levels User’s Guide website (EPA 03/23/2023), Section 4.1.2.3, is used to
calculate the cancer risks due to inhalation of volatile contaminant in air during other activities
(laundering and dish washing).

Cw X EE. XED, X ET, X UCF3 X K X IUR
ELCRyoi1—otheract = AT (5-196)
c

The following equation, derived from EPA-540-R-070-002 (Equations 6 and 12) and the EPA
Regional Screening Levels User’s Guide website (EPA 03/23/2023), Section 4.1.2.1, is used to
calculate the noncancer HQs due to inhalation of volatile contaminant in air during other
activities (laundering and dish washing).

Cw X UCF3 X EF. X ED,_. X ET, X K

HQvoi-otheract = AT,. X RfC (5-197)
Where:
ELCRyolomerace = 1isk due to inhalation of volatilized contaminants in air from other
activities
Cw = water concentration (mg/L)

EF, = exposure frequency—resident (days/year)

ED, = exposure duration—resident (years)

ET, = exposure time—resident (hours/day)

UCF3 = unit conversion factor (day/hour)

K = Andelman volatilization factor (L/m?)
IUR = inhalation unit risk (pg/m?)’!
AT, = carcinogenic averaging time (days)
HOvol-otherct = hazard quotient due to inhalation of volatilized contaminants in air from

other activities

ED;,.. = exposure duration—child resident (years)
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ATne = noncarcinogenic averaging time (days)
RfC = chronic inhalation reference concentration (mg/m?).

5.3.1.3 Dermal Contact with Hazardous Substances in Tap Water. The following
equations were derived from EPA/540/R/99/005 (Equations 3.1 through 3.4) and the EPA
Regional Screening Levels User’s Guide website (EPA 03/23/2023) Section 4.1.2.3 and are used
to calculate cancer risk from dermal contact with tap water.

CSF,
DAeyene X EF. X EV. X SAr_aaj X GTABS (5-198)
ELCRDermal = AT
(o
Where:
ED._. X SA,_ ED.__, X SA,_
SAy_qaj = — 2 (5-199)

BW, BW,

The following equation was derived from EPA/540/R/99/005 (Equation 3.1) and the EPA
Regional Screening Levels User’s Guide website (EPA 03/23/2023) Sections 4.1.2.1 and 4.1.2.2
and is used to calculate the noncancer HQs from dermal contact with tap water.

DAgyent X EF. X EV, X SAy_. X ED,_,

HOpermar = AT, . X BW, x RfD, x GIABS (5-200)
Where:
ELCRpermai = excess lifetime cancer risk for dermal contact (unitless)

DAevent = absorbed dose per event (mg/cm?-event)
EF. = exposure frequency—resident (days/year)
EV, = event frequency—resident (events/day)

SAr-adj = skin surface area—age-adjusted resident (cm?-yr-event/kg-day)
CSF, = oral cancer slope factor (mg/kg-day)!

GIABS = fraction of contaminant absorbed in gastrointestinal tract (unitless)
AT, = carcinogenic averaging time—resident (days)

ED,.. = exposure duration—child resident (years)

SAr-c = skin surface area—child resident (cm?)
BW. = body weight—child (kg)

ED, ., = exposure duration—adult resident (years)

SAr-a = skin surface area—adult resident (cm?)

BW, = body weight—adult (kg)

HQOpermai = hazard quotient for dermal contact (unitless)
ATne = noncarcinogenic averaging time—resident (days)
RfD, = chronic oral reference dose (mg/kg-day).
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For organics, the following equations from EPA/540/R/99/005 (Equations 3.2 and 3.3) are used
to calculate the dermally absorbed dose per event (DAevent), using the child event time for
noncarcinogenic effects and the age-adjusted event time for carcinogenic effects.

If Tevent < t*, then the following nonsteady-state equation is used.

6T X T
DAeyent = 2FA X K, X C,, X UCF; X UCF, ’Te”e"t (5-201)

If Tevent > t*, then the following pseudosteady-state equation is used.

Tovent 1+ 3B + 3B
DAovens = FAX Ky X Cy X UCF, X UCF, | 1755+ 21— ps7— (5-202)

Where, for noncarcinogens (child) (RAIS 03/23/2023, Section 4.1.2.1):

Tovent = Tepent—r—c (noncarcinogens- child) (5-203)

For carcinogens (RAIS 03/23/2023, Section 4.1.2.4):

_ Tevent—-r—cXEDy—c+Teyent—r—aXEDr—q

Tevent = Tevent—r—adj = £D, (carcinogens) (5-204)

For inorganics, the following steady-state equation is used to estimate DAevens
(EPA/540/R/99/005, equation 3.4).

DAgyent = Kp X Cyy X Topene X UCF, (5-205)
Where:
Tevent = event duration (hours/event)
t* = time to reach steady state (hours)
DAevens = absorbed dose per event (mg/cm?-event)
FA = fraction of absorbed water (unitless)
K, = dermal permeability coefficient (cm/hr)
Cw = unit groundwater concentration (1 mg/L)
UCF; = unit conversion factor (mg/ug)
UCF; = unit conversion factor (L/cm?)
T = lag time (hours/event)
B = partitioning constant derived from Bunge Model (unitless)
Tevent-- = event duration—child resident (hours/event)
Tevenrr-adi = event duration—age-adjusted resident (hours/event)
ED,.. = exposure duration—child resident (years)
Tevent-ra = event duration—adult resident (hours/event)
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ED,. = exposure duration—adult resident (years)
ED, = exposure duration—resident (years).

5.3.1.4 Calculation of Cumulative Cancer Risk and Noncancer Hazard Index. For
estimating the cancer risks from exposure to multiple carcinogens from a single exposure route,
the following equation is used. The basis for the equation is provided in EPA/540/1-89/002.

N
ELCR, = z ELCR, (5-206)
1
Where:
ELCRr = total excess lifetime cancer risk from route of exposure (unitless)
N = number of chemicals
ELCR; = excess lifetime cancer risk for the i chemical (unitless).

For noncancer hazard, the HI is calculated using the following equation. The basis for the
equation is provided in EPA/540/1-89/002.

N
HI = Z HOQ, (5-207)
1
Where:
HI = hazard index (unitless)
N = number of chemicals
HQ; = hazard quotient of the i chemical.
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6.0 SOIL CLEANUP LEVELS AND GROUNDWATER PROTECTION STANDARDS

Soil cleanup levels or PRGs and groundwater protection standards are established for both
radiological and nonradiological contaminants to protect the human health and environment
under specified exposure conditions as a part of tank farm closure decisions and actions. The
following sections present the methodologies for deriving the soil cleanup standards and the
groundwater protection standards.

6.1 SOIL CLEANUP LEVELS/PRELIMINARY REMEDIATION GOALS FOR
RCRA FACILITY INVESTIGATION/CORRECTIVE MEASURES STUDY
VADOSE SOIL RISK EVALUATION

DOE/RL-2019-46 presents the methodologies for deriving the soil cleanup levels or PRGs for
human and ecological receptors, and protection of groundwater evaluation. They are
summarized in the following sections.

6.1.1 Cleanup Levels for Protection of Human Health

Section 2.2.1.8 of DOE/RL-2019-46 presents the methodologies for calculating soil cleanup
levels for radiological and nonradiological contaminants. According to the document, cleanup
levels for direct contact with radionuclides in soil will be developed for outdoor worker scenario
using exposure assumptions identified in Section 2.2.1.1 of DOE/RL-2019-46, the toxicity
values identified in Section 2.2.1.5 of DOE/RL-2019-46 and an acceptable cancer risk level of
1x10™. The methodology used to calculate soil PRGs for radionuclides is consistent with the
methodology used for the BRAs for the River Corridor operable units.

Cleanup levels for direct contact with nonradiological contaminants in soil will be based on
MTCA Method C industrial cleanup levels for direct contact (WAC 173-340), toxicity values
identified in Section 7.2, and an acceptable cancer risk level of 1x107 or a noncancer hazard
quotient of 1. MTCA equations will be used to calculate PRGs based on direct contact (soil
ingestion) and, where relevant, the PRG value will be based on the inhalation exposure pathway
when it is lower than soil ingestion.

6.1.2 Cleanup Levels for Protection of Ecological Receptors

According to Section 2.2.2.7 of DOE/RL-2019-46, ecological PRGs have been developed for
plants, soil invertebrates, birds, and mammals. According to the document, the PRGs for
chemicals are based on lowest observed adverse effect levels and are published in
CHPRC-01311 (Tier 2 wildlife PRGs); CHPRC-00784 (Tier 1 ecological SSLs) (for birds and
mammals); and ECF-HANFORD-11-0158 (Tier 2 plant/invertebrate PRGs).

For radiological contaminants, Tier 1 SSLs (CHPRC-00784) are used as PRGs for wildlife.

Generic BCGs are the PRGs for plant communities. No radiological PRGs are established for
soil invertebrates.
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6.1.3 Cleanup Levels for Groundwater Protection Evaluation

According to Section 2.2.3.1 of DOE/RL-2019-46, PRGs for groundwater protection will be
calculated based on the methodologies presented in the graded approach document,
DOE/RL-2011-50. The groundwater protection PRGs would be calculated as concentrations that
would not impact groundwater concentrations above the lowest value from the following:

e The Federal and State maximum contaminant level values, where available

e EPA screening levels for radionuclides for which no maximum contaminant level is
available

e Groundwater cleanup level as calculated using the tap water scenario at an individual
target risk level of 1x10™

e MTCA Method B cleanup level for groundwater based on carcinogenic effects calculated
at target risk level of 1x10°%, as applicable, with downward adjustment to maintain
cumulative risk below 1x107 for multiple contaminants in accordance with
WAC 173-340-708(5) and (6)

e MTCA Method B cleanup level for groundwater based on noncarcinogenic effects
calculated at an HQ value of 1, as applicable, with downward adjustment to maintain a
total HI of 1 for multiple contaminants in accordance with WAC 173-340-708(5) and (6).

6.2 GROUNDWATER RESOURCE PROTECTION STANDARDS FOR DOE O 435.1
PERFORMANCE ASSESSMENT

The maximum contaminant levels specified in 40 CFR 141 (including 40 CFR 141.66) and
secondary maximum contaminant levels in 40 CFR 143 are considered as the drinking water
standards for radiological contaminants. It should be noted that the State of Washington has
adopted the Federal drinking water regulations (revised as of July 1, 2009) for MCLs for
radionuclides in WAC 246-290 (WAC 246-290-025 and WAC 246-290-310).

6.3 GROUNDWATER RESOURCE PROTECTION STANDARDS UNDER RCRA
GROUNDWATER RISK EVALUATION

As a part of post-closure groundwater impacts from hazardous chemicals in residual wastes in
tanks and ancillary equipment, the modeled peak concentrations for hazardous substances in
groundwater over a period of 10,000 years for all points of calculation along the 100-m distance
are compared to available Federal and State MCLs and to the 2013 MTCA risk-based
concentrations. It should be noted that risk-based groundwater concentrations were calculated
using the equations and inputs described in the 2013 MTCA (WAC 173-340-720). The

WAC 173-340-720 Standard Method B groundwater cleanup levels for potable groundwater
consider exposure to child and adult receptors through ingestion of drinking water and other
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domestic uses and include a factor to account for inhalation of vapors for volatile organic
compounds during household activities and showering.
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7.0 PHYSICAL AND TOXICOLOGICAL PROPERTIES FOR RADIOLOGICAL AND
NONRADIOLOGICAL CONTAMINANTS

This section presents the physical and toxicological properties of the radiological and
nonradiological contaminants that were utilized during the development of the UDFs and URFs
and will be used during the risk and dose calculations.

7.1 PHYSICAL AND TOXICOLOGICAL PROPERTIES FOR RADIOLOGICAL
CONTAMINANTS

RPP-ENV-58813, Rev. 1 identified 46 radiological COPCs for both All-Pathways
Representative Person and four intruder scenarios based on the list of the Hanford Best-Basis
Inventory database. The Best-Basis Inventory details report lists 46 radionuclides. Including
short-lived decay products, this assessment includes 111 radionuclides. The 111 radionuclides
identified for development of unit dose factor calculations are presented in Table 7-1.
Radionuclides with blue shading in Table 7-1 are included in the Best-Basis Inventory. Other
radionuclides are included in the analysis because these radionuclides are a decay product of
another radionuclide included in the list or were included in other PAs.

Table 7-1. Radionuclides of Potential Concern. (2 sheets)

Actinium-225

Europium-154

Polonium-213

Samarium-151

Ac225° Eul54 Po213° Sm151
Actinium-227 Europium-155 Polonium-214 Tin-126
Ac227 Eul55 P0214° Sn126

Actinium-228
Ac228P

Francium-221
Fr221°

Polonium-215
Po215°

Strontium-90
Sr90

Americium-241

Francium-223

Polonium-216

Technetium-99

Am241 Fr223° Po216° Tc99
Americium-242 Gadolinium-152 Polonium-218 Tellurium-125
Am242° Gd152 Po218° Tel25m?
Americium-242m Tritium Praseodymium-144 Thorium-227
Am242m H3 Pr144° Th227
Americium-243 Mercury-206 Praseodymium-144m Thorium-228
Am243 Hg206” Pri44mP Th228
Astatine-217 Iodine-129 Plutonium-238 Thorium-229
A217° 1129 Pu238 Th229
Astatine-2138 Niobium-93m Plutonium-239 Thorium-230
At218° Nb93m Pu239 Th230
Astatine-219 Niobium-94 Plutonium-240 Thorium-231
At219° Nb94 Pu240 Th2312

Barium-137m
Bal37m’

Neodymium-144
Nd144

Plutonium-241
Pu241

Thorium-232
Th232
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Table 7-1. Radionuclides of Potential Concern. (2 sheets)

Bismuth-210 Nickel-59 Plutonium-242 Thorium-234
Bi210® Ni59 Pu242 Th234*
Bismuth-211 Nickel-63 Radium-223 Thallium-206
Bi211° Ni63 Ra223? TI1206°
Bismuth-212 Neptunium-237 Radium-224 Thallium-207
Bi212° Np237 Ra224? TI207°
Bismuth-213 Neptunium-238 Radium-225 Thallium-208
Bi213° Np238? Ra225% T1208°
Bismuth-214 Neptunium-239 Radium-226 Thallium-209
Bi214° Np239? Ra226 T1209°
Bismuth-215 Protactinium-231 Radium-228 Thallium-210
Bi215° Pa231 Ra228 TI210°
Carbon-14 Protactinium-233 Rhodium-106 Uranium-232
Cl4 Pa233® Rh106 U232
Cadmium-113 Protactinium-234 Radon-218 Uranium-233
cdl13 Pa234° Rn218° U233
Cadmium-113m Protactinium-234m Radon-219 Uranium-234
Cd113m Pa234m® Rn219 U234
Cerium-144 Lead-209 Radon-220 Uranium-235
Cel44® Pb209° Rn220 U235
Curium-242 Lead-210 Radon-222 Uranium-235m
Cm242? Pb210 Rn222° U235m°
Curium-243 Lead-211 Ruthenium-106 Uranium-236
Cm243 Pb211° Rul06 U236
Curium-244 Lead-212 Antimony-125 Uranium-237
Cm244 Pb212° Sb125 U237°
Cobalt-60 Lead-214 Antimony-126 Uranium-238
Co60 Pb214° Sb126" U238
Cesium-134 Polonium-210 Antimony-126 Yttrium-90
Cs134 P0210° Sb126m® Y90?
Cesium-137 Polonium-211 Selenium-79 Zirconium-93
Cs137 Po211° Se79 7193

Europium-152
Eul52

Polonium-212
Po212°

Samarium-148
Sm148

Checker Review: David J. Watson

Note: Radionuclides with blue shading have inventories for each tank in the Best-Basis Inventory database.

2 Half-life is greater than 1 day but less than 1 year.
b Half-life is less than 1 day.
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7.1.1 Soil-water Distribution Coefficient

Soil-water distribution coefficients (Kg4s) impact the concentration of each radionuclide in the
soil, and consequently the concentration of each radionuclide in exposure route media such as
beef, milk, poultry, and eggs. Table 7-2 presents the radionuclide-specific K4 values for Hanford
vadose zone sands. These values are extracted from the DOE Office of Environmental
Management Risk Assessment Information System (The Risk Assessment Information System
[RAIS], Queried 12/13/2021, [RAIS Toxicity Values and Physical Parameters Search],
https://rais.ornl.gov/cgi-bin/tools/TOX search?select=radspef). The values tend to be much
higher, which can lead to higher calculated doses for equivalent groundwater concentrations.

7.1.2 Indoor Shielding Factors

Indoor shielding factors are used for calculating dose for external gamma and they are obtained
from NCRP Report No. 129, Appendix C. NCRP Report No. 129 does not list a shielding factor
for all elements included in the model. A default value of 0.4 is applied for radionuclides that do
not have a listed value. Table 7-3 presents the radionuclide-specific indoor shielding factors.

7.1.3 Bioconcentration Factors

Bioconcentration factors or transfer factors are used for calculating media-specific
concentrations for all food chain pathways (crops, beef, milk, poultry and egg). Transfer factors
for crop uptake are from NCRP Report No. 129, Appendix D and are presented in Table 7-4.
The transfer factors from soil to vegetation consumed by humans due to resuspension and soil
adhesion are from the geometric mean values presented in NCRP Report No. 129, Table 5.7.
Transfer factors for fodder uptake are obtained from Appendix D in NCRP Report No. 129 and
are presented in Table 7-5. The transfer factors from soil to fodder consumed by animals due to
resuspension and soil adhesion are from the geometric mean value presented in NCRP Report
No. 129, Table 5.7. The bioconcentration factors for radionuclides in cattle that consume fodder
irrigated with contaminated groundwater, incidental ingestion of soil from a pasture irrigated
with contaminated groundwater, and direct consumption of contaminated groundwater for
drinking are obtained from NCRP Report No. 129, Appendix D and are presented in Table 7-6.
The bioconcentration factors for radionuclides in milk produced by dairy cows that consume
fodder irrigated with contaminated groundwater, incidental ingestion of soil from a pasture
irrigated with contaminated groundwater, and direct consumption of contaminated groundwater
for drinking are obtained from Appendix D in NCRP Report No. 129. The values are divided by
the density of milk to provide the value in d/L and are presented in Table 7-7. The
bioconcentration factors for radionuclides in poultry produced that consume fodder irrigated with
contaminated groundwater, incidental ingestion of soil from a pasture irrigated with
contaminated groundwater, and direct consumption of contaminated groundwater for drinking
are obtained from NUREG/CR-5512, Table 6.18 and are presented in Table 7-8. The
bioconcentration factors for radionuclides in eggs from poultry that consume fodder irrigated
with contaminated groundwater, incidental ingestion of soil from a pasture irrigated with
contaminated groundwater water, and direct consumption of contaminated groundwater for
drinking are obtained from NUREG/CR-5512, Table 6.18 and are presented in Table 7-9.
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Table 7-2. Element-Specific Soil-Water Distribution Coefficients (mL/g).

Isotope Ka Isotope Ka Isotope Ka Isotope Ka
Ac225 1,700 Euls4 30,000 Po213 210 Sm151 930
Ac227 1,700 Eul55 30,000 Po214 210 Sn126 1,600
Ac228 1,700 Fr221 250 Po215 210 Sr90 1
Am?241 4 Fr223 250 Po216 210 Tc99 0.0
Am242 4 Gd152 650 Po218 210 Tel25m 480
Am242m 4 H3 0.0 | Pr144 650 Th227 20
Am243 4 Hg206 6,300 Pr144m 650 Th228 20
At217 10 1129 0.0 | Pu238 5 Th229 20
At218 10 Nb93m 1,500 Pu239 5 Th230 20
At219 10 Nb94 1,500 Pu240 5 Th231 20
Bal37m 0.4 ] Nd144 650 Pu241 5 Th232 20
Bi210 480 Ni59 280 Pu242 5 Th234 20
Bi2l11 480 Ni63 280 Ra223 1 T1206 1,500
Bi212 480 Np237 0.2 ] Ra224 1 T1207 1,500
Bi213 480 Np238 0.2 | Ra225 1 T1208 1,500
Bi214 480 Np239 0.2 | Ra226 1 T1209 1,500
Bi215 480 Pa231 2,000 Ra228 1 TI210 1,500
Cl4 2,000 Pa233 2,000 Rh106 4 U232 0.4
Cd113 1 Pa234 2,000 Rn218 0.0 U233 0.4
Cd113m 1 Pa234m 2,000 Rn219 0.0 U234 0.4
Celd4 1,200 Pb209 150 Rn220 0.0 U235 0.4
Cm?242 4 Pb210 150 Rn222 0.0 U235m 0.4
Cm243 4 Pb211 150 Rul06 270 U236 0.4
Cm244 4 Pb212 150 Sb125 62 U237 0.4
Co60 480 Pb214 150 Sb126 62 U238 0.4
Csl134 10 Po210 210 Sb126m 62 Y90 47
Cs137 10 Po211 210 Se79 200 7193 410
Eul52 30,000 Po212 210 Sm148 930
Checker Review: David J. Watson

Source: The Risk Assessment Information System, Queried 12/13/2021, [RAIS Toxicity Values and Physical Parameters
Search], https://rais.ornl.gov/cgi-bin/tools/TOX_search?select=radspef.

Ka = soil-water distribution coefficient
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Table 7-3. Radionuclide Indoor Shielding Factors (unitless) for External Exposure.

tooe | Erctor @) | P | Factorcy | P | Facior(ey | 5P | Factor (o
Ac225 0.4 Eul54 0.4 Po213 0.4* Sm151 0.1
Ac227 0.4 Eul55 0.3 Po214 0.4 Sn126 0.3
Ac228 0.4 Fr221 0.4 Po215 0.4 Sr90 0.3
Am241 0.2 Fr223 0.3 Po216 0.4 Tc99 0.2
Am242 0.4 Gd152 0.4* Po218 0.4 Tel25m 0.1
Am242m 0.2 H3 0.4* Pr144 0.4 Th227 0.4
Am?243 0.3 Hg206 0.4* Pr144m 0.4 Th228 0.4
At217 0.4 1129 0.1 Pu238 0.1 Th229 0.4
At218 0.1 Nb93m 0.1 Pu239 0.3 Th230 0.3
At219 0.4* Nb94 0.4 Pu240 0.1 Th231 0.3
Bal37m 0.4 Nd144 0.4* Pu241 0.4 Th232 0.2
Bi210 0.4 Ni59 0.4* Pu242 0.1 Th234 0.3
Bi211 0.4 Ni63 0.4* Ra223 0.4 T1206 0.4
Bi212 0.4 Np237 0.3 Ra224 0.4 T1207 0.4
Bi213 0.4 Np238 0.4 Ra225 0.1 T1208 0.3
Bi214 0.4 Np239 0.4 Ra226 0.4 T1209 0.4
Bi215 0.4* Pa231 0.4 Ra228 0.4* TI210 0.4*
Cl4 0.4* Pa233 0.4 Rh106 0.4 U232 0.3
Cdl113 0.2 Pa234 0.4 Rn218 0.4* U233 0.4
Cdl113m 0.3 Pa234m 0.4 Rn219 0.4 U234 0.2
Cel44 0.4 Pb209 0.3 Rn220 0.4 U235 0.4
Cm242 0.1 Pb210 0.1 Rn222 0.4* U235m 0.4*
Cm243 0.4 Pb211 0.4 Rul06 0.4* U236 0.1
Cm244 0.1 Pb212 0.4 Sb125 0.4 U237 0.4
Co60 0.4 Pb214 0.4 Sb126 0.4 U238 0.1
Cs134 0.4 Po210 0.4 Sb126m 0.4 Y90 0.4
Cs137 0.3 Po211 0.4 Se79 0.1 7193 0.4*
Eul52 0.4 Po212 0.4* Sm148 0.4*

Checker Review: David J. Watson

Source: NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors
Relevant to Site-Specific Studies,” Appendix C.

*Not Reported. A default value of 0.4 was assigned as a conservative approach.
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Table 7-4. Radionuclide-Specific Crop-Soil Bioconcentration Factor through Root

Uptake.
a a a a
Isotope (Bl:/:’:t,[a) Isotope (B?/‘::;,ia) Isotope (Bl:/:’:t,[a) Isotope (Bl:/:’:t,[a)
Ac225 0.001 Eul54 0.002 Po213 0.001 Sm151 0.002
Ac227 0.001 Eul55s 0.002 Po214 0.001 Sn126 0.3
Ac228 0.001 Fr221 0.03 Po215 0.001 Sr90 0.3
Am241 0.001 Fr223 0.03 Po216 0.001 Tc99 5
Am242 0.001 Gd152 0.002 Po218 0.001 Tel25m 0.1
Am242m 0.001 H3 NR® Pr144 0.002 Th227 0.001
Am243 0.001 Hg206 0.3 Pr144m 0.002 Th228 0.001
At217 0.2 1129 0.02 Pu238 0.001 Th229 0.001
At218 0.2 Nb93m 0.01 Pu239 0.001 Th230 0.001
At219 0.2 Nb9o4 0.01 Pu240 0.001 Th231 0.001
Bal37m 0.01 Nd144 0.002 Pu241 0.001 Th232 0.001
Bi210 0.1 Ni59 0.05 Pu242 0.001 Th234 0.001
Bi21l 0.1 Ni63 0.05 Ra223 0.04 T1206 0.2
Bi212 0.1 Np237 0.02 Ra224 0.04 T1207 0.2
Bi213 0.1 Np238 0.02 Ra225 0.04 T1208 0.2
Bi214 0.1 Np239 0.02 Ra226 0.04 T1209 0.2
Bi215 0.1 Pa231 0.01 Ra228 0.04 TI210 0.2
Cl4 NR? Pa233 0.01 Rh106 0.03 U232 0.002
Cd113 0.5 Pa234 0.01 Rn218 NR U233 0.002
Cd113m 0.5 Pa234m 0.01 Rn219 NR U234 0.002
Cel44 0.002 Pb209 0.004 Rn220 NR U235 0.002
Cm242 0.001 Pb210 0.004 Rn222 NR U235m 0.002
Cm243 0.001 Pb211 0.004 Rul06 0.03 U236 0.002
Cm244 0.001 Pb212 0.004 Sb125 0.01 U237 0.002
Co60 0.08 Pb214 0.004 Sb126 0.01 U238 0.002
Cs134 0.04 Po210 0.001 Sb126m 0.01 Y90 0.002
Cs137 0.04 Po211 0.001 Se79 0.1 7193 0.001
Eul52 0.002 Po212 0.001 Sm148 0.002
Checker Review: David J. Watson

Source: NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors
Relevant to Site-Specific Studies,” Appendix D.

& All values report as (pCi/kg fresh weight of crop)/(pCi/kg dry weight of soil).

b Radionuclide-specific values for 3H and '*C are defined in Section 7.1.4.

NR = Not Reported

7-6



RPP-ENV-58813 Rev.02 7/3/2024 - 12:55 PM 181 of 296

RPP-ENV-58813, Rev. 2

Table 7-5. Radionuclide-Specific Pasture-Soil Bioconcentration Factor through Root

Uptake.
Isotope B Isotope B Isotope B Isotope B
(BVury,i) (BVary,™) (BVury,i) (BVury,i)
Ac225 4.0E-03 Eul54 5.0E-02 Po213 1.0E-02 Sm151 5.0E-02
Ac227 4.0E-03 Eul55 5.0E-02 Po214 1.0E-02 Sn126 1.0E+00
Ac228 4.0E-03 Fr221 1.0E-01 Po215 1.0E-02 Sr90 4.0E+00
Am241 4.0E-03 Fr223 1.0E-01 Po216 1.0E-02 Tc99 4.0E+01
Am242 4.0E-03 Gd152 5.0E-02 Po218 1.0E-02 Tel25m 1.3E+00
Am242m 4.0E-03 H3 NR® Pr144 5.0E-02 Th227 1.0E-03
Am?243 4.0E-03 Hg206 1.0E+00 Pr144m 5.0E-02 Th228 1.0E-03
At217 9.0E-01 1129 1.0E-01 Pu238 1.0E-03 Th229 1.0E-03
At218 9.0E-01 Nb93m 1.0E-01 Pu239 1.0E-03 Th230 1.0E-03
At219 9.0E-01 Nb94 1.0E-01 Pu240 1.0E-03 Th231 1.0E-03
Bal37m 1.0E-01 Nd144 5.0E-02 Pu241 1.0E-03 Th232 1.0E-03
Bi210 5.0E-01 Ni59 1.0E+00 Pu242 1.0E-03 Th234 1.0E-03
Bi2l1 5.0E-01 Ni63 1.0E+00 Ra223 2.0E-01 T1206 6.0E-01
Bi212 5.0E-01 Np237 1.0E-01 Ra224 2.0E-01 T1207 6.0E-01
Bi213 5.0E-01 Np238 1.0E-01 Ra225 2.0E-01 T1208 6.0E-01
Bi214 5.0E-01 Np239 1.0E-01 Ra226 2.0E-01 T1209 6.0E-01
Bi215 5.0E-01 Pa231 5.0E-02 Ra228 2.0E-01 TI1210 6.0E-01
Cl4 NR® Pa233 5.0E-02 Rh106 2.0E-01 U232 1.0E-01
Cdl113 1.0E+00 Pa234 5.0E-02 Rn218 NR U233 1.0E-01
Cd113m 1.0E+00 Pa234m 5.0E-02 Rn219 NR U234 1.0E-01
Cel44 5.0E-02 Pb209 9.0E-02 Rn220 NR U235 1.0E-01
Cm242 4.0E-03 Pb210 9.0E-02 Rn222 NR U235m 1.0E-01
Cm243 4.0E-03 Pb211 9.0E-02 Rul06 2.0E-01 U236 1.0E-01
Cm244 4.0E-03 Pb212 9.0E-02 Sb125 5.0E-02 U237 1.0E-01
Co60 2.0E+00 Pb214 9.0E-02 Sb126 5.0E-02 U238 1.0E-01
Csl134 2.0E-01 Po210 1.0E-02 Sb126m 5.0E-02 Y90 5.0E-02
Csl137 2.0E-01 Po211 1.0E-02 Se79 5.0E-01 7193 5.0E-03
Eul52 5.0E-02 Po212 1.0E-02 Sm148 5.0E-02
Checker Review: David J. Watson

Source: NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors
Relevant to Site-Specific Studies,” Appendix D.

2 All values report as (pCi/kg dry weight of fodder)/(pCi/kg dry weight of soil).

b Radionuclide-specific values for 3H and '*C are defined in Section 7.1.4.

NR = Not Reported
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Table 7-6. Radionuclide-Specific Bioconcentration Factors for Beef Cattle (d/kg).

