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1 Purpose

The purpose of this environmental calculation is to document the assumptions, equations, and methods
used to calculate the potential human health risks and hazards associated with exposure to contaminants
in the 200-BP-5 and 200-PO-1 Groundwater Operable Units (OUs) for two Native American exposure
scenarios. Exposure is evaluated assuming a hypothetical failure of current administrative controls, such
that tribal use of 200-BP-5 and 200-PO-10Us groundwater becomes possible. Cancer risks and non-
cancer hazards are calculated based on current groundwater conditions for both radiological and
nonradiological analytes. For purposes of this calculation, any analyte detected at least once in
groundwater at the 200-BP-5 Groundwater OU or the 200-PO-1Groundwater OU is included in the
exposure and risk calculations for that particular OU. Cancer risks and noncancer hazards are calculated
for ingestion, inhalation, and dermal contact exposure routes from use of groundwater as a domestic
drinking water source and from use of groundwater as a source of steam in a sweat lodge. The results of
all exposure routes are summed to calculate total excess lifetime cancer risk (ELCR) and hazard index
(HI).

Risks and hazards are calculated and presented separately for each of the twelve 200-BP-5 Groundwater
OU exposure areas:

e Low-Level Waste Management Area-1 (LLWMA1) (218-E-10 Landfill)
e Low-Level Waste Management Area-2 (LLWMAZ2) and the 216-B-63 Trench
o Waste Management Area (WMA) B/BX/BY Tank Farms

e WMA C Tank Farm

e B Plant

e Semiworks

e Liquid Effluent Retention Basin (LERF)

e Gable Mountain Pond

e 200-BP-5 West

e Far Field (North of Gable Gap)

e Near River

e 200-BP-5 Confined

Risks and hazards are calculated and presented separately for each of the seven 200-PO-1 Groundwater
OU exposure areas:

e PUREX Cribs

o  WMA A/AX Tank Farms and the 216-A-29 Ditch

e BC Cribs and Trenches

e 216-B-3 Pond Facility (Three lobes)

¢ Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill (NRDWL/SWL)
e Far Field

e Near River

This assessment supports DOE/RL-2009-127, Remedial Investigation Report for the 200-BP-5
Groundwater Operable Unit and DOE/RL-2009-85, Remedial Investigation Report for the 200-PO-1
Groundwater Operable Unit Addendum.
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2 Background

Several local and regional tribes have ancestral ties to the Hanford Reach of the Columbia River and the
U.S. Department of Energy (DOE) has requested that each tribe provide an exposure scenario that reflects
their traditional activities. The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) and the
Yakama Nation have provided scenarios.

For purposes of this environmental calculation, adult and child members of the CTUIR and the Yakama
Nation are assumed to use groundwater from the 200-BP-5 or the 200-PO-1 Groundwater OUs as a
drinking water source (i.e., domestic supply) and to make steam in a sweat lodge (adult tribal members
only) as a part of their traditional lifeways.

Use of groundwater to irrigate crops and water livestock is not evaluated because those exposure
pathways, although potentially complete, are considered insignificant and secondary to the drinking water
and sweat lodge exposure pathways. Such food chain and leaching exposure pathways are evaluated
separately in the PRG calculations provided in DOE/RL-2009-85 and DOE/RL-2009-127, because the
RESRAD model (ANL 2009, RESRAD, Version 6.5) used to estimate exposures considers these
pathways. Contact with contaminated drill cuttings is not addressed; only the drinking water and sweat
lodge exposure pathways are relevant to the Native American exposure scenarios.

2.1 Carcinogenic Effects

The potential for carcinogenic effects is evaluated by estimating the incremental increase in the
probability of developing cancer over a lifetime (excess lifetime cancer risk [ELCR]), above the
background probability of developing cancer (that is, if no exposure to site contaminants occurs). Cancer
slope factors developed by the EPA are considered to be plausible upper bound estimates of the cancer
potencies of contaminants. Using these cancer slope factors in calculating risks results in plausible, upper-
bound estimates of risk; there is reasonable confidence that the actual cancer risks will not exceed the
estimated risks and may actually be lower (EPA/540/1-89/002, Risk Assessment Guidance for Superfund
Volume | Human Health Evaluation Manual (Part A): Interim Final). The following equations are used to
estimate cancer risk for non-radionuclides and radionuclides:

For nonradionuclides:

Risk = CDI x SF (D

where:

Risk = Excess lifetime cancer risk (unitless probability)

Chl = Chronic daily intake averaged over a lifetime (mg/kg-day)

SF = Cancer slope factor (mg/kg-day)
For radionuclides: Risk = Intake x SF )
where:

Risk = Excess lifetime cancer risk (unitless probability)

Intake = Activity (pCi)

SF = Cancer slope factor (pCi)™!

For cases with high ELCR values, defined as an ELCR greater than 0.01, the following “one-hit” cancer
risk equation from EPA RAGS Part A guidance (EPA/540/1-89/002) is used.
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Risk =1—exp(—CDI x SF) 3)
where:
Risk = Excess lifetime cancer risk (unitless probability)
ChlI = Chronic daily intake averaged over a lifetime (mg/kg-day) or (pCi)
SF = Cancer slope factor (mg/kg-day)” or (pCi)™!

Although synergistic or antagonistic interactions might occur between cancer-causing contaminants and
other contaminants, information is generally lacking in the toxicological literature to predict
quantitatively the effects of these potential interactions. Therefore, in this assessment, cancer risks are
treated as independent, and additive within an exposure route. This is consistent with the EPA guidelines
on chemical mixtures presented in EPA/630/P-03/001F, Guidelines for Carcinogen Risk Assessment.

2.2 Noncarcinogenic Effects

For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by
comparing the predicted level of exposure for a particular contaminant with the highest level of exposure
that is considered protective (that is, its reference dose [RfD]). The ratio of the chronic daily intake (CDI)
divided by the RfD is termed the hazard quotient (HQ):

_ Chemical Intake (mg/kg - day)

RfD (mg/kg - day) (4)

When the HQ for a contaminant exceeds 1 (that is, exposure exceeds the RfD), there is a concern for
potential noncancer health effects. To assess the potential for noncancer effects posed by exposure to
multiple contaminants, a hazard index (HI) approach is used, in accordance with EPA guidance
(EPA/540/1-89/002). This approach assumes that the noncancer hazards associated with exposure to
multiple contaminants are simply additive; synergistic or antagonistic interactions between contaminants,
which are largely unknown, are not accounted for.

2.3 Exposure Routes

Potentially complete exposure routes for adult and child tribal members associated with using
groundwater as a domestic drinking water supply are:

e Ingestion of water,

e Inhalation of volatiles when showering or bathing and using drinking water for other domestic
purposes, and

e Dermal contact with water while showering or bathing and using drinking water for other domestic
purposes (e.g., washing dishes).

Potentially complete exposure routes for adult tribal members associated with using groundwater in a
sweat lodge are:

e Inhalation of volatiles, semi-volatiles, and aerosolized non-volatiles, while spending time in a sweat
lodge, and

e Dermal contact with vapors and condensed liquid while spending time in a sweat lodge.

EPA considers external radiation to be a significant exposure route for radionuclides only in soil
(EPA/540/1-89/002). External radiation from radionuclides in water is considered insignificant, due to the
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radiation shielding effect of the water. Therefore, EPA does not publish radionuclide cancer slope factors
to quantify cancer risk from external or dermal exposure to radionuclides in groundwater. Because this
evaluation assesses risks associated with radionuclides only in groundwater, radionuclide cancer risk is
calculated only for the ingestion and inhalation exposure routes.

2.4 References

For the drinking water exposure pathway, contaminant intake is quantified using standard EPA equations
and procedures as specified in the following references:

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

o EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume | — Human Health Evaluation
Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim;

o 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;

e EPA-540-R-070-002, Risk Assessment Guidance for Superfund: Volume 1:Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment), Final.

e ORNL, 2014, The Risk Assessment Information System (RAIS) (http://rais.ornl.gov/)

0 RAIS Risk Exposure Models for Chemicals User’s Guide
(http://rais.ornl.gov/tools/rais_chemical risk guide.html)

o0 RAIS Risk Exposure Models for Radionuclides User's Guide
(http://rais.ornl.gov/tools/rais_rad_risk guide.html)

For the sweat lodge exposure pathway, contaminant intake is quantified based on standard EPA methods
coupled with the sweat lodge steam model provided in:

e  Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

The CTUIR and Yakama Nation provided many of the exposure factors necessary to quantify
contaminant intake in the following references. Those values are used preferentially, rather than EPA
residential default values. Where tribal-specific factors are not provided, EPA defaults are used
(EPA/540/R-92/003).

e Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways;

e Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk
Assessments; and

e Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

3 Methodology

This section provides the equations (and their bases) used to calculate the cancer risks and noncancer
hazards associated with exposure to analytes detected in the 200-BP-5 and 200-PO-1 Groundwater OUs
via the exposure routes associated with the drinking water and sweat lodge exposure pathways.
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3.1  Drinking Water Exposure Pathways

Definitions of the variables and input values for the drinking water exposure pathway equations are
provided in Table 3-1 for the CTUIR exposure scenario, and in Table 3-2 for the Yakama Nation

exposure scenario.



Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathways for the CTUIR Exposure Scenario in the

200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source

Averaging Time — carcinogens and noncarcinogens AT 70 years Harris, 2008

Partitioning Constant Derived by Bunge Model B analyte-specific unitless See Table 4-5

Body Weight - adult BWa 70 kg Harris and Harper, 2004
Body Weight - child BW:. 15 kg Harris and Harper, 2004
Conversion Factor CF1 365 days/year 1 year = 365 days
Conversion Factor CF2 1/24 days/ hour 1 day = 24 hours
Conversion Factor CF3 0.001 L/cm?3 1L=1,000 cm?

Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)! See Table 4-5

Chronic Daily Intake — carcinogenic ingestion CDI Calculated value mg/kg-day Equation 5

Chronic Daily Intake — noncarcinogenic ingestion CDI Calculated value mg/kg-day Equation 8

Chronic Daily Intake — radiological ingestion CDI Calculated value pCi Equation 10

Chronic Daily Intake — carcinogen inhalation CDI Calculated value pg/m?3 Equation 13

Chronic Daily Intake — noncarcinogenic inhalation CDI Calculated value mg/m3 Equation 15

Chronic Daily Intake — radiological inhalation CDI Calculated value pCi Equation 17

Chronic Daily Intake — carcinogenic dermal CDI Calculated value mg/kg-day Equation 20

Chronic Daily Intake — noncarcinogenic dermal CDI Calculated value mg/kg-day Equation 23
Contaminant concentration in groundwater Cw analyte-specific mg/L or pCi/L ECF-HANFORD-13-0033
Absorbed dose per event DAevent Calculated value mg/cm?-event  Equation 26, 27,and 28
Exposure Duration - adult EDa 70 years Harris and Harper, 2004
Exposure Duration - child EDc 6 years Harris, 2008

Exposure Frequency EF 365 days/year Harris and Harper, 2004

0 "A3Y '9€00-€1-A4O4NVH-403



Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathways for the CTUIR Exposure Scenario in the
200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source

Exposure Time — adult dermal ETa 0.71 hours/event EPA/600/R-090/052F
Exposure Time — child dermal ETc 0.54 hours/event EPA/600/R-090/052F
Age-Adjusted Exposure Time -- dermal ETadj 0.695 hours/event Equation 25
Exposure Time ET 24 hours/day OSWER Directive 9200.1-120
Event Frequency EV 1 event/day EPA/540/R/99/005
Fraction of absorbed water FA analyte-specific unitless See Table 4-5
Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-5
Inhalation Rate - adult INHa 25 m?3/day Harris, 2008
Inhalation Rate - child INH¢ 15 md/day Harris, 2008
Age-Adjusted Inhalation Rate - radiological INH_RADzd; 1,690 m3-year/day Equation 18

Water Ingestion Rate - adult IRWa 4 L/day Harris, 2008

Water Ingestion Rate - child IRW. 1 L/day Harris and Harper, 2004
Age-adjusted Water Ingestion Rate — nonradiological IRWadj 4.057 L-year/kg-day Equation 6
Age-adjusted Water Ingestion Rate — radiological IRW_RADayg; 262 L-year/day Equation 11
Inhalation Unit Risk IUR analyte-specific (ug/ms)y? See Table 4-5
Dermal permeability coefficient Kp analyte-specific cm/hour See Table 4-5

The constant pi m 3.14159 unitless -

Reference Concentration RfC analyte-specific mg/m3 See Table 4-5
Reference Dose - oral RfDo analyte-specific mg/kg-day See Table 4-5
Age-adjusted skin surface area SAad; 21,660 cm?-year/kg-day  Equation 21

Skin Surface Area - adult SAa 20,900 cm? EPA/600/R-090/052F

0 "A3Y '9€00-€1-A4O4NVH-403



Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathways for the CTUIR Exposure Scenario in the
200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source

Skin Surface Area - child SAc 6,378 cm? EPA/600/R-090/052F
Slope Factor - inhalation SFi analyte-specific Risk/pCi See Table 4-5

Slope Factor - oral SFo analyte-specific Risk/pCi See Table 4-5

Time to reach steady state conditions t* analyte-specific hours See Table 4-5

Lag time T analyte-specific hours/event See Table 4-5
Volatilization Factor VF 0.5 L/m3 EPA/540/R-92/003
Notes:

ECF-HANFORD-13-0033, Exposure Point Concentrations for Baseline Conditions for Remedial Investigation/Feasibility Studies of the 200-BP-5 and
200-PO-1 Groundwater Operable Units.

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume | - Human Health Evaluation Manual (Part B, Development of Risk-based
Preliminary Remediation Goals): Interim.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for
Dermal Risk Assessment).

EPA/600/R-090/052F, Exposure Factors Handbook: 2011 Edition.

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

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

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

0 "A3Y '9€00-€1-A4O4NVH-403



Table 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathways for the Yakama Nation Exposure
Scenario in the 200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source
Averaging Time — carcinogens and noncarcinogens AT 70 year Ridolfi, 2007
Partitioning constant Derived by Bunge Model B analyte-specific unitless See Table 4-5
Body Weight - adult BWa 70 kg Ridolfi, 2007
Body Weight - child BW. 16 kg Ridolfi, 2007
Conversion Factor CF1 365 days/year 1 year = 365 days
Conversion Factor CF2 1/24 days/hour 1 day = 24 hours
Conversion Factor CF3 0.001 L/cm3 1L=1,000 cm?
Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)-! See Table 4-5
Chronic Daily Intake — carcinogenic ingestion CDI Calculated value mg/kg-day Equation 5
Chronic Daily Intake — noncarcinogenic ingestion CDI Calculated value mg/kg-day Equation 8
Chronic Daily Intake — radiological ingestion CDI Calculated value pCi Equation 10
Chronic Daily Intake — carcinogenic inhalation CDI Calculated value ug/m3 Equation 13
Chronic Daily Intake — noncarcinogenic inhalation CDI Calculated value mg/m?3 Equation 15
Chronic Daily Intake — radiological inhalation CDI Calculated value pCi Equation 17
Chronic Daily Intake — carcinogenic dermal CDI Calculated value mg/kg-day Equation 20
Chronic Daily Intake — noncarcinogenic dermal CDI Calculated value mg/kg-day Equation 23
Contaminant concentration in groundwater Cw analyte-specific mg/L or pCi/L ECF-HANFORD-13-0033
Absorbed Dose per Event DAevent Calculated value mg/cm?-event  Equations 26, 27, and 28
Exposure Duration - adult EDa 70 year Ridolfi, 2007
Exposure Duration - child EDc 6 year Ridolfi, 2007
Exposure Frequency EF 365 days/year Ridolfi, 2007

0 "A3Y '9€00-€1-A4O4NVH-403



Table 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathways for the Yakama Nation Exposure
Scenario in the 200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

0l

Exposure Factor Symbol Value Units Source

Exposure Time — adult dermal ETa 0.71 hours/event EPA/600/R-090/052F
Exposure Time — child dermal ET. 0.54 hours/event EPA/600/R-090/052F
Age-Adjusted Exposure Time ETadj 0.695 hours/event Equation 25
Exposure Time ET 24 hours/day OSWER Directive 9200.1-120
Event Frequency EV 1 event/day EPA/540/R/99/005
Fraction of absorbed water FA analyte-specific unitless See Table 4-5
Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-5
Age-Adjusted Inhalation Rate - radiological INH_RADzd; 1,760 m3-year/day Equation 18
Inhalation Rate - adult INHa 26 m?3/day Ridolfi, 2007
Inhalation Rate - child INH¢ 16 md/day Ridolfi, 2007