Isotope BCFheer Isotope BCFbeer Isotope BCFheer Isotope BCFheer

(TFpeer) (TFbees) (TFpeer) (TFbeer)
Ac225 2E-05 Eul54 2E-03 Po213 5E-03 Sm151 2E-03
Ac227 2E-05 Eul55 2E-03 Po214 5E-03 Sn126 1E-02
Ac228 2E-05 Fr221 3E-02 Po215 5E-03 Sr90 1E-02
Am241 5E-05 Fr223 3E-02 Po216 5E-03 Tc99 1E-04
Am242 5E-05 Gd152 2E-03 Po218 5E-03 Tel25m 7E-03
Am242m SE-05 H3 NR* Pr144 2E-03 Th227 1E-04
Am243 SE-05 Hg206 1E-02 Pr144m 2E-03 Th228 1E-04
At217 1E-02 1129 4E-02 Pu238 1E-04 Th229 1E-04
At218 1E-02 Nb93m 1E-06 Pu239 1E-04 Th230 1E-04
At219 1E-02 Nb94 1E-06 Pu240 1E-04 Th231 1E-04
Bal37m 2E-04 Nd144 2E-03 Pu241 1E-04 Th232 1E-04
Bi210 2E-03 Ni59 5E-03 Pu242 1E-04 Th234 1E-04
Bi211 2E-03 Ni63 5E-03 Ra223 1E-03 T1206 2E-02
Bi212 2E-03 Np237 1E-03 Ra224 1E-03 T1207 2E-02
Bi213 2E-03 Np238 1E-03 Ra225 1E-03 T1208 2E-02
Bi214 2E-03 Np239 1E-03 Ra226 1E-03 T1209 2E-02
Bi215 2E-03 Pa231 5E-06 Ra228 1E-03 TI210 2E-02
Cl4 NR* Pa233 SE-06 Rh106 2E-03 U232 8E-04
Cd113 1E-03 Pa234 SE-06 Rn218 NR U233 8E-04
Cd113m 1E-03 Pa234m SE-06 Rn219 NR U234 8E-04
Celd4 2E-05 Pb209 8E-04 Rn220 NR U235 8E-04
Cm242 2E-05 Pb210 8E-04 Rn222 NR U235m 8E-04
Cm243 2E-05 Pb211 8E-04 Rul06 2E-03 U236 8E-04
Cm244 2E-05 Pb212 8E-04 Sb125 1E-03 U237 8E-04
Co60 3E-02 Pb214 8E-04 Sb126 1E-03 U238 8E-04
Csl134 SE-02 Po210 5E-03 Sb126m 1E-03 Y90 2E-03
Csl137 SE-02 Po211 5E-03 Se79 1E-01 7193 1E-06

Eul52 2E-03 Po212 5E-03 Sm148 2E-03

Checker Review: David J. Watson

Source: NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors
Relevant to Site-Specific Studies,” Appendix D.

*Radionuclide-specific values for *H and '“C are defined in Section 7.1.4.

BCF = bioconcentration factor

NR = Not Reported
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Table 7-7. Radionuclide-Specific Bioconcentration Factors for Milk (d/L).

Isotope BCFmin Isotope BCFumi Isotope BCFmin Isotope BCFmin
(TFmii) (TFmiix) (TFmii) (TFmii)
Ac225 2E-06 Euls4 6E-05 Po213 4E-04 Sml151 6E-05
Ac227 2E-06 Eul55s 6E-05 Po214 4E-04 Snl126 1E-03
Ac228 2E-06 Fr221 8E-03 Po215 4E-04 Sr90 2E-03
Am241 2E-06 Fr223 8E-03 Po216 4E-04 Tc99 1E-03
Am?242 2E-06 Gd152 6E-05 Po218 4E-04 Tel25m 5E-04
Am242m 2E-06 H3 NR* Pr144 6E-05 Th227 5E-06
Am243 2E-06 Hg206 5E-04 Pr144m 6E-05 Th228 5E-06
At217 1E-02 1129 1E-02 Pu238 1E-06 Th229 5E-06
At218 1E-02 Nb93m 2E-06 Pu239 1E-06 Th230 5E-06
At219 1E-02 Nb94 2E-06 Pu240 1E-06 Th231 5E-06
Bal37m 5E-04 Nd144 6E-05 Pu241 1E-06 Th232 5E-06
Bi210 1E-03 Ni59 2E-02 Pu242 1E-06 Th234 5E-06
Bi2l1 1E-03 Ni63 2E-02 Ra223 1E-03 T1206 3E-03
Bi212 1E-03 Np237 1E-05 Ra224 1E-03 T1207 3E-03
Bi213 1E-03 Np238 1E-05 Ra225 1E-03 T1208 3E-03
Bi214 1E-03 Np239 1E-05 Ra226 1E-03 T1209 3E-03
Bi215 1E-03 Pa231 5E-06 Ra228 1E-03 TI210 3E-03
Cl4 NR* Pa233 5E-06 Rh106 5E-04 U232 4E-04
Cd113 2E-03 Pa234 5E-06 Rn218 NR U233 4E-04
Cd113m 2E-03 Pa234m 5E-06 Rn219 NR U234 4E-04
Cel44 3E-05 Pb209 3E-04 Rn220 NR U235 4E-04
Cm242 2E-06 Pb210 3E-04 Rn222 NR U235m 4E-04
Cm243 2E-06 Pb211 3E-04 Rul06 2E-05 U236 4E-04
Cm244 2E-06 Pb212 3E-04 Sb125 1E-04 U237 4E-04
Co60 2E-03 Pb214 3E-04 Sb126 1E-04 U238 4E-04
Csl134 1E-02 Po210 4E-04 Sb126m 1E-04 Y90 6E-05
Csl137 1E-02 Po211 4E-04 Se79 1E-02 7193 6E-07
Eul52 6E-05 Po212 4E-04 Sm148 6E-05

Checker Review: David J. Watson

Source: NCRP Report No. 129, “Recommended Screening Limits for Contaminated Surface Soil and Review of Factors
Relevant to Site-Specific Studies,” Appendix D.

*Radionuclide-specific values for *H and '“C are defined in Section 7.1.4.

BCF = bioconcentration factor

NR = Not Reported
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Table 7-8. Radionuclide-Specific Bioconcentration Factors for Poultry (d/kg).

Isotope ](STCFFPSZEI:S Isotope ?ﬁii:::; Isotope ](STCFFPSZEI:S Isotope ](STCFFPSZEI:S
Ac225 4.0E-03 Euls4 4.0E-03 Po213 9.0E-01 Sml151 4.0E-03
Ac227 4.0E-03 Eul55s 4.0E-03 Po214 9.0E-01 Snl126 2.0E-01
Ac228 4.0E-03 Fr221 NR Po215 9.0E-01 Sr90 3.5E-02
Am241 2.0E-04 Fr223 NR Po216 9.0E-01 Tc99 3.0E-02
Am?242 2.0E-04 Gd152 4.0E-03 Po218 9.0E-01 Tel25m 8.5E-02
Am242m 2.0E-04 H3 NR* Pr144 3.0E-02 Th227 4.0E-03
Am243 2.0E-04 Hg206 1.1E-02 Pr144m 3.0E-02 Th228 4.0E-03
At217 NR 1129 1.8E-02 Pu238 1.5E-04 Th229 4.0E-03
At218 NR Nb93m 3.1E-04 Pu239 1.5E-04 Th230 4.0E-03
At219 NR Nb94 3.1E-04 Pu240 1.5E-04 Th231 4.0E-03
Bal37m 8.1E-04 Nd144 4.0E-03 Pu241 1.5E-04 Th232 4.0E-03
Bi210 1.0E-01 Ni59 1.0E-03 Pu242 1.5E-04 Th234 4.0E-03
Bi21l 1.0E-01 Ni63 1.0E-03 Ra223 3.0E-02 T1206 3.0E-01
Bi212 1.0E-01 Np237 4.0E-03 Ra224 3.0E-02 T1207 3.0E-01
Bi213 1.0E-01 Np238 4.0E-03 Ra225 3.0E-02 T1208 3.0E-01
Bi214 1.0E-01 Np239 4.0E-03 Ra226 3.0E-02 T1209 3.0E-01
Bi215 1.0E-01 Pa231 4.0E-03 Ra228 3.0E-02 TI210 3.0E-01
Cl4 NR* Pa233 4.0E-03 Rh106 5.0E-01 U232 1.2E+00
Cd113 8.4E-01 Pa234 4.0E-03 Rn218 NR U233 1.2E+00
Cd113m 8.4E-01 Pa234m 4.0E-03 Rn219 NR U234 1.2E+00
Cel44 1.0E-02 Pb209 2.0E-01 Rn220 NR U235 1.2E+00
Cm242 4.0E-03 Pb210 2.0E-01 Rn222 NR U235m 1.2E+00
Cm243 4.0E-03 Pb211 2.0E-01 Rul06 7.0E-03 U236 1.2E+00
Cm244 4.0E-03 Pb212 2.0E-01 Sb125 6.0E-03 U237 1.2E+00
Co60 5.0E-01 Pb214 2.0E-01 Sb126 6.0E-03 U238 1.2E+00
Csl134 4.4E+00 Po210 9.0E-01 Sb126m 6.0E-03 Y90 1.0E-02
Csl137 4.4E+00 Po211 9.0E-01 Se79 8.5E+00 7193 6.4E-05
Eul52 4.0E-03 Po212 9.0E-01 Sm148 4.0E-03
Checker Review: David J. Watson

Source: NUREG/CR-5512, Residual Radioactive Contamination From Decommissioning, Technical Basis for Translating
Contamination Levels to Annual Total Effective Dose Equivalent, Final Report, Vol. 1, Table 6.18.

*Radionuclide-specific values for *H and '“C are defined in Section 7.1.4.

BCF = bioconcentration factor NR = Not Reported

7-10
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Table 7-9. Radionuclide-Specific Bioconcentration Factors for Eggs (d/kg).

Isotope ](S,I,CFIZ:E)S Isotope ?]%‘E;:f)s Isotope ](S,I,CFIZ:E)S Isotope ](S,I,CFIZ:E)S
Ac225 2.0E-03 Eul54 7.0E-03 Po213 7.0E+00 Sm151 7.0E-03
Ac227 2.0E-03 Eul55s 7.0E-03 Po214 7.0E+00 Snl126 8.0E-01
Ac228 2.0E-03 Fr221 NR Po215 7.0E+00 Sr90 3.0E-01
Am241 9.0E-03 Fr223 NR Po216 7.0E+00 Tc99 3.0E+00
Am242 9.0E-03 Gd152 7.0E-03 Po218 7.0E+00 Tel25m 5.2E+00
Am242m 9.0E-03 H3 NR* Pr144 5.0E-03 Th227 2.0E-03
Am?243 9.0E-03 Hg206 2.0E-01 Pr144m 5.0E-03 Th228 2.0E-03
At217 NR 1129 2.8E+00 Pu238 8.0E-03 Th229 2.0E-03
At218 NR Nb93m 1.3E-03 Pu239 8.0E-03 Th230 2.0E-03
At219 NR Nb9o4 1.3E-03 Pu240 8.0E-03 Th231 2.0E-03
Bal37m 1.5E+00 Nd144 2.0E-04 Pu241 8.0E-03 Th232 2.0E-03
Bi210 8.0E-01 Ni59 1.0E-01 Pu242 8.0E-03 Th234 2.0E-03
Bi211 8.0E-01 Ni63 1.0E-01 Ra223 2.0E-05 T1206 8.0E-01
Bi212 8.0E-01 Np237 2.0E-03 Ra224 2.0E-05 T1207 8.0E-01
Bi213 8.0E-01 Np238 2.0E-03 Ra225 2.0E-05 T1208 8.0E-01
Bi214 8.0E-01 Np239 2.0E-03 Ra226 2.0E-05 T1209 8.0E-01
Bi215 8.0E-01 Pa231 2.0E-03 Ra228 2.0E-05 TI210 8.0E-01
Cl4 NR* Pa233 2.0E-03 Rh106 1.0E-01 U232 9.9E-01
Cd113 1.0E-01 Pa234 2.0E-03 Rn218 NR U233 9.9E-01
Cd113m 1.0E-01 Pa234m 2.0E-03 Rn219 NR U234 9.9E-01
Cel44 5.0E-03 Pb209 8.0E-01 Rn220 NR U235 9.9E-01
Cm242 2.0E-03 Pb210 8.0E-01 Rn222 NR U235m 9.9E-01
Cm243 2.0E-03 Pb211 8.0E-01 Rul06 6.0E-03 U236 9.9E-01
Cm244 2.0E-03 Pb212 8.0E-01 Sb125 7.0E-02 U237 9.9E-01
Co60 1.0E-01 Pb214 8.0E-01 Sb126 7.0E-02 U238 9.9E-01
Cs134 4.9E-01 Po210 7.0E+00 Sb126m 7.0E-02 Y90 2.0E-03
Cs137 4.9E-01 Po211 7.0E+00 Se79 9.3E+00 7193 1.9E-04
Eul52 7.0E-03 Po212 7.0E+00 Sm148 7.0E-03

Checker Review: David J. Watson

Source: NUREG/CR-5512, Residual Radioactive Contamination from Decommissioning, Vol 1, Technical Basis for
Translating Contamination Levels to Annual Total Effective Dose Equivalent, Final Report, Table 6.18.

*Radionuclide-specific values for H3 and C14 are defined in Section 7.1.4.
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7.1.4 Bioconcentration Factors for Carbon-14

Section 7.1.4 does not provide bioconcentration factors for tritium (*H) and '*C. A review of the
tabulated inputs for homegrown crops (Table 7-4), animal fodder (Table 7-5), beef (Table 7-6),
milk (Table 7-7), poultry (Table 7-8), or eggs (Table 7-9) indicates that the cited sources did not
provide values for these two radionuclides. Tritium (*H) is inseparable from water and '*C can
exist as carbon-dioxide in air, making these two radionuclides highly mobile. Consequently,
special consideration is given to more accurately assess their potential hazards derived from
garden and pasture soils that have been irrigated with groundwater containing tritium and 'C.
Consequently, bioconcentration factors for *H and *C are developed separately from other
radionuclides.

7.1.4.1 Bioaccumulation Factor for Root Uptake in Crops and Fodder. The accumulation
of 1“C in plants, animal fodder, and animal products (beef, milk, poultry meat, and eggs) from
gardens and pastures that are irrigated with contaminated groundwater is calculated using an
activity equilibrium approach. The *C plant transfer factors are taken directly from
recommended values in Appendix C, Section C.1 in NUREG/CR-5512, which states that the
residential scenario is 0.7, representing a conservative estimate of uptake in organic soils likely
used for gardening. Derivation of this value in NUREG/CR-5512 is consistent with the
application in Equation 5-88 once the value is adjusted for fresh weight of crops consumed. The
value is appropriate for use in Equation 5-88.

NUREG/CR-5512, Table 6.17 provides dry-to-wet-weight conversion factors for leafy
vegetables, other vegetables and fruit; the values range from 0.18 to 0.25. Lower values would
result in higher simulated doses, so the 0.18 value is used for the conversion to the appropriate
units to use in Equation 5-88. This is a pessimistic usage of an input parameter because the
larger dose value that is calculated is then compared to dose-based performance objectives to
evaluate whether the disposal system will be protective to human health.

pCi pCi
0.7 g dry weight crops g wet weight crops _ g wet weight crops
' pCi 0.18 g dry weight crops pCi
g dry weight soil g dry weight soil

7.1.4.2 Bioaccumulation Factor for Beef, Milk, Poultry and Eggs. The model for the '“C
concentration in animal products also follows the method developed in NUREG/CR-5512 that
equates the specific activity of '4C in the animal products with the '*C activity in the animal
intake from drinking water and ingesting fodder and contaminated soil adhered to fodder. The
equilibrium relationship is expressed in Equation 7-1.

MCl4,bmpe _ MCl4,in MC,bmpe

(7-1)

Mbmpe MC,in Mbmpe
Where:

Mciapmpe = the massof 14C in the animal product (beef, milk, poultry, or eggs) (g)
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the mass of the animal product (beef, milk, poultry, or eggs) (g)
the mass of '*C consumed by the animal during intake of water, fodder, and

soil (g)
the mass of carbon consumed by the animal during intake of water, fodder, and

soil (g)
the mass of carbon in the animal product (beef, milk, poultry, or eggs) (g).

The mass of '*C consumed by the animal during the intake of water, fodder, and soil is
determined by sum of the products of the animal’s intake of each and the concentration in each.
Similarly, the mass of carbon consumed by the animal during intake of water, fodder and soil is
determined by the sum of the products of the animal’s intake of each and the mass fraction of
carbon in each. Substituting the relationship between mass and intake and concentration into
Equation 7-1 yields the expression shown in Equation 7-2. Note: for a radionuclide, the mass of
the radionuclide can also be expressed as an activity by multiplying the mass by the
radionuclide’s specific activity.

Where:

MC14,bmpe
Mbmpe
Qw

CC14,W

Qr
Ceiaf

Qs

CC14-,S

Pw
fC,w

fer
f C,s

MC,bmpe

Expressing the term

Mciapmpe  QwCciaw + QpCeiay + QsCrias y M¢ pmpe

MC,mmpe
(C614,mmpe) and M

2
prwfc,w + foC,f + stC,s (7 )

Mbmpe Mbmpe

the mass of '*C in the animal product (beef, milk, poultry, or eggs) (g)

the mass of the animal product (beef, milk, poultry, or eggs) (g)

the animal’s intake rate of water (L/day)

the concentration of *C in the animal’s drinking water (g/L) (or pCi/L with the
proper unit conversions)

the animal’s intake rate of fodder (g/day)

the concentration of '*C in the animal fodder (g/g) (or pCi/g with the proper
unit conversions)

the animal’s intake rate of soil adhered to fodder (g/day)

the concentration of '*C in the soil adhered to fodder (g/g) (or pCi/g with the
proper unit conversions)

density of water (kg/L)

the (normal) mass fraction of carbon in drinking water (g/g); assumed equal to
0

the (normal) mass fraction of carbon in animal fodder (g/g)

the (normal) mass fraction of carbon in soil (g/g)
the mass of carbon in the animal product (beef, milk, poultry, or eggs) (g).

M . . - : i
—S1bmee iy Equation 7-2 as the concentration of 'C in the animal product
bmpe

as the fraction of carbon in the animal product (f¢ pmpe) and

mmpe

rearranging, it can be shown that Equation 7-2 has the same form as Equation 5-92,
Equation 5-95, Equation 5-98, and Equation 5-101.
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fC,bmpe

Qwfew + Qs fer + Qsfes

Cc1a,pmpe = (Cc14,wa + Cc140Qr + Cc14,st)

Cb,i = (Cw,i X IRw,b + Cfodder,i X IRfodder,b + Cstot,i X IRs,b) X BCFbeef,i

Consequently, the bioconcentration factor for '*C can be expressed using Equation 7-3.

f C,bmpe
BCF, = - 7-3
crebmpe =0 few + Qrfcr + Qsfes (7-3)
Where:
BCF¢iapmpe = the bioconcentration factor of 14C in the animal product (beef, milk, poultry,
or eggs) (day/kg)
fcpmpe = the mass fraction of carbon in the animal product (beef, milk, poultry, or
eggs) (g/g)
Qu = the animal’s intake rate of water (kg/day); a density of 1.00 kg/L is applied
few = the (normal) mass fraction of carbon in drinking water (g/g); assumed equal
to 0
Qf = the animal’s intake rate of fodder (kg/day)
for = the (normal) mass fraction of carbon in animal fodder (g/g)
Q, = the animal’s intake rate of soil adhered to fodder (kg/day)
fcs = the (normal) mass fraction of carbon in soil (g/g).

From Table 4-9, the beef cattle consume 53 liters of water per day, 0.5 kg of soil per day and
11.77 kg (dry weight) of fodder per day. From Appendix C, Table C.1 of NUREG/CR-5512,

Volume 1, mass fraction of carbon in the beef cattle food products is 24%. From this same
source, the mass fraction of carbon in the soil is assumed to be 3%. From Section 6.5.1 of

NUREG/CR-5512, Volume 1, the beef cattle are assumed to consume 25% of their fodder as

fresh forage having a carbon mass fraction of 9% (wet weight) and 78% water content, 50%

from stored hay having a carbon mass fraction of 9% (wet weight) and 78% water content, and

25% from stored grain having a carbon mass fraction of 40% (wet weight) and a 9% water

content. Therefore, the wet weights of the different fodder types consumed are:

kg dry wt fodder » 1

_ kg dry wt forage
(1 —-78%) kg wet wt forage
; kg wet wt forage 5 g8 kg dry wt forage

Qf,b,forage,dry =11.77 X 50%

day

day day
. kg dry wt fodder 1 250
Qf bhay,ary = 11. day X A, kg dry wt hay X £
( 0) kg wet wt hay

k et wt ha kg dry wt forage
g kgwetwthay . kgdrywtjorag

day day

7-14
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. kg dry wt fodder 1
Qf bgramary = day X dry wt grain %
A=-9%) "
wet wt grain
kg wet wt grain kg dry wt forage
, kg grain _ , o, kg drywt forag
day day

25%

Therefore, the weighted average mass fraction of carbon in the beef cattle fodder is

f_(C,f,beef) = (27 (kg wet wt forage)/day X (0.09 kg carbon)/(kg wet wt forage)
+ 13 (kg wet wt hay)/day X (0.09 kg carbon)/(kg wet wt hay)
+ 3.2 (kg wet wt grain)/day X (0.4 kg carbon)/(kg wet wt grain))/((27
+ 13 + 3.2) (kg wet wt fodder)/day)
= 0.11 (kg carbon)/(kg wet wt fodder)

The bioconcentration factor for “C in beef is calculated using these values in Equation 7-3 to be

0.24 d
= 0.051—

><O+(13+27+32)d ><0.11+o.5d%x0.03) kg

Kg
3@)(1

BCFC14,beef =
(5

From Table 4-9, the dairy cows consume 92 liters of water per day, 0.4 kg of soil per day, and
20.3 kg (dry weight) of fodder per day. From NUREG/CR-5512, mass fraction of carbon in the
dairy cow food products is 7%. From this same source, the mass fraction of carbon in the soil is
assumed to be 3%. The dairy cows are assumed to consume 50% of their fodder as fresh forage
having a carbon mass fraction of 9% (wet weight) and 78% water content, 40% from stored hay
having a carbon mass fraction of 9% (wet weight) and 78% water content, and 10% from stored
grain having a carbon mass fraction of 40% (wet weight) and an assumption of 9% water content
like beef. Therefore, the wet weights of the different fodder types consumed are:

203 kg dry wt fodder 1 500
Qf,m,forage,dry = 4U. day X S dry wt forage X 0
( ) wet wt forage
kg wet wt forage kg dry wt forage
=46 g f g=10.15g ywt forag
day day
203 kg dry wt fodder 1 40%
Qfmhaydry = day X L 78 dry wt hay X 0
. . ( o d 0) Wzt wt hay
wet wt na ry wt ha
= 37 g Y _ 8.12 gary 4
day day
kg dry wt fodder 1 . kg wet wt grain
Qfmgraindry = 203 o X o drywigram % 10% = 22 Er—

wet wt grain
3 kg dry wt grain

day

7-15
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Therefore, the weighted average mass fraction of carbon in the dairy cow fodder is

f_(C, f,milk) = (46 (kg wet wt forage)/day X (0.09 kg carbon)/(kg wet wt forage)
+ 37 (kg wet wt hay)/day X (0.09 kg carbon) /(kg wet wt hay)
+ 2.2 (kg wet wt grain)/day X (0.4 kg carbon) /(kg wet wt grain))/((46
+ 37 +2.2) (kg wet wt fodder)/day)
= 0.098 (kg carbon)/(kg wet wt fodder)

The bioconcentration factor for '*C in dairy cow food products is calculated using these values in
Equation 7-3 to be

0.07 d
BCFp1amie = = 0.0084 —

9259 0+ 8559 5 0.098 + 049« 0.03 kg
day day day

Using a density of 1.03 kg/L for milk, this equates to 0.0086 d/L.

From Table 4-9, the poultry consume 0.4 liters of water per day, 0.022 kg of soil per day, and
0.2 kg (dry weight) of fodder per day. From NUREG/CR-5512, mass fraction of carbon in the
poultry food products is 20% and in eggs is 15%. From this same source, the mass fraction of
carbon in the soil is assumed to be 3%. The poultry are assumed to consume 25% of their fodder
as fresh forage having a carbon mass fraction of 9% (wet weight) and 78% water content, 0%
from stored hay, and 75% from stored grain having a carbon mass fraction of 40% (wet weight)
and a 9% water content. Therefore, the wet weights of the different fodder types consumed are:

— o2 kg dry wt fodder 1 250 = 0.23 kg wet wt forage
Crp forageary = 0. day % 1— 78% dry wt forage X 0T % day
( 0) wet wt forage
kg dry wt forage
_ 0,05 k9 dry wt forag
day
kg dry wt fodder 1 kg wet wt grain
. = 0fy —
Qf.PrgTaln,dry 0.2 day X oy dT‘y Wt grain X 75% = 0.16 day
( 0) wet wt grain
kg dry wt grain
=015 1Y 9

day
Therefore, the weighted average mass fraction of carbon in the poultry fodder is

kg wet wt forage 0.09 kg carbon kg wet wt grain _ 0.4 kg carbon

fo = 0.23 day X kg wet wt forage +0.16 day X kg wet wt grain
Cfp = kg wet wt fodder
(0.23 +0 +0.16) day
kg carbon
=0.22
kg wet wt fodder
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The bioconcentration factor for '*C in poultry is calculated using these values in Equation 7-3 to
be

0.20

BCFC14,poultry =

kg kg kg kg
0.4 day X 0+ 0.39 day X 0.22 + 0.022 day x 0.03

The bioconcentration factor for '*C in eggs is calculated using these values in Equation 7-3 to be

0.15

BCFCM,eggs =

0459 5 0+039K9 « 022+ 002259 x 0.03 kg
day day day

7.1.5 Bioconcentration Factors for Tritium

Tritium has a half-life of 12.26 years. Given the long transport times through the vadose zone
beneath an engineered surface barrier, trittum from tank farm residuals or waste disposal
facilities underneath an engineered surface barrier is not expected to reach the groundwater.
Although groundwater at Hanford is known to be contaminated by tritium, this contamination is
not derived from sources under an engineered surface barrier such as those sources that would be
evaluated for closure under DOE O 435.1.

7.1.5.1 Bioaccumulation Factor for Root Uptake in Crops and Fodder. The
bioconcentration factor for tritium in crops is derived using the specific activity equilibrium
method in Appendix L of ANL/EAD-4. In this method, the specific activity of tritium in the
plants is in equilibrium to the specific activity of tritium in the soil water, which when neglecting
volatilization to the unsaturated pore space is equal to the total activity in the soil since tritium is
non-sorbing to the soil. Equilibrium partitioning is aligned with the fraction of hydrogen in the
different media. The bioconcentration factor for tritium in plant crops and fodder is calculated
using Equation 7-4, which combines Equations L.2, L.13, L.15 and L.17 in ANL/EAD-4 and
applies a zero Kq value for tritium in soil. Appendix D (Section D.2.1.5.1) of ANL/EAD-4 notes
that B,, values represent the ratios of the vegetable wet weight concentrations to the dry soil
concentrations. Therefore, the developed value is appropriate for use in Equation 5-88 but needs
to be adjusted to a dry-weight basis for fodder to use in Equation 5-91.

fricr PB
Bypser = ﬁW (7-4)
Where:
Byuscr = the plant-food/soil concentration ratio for root uptake of 3H in the crops and
. pCi pCi
animal fodder [(g wet weight crops) / (g dry weight soil)]
fuer = the mass fraction of hydrogen in the crops and fodder (g/g)
PB = the dry bulk density of the soil (g/cm?)
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faw = the mass fraction of hydrogen in water (g/cm?)
6 the volumetric moisture content in the irrigated soils (unitless).

The fraction of fruit and vegetables that is hydrogen (fz.) is 0.1 (NUREG/CR-5512 Table D.1).
This fraction is reported to represent the fraction from tritiated water and organically bound
trittum. The fraction of animal fodder that is hydrogen, also from NUREG/CR-5512 Table D.1,
depends on the animal’s intake distribution of fresh forage (fu = 0.1), stored hay (fz» =0.1), and
stored grain (fiz¢ = 0.068). These fractions are reported to represent the fraction from tritiated
water and organically bound tritium. The fraction of water that is hydrogen (fr» = 0.112) is
determined by the atomic weights of hydrogen and oxygen in the molecular formula of water. It
is given the units g/cm® in ANL/EAD-4 because “1 g H per 9 cm® H>O because 1 g H,O = 1 cm?
H,0”. The bulk density for sand was calculated to be 1.67 g/cm?® based on the assumed particle
density of 2.71 g/cm?® (PNNL-23711, Physical, Hydraulic, and Transport Properties of
Sediments and Engineered Materials Associated with Hanford Immobilized Low-Activity Waste
Table 4.7) and average porosity of 0.383 (PNNL-23711 Table 6.3). The irrigated surface soil is
expected to have an average saturation of 70% and average porosity of 0.383 (PNNL-23711
Table 6.3), yielding an average moisture content of 0.268.

Using these values and Equation 7-4 for crops, the bioconcentration factor for root uptake is 5.6.
NOTE: values applied in the model may differ from the values derived below due to rounding
that is applied in these calculations.

g

_ fH,cP_B_

01 1673 pCi pCi
Byusr = = 7 =56 [ . / : "l
faw 6 0'112cm3 0.268 g wet weight crops g dry weight soil

The same equation is used to develop the pasture factor for root uptake on a wet-weight basis to
be used for the concentration of *H in animal fodder, but then the value must be converted to a
dry-weight basis to be used with Equation 5-88. For animal fresh forage and stored hay, the
fodder has the same fraction of hydrogen; therefore, the bioconcentration factors for root uptake
by fresh forage fodder and stored hay are also 5.6 (on a wet-weight basis). For stored grain, the
bioconcentration factor for root uptake is 3.8 (on a wet-weight basis).

g
B _fHgpp _ 0068 16755 3 [( pCi )/( pCi )]
v,H3.9 fHWw 6 0.112L3 0.268 ) g wet weight crops g dry weight soil

cm

The conversion to a dry-weight basis multiplies the value developed for wet-weight by the
dry-to-wet-weight conversion factors. NUREG/CR-5512 Table 6.17 provides dry-to-wet-weight
conversion factors for fresh forage, stored hay, and stored grain. The value for fresh forage and
stored hay is 0.22, the value for stored grain is 0.91.

pCi pCi
g wet weight crops  0.22 g dry weight crops g dry weight crops
Bp,H3,f = 56 7 X . = 12 7
pCi g wet weight crops pCi
g dry weight soil g dry weight soil
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pCi pCi
g wet weight crops  0.91 g dry weight crops g dry weight crops
BP,H3,Q = 38 7 X - = 35 7
pCi g wet weight crops pCi
g dry weight soil g dry weight soil

Based on the weighted intake fractions of fodder computed in Section 7.1.4 for beef cattle, dairy
cows, and poultry, a bioconcentration factor for fodder for all animal types equal to 2.9 (on a
dry-weight basis) is applied. Higher values would result in higher simulated doses, so the
greatest value for beef cattle, dairy cows, and poultry is used for the conversion to the
appropriate units to use in Equation 5-91. This is a pessimistic usage of an input parameter
because the larger dose value that is calculated is then compared to dose-based performance
objectives to evaluate whether the disposal system will be protective to human health.