Water Ingestion Rate - adult IRWa 4 L/day Ridolfi, 2007

Water Ingestion Rate - child IRW. 2 L/day Ridolfi, 2007
Age-adjusted Water Ingestion Rate — nonradiological IRWagj 4.407 L-year/kg-day = Equation 6
Age-adjusted Water Ingestion Rate — radiological IRW_RADagj 268 L-year/day Equation 11
Inhalation Unit Risk IUR analyte-specific (ug/m?3)" See Table 4-5
Dermal permeability coefficient Kp analyte-specific cm/hour See Table 4-5

The constant pi 'IT 3.14159 unitless --

Reference Concentration RfC analyte-specific mg/m3 See Table 4-5
Reference Dose - oral RfDo analyte-specific mg/kg-day See Table 4-5
Age-adjusted skin surface area SAadg 21,500 cm?-year/kg-day  Equation 22

Skin Surface Area - adult SAa 20,900 cm? EPA/600/R-090/052F

0 "A3Y '9€00-€1-A4O4NVH-403
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Table 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathways for the Yakama Nation Exposure
Scenario in the 200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source

Skin Surface Area - child SAc 6,378 cm? EPA/600/R-090/052F
Slope Factor - inhalation SFi analyte-specific Risk/pCi See Table 4-5

Slope Factor - oral SFo analyte-specific Risk/pCi See Table 4-5

Time to reach steady state conditions t analyte-specific hours See Table 4-5

Lag time T analyte-specific hours/event See Table 4-5
Volatilization Factor VF 0.5 L/m3 EPA/540/R-92/003
Notes:

ECF-HANFORD-13-0033, Exposure Point Concentrations for Baseline Conditions for Remedial Investigation/Feasibility Studies of the 200-BP-5
and 200-PO-1 Groundwater Operable Units.

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume | - Human Health Evaluation Manual (Part B, Development of Risk-based
Preliminary Remediation Goals): Interim.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume |: Human Health Evaluation Manual (Part E, Supplemental Guidance for
Dermal Risk Assessment).

EPA/600/R-090/052F, Exposure Factors Handbook: 2011 Edition.
OSWER Directive 9200.1-120, Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.
Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
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3.1.1 Intake and Risk Equations for Water Ingestion

The bases for the equations used to calculate intake, risk, and hazard associated with the water ingestion
exposure route are summarized in Table 3-3. Equations are provided in the following subsections.

Table 3-3. Calculated Values and Reference Bases Used for the Water Ingestion Exposure Route

Symbol for

Effect Calculated Value Reference

CDI RAIS Risk Exposure Models for Chemicals User's Guide
Carcinogenic IRWay; (ORNL, 2014)

Risk EPA/540/R-92/003

cDI RAIS Risk Exposure Models for Chemicals User’s Guide
Noncarcinogenic (ORNL, 2014)

HQ EPA/540/R-92/003

CDI RAIS Risk Exposure Models for Radionuclides User's Guide
Radionuclide IRW_RADx (ORNL, 2014)

Risk EPA/540/R-92/003

Notes:

CDI= chronic daily intake

HQ= hazard quotient

IRWadj = age-adjusted water ingestion rate.

IRW_RADag; = age-adjusted water ingestion rate for radionuclides.

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume | — Human Health Evaluation Manual
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

ORNL, 2014, The Risk Assessment Information System (RAIS).

3.1.1.1 Drinking Water Ingestion—Carcinogenic Effects

For ingestion of carcinogens, the chronic daily intake (CDI) is calculated using the following equations:

CWXIRWadj x EF

CDI
AT xCF1 ®)
where:
IRWagj = EDc x IRWe (EDa — ED¢ )x IRWg ©)
BW, BW4
Cancer risk is calculated using the following equation:
RISK = CDI x CSFo (7

3.1.1.2 Drinking Water Ingestion—Noncarcinogenic Effects

For ingestion of noncarcinogens, the CDI is calculated using the following equation:

12
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CwxIRW4 xEF xED,4

CDI =
BW, x AT xCF1 ®)

Noncancer hazard is calculated using the following equation:

_ cpl
~ RfDo ©)

HQ

3.1.1.3 Drinking Water Ingestion—Radionuclides

For ingestion of radionuclides, the CDI is calculated using the following equations:

CDI=Cy, xIRW_RAD,gj xEF (10)

where:

IRW_RADygj=(ED; x IRW,) + ([EDy — ED;]x IRW) an

Radiological cancer risk is calculated using the following equation:

RISK = CDI x SFo (12)

3.1.2 Intake and Risk Equations for Drinking Water Inhalation (Volatiles Only)

The bases for the equations used to calculate intake, risk, and hazard associated with inhalation of
volatiles in drinking water are summarized in Table 3-4. Equations are provided in the following
subsections.

Table 3-4. Calculated Values and Reference Bases Used for the Drinking Water Inhalation of Volatiles

Exposure Route

Symbol for

Effect Calculated Value Reference

DI RAIS Risk Exposure Models for Chemicals User’s Guide
Carcinogenic (ORNL, 2014)

Risk EPA-540-R-070-002

cDl RAIS Risk Exposure Models for Chemicals User's Guide
Noncarcinogenic (ORNL, 2014)

HQ EPA-540-R-070-002

CDI RAIS Risk Exposure Models for Radionuclides User's Guide (ORNL,
Radionuclide INH_RADaqj 2014)

Risk EPA/540/R-92/003

Notes:

CDI= chronic daily intake.

HQ = hazard quotient.

INH_RADag; = age-adjusted radionuclide inhalation rate.

EPA-540-R-070-002, Risk Assessment Guidance for Superfund: Volume 1—Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment).

13
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Table 3-4. Calculated Values and Reference Bases Used for the Drinking Water Inhalation of Volatiles
Exposure Route

Symbol for
Effect Calculated Value Reference

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume | — Human Health Evaluation Manual
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

ORNL, 2014, The Risk Assessment Information System (RAIS).

3.1.2.1 Drinking Water Inhalation of Volatiles—Carcinogenic Effects

For inhalation of carcinogens, the CDI is calculated using the following equation:

C, xED, x EF x ETXCF2><VF>{1000@J
m
cDI = s (13)
AT xCFI

Cancer risk is calculated using the following equation:

RISK =CDI x IUR (14)

3.1.2.2 Drinking Water Inhalation of Volatiles—Noncarcinogenic Effects

For inhalation of noncarcinogens, the CDI is calculated using the following equation:

C,xED, xEF xET xCF2xVF
CDI = (15)
AT xCF1

Noncancer hazard is calculated using the following equation:

_ cDl

HQ—% (16)

3.1.2.3 Drinking Water Inhalation of Volatiles—Radionuclides

For inhalation of radionuclides, the CDI is calculated using the following equations:

CDI =C, xINH _RAD,; xVF xEF x ET xCF 2 (17)

where:

INH _RAD a¢j = (ED¢ x INH ¢)+ ([EDa —ED¢x INH 3) (s

Radiological cancer risk is calculated using the following equation:

14
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RISK = CDI x SFi (19)

3.1.3 Intake and Risk Equations for Drinking Water Dermal Absorption

The bases for the equations used to calculate intake, risk, and hazard associated with the drinking water
dermal absorption exposure route are provided in Table 3-5. The equations are presented in the following
subsections.

Table 3-5. Calculated Values and Reference Bases Used for the Drinking Water Dermal Exposure

Route
Effect Symbol for Calculated Value Reference
CDI EPA/540/R/99/005
SAadg EPA/540/R/99/005
Carcinogenic ETaqj EPA/540/R/99/005
DAevent EPA/540/R/99/005
Risk EPA/540/R/99/005
CDI EPA/540/R/99/005
Noncarcinogenic DAevent EPA/540/R/99/005
HQ EPA/540/R/99/005
Radionuclide Not applicable
Notes:

CDI= chronic daily intake.

DAevent = absorbed dose per event.

ETadj = age-adjusted exposure time.

HQ = hazard quotient.

SAad = age-adjusted skin surface area.

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.

3.1.3.1 Drinking Water Dermal Absorption— Carcinogenic Effects

For dermal exposure to carcinogens, the CDI is calculated using the following equations:

DAevent x SAadj x EF
AT x CF 1

CDI = (20)

where:

Sh,, - ED, XI:\/;; xEV, , (ED, - EDBC&T SA, x EV, 1)

C a

Cancer risk is calculated using the following equation:

15
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CSFo
RISK=CDIx———
“GIABS (22)
3.1.3.2 Drinking Water Dermal Absorption— Noncarcinogenic Effects
For dermal exposure to noncarcinogens, the CDI is calculated using the following equation:
DA x SA, x EF x ED, x EV
CDI _ event a a (23)
BW, x AT xCF1
Noncancer hazard is calculated using the following equation:
CDI
HQ = — ——
Q RfDo x GIABS (24)

3.1.3.3 Drinking Water Dermal Absorption— Event Time (Carcinogenic Effects and
Noncarcinogenic Effects)

The event time used in the risk calculations is health effect-dependent. For noncarcinogens, the event time

is not age-adjusted (ET = ETa). For carcinogens, an age-adjusted event time is calculated using the

following equation:

(ETe x EDg )+ ((EDg — EDg )x ETg)
ED,

ETad j =
(25)

3.1.3.4 Drinking Water Dermal Absorption— Dermally Absorbed Dose (Carcinogenic Effects and
Noncarcinogenic Effects)

For organics, the following equations are used to calculate the dermally absorbed dose per event (DAcvent),
using the adult exposure time for noncarcinogenic effects and the age-adjusted exposure time (as
calculated above) for carcinogenic effects and:

If ET < t*, then the following nonsteady-state equation is used:

DAgyent =2 x FAX prwaCF3x‘/@ (26)

If ET > t*, then the following pseudosteady-state equation is used:

2
DAgyent = FAx KpxCwx CF3x ET +2x7x 1+3B+387 (27)
1+B (1+B)?

where ET = ET, or ETagj, for noncarcinogenic and carcinogenic effects, respectively.
For inorganics, the following steady-state equation is used to estimate DAevent:

DA ent = Kp xCwx ET xCF3 (28)

Where ET = ETa or ETagj, for noncarcinogenic and carcinogenic effects, respectively.

16
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3.1.3.,5 Drinking Water Dermal Absorption— Radionuclides

Dermal exposure to radionuclides in drinking water is not evaluated. As noted, EPA does not publish
radionuclide cancer slope factors to calculate cancer risk from external or dermal exposure to radioactive
contaminants in water due to the shielding effects of water.

3.2 Sweat Lodge Exposure Pathways

Exposure factors used to quantify contaminant intake from the sweat lodge exposure pathways are
provided in Table 3-6 for the CTUIR exposure scenario and in Table 3-7 for the Yakama Nation exposure
scenario. Sweat lodge exposure is evaluated (for adults only) based on an exposure frequency of 365
days/yr over a 68-year exposure duration (first 2 years of life excluded)! for the CTUIR scenario and a
70-year exposure duration for the Yakama Nation scenario (although the provided exposure scenarios
indicate that childhood sweats occur, exposure assumptions are made for adults only.).

1 Child exposure assumptions were not provided for the purpose of evaluating exposure through sweat lodge use;
therefore, an adult exposure duration was assumed to be 68 years for the CTUIR scenario and 70 years for the
Yakama Nation scenario.

17
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Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for CTUIR Exposure Scenario in the
200-BP-5 and 200-PO-1 Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source
Averaging Time — carcinogens? AT 70 year Harris and Harper, 2004
Averaging Time —noncarcinogens? AT 68 year Harris and Harper, 2004
Average Body Weight — adult BW 70 kg Harris and Harper, 2004
Conversion Factor CF1 365 days/year 1 year = 365 days
Conversion Factor CF2 0.01 m/cm 1 meter = 100 cm
Conversion Factor CF3 10 L/m?-cm 1L=0.01m?x10 cm
Groundwater Concentration® Caw analyte-specific mg/L or pCi/L ECF-HANFORD-13-0033
Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)’ See Table 4-5
Cancer Slope Factor - inhalation CSF;i analyte-specific (mg/kg-day)! See Table 4-5

Exposure Duration or Number of Years a Person Sweats in

a Lifetime - adult ED 68 year Harris and Harper, 2004
Exposure Frequency or Number of Sweats per Year EF 365 events/year Harris and Harper, 2004
Length of Sweat Event — adult® ET 1/24 days/event Harris and Harper, 2004
Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-5
Inha]atlon .Intake of Analytfes in Sweat Lodge— volatile and i, Calculated value mg/kg-day Equation 29
semi-volatile nonradionuclides

Inha}ahon .Intake. of Anfalytes in Sweat Lodge— volatile and o Calculated value oCi Equation 32
semi-volatile radionuclides

Inhalatllon Intgke of Analytes in Sweat Lodge— nonvolatile i, Calculated value mg/kg-day Equation 34
nonradionuclides

Inhalation Intake of Analytes in Sweat Lodge— nonvolatile i Calculated value oCi Equation 37

radionuclides
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Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for CTUIR Exposure Scenario in the
200-BP-5 and 200-PO-1 Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source

Dermal Intake of Analytes in Sweat Lodge— volatile and

semi-volatile vapor ld,v = ld,total Calculated value mg/kg-day Equation 39
(E):r:gqear:sl.gfja:?suci)g Analytes in Sweat Lodge— nonvolatile la,1 Calculated value mg/kg-day Equation 42

\I?;F;cr;al Intake of Analytes in Sweat Lodge— nonvolatile L Calculated value mg/kg-day Equation 43

Inhalation Rate - adult IR 25 m3/day Harris, 2008

Inhalation Unit Risk IUR analyte-specific (ug/m?3) ! See Table 4-5
Analyte-specific Permeability Coefficient Kp analyte-specific cm/hour See Table 4-5
Molecular Weight of Water MWw 18 g/gmole Harris and Harper, 2004
Density of Liquid Water Pw 1,000 g/L Harris and Harper, 2004
The Constant pi s 3.14159 unitless --

Radius of Sweat Lodge r 1 m Harris and Harper, 2004
Ideal Gas Law Constant R 0.06237 mmHg-m®mole-K  Harris and Harper, 2004
Ideal Gas Law Constantd R 62.37 mmHg-L/mole-K Harris and Harper, 2004
Reference Concentration RfC analyte-specific mg/m3 See Table 4-5
Reference Dose - inhalation RfDi analyte-specific mg/kg-day See Table 4-5
Reference Dose - oral RfDo analyte-specific mg/kg-day See Table 4-5

Skin Surface Area - adult SA 18,000 cm? Harris and Harper, 2004
Slope Factor - inhalation SFi analyte-specific Risk/pCi See Table 4-5
Temperature of the Sweat Lodge® T 338.7 K Harris and Harper, 2004
Cumulative Volume of Water Used in Sweat Vw,total 4 Liters Harris and Harper, 2004
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Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for CTUIR Exposure Scenario in the

200-BP-5 and 200-PO-1 Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source

Notes:

a. Averaging time of 1 year provided in Harris and Harper, 2004 was replaced with 70 years for carcinogens and 68 years for noncarcinogens to
account for lifetime intake rather than annual intake.

b. Harris and Harper (2004, Appendix 4) indicates water concentration (Caw) is “dissolved surface water concentration of the COPC (mg/L);
calculated according to EPA 1998a, Appendix B.” However, for this assessment analyte exposure point concentrations reflect total
concentrations in groundwater.

c. For sweat lodge inhalation exposure, exposure time of 1 hour provided in Harris and Harper, 2004 was replaced with 1/24 days/event so that
intake values have appropriate units (mg/kg-day or pCi) when calculated using the inhalation equations provided in Harris and Harper 2004,
Equations 7 and 15.

d. For sweat lodge dermal exposure, the ideal gas law constant of 0.06237 mmHg-m3/gmole-K provided in Harris and Harper, 2004 was
replaced with 62.37 mmHg-L/gmole-K so that intake values have appropriate units (mg/kg-day) when calculated using the equations provided
in Harris and Harper (2004, Equations 15 and 20).

e. Temperature of 389 K provided in Harris and Harper, 2004 was replaced with 338.7 K (150 °F) for consistency with stated assumption in

Harris and Harper, 2004 that sweat lodge internal temperature is maintained at 150 °F.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation
ECF-HANFORD-13-0033, Exposure Point Concentrations for Baseline Conditions for Remedial Investigation/Feasibility Studies of the 200-BP-5

and 200-PO-1 Groundwater Operable Units.