Bp,H3,g X Qf,b,grain,dry + Bp,H3,f X (Qf,b,hay,dry + Qf,b,forage,dry)

B =
p.H3,9,beef
g Qf,b,grain,dry + (Qf,b,hay,dry + Qf,b,forage,dry)

3.5 2.94K9aw | 4 5 (5.88"9ﬂ + 2.94—k9dW)
_ day day day

kgaw kgaw k«gﬂ)
29470 + (5.88 o+ 2,947

=18 [( peL )/( pCi )]

g wet weight crops g dry weight soil

Bpns,g X Q. mgraindry + Bpnus s X (Qpmnhay.ary + Qfm forage.dry)

B k=
p,H3,g milk
g Qf,m,grain,dry + (Qf,m,hay,dry + Qf,m,forage,dry)

3.5 x 2.0358aw 4 5 (8.12% + 10.15—k9dW)
— day day day

kgaw kgaw k«gﬂ)
20370 + (8.12 o +10.15 -2

— 14 ( pCi ) ( pCi )
- [gwetweight crops / gdryweightsoil]

Bp,HB,g X Qf,p,grain,dry + Bp,H3,f X (Qf,p,hay,dry + Qf,p,forage,dry)

B =
p,H3,9,poultry
g Qf,p,grain,dry + (Qf,p,hay,dry + Qf,p,forage,dry)

3.5% 0.150aw 4 15 (0"9% + 0.05—kgdW)

day day day

kGaw | (yK9aw kgﬂ)
01577 + (0 oo+ 0.05 77

— 29 ( pCi ) ( pCi )
=291 g wet weight crops g dry weight soil ]

7.1.5.2 Bioaccumulation Factor for Beef, Milk, Poultry and Eggs. ANL/EAD-4 also has a
specific activity equilibrium model for tritium accumulation in animal products. The resulting
equation, Equation L.22 in ANL/EAD-4, has the same structure as the specific activity
equilibrium model for '*C (Equation 7-3). Equation 7-5 rewrites Equation 7-3 to reflect
subscripts for stable hydrogen in place of stable carbon.

7-19
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f H,bmpe
BCF = - 7-5
H3DmPE 0 frw + Qrfuy + Qsfus (7-3)
Where:
BCFuspmpe = the bioconcentration factor of *H in the animal product (beef, milk, poultry, or
eggs) (day/kg)
SH.bmpe = the mass fraction of hydrogen in the animal product (beef, milk, poultry, or
eggs) (g/2)
Ow = The animal’s intake rate of water (kg/day); a density of 1.00 kg/L is applied
Srw = the (normal) mass fraction of hydrogen in drinking water (g/g); assumed equal
to 0
Or = The animal’s intake rate of milk (kg/day)
fur = the (normal) mass fraction of hydrogen in animal fodder (g/g)
Os = The animal’s intake rate of soil adhered to fodder (kg/day)
fis = the (normal) mass fraction of hydrogen in soil (g/g).

Many of the parameters for the animal accumulation factors for tritium are the same as those
used for '*C calculations with the exception that the stable hydrogen mass fractions are used
instead of stable carbon mass fractions. The values for stable hydrogen fractions for different
types of fodder were discussed in Section 7.1.4.2. The mass fractions of stable hydrogen in beef
cattle food products, dairy cow food products, poultry food products and eggs are 0.1, 0.11, 0.1,
and 0.11, respectively (NUREG/CR-5512 Table D.1). The mass fraction of hydrogen assumes
that the soil hydrogen is derived from the soil moisture and the wet mass of the soil. With a
calculated bulk density of 1.67 g/cm?, and soil moisture content of 0.268, the mass fraction of
water in a fixed volume of soil is 0.138. Therefore, the mass fraction of hydrogen in the wet soil
and dry soil (i.e., based on gravimetric moisture content) are calculated to be 0.016 and 0.018,
respectively. Note: values applied in the model may differ from the values derived below due to
rounding that is applied in these calculations.

Therefore, the weighted average mass fraction of hydrogen in the beef cattle fodder is

f_(H, f,beef) = (13 (kg wet wt forage)/day X (0.1 kg hydrogen)/(kg wet wt forage)
+ 27 (kg wet wt hay)/day X (0.1 kg hydrogen)/(kg wet wt hay)
+ 3.2 (kg wet wt grain)/day X (0.068 kg hydrogen)/(kg wet wt grain))/((13 + 27
+ 3.2) (kg wet wt fodder)/day) = 0.098 (kg hydrogen)/(kg wet wt fodder)

The bioconcentration factor for *H in beef is calculated using these values in Equation 7-5 to be

BCF 0.10 0.0098 d
H3,beef = kg kg kg = 0. @
53d7y x 0.112 + 43d7y x 0.098 + O-SdTy x 0.018
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The weighted average mass fraction of stable hydrogen in the dairy cow fodder is

f_(H, f,milk) = (46 (kg wet wt forage)/day X (0.1 kg hydrogen)/(kg wet wt forage)
+ 37 (kg wet wt hay)/day X (0.1 kg hydrogen)/(kg wet wt hay)
+ 2.2 (kg wet wt grain)/day X (0.068 kg hydrogen)/(kg wet wt grain))/((46 + 37
+ 2.2) (kg wet wt fodder)/day) = 0.099 (kg hydrogen)/(kg wet wt fodder)

The bioconcentration factor for *H in dairy cow food products is calculated using these values in
Equation 7-5 to be

BCF 0.11 0.0059 d
H3,milk — kg kg kg = U @
92W x 0.112 + 85d7y x 0.099 + MW x 0.018

Using a density of 1.03 kg/L for milk, this equates to 0.0061 d/L.

The weighted average mass fraction of stable hydrogen in the poultry fodder is

f_(H,f,p) = (0.23 (kg wet wt forage)/day x (0.1 kg hydrogen)/(kg wet wt forage)
+ 0 (kg wet wt hay)/day % (0.1 kg hydrogen)/(kg wet wt hay)
+ 0.16 (kg wet wt grain)/day X (0.068 kg hydrogen)/(kg wet wt grain))/((0.23 + 0
+ 0.16) (kg wet wt fodder)/day) = 0.087 (kg hydrogen)/(kg wet wt fodder)

The bioconcentration factor for *H in poultry is calculated using these values in Equation 7-5 to

be
o 0.10 o
H3,poultry — = L
0459 % 0112 + 03959« 0.087 + 0.02259_ % 0.018 kg
day day day

The bioconcentration factor for *H in eggs is calculated using these values in Equation 7-5 to be

BCF 0.11 1.4 d
H3,eggs = = la—
0.4§—g % 0.112 + 0.39-49_ « 0,087 + 0.022 X9 x 0.018 kg

ay day day

7.1.6 Summary of Values for Tritium and Carbon-14

Bioconcentration factors for *H and '*C have been developed using specific activity equilibrium
models. The inputs to the calculations previously derived for other calculations use the same
deterministic values. Although some of the input parameters used in the development of these
factors have uncertainty defined, the uncertainty in the input parameters was neglected for these
calculations. Table 7-10 summarizes the results of the calculations that define the input for the
exposure scenario models. Note: values applied in the model may differ from the values
tabulated below due to rounding that is applied in the calculations.
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Parameter Media Supplements H-3 C-14 Units
pCi
Bui Ser;’epfag‘;;‘)ts and Table74 | 56 | 39 | L¥E W;Lgih Lerops
g dry weight soil
pCi
By Animal Fodder Table 7-5 2.9 07 | 49 W;icgiht crops
g dry weight soil
BCFgeet | Beef products Table 7-6 0.0098 | 0.049 day/kg
BCFmixk | Dairy products Table 7-7 0.006 | 0.0086 day/L
BCFpoutry | Poultry (excluding eggs) Table 7-8 1.3 2.3 day/kg
BCFrgs | Eggs Table 7-9 1.4 1.7 day/kg

Checker Review: David J. Watson

7.1.7 Area Correction Factors

The ACF is used to adjust the external radiation dose conversion factor developed under the
idealized assumption of an infinite areal extent of contamination to the expected areal extent of
contamination (see ORNL/TM-2013/00). The area of contamination for the acute exposure Well
Driller and Suburban Garden scenarios are assumed to be 2,000 m?. The area of contamination
for the Rural Pasture exposure scenario is assumed to be 8,500 m?. However, the ACFs based on
8,500 m” are not available. Therefore, ACFs based on an area of 10,000 m? are considered for
Rural Pasture scenario. The area of contamination for the commercial farm is sufficiently large
that the ACF for the Commercial Farm exposure scenario is 1.0. Similarly, as a conservative
approach, the ACFs for All-Pathways Representative Person are considered to be 1 for each
radionuclide. Table 7-11 presents the radionuclide-specific ACFs for different areas of

contamination.
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Table 7-11. Radionuclide-specific Soil Volume (Infinite Source Thickness), Area
Correction Factors Based on Area of Contamination (unitless). (3 sheets)
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. . Area of Contamination (m?)
Radionuclides
2,000 10,000 Infinite

Ac225 7.80E-01 9.60E-01 1.00E+00
Ac227 9.80E-01 1.10E+00 1.00E+00
Ac228 8.60E-01 9.20E-01 1.00E+00
Am241 8.70E-01 1.10E+00 1.00E+00
Am242 7.90E-01 9.90E-01 1.00E+00
Am242m 1.00E+00 1.00E+00 1.00E+00
Am243 8.00E-01 1.10E+00 1.00E+00
At217 7.90E-01 8.50E-01 1.00E+00
At218 1.00E+00 1.00E+00 1.00E+00
At219 1.00E+00 1.00E+00 1.00E+00
Bal37m 8.40E-01 9.00E-01 1.00E+00
Bi210 8.00E-01 8.50E-01 1.00E+00
Bi211 8.50E-01 9.30E-01 1.00E+00
Bi212 8.50E-01 9.10E-01 1.00E+00
Bi213 8.70E-01 9.60E-01 1.00E+00
Bi214 8.50E-01 9.30E-01 1.00E+00
Bi215 8.30E-01 9.00E-01 1.00E+00
Cl4 1.00E+00 1.00E+00 1.00E+00
Cd113 1.00E+00 1.00E+00 1.00E+00
Cd113m 8.00E-01 8.20E-01 1.00E+00
Cel44 7.20E-01 9.00E-01 1.00E+00
Cm242 1.00E+00 1.10E+00 1.00E+00
Cm243 7.60E-01 8.80E-01 1.00E+00
Cm244 1.00E+00 1.10E+00 1.00E+00
Co60 8.50E-01 9.20E-01 1.00E+00
Csl134 8.50E-01 9.10E-01 1.00E+00
Cs137 8.00E-01 8.40E-01 1.00E+00
Eul52 8.50E-01 9.20E-01 1.00E+00
Eul54 8.50E-01 9.20E-01 1.00E+00
Eul55 7.60E-01 9.70E-01 1.00E+00
Fr221 7.50E-01 8.40E-01 1.00E+00
Fr223 8.10E-01 9.50E-01 1.00E+00
Gd152 1.00E+00 1.00E+00 1.00E+00
H3 1.00E+00 1.00E+00 1.00E+00
Hg206 8.20E-01 8.80E-01 1.00E+00
1129 8.60E-01 7.90E-01 1.00E+00
Nb93m 1.10E+00 1.10E+00 1.00E+00
Nbo4 8.70E-01 9.20E-01 1.00E+00
Nd144 1.00E+00 1.00E+00 1.00E+00
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Table 7-11. Radionuclide-specific Soil Volume (Infinite Source Thickness), Area
Correction Factors Based on Area of Contamination (unitless). (3 sheets)

7/3/2024 - 12:55 PM
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. . Area of Contamination (m?)
Radionuclides
2,000 10,000 Infinite

Ni59 9.50E-01 9.50E-01 1.00E+00
Ni63 1.00E+00 1.00E+00 1.00E+00
Np237 8.20E-01 9.90E-01 1.00E+00
Np238 8.90E-01 9.40E-01 1.00E+00
Np239 7.60E-01 9.00E-01 1.00E+00
Pa231 8.40E-01 9.00E-01 1.00E+00
Pa233 8.20E-01 9.10E-01 1.00E+00
Pa234 8.60E-01 9.20E-01 1.00E+00
Pa234m 8.70E-01 9.30E-01 1.00E+00
Pb209 1.00E+00 1.00E+00 1.00E+00
Pb210 9.00E-01 9.80E-01 1.00E+00
Pb211 8.70E-01 9.40E-01 1.00E+00
Pb212 7.70E-01 8.50E-01 1.00E+00
Pb214 8.30E-01 9.10E-01 1.00E+00
Po210 8.70E-01 9.20E-01 1.00E+00
Po211 8.70E-01 9.20E-01 1.00E+00
Po212 1.00E+00 1.00E+00 1.00E+00
Po213 8.70E-01 9.20E-01 1.00E+00
Po214 8.70E-01 9.20E-01 1.00E+00
Po215 8.80E-01 9.60E-01 1.00E+00
Po216 8.70E-01 9.20E-01 1.00E+00
Po218 1.00E+00 1.00E+00 1.00E+00
Pr144 8.60E-01 9.40E-01 1.00E+00
Pr144m 8.30E-01 7.90E-01 1.00E+00
Pu238 1.00E+00 1.10E+00 1.00E+00
Pu239 1.00E+00 1.10E+00 1.00E+00
Pu240 1.00E+00 1.10E+00 1.00E+00
Pu241 7.50E-01 9.80E-01 1.00E+00
Pu242 1.00E+00 1.10E+00 1.00E+00
Ra223 7.80E-01 9.20E-01 1.00E+00
Ra224 7.60E-01 8.00E-01 1.00E+00
Ra225 8.30E-01 7.80E-01 1.00E+00
Ra226 7.20E-01 8.60E-01 1.00E+00
Ra228 1.10E+00 1.20E+00 1.00E+00
Rh106 8.50E-01 9.20E-01 1.00E+00
Rn218 8.40E-01 9.00E-01 1.00E+00
Rn219 8.30E-01 8.90E-01 1.00E+00
Rn220 8.50E-01 9.20E-01 1.00E+00
Rn222 8.60E-01 9.30E-01 1.00E+00
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Table 7-11. Radionuclide-specific Soil Volume (Infinite Source Thickness), Area
Correction Factors Based on Area of Contamination (unitless). (3 sheets)

. . Area of Contamination (m?)
Radionuclides
2,000 10,000 Infinite
Rul06 1.00E+00 1.00E+00 1.00E+00
Sb125 8.50E-01 9.20E-01 1.00E+00
Sb126 8.60E-01 9.20E-01 1.00E+00
Sb126m 8.60E-01 9.20E-01 1.00E+00
Se79 1.00E+00 1.00E+00 1.00E+00
Sm148 1.00E+00 1.00E+00 1.00E+00
Sm151 9.60E-01 9.40E-01 1.00E+00
Snl26 7.90E-01 1.00E+00 1.00E+00
Sr90 1.00E+00 1.00E+00 1.00E+00
Tc99 7.80E-01 1.00E+00 1.00E+00
Tel25m 8.90E-01 8.20E-01 1.00E+00
Th227 7.90E-01 8.60E-01 1.00E+00
Th228 8.30E-01 1.00E+00 1.00E+00
Th229 7.60E-01 9.70E-01 1.00E+00
Th230 9.60E-01 1.10E+00 1.00E+00
Th231 8.80E-01 1.00E+00 1.00E+00
Th232 1.00E+00 1.10E+00 1.00E+00
Th234 8.00E-01 1.10E+00 1.00E+00
T1206 8.20E-01 1.00E+00 1.00E+00
T1207 8.80E-01 9.30E-01 1.00E+00
T1208 8.90E-01 9.70E-01 1.00E+00
T1209 8.20E-01 9.20E-01 1.00E+00
TI1210 8.60E-01 9.30E-01 1.00E+00
U232 1.00E+00 1.10E+00 1.00E+00
U233 9.60E-01 1.10E+00 1.00E+00
U234 1.00E+00 1.10E+00 1.00E+00
U235 7.20E-01 8.70E-01 1.00E+00
U235m 9.50E-01 9.50E-01 1.00E+00
U236 1.00E+00 1.10E+00 1.00E+00
U237 7.70E-01 9.40E-01 1.00E+00
U238 1.00E+00 1.10E+00 1.00E+00
Y90 1.10E+00 1.20E+00 1.00E+00
7193 1.00E+00 1.00E+00 1.00E+00
Checker Review: David J. Watson

Reference: ORNL/TM-2013/00, Area Correction Factors for Contaminated Soil for Use in Risk and Dose

Assessment Models, Table 12.
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7.1.8 Dose Conversion Factors

Radionuclide-specific DCFs are required to calculate the dose from exposure to any given
radionuclide that may be released from the site. Internal doses to the Representative Person are
calculated utilizing the dose factors provided in DOE-STD-1196-2022 and external doses are
calculated using dose factors in EPA-402-R19-002. More detailed information is provided in the
following.

Radionuclide DCFs for members of the public for ingested water and milk are developed from
DOE’s derived concentration standards reported in Table A-1 of DOE-STD-1196-2022. Those
are used for calculating doses for ingestion of drinking water and consumption of milk,
respectively.

DCFs for inhalation of particulates are taken directly from Table A-2 in DOE-STD-1196-2022.
The values are presented for the different absorption types — vapor and fast, moderate, and slow.
Table 5 of DOE-STD-1196-2022 presents the recommended absorption type for particulates.
Generally, DOE-STD-1196-2022 lists “Moderate” as the recommended absorption type with the
exception of fluorine, aluminum, chlorine, bromine, iodine, lead, astatine, thorium, and
protactinium. If an included radionuclide in the model does not have a recommended absorption
type in Table 5, then “moderate” is selected. Radionuclides without a value listed in
DOE-STD-1196-2022 Table A-2 are set to zero. These generally include radionuclides with
short half-lives. DCFs for inhalation of vapor and gases are taken directly from Table A-3 in
DOE-STD-1196-2022.

DCFs for external exposure radiation are dependent on the depth of contamination in the surface
soil. This evaluation includes dose conversion factors for contamination to an infinite depth,

15 cm depth, and 5 cm depth. Dose conversion factors for external exposure are from
EPA-402-R19-002. The EPA reference lists dose conversion factors for six age groups:
newborn, 1-year, 5-year, 10-year, 15-year, and adult. The adult DCFs within Table 4-5 (infinite
depth) of EPA-402-R19-002 are used to calculate the doses for external gamma.

The radionuclide-specific water ingestion DCFs are used as the dose conversion factors for

crops, beef, poultry, and eggs. Table 7-12 presents the DCFs for water ingestion, milk ingestion,
inhalation, and external gamma.
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Water Ingestion Inhalation Milk Ingestion E(ﬁ::iﬂ %221:;:)3 E)((igr:rz:ll (iil‘;::;m Air Immersion External E)él:lzi.:zz to Ground
Radionuclides . . | Recommended Lung . . 4 | mrem/yr mrem/yr ¢ | (mrem/yr)/ mrem yr' m?

Sv/Bq mrem/pCi Absorption Typeb Sv/Bq® | mrem/pCi Sv/Bq? mrem/pCi | Sv Bq!'s! m? per pCilg Sv Bq! s m* per pCilg Sv/s per Bq/m? (pCi/m?) Sv Bq! s m?8 pCil

Ac225 2.63E-08 | 9.73E-05 M 3.27E-06 1.21E-02 5.68E-08 2.10E-04 2.98E-19 5.33E-02 2.90E-19 5.42E-02 NA NA NA NA
Ac227 2.25E-07 8.33E-04 M 4.83E-05 1.79E-01 6.17E-07 2.28E-03 2.41E-21 4.32E-04 2.26E-21 4.22E-04 NA NA NA NA
Ac228 1.87E-10 | 6.92E-07 M 7.01E-09 | 2.59E-05 3.63E-10 1.34E-06 2.83E-17 5.07E+00 2.45E-17 4.58E+00 NA NA NA NA
Am241 7.44E-08 2.75E-04 M 1.61E-05 5.96E-02 1.89E-07 6.99E-04 2.31E-19 4.14E-02 2.31E-19 4.32E-02 NA NA NA NA
Am242 6.18E-11 2.29E-07 M 9.06E-09 | 3.35E-05 1.75E-10 6.48E-07 4.75E-19 8.51E-02 4.43E-19 8.28E-02 NA NA NA NA
Am242m 7.26E-08 | 2.69E-04 M 1.42E-05 5.25E-02 1.66E-07 6.14E-04 5.91E-21 1.06E-03 5.87E-21 1.10E-03 NA NA NA NA
Am?243 7.33E-08 | 2.71E-04 M 1.59E-05 5.88E-02 1.85E-07 6.85E-04 7.79E-19 1.39E-01 7.79E-19 1.45E-01 NA NA NA NA
At217 NR NR F NR NR NR NR 6.49E-21 1.16E-03 6.09E-21 1.14E-03 NA NA NA NA
At218 NR NR F NR NR NR NR 2.89E-21 5.17E-04 2.47E-21 4.61E-04 NA NA NA NA
At219 NR NR F NR NR NR NR NR NR NR NR NA NA NA NA
Bal37m NR NR M NR NR NR NR 1.84E-17 3.29E+00 1.64E-17 3.07E+00 NA NA NA NA
Bi210 3.13E-09 1.16E-05 M 5.63E-08 | 2.08E-04 9.27E-09 3.43E-05 7.06E-19 1.26E-01 6.05E-19 1.13E-01 NA NA NA NA
Bi211 NR NR M NR NR NR NR 1.31E-18 2.34E-01 1.22E-18 2.29E-01 NA NA NA NA
Bi212 1.26E-10 | 4.66E-07 M 2.74E-08 1.01E-04 2.10E-10 7.77E-07 4.49E-18 8.03E-01 3.86E-18 7.20E-01 NA NA NA NA
Bi213 6.34E-11 2.35E-07 M 2.54E-08 9.40E-05 1.09E-10 4.03E-07 4.51E-18 8.08E-01 4.10E-18 7.66E-01 NA NA NA NA
Bi214 5.37E-11 1.99E-07 M 1.18E-08 4.37E-05 8.53E-11 3.16E-07 5.15E-17 9.21E+00 4.29E-17 8.02E+00 NA NA NA NA
Bi215 NR NR M NR NR NR NR 8.73E-18 1.56E+00 7.82E-18 1.46E+00 NA NA NA NA

Cl4 1.65E-10 | 6.11E-07 M 1.06E-09 | 3.92E-06 2.12E-10 7.84E-07 3.22E-20 5.77E-03 2.77E-20 5.17E-03 3.97E-17 4.64E-06 6.12E-19 7.15E-08

Cd113 1.32E-08 | 4.88E-05 M 2.62E-08 9.69E-05 2.34E-08 8.66E-05 9.29E-20 1.66E-02 7.97E-20 1.49E-02 NA NA NA NA
Cd113m 1.26E-08 | 4.66E-05 M 2.60E-08 9.62E-05 2.47E-08 9.14E-05 2.54E-19 4.54E-02 2.17E-19 4.05E-02 NA NA NA NA
Cel44 1.10E-09 | 4.07E-06 M 3.15E-08 1.17E-04 1.91E-09 7.07E-06 4.36E-19 7.80E-02 4.20E-19 7.85E-02 NA NA NA NA
Cm?242 6.90E-09 | 2.55E-05 M 2.79E-06 1.03E-02 3.25E-08 1.20E-04 6.83E-22 1.22E-04 6.73E-22 1.26E-04 NA NA NA NA
Cm243 6.04E-08 | 2.23E-04 M 1.31E-05 4.85E-02 1.67E-07 6.18E-04 2.97E-18 5.31E-01 2.88E-18 5.37E-01 NA NA NA NA
Cm244 5.26E-08 1.95E-04 M 1.15E-05 4.26E-02 1.53E-07 5.66E-04 1.09E-21 1.95E-04 9.87E-22 1.84E-04 NA NA NA NA
Co60 3.85E-09 1.42E-05 M 1.17E-08 | 4.33E-05 7.29E-09 2.70E-05 8.46E-17 1.51E+01 7.10E-17 1.33E+01 NA NA NA NA
Cs134 1.39E-08 | 5.14E-05 M 9.17E-09 | 3.39E-05 1.47E-08 5.44E-05 4.88E-17 8.74E+00 4.33E-17 8.08E+00 NA NA NA NA
Cs137 1.35E-08 | 5.00E-05 M 8.72E-09 | 3.23E-05 1.38E-08 5.11E-05 2.64E-19 4.72E-02 2.26E-19 4.22E-02 NA NA NA NA
Eul52 7.28E-10 | 2.69E-06 M 3.84E-08 1.42E-04 1.24E-09 4.59E-06 3.71E-17 6.64E+00 3.20E-17 5.98E+00 NA NA NA NA
Eul54 8.06E-10 | 2.98E-06 M 4.04E-08 1.49E-04 1.43E-09 5.29E-06 4.04E-17 7.22E+00 3.48E-17 6.50E+00 NA NA NA NA
Eul5s 5.25E-11 1.94E-07 M 3.90E-09 1.44E-05 1.13E-10 4.18E-07 9.82E-19 1.76E-01 9.77E-19 1.82E-01 NA NA NA NA
Fr221 NR NR M NR NR NR NR 7.32E-19 1.31E-01 7.06E-19 1.32E-01 NA NA NA NA
Fr223 2.48E-10 | 9.18E-07 M 4.19E-09 1.55E-05 8.46E-10 3.13E-06 1.58E-18 2.83E-01 1.45E-18 2.70E-01 NA NA NA NA
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Water Ingestion

Inhalation

Milk Ingestion

External Gamma

External Gamma

Air Immersion

External Exposure to Ground

(Infinite Depth) (15 cm depth) Surface
Radionuclides . . | Recommended Lung . . 4 | mrem/yr mrem/yr ¢ | (mrem/yr)/ mrem yr' m?

Sv/Bq mrem/pCi Absorption Typeb Sv/Bq® | mrem/pCi Sv/Bq? mrem/pCi | Sv Bq!'s! m? per pCilg Sv Bq! s m* per pCilg Sv/s per Bq/m? (pCi/m?) Sv Bq! s m?8 pCil
Gd152 2.00E-08 | 7.40E-05 M 3.61E-06 1.34E-02 5.71E-08 2.11E-04 NR NR NR NR NA NA NA NA

H3 2.10E-11 7.77E-08 M 5.19E-11 1.92E-07 3.08E-11 1.14E-07 3.50E-23 6.27E-06 3.01E-23 5.62E-06 3.92E-20 4.58E-09 6.65E-22 7.77E-11
Hg206 NR NR M NR NR NR NR 4.02E-18 7.20E-01 3.71E-18 6.94E-01 NA NA NA NA

1129 9.66E-08 | 3.57E-04 F 4.22E-08 1.56E-04 1.09E-07 4.03E-04 8.43E-20 1.51E-02 7.95E-20 1.48E-02 2.81E-16 3.28E-05 4.41E-18 5.15E-07
Nb93m 2.85E-11 1.05E-07 M 5.87E-10 | 2.17E-06 3.90E-11 1.44E-07 3.86E-22 6.91E-05 3.86E-22 7.22E-05 NA NA NA NA
Nb94 2.31E-09 | 8.55E-06 M 2.39E-08 8.84E-05 2.49E-09 9.21E-06 4.95E-17 8.86E+00 4.36E-17 8.14E+00 NA NA NA NA
Nd144 2.91E-08 1.08E-04 M 5.20E-06 1.92E-02 6.68E-08 2.47E-04 NR NR NR NR NA NA NA NA
Ni59 1.57E-11 5.81E-08 M 9.10E-11 3.37E-07 4.62E-11 1.71E-07 4.65E-22 8.32E-05 4.23E-22 7.90E-05 NA NA NA NA
Ni63 4.12E-11 1.52E-07 M 3.02E-10 1.12E-06 1.25E-10 4.63E-07 4.20E-21 7.52E-04 3.61E-21 6.75E-04 NA NA NA NA
Np237 3.98E-08 1.47E-04 M 8.70E-06 | 3.22E-02 1.13E-07 4.18E-04 3.87E-19 6.93E-02 3.85E-19 7.19E-02 NA NA NA NA
Np238 2.67E-10 | 9.88E-07 M 1.88E-09 | 6.96E-06 3.98E-10 1.47E-06 1.93E-17 3.45E+00 1.66E-17 3.11E+00 NA NA NA NA
Np239 9.39E-11 3.47E-07 M 4.43E-10 1.64E-06 1.43E-10 5.29E-07 4.15E-18 7.42E-01 4.01E-18 7.50E-01 NA NA NA NA
Pa231 2.14E-07 7.92E-04 S 9.19E-05 3.40E-01 4.45E-07 1.65E-03 8.76E-19 1.57E-01 8.30E-19 1.55E-01 NA NA NA NA
Pa233 1.32E-10 | 4.88E-07 S 1.92E-09 | 7.10E-06 2.06E-10 7.62E-07 5.62E-18 1.01E+00 5.33E-18 9.95E-01 NA NA NA NA
Pa234 1.84E-10 | 6.81E-07 S 1.97E-10 | 7.29E-07 2.71E-10 1.00E-06 4.56E-17 8.17E+00 4.00E-17 7.48E+00 NA NA NA NA
Pa234m NR NR S NR NR NR NR 2.45E-18 4.39E-01 2.10E-18 3.92E-01 NA NA NA NA
Pb209 2.68E-11 9.92E-08 F 5.15E-11 1.91E-07 4.56E-11 1.69E-07 2.78E-19 4.98E-02 2.38E-19 4.45E-02 NA NA NA NA
Pb210 4.96E-07 1.84E-03 F 7.10E-07 | 2.63E-03 1.30E-06 4.81E-03 1.34E-20 2.41E-03 1.33E-20 2.49E-03 NA NA NA NA
Pb211 1.25E-10 | 4.63E-07 F 1.81E-08 6.70E-05 2.73E-10 1.01E-06 2.84E-18 5.07E-01 2.50E-18 4.68E-01 NA NA NA NA
Pb212 7.54E-09 | 2.79E-05 F 2.01E-07 7.44E-04 2.03E-08 7.51E-05 3.59E-18 6.42E-01 3.44E-18 6.43E-01 NA NA NA NA
Pb214 9.25E-11 3.42E-07 F 1.46E-08 5.40E-05 1.86E-10 6.88E-07 7.18E-18 1.28E+00 6.70E-18 1.25E+00 NA NA NA NA
Po210 1.87E-06 | 6.92E-03 M 2.13E-06 | 7.88E-03 5.96E-06 2.21E-02 3.08E-22 5.52E-05 2.71E-22 5.06E-05 NA NA NA NA
Po211 NR NR M NR NR NR NR 2.57E-19 4.60E-02 2.27E-19 4.24E-02 NA NA NA NA
Po212 NR NR M NR NR NR NR NR NR NR NR NA NA NA NA
Po213 NR NR M NR NR NR NR 1.18E-21 2.12E-04 1.04E-21 1.94E-04 NA NA NA NA
Po214 NR NR M NR NR NR NR 2.63E-21 4.71E-04 2.31E-21 4.32E-04 NA NA NA NA
Po215 NR NR M NR NR NR NR 5.14E-21 9.21E-04 4.74E-21 8.86E-04 NA NA NA NA
Po216 NR NR M NR NR NR NR 4.85E-22 8.68E-05 4.26E-22 7.96E-05 NA NA NA NA
Po218 NR NR M NR NR NR NR 1.24E-23 2.22E-06 1.07E-23 1.99E-06 NA NA NA NA
Pr144 7.17E-11 2.65E-07 M 1.74E-11 6.44E-08 1.13E-10 4.18E-07 4.28E-18 7.67E-01 3.61E-18 6.75E-01 NA NA NA NA
Pr144m NR NR M NR NR NR NR 9.17E-20 1.64E-02 8.34E-20 1.56E-02 NA NA NA NA
Pu238 1.27E-07 4.70E-04 M 2.52E-05 9.32E-02 2.57E-07 9.51E-04 6.11E-22 1.09E-04 6.08E-22 1.14E-04 NA NA NA NA
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Table 7-12. Radionuclide-Specific Age-Weighted Reference Person Dose Conversion Factors for Various Exposure Routes. (4 sheets)

Water Ingestion Inhalation Milk Ingestion E(ﬁ::iﬂ %221:;:)3 E)((igr:rz:ll (iil‘;::;m Air Immersion External E)él:lzi.:zz to Ground
Radionuclides . . | Recommended Lung . . 4 | mrem/yr mrem/yr ¢ | (mrem/yr)/ mrem yr' m?

Sv/Bq mrem/pCi Absorption Typeb Sv/Bq® | mrem/pCi Sv/Bq? mrem/pCi | Sv Bq!'s! m? per pCilg Sv Bq! s m* per pCilg Sv/s per Bq/m? (pCi/m?) Sv Bq! s m?8 pCil

Pu239 1.38E-07 | 5.11E-04 M 2.74E-05 1.01E-01 2.71E-07 1.00E-03 1.54E-21 2.76E-04 1.48E-21 2.77E-04 NA NA NA NA
Pu240 1.38E-07 | 5.11E-04 M 2.74E-05 1.01E-01 2.71E-07 1.00E-03 6.25E-22 1.12E-04 6.20E-22 1.16E-04 NA NA NA NA
Pu241 1.24E-09 | 4.59E-06 M 2.52E-07 9.32E-04 2.10E-09 7.77E-06 7.73E-23 1.38E-05 7.05E-23 1.32E-05 NA NA NA NA
Pu242 1.31E-07 | 4.85E-04 M 2.61E-05 9.66E-02 2.57E-07 9.51E-04 3.21E-21 5.75E-04 2.72E-21 5.07E-04 NA NA NA NA
Ra223 8.89E-08 | 3.29E-04 M 3.16E-06 1.17E-02 3.98E-07 1.47E-03 3.22E-18 5.76E-01 3.10E-18 5.78E-01 NA NA NA NA
Ra224 5.45E-08 | 2.02E-04 M 1.63E-06 | 6.03E-03 2.21E-07 8.18E-04 2.71E-19 4.85E-02 2.60E-19 4.85E-02 NA NA NA NA
Ra225 1.13E-07 4.18E-04 M 1.83E-06 6.77E-03 5.64E-07 2.09E-03 1.42E-19 2.54E-02 1.30E-19 2.42E-02 NA NA NA NA
Ra226 1.95E-07 7.22E-04 M 2.54E-06 9.40E-03 5.44E-07 2.01E-03 1.77E-19 3.17E-02 1.72E-19 3.22E-02 NA NA NA NA
Ra228 7.52E-07 | 2.78E-03 M 2.36E-06 | 8.73E-03 3.04E-06 1.12E-02 8.37E-22 1.50E-04 7.71E-22 1.44E-04 NA NA NA NA
Rh106 NR NR NR NR NR NR NR 1.04E-17 1.86E+00 9.13E-18 1.71E+00 NA NA NA NA
Rn218 NR NR NR NR NR NR NR 2.31E-20 4.14E-03 2.09E-20 3.90E-03 NA NA NA NA
Rn219 NR NR NR NR NR NR NR 1.62E-18 2.89E-01 1.52E-18 2.84E-01 NA NA NA NA
Rn220 NR NR NR NR NR NR NR 1.89E-20 3.39E-03 1.72E-20 3.21E-03 NA NA NA NA
Rn222 NR NR NR NR NR NR NR 1.16E-20 2.08E-03 1.06E-20 1.98E-03 NA NA NA NA
Rul06 2.88E-09 1.07E-05 M 2.75E-08 1.02E-04 4.86E-09 1.80E-05 8.87E-22 1.59E-04 7.62E-22 1.42E-04 NA NA NA NA
Sb125 6.12E-10 | 2.26E-06 M 3.80E-09 1.41E-05 1.04E-09 3.85E-06 1.27E-17 2.27E+00 1.15E-17 2.15E+00 NA NA NA NA
Sb126 1.53E-09 | 5.66E-06 M 2.44E-09 | 9.03E-06 2.34E-09 8.66E-06 8.58E-17 1.54E+01 7.66E-17 1.43E+01 NA NA NA NA
Sb126m 5.00E-11 1.85E-07 M 1.51E-11 5.59E-08 7.68E-11 2.84E-07 4.88E-17 8.74E+00 4.38E-17 8.18E+00 NA NA NA NA
Se79 2.48E-09 | 9.18E-06 M 1.60E-09 | 5.92E-06 5.58E-09 2.06E-05 3.58E-20 6.41E-03 3.08E-20 5.75E-03 NA NA NA NA
Sm148 3.03E-08 1.12E-04 M 5.43E-06 | 2.01E-02 6.97E-08 2.58E-04 NR NR NR NR NA NA NA NA
Sm151 1.44E-11 5.33E-08 M 2.66E-09 9.84E-06 3.29E-11 1.22E-07 5.68E-21 1.02E-03 4.88E-21 9.11E-04 NA NA NA NA
Snl126 3.28E-09 1.21E-05 M 3.15E-08 1.17E-04 8.07E-09 2.99E-05 8.42E-19 1.51E-01 8.32E-19 1.55E-01 NA NA NA NA
Sr90 3.25E-08 1.20E-04 M 3.64E-08 1.35E-04 6.45E-08 2.39E-04 2.71E-19 4.85E-02 2.32E-19 4.33E-02 NA NA NA NA
Tc99 1.42E-10 | 5.25E-07 M 2.04E-09 | 7.55E-06 3.74E-10 1.38E-06 1.04E-19 1.86E-02 8.91E-20 1.66E-02 NA NA NA NA
Tel25m 2.38E-10 | 8.81E-07 M 1.20E-09 | 4.44E-06 5.47E-10 2.02E-06 5.62E-20 1.01E-02 5.61E-20 1.05E-02 NA NA NA NA
Th227 3.50E-09 1.30E-05 S 3.99E-06 1.48E-02 1.90E-08 7.03E-05 3.09E-18 5.53E-01 2.96E-18 5.52E-01 NA NA NA NA
Th228 6.60E-08 | 2.44E-04 S 3.97E-05 1.47E-01 3.25E-07 1.20E-03 4.12E-20 7.37E-03 4.06E-20 7.58E-03 NA NA NA NA
Th229 2.79E-07 1.03E-03 S 1.82E-04 | 6.73E-01 7.84E-07 2.90E-03 1.64E-18 2.94E-01 1.62E-18 3.03E-01 NA NA NA NA
Th230 7.62E-08 | 2.82E-04 S 2.76E-05 1.02E-01 1.96E-07 7.25E-04 6.48E-21 1.16E-03 6.42E-21 1.20E-03 NA NA NA NA
Th231 1.98E-11 7.33E-08 S 2.07E-10 | 7.66E-07 3.47E-11 1.28E-07 2.60E-19 4.66E-02 2.49E-19 4.65E-02 NA NA NA NA
Th232 8.82E-08 | 3.26E-04 S 1.08E-04 | 4.00E-01 2.16E-07 7.99E-04 2.89E-21 5.17E-04 2.88E-21 5.37E-04 NA NA NA NA
Th234 6.54E-10 | 2.42E-06 S 5.67E-09 | 2.10E-05 1.02E-09 3.77E-06 1.66E-19 2.97E-02 1.62E-19 3.02E-02 NA NA NA NA
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Table 7-12. Radionuclide-Specific Age-Weighted Reference Person Dose Conversion Factors for Various Exposure Routes. (4 sheets)
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Water Ingestion Inhalation Milk Ingestion E(ﬁ::iﬂ %221:;:)3 E)((igr:rz:ll (iil‘;::;m Air Immersion External E)él:lzi.:zz to Ground
Radionuclides . . | Recommended Lung . . 4 | mrem/yr mrem/yr ¢ | (mrem/yr)/ mrem yr' m?

Sv/Bq mrem/pCi Absorption Typeb Sv/Bq® | mrem/pCi Sv/Bq? mrem/pCi | Sv Bq!'s! m? per pCilg Sv Bq! s m* per pCilg Sv/s per Bq/m? (pCi/m?) Sv Bq! s m?8 pCil
T1206 NR NR M NR NR NR NR 1.10E-18 1.97E-01 9.44E-19 1.76E-01 NA NA NA NA
T1207 NR NR M NR NR NR NR 1.06E-18 1.89E-01 9.06E-19 1.69E-01 NA NA NA NA
T1208 NR NR M NR NR NR NR 1.21E-16 2.16E+01 9.52E-17 1.78E+01 NA NA NA NA
T1209 NR NR M NR NR NR NR 7.21E-17 1.29E+01 6.05E-17 1.13E+01 NA NA NA NA
TI210 NR NR M NR NR NR NR 9.50E-17 1.70E+01 8.00E-17 1.49E+01 NA NA NA NA
U232 2.57E-07 | 9.51E-04 M 5.80E-06 | 2.15E-02 7.35E-07 2.72E-03 4.17E-21 7.45E-04 4.12E-21 7.70E-04 NA NA NA NA
U233 4.55E-08 1.68E-04 M 2.65E-06 | 9.81E-03 1.06E-07 3.92E-04 5.12E-21 9.17E-04 4.97E-21 9.28E-04 NA NA NA NA
U234 4.46E-08 1.65E-04 M 2.61E-06 | 9.66E-03 1.04E-07 3.85E-04 2.00E-21 3.59E-04 1.99E-21 3.73E-04 NA NA NA NA
U235 4.08E-08 1.51E-04 M 2.40E-06 | 8.88E-03 9.46E-08 3.50E-04 3.90E-18 6.98E-01 3.80E-18 7.11E-01 NA NA NA NA
U235m 9.53E-19 3.53E-15 M 1.47E-16 5.44E-13 3.47E-18 1.28E-14 NR NR NR NR NA NA NA NA
U236 4.15E-08 1.54E-04 M 2.45E-06 | 9.07E-03 9.65E-08 3.57E-04 1.02E-21 1.82E-04 1.01E-21 1.89E-04 NA NA NA NA
U237 8.40E-11 3.11E-07 M 6.66E-10 | 2.46E-06 1.35E-10 5.00E-07 2.75E-18 4.92E-01 2.70E-18 5.04E-01 NA NA NA NA
U238 3.94E-08 1.46E-04 M 2.27E-06 | 8.40E-03 9.11E-08 3.37E-04 9.90E-22 1.77E-04 9.35E-22 1.75E-04 NA NA NA NA
Y90 6.21E-10 | 2.30E-06 M 8.79E-10 | 3.25E-06 9.61E-10 3.56E-06 2.31E-18 4.14E-01 1.98E-18 3.69E-01 NA NA NA NA
7193 2.55E-10 | 9.44E-07 M 2.74E-09 1.01E-05 2.92E-10 1.08E-06 4.97E-21 8.90E-04 4.27E-21 7.98E-04 NA NA NA NA

C14 (vapor)" 1.77E-10 | 6.5E-07

1129(Vapor) — NR NR
H3 (vapor)" — 321E-11 | 1.2E-07
Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table A-1: Committed effective dose coefficients for ingested water and milk.
b DOE-STD-1196-2022, Table 5: Classification of absorption types for particulates.
¢ DOE-STD-1196-2022, Table A-2: Committed effective dose coefficients for inhalation of particles.
d EPA-402-R19-002, Federal Guidance Report No. 15, External Exposure to Radionuclides in Air, Water and Soil, Table 4-5: Reference person effective dose rate coefficients for soil to infinite depth.
© EPA-402-R19-002, Table 4-4: Reference person effective dose rate coefficients for soil to 15 cm.
fDOE—STD-I 196-2022, Table A-4: Effective dose rate coefficients for air submersion
& EPA-402-R19-002, Federal Guidance Report No. 15, External Exposure to Radionuclides in Air, Water and Soil, Table 4-1: Reference person effective dose rate coefficients for ground surface.

h DOE-STD-1196-2022, Table A-3: Committed effective dose coefficients for inhalation of gas or vapor.

To convert from SI units (Sv/ Bq) to conventional units (mrem/pCi), multiply table entries by 3,700,000,000 x 0.000001. For infinite depth, to convert from SI units (Sv Bq™! s m?) to conventional units (mrem/yr per pCi/g), multiply table entries by 1.868 x 1E17 x 1.6 x 1,000/1,670.

For 15 cm depth, to convert from SI units (Sv Bq™' s! m?) to conventional units (mrem/yr per pCi/g), multiply table entries by 1.868 x 1E17. These were not scaled to account for different density.

NA = Not Applicable for atmospheric pathway

NR = Not Reported
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7.1.9 Risk Coefficients for Radionuclides

Radiological risk assessments are performed for radiological contaminants present in the vadose
soil of the WMA. In addition, a supplemental risk assessment is performed using EPA’s tap
water scenario for radionuclides of concern as a part of RCRA Closure Analysis. The
radiological contaminants evaluated in this data package were obtained from the analyte list
included in the WMA C vadose soil operable unit and 200-BP-5, 200-PO-01, 100-N, and

100-K groundwater operable units. Table 7-13 presents the risk coefficients for those listed
radionuclides to be used during the radiological risk assessments. These risk coefficients are
based on the updated values from EPA 402-R-99-001, Federal Guidance Report No. 13, Cancer
Risk Coefficients for Environmental Exposure to Radionuclides supplements and decay data
included in “ICRP Publication 107: Nuclear Decay Data for Dosimetric Calculations”

(ICRP 2008).

7.2  PHYSICAL AND TOXICOLOGICAL PROPERTIES FOR
NONRADIOLOGICAL CONTAMINANTS

The URFs were calculated for the nonradiological contaminants. Unit groundwater
concentrations (1 mg/L or 1 pCi/L) are assumed for the calculations of URF. Table 7-14 lists the
groundwater nonradiological analytes. Table 7-15 presents the toxicological and physical
properties of those nonradiological analytes.
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Table 7-13. Radionuclide-Specific Risk Coefficients.

Soil Ingestion Adult Soil Ingestion External Slope Inhalation Cancer | Food Slope | Water Slope | Decay Rate,
Radionuclides | Slope Factor, SFs | Slope Factor, SFsa Factor, SFext-sv Slope Factor, SFi | Factor, SFr | Factor, SFw AR
(risk/pCi) (risk/pCi) (risk/yr per pCi/g) (risk/pCi) (risk/pCi) (risk/pCi) 1/yr

Am241 1.84E-10 9.10E-11 2.77E-08 3.77E-08 1.34E-10 1.04E-10 1.60E-03
c14® 2.77E-12 1.38E-12 7.86E-12 1.69E-11 2.00E-12 1.55E-12 1.22E-04
Co60 3.81E-11 7.33E-12 1.24E-05 1.01E-10 2.23E-11 1.58E-11 1.31E-01
Cs137+D 4.26E-11 3.18E-11 2.53E-06 1.12E-10 3.74E-11 3.05E-11 2.30E-02
Euls4 2.54E-11 4.51E-12 5.85E-06 2.06E-10 1.42E-11 9.84E-12 8.06E-02
H3® 8.99E-14 4.51E-14 0.00E+00 8.47E-13 1.44E-13 5.07E-14 5.63E-02
1129 2.78E-10 1.17E-10 6.18E-09 1.64E-10 1.97E-10 1.51E-10 4.41E-08
Np237+D 1.41E-10 4.96E-11 8.55E-07 2.87E-08 9.18E-11 6.84E-11 3.23E-07
Ni63 1.71E-12 3.56E-13 0.00E+00 5.88E-12 9.69E-13 6.81E-13 6.92E-03
Pa231 2.98E-10 1.54E-10 1.27E-07 7.62E-08 2.26E-10 1.72E-10 2.12E-05
Pu238 2.25E-10 1.17E-10 6.91E-11 5.22E-08 1.69E-10 1.31E-10 7.90E-03
Pu239+D 2.28E-10 1.21E-10 2.09E-10 5.55E-08 1.74E-10 1.35E-10 2.87E-05
Ra228+D 1.98E-09 6.70E-10 4.04E-06 4.37E-08 1.43E-09 1.04E-09 1.21E-01
Se79 1.44E-11 5.03E-12 9.08E-12 1.86E-11 9.18E-12 6.92E-12 2.35E-06
Sr90+D 1.35E-10 5.88E-11 1.95E-08 4.33E-10 9.51E-11 7.40E-11 2.41E-02
Tc99 7.25E-12 1.32E-12 8.28E-11 3.81E-11 4.00E-12 2.75E-12 3.28E-06
U234 1.48E-10 5.11E-11 2.53E-10 2.78E-08 9.55E-11 7.07E-11 2.82E-06
U235+D 1.54E-10 5.00E-11 5.76E-07 2.50E-08 9.77E-11 7.18E-11 9.84E-10
U238+D 1.97E-10 5.62E-11 1.19E-07 2.37E-08 1.21E-10 8.70E-11 1.55E-10

Checker Review: David J. Watson

Source: The Risk Assessment Information System (RAIS) | Radionuclide Tools | Radionuclide Toxicity | Radionuclide Slope Factors, Queried 03/28/2023, [RAIS
Toxicity Values and Physical Parameters Search/Radionuclide Slope Factors], https://rais.ornl.gov/cgi-bin/tools/TOX_search?select=radslopes.

2 The Risk Assessment Information System (RAIS) | Radionuclide Tools | Radionuclide Parameters, Queried 03/28/2023, [RAIS Toxicity Values and Physical Parameters

Search/Radionuclide Specific Parameters], https://rais.ornl.gov/cgi-bin/tools/TOX_search?select=radspef.

b Inhalation cancer risk for showering will be calculated for '*C and 3H only, which are assumed to volatilize during household water use. Water vapor inhalation for '?°I
is excluded based on it having a low Henry’s Law constant for volatilization.
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Table 7-14. Groundwater Nonradiological Analytes. (2 sheets)

Metals
Aluminum Antimony Arsenic Barium
Beryllium Boron Cadmium Chromium
Cobalt Copper Hexavalent Chromium Iron
Lithium Manganese Mercury Molybdenum
Nickel Selenium Silver Strontium
Thallium Tin Uranium Vanadium
Zinc

Volatile Organic Carbons

1,1,1-Trichloroethane

1,1-Dichloroethane

1,1-Dichloroethene

2,6-Dinitrotoluene

2-Butanone 2-Propanol 2-Hexanone Acetone
Benzene Benzyl alcohol Bromodichloromethane Bromoform
Bromomethane Butylbenzylphthalate Carbon disulfide Carbon tetrachloride
Chlorobenzene Chloroform Chloromethane Dibromochloromethane
Diethylphthalate Di-n-octylphthalate Ethylbenzene Ethylene glycol
Ethyl methacrylate Methanol Methylene chloride Methyl methacrylate
Methyl methanesulfonate n-Nitrosodi-n-dipropylamine Phenol Styrene
Tetrachloroethene Toluene Toxaphene Trichloroethene

Trichloromonofluoromethane

Xylenes (total)

1,2,4-Trichlorobenzene

1,2-Dichlorobenzene

Hexane

0-Xylene

Tetrahydrofuran

2-Butanol
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Table 7-14. Groundwater Nonradiological Analytes. (2 sheets)

Semivolatile Organic Carbons

Acenaphthene Acetophenone Anthracene Benzo(a)anthracene
Benzo(a)pyrene Bis(2-ethylhexyl) phthalate Chrysene Dibenz(a,h)anthracene
Fluoranthene Fluorene Naphthalene Pyrene
Tributyl phosphate
Pesticides/Herbicides
Aldrin beta-1,2,3,4,5,6-Hexachlorocyclohexane (beta-BHC)
Anions
Cyanide Fluoride Nitrate Nitrite

208 of 296

T A9 ‘€188S-ANA-ddYd



RPP-ENV-58813 Rev.02

7/3/2024 - 12:55 PM

Table 7-15. Toxicity and Physical Properties for Nonradiological Analytes. (4 sheets)

RPP-ENV-58813, Rev. 2

Oral Oral Cancer Inhalation Inhalation Dermal Partitioning Time to Fraction of Transfer
Reference Slope Factor Referenc? Unit Risk ABSGP ABS, Permeability Co'nstant Lag Time Reach Absorbed | Volatilization Efﬁcienci.es
Analyte Name Dose Key b Key | Concentration | Key Factor Key Volatiles? > GI - d Coefficient Derived by " Steady Water Factor (VF)d for Volatile
(RID,)? (CSFo) ; (RIC)P (IUR)® (unitless) | (unitless) c Bunge Model | (1,5, rs/event) | State (t)*¢ (FA)? (m*/kg) Chemical in
(mg/kg-day) (mg/kg-day) (mg/m3) (ug/m3)! (Kp)” (cm/hr) (B)° (unitless) (hours) (unitless) Shower (T¢)¢
Aluminum 1 P -- -- 0.005 P -- -- -- 1 -- 0.001 0.0020 0.15 0.36 1 -- --
Antimony 0.0004 I -- -- 0.0003 A -- -- -- 0.15 -- 0.001 0.0042 0.51 1.2 1 -- --
Arsenic 0.0003 I 1.5 I 0.000015 C 0.0043 1 -- 1 0.03 0.001 0.0033 0.28 0.66 1 -- --
Barium 0.2 I -- -- 0.0005 H -- -- -- 0.07 -- 0.001 0.0045 0.62 1.5 1 -- --
Beryllium 0.002 I -- -- 0.00002 I 0.0024 I -- 0.007 -- 0.001 0.0012 0.12 0.28 1 -- --
Boron 0.2 I -- -- 0.02 -- -- -- 1 -- 0.001 0.0014 0.13 0.3 1 -- --
Cadmium 0.0001 A -- -- 0.00001 0.0018 1 -- 0.05 0.001 0.001 0.0041 0.45 1.1 1 -- --
Chromium 1.5 I -- -- -- -- -- -- -- 0.013 -- 0.001 0.0028 0.21 0.49 1 -- --
Cobalt 0.0003 -- -- 0.000006 P 0.009 P -- 1 -- 0.0004 0.0012 0.22 0.54 1 -- --
Copper 0.04 H -- -- -- -- -- -- -- 1 -- 0.001 0.0031 0.24 0.57 1 -- --
Hexavalent Chromium! 0.003 I 0.5 C 0.0001 I 0.084 G -- 0.025 -- 0.002 0.0055 0.21 0.49 1 -- --
Iron 0.7 P -- -- -- -- -- -- -- 1 -- 0.001 0.0029 0.22 0.52 1 -- --
Lithium 0.002 P -- -- -- -- -- -- -- 1 -- 0.001 0.001 0.12 0.28 1 -- --
Manganese 0.024 G -- -- 0.00005 I -- -- -- 0.04 -- 0.001 0.0029 0.21 0.51 1 -- --
Mercury 0.0003 I -- -- 0.0003 G -- -- -- 0.07 -- 0.001 0.0063 3.5 8.4 1 -- --
Molybdenum 0.005 I -- -- 0.002 A -- -- -- 1 -- 0.001 0.0038 0.36 0.87 1 -- --
Nickel 0.02 I -- -- 0.00009 A 0.00026 C -- 0.04 -- 0.0002 0.00059 0.22 0.54 1 -- --
Selenium 0.005 I -- -- 0.02 C -- -- -- 1 -- 0.001 0.0034 0.29 0.7 1 -- --
Silver 0.005 I -- -- -- -- -- -- -- 0.04 -- 0.0006 0.0024 0.42 1 1 -- --
Strontium 0.6 I -- -- -- -- -- -- -- 1 -- 0.001 0.0036 0.33 0.78 1 -- --
Thallium 0.00001 -- -- -- -- -- -- -- 1 -- 0.001 0.0055 1.5 35 1 -- --

Tin 0.6 -- -- -- -- -- -- -- 1 -- 0.001 0.0042 0.49 1.2 1 -- --
Uranium® 0.003 I -- -- 0.00004 A -- -- -- 1 -- 0.001 0.0059 23 54 1 -- --
Vanadium 0.005 G -- -- 0.0001 -- -- -- 0.026 -- 0.001 0.0027 0.2 0.49 1 -- --

Zinc 0.3 I -- -- -- -- -- -- -- 1 -- 0.0006 0.0019 0.24 0.59 1 -- --
1,1,1-Trichloroethane 2 1 - -- 5 1 -- - 1 - 0.013 0.056 0.59 1.4 1 1,595 0.525
1,1-Dichloroethane 0.2 P 0.0057 C -- -- 0.0000016 C 1 -- 0.0068 0.026 0.38 0.9 1 1,796 --
1,1-Dichloroethene 0.05 I -- -- 0.2 I -- -- v 1 -- 0.012 0.044 0.37 0.88 1 1,121 --
2,6-Dinitrotoluene 0.0003 X 1.5 P -- -- -- -- -- 1 0.099 0.0037 0.019 1.1 2.6 1 -- --

2-Butanone 0.6 I -- -- 5 I -- -- v 1 -- 0.00096 0.0031 0.27 0.64 1 12,443 --
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Oral Oral Cancer Inhalation Inhalation Dermal Partitioning Time to Fraction of Transfer
Reference Slope Factor Reference Unit Risk b b Permeability Constant Lag Time Reach Absorbed | Volatilization | Efficiencies
Analyte Name Dose Key (léSF b Key | Concentration | Key Factor Key | Volatiles® AB'S]GI Al??d Conttin Derived by ¢ Steady Water Factor (VF)d | for Volatile
(RfDo)a (mg/k -:la i (RfC)b (IUR)b (unitless) (unitless) K )c (cm/hr) Bunge Model (hours/event) | State (t)*c (F A)a (m? /kg) Chemical in
(mg/kg-day) gikg-day (mg/m3) (ug/m3)! P (B)° (unitless) (hours) (unitless) Shower (T¢)¢

2-Propanol 2 P -- -- 0.2 P -- -- v 1 -- 0.00078 0.0023 0.23 0.55 1 -- --
2-Hexanone 0.005 I -- -- 0.03 I -- -- v 1 -- 0.0036 0.014 0.38 0.92 1 11,650 --

Acetone 0.9 I -- -- -- -- -- -- v 1 -- 0.00051 0.0015 0.22 0.53 1 13,696 0.73
Benzene 0.004 I 0.055 I 0.03 I 0.0000078 I v 1 -- 0.015 0.051 0.29 0.69 1 1,781 --
Benzyl alcohol 0.1 P -- -- -- -- -- -- -- 1 0.1 0.0021 0.0084 0.42 1 1 134,314 --
Bromodichloromethane 0.008 P 0.062 I -- -- 0.000037 C 1 -- 0.004 0.02 0.87 2.1 1 3,783 --
Bromoform 0.02 I 0.0079 I -- -- 0.0000011 1 v 1 -- 0.0024 0.014 2.7 6.6 1 9,627 --
Bromomethane 0.0014 I -- -- 0.005 I -- -- v 1 -- 0.0028 0.011 0.36 0.86 1 1,390 --
Butylbenzylphthalate 0.2 I 0.0019 P -- -- -- -- -- 1 0.1 0.039 0.26 59 14 0.9 -- --
Carbon disulfide 0.1 I -- -- 0.7 I -- -- v 1 -- 0.011 0.038 0.28 0.67 1 954 --

Carbon tetrachloride 0.004 I 0.07 I 0.1 I 0.000006 I v 1 -- 0.016 0.078 0.76 1.8 1 1,469 0.525
Chlorobenzene 0.02 I -- -- 0.05 P -- -- v 1 -- 0.028 0.12 0.45 1.1 1 3,187 --

Chloroform 0.01 I 0.031 C 0.098 A 0.000023 1 v 1 -- 0.0068 0.029 0.49 1.2 1 2,227 0.525
Chloromethane -- -- -- -- 0.09 I -- -- v 1 -- 0.0033 0.009 0.2 0.48 1 1,109 --
Dibromochloromethane 0.02 1 0.084 1 -- -- -- - A% 1 - 0.0029 0.016 1.5 3.7 1 6,735 -
Diethylphthalate 0.8 I -- -- -- -- -- -- -- 1 0.1 0.0036 0.021 1.8 4.4 1 -- --
Di-n-octylphthalate 0.01 P - -- -- -- -- - -- 1 0.1 2.43 18 16 75 0 -- -

Ethylbenzene 0.05 P 0.011 C 1 I 0.0000025 C v 1 -- 0.049 0.2 0.41 0.99 1 2,283 0.73
Ethylene glycol 0.8 A -- -- 0.4 C -- -- -- 1 0.1 0.000088 0.00027 0.23 0.56 1 129,283 --
Ethyl methacrylate -- -- -- -- 0.3 P -- -- 1 -- 0.007 0.029 0.46 1.1 1 4,995 --
Methanol 2 I -- -- 20 I -- -- v 1 -- 0.00032 0.00069 0.16 0.38 1 31,865 --
Methylene chloride 0.006 I 0.002 I 0.6 I 1E-08 1 v 1 -- 0.0035 0.013 0.31 0.75 1 2,113 --
Methyl methacrylate 1.4 I -- -- 0.7 I -- -- v 1 -- 0.0036 0.014 0.38 0.92 1 5,996 --
Methyl methanesulfonate -- -- 0.099 C -- -- 0.000028 -- 1 0.1 0.00014 0.00056 0.44 1 1 -- --
n-Nitrosodi-n-dipropylamine -- -- 7 I -- -- 0.002 C -- 1 0.1 0.0023 0.01 0.56 1.4 1 -- -
Phenol 0.3 I -- -- 0.2 C -- -- -- 1 0.1 0.0043 0.016 0.35 0.85 1 125,365 --
Styrene 0.2 I -- -- 1 I -- -- v 1 -- 0.037 0.15 0.4 0.97 1 6,371 --

Tetrachloroethene 0.006 I 0.0021 I 0.04 I 2.6E-07 1 v 1 -- 0.033 0.17 0.89 2.1 1 2,052 0.525

Toluene 0.08 I -- -- 5 I -- -- 1 -- 0.031 0.11 0.35 0.83 1 2,085 0.73
Toxaphene 0.00009 P 1.1 I -- -- 0.00032 I -- 1 0.1 0.052 0.42 34 82 0.8 -- --
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Oral Oral Cancer Inhalation Inhalation Dermal Partitioning Time to Fraction of Transfer

Reference Slope Factor Referenc? Unit Risk ABSGP ABS, Permeability Co'nstant Lag Time Reach Absorbed | Volatilization Efﬁcienci.es

Analyte Name Dose Key b Key Concentration Key Factor Key Volatilesb > GI - d Coefficient Derived by (‘r)c Steady Water Factor (VF)d for Volatile

(RID,)? (CSFo) ; (RIC)P (IUR)® (unitless) | (unitless) c Bunge Model | (1,5, rs/event) | State (t)*¢ (FA)? (m*/kg) Chemical in

(mg/kg-day) (mg/kg-day) (mg/m3) (ug/m3)! (Kp)” (cm/hr) (B)° (unitless) (hours) (unitless) Shower (T¢)¢
Trichloroethene 0.0005 I 0.046 I 0.002 I 0.0000041 I v 1 -- 0.012 0.051 0.57 1.4 1 1,727 0.525