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

Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.
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Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for Yakama Nation Exposure Scenario in

the 200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source
Averaging Time — carcinogens? AT 70 year Harris and Harper, 2004
Averaging Time —noncarcinogens? AT 70 year Harris and Harper, 2004
Average Body Weight - adult BW 70 kg Ridolfi, 2007
Conversion Factor CF1 365 days/year 1 year = 365 days/year
Conversion Factor CF2 0.01 m/cm 1 meter = 100 cm
Conversion Factor CF3 10 L/m2-cm 1L=0.01m?2x 10 cm
Groundwater Concentration® Caw analyte-specific mg/L or pCi/L ECF-HANFORD-13-0033
Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)’ See Table 4-5
Cancer Slope Factor - inhalation CSF;i analyte-specific (mg/kg-day)’ See Table 4-5
Exposyre Duration or Number of Years a Person Sweats in ED 70 year o
a Lifetime - adult Ridolfi, 2007
Exposure Frequency or Number of Sweats per Year EF 365 events/year Ridolfi, 2007
Length of Sweat Event — adult® ET 7124 days/event Ridolfi, 2007
Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-5
Isr:eﬁilz[ggtillr;til;ig d?;:lﬁijseisn Sweat Lodge— volatile and linh Calculated value mg/kg-day Equation 29
Lr]er:g:?\}i)?gtillgtfggig;f‘cr:?dlgtses in Sweat Lodge— volatile and linh Calculated value pCi Equation 32
Lnohnalféiic;rr:lljr;:%iesof Analytes in Sweat Lodge— nonvolatile lion Calculated value mg/kg-day Equation 34
Inhalation Intake of Analytes in Sweat Lodge— nonvolatile i Calculated value oCi Equation 37

radionuclides
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Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for Yakama Nation Exposure Scenario in

the 200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source
Dermal Intake of Analytes in Sweat Lodge— volatile and _ .
semi-volatile vapor ld,total = ld,v Calculated value mg/kg-day Equation 39
Dermal Intake qf Analytes in Sweat Lodge— nonvolatile Iy Calculated value mg/kg-day Equation 42
condensed liquid
\I?aer:(r)nral Intake of Analytes in Sweat Lodge— nonvolatile Lo Calculated value mg/kg-day Equation 43
Inhalation Rate - adult IR 26 md/day Ridolfi, 2007
Inhalation Unit Risk IUR analyte-specific (ug/m?3)! See Table 4-5
Analyte-specific Permeability Coefficient Kp analyte-specific cm/hour See Table 4-5
Molecular Weight of Water MWw 18 g/gmole Harris and Harper, 2004
Density of Liquid Water Pw 1,000 g/L Harris and Harper, 2004
The Constant pi b 3.14159 unitless --
Radius of Sweat Lodge r 1 m Harris and Harper, 2004

mmHg-m?3/mole-

Ideal Gas Law Constant R 0.06237 K Harris and Harper, 2004
Ideal Gas Law Constantd R 62.37 mmHg-L/mole-K  Harris and Harper, 2004
Reference Concentration RfC analyte-specific mg/m3 See Table 4-5
Reference Dose - inhalation RfDi analyte-specific mg/kg-day See Table 4-5
Reference Dose - oral RfDo analyte-specific mg/kg-day See Table 4-5
Skin Surface Area - adult SA 18,000 cm? Harris and Harper, 2004
Slope Factor - inhalation SFi analyte-specific Risk/pCi See Table 4-5
Temperature Inside the Sweat Lodge® T 338.7 K Harris and Harper, 2004
Cumulative Volume of Water Used in Sweat Vw,total 4 Liters Harris and Harper, 2004
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Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for Yakama Nation Exposure Scenario in

the 200-BP-5 and 200-PO-1 Groundwater Operable Units. (3 Pages)

Exposure Factor Symbol Value Units Source

Notes:

a. Averaging time of 1 year provided in Harris and Harper, 2004 was replaced with 70 years for both carcinogens and noncarcinogens to
account for lifetime intake rather than annual intake.

b. Harris and Harper (2004, Appendix 4) indicates water concentration (Caw) is “dissolved surface water concentration of the COPC (mg/L);
calculated according to EPA 1998a, Appendix B.” However, for this assessment analyte exposure point concentrations reflect total
concentrations in groundwater.

c. For sweat lodge inhalation exposure, exposure time of 7 hr provided in Ridolfi, 2007 was replaced with 7/24 days/event so that the intake
values have appropriate units (mg/kg-day or pCi) when calculated using the inhalation equations provided in Harris and Harper (2004,
Equations 7 and 15).

d. For sweat lodge dermal exposure, the ideal gas law constant of 0.06237 mmHg-m3/gmole-K provided in Harris and Harper, 2004 was
replaced with 62.37 mmHg-L/gmole-K so that intake values have appropriate units (mg/kg-day) when calculated using the equations provided
in Harris and Harper (2004, Equations 15 and 20).

e. Temperature of 389 K provided in Harris and Harper, 2004 was replaced with 338.7 K (150 °F) for consistency with stated assumption in

Harris and Harper, 2004 that sweat lodge internal temperature is maintained at 150 °F.

ECF-HANFORD-13-0033, Exposure Point Concentrations for Baseline Conditions for Remedial Investigation/Feasibility Studies of the 200-BP-5

and 200-PO-1 Groundwater Operable Units.

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

Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
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3.2.1 Intake and Risk Equations for Sweat Lodge Inhalation of Volatiles and Semi-Volatiles

The bases for the equations used to calculate intake, risk, and hazard associated with the inhalation of
volatiles and semi-volatiles during sweat lodge use are summarized in Table 3-8. Equations are provided
in the following subsections.

Table 3-8. Calculated Values and Reference Bases Used for the Sweat Lodge Inhalation of Volatiles
and Semi-Volatiles Exposure Route

Effect Symbol for Calculated Value Reference
Carcinogenic and Noncarcinogenic linh Harris and Harper, 2004
Carcinogenic Risk EPA-540-R-070-002
Noncarcinogenic HQ EPA-540-R-070-002

linh Harris and Harper, 2004

Radionuclide
Risk EPA/540/R-92/003

Notes:
linh = Inhalation intake of analytes in sweat lodge.
HQ = hazard quotient.

EPA-540-R-070-002, Risk Assessment Guidance for Superfund: Volume 1—Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment).

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume | — Human Health Evaluation Manual
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

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

3.2.1.1 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Intake (Carcinogenic Effects and
Noncarcinogenic Effects)

Inhalation intake of volatiles and semi-volatiles in sweat lodge vapor is calculated with the following
equation (Harris and Harper 2004, Appendix 4, Equation 7):

v
deX[ W’mta'jx ! 5 [XIRxET xEF x ED
2 Y xer

finh = BW x AT x CF1 (29)
3.2.1.2 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Carcinogenic Effects
For carcinogens, the cancer risk is calculated using the following equation::
RISK=CSF x linh (30)

3.2.1.3 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Noncarcinogenic Effects

For noncarcinogens, the noncancer hazard is calculated using the following equation:
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1
HQ = RiD; linh (31
3.2.1.4 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Radionuclides

Inhalation intake of volatile and semi-volatile radionuclides in sweat lodge vapor is calculated with the
following equation (modified for pCi/L groundwater concentration units and inhalation slope factors from
Harris and Harper, 2004, Appendix 4, Equation 7):

Vw,total

1
2 JX Yort

Iinh:CdWx( x IRx ET x EF x ED (32)

Radiological cancer risk is calculated using the following equation:
RISKrad = SFi x linh (33)

3.2.2 Intake and Risk Equations for Sweat Lodge Inhalation of Nonvolatiles

The bases for the equations used to calculate intake, risk, and hazard associated with the inhalation of
nonvolatiles exposure route during sweat lodge use are summarized in Table 3-9. Equations are provided
in the following subsections.

Table 3-9. Calculated Values and Reference Bases Used for the Sweat Lodge Inhalation of
Nonvolatiles Exposure Route

Effect Symbol for Calculated Value Reference
Carcinogenic and Noncarcinogenic linh Harris and Harper, 2004
Carcinogenic Risk EPA-540-R-070-002
Noncarcinogenic HQ EPA-540-R-070-002

linh Harris and Harper, 2004

Radionuclide
Risk EPA/540/R-92/003

Notes:
linh = Inhalation intake of analytes in sweat lodge.
HQ = hazard quotient.

EPA-540-R-070-002, Risk Assessment Guidance for Superfund: Volume 1—Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment).