Trichloromonofluoromethane 0.3 1 - -- -- -- -- - \'% 1 - 0.013 0.057 0.62 1.5 1 1,044 -
Xylenes (total) 0.2 I -- -- 0.1 I -- -- v 1 -- 0.05 0.2 0.41 0.99 1 2,269 --
Acenaphthene 0.06 I -- -- -- -- -- -- v 1 0.13 0.086 0.41 0.77 1.8 1 69,918 --
Acetophenone 0.1 1 -- - - - - -- A\ 1 -- 0.0037 0.016 0.5 1.2 1 40,825 --
Anthracene 0.3 I -- -- -- -- -- -- v 1 0.13 0.14 0.73 1 4.1 1 266,357 --
Benzo(a)anthracene -- -- 0.1 E -- -- 0.00006 E \% 1 0.13 0.55 3.2 2 8.5 1 -- -
Benzo(a)pyrene 0.0003 I 1 I 0.000002 I 0.0006 1 -- 1 0.13 0.71 4.4 2.7 12 1 -- --
Bis(2-ethylhexyl) phthalate 0.02 I 0.014 I -- -- 0.0000024 C -- 1 0.1 1.1 8.6 16 73 0.8 -- --
Chrysene -- -- 0.001 E -- -- 0.0000006 E -- 1 0.13 0.6 3.5 2 8.5 1 -- --
Dibenz(a,h)anthracene -- -- 1 E -- -- 0.0006 E -- 1 0.13 0.95 6.1 3.8 17 0.6 -- -
Fluoranthene 0.04 I - -- -- -- -- - -- 1 0.13 0.31 1.7 1.4 5.7 1 -- -
Fluorene 0.04 I -- -- -- -- -- -- v 1 0.13 0.11 0.55 0.9 22 1 145,960 --
Naphthalene 0.02 I 0.12 C 0.003 I 0.000034 C 1 0.13 0.047 0.2 0.55 1.3 1 18,455 --
Pyrene 0.03 I -- -- -- -- -- -- 1 0.13 0.2 1.1 1.4 5.5 1 1,270,000 --
Tributyl phosphate 0.01 P 0.009 P -- -- -- -- -- 1 0.1 0.023 0.14 33 7.8 0.9 -- --
Aldrin 0.00003 I 17 I -- -- 0.0049 1 v 1 -- 0.29 22 12 48 1 243,468 --
Hexachlorzz;ac_llc;ﬁaei’:ﬁ?%)e ta-BHC) -- -- 1.8 I -- -- 0.00053 I -- 1 0.1 0.021 0.14 4.5 11 0.9 -- --
Cyanide 0.0006 I -- -- 0.0008 -- -- -- 1 -- 0.001 0.002 0.15 0.35 1 52,392 --
Fluoride 0.06 I -- -- 0.013 -- -- -- 1 -- 0.001 0.0024 0.17 0.41 1 -- --
Nitrate 710 I -- -- -- -- -- -- -- 1 -- 0.001 0.003 0.23 0.56 1 -- --
Nitrite 03! I -- -- -- -- -- -- -- 1 -- 0.001 0.0026 0.19 0.46 1 -- --
1,2,4-Trichlorobenzene 0.01 I 0.029 P 0.002 -- -- v 1 -- 0.07 0.37 1.1 2.6 1 15,570 --
1,2-Dichlorobenzene 0.09 I -- -- 0.2 H -- -- v 1 -- 0.045 0.21 0.7 1.7 1 5,967 --
Hexane -- -- -- -- 0.7 I -- -- v 1 -- 0.2 0.72 0.32 1.2 1 1,011 --
o-Xylene 0.20 G -- -- 0.1 G -- -- v 1 -- 0.047 0.19 0.41 0.99 1 2,863 --
Tetrahydrofuran 0.90 I -- -- 2 I -- -- v 1 -- 0.001 0.0041 0.27 0.64 1 1.10E+04 --
2-Butanol 2 P -- -- 30 P -- -- v 1 -- 0.002 0.0051 0.27 0.66 1 -- --

Checker Review: David J. Watson
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Oral Oral Cancer Inhalation Inhalation Dermal Partitioning Time to Fraction of Transfer
Reference Slope Factor Reference Unit Risk b b Permeability Constant Lag Time Reach Absorbed | Volatilization | Efficiencies
Analyte Name Dose Key (ESF b Key | Concentration | Key Factor Key | Volatiles® AB'tS]GI A]';t?d Conttin Derived by ¢ Steady Water Factor (VF)d | for Volatile
(RfDo)a (mg/k -:la i (RfC)b (IUR)b (unitless) (unitless) K )c (cm/hr) Bunge Model (hours/event) | State (t)*c (F A)a (m? /kg) Chemical in
(mg/kg-day) gikg-day (mg/m3) (ug/m3)! P (B)° (unitless) (hours) (unitless) Shower (T¢)¢

Notes:
2 Source = U.S. Environmental Protection Agency | Risk Assessment | Regional Screening Levels (RSLs) - Generic Tables | Resident Tap Water, Queried 10/31/2023, [Regional Screening Level (RSL) Resident Tapwater Table (TR=1E-06, HQ=1) May 2023],

https://semspub.epa.gov/work/HQ/404077 .pdf.
b Source = U.S. Environmental Protection Agency | Risk Assessment | Regional Screening Levels (RSLs) - Generic Tables | Summary Table, Queried 10/31/2023, [Regional Screening Level (RSL) Summary Table (TR=1E-06, HQ=1) May 2023], https://semspub.epa.gov/work/HQ/404057.pdf.

¢ Source = U.S. Environmental Protection Agency | Risk Assessment | Regional Screening Levels (RSLs) - Generic Tables | Chemical Specific Parameters, Queried 10/31/2023, [Regional Screening Level (RSL) Chemical-specific Parameters Supporting Table May 2023],
https://semspub.epa.gov/work/HQ/404089.pdf.

d ECF-HANFORD-11-0033, Calculation of Inhalation Pathway Preliminary Remediation Goals Using Standard Method B Air Cleanup Levels for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports, Rev. 2.

¢ «“Assessing Inhalation Exposures Associated with Contaminated Events in Water Distribution Systems” (Davis et al. 2016). Available online at https://doi.org/10.1371/journal.pone.0168051
fFor hexavalent chromium, the current assessment considers carcinogenic effects. An oral cancer slope factor has been published by the New Jersey Department of Environmental Protection (NJDEP). The oral cancer slope factor derived by NJDEP is 0.5 (mg/kg-day)™!, as presented in
Derivation of an Ingestion-Based Soil Remediation Criterion for Cr*® Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate (Stern 2009).
& The reference dose for uranium that is published in IRIS (0.003 mg/kg-day). The reference dose value (0.0002 mg/kg-day) published in the memorandum dated December 21, 2016, “Considering a Noncancer Oral Reference Dose for Uranium for Superfund Human Health Risk Assessments”
(EPA 2016) is not published in IRIS and a maximum contaminant level using this value has not been promulgated. As such, the reference dose value of 0.0002 mg/kg-day for uranium will not be used in this risk assessment.

1A derived reference dose for nitrate (NOs) was calculated from the reference dose reported in IRIS (1.6 mg/kg-day for NO3 as N). Conversion from nitrate as nitrogen to nitrate was made using the mass fraction of nitrogen in nitrate.
The mass fraction of nitrogen in nitrate = mol wt N/mol wt NO3s™ = (14 g/mol)/(62 g/mol) = 0.226. The derived reference dose for nitrate = (1.6 mg NOs3™as N/kg-day) x (1 mg NO37/0.226 mg NOs as N) = 7.1 mg NOs/kg-day.

' A derived reference dose for nitrate (NO2") was calculated from the reference dose reported in IRIS (0.1 mg/kg-day for NO2- as N). Conversion from nitrite as nitrogen to nitrite was made using the mass fraction of nitrogen in nitrite.

The mass fraction of nitrogen in nitrite = mol wt N/mol wt NO2™ = (14 g/mol)/(46 g/mol) = 0.304. The derived reference dose for nitrite = (0.1 mg NO2 as N/kg-day) x (1 mg NO27/0.304 mg NO2" as N) = 0.3 mg NOz7/kg-day.

-- = indicates toxicity value not available for this contaminant and exposure route.

g3
C)>OUJD>

Agency for Toxic Substances and Disease Registry (U.S. Department of Health and Human Services)
partitioning constant
California Environmental Protection Agency

fraction absorbed
see Section 5 of U.S. Environmental Protection Agency | Risk Assessment | Regional Screening Levels (RSLs), Queried 03/23/2023, [Regional Screening Levels (RSLs) - User’s Guide], https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide

GIABS
H

I

Ky

gastrointestinal absorption factor

= dermal permeability constant

Health Effects Assessment Summary Tables
Integrated Risk Information System (IRIS)
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= Provisional Peer Reviewed Toxicity Value
= time to reach steady-state conditions

= volatile

lag time
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8.0 DEVELOPMENT OF UNIT DOSE FACTORS AND UNIT RISK FACTORS

This section presents the results of the unit dose factors (risk per unit concentration of
groundwater or drill cuttings/soil) for radiological contaminants based on groundwater pathways
dose for All-Pathways Representative Person and one acute and three chronic intruder exposure
scenarios, respectively. In addition, the section presents the results of URFs for radiological and
nonradiological carcinogenic contaminants, and UHQ for nonradiological noncarcinogenic
contaminants based on the tap water exposure scenario.

8.1 UNIT DOSE FACTORS BASED ON GROUNDWATER PATHWAY FOR
ALL-PATHWAYS REPRESENTATIVE PERSON EXPOSURE SCENARIO

The exposure route-specific and cumulative UDFs (mrem/yr per pCi/L) for radiological
contaminants are derived based on the All-Pathways groundwater exposure scenario based on the
methodologies presented in Section 5.2.1 and the exposure assumptions presented in

Section 4.2.1. The results of the UDFs (mrem/yr per pCi/L) for each radionuclide will multiply
with its corresponding simulated maximum groundwater concentration (pCi/L) over periods of
compliance and post-compliance to calculate the compliance and post-compliance exposure
route-specific and cumulative dose (mrem/yr) for groundwater pathway, respectively. Table 8-1
presents the exposure route-specific and cumulative UDFs for various radionuclides.

8.2  UNIT DOSE FACTORS BASED ON ONE ACUTE AND THREE CHRONIC
INTRUDER EXPOSURE SCENARIOS

The cumulative UDFs (mrem/yr per pCi/g) for radiological contaminants are calculated for

one acute (Well Driller) and three chronic intruder exposure scenarios — Rural Pasture, Suburban
Garden and Commercial Farm. The methodologies presented in Sections 5.2.3 through 5.2.6 and
the exposure assumptions presented in Section 4.2.3 are utilized for calculating the cumulative
UDFs for Well Drillers, Rural Pasture, Suburban Garden, and Commercial Farm, respectively.
During this calculation, the concentrations of the drill cuttings during the acute exposure
scenario, and the soil concentrations for Rural Pasture soil, Suburban Garden soil and
Commercial Farm exposure scenarios, are assumed to be 1 pCi/g. The results of the cumulative
UDFs (mrem/yr per pCi/g) for each radionuclide will multiply with its corresponding drill
cutting or soil concentration (pCi/g) to calculate the total dose (mrem/yr) for each intruder
scenario. Table 8-2 presents the cumulative UDFs for Well Driller, Rural Pasture, Suburban
Garden and Commercial Farm, respectively.

8.3  UNIT RISK FACTORS BASED ON TAP WATER EXPOSURE SCENARIO

By assuming unit groundwater concentrations (1 mg/L), the exposure route-specific and
cumulative cancer URF (risk per mg/L) and/or noncancer UHQ (HQ per mg/L) are calculated for
nonradiological contaminants under the tap water exposure scenario. The risk assessment
methodologies presented in Sections 5.3.1 and the exposure assumptions presented in Section 4.3
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are used to calculate the URF and UHQ, respectively. The exposure route-specific and
cumulative cancer URF and/or noncancer UHQ for each contaminant will multiply with its
corresponding simulated maximum groundwater concentration (mg/L) to calculate the exposure
route-specific and cumulative ELCR and/or HI for each contaminant, respectively. Table 8-3
presents the exposure route-specific and cumulative URFs and UHQs for nonradiological
contaminants, respectively.

8-2
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Radionuclide | Water Ingestion | Water Vapor Inhalation | Soil Ingestion | Soil Inhalation | External | Crop Ingestion | Beef Ingestion | Milk Ingestion | Poultry Ingestion | Egg Ingestion | Cumulative
Ac225 9.54E-02 — 2.06E-03 4.89E-03 6.08E-02 1.31E-02 5.71E-05 1.38E-04 2.41E-04 1.95E-04 1.77E-01
Ac227+D 8.16E-01 — 1.76E-02 7.22E-02 4.86E-04 1.12E-01 4.88E-04 1.50E-03 2.07E-03 1.67E-03 1.02E+00
Ac228 6.78E-04 — 1.46E-05 1.05E-05 5.68E+00 9.34E-05 4.06E-07 8.80E-07 1.72E-06 1.38E-06 5.68E+00
Am241+D 2.70E-01 — 1.37E-05 5.66E-05 1.00E-04 9.10E-05 9.87E-06 1.36E-05 2.99E-07 2.17E-05 2.70E-01
Am242 2.24E-04 — 1.14E-08 3.19E-08 2.38E-04 7.56E-08 8.19E-09 1.26E-08 2.48E-10 1.80E-08 4.62E-04
Am242m+D 2.63E-01 — 1.34E-05 4.99E-05 2.58E-06 8.88E-05 9.63E-06 1.20E-05 2.92E-07 2.12E-05 2.63E-01
Am243+D 2.66E-01 — 1.35E-05 5.59E-05 3.64E-04 8.96E-05 9.72E-06 1.33E-05 2.94E-07 2.14E-05 2.66E-01
At217 — — — — 7.87E-06 — — — — — 7.87E-06
At218 — — — — 2.88E-06 — — — — — 2.88E-06
At219 — — — — — — — — — — —
Bal37m — — — — 1.20E-03 — — — — — 1.20E-03
Bi210 1.13E-02 — 6.91E-05 2.38E-05 4.06E-02 1.87E-02 9.95E-04 1.96E-02 7.47E-04 9.63E-03 1.02E-01
Bi211 — — — — 7.44E-02 — — — — — 7.44E-02
Bi212 4.57E-04 — 2.78E-06 1.16E-05 2.58E-01 7.51E-04 4.00E-05 4.43E-04 3.01E-05 3.88E-04 2.60E-01
Bi213 2.30E-04 — 1.40E-06 1.07E-05 2.58E-01 3.78E-04 2.01E-05 2.30E-04 1.51E-05 1.95E-04 2.59E-01
Bi214 1.95E-04 — 1.18E-06 4.98E-06 2.92E+00 3.20E-04 1.71E-05 1.80E-04 1.28E-05 1.65E-04 2.92E+00
Bi215 — — — — 4.98E-01 — — — — — 4.98E-01
Cl4 5.98E-04 6.78E-04 1.52E-05 1.86E-06 7.63E-03 1.57E-01 6.98E-03 2.12E-02 4.85E-03 5.86E-03 2.05E-01
Cd113 4.79E-02 — 6.07E-07 2.30E-08 1.13E-05 9.41E-04 4.06E-05 1.99E-03 2.71E-04 5.20E-05 5.12E-02
Cd113m 4.57E-02 — 5.79E-07 2.29E-08 3.25E-05 8.98E-04 3.88E-05 2.10E-03 2.59E-04 4.97E-05 4.91E-02
Cel44+D 3.99E-03 — 6.07E-05 3.32E-05 6.30E-02 5.50E-04 2.35E-06 7.27E-05 2.23E-05 1.80E-05 6.77E-02
Cm242 2.50E-02 — 1.27E-06 9.81E-06 2.77E-07 8.44E-06 3.66E-07 2.34E-06 5.54E-07 4.47E-07 2.50E-02
Cm243 2.19E-01 — 1.11E-05 4.61E-05 1.49E-03 7.39E-05 3.20E-06 1.20E-05 4.85E-06 3.91E-06 2.21E-01
Cm244 1.91E-01 — 9.67E-06 4.05E-05 4.47E-07 6.43E-05 2.79E-06 1.10E-05 4.23E-06 3.41E-06 1.91E-01
Co60 1.40E-02 — 8.50E-05 4.94E-06 4.87E+00 1.84E-02 6.26E-02 1.08E-01 1.46E-02 4.72E-03 5.09E+00
Cs134 5.04E-02 — 6.39E-06 8.06E-08 5.94E-02 7.16E-04 2.84E-03 8.06E-03 2.60E-03 4.68E-04 1.24E-01
Cs137+D 4.90E-02 — 6.21E-06 7.67E-08 2.96E-04 6.95E-04 2.76E-03 7.56E-03 2.53E-03 4.54E-04 6.33E-02
Eul52 2.64E-03 — 1.00E-03 1.01E-03 1.32E+02 9.09E-03 3.80E-03 2.30E-03 1.46E-04 4.13E-04 1.32E+02
Euls4 2.92E-03 — 1.11E-03 1.07E-03 1.43E+02 1.01E-02 4.20E-03 2.65E-03 1.62E-04 4.57E-04 1.43E+02
Eul55 1.90E-04 — 7.24E-05 1.03E-04 3.30E+00 6.56E-04 2.74E-04 2.10E-04 1.06E-05 2.98E-05 3.30E+00
Fr221 — — — — 2.18E-02 — — — — — 2.18E-02
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Fr223 8.99E-04 — 2.85E-06 9.21E-07 4.49E-02 2.39E-04 2.29E-04 2.59E-03 — — 4.88E-02
Gd152 7.25E-02 — 5.98E-04 2.06E-03 — 5.41E-03 2.35E-03 2.41E-03 8.83E-05 2.49E-04 8.57E-02

H3 7.61E-05 1.23E-04 — — 6.69E-10 2.30E-06 5.46E-07 6.82E-06 4.80E-07 8.51E-07 2.10E-04
Hg206 — — — — 3.00E+00 — — — — — 3.00E+00
1129 3.50E-01 — — — 1.32E-06 4.06E-05 9.31E-03 3.64E-02 2.58E-05 6.47E-03 4.03E-01
Nb93m 1.03E-04 — 1.97E-06 7.74E-07 5.72E-05 5.97E-05 4.92E-09 1.66E-07 2.71E-08 1.83E-07 2.23E-04
Nb94 8.38E-03 — 1.59E-04 3.15E-05 8.94E+00 4.84E-03 3.99E-07 1.06E-05 2.20E-06 1.49E-05 8.96E+00
Nd144 1.06E-01 — 8.70E-04 2.97E-03 — 7.88E-03 3.43E-03 2.82E-03 1.28E-04 1.04E-05 1.24E-01
Nis9 5.69E-05 — 2.02E-07 2.24E-08 1.54E-05 2.77E-05 1.32E-05 2.10E-03 3.79E-08 6.11E-06 2.22E-03
Ni63 1.49E-04 — 5.30E-07 7.44E-08 1.40E-04 7.27E-05 3.46E-05 5.68E-03 9.95E-08 1.60E-05 6.09E-03
Np237+D 1.44E-01 — 3.66E-07 1.53E-06 1.58E-05 3.76E-05 9.68E-05 3.81E-05 2.43E-06 1.96E-06 1.45E-01
Np238 9.68E-04 — 2.45E-09 3.31E-10 8.16E-04 2.52E-07 6.50E-07 1.34E-07 1.63E-08 1.31E-08 1.79E-03
Np239 3.40E-04 — 8.63E-10 7.79E-11 1.76E-04 8.87E-08 2.28E-07 4.82E-08 5.72E-09 4.61E-09 5.17E-04
Pa231 7.76E-01 — 1.97E-02 1.62E-01 2.10E-01 5.98E-01 1.88E-04 4.66E-03 2.88E-03 2.32E-03 1.77E+00
Pa233 4.79E-04 — 1.21E-05 3.38E-06 1.34E+00 3.69E-04 1.16E-07 2.16E-06 1.78E-06 1.43E-06 1.34E+00
Pa234 6.67E-04 — 1.69E-05 3.46E-07 1.10E+01 5.14E-04 1.62E-07 2.84E-06 2.48E-06 2.00E-06 1.10E+01
Pa234m — — — — 5.96E-01 — — — — — 5.96E-01
Pb209 9.72E-05 — 1.85E-07 6.79E-09 4.71E-03 2.66E-06 3.99E-07 3.17E-06 1.66E-06 1.07E-05 4.83E-03
Pb210+D 1.80E+00 — 3.42E-03 9.37E-05 1.91E-04 4.93E-02 7.39E-03 9.04E-02 3.07E-02 1.98E-01 2.18E+00
Pb211 4.53E-04 — 8.62E-07 2.39E-06 5.01E-02 1.24E-05 1.86E-06 1.90E-05 7.74E-06 4.99E-05 5.07E-02
Pb212 2.73E-02 — 5.20E-05 2.65E-05 6.45E-02 7.49E-04 1.12E-04 1.41E-03 4.67E-04 3.01E-03 9.76E-02
Pb214 3.35E-04 — 6.38E-07 1.93E-06 1.29E-01 9.19E-06 1.38E-06 1.29E-05 5.73E-06 3.69E-05 1.29E-01
Po210 6.78E+00 — 1.81E-02 3.93E-04 7.77E-06 1.16E-01 1.51E-01 4.49E-01 5.14E-01 6.45E+00 1.45E+01
Po211 — — — — 6.51E-03 — — — — — 6.51E-03
Po212 — — — — — — — — — — —
Po213 — — — — 3.01E-05 — — — — — 3.01E-05
Po214 — — — — 6.51E-05 — — — — — 6.51E-05
Po215 — — — — 1.28E-04 — — — — — 1.28E-04
Po216 — — — — 1.23E-05 — — — — — 1.23E-05
Po218 — — — — 3.01E-07 — — — — — 3.01E-07
Pr144 2.60E-04 — 2.14E-06 9.95E-09 3.33E-01 1.94E-05 8.44E-06 4.77E-06 2.37E-06 6.38E-07 3.34E-01
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Pr144m — — — — 7.13E-03 — — — — — 7.13E-03
Pu238 4.61E-01 — 2.92E-05 1.11E-04 3.08E-07 1.93E-04 3.44E-05 9.42E-06 4.06E-07 3.49E-05 4.61E-01
Pu239+D 5.00E-01 — 3.17E-05 1.20E-04 8.68E-07 2.09E-04 3.73E-05 9.93E-06 4.41E-07 3.79E-05 5.01E-01
Pu240 5.00E-01 — 3.17E-05 1.20E-04 3.18E-07 2.09E-04 3.73E-05 9.93E-06 4.41E-07 3.79E-05 5.01E-01
Pu241 4.50E-03 — 2.85E-07 1.11E-06 4.74E-08 1.88E-06 3.36E-07 7.70E-08 3.96E-09 3.41E-07 4.50E-03
Pu242 4.75E-01 — 3.01E-05 1.15E-04 1.61E-06 1.99E-04 3.55E-05 9.42E-06 4.19E-07 3.60E-05 4.75E-01
Ra223 3.22E-01 — 4.09E-06 2.78E-06 4.43E-04 5.23E-04 2.30E-04 1.42E-02 4.72E-05 5.08E-08 3.38E-01
Ra224 1.98E-01 — 2.51E-06 1.43E-06 3.74E-05 3.21E-04 1.41E-04 7.88E-03 2.90E-05 3.11E-08 2.06E-01
Ra225 4.10E-01 — 5.19E-06 1.61E-06 1.59E-05 6.65E-04 2.92E-04 2.01E-02 6.00E-05 6.45E-08 4.31E-01
Ra226+D 7.07E-01 — 8.96E-06 2.23E-06 2.49E-05 1.15E-03 5.04E-04 1.94E-02 1.04E-04 1.11E-07 7.28E-01
Ra228+D 2.73E+00 — 3.46E-05 2.08E-06 1.16E-07 4.42E-03 1.94E-03 1.08E-01 4.00E-04 4.29E-07 2.84E+00
Rh106 — — — — 4.96E-03 — — — — — 4.96E-03
Rn218 — — — — 4.40E-07 — — — — — 4.40E-07
Rn219 — — — — 3.06E-05 — — — — — 3.06E-05
Rn220 — — — — 3.63E-07 — — — — — 3.63E-07
Rn222 — — — — 2.29E-07 — — — — — 2.29E-07
Rul06+D 1.04E-02 — 3.57E-05 6.53E-06 2.87E-05 2.99E-03 2.73E-04 5.91E-05 1.53E-05 2.12E-05 1.39E-02
Sb125+D 2.22E-03 — 1.74E-06 2.07E-07 9.63E-02 5.31E-05 4.77E-06 1.01E-05 4.36E-07 8.19E-06 9.86E-02
Sb126 5.55E-03 — 4.36E-06 1.33E-07 6.37E-01 1.33E-04 1.19E-05 2.27E-05 1.09E-06 2.05E-05 6.43E-01
Sb126m 1.81E-04 — 1.43E-07 8.23E-10 3.63E-01 4.34E-06 3.90E-07 7.47E-07 3.56E-08 6.69E-07 3.63E-01
Se79 8.99E-03 — 2.28E-05 2.81E-07 7.05E-04 6.16E-03 1.68E-02 5.02E-02 2.11E-02 3.73E-02 1.41E-01
Sm148 1.10E-01 — 1.30E-03 4.44E-03 — 1.17E-02 5.04E-03 4.15E-03 1.91E-04 5.38E-04 1.37E-01
Sm151 5.22E-05 — 6.16E-07 2.18E-06 5.18E-04 5.58E-06 2.40E-06 1.96E-06 9.06E-08 2.56E-07 5.84E-04
Sn126+D 1.19E-02 — 2.41E-04 4.43E-05 1.51E-01 1.94E-01 3.11E-02 1.03E-01 9.00E-03 5.80E-02 5.58E-01
Sr90+D 1.18E-01 — 1.49E-06 3.20E-08 3.51E-05 1.39E-03 1.60E-03 8.76E-03 5.65E-05 7.81E-04 1.30E-01
Tc99 5.15E-04 — — — 1.68E-06 1.39E-05 8.25E-08 3.00E-05 2.61E-07 4.21E-05 6.03E-04
Tel25m 8.63E-04 — 5.25E-06 5.07E-07 2.63E-03 1.42E-03 6.05E-04 1.35E-03 1.05E-04 1.03E-02 1.73E-02
Th227 1.27E-02 — 3.22E-06 7.02E-05 7.45E-03 2.07E-05 1.27E-06 4.44E-06 5.76E-07 4.64E-07 2.02E-02
Th228+D 2.39E-01 — 6.07E-05 6.98E-04 9.86E-05 3.91E-04 2.39E-05 7.59E-05 1.09E-05 8.75E-06 2.41E-01
Th229+D 1.01E+00 — 2.57E-04 3.20E-03 3.85E-03 1.65E-03 1.01E-04 1.83E-04 4.59E-05 3.70E-05 1.02E+00
Th230 2.76E-01 — 7.01E-05 4.85E-04 1.47E-05 4.52E-04 2.76E-05 4.58E-05 1.25E-05 1.01E-05 2.77E-01
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Th231 7.18E-05 — 1.82E-08 3.64E-09 5.87E-04 1.17E-07 7.16E-09 8.11E-09 3.26E-09 2.62E-09 6.59E-04
Th232 3.20E-01 — 8.11E-05 1.90E-03 6.13E-06 5.23E-04 3.19E-05 5.05E-05 1.45E-05 1.17E-05 3.22E-01
Th234 2.37E-03 — 6.01E-07 9.97E-08 3.84E-04 3.88E-06 2.37E-07 2.38E-07 1.08E-07 8.67E-08 2.76E-03
T1206 — — — — 1.97E-01 — — — — — 1.97E-01
T1207 — — — — 1.97E-01 — — — — — 1.97E-01
T1208 — — — — 2.02E+01 — — — — — 2.02E+01
T1209 — — — — 1.29E+01 — — — — — 1.29E+01
TI210 — — — — 1.70E+01 — — — — — 1.70E+01
U232 9.32E-01 — 4.73E-06 2.04E-06 2.64E-07 6.00E-05 5.05E-04 9.99E-03 4.83E-03 6.42E-03 9.54E-01
U233 1.65E-01 — 8.37E-07 9.32E-07 3.41E-07 1.06E-05 8.94E-05 1.44E-03 8.54E-04 1.14E-03 1.69E-01
U234 1.62E-01 — 8.20E-07 9.18E-07 1.18E-07 1.04E-05 8.76E-05 1.41E-03 8.37E-04 1.11E-03 1.65E-01

U235+D 1.48E-01 — 7.50E-07 8.44E-07 2.61E-04 9.52E-06 8.02E-05 1.29E-03 7.66E-04 1.02E-03 1.51E-01
U235m 3.46E-12 — 1.75E-17 5.17E-17 — 2.22E-16 1.87E-15 4.71E-14 1.79E-14 2.38E-14 3.55E-12
U236 1.50E-01 — 7.63E-07 8.62E-07 5.48E-08 9.68E-06 8.15E-05 1.31E-03 7.79E-04 1.04E-03 1.54E-01
U237 3.05E-04 — 1.54E-09 2.34E-10 1.87E-04 1.96E-08 1.65E-07 1.83E-06 1.58E-06 2.10E-06 4.97E-04
U238+D 1.43E-01 — 7.25E-07 7.98E-07 5.42E-08 9.19E-06 7.74E-05 1.24E-03 7.40E-04 9.84E-04 1.46E-01
Y90 2.25E-03 — 1.34E-06 3.63E-08 1.29E-02 1.22E-05 8.06E-06 4.71E-06 5.81E-07 1.87E-07 1.52E-02
Zr93 9.25E-04 — 4.81E-06 9.88E-07 2.45E-04 3.07E-05 7.19E-09 5.62E-08 9.27E-09 4.43E-08 1.21E-03

Checker Review: David J. Watson

“—" means radionuclide does not have dose conversion factor, shielding factor, or bioconcentration factor; is not volatile in nature; or does not produce negligible dose.
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Table 8-2. Cumulative Unit Dose Factors (mrem/yr per pCi/g) for
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Radionuclide | Well Driller | Rural Pasture | Suburban Garden | Commercial Farm
Ac225 3.73E-04 2.44E-02 3.66E-02 1.18E-02
Ac227 2.40E-03 2.75E-02 1.94E-01 3.00E-02
Ac228 1.99E-02 1.78E+00 1.35E+00 7.51E-01
Am241 9.62E-04 2.29E-02 7.21E-02 1.70E-02
Am242 3.08E-04 3.46E-02 2.24E-02 1.36E-02

Am242m 7.21E-04 8.60E-03 6.25E-02 9.47E-03
Am243 1.30E-03 6.58E-02 9.53E-02 3.36E-02
At217 4.20E-06 4.09E-04 3.08E-04 1.87E-04
At218 2.37E-06 1.04E-04 6.71E-05 7.56E-05
At219 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bal37m 1.27E-02 1.17E+00 8.83E-01 5.03E-01
Bi210 4.71E-04 1.33E-01 1.33E-01 1.88E-02
Bi211 9.12E-04 8.99E-02 6.66E-02 3.76E-02
Bi212 3.13E-03 2.79E-01 2.14E-01 1.18E-01
Bi213 3.21E-03 3.12E-01 2.30E-01 1.26E-01
Bi214 3.58E-02 3.15E+00 2.33E+00 1.32E+00
Bi215 5.93E-03 5.55E-01 4.15E-01 2.39E-01
Cl4 2.67E-05 2.66E-02 2.08E-01 8.61E-04
Cdl113 1.02E-04 8.68E-01 2.12E+00 3.47E-03
Cd113m 1.91E-04 9.24E-01 2.03E+00 7.63E-03
Celd4 2.60E-04 3.00E-02 2.06E-02 1.30E-02
Cm242 1.28E-04 1.32E-03 6.26E-03 1.27E-03
Cm?243 2.50E-03 2.07E-01 1.92E-01 9.61E-02
Cm244 5.69E-04 6.52E-03 4.54E-02 7.07E-03
Co60 5.89E-02 5.68E+00 3.97E+00 2.18E+00
Cs134 3.40E-02 3.83E+00 2.54E+00 1.33E+00
Cs137 1.98E-04 6.92E-01 1.89E-01 7.97E-03
Eul52 2.58E-02 2.32E+00 1.74E+00 9.81E-01
Eul54 2.81E-02 2.53E+00 1.89E+00 1.07E+00
Eul5s 6.11E-04 6.30E-02 3.83E-02 2.99E-02
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Table 8-2. Cumulative Unit Dose Factors (mrem/yr per pCi/g) for
One Acute and Three Chronic Exposure Scenarios. (4 sheets)

Radionuclide | Well Driller | Rural Pasture | Suburban Garden | Commercial Farm
Fr221 4.49E-04 4.68E-02 3.39E-02 2.16E-02
Fr223 1.05E-03 1.13E-01 6.30E-02 4.43E-02
Gd152 1.85E-04 1.02E-02 2.35E-02 2.48E-03

H3 6.96E-08 9.51E-03 3.77E-02 2.56E-06
Hg206 2.70E-03 2.58E-01 1.95E-01 1.14E-01
1129 2.40E-04 3.52E+00 6.69E-01 9.93E-03
Nb93m 4.24E-07 1.97E-05 1.17E-04 1.42E-05
Nbo4 3.53E-02 3.16E+00 2.43E+00 1.34E+00
Nd144 2.67E-04 1.25E-02 3.42E-02 3.60E-03
Ni59 3.94E-07 1.71E-02 2.85E-04 1.42E-05
Ni63 3.53E-06 4.64E-02 9.12E-04 1.14E-04
Np237 6.90E-04 3.36E-02 2.93E-01 1.71E-02
Np238 1.41E-02 1.23E+00 9.49E-01 5.10E-01
Np239 2.58E-03 2.85E-01 1.96E-01 1.23E-01
Pa231 4.76E-03 1.03E-01 8.56E-01 6.57E-02
Pa233 3.77E-03 3.82E-01 2.80E-01 1.63E-01
Pa234 3.21E-02 2.91E+00 2.20E+00 1.23E+00
Pa234m 1.75E-03 1.54E-01 1.17E-01 6.43E-02
Pb209 2.28E-04 1.59E-02 1.24E-02 7.30E-03
Pb210 9.57E-04 1.22E+00 8.81E-01 3.90E-02
Pb211 2.02E-03 1.86E-01 1.40E-01 7.68E-02
Pb212 2.29E-03 2.50E-01 1.83E-01 1.06E-01
Pb214 4.88E-03 4.80E-01 3.55E-01 2.05E-01
Po210 3.55E-03 4.15E+00 1.52E+00 1.46E-01
Po211 1.83E-04 1.65E-02 1.26E-02 6.95E-03
Po212 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po213 8.41E-07 7.54E-05 5.78E-05 3.18E-05
Po214 1.87E-06 1.68E-04 1.29E-04 7.08E-05
Po215 3.70E-06 3.59E-04 2.67E-04 1.45E-04
Po216 3.45E-07 3.09E-05 2.37E-05 1.31E-05
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Radionuclide | Well Driller | Rural Pasture | Suburban Garden | Commercial Farm
Po218 1.02E-08 8.40E-07 6.81E-07 3.26E-07
Pr144 3.01E-03 2.68E-01 1.99E-01 1.11E-01

Pr144m 6.23E-05 5.20E-03 4.43E-03 2.56E-03
Pu238 1.27E-03 1.41E-02 1.09E-01 1.64E-02
Pu239 1.38E-03 1.54E-02 1.19E-01 1.78E-02
Pu240 1.38E-03 1.53E-02 1.19E-01 1.78E-02
Pu241 1.27E-05 1.44E-04 1.07E-03 1.63E-04
Pu242 1.31E-03 1.46E-02 1.13E-01 1.70E-02
Ra223 2.35E-03 2.19E+00 1.34E+00 1.02E-01
Ra224 3.36E-04 1.11E+00 7.38E-01 1.26E-02
Ra225 3.81E-04 2.78E+00 1.51E+00 1.32E-02
Ra226 5.69E-04 2.70E+00 2.60E+00 2.11E-02
Ra228 1.49E-03 1.50E+01 1.00E+01 5.89E-02
Rh106 7.24E-03 6.64E-01 4.97E-01 2.80E-01
Rn218 1.59E-05 1.48E-03 1.12E-03 6.40E-04
Rn219 1.10E-03 1.07E-01 8.07E-02 4.66E-02
Rn220 1.32E-05 1.25E-03 9.34E-04 5.26E-04
Rn222 8.17E-06 7.78E-04 5.83E-04 3.25E-04
Rul06 7.18E-06 6.79E-04 2.92E-02 2.54E-04
Sb125 8.84E-03 8.35E-01 6.28E-01 3.53E-01
Sb126 6.04E-02 5.56E+00 4.21E+00 2.35E+00

Sb126m 3.44E-02 3.18E+00 2.41E+00 1.34E+00

Se79 3.40E-05 5.59E-01 8.15E-02 1.14E-03
Sm148 2.79E-04 1.30E-02 3.56E-02 3.75E-03
Sm151 4.60E-06 1.99E-04 1.44E-04 1.51E-04
Sn126 5.52E-04 2.04E-01 3.51E-01 2.57E-02
Sro0 2.83E-04 8.94E+00 3.15E+00 9.63E-03
Tc99 6.68E-05 2.58E-01 2.30E-01 2.73E-03

Tel25m 4.14E-05 8.39E-03 9.10E-03 1.74E-03

Th227 2.17E-03 2.02E-01 1.53E-01 9.18E-02
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Table 8-2. Cumulative Unit Dose Factors (mrem/yr per pCi/g) for
One Acute and Three Chronic Exposure Scenarios. (4 sheets)

Radionuclide | Well Driller | Rural Pasture | Suburban Garden | Commercial Farm
Th228 1.78E-03 2.11E-02 6.47E-02 1.66E-02
Th229 9.00E-03 2.00E-01 3.46E-01 1.18E-01
Th230 1.28E-03 1.41E-02 6.85E-02 1.32E-02
Th231 1.87E-04 1.66E-02 1.13E-02 7.63E-03
Th232 4.59E-03 3.94E-02 9.58E-02 3.48E-02
Th234 1.10E-04 1.19E-02 7.22E-03 5.00E-03
T1206 7.39E-04 7.43E-02 4.94E-02 2.89E-02
T1207 7.64E-04 6.64E-02 5.09E-02 2.77E-02
T1208 8.82E-02 6.16E+00 4.38E+00 2.92E+00
T1209 4.84E-02 4.39E+00 3.17E+00 1.85E+00
TI210 6.69E-02 5.85E+00 4.39E+00 2.44E+00
U232 7.17E-04 9.62E-01 2.93E-01 2.15E-02
U233 1.97E-04 1.40E-01 5.26E-02 4.36E-03
U234 1.91E-04 1.37E-01 5.13E-02 4.19E-03
U235 2.47E-03 3.86E-01 2.22E-01 1.20E-01

U235m 0.00E+00 4.48E-12 1.04E-12 0.00E+00
U236 1.78E-04 1.27E-01 4.77E-02 3.88E-03
U237 1.73E-03 2.00E-01 1.33E-01 8.27E-02
U238 1.67E-04 1.20E-01 4.53E-02 3.67E-03
Y90 2.08E-03 1.87E-01 1.40E-01 6.06E-02
7193 4.65E-06 3.50E-04 4.82E-04 1.51E-04

Checker Review: David J. Watson
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Table 8-3. Pathway-Specific and Cumulative Cancer Unit Risk Factor (Risk per mg/L) and Noncancer Unit Hazard
Quotient (Hazard Index per mg/L) Factors for Nonradiological Constituents — Tap Water Exposure Scenario. (4 sheets)

Nonradiological Constituents Ingestion Inhalation Dermal Contact Total

URF UHQ URF UHQ URF UHQ URF UHQ
Aluminum — 4.99E-02 — — — 2.20E-04 — 5.01E-02
Antimony — 1.25E+02 — — — 3.66E+00 — 1.28E+02
Arsenic 1.93E-02 | 1.66E+02 — — 1.03E-04 | 7.32E-01 | 1.94E-02 | 1.67E+02
Barium — 2.49E-01 — — — 1.57E-02 — 2.65E-01
Beryllium — 2.49E+01 — — — 1.57E+01 — 4.06E+01
Boron — 2.49E-01 — — — 1.10E-03 — 2.50E-01
Cadmium — 4.99E+02 — — — 4.39E+01 — 5.43E+02
Chromium — 3.32E-02 — — — 1.13E-02 — 4.45E-02
Cobalt — 1.66E+02 — — — 2.93E-01 — 1.67E+02
Copper — 1.25E+00 — — — 5.49E-03 — 1.25E+00
Hexavalent Chromium 6.42E-03 | 1.66E+01 — — 2.74E-03 | 5.86E+00 | 9.16E-03 | 2.25E+01
Iron — 7.12E-02 — — — 3.14E-04 — 7.15E-02
Lithium — 2.49E+01 — — — 1.10E-01 — 2.50E+01
Manganese — 2.08E+00 — — — 2.29E-01 — 2.31E+00
Mercury — 1.66E+02 — — — 1.05E+01 — 1.77E+02
Molybdenum — 9.97E+00 — — — 4.39E-02 — 1.00E+01
Nickel — 2.49E+00 — — — 5.49E-02 — 2.55E+00
Selenium — 9.97E+00 — — — 4.39E-02 — 1.00E+01
Silver — 9.97E+00 — — — 6.59E-01 — 1.06E+01
Strontium — 8.31E-02 — — — 3.66E-04 — 8.35E-02
Thallium — 4.99E+03 — — — 2.20E+01 — 5.01E+03
Tin — 8.31E-02 — — — 3.66E-04 — 8.35E-02
Uranium — 1.66E+01 — — — 7.32E-02 — 1.67E+01
Vanadium — 9.97E+00 — — — 1.69E+00 — 1.17E+01
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Table 8-3. Pathway-Specific and Cumulative Cancer Unit Risk Factor (Risk per mg/L) and Noncancer Unit Hazard
Quotient (Hazard Index per mg/L) Factors for Nonradiological Constituents — Tap Water Exposure Scenario. (4 sheets)

C1-8

Nonradiological Constituents Ingestion Inhalation Dermal Contact Total

URF UHQ URF UHQ URF UHQ URF UHQ
Zinc — 1.66E-01 — — — 4.39E-04 — 1.67E-01
1,1,1-Trichloroethane — 2.49E-02 — 1.04E-01 — 4.13E-03 — 1.33E-01
1,1-Dichloroethane 7.32E-05 | 2.49E-01 | 2.77E-04 — 5.53E-06 1.73E-02 | 3.55E-04 | 2.67E-01
1,1-Dichloroethene — 9.97E-01 — 2.34E+00 — 1.21E-01 — 3.46E+00
2,6-Dinitrotoluene 1.93E-02 | 1.66E+02 — — 1.35E-03 | 1.07E+01 | 2.06E-02 | 1.77E+02
2-Butanone — 8.31E-02 — 9.37E-02 — 6.87E-04 — 1.78E-01
2-Propanol — 2.49E-02 — 2.34E+00 — 1.55E-04 — 2.37E+00
2-Hexanone — 9.97E+00 — 1.56E+01 — 3.67E-01 — 2.60E+01
Acetone — 5.54E-02 — — — 2.26E-04 — 5.56E-02
Benzene 7.06E-04 | 1.25E+01 | 1.35E-03 | 1.56E+01 | 1.03E-04 | 1.67E+00 | 2.16E-03 | 2.98E+01
Benzyl alcohol — 4.99E-01 — — — 1.12E-02 — 5.10E-01
Bromodichloromethane 7.96E-04 | 6.23E+00 | 6.39E-03 — 5.35E-05 | 3.85E-01 | 7.24E-03 | 6.62E+00
Bromoform 1.01E-04 | 2.49E+00 | 1.90E-04 — 7.21E-06 1.63E-01 | 2.99E-04 | 2.66E+00
Bromomethane — 3.56E+01 — 9.37E+01 — 9.92E-01 — 1.30E+02
Butylbenzylphthalate 2.44E-05 | 2.49E-01 — — 3.75E-05 | 3.52E-01 | 6.19E-05 | 6.02E-01
Carbon disulfide — 4.99E-01 — 6.70E-01 — 2.42E-02 — 1.19E+00
Carbon tetrachloride 8.98E-04 | 1.25E+01 | 1.23E-03 | 5.21E+00 | 2.26E-04 | 2.88E+00 | 2.35E-03 | 2.06E+01
Chlorobenzene — 2.49E+00 — 9.37E+00 — 7.76E-01 — 1.26E+01
Chloroform 3.98E-04 | 4.99E+00 | 4.70E-03 | 5.32E+00 | 3.41E-05 | 3.93E-01 | 5.13E-03 | 1.07E+01
Chloromethane — — — 5.21E+00 — — — 5.21E+00
Dibromochloromethane 1.08E-03 | 2.49E+00 — — 6.90E-05 1.47E-01 | 1.15E-03 | 2.64E+00
Diethylphthalate — 6.23E-02 — — — 4.99E-03 — 6.73E-02
Di-n-octylphthalate — 4.99E+00 — — — — — 4.99E+00
Ethylbenzene 1.41E-04 | 9.97E-01 | 5.42E-04 | 5.42E-01 7.98E-05 | 5.19E-01 | 7.63E-04 | 2.06E+00
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Table 8-3. Pathway-Specific and Cumulative Cancer Unit Risk Factor (Risk per mg/L) and Noncancer Unit Hazard
Quotient (Hazard Index per mg/L) Factors for Nonradiological Constituents — Tap Water Exposure Scenario. (4 sheets)

Nonradiological Constituents Ingestion Inhalation Dermal Contact Total
URF UHQ URF UHQ URF UHQ URF UHQ
Ethylene glycol — 6.23E-02 — — — 4.36E-05 — 6.24E-02
Ethyl methacrylate — — — 1.56E+00 — — — 1.56E+00
Methanol — 2.49E-02 — 2.34E-02 — 5.60E-05 — 4.84E-02
Methylene chloride 2.57E-05 | 8.31E+00 | 1.73E-06 | 7.81E-01 9.02E-07 | 2.68E-01 | 2.83E-05 | 9.36E+00
Methyl methacrylate — 3.56E-02 — 6.70E-01 — 1.31E-03 — 7.06E-01
Methyl methanesulfonate 1.27E-03 — — — 2.13E-06 — 1.27E-03 —
n-Nitrosodi-n-dipropylamine 8.98E-02 — — — 2.79E-03 — 9.26E-02 —
Phenol — 1.66E-01 — — — 7.01E-03 — 1.73E-01
Styrene — 2.49E-01 — 4.69E-01 — 9.67E-02 — 8.15E-01
Tetrachloroethene 2.70E-05 | 8.31E+00 | 5.31E-05 | 1.30E+01 | 1.51E-05 | 4.29E+00 | 9.52E-05 | 2.56E+01
Toluene — 6.23E-01 — 1.08E-01 — 1.89E-01 — 9.21E-01
Toxaphene 1.41E-02 | 5.54E+02 — — 6.17E-02 | 2.23E+03 | 7.58E-02 | 2.78E+03
Trichloroethene 5.90E-04 | 9.97E+01 | 8.38E-04 | 2.61E+02 | 9.64E-05 | 1.50E+01 | 1.52E-03 | 3.75E+02
Trichloromonofluoromethane — 1.66E-01 — — — 2.82E-02 — 1.94E-01
Xylenes (total) — 2.49E-01 — 4.69E+00 — — — 4.94E+00
Acenaphthene — 8.31E-01 — — — 1.04E+00 — 1.87E+00
Acetophenone — 4.99E-01 — — — 2.16E-02 — 5.20E-01
Anthracene — 1.66E-01 — — — 3.86E-01 — 5.52E-01
Benzo(a)anthracene 1.28E-03 — 1.04E-02 — 1.80E-02 — 2.96E-02 —
Benzo(a)pyrene 1.28E-02 | 1.66E+02 — — 2.70E-01 | 3.21E+03 | 2.83E-01 | 3.38E+03
Bis(2-ethylhexyl) phthalate 1.80E-04 | 2.49E+00 — — 1.14E-02 | 1.45E+02 | 1.16E-02 | 1.48E+02
Chrysene 1.28E-05 — — — 1.96E-04 — 2.09E-04 —
Dibenz(a,h)anthracene 1.28E-02 — — — 2.57E-01 — 2.70E-01 —
Fluoranthene — 1.25E+00 — — — 7.58E+00 — 8.82E+00
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Table 8-3. Pathway-Specific and Cumulative Cancer Unit Risk Factor (Risk per mg/L) and Noncancer Unit Hazard
Quotient (Hazard Index per mg/L) Factors for Nonradiological Constituents — Tap Water Exposure Scenario. (4 sheets)

Nonradiological Constituents Ingestion Inhalation Dermal Contact Total

URF UHQ URF UHQ URF UHQ URF UHQ
Fluorene — 1.25E+00 — — — 2.16E+00 — 3.40E+00
Naphthalene 1.54E-03 | 2.49E+00 | 5.88E-03 | 1.56E+02 | 9.67E-04 | 1.44E+00 | 8.38E-03 | 1.60E+02
Pyrene — 1.66E+00 — — — 6.52E+00 — 8.18E+00
Tributyl phosphate 1.16E-04 | 4.99E+00 — — 7.83E-05 | 3.11E+00 | 1.94E-04 | 8.09E+00
Aldrin 2.18E-01 | 1.66E+03 | 8.47E-01 — 3.95E+00 | 2.77E+04 | 5.02E+00 | 2.93E+04
beta-1,2,3,4,5,6-Hexachlorocyclohexane (beta-BHC) | 2.31E-02 — — — 1.67E-02 — 3.98E-02 | 0.00E+00
Cyanide — 8.31E+01 — — — 3.66E-01 — 6.66E+02
Fluoride — 8.31E-01 — — — 3.66E-03 — 8.35E-01
Nitrate — 7.02E-03 — — — 3.10E-05 — 7.05E-03
Nitrite — 1.66E-01 — — — 7.32E-04 — 1.67E-01
1,2,4-Trichlorobenzene 3.72E-04 | 4.99E+00 — 2.34E+02 | 4.93E-04 | 6.07E+00 | 8.65E-04 | 2.44E+02
1,2-Dichlorobenzene — 5.54E-01 — 2.34E+00 — 3.46E-01 — 3.23E+00
Hexane — — — 6.70E-01 — — — 6.66E-01
0-Xylene — 2.49E-01 — 4.69E+00 — 1.24E-01 — 5.06E+00
Tetrahydrofuran — 5.54E-02 — 2.34E-01 — 4.77E-04 — 2.89E-01
2-Butanol — 2.49E-02 — 1.55E-02 — 4.29E-04 — 4.10E-02

Checker Review: David J. Watson

“—" means the nonradiological contaminant does not have toxicity value or transfer efficiency coefficient or is non-volatile in nature.

UHQ = Unit Hazard Quotient

URF = Unit Risk Factor
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9.0 UNCERTAINTY ANALYSIS

Uncertainty Analysis is performed as an integral part of DOE O 435.1 PA dose assessments to
identify the assumptions and parameters that have the most significant impact on projected
doses. Its purpose is to evaluate the consequences of the associated uncertainties in relation to
performance objectives. This is because precise estimates of future impacts are not truly
quantifiable, and even the sources of uncertainty cannot be precisely quantified due to elements
of subjectivity involved (NCRP Report 152, “Performance Assessment of Near-surface Facilities
for Disposal of Low-level Radioactive Waste”).

The guidance provided in DOE G 435.1-1, Implementation Guide for use with DOE M 435.1-1
for performing uncertainty and sensitivity analyses emphasizes that dose rates are associated
with uncertainties, and these uncertainties should be discussed when expressing the outcomes of
any PA. The guidance further states that an estimate of the level of uncertainty is necessary,
particularly for the analysis involving the calculation of the maximum impact of the disposal
facility beyond the 1,000-year compliance period.

The uncertainty and sensitivity analyses are complementary to each other. Sensitivity analysis
examines cause-and-effect relationships resulting from changes in single parameters or a limited
number of parameters in the estimates. The results of the sensitivity analysis identify parameters
for which the variability in their estimates, due to lack of knowledge, limited data, or inherent
randomness, can have a significant impact. By identifying the most sensitive parameters and the
exposure routes through which their impact is propagated to the All-Pathways dose, sensitivity
analysis enables the uncertainty analysis to concentrate on only those parameters that are most
sensitive and likely to affect the dose.

Uncertainty analysis evaluates how uncertainty in analysis inputs collectively affect uncertainty
in the analysis outcomes, such as the estimation of dose. All uncertain inputs are assessed
together within a system model to estimate plausible range of outcomes. It helps evaluate how
different combinations of parameters could lead to various outcomes, such as high or low dose.

In this data package, the results of the exposure route-specific and cumulative UDFs for the
groundwater pathway based on the All-Pathways representative person exposure scenario are
utilized to evaluate the relative significance of exposure routes for a given radionuclide of
potential concern. This analysis evaluates which uncertain parameters in the dose model have
the greatest influence on the uncertainty in the radionuclide dose from a fixed concentration of
that radionuclide in groundwater. The results indicated that ingestion of drinking water is the
most dominant exposure route for most of the radionuclides of potential concern. External
gamma, ingestion of milk, crop, egg, beef and poultry are subsequent exposure routes that
contribute significantly to the dose (dose>10% of total doses) for various radionuclides of
potential concern. Additionally, the results reveal that ingestion of soil and inhalation of
particulates and water vapor contribute less than 10% of the total doses. Based on the results of
UDFs for the groundwater pathway, several soil-specific parameters and the exposure
assumptions are identified for inclusion in the uncertainty assessment. The assigned values are
summarized in the subsequent subsections.

9-1
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9.1 UNCERTAINTY ASSESSMENT FOR SOIL-SPECIFIC PARAMETERS
ELEMENT-SPECIFIC SOIL-WATER DISTRIBUTION COEFFICIENTS

Soil-water distribution coefficients control the concentration of each radionuclide in the soil and
groundwater, and consequently the concentration of each radionuclide in exposure route media,
such as beef, milk, poultry, and eggs. Soil-water distribution coefficients developed for Hanford
vadose zone sands and silts define the range of values used in the uncertainty analysis for
sorption onto surface soils. The developed distributions are triangular distributions with a
minimum, most likely, and maximum value specified in accordance with Table 9-1. If a
distribution coefficient is not listed in Table 9-1 for an element included in the model, the
distribution coefficient value is 0 mL/g. No gravel correction is applied for surface soils.
Minimum, most likely, and maximum values for tabulation in Table 9-1 are from Table 3.3 in
PNNL-17154, Geochemical Characterization Data Package for the Vadose Zone in the Single-
Shell Tank Waste Management Areas at the Hanford Site unless otherwise noted. The applied
values are for sediments with an intermediate impact from waste. For actinium, cerium, curium,
nitrogen, niobium and protactinium there was no value reported in PNNL-17154. However,
Table 5.5 in PNNL-13037, Geochemical Data Package for the 2005 Hanford Integrated
Disposal Facility Performance Assessment indicates similarity to another constituent with a
value in PNNL-17154. Therefore, the distribution coefficients for these constituents were
equated to the values from PNNL-17154 for the similar constituent. Based on similarities
identified in Table 5.5 of PNNL-13037, distribution coefficients for actinium, cerium, and
curium are equated to values for americium and distribution coefficients for protactinium are
equated to values for neptunium. Distribution coefficient values for ruthenium, thorium, and
zirconium are from Table 5.5 in PNNL-13037. Although the surface soils do not have to be
similar to vadose zone soils, use of the values in Table 9-1 might be appropriate if local soils are
assumed for the evaluation and if significant modifications to the soils have not been made.

9.1.1 Soil Porosity and Moisture Content

Based on the site-specific properties from sands of the Hanford formation extracted from bore
holes drilled in the 200 East Area (PNNL-23711), surface soils at Hanford have a residual
moisture content between 0 and 0.046 with a mean value of 0.029 and a standard deviation of
0.011 (PNNL-23711 Table 6.3). Sands at the Hanford Site have measured porosities between
0.299 and 0.444 with a mean value approximately 0.383 and standard deviation of 0.038
(PNNL-23711 Table 6.3).

9.1.2 Crop-Soil Bioconcentration Factor Representing All Resuspension-Soil Adhesion
Processes

The transfer factors from soil to vegetation consumed by humans due to resuspension and soil
adhesion are from NCRP Report No. 129, Table 5.7. The NCRP report defines these values as
“sufficiently conservative values.” Values are specified for suburban, agricultural, and vegetated
rural pastures. The best-estimate value for these sources is 0.001 to 0.004 (pCi/kg fresh weight
of crop)/(pCi/kg dry weight of soil) with an estimated range of 10x corresponding to a geometric
standard deviation of 2.2. According to Equation 5-88, higher values lead to higher crop
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accumulation and higher doses. A log-uniform distribution using the geometric mean of the
reported values (0.0014) and the geometric standard deviation (2.2) is applied.

Table 9-1. Element-Specific Soil-Water Distribution Coefficients (mL/g).

Sand (mL/g) Silt (mL/g)
Flement(s) Minimum Bﬁ?f;; Maximum | Minimum 11?;[1?:1; Maximum
Ac?, Am®, Ce?, Cm®, Pu® 200 600 2,000 200 600 2,000
c® 0 1 100 0 1 100
Co® 0 0 10 0 0 30
cr 0 0 3 0 0 10
Cs® 10 100 1,000 30 100 3,000
Eu®, PbP 3 10 100 10 30 300
° 0 0.2 2 0 0.2 2
N? Nb?, NO,®, NO;° 0 0 0.1 0 0 0.1
Ni? 1 3 20 3 10 60
Np®, Pa? 2 10 30 2 10 50
Ra®, Sr° 5 10 20 5 10 60
Ru® 0 1 500 0 1 500
Se? 0 0.1 3 0 0.3 10
Sn° 0 0.5 20 0 1.5 60
TcP 0 0 1 0 0 5
Th®, Z:° 40 300 500 40 300 500
|0k 0.2 0.8 4 0.6 2.5 15

Checker Review: David J. Watson

Note: Minimum, Most Likely, and Maximum values for At, Ba, Bi, Br, Cd, Cu, Fr, Gd, H, He, Hg, In, Mo, Nd,
Pd, Po, Pr, Rh, Rn, Sb, Sm, Te, Tl, Xe, and Y are all set to 0 mL/kg.

& No value in PNNL-17154, Geochemical Characterization Data Package for the Vadose Zone in the Single-Shell
Tank Waste Management Areas at the Hanford Site but equated to values in PNNL-17154 for a similar element
based on established similarity in PNNL-13037, Geochemical Data Package for the 2005 Hanford Integrated
Disposal Facility Performance Assessment, Table 5.5.

b PNNL-17154, Table 3.3 Intermediate Impacts from Waste.

© PNNL-13037, Table 5.5.

9-3
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9.1.3 Pasture-Soil Bioconcentration Factor Representing All Resuspension-Soil Adhesion
Processes

The transfer factors from soil to fodder consumed by animals due to resuspension and soil
adhesion are from NCRP Report No. 129, Table 5.7. The NCRP report defines these values as
“sufficiently conservative values.” Values are specified for sparsely and heavily vegetated
pastures and rural areas. The best-estimate value for sparsely vegetated areas is 0.1 (pCi/kg dry
weight of fodder) / (pCi/kg dry weight of soil) and for heavily vegetated areas is 0.05 (pCi/kg dry
weight of fodder) / (pCi/kg dry weight of soil) with an estimated uncertainty range for each of 3x
corresponding to a geometric standard deviation of 1.4. According to Equation 5-91, higher
values lead to higher accumulation in fodder and higher doses. A log-uniform distribution using
the geometric mean of the reported values (0.071) and the geometric standard deviation (1.4) is
applied.

9.2 UNCERTAINTY ASSESSMENT FOR EXPOSURE ASSUMPTIONS

Based on the results of the UDFs for groundwater pathway, the uncertainty analysis can be
performed for the following exposure parameters:

Ingestion Rate for Drinking Water

Fraction of Time Outdoors and Indoors
Ingestion Rate for Crops (Fruits and Vegetables)
Ingestion Rate for Meat (Beef and Pork)
Ingestion Rate for Poultry

Ingestion Rate for Milk

Ingestion Rate for Egg.

It should be noted that Appendix A of this data package presents the derivation of percentile
ingestion rates for drinking water, crops, meat, poultry, milk and egg and they are presented in
Table 9-2.

Table 9-2. Mean and Percentile Ingestion Rates for Exposure Parameters.

. Drinking Water Crops Beef Poultry Milk Egg
Percentile
L/day Kg/yr Kg/yr Kg/yr L/yr Kg/yr
Mean 1.1 66.2 12.2 9.8 100.4 15.3
10 0.2 12.1 3.6 2.9 15.8 4.3
25 0.5 26.1 6.7 53 353 7.4
50 0.9 50.9 10.5 8.4 74.6 11.5
75 1.5 89.8 16.1 12.9 134.4 20.5
920 2.3 137.9 22.6 18.1 215.6 32.1
95 2.8 173.2 27.3 21.9 281.5 39.1
929 4.0 279 38.3 30.7 437.9 63.8
Checker Review: David J. Watson
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9.2.1 Fraction of Time Outdoors

EPA/600/R-090/052F provides the mean and 95 percentile total outdoor time for the “All”
category, encompassing all ages, genders, regions, races, education levels, and times of year.

A normal distribution for the “All” category for doers only, outdoors at a farm, was selected.
The mean daily duration spent outdoors for this distribution is 252.7 minutes/day, with a
calculated standard deviation of 290.2 minutes/day, and a 95"-percentile value of

730 minutes/day. However, to avoid sampling a negative duration and prevent the combined
times spent indoors and outdoors from exceeding 24 hours, the distribution range was truncated
to have a minimum of 360 minutes (6 hours or 25% of a day) and a maximum of 720 minutes
(12 hours or 50% of a day).

9.2.2 Fraction of Time Indoors

EPA/600/R-090/052F provides the mean and 95" percentile values for the time indoors. It does
not provide other percentile values for the time outdoors. The fraction of time that the individual
spends indoors is obtained from Table 1 of the online PRG Calculator User’s Guide (EPA Home
| OLEM | Superfund | Superfund Risk Assessment | Risk Assessment Home | Human Health Risk
Assessment Tools and Databases | Preliminary Remediation Goals for Radionuclides (PRG) |
PRG User’s Guide, Queried 03/23/2023, [Table 1. Recommended Default Exposure Parameters],
http://epa-prgs.ornl.gov/radionuclides/prg_guide.html). The recommended value for the number
of hours spent indoors to compute a “reasonable maximal exposure” for a farmer is 10 hours
(600 minutes or 41.7% of the day). Applying uncertainty to this, a value between 8 hours

(480 minutes or 33.3% of the day) and 12 hours (720 minutes or 50% of the day) per day is
chosen as a triangular distribution with a most likely value at the EPA rate.

9.3 METHODOLOGY FOR UNCERTAINTY ASSESSMENT

A Monte Carlo uncertainty analysis and a multivariate analysis within the GoldSim® model can
be utilized to identify the uncertain parameter (intake assumptions) that has the strongest
influence on the range of calculated dose results. Two types of analyses can be

conducted: the rank (Spearman) correlation coefficient and the Importance Measure. In
addition, standardized rank regression coefficients and partial rank correlation coefficients can
also be computed.