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume | — Human Health Evaluation Manual
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

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

3.2.2.1 Sweat Lodge Inhalation of Nonvolatiles—Intake (Carcinogenic Effects and
Noncarcinogenic Effects)

Inhalation intake of aerosolized nonvolatile contaminants in a sweat lodge is calculated using the
following equation (Harris and Harper 2004, Appendix 4, Equation 15):
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linh = IR -ET -EF -ED x Cgw X MWw |, exp [18.3036 — 016 44 (34)
BW - AT -CF 1 R-T: pw T -46.13

3.2.2.2 Sweat Lodge Inhalation of Nonvolatiles—Carcinogenic Effects

For carcinogens, the cancer risk is calculated using the following equation:

RISK = CSFj x liph (35)

3.2.2.3 Sweat Lodge Inhalation of Nonvolatiles—Noncarcinogenic Effects

For noncarcinogens, the noncancer hazard is calculated using the following equation:

1
HQ = RID; * linh (36)

3.2.24 Sweat Lodge Inhalation of Nonvolatiles—Radionuclides

Inhalation intake of aerosolized nonvolatile radionuclides in a sweat lodge is calculated with the
following equation (modified for pCi/L groundwater concentration units and inhalation slope factors from
Harris and Harper, 2004, Appendix 4, Equation 15):

MW 3816 .44
linh = (IRx ET x EF x ED )x C gy x [ﬁjx EXP [18.3036 —mj (37)
Radiological cancer risk is calculated using the following equation:
RISKrad =SF > linh (38)

3.2.3 Intake and Risk Equations for Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles

The bases for the equations used to calculate intake, risk, and hazard associated with the dermal exposure
route for volatiles and semi-volatiles during sweat lodge use are summarized in Table 3-10. Equations are
provided in the following subsections.

Table 3-10. Calculated Values and Reference Bases Used for the Sweat Lodge Dermal Exposure to
Volatiles and Semi-Volatiles Exposure Route

Effect Symbol for Calculated Value Reference
Carcinogenic and Noncarcinogenic ld,v = ld.total Harris and Harper, 2004
Carcinogenic Risk EPA/540/R/99/005
Noncarcinogenic HQ EPA/540/R/99/005
Notes:

la,y = Dermal intake of volatile and semi-volatile analytes in vapor in sweat lodge.
latotal = Total dermal intake of volatile and semi-volatile analytes in sweat lodge.
HQ = hazard quotient.

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.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
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3.23.1 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Intake (Carcinogenic
Effects and Noncarcinogenic Effects)
For volatile and semi-volatile compounds, the Harris and Harper model assumes 100% volatilization

within the sweat lodge. Vapor exposure is the primary exposure pathway and exposure from condensed
water is considered incomplete. Therefore, 4ot 1s equal to Igy.

Exposure from dermal contact with volatile and semi-volatile contaminants in sweat lodge vapor is
calculated with the following equation (Harris and Harper 2004, Appendix 4, Equation 18):

v
dex[ W"Ota'jx ! + |xSAXKp < ET x EF x ED x CF2
2 Yoz

ld total =ldy = BW x AT xCF1 39

3.2.3.2 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Carcinogenic Effects

For carcinogens, the cancer risk is calculated using the following equation:

CSRy
RISK = |
Gl ABSX d,total (40)

3.2.3.3 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Noncarcinogenic Effects
For noncarcinogens, the noncancer hazard is calculated using the following equation:

1

HQ=———
RfDg x GIABS

x1d total (41)

3.2.3.4 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Radionuclides

Dermal exposure to volatile and semi-volatile radionuclides in a sweat lodge is not evaluated because
radionuclide cancer slope factors are not published for cancer risk from external or dermal exposure to
radioactive contaminants in water.

3.2.4 Intake and Risk Equations for Sweat Lodge Dermal Exposure to Nonvolatiles

The bases for the equations used to calculate intake, risk, and hazard associated with the dermal exposure
route for nonvolatiles during sweat lodge use are summarized in Table 3-11. Equations are provided in
the following subsections.

Table 3-11. Calculated Values and Reference Bases Used for the Sweat Lodge Dermal Exposure to
Nonvolatiles Exposure Route

Effect Symbol for Calculated Value Reference
Carcinogenic and Noncarcinogenic la, Harris and Harper, 2004
Carcinogenic and Noncarcinogenic ld,v Harris and Harper, 2004
Carcinogenic and Noncarcinogenic ld total Harris and Harper, 2004
Carcinogenic Risk EPA/540/R/99/005
Noncarcinogenic HQ EPA/540/R/99/005
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Table 3-11. Calculated Values and Reference Bases Used for the Sweat Lodge Dermal Exposure to
Nonvolatiles Exposure Route

Effect Symbol for Calculated Value Reference

Notes:

la, = Dermal intake of nonvolatiles analytes in condensed liquid in sweat lodge.
lay = Dermal intake of nonvolatile analytes in vapor in sweat lodge.

la.total = Total dermal intake of nonvolatile analytes in sweat lodge.

HQ = hazard quotient.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual
(HHEM) (Part E, Supplemental Guidance for Dermal Risk Assessment): Final.

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

3.24.1 Sweat Lodge Dermal Exposure to Nonvolatiles in Condensed Liquid—Intake (Carcinogenic
Effects and Noncarcinogenic Effects)

In the Harris and Harper model, total dermal intake of nonvolatile contaminants is calculated as the sum
of intakes from dermal exposure to vapors and to aqueous condensate. For condensed liquid, the model
assumes nonvolatile contaminant concentrations in the condensed water are equal to that of the water
added to the heated rocks. Intake from dermal contact with nonvolatile compounds in sweat lodge
condensed liquid is calculated with the following equation (Harris and Harper 2004, Appendix 4,
Equation 19):

Caw X SAx Kpx ET x EF x EDxCF3
BW x AT x CF1
3.2.4.2 Sweat Lodge Dermal Exposure to Nonvolatiles in Vapor—Intake (Carcinogenic Effects and
Noncarcinogenic Effects)

Intake from dermal contact with nonvolatile compounds in sweat lodge vapor is calculated with the
following equation (Harris and Harper 2004, Appendix 4, Equation 20):

la) = (42)

SA x Kp x ET x EF x ED x CF 4 MW
ldy = xCgyw X| ———— | %
’ BW x AT x CF 1 RxT xpy
(43)

..EXP [18.3036 _ 3816 .44 j

T -46.13

3.2.4.3 Sweat Lodge Dermal Exposure to Nonvolatiles in Vapor—Total Intake (Carcinogenic
Effects and Noncarcinogenic Effects)

The total dermal exposure for nonvolatile compounds in a sweat lodge is calculated using the following
equation (Harris and Harper 2004, Appendix 4, Equation 21):

| totar = 1o + 14y (44)

3.24.4 Sweat Lodge Dermal Exposure to Nonvolatiles—Carcinogenic Effects

For carcinogens, the cancer risk is calculated using the following equation:
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CSF
RISK = =20 45
GIABS x1d,total ( )

3.2.45 Sweat Lodge Dermal Exposure to Nonvolatiles—Noncarcinogenic Effects

For noncarcinogens, the noncancer hazard is calculated using the following equation:

HQ x 1q total (46)

1
" RfDg x GIABS
3.24.6 Sweat Lodge Dermal Exposure to Nonvolatiles—Radionuclides

Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer slope
factors are not published for calculating cancer risk from external or dermal exposure to radioactive
contaminants in water.

3.3 Cumulative Risk—Cancer

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 -
Risk ; = > " Risk, (47)
where:
Riskr = Total cancer risk from route of exposure
Riski = Cancer risk for the i chemical
N = Number of chemicals

3.4 Hazard Index—Noncancer

The HI is calculated with the following equation. The basis for the equation is provided in
EPA/540/1-89/002.

(48)

N
Z Kool
HI = RD ;
where:

HI = hazard index

CDL = chronic daily intake of the i chemical (mg/kg-day)
RfD; = reference dose of the i chemical (mg/kg-day)
N = number of chemicals
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4 Assumptions and Inputs

Assumptions and inputs associated with the exposure scenarios and human health toxicity values, along
with the groundwater analytes and associated exposure point concentrations (EPCs) used in the CTUIR
and Yakama Nation human health risk calculations, are described below.

4.1 Exposure Inputs and Assumptions

Exposure inputs used to quantify intake from the drinking water exposure pathways are provided in
Table 3-1 and Table 3-2 for the CTUIR and Yakama Nation exposure scenarios, respectively.
Exposure inputs used to quantify intake from the sweat lodge exposure s are provided in Table 3-6
and Table 3-7 for the CTUIR and Yakama Nation exposure scenarios, respectively.

Exposure routes evaluated for the drinking water exposure pathways for the CTUIR and Yakama
Nation exposure scenarios are ingestion, inhalation, and dermal absorption. (Dermal exposure is
evaluated for nonradionuclides only.)

Exposure routes evaluated for the sweat lodge exposure pathways for the CTUIR and Yakama Nation
exposure scenarios are inhalation and dermal absorption. (Dermal exposure is evaluated for
nonradionuclides only.)

For domestic use of groundwater as a drinking water supply, EPA considers the inhalation pathway
potentially complete only for volatile contaminants because there is no mechanism for release of
nonvolatile chemicals into the air in significant concentrations (EPA/540/R-92/003). For the drinking
water exposure pathways, inhalation intake is quantified for volatile contaminants as defined by EPA,
2013, “Regional Screening Levels for Chemical Contaminants at Superfund Sites.”