A subsequent probabilistic analysis can be performed after fixing the parameter with the
strongest influence at a constant value. The uncertain parameter with the next strongest
influence on the range of calculated dose results is identified and fixed at a constant value for the
next analysis. This process is repeated until the 5- and 95"-percentile dose values in the
uncertainty analysis are within 10% of one another. The purpose of this analysis is to identify
the parameters that have the greatest influence on the uncertainty in the total radionuclide dose
and the parameters that are inherently uncertain but do not have a significant impact on the
uncertainty in the total radionuclide dose.
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A1.0 INTRODUCTION

The Representative Person is described as an age- and gender-weighted average person receiving
a dose that is representative of the more highly exposed individuals in the population. Therefore,
age- and gender-weighted intake rates were developed for the All-Pathways Representative
Person in accordance with the recommendations described in DOE-STD-1196-2022, DOE
Standard, Derived Concentration Technical Standard. This appendix documents the
methodologies, assumptions, and calculated percentile intake rates (mean, 10, 25% 50% 75%
90, 951 and 99™) for the following eight exposure parameters associated with the All-Pathways
Representative Person exposure scenario:

Ingestion of drinking water

Inhalation of air

Ingestion of garden fruits and vegetables
Ingestion of beef

Ingestion of poultry

Ingestion of milk

Ingestion of eggs, and

Ingestion of soil.

A2.0 METHODOLOGIES AND RESULTS

DOE O 458.1, Radiation Protection of the Public and the Environment, “ICRP Publication 101a:
Assessing Dose of the Representative Person for the Purpose of the Radiation Protection of the
Public” (ICRP 2006) and “ICRP Publication 103: The 2007 Recommendations of the
International Commission on Radiological Protection” (ICRP 2007) define a “Representative
Person” by six age subgroups including newborn, 1-year, 5-year, 10-year, 15-year, and adult.
EPA/600/R-090/052F, Exposure Factors Handbook: 2011 Edition provides the mean and
percentile intake rates for each age subgroup, along with their associated percentiles. The
following steps were followed to calculate the Representative Person age- and gender-weighted
intake rates for each exposure route.

1. Obtain the mean, 10", 25% 50 75™ 90t 95% and 99 percentile intake rates for each
age range published in EPA/600/R-090/052F. It should be noted that only mean and
95'™ percentile intake rates are available for inhalation of air and soil ingestion.
Therefore, the mean and 95" percentile intake rates for air and soil are calculated for
representative person.

2. Assign the mean and associated percentile intake rates to each Representative Person age
subgroup.
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3. Calculate age- and gender-weighted intake rates for each Representative Person age
subgroup.

4. Calculate age- and gender-weighted intake rates for the Representative Person.

Step One: Assign the Mean and Percentile Intake Rates to Representative Person Age
Group

During this step, the mean and associated percentile intake rates obtained from
EPA/600/R-090/052F were assigned to the appropriate Representative Person age subgroup. In
most cases, the mean and percentile intake rates from EPA/600/R-090/052F are from age groups
different than used for the Representative Person, resulting in the need to calculate age-weighted
intake rates. Frequently, more than one intake rate from EPA/600/R-090/052F can be assigned
to a single Representative Person age subgroup. For example, age-weighted intake rates for
Representative Person age subgroup Newborn (0-1) were calculated by assigning the intake rates
from four age ranges (0 to 1 month, 1 to 3 months, 3 to 6 months and 6 to 12 months).
Alternatively, an intake rate from EPA/600/R-090/052F may span two Representative Person age
subgroups. For example, age-weighted water ingestion intake rates for the Representative
Person age subgroups 5-year (3-7) and 10-year (7-12) both include the water ingestion rate
published in EPA/600/R-090/052F for the 6- to 11-year-old age group.

Step Two:  Calculate Age-Weighted Intake Rates for Representative Person Subgroups

EPA/600/R-090/052F publishes the mean and percentiles intake rates for ingestion of water,
consumption of homegrown fruits and vegetables, beef, poultry, milk, and eggs based on various
age ranges. Except for water ingestion rates, the intake rates are based on a “unit” body weight.
As a result, intake rates per unit body weight for each group-range were multiplied by the
corresponding body weight published in EPA/600/R-090/052F to calculate the mean and various
percentiles for intake rates of each age range. For water ingestion, the mean and percentile rates
were used as reported.

It should be noted that EPA/600/R-090/052F presents the uncooked intake rates for crops (fruits
and vegetable) and total meat (beef, pork and poultry). Table 13-69 of EPA/600/R-090/052F
presents the percentage weight losses from net food preparation and cooking. Those percentage
losses were subtracted from the total intake rates during the calculation of age-weighted intake
rates for crops, meat and poultry, respectively.

Step Three: Calculate Age- and Gender-Weighted Intake Rates for Representative
Person Age Subgroup

Table 5 of DOE-STD-1196-2022 presents the gender-specific U.S. population fraction for the
six age subgroups. This table publishes the male and female population fraction based on each
of the Representative Person age groups. The male and female fractions are summed together
for each Representative Person age group. The U.S. Environmental Protection Agency (EPA)
age-weighted intakes rates for each age group are multiplied by their total population fraction to
calculate the age-and gender-weighted intake rate for each Representative Person age group.
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Step Four: Calculate Age- and Gender-Weighted Intake Rates for the Representative
Person

For the final step, the percentile of intake rates for each of the six age groups were summed
together to calculate intake rates for the Representative Person.

It should be noted that EPA/600/R-090/052F provides the intake rates for total meat (beef, pork,
and poultry) ingestion rate. The ratios of their mean ingestion rates were used to calculate the
age-gender weighted intakes for beef (beef and pork) and poultry. Table A-1 summarized the
percentile intake rates for water, air, vegetables and fruits, beef, poultry, milk, egg and soil.
Detailed intake rates are provided in Table A-2 through Table A-20.

Table A-1. Calculated Mean and Percentile Intake Rates for Representative Person.

Intake Parameter Units | Mean | 10% 25th 50t 75t 90" 95t 99th

Drinking water ingestion rate

(Tables A-2 through A-3) L/day 1.1 0.2 0.5 0.9 1.5 23 2.8 4.0

Inhalation rate

: - - —_— — —_ I
(Tables A-4 through A-5) | ™ /day | 14.8 202

Consumption of homegrown
fruits and vegetables kg/year | 66.2 12.1 26.1 50.9 89.8 | 137.9 | 173.2 | 279.0
(Tables A-6 through A-9)

Beef ingestion rate

(Tables A-10 through A-14) kg/year | 12.2 3.6 6.7 10.5 16.1 22.6 27.3 383

Poultry ingestion rate

(Table A-10 through A-14) kg/year 9.8 2.9 5.3 8.4 12.9 18.1 21.9 30.7

Milk ingestion rate

(Tables A-15 through A-17) L/year | 100.4 | 15.8 353 74.6 | 1344 | 215.6 | 281.5 | 4379

Egg ingestion rate

(Table A-18 through A-19) kg/year | 15.3 43 7.4 11.5 20.5 32.1 39.1 63.8

Soil ingestion rate

(Table A-20) mg/day | 35.5 — — — — — 116.4 —

Checker Review: David J. Watson

A-3
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Table A-2. Age-Weighted Water Ingestion Rates for Six Reference Age Groups.

Percentile Age-Weighted Water Ingestion RateP (L/day)

a a . .
Reference Age Groups Age Age Ranges | Time Span | Units Mean | 107 | 250 | 0% | 75% | 90® | o5 | oo
0<-<1 1 Year | 0.60 | 0.10 | 0.28 | 0.66 | 0.85 | 1.01 | 1.11 | 1.38

Newborn 0<-<1
Newborn Age-Weighted 0.60 | 0.10 | 0.28 | 0.66 | 0.85 | 1.01 | 1.11 | 1.38
I=-<2 1 Years 0.25 | 0.03 | 0.09 | 0.21 | 0.31 | 0.52 | 0.66 | 0.84
1-year I<-<3 2<-<3 1 033 | 0.06 | 0.13 | 025 | 043 | 0.73 | 090 | 1.18
1-Year Age-Weighted 0.29 | 0.04 | 0.11 | 0.23 | 0.37 | 0.63 | 0.78 | 1.01
3<-<6 3 Years 034 | 0.07 | 0.14 | 027 | 048 | 0.68 | 0.84 | 1.28
5-year 3=-<7 6 —<7 1 046 | 0.07 | 0.18 | 0.36 | 0.58 | 0.95 | 1.26 | 2.28
5-Year Age-Weighted 037 | 0.07 | 0.15 | 0.29 | 0.50 | 0.75 | 0.94 | 1.53
7<-<11 4 Years 046 | 0.07 | 0.18 | 0.36 | 0.58 | 0.95 | 1.26 | 2.28
10-year 7<-<12 11 -<12 1 0.56 | 0.07 | 0.16 | 0.36 | 0.73 | 1.32 | 1.76 | 2.77
10-Year Age-Weighted 048 | 0.07 | 0.17 | 036 | 0.61 | 1.03 | 1.36 | 2.38
12<-<16 4 YVears 0.56 | 0.07 | 0.16 | 036 | 0.73 | 1.32 | 1.76 | 2.77
15-year 12<-<17 | 165-<17 1 0.72 | 0.07 | 020 | 0.44 | 1.03 | 1.65 | 2.21 | 3.24
15-Year Age-Weighted 0.59 | 0.07 { 0.17 | 0.38 | 0.79 | 1.38 | 1.85 | 2.87
17<-<21 4 0.72 | 0.07 | 020 | 0.44 | 1.03 | 1.65 | 2.21 | 3.24
21<-<30 9 1.18 | 0.14 | 038 | 0.88 | 1.63 | 2.65 | 341 | 527
30<—-<40 10 1.28 | 022 | 0.51 | 1.01 | 1.79 | 2.72 | 3.28 | 4.58
Adult® >17 | 40<—<50 10 Yeus 7736 [ 028 | 059 | 1.08 | 191 | 271 | 337 | 478
50<—-<60 10 142 | 033 | 0.67 | 1.20 | 1.92 | 2.82 | 3.39 | 4.63
60<—-<70 10 1.39 | 037 | 0.71 | 1.21 | 1.89 | 2.60 | 3.19 | 4.12
Adult Age-Weighted 1.28 | 0.26 | 0.55 | 1.03 | 1.77 | 2.62 | 3.24 | 4.56

Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.
b EPA/600/R-18/259F, Update for Chapter 3 of the Exposure Factors Handbook: Ingestion of Water and Other Select Liquids, Table 3-17.

¢ Ingestion rates represent Consumer Only estimates from Community Water (Tap water from a community or municipal water supply).

dLife span is assumed to be 70 years.
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Table A-3. Summary of Calculated Age-Weighted Water Ingestion Rates.

Percentile Age and Population Weighted Ingestion

Rei;:l;nce Population Fraction Percentile Age-V}/Eig/Dh;;;l Ingestion Rate® Ratd Liday)
Groups™ | Male® | Female® | Total® | Mean | 10 | 25 | 50 | 75 | 90 | 95 [ 99 | Mean | 10 | 25 | 50 | 75 | 90 | 95 | 99
Newborn | 0.007 0.006 0.013 06 [{01(03]07|09|10|11|14| 001 |0.00]|0.00]0.01]|0.01]0.01]|0.01]0.02
1-year 0.013 0.013 0.026 03 |[00(01]02]|04|06]|08]|10| 001 |0.00]|0.00]0.01]|0.01]0.02|0.02]0.03
S-year 0.027 0.026 0.053 04 [01(01(03]|05|08|09]|15]| 0.02 |0.00]|0.01]0.02]|0.03]0.04|0.05]0.08
10-year | 0.034 0.032 0.066 05 [{01/02]04|06|10]|14|24]| 0.03 |0.00|0.01]0.02|0.04]0.07|0.09]0.16
15-year | 0.035 0.033 0.068 06 [01/02]04|08|14|19|29| 0.04 |0.00|0.01]0.03|0.05]0.09]|0.13]0.19
Adult 0.376 0.398 0.77 13 {03/05]1.0]|18|26|32|46| 099 |0.20|042|0.80|1.37|2.03|251|3.53
Total Ingestion Rate (L/Day) 1.1 02 | 05|09 | 15| 23 | 28 | 4.0

Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.

b Total Fraction = Male Fraction + Female Fraction.

¢ Calculated age-weighted ingestion rates from Table A-2.

d Percentile Age and Population Weighted Ingestion Rate (L/day) = Percentile Age-Weighted Ingestion Rate (L/day)*Total Population Fraction.
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Table A-4. Calculation of Age-Weighted Air Inhalation Rates for Six Reference Age

Groups.
Ref Air Inhalation Rate?® (m%da
ererence a Age? Age Ranges | Time Span Units ( y)
Age Groups Mean 95t Percentile
0=<-<1 1 3.6 7.1
I<-<3 2 3.5 5.8
Months
Newborn 0< — <12 month 3<-<6 3 4.1 6.1
6<—<I12 6 5.4 8
Newborn Age-Weighted 4.61 7.08
I<-<2 1 8 12.8
Years
1-year I=-<3 2<-<3 1 8.9 13.7
1-Year Age-Weighted 8.45 13.25
3<-<6 3 10.1 13.8
Years
S-year 3=-<7 6<—<7 1 12 16.6
5-Year Age-Weighted 10.58 14.5
7<-<11 4 12 16.6
Years
10-year 7<-<12 11<-<12 1 15.2 21.9
10-Year Age-Weighted 12.64 17.66
12<-<16 4 15.2 21.9
Years
15-year 12<-<17 16<—-<17 1 16.3 24.6
15-Year Age-Weighted 15.42 22.44
17<-<21 4 16.3 24.6
21<-<31 10 15.7 21.3
31<-<41 10 16 21.4
d Years
Adult >17 41<-<51 10 16 21.2
51<-<61 10 15.7 21.3
61<-<70 9 14.2 18.1
Adult Age-Weighted 15.6 21.01
Checker Review: David J. Watson

3 DOE-STD-1196-2022, DOE Standard Derived Concentration Technical Standard, Table 3. Age and sex distribution of the
2010 U.S. population.

b EPA/600/R-090/052F , Exposure Factors Handbook: 2011 Edition, Table 6-1. Recommended Long-Term Exposure Values
for Inhalation (males and females combined).

C . .
Ingestion rates represent consumer-only estimates.

dife span is assumed to be 70 years.
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Table A-5. Calculation of Age-Weighted Air Inhalation Rates for Reference Person.

251 of 296

Age and
Age-Weighted Population
Reference Time Population Fraction Inhalation Rate® Weighted
Age Age? Span (m%/day) Inhalation Rate
Groups? (years) (years) (m*day)?
Male® | Female® | Total® | Mean 95th . Mean 95th .
Percentile Percentile
Newborn 0<-<1 1 0.01 0.01 0.01 4.61 7.08 0.06 0.09
1-year 1<-<3 2 0.01 0.01 0.03 8.45 13.25 0.22 0.35
5-year 3<-<7 4 0.03 0.03 0.05 10.58 14.50 0.56 0.77
10-year 7<-<12 5 0.03 0.03 0.07 12.64 17.66 0.84 1.17
15-year 12<-<17 5 0.03 0.03 0.07 15.42 22.44 1.05 1.52
Adult >17 53 0.38 0.40 0.77 15.60 21.01 12.08 16.26
Total Inhalation Rate (m?/day) 14.80 20.2
Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table 4. Reference Usage Data.
b Total Fraction = Male Fraction + Female Fraction.
¢ Calculated age-weighted ingestion rates from Table A-4.

d Percentile Age and Population Weighted Inhalation Rate (m3/day) = Age-Weighted Inhalation Rate (m3/day)*Total
Population Fraction.

Table A-6. Percent Weight Losses from Food Preparation.

Net Preparation Loss Net Post Cooking Loss
Fruits 25.4 30.5
Vegetables 124 22
Checker Review: David J. Watson

Source: EPA/600/R-090/052F, Exposure Factors Handbook: 2011 Edition,
Table 13-69. Percent Weight Losses from Food Preparation.

A-7
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Table A-7. Summary of Inputs Used to Calculate Post-Processing Crop (Fruit and Vegetable) Ingestion Rates for the Representative Person Age Groups.

Reference Age Time Ingestion Rafe ll)“c’r Unit Body Weight Ingestion Rate pell)’ cUnit Body Weight Percentile Post-Processir‘lg Ingestion Rate per Unit Body Weight®
Age Age? Ranges Span Fruits™" (g/kg-day) Vegetables™" (g/kg-day) Total (Fruits + Vegetables) (g/kg-day)
Groups® (vears) | (vears) | njean | 10 25 | 50 | 75 | 90 | 95 | 99 [Mean | 10 | 25 | 50 | 75 | 90 | 95 99 | Mean | 10 25 50 75 90 95 99
Newborn 0=<-<1 0<-<1 1 9.89 1.1 35 8.1 142 | 20.8 | 27.2 | 334 6.7 0.4 2.5 54 9.5 14.8 | 18.7 23.5 9.7 0.8 3.5 7.9 13.9 20.9 26.9 334
I<-<2 1 9.78 0.8 32 8 14.5 19.5 24 414 6.7 1.1 2.8 53 8.8 13.5 | 163 27.8 9.6 1.2 3.6 7.8 13.5 19.3 23.6 40.5
year === 2<-<3 1 7.74 0.4 2.7 6.5 11.5 17.2 | 205 | 252 6.0 1.2 2.7 5 7.9 11.4 14 23.3 8.1 1.0 32 6.8 11.4 16.7 20.2 29.0
3<-<6 3 5.83 0.2 1.7 4.3 8.4 13.5 164 | 25.1 53 1.2 2.3 4.1 6.8 104 | 133 23.8 6.7 0.9 2.5 5.0 9.0 14.1 17.6 29.3
e = 6<—-<7 1 3.19 <0.05 0.7 2.2 4.5 7.9 10 153 3.8 0.9 1.7 3 4.9 7.7 9.9 14.1 42 0.6 1.5 32 5.7 9.4 11.9 17.6
7<-<11 4 3.19 <0.05 0.7 2.2 4.5 7.9 10 153 3.8 0.9 1.7 3 4.9 7.7 9.9 14.1 42 0.6 1.5 32 5.7 9.4 11.9 17.6
10-year 7<-<12
11<-<12 1 1.56 <0.05 0.1 1 2.2 3.7 5.2 8.5 2.4 0.5 1.1 1.9 3.1 4.8 6.3 11.7 2.4 0.3 0.8 1.8 33 5.2 7.0 12.4
12<-<16 4 1.56 <0.05 0.1 1 2.2 3.7 5.2 8.5 2.4 0.5 1.1 1.9 3.1 4.8 6.3 11.7 2.4 0.3 0.8 1.8 33 5.2 7.0 12.4
15-year 12<—-<17
16<—-<17 1 1.1 <0.05 0.1 0.6 1.6 2.8 4 7.4 2.3 0.5 1.1 1.8 3.1 4.5 53 9.3 2.1 0.3 0.8 1.5 2.9 4.5 5.7 10.2
17<—-<21 4 1.1 <0.05 0.1 0.6 1.6 2.8 4 7.4 2.3 0.5 1.1 1.8 3.1 4.5 53 9.3 2.1 0.3 0.8 1.5 2.9 4.5 5.7 10.2
21 to <30 9 1.26 <0.05 0.1 0.7 1.9 32 4.4 7.2 2.4 0.7 1.2 2 32 4.5 5.7 8 2.3 0.5 0.9 1.7 32 4.7 6.2 9.2
30 to <40 10 1.24 <0.05 0.1 0.7 1.8 33 4.1 6.8 2.6 0.7 1.3 2.1 34 53 6.7 9.4 2.4 0.5 0.9 1.8 33 53 6.7 9.9
Adultd >17 40 to <50 10 1.32 <0.05 0.1 0.8 1.9 34 4.3 6.7 2.5 0.6 1.2 2 32 4.7 5.8 9.5 2.4 0.4 0.9 1.8 32 5.0 6.2 10.0
50 to <60 10 1.51 <0.05 0.3 1.1 2.2 3.6 4.5 7.2 2.6 0.7 1.4 2.3 35 4.8 5.8 9.3 2.6 0.5 1.1 2.1 3.5 5.1 6.3 10.1
60 to <70 10 1.51 <0.05 0.4 1.1 2.2 34 4.3 8.4 2.6 0.8 1.4 2.2 34 4.9 5.9 9.4 2.6 0.5 1.2 2.1 3.5 5.1 6.3 10.8
21<-<70 49 1.5 <0.05 0.2 0.9 2.1 3.6 4.6 7.9 2.7 0.7 1.4 2.3 3.6 5.2 6.4 9.9 2.6 0.5 1.1 2.0 3.6 54 6.8 10.8
Checker Review: David J. Watson

4 DOE-STD-1 196-2021, DOE Standard, Derived Concentration Technical Standard.

b EPA/600/R-18/098F, Update for Chapter 9 of the Exposure Factors Handbook, Intake of Fruits and Vegetables, Table 9-4. Consumer-Only 2-Day Average Intake of Total Fruits and Total Vegetables Based on 2005-2010 National Health and Nutrition Examination Survey (NHANES)
(g/kg-day, edible portion, uncooked weight).

€ Post-Processing Ingestion Rate Per Unit Body Weight = Intake Rate Per Unit Body Weight Fruitx(1-preparation loss)x(1-Post cooking Loss) + Intake Rate Per Unit Body Weight Vegetablesx(1-preparation loss)x(1-Post cooking Loss).

dLife span is assumed to be 70 years.

A-9
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Table A-8. Calculation of Crop (Fruit and Vegetable) Ingestion Rates for Six Reference Age Groups.

Reference . Mean Body | Percentile Post-Processing Ingestion Rate per Unit Body Weight Percentile Post-Processing Age-Weighted Ingestion Rate
Age Age R:f;es g;?ﬁ Units Weight? Total (Fruits + Vegetables) (g/kg-day) (g/day)®
Groups® (kg) Mean | 10 | 25 | 50 | 75 | 90 | 95 | 99 |Mean| 10 | 25 | 50 | 75 | 90 | 95 | 99
0<-<1 1 4.8
1I<-<3 2 5.9
Months
Newborn 0<-<12 3<-<6 3 7.4 76.1 6.6 | 27.6 | 61.8 108.5 | 163.7 | 210.6 | 261.4
6<—-<12 6 9.2
Newborn Age-Weighted 7.83 9.7 0.8 3.5 7.9 13.9 20.9 26.9 334
1I<-<2 1 11.4 9.6 1.2 3.6 7.8 13.5 19.3 23.6 40.5
1-year 1I<-<3 2<-<3 1 Year 13.8 8.1 1.0 32 6.8 11.4 16.7 20.2 29.0 | 111.6 | 13.8 | 429 | 91.7 | 156.8 | 227.1 | 275.8 | 437.5
1-Year Age-Weighted 12.6 8.9 1.1 34 7.3 124 18.0 21.9 34.7
3<-<6 3 18.6 6.7 0.9 2.5 5.0 9.0 14.1 17.6 29.3
S-year 3=-<7 6<—<7 1 Year 31.8 4.2 0.6 1.5 32 5.7 9.4 11.9 17.6 | 1324 | 18.5 | 48.6 | 100.1 | 179.0 | 2829 | 3543 577
5-Year Age-Weighted 21.9 6.0 0.8 2.2 4.6 8.2 12.9 16.2 26.3
7<-<11 4 31.8 4.2 0.6 1.5 32 5.7 9.4 11.9 17.6
10-year 7<-<12 | 11£-<12 1 Year 56.8 2.4 0.3 0.8 1.8 33 5.2 7.0 124 | 1428 | 20.6 | 50.8 | 107.3 | 191.2 | 313.7 | 403.3 | 608.4
10-Year Age-Weighted 36.8 3.9 0.6 14 2.9 5.2 8.5 11.0 16.5
12<-<16 4 56.8 2.4 0.3 0.8 1.8 33 5.2 7.0 12.4
15-year 12<-<17 | 165-<17 1 Year 71.6 2.1 0.3 0.8 1.5 2.9 4.5 5.7 10.2 142.5 | 20.4 48 105.3 191 302.6 | 402.8 | 714.7
15-Year Age-Weighted 59.76 24 0.3 0.8 1.8 3.2 5.1 6.7 12.0
17<—-<21 4 71.6 2.1 0.3 0.8 1.5 2.9 4.5 5.7 10.2
Adult! >17 21<-<70 49 Year 80 2.6 0.5 1.1 2.0 3.6 54 6.8 10.8 | 205.7 | 39.2 | 82.6 | 158.5 | 279.1 426 532.6 | 856.7
Adult Age-Weighted 79.4 2.6 0.5 1.0 2.0 3.5 5.4 6.7 10.8
Checker Review: David J. Watson

& DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.

b EPA/600/R-090/052F, Exposure Factors Handbook: 2011 Edition, Table 8-1. Recommended Values for Body Weight.

€ Percentile Post-Processing Age-Weighted Ingestion Rate (g/day) = Percentile Post-Processing Ingestion Rate per Unit Body Weight (g/Kg-day)xMean Body Weight (kg).
dLife span is assumed to be 70 years.
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Reference Population Fraction Percentile Post-Processing Age-Weighted Ingestion Rate® (g/day) | Percentile Post-Processing Age and Population Weighted Ingestion Rate (g/day)d
Age Groups™ | npajea | Female® | Total® | Mean | 10 | 25 | 50 | 75 | 9 | 95 | 99 | Mean | 10 25 50 75 90 95 99
Newborn 0.01 0.01 0.01 76.1 6.6 27.6 | 61.8 | 108.5 | 163.7 | 210.6 | 261.4 1 0.1 0.4 0.8 1.4 2.1 2.7 3.3
1-year 0.01 0.01 0.03 111.6 13.8 | 429 | 91.7 | 156.8 | 227.1 | 275.8 | 437.5 2.9 0.4 1.1 24 4.1 59 7.2 11.4
S-year 0.03 0.03 0.05 132.4 18.5 | 48.6 | 100.1 179 | 282.9 | 3543 | 577 7 1 2.6 5.3 9.5 14.9 18.7 30.5
10-year 0.03 0.03 0.07 142.8 20.6 | 50.8 | 107.3 | 191.2 | 313.7 | 403.3 | 608.4 9.5 1.4 3.4 7.1 12.7 20.8 26.8 40.4
15-year 0.03 0.03 0.07 142.5 20.4 48 105.3 | 191 | 302.6 | 402.8 | 714.7 9.7 1.4 33 7.1 13 20.5 27.3 48.5
Adult 0.38 0.4 0.77 205.7 39.2 | 82.6 | 158.5 | 279.1 | 426 | 532.6 | 856.7 159.2 30.3 63.9 122.7 216 329.7 412.2 663.1
Total Ingestion Rate (g/day) | 189.3 34.5 74.6 145.4 256.6 394 495 797.3
Total Ingestion Rate (kg/year) 66.2 12.1 26.1 50.9 89.8 137.9 173.2 279

Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.

® Total Fraction = Male Fraction + Female Fraction.

¢ Calculated age-weighted ingestion rates from Table A-8.

4 percentile Post-Processing Age and Population Weighted Ingestion Rate (g/day) = Percentile Post-Processing Age-Weighted Ingestion Rate (g/day)xTotal Population Fraction.

Table A-10. Percent Weight Losses from Food Preparation.

Net Preparation Loss Net Post Cooking Loss

Meat 29.7 29.7

Checker Review: David J. Watson

Source: EPA/600/R-090/052F, Exposure Factors Handbook: 2011 Edition, Table 13-69. Percent Weight Losses from Food Preparation.

A-11

255 of 296



RPP-ENV-58813 Rev.02

7/3/2024 - 12:55 PM

RPP-ENV-58813, Rev. 2

Table A-11. Calculation of Total Meat (Including Beef, Pork and Poultry) Ingestion Rates for Six Reference Age Groups.

Reference Age Time . Mean Body | Age-Weighted Ingestion Rate per Unit Body Weight® (g/kg-day) | Percentile Age-Weighted Post-Processing Ingestion Rate (g/day)
Age Groups? | ¢ Ranges | Span | ™| Weight® k®) [ viean | 10 | 25 | 50 | 75 | 90 | 95 | 99 | Mean | 10 | 25 | 50 | 75 | %0 | 95 | 9
0<-<1 1 4.8
1<-<3 2 59
Months
Newborn 0<-<12 3<-<6 3 7.4 11.7 0.4 3.9 8.5 15.1 259 | 345 72.4
6<—<12 6 9.2
Newborn Age-Weighted 7.83 3.0 0.1 1.0 2.2 3.9 6.7 8.9 18.7
I<-<2 1 11.4 4.1 1.0 2.0 3.6 5.6 8.0 9.6 12.9
Year
1-year I<-<3 2<-<3 1 13.8 4.3 1.1 2.2 3.8 5.6 8.2 9.6 133 25.8 6.5 13.1 23 349 | 504 | 59.8 81.6
1-Year Age-Weighted 12.6 4.2 11 2.1 3.7 5.6 8.1 9.6 13.1
3<-<6 3 18.6 4.0 1.3 2.2 3.5 5.1 7.2 9.0 12.8
5-year 3<-<7 6<—-<7 1 Year 31.8 3.0 1.0 1.7 2.7 3.9 52 6.7 9.4 40.7 133 22.5 35.7 52 72.5 91.2 | 1293
5-Year Age-Weighted 21.9 3.8 1.2 2.1 33 4.8 6.7 8.4 12.0
7<-<11 4 31.8 3.0 1.0 1.7 2.7 3.9 52 6.7 9.4
10-year T<-<12 11<-<12 1 Year 56.8 22 0.7 1.1 1.8 2.9 4.3 4.9 7.2 51.8 17.1 28.7 | 45.8 67.3 913 | 1153 | 163
10-Year Age-Weighted 36.8 2.8 0.9 1.6 2.5 3.7 5.0 6.3 9.0
12<-<16 4 56.8 22 0.7 1.1 1.8 2.9 4.3 4.9 7.2
15-year 12<-<17 | 165-<17 1 Year 71.6 2.0 0.5 1.0 1.7 2.7 3.6 4.6 7.2 62.8 19.5 319 | 52.6 | 845 | 1229 | 1429 | 212.6
15-Year Age-Weighted 59.8 2.1 0.7 1.1 1.8 2.9 4.2 4.8 7.2
17<-<21 4 71.6 2.0 0.5 1.0 1.7 2.7 3.6 4.6 7.2
Adult® >17 21< <70 49 e 80 1.7 0.5 0.9 1.5 22 3.1 3.8 52 67.4 19.6 37 57.9 89 1243 | 150.4 | 209.2
Adult Age-Weighted 79.4 1.7 0.5 0.9 1.5 2.3 3.2 3.8 5.3
Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.
b EPA/600/R-090/052F , Exposure Factors Handbook: 2011 Edition, Table 8-1. Recommended Values for Body Weight.

© EPA/600/R-17/485F, Update for Chapter 11 of the Exposure Factors Handbook, Intake of Meats, Dairy Products, and Fats, Table 11-4. Consumer-Only 2-Day Average Intake of Total Meat and Total Dairy Products Based on 2005-2010
NHANES (g/kg-day, edible portion, uncooked weight).

4 percentile Age-Weighted Post-Processing Ingestion Rate (g/day) = Age-Weighted Percentile Ingestion Rate per Unit Body Weight (g/k-day) tx(1-preparation loss)x(1-Post cooking Loss)*Mean Body Weight (kg).

€ Life span is assumed to be 70 years.

fSee Table A-12 for weighted ingestion rate per unit Body Weight for age group 21 to 70.
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Table A-12. Calculation of Age-Weighted Meat Ingestion Rate for Age Group 21 to 70.

Age-Group Percentile Ingestion Rate per Unit Body Weighta’b (g/kg-day)

Age Ranges Time Span

Mean 10™ 25t 50t 75t 90 95th 99th

21 to <30 years 9 1.88 0.5 1 1.6 2.5 3.5 4.2 6.1

30 to <40 years 10 1.84 0.5 1 1.6 2.5 3.5 4.2 52

40 to <50 years 10 1.75 0.6 1 1.5 2.3 32 3.8 5.1

50 to <60 years 10 1.59 0.5 0.9 1.4 2 29 3.5 5.1

60 to <70 years 10 1.44 0.4 0.8 1.2 1.9 2.6 32 4.5
Weighted Average (21 to 70) 1.7 0.5 0.94 1.46 2.23 3.13 3.77 5.18

Checker Review: David J. Watson

& EPA/600/R-17/485F, Update for Chapter 11 of the Exposure Factors Handbook, Intake of Meats, Dairy Products, and Fats, Table 11-4. Consumer-Only

2-Day Average Intake of Total Meat and Total Dairy Products Based on 20052010 NHANES (g/kg-day, edible portion, uncooked weight).

Ingestion rates represent consumers only.
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Table A-13. Summary of Calculated Age-Weighted Total Meat Ingestion Rates for Reference Person.

RPP-ENV-58813, Rev. 2

Reference Population Fraction Percentile Post-Processing Age-Weighted Ingestion Rate® (g/day) | Percentile Post-Processing Age and Population Weighted Ingestion rate (g/day)“l
a
Age Groups™ | nja1e? | Female® | Total® | Mean | 10 | 25 | 50 | 75 | 90 | 95 | 99 | Mean | 10 25 50 75 90 95 99
Newborn 0.01 0.01 0.01 11.7 0.4 39 8.5 15.1 259 345 72.4 0.1 0.005 0.05 0.1 0.2 0.3 0.4 0.9
1-year 0.01 0.01 0.03 25.8 6.5 13.1 23 349 50.4 59.8 81.6 0.7 0.2 0.3 0.6 0.9 1.3 1.6 2.1
5-year 0.03 0.03 0.05 40.7 13.3 22.5 35.7 52 72.5 91.2 | 1293 2.2 0.7 1.2 1.9 2.7 3.8 4.8 6.8
10-year 0.03 0.03 0.07 51.8 17.1 28.7 45.8 67.3 913 115.3 163 34 1.1 1.9 3 4.5 6.1 7.7 10.8
15-year 0.03 0.03 0.07 62.8 19.5 31.9 52.6 84.5 1229 | 1429 | 212.6 43 1.3 2.2 3.6 5.7 83 9.7 14.4
Adult! 0.38 0.4 0.77 67.4 19.6 37 57.9 89 1243 | 150.4 | 209.2 52.2 15.2 28.6 44.8 68.9 96.2 116.4 161.9
Total Ingestion Rate (g/day) 62.9 18.5 34.3 54 83 116.1 140.6 197.1
Total Ingestion Rate (kg/year) 22 6.5 12 18.9 29 40.6 49.2 69
Checker Review: David J. Watson
4 DOE-STD-1196-2021, DOE Standard, Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.
b Total Fraction = Male Fraction + Female Fraction.
¢ Calculated Percentile Post-Processing Age-weighted Ingestion Rates from Table A-11.
d Percentile Post-Processing Age and Population Weighted Ingestion Rate = Percentile Post-Processing Age-Weighted Ingestion RatexTotal Population Fraction.
Table A-14. Determination of Beef and Poultry Ingestion Rate for a Reference Person.
Mean Intake Rates (g/kg-day)? Percentile Ingestion Rate (kg/year)®
Types of Meat Ratio with Respect to Total Meat”
Beef Pork Poultry Mean 10™ 25t 50t 75t 90t 95th 99th
Beef + Pork 56% 12.2 3.6 6.7 10.5 16.1 22.6 273 38.3
0.86 0.49 1.08
Poultry 44% 9.8 2.9 53 8.4 12.9 18.1 21.9 30.7

Checker Review: David J. Watson

& EPA/600/R-17/485F, Update for Chapter 11 of the Exposure Factors Handbook, Intake of Meats, Dairy Products, and Fats, Table 11-6. Consumer-Only 2-Day Average Intake of Individual Meats Based on 20052010 NHANES (g/kg-day, edible portion, uncooked weight).

b Ratio for Beef with respect to Total Meat = (Mean Intake Rates for Beef and Pork / Intake Rate for Total Meat (Beef, Pork and Poultry).
¢ Percentile Ingestion Rate (kg/year) = Total Ingestion Rate (kg/Year)xRatio.
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Table A-15. Summary of Inputs Used to Calculate Age-Weighted Milk Ingestion Rates for Representative Person Age Groups.

Reference Age Time . Mean Body | Age-Weighted Ingestion Rate per Unit Body Weight® (g/kg-day) Percentile Age-Weighted Ingestion Rate (g/day)
Age Groups® | "#¢ Ranges | Span | ™ | Weight” k®) [nian | 10 | 25 | 50 | 75 | 90 | 95 | 99 |Mean| 10 | 25 | 50 | 75 | 9 95 99
0<-<1 1 4.8
1<-<3 2 59
Months
Newborn 0<-<12 35-<6 3 7.4 102.3 7.8 18.8 52.5 99.5 | 218.6 | 502.9 746.5
6<—<12 6 9.2
Newborn Age-Weighted 7.83 13.1 1.0 2.4 6.7 127 | 279 | 642 | 953
I<-<2 1 11.4 48.8 8.1 25.0 | 47.1 67.2 | 88.4 | 100.5 | 1394
1-year I<-<3 2<-<3 1 Year 13.8 36.1 9.6 174 | 322 | 50.8 | 64.0 | 78.7 | 99.0 | 534.9 | 111.5 | 267.1 | 499.6 | 743.4 | 960.1 | 1,129.0 | 1,501.9
1-Year Age-Weighted 12.6 42.5 8.9 21.2 | 39.7 | 59.0 | 76.2 | 89.6 | 119.2
3<-<6 3 18.6 22.6 6.8 12.1 | 202 | 299 | 40.8 | 51.1 65.9
5-year 3<-<7 6<-<7 1 Year 31.8 13.8 3.5 7.0 11.8 183 | 26.0 | 31.8 | 43.0 | 445.7 | 1309 | 237.1 | 396.4 | 591.3 | 8125 | 1,013.4 | 1,317.8
5-Year Age-Weighted 21.9 204 6.0 10.8 | 18.1 | 27.0 | 37.1 | 46.3 | 60.2
7<-<11 4 31.8 13.8 3.5 7.0 11.8 183 | 26.0 | 31.8 | 43.0
10-year 7<-<12 | 11£-<12 1 Year 56.8 6.8 1.0 2.5 5.5 9.3 13.8 182 | 26.1 | 454.8 | 1104 | 2245 | 387.9 | 607.2 | 867.0 | 1,070.1 | 1,458.0
10-Year Age-Weighted 36.8 12.4 3 6.1 10.54 | 16.5 | 23.56 | 29.08 | 39.62
12<-<16 4 56.8 6.8 1.0 2.5 5.5 93 13.8 18.2 | 26.1
15-year 12<-<17 | 16<-<17 1 Year 71.6 44 0.6 1.4 3.0 6.0 9.7 13.0 | 209 | 376.7 | 55.0 | 136.3 | 298.8 | 516.3 | 775.7 | 1,025.5 | 1,497.6
15-Year Age-Weighted 59.8 6.3 0.9 2.3 5.0 8.6 13.0 | 17.2 | 251
17<-<21 4 71.6 44 0.6 1.4 3.0 6.0 9.7 13.0 | 209
Adult® >17 21<—<70f 49 Year 80 32 0.4 0.9 22 4.2 7.2 9.5 154 | 259.5 | 329 774 | 179.2 | 346.7 | 586.0 | 773.1 1,255.6
Adult Age-Weighted 79.4 33 0.4 1.0 2.3 4.4 7.4 9.7 15.8
Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard, Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.
b EPA/600/R-090/052F , Exposure Factors Handbook: 2011 Edition, Table 8-1. Recommended Values for Body Weight.

© EPA/600/R-17/485F, Update for Chapter 11 of the Exposure Factors Handbook, Intake of Meats, Dairy Products, and Fats, Table 11-4. Consumer-Only 2-Day Average Intake of Total Meat and Total Dairy Products Based on 2005-2010 NHANES
(g/kg-day, edible portion, uncooked weight).

d Percentile Age-Weighted Ingestion Rate (g/day) = Age-Weighted Ingestion Rate per Unit Body Weight (g/kg-day)xMean Body Weight (kg).
¢ Life span is assumed to be 70 years.

f See Table A-16 for weighted ingestion rate for age group 21 to 70.
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Table A-16. Summary of Inputs Used to Calculated Dairy Ingestion Rate for Age Group 21 to 70.
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Age-Group Percentile Ingestion Rate® (g/kg-day)

Age Ranges Time Span
Mean 10 25t 50t 75 90 95t 99t
21 to <30 years 9 3.24 0.40 0.90 2.30 4.50 7.50 9.70 14.10
30 to <40 years 10 3.25 0.40 1.00 2.30 4.40 7.40 10.10 15.30
40 to <50 years 10 3.24 0.40 1.00 2.20 4.30 7.30 8.90 17.20
50 to <60 years 10 3.17 0.40 0.90 2.10 4.10 7.30 9.60 15.90
60 to <70 years 10 3.01 0.40 0.90 2.10 3.90 6.50 9.10 14.40
Weighted Average (21-70) 32 0.4 0.9 22 4.2 7.2 9.5 15.4

Checker Review: David J. Watson

Source: EPA/600/R-17/485F, Update for Chapter 11 of the Exposure Factors Handbook, Intake of Meats, Dairy Products, and Fats, Table 11-4. Consumer-Only

2-Day Average Intake of Total Meat and Total Dairy Products Based on 2005-2010 NHANES (g/kg-day, edible portion, uncooked weight).
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Table A-17. Summary of Calculated Age-Weighted Milk Ingestion Rates for Reference Person.

Reference Population Fraction Percentile Age-Weighted Ingestion Rate® (g/day) Percentile Age and Population Weighted Ingestion rate (g/day)“l
Age Groups® | nrojea | Female® | Total” | Mean | 10 | 25 | 50 | 75 | 90 95 99 | Mean | 10 | 25 | 50 | 75 | 90 | 95 99
Newborn 0.01 0.01 0.01 102.3 7.8 18.8 52.5 99.5 | 218.6 | 502.9 746.5 1.3 0.1 0.2 0.7 1.3 2.8 6.4 9.5
1-year 0.01 0.01 0.03 5349 | 111.5 | 267.1 | 499.6 | 743.4 | 960.1 1,129 1,501.9 14 2.9 7 13.1 194 | 25.1 29.5 39.3
S-year 0.03 0.03 0.05 | 445.7 | 1309 | 237.1 | 3964 | 591.3 | 812.5 | 1,0134 | 1,317.8 23.5 6.9 12.5 | 209 | 312 | 429 | 535 69.6
10-year 0.03 0.03 0.07 | 454.8 | 110.4 | 2245 | 3879 | 607.2 | 867 1,070.1 1,458 30.2 7.3 149 | 25.8 | 403 57.6 | 71.1 96.9
15-year 0.03 0.03 0.07 | 376.7 55 136.3 | 298.8 | 516.3 | 775.7 | 1,025.5 | 1,497.6 25.6 3.7 9.2 20.3 35 52.6 | 69.6 101.6
Adult 0.38 0.4 0.77 | 259.5 | 329 | 774 | 179.2 | 346.7 | 586 773.1 1,255.6 | 200.9 | 255 | 599 | 138.7 | 268.3 | 453.5 | 5984 | 971.8
Total Ingestion Rate (g/day) | 295.46 | 46.5 | 103.8 | 219.4 | 395.6 | 634.6 | 828.5 | 1,288.7
Total Ingestion Rate (kg/year) | 103.4 | 16.3 | 36.3 76.8 | 138.5 | 222.1 290 451.1
Density of Milk (kg/L) 1.03
Total Milk Ingestion Rate (L/Year) | 1004 | 15.8 | 35.3 74.6 | 134.4 | 215.6 | 281.5 | 437.9

Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.
b Total Fraction = Male Fraction + Female Fraction.

¢ Calculated Percentile Post-Processing Age-weighted Ingestion Rates from Table A-15.

4 percentile Age and Population Weighted Ingestion Rate = Percentile Age-Weighted Ingestion RatexTotal Population Fraction.

RPP-ENV-58813, Rev. 2
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Table A-18. Summary of Inputs Used to Calculate Age-Weighted Egg Ingestion Rates for Representative Person Age Groups.

Time Age-Weighted Ingestion Rate per Unit Body Weight® (g/kg-day) Percentile Age-Weighted Ingestion Rate? (g/day)
Reference Age Groups?® Age Age Ranges Span Units Mean Body Weightb (kg)
P Mean 10 25 50 75 920 95 99 Mean | 10 25 50 75 920 95 99
0<-<1 1 4.8
I<-<3 2 59
Months
Newborn 0<-<12 3<-<6 3 7.4 5.7 1.4 2.1 3.7 7.1 10.7 13.2 51.5
6<—-<I12 6 9.2
Newborn Age-Weighted 7.83 0.7 0.2 0.3 0.5 0.9 1.4 1.7 6.6
1<£-<2 1 11.4
Year
1-year I<-<3 2<-<3 1 13.8 9.2 23 34 59 | 11.3 | 171 213 82.9
1-Year Age-Weighted 12.6 0.7 0.2 0.3 0.5 0.9 14 1.7 6.6
3<-<6 3 18.6
Year
5-year 3<-<7 6<—<7 1 31.8 16 3.9 59 | 103 | 19.7 | 29.8 37 144.1
5-Year Age-Weighted 21.9 0.7 0.2 0.3 0.5 0.9 1.4 1.7 6.6
7<—<11 4 31.8
Year
10-year 7<-<12 11<-<12 1 56.8 26.9 6.6 9.9 | 17.3 | 33.1 50 62.2 | 242.1
10-Year Age-Weighted 36.8 0.7 0.2 0.3 0.5 0.9 1.4 1.7 6.6
12<-<16 4 56.8
Year
15-year 12<-<17 16<—<17 1 71.6 43.6 | 10.8 | 16.1 | 28.1 | 53.8 | 813 101 | 393.2
15-Year Age-Weighted 59.8 0.7 0.2 0.3 0.5 0.9 1.4 1.7 6.6
17<-<19 3 71.6 0.7 0.2 0.3 0.5 0.9 1.4 1.7 6.6
20<-<39 20 Year 80.0 0.6 0.2 0.3 0.4 0.8 1.3 1.9 2.5
Adult® >17 c 48.8 | 14.2 | 246 | 37.7 | 66.2 | 1043 | 126.7 | 166.8
40<-<70 30 80.0 0.6 0.2 0.3 0.5 0.8 1.3 1.4 1.4
Adult Age-Weighted 79.5 0.6 0.2 0.3 0.5 0.8 1.3 1.6 2.1
Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.

b EPA/600/R-090/052F , Exposure Factors Handbook: 2011 Edition, Table 8-1. Recommended Values for Body Weight.
€ EPA/600/R-090/052F, Exposure Factors Handbook: 2011 Edition, Table 13-40. Consumer-Only Intake of Home-Produced Eggs (g/kg-day).
4 percentile Age-Weighted Ingestion Rate (g/day) = Age-Weighted Ingestion Rate per Unit Body Weight (g/kg-day) x Mean Body Weight (kg).

€ Life span is assumed to be 70 years.

A-20

264 of 296



RPP-ENV-58813 Rev.02

7/3/2024 - 12:55 PM

Table A-19. Summary of Calculated Age-Weighted Egg Ingestion Rates for Reference Person.
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Population Fraction Percentile Age-Weighted Ingestion Rate® (g/day) Percentile Age and Population Weighted Ingestion rate (g/day)d
Reference Age Groups?
Male® | Female* | Total’® | Mean | 10 25 50 75 90 95 99 Mean 10 25 50 75 90 95 99
Newborn 0.01 0.01 0.01 5.7 1.4 2.1 3.7 7.1 10.7 13.2 51.5 0.07 0.02 | 0.03 | 0.05 | 0.09 | 0.14 | 0.17 | 0.66
1-year 0.01 0.01 0.03 9.2 2.3 3.4 59 | 11.3 | 171 21.3 82.9 0.2 0.1 0.1 0.2 0.3 0.4 0.6 22
S-year 0.03 0.03 0.05 16 3.9 59 | 103 | 19.7 | 29.8 37 144.1 0.8 0.2 0.3 0.5 1 1.6 2 7.6
10-year 0.03 0.03 0.07 26.9 6.6 99 | 173 | 33.1 50 622 | 242.1 1.8 0.4 0.7 1.1 22 33 4.1 16.1
15-year 0.03 0.03 0.07 43.6 | 10.8 | 16.1 | 28.1 | 53.8 | 81.3 101 | 3932 3 0.7 1.1 1.9 3.6 5.5 6.9 26.7
Adult 0.38 0.4 0.77 48.8 | 142 | 246 | 37.7 | 66.2 | 1043 | 126.7 | 166.8 37.7 11 19.1 29.2 | 512 | 80.7 | 98.1 | 129.1

Total Ingestion Rate (g/day)

43.6 124 | 21.2 33 585 | 91.7 | 111.8 | 182.3

Total Ingestion Rate (kg/year)

15.3 4.3 7.4 11.5 | 205 | 32.1 | 39.1 63.8

Checker Review: David J. Watson

4 DOE-STD-1196-2022, DOE Standard Derived Concentration Technical Standard, Table 3. Age and sex distribution of the 2010 U.S. population.

b Total Fraction = Male Fraction + Female Fraction.

¢ Calculated Percentile Age-weighted Ingestion Rates from Table A-18.
4 percentile Age and Population Weighted Ingestion Rate = Percentile Age-Weighted Ingestion Rate x Total Population Fraction.

A-21

265 of 296



RPP-ENV-58813 Rev.02

Table A-20. Calculation of Age-Weighted Soil Ingestion Rates for Reference Person.
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Soil + Dust
Age Group Exposure Duration (years)
General Population Central Tendency? (mg/day) General Population Upper Percentile® (mg/day)
<6 months 0.5 40 100
6 months to <1 year 0.5 70 200
1 to <2 years 1 90 200
2 to <6 years 4 60 200
6 to <12 years 6 60 200
12 years through Adult® 58 30 100
Age-Weighted Soil Ingestion Rate 355 116.4

Checker Review: David J. Watson

4 EPA/600/R-17/384F, Update for Chapter 5 of the Exposure Factors Handbook, Soil and Dust Ingestion, Table 5-1. Recommended Values for Daily Soil, Dust, and Soil + Dust Ingestion (mg/day).

b Life span is assumed to be 70 years.
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Document Checker Log

All parameter values in all tables were checked against the original sources listed in the references
section. Any discrepancies were corrected and re-checked. Tables with a signed “checker review” block
are correct.

All equations in the document were checked against the original sources listed in the references.
Equation terms were also checked against tables in the document to ensure that the terms are contained
in at least one parameter table and have a parameter value. Any discrepancies were corrected and re-
checked. The signature at the bottom of this log indicates that the equations have been checked and are
correct.

Digitally signed by
WatSO n 1  Watson, David J

. Date: 2024.03.05
David J 08:52:07 -08'00"
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Exposure Scenario_Appendix A.xIsx Check

Methodology

The checker independently calculated the various intake rates that are calculated by this workbook. The
independent calculations used source data that were identified in the workbook, and which the checker
independently downloaded and extracted from the source files. The results of the checker’s calculations
were then boolean compared to the results in the workbook. Additionally, the workbook was examined
for common errors and for the items listed in the next section.

All worksheets were checked and any discrepancies found were corrected and re-checked. The digital
signature in this file demonstrates that the workbook is correct and fit for use.

Spreadsheet items checked
e All unique formulas in spreadsheet have been checked that they correctly perform their
intended function.
o All unique formulas in the workbook have been checked and all are correct except for
the issues noted above.
e Non-unique formulas have been reviewed to confirm that they have been correctly copied.
o All non-unique formulas in the workbook have been correctly copied except for the
issues noted above.
e All values are correctly labeled with units.
o Units are displayed appropriately in each sheet
e Formulas were checked for dimensional consistency.
o All formulas were confirmed to be dimensionally consistent.
e Spreadsheet contains no hidden pages or formulas/data on hidden ranges/pages have been
verified.
o No hidden pages or hidden ranges were found.
e Links to external workbooks have been verified.
o No external workbooks are linked to this workbook.
e Input data used in the spreadsheet are appropriate and have been checked against their original
source.
o Yes
e Spreadsheet has been reviewed for common errors.
o Yes
e Assumptions in the spreadsheet are reasonable and supportable.
o Yes
e Macros contained in the spreadsheet have been verified for correct operation.
o No macros were found in this workbook
o All errors identified during verification have been corrected and the spreadsheet Is suitable for
its intended purpose.

Digitally signed by
Watso n I Watson, David J

. Date: 2024.03.04
Att-1-2 DaV|d J 16:05:09 -08'00'
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GW_Pathway_Dose_Model v1.005_MD_2.gsm Checking Log

This model was based on the model “GW_Pathway_Dose_Model_v1.005.gsm”. The version report for
“GW_Pathway_Dose_Model_v1.005.gsm” was output to show which elements GoldSim recorded as changed.
Then, the inventory for each model was output to text using GoldSim’s “Save inventory” menu option. The
inventory files for each model were then compared in the “Beyond Compare” software to determine which
elements had changed and what the changes were.

Some elements listed as changed in the “GW_Pathway_Dose_Model_v1.005.gsm” version report, had actually not
changed. This was likely due to the element being opened and then being closed again without changes using the
“OK” button rather than the “Cancel” button. Comparing the inventory files for the two models in “Beyond
Compare” facilitates an easy determination whether an element was actually changed or not.

The inventory file for “GW_Pathway_Dose_Model_v1.005.gsm” lists 199 elements of various types, with 143 of
them marked as changed in the version report. A side-by-side comparison of the inventory files showed that 47 of
those elements had in fact not been changed. Those elements are:

e \Inventory_and_Concentration\Groundwater_Volume

e \Settings\Use_Fixed_Values

e \Settings\Min_HalfLife_for_Including

o \Settings\MinMass

e \Default_Values\NA_DCF

e \Default_Values\NR_BCFm

o \Default_Values\Default_SF

o \Default_Values\included_w_Predecessor

o \Default_Values\NR_BCFv

e \Conc_and_Dose_Parameters\Irrigated_Soil_Properties\Soil_Porosity Best

e \Conc_and_Dose_Parameters\External_Radiation\EPA_Ext_DCF_Density_Basis

e \Conc_and_Dose_Parameters\Soil_Inhalation\InhR_out_Mean

e \Conc_and_Dose_Parameters\Soil_Inhalation\l|_O_geoMean

e \Conc_and_Dose_Parameters\Water_Vapor_Inhalation\InhR_In_95th

e \Conc_and_Dose_Parameters\Fodder_Concentration\Bp_prime_geoMean

e \Conc_and_Dose_Parameters\Beef Ingestion\IR_w_cattle

e \Conc_and_Dose_Parameters\Beef Ingestion\IR_f_cattle

e \Conc_and_Dose_Parameters\Beef _Ingestion\IR_s_cattle

e \Conc_and_Dose_Parameters\Beef_Ingestion\Fa

e \Conc_and_Dose_Parameters\Milk_Ingestion\IR_w_dairy

e \Conc_and_Dose_Parameters\Milk_Ingestion\IR_f_dairy

e \Conc_and_Dose_Parameters\Milk_Ingestion\IR_s_dairy

e \Conc_and_Dose_Parameters\Milk_Ingestion\Density_Milk

e \Conc_and_Dose_Parameters\Poultry_Egg Ingestion\IR_w_poultry_best

e \Conc_and_Dose_Parameters\Poultry Egg Ingestion\IR_f poultry_best

e \Conc_and_Dose_Parameters\Poultry Egg Ingestion\IR_s_poultry_best

e \Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Beef Calcs\f_ff_beef
e \Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Beef Calcs\f_sg beef
e \Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Beef Calcs\f _C_beef
e \Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H_Beef Calcs\f_H_beef
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\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Milk_Calcs\f_ff_milk
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Milk_Calcs\f_sg_milk
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Milk_Calcs\f_C_milk
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14_Input\f_h20_ff
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14_Input\f_C_ff
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14_Input\f_h20_sh
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14_Input\f_C_sh
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14_Input\f_h20 sg
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14_Input\f C_sg
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14 Input\f_C_soil
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H3_C14_Input\f_C_water
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Poultry_Eggs_Calcs\f_ff_poultry
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Poultry_Eggs_Calcs\f_C_poultry
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_C_Poultry_Eggs Calcs\f_C_eggs
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\BCF_H_Poultry_Calcs\f H_eggs
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\Bp_C
\Conc_and_Dose_Parameters\Bv_Bp_BCF_H3_C14\f W_c

The elements that had actually changed were compared to the descriptions and input data in RPP-RPT-58813, Rev.
2, and found to be entered correctly. Any discrepancies found were corrected and re-checked. These elements are
listed below.

\Calculations\Concentration_Calculations\Inventory_In_Irrigated_Soil
\Calculations\Concentration_Calculations\Porewater_Conc_in_lIrr_Soil
\Calculations\Concentration_Calculations\Total_Soil_Activity_Conc
\Calculations\Dose_Calculations\Dose_External
\Calculations\Dose_Calculations\Dose_WV_Inhalation
\Calculations\Dose_Calculations\RN_Dose_some_progeny\Am242m_plus_progeny
\Calculations\Dose_Calculations\RN_Dose_some_progeny\Dose_Results
\Calculations\Dose_Calculations\RN_Dose_some_progeny\Total_RN_Dose_w_Progeny
\Calculations\Dose_Calculations\Total_Dose_Pathway
\Conc_and_Dose_Parameters\Beef_Ingestion\BCF_beef
\Conc_and_Dose_Parameters\Beef_Ingestion\IR_b_95th
\Conc_and_Dose_Parameters\Beef_Ingestion\IR_b_Mean
\Conc_and_Dose_Parameters\Crop_Ingestion\Bv
\Conc_and_Dose_Parameters\Crop_Ingestion\Fv
\Conc_and_Dose_Parameters\Crop_Ingestion\IR_c_95"
\Conc_and_Dose_Parameters\Crop_Ingestion\IR_c_Mean
\Conc_and_Dose_Parameters\External_Radiation\ACF
\Conc_and_Dose_Parameters\External_Radiation\DCF_Ext_Default_Density
\Conc_and_Dose_Parameters\External_Radiation\DCF_Ext_Density_Ad]
\Conc_and_Dose_Parameters\External_Radiation\DCF_Ext_Depth
\Conc_and_Dose_Parameters\External_Radiation\DCF_Ext_Infinite
\Conc_and_Dose_Parameters\External_Radiation\Density_Adj_Factor
\Conc_and_Dose_Parameters\External_Radiation\SF
\Conc_and_Dose_Parameters\Fodder_Concentration\Bp
\Conc_and_Dose_Parameters\Irrigated_Soil_Properties\Kd_by_Element
\Conc_and_Dose_Parameters\Irrigated_Soil_Properties\Kds_RAIS
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e \Conc_and_Dose_Parameters\Irrigated_Soil_Properties\Kds_Surface_Soils
e \Conc_and_Dose_Parameters\Irrigated_Soil_Properties\Soil_Density_Best
e \Conc_and_Dose_Parameters\Irrigated_Soil_Properties\Soil_Sat_Best

e \Conc_and_Dose_Parameters\Irrigated_Soil_Properties\Soil_Sat_Uncert

e \Conc_and_Dose_Parameters\Kh

e \Conc_and_Dose_Parameters\Kh_by_ Element

e \Conc_and_Dose_Parameters\Milk_Ingestion\BCF_milk

e \Conc_and_Dose_Parameters\Milk_Ingestion\DCF_ing_m

e \Conc_and_Dose_Parameters\Milk_Ingestion\IR_m_95%"

e \Conc_and_Dose_Parameters\Milk_Ingestion\IR_m_Mean

e \Conc_and_Dose_Parameters\Poultry Egg_Ingestion\BCF_egg

e \Conc_and_Dose_Parameters\Poultry_Egg Ingestion\BCF_poultry

e \Conc_and_Dose_Parameters\Poultry_Egg Ingestion\IR_e_95th

e \Conc_and_Dose_Parameters\Poultry_Egg Ingestion\IR_e_Mean

e \Conc_and_Dose_Parameters\Poultry Egg Ingestion\IR_p_95th

e \Conc_and_Dose_Parameters\Poultry_Egg Ingestion\IR_p_Mean

e \Conc_and_Dose_Parameters\Soil_Ingestion\IR_s_95th

e \Conc_and_Dose_Parameters\Soil_Ingestion\IR_s_Mean

e \Conc_and_Dose_Parameters\Soil_Inhalation\EnrichF_Mean

e \Conc_and_Dose_Parameters\Soil_Inhalation\Ftime_In_Best

e \Conc_and_Dose_Parameters\Soil_Inhalation\Ftime_Out_95%"

e \Conc_and_Dose_Parameters\Soil_Inhalation\Ftime_Out_Best

e \Conc_and_Dose_Parameters\Soil_Inhalation\Mass_Loading_Mean

e \Conc_and_Dose_Parameters\Water_Ingestion\DCF_ing

e \Conc_and_Dose_Parameters\Water_Ingestion\IR_w_95th

e \Conc_and_Dose_Parameters\Water_Ingestion\IR_w_Mean

e \Conc_and_Dose_Parameters\Water_Vapor_Inhalation\DCF_Inh

e \Conc_and_Dose_Parameters\Water_Vapor_Inhalation\DCF_inh_by_Abs_Type
e \Conc_and_Dose_Parameters\Water_Vapor_Inhalation\DCF_Inh_Water_Vapor
e \Conc_and_Dose_Parameters\Water_Vapor_Inhalation\InhR_Abs_Type

e \Conc_and_Dose_Parameters\Water_Vapor_Inhalation\Volatile_RN_Factor
o \Dose_Analysis\f_Beef Ingestion_Dose_by_ RN

e \Dose_Analysis\f_Crop_Ingestion_Dose_by RN

o \Dose_Analysis\f_Egg Ingestion_by RN

e \Dose_Analysis\f_External_Dose_by RN

e \Dose_Analysis\f_Milk_Ingestion_Dose_by_ RN

e \Dose_Analysis\f_Poultry_Ingestion_by_RN

e \Dose_Analysis\f_RN_Dose

e \Dose_Analysis\f_Soil_Ingestion_Dose_by RN

e \Dose_Analysis\f_Soil_Inhalation_Dose_by_RN

e \Dose_Analysis\f_Water_Ingestion_Dose_by RN

e \Dose_Analysis\f_WV_Inhalation_Dose_by RN

e \lInventory_and_Concentration\GW_Concentration

e \lInventory_and_Concentration\Half_Life

e \lInventory_and_Concentration\Include_Setting

e \Inventory_and_Concentration\Low_Half_Life

e \Inventory_and_Concentration\Only_lInitial_RN_Dose
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