Exposure times for dermal exposure to drinking water are assumed to be 0.71 hours for an adult and
0.54 hours for a child based on the EPA recommended values for showering/bathing under a
reasonable maximum exposure (RME) residential scenario (EPA/600/R-090/052). Exposure times
for inhalation of volatiles in water is assumed to be 24 hours per day.

The Yakama Nation exposure scenario (Ridolfi, 2007) did not provide intake equations for exposures
related to sweat lodge use; therefore, equations provided by Harris and Harper were used.

The CTUIR exposure scenario (Harris and Harper 2004) provides a full set of factors needed to
quantify contaminant intake from sweat lodge use. The Yakama Nation exposure scenario (Ridolfi
2007) provides a partial set of the needed factors. The tribal-specific factors are used preferentially in
the sweat lodge calculations. Where tribal-specific factors are not provided, values consistent with
those used in the River Corridor Baseline Risk Assessment (RCBRA) (DOE/RL-2007-21, River
Corridor Baseline Risk Assessment, Volume II: Human Health Risk Assessment) are generally used.
Summaries of the key exposure assumptions used to quantify contaminant intake from sweat lodge
use for the CTUIR and Yakama Nation scenarios are provided in Table 4-1 and Table 4-2,
respectively.

Harris and Harper, 2004, Appendix 4, indicates that the water concentration (Cgw) is “dissolved surface
water concentration of the COPC (mg/L); calculated according to EPA 1998a, Appendix B.” However,
for this assessment, the EPCs were used for Cqyw; the EPCs are calculated based on total concentrations
(not dissolved concentrations) in groundwater (Total concentrations are typically higher than dissolved
concentrations.).
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Table 4-1. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the CTUIR Exposure Scenario

CTUIR
Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference CTUIR Value Reference
Averaging Time — RCBRA Rev. 0, Volume Il Harris and
aging AT year 702 75 - ‘ 1 Harper, 2004,
carcinogens Part 2, p. 3-28, Table 3-19 Appendix 4
Averaging Time — RCBRA Rev. 0, Volume I Harris and
ging AT year 682 69 (ED) - ’ 1 Harper, 2004,
noncarcinogens Part 2, p. 3-28, Table 3-19 Appendix 4
. Harris and
Average Body Weight RCBRA Rev. 0, Volume I,
_ adult BW kg 70 70 Part 2, p. 3-28, Table 3-19 70 Harper, 2004,
Appendix 4
Exposure Duration or Harris and
Number of Years a RCBRA Rev. 0, Volume I,
Person Sweats in a ED year 68 69 Part 2, p. 3-28, Table 3-19 68 Hﬁrpzrr,‘(igof,
Lifetime — adult PP
Exposure Frequency Harris and
or Number of Sweats EF events/year 365 365 EEEZR A Rge_vz'so"r\;cg,l; rgilg 365 Harper, 2004,
per Year P ’ Appendix 4
Harris and
Length of Sweat Event b RCBRA Rev. 0, Volume I,
_ adult ET hours/event 1 1 Part 2, p. 3-28, Table 3-19 1 Harper, 2_004,
Appendix 4
Inhalation Intake of Harris and
Analytes in Sweat . Calculated Calculated RCBRA Rev. 0, Volume II, Calculated
. linh mg/kg-day Harper, 2004,
Lodge—nonvolatile value value Part 1, p. 3-72 and p. 6-2 value Appendix 4
nonradionuclides PP
Inhalation Intake of Harris and
Analytes in Sweat . . Calculated Calculated RCBRA Rev. 0, Volume I, Calculated
) linh pCi Harper, 2004,
Lodge—nonvolatile value value Part 1, p. 3-72 and p. 6-2 value Appendix 4
radionuclides PP
Inhalation Rate—adult IR m/day 25 300 RCBRA Rev. 0, Volume Il, 25 Harris, 2008

Part 2, p. 3-27, Table 3-19

0 "A3d '9€00-€1L-QHO4ANVH-403
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Table 4-1. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the CTUIR Exposure Scenario

CTUIR
Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference CTUIR Value Reference
Harris and
Radius of Sweat Lodge r m 1 1 RCBRA Rev. 0, Volume Il, 1 Harper, 2004,
Part 1, p. 3-71 -
Appendix 4
. Harris and
Skin Surface Area — SA em? 18,000 18,000 RCBRA Rev. 0, Volume I, 18,000 Harper, 2004,
adult Part 2, p. 3-27, Table 3-19 ;
Appendix 4
. Harris and
Cumulative Volume of . RCBRA Rev. 0, Volume II,
Water Used in Sweat Viwtotal Liters 4 4 Part 1, p. 3-71 4 Harper, 2004,
Appendix 4

Notes:

a. Averaging time of 1 year provided in Harris and Harper, 2004 was replaced with 70 years for carcinogens and 68 years for noncarcinogens to account for
lifetime intake rather than annual intake.

b. Inhalation intake calculated using 1/24 days/event for unit consistency with equations provided in Harris and Harper, 2004.

c. RCBRA references 1.25 m3hr, which is equivalent to 30 m®day (1.25 m3/hr x 24 hrs/day).

RCBRA = River Corridor Baseline Risk Assessment (DOE/RL-2007-21)

DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume Il: Human Health Risk Assessment.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.
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Table 4-2. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the Yakama Nation Exposure Scenario

Yakama Nation

Yakama Nation

Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference Value Reference
Averaging Time — RCBRA Rev. 0, Volume lI, -
carcinogens AT year 708 70 Part 2, p. 3-28, Table 3-19 Not specified NA
Averaging Time — RCBRA Rev. 0, Volume I, -
noncarcinogens AT year 70? 64 (ED) Part 2, p. 3-28, Table 3-19 Not specified NA
Average Body Weight RCBRA Rev. 0, Volume I, Ridolfi, 2007,
_ adult BW kg 70 70 Part 2, p. 3-28, Table 3-19 70 Table 7
Exposure Duration or
Number of Years a ED car 70 64 RCBRA Rev. 0, Volume I, 70 Ridolfi, 2007,
Person Sweats in a y Part 2, p. 3-28, Table 3-19 Table 7
Lifetime — adult
Exposure Frequency e
RCBRA Rev. 0, Volume II, Ridolfi, 2007,
or Number of Sweats EF events/year 365 365 Part 2, p. 3-28, Table 3-19 365 Table 7
per Year
Length of Sweat Event b RCBRA Rev. 0, Volume I, Ridolfi, 2007,
— adult ET  hoursfevent / / Part 2, p. 3-28, Table 3-19 7 Table 7
Inhalation Intake of
Analytes in Sweat ) Calculated both RCBRA Rev. 0, Volume I, -
Lodge— nonvolatile lin mo/kg-day  \lih and without Ot calculated o 1, p. 3-72 and p. 6-2 Not specified NA
nonradionuclides
Inhalation Intake of
Analytes in Sweat . . Calculated both RCBRA Rev. 0, Volume II, -
Lodge— nonvolatile lin pCi with and without VOt caloulated oy 1, p. 3-72 and p. 6-2 Not specified NA
radionuclides
. RCBRA Rev. 0, Volume I Ridolfi, 2007
_ 3 c ) ) ) )
Inhalation Rate — adult IR m>/day 26 26 Part 2, p. 3-27, Table 3-19 26 Table 7
Radius of Sweat Lodge r m 1 1 RCBRA Rev. 0, Volume I, Not specified NA

Part 1, p. 3-71
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Table 4-2. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the Yakama Nation Exposure Scenario

Yakama Nation Yakama Nation

Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference Value Reference
Skin Surface Area — 2 RCBRA Rev. 0, Volume I, o

adult SA cm 18,000 18,000 Part 2, p. 3-27, Table 3-19 Not specified NA
Cumulative Volume of Vi sota Liters 4 4 RCBRA Rev. 0, Volume II, Not specified NA

Water Used in Sweat Part 1, p. 3-71

Notes:

a. Averaging time of 1 year provided in Harris and Harper, 2004 was replaced with 70 years for both carcinogens and noncarcinogens to account for lifetime
intake rather than annual intake.

b. Inhalation intake calculated using 7/24 days/event for unit consistency with equations provided in Harris and Harper, 2004.

c. RCBRA references 1.08 m3¥hr, which is equivalent to 26 m®/day (1.08 m3/hr x 24 hrs/day).

RCBRA = River Corridor Baseline Risk Assessment (DOE/RL-2007-21)

DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume Il: Human Health Risk Assessment.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
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e For the sweat lodge scenario, an exposure time of 1 hour/event is used for the CTUIR based on Harris
and Harper, 2004. For the Yakama Nation, an exposure time of 7 hours/event is used based on
Ridolfi, 2007. Seven hours/day is the recommended sweat lodge exposure time based on the
maximum value reported in a tribal survey (Ridolfi, 2007).

e The sweat lodge scenario assumes 4 liters of groundwater are poured over hot rocks to make steam in
a hemispherical sweat lodge with a radius of 1 m (Harris and Harper, 2004). The internal temperature
of the sweat lodge is assumed to be maintained at a constant 150 degrees Fahrenheit (Harris and
Harper, 2004). This scenario creates a unique environment where volatile, semi-volatile, and
nonvolatile analytes could potentially be present in the air and available for inhalation and dermal
exposure. Harris and Harper, 2004 describes a method for calculating a vaporization factor for the
sweat lodge scenario. The vaporization factor is applied to the groundwater concentration to estimate
analyte concentrations in sweat lodge steam. Ridolfi, 2007 does not specify a method for estimating
analyte concentrations in sweat lodge steam; therefore, the Harris and Harper steam model is used for
both the CTUIR and Yakama Nation intake calculations.

e Harris and Harper recommend different methods for calculating vaporization factors for volatile and
semi-volatile analytes, versus nonvolatile analytes. For volatile and semi-volatile analytes, the model
assumes 100 percent volatilization throughout the sweat; hence, dermal exposure to volatiles and
nonvolatiles in condensed water is considered an incomplete pathway. Therefore, volatile and semi-
volatile analytes (including tritium) are evaluated for intake via inhalation and dermal absorption only
from the vapor phase.

e For nonvolatile analytes, the model assumes that the analytes become airborne as an aerosol and that,
once airborne, the analytes can deposit onto the skin surface as aqueous condensate. Nonvolatile
analyte intake is assumed to occur via inhalation from the vapor phase and dermal absorption from
both the vapor and liquid phases. The Harris and Harper model assumes the concentration of
nonvolatiles in condensed water is equal to the concentration in the water used to create the steam.

4.2 Groundwater Analytes and Exposure Point Concentrations

The analytes assessed in this environmental calculation were identified from the analytical data sets for
the 200-BP-5 and 200-PO-1 Groundwater OUs in the Hanford Environmental Information System (HEIS)
database. The data set was first processed and reduced as described in ECF-Hanford-13-0033, Exposure
Point Concentrations for Baseline Conditions for Remedial Investigation/Feasibility Studies of the 200-
BP-5 and 200-PO-1 Groundwater Operable Units .

Following the data processing and reduction step of analysis, any analyte in the (processed) data set with
at least one reported detection and available toxicity values was assessed in the Native American risk
calculations for the 200-BP-5 and 200-PO-1 Groundwater OUs.

The EPCs used for the Native American risk calculations are the analyte-specific 95UCL or ProUCL
values calculated from the analytical data set, as described in ECF-HANFORD-13-0033, Exposure Point
Concentrations for Baseline Conditions for Remedial Investigation/Feasibility Studies of the 200-BP-5
and 200-PO-1 Groundwater Operable Units. The identified analytes and their EPCs are presented in
Table 4-3 for the 200-BP-5 Groundwater OU and Table 4-4 for the 200-PO-1 Groundwater OU.
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LLWMA 2/ WMA Gable Far Field

216-B-63 B/BX/BY Tank | WMA C Tank Mountain 200-BP-5 (North of
Analyte Name CAS # Units LLWMA 1 Trench Farms Farm B Plant Semiworks LERF Pond West Gable Gap) Near-River Confined
2-Hexanone 591-78-6 pg/L -- -- -- 2.0 - - -- -- -- -- -- --
Acetone 67-64-1 pg/L 1.0 -- -- 1.1 -- -- -- - -- -- -- --
Acetophenone 98-86-2 ug/L - -- 1.7 -- - - -- -- - -- -- --
Aluminum 7429-90-5 pg/L 47 - 14 26 - - - - 5,536 - 24 24
Antimony 7440-36-0 pg/L - - 0.15 - - - 0.32 - - - - 42
Arsenic 7440-38-2 pg/L 438 8.5 8.9 6.5 45 4.0 44 47 6.1 13 3.2 3.0
Barium 7440-39-3 pg/L 72 55 120 56 70 83 66 52 68 26 29 91
Benzene 71-43-2 ug/L -- - -- - -- -- -- -- -- -- -- 25
Beryllium 7440-41-7 pg/L - - - - -- -- - - 0.12 - - -
E;]St% Ieattzy'hexy') 117-81-7 g/l - - 1.7 - - - - - 2.5 - - 3.8
Boron 7440-42-8 pg/L - - - 23 53 53 - - - 29 21 18
Butylbenzylphthalate 85-68-7 Mg/l -- -- 2.8 -- -- -- -- -- -- -- -- --
Cadmium 7440-43-9 pg/L 0.40 - 4.7 4.0 5.1 -- -- - 28 -- 0.10 --
Carbon disulfide 75-15-0 Mg/l -- -- -- 0.12 -- -- -- -- 1.6 -- -- --
Carbon tetrachloride 56-23-5 ug/L -- -- 3.5 1.3 -- -- 23 -- 25 -- - 2.3
Chloroform 67-66-3 Mg/l 0.13 - 14 0.14 -- -- -- - 0.66 -- 0.19 1.3
Chromium 7440-47-3 pg/L 14 16 36 11 8.5 5.2 14 34 16 8.7 6.1 7.3
Chromium (Dissolved) 7440-47-3-D pg/L 7.7 8.9 27 5.2 5.4 54 6.6 5.3 55 11 6.1 6.2
Cobalt 7440-48-4 pg/L 0.37 - 4.7 4.0 - - - - 3.4 - 0.14 0.86
Copper 7440-50-8 pg/L 0.88 5.0 6.4 36 3.2 1.9 4.0 6.0 5.0 118 0.94 1.9
Cyanide 57-12-5 pg/L 139 57 320 6.7 6.9 - -- - 72 - -- 9.6
Di-n-octylphthalate 117-84-0 ug/L -- -- 5.5 3.3 -- -- -- -- -- -- -- 211
Fluoride 16984-48-8 pg/L 334 228 248 135 892 214 250 102 422 599 238 3.9
Hexavalent Chromium 18540-29-9 Mg/l 8.2 3.2 33 55 3.1 3.1 - - 4.0 11 4.7 2,496
Iron 7439-89-6 pg/L 82 90 351 65 136 - 230 3,103 4,414 1,316 190 -
Lead 7439-92-1 pg/L 0.24 0.23 0.55 0.30 - - - - 5.1 0.42 23 -
Lithium 7439-93-2 pg/L - - - - - - - - 13 94 10 64
Manganese 7439-96-5 pg/L 1.6 5.1 18 5.2 9.3 -- 9.7 91 147 40 14 --
Mercury 7439-97-6 pg/L 0.18 0.063 0.32 0.20 - - - - 0.18 - - -
Methyl methacrylate 80-62-6 pg/L -- -- -- 14 -- -- -- -- -- -- -- --
mgmglnesulfonate 66-27-3 Mg/ - - 340 - - - - - - - - -
Methylene chloride 75-09-2 Mg/l - - 1.8 - -- -- -- - - -- -- 55
Molybdenum 7439-98-7 pg/L 6.6 - 45 2.9 7.1 3.6 - - 7.8 5.3 4.5 7.8
Nickel 7440-02-0 pg/L 5.6 17 51 11 8.5 1.2 11 22 13 5.3 0.63 9,270
Nitrate 14797-55-8 pg/L 180,551 53,893 598,495 44,448 86,183 41,300 41,898 94,233 86,692 21,027 23,767 187
Nitrite 14797-65-0 pg/L 156 159 191 149 207 200 323 209 191 224 222 --
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Table 4-3. Summary of Analytes and Exposure Point Concentrations for Exposure Areas in 200-BP-5 Groundwater OU

LLWMA 2/ WMA Gable Far Field

216-B-63 B/BX/BY Tank | WMA C Tank Mountain 200-BP-5 (North of
Analyte Name CAS # Units LLWMA 1 Trench Farms Farm B Plant Semiworks LERF Pond West Gable Gap) Near-River Confined
giyrgf;;g;’,;i:e 621-64-7 Mg/L - - 3.5 - - - - - - - - -
Octachlorodibenzofuran 39001-02-0 Mg/l 1.43E-06 -- -- -- -- -- -- -- -- -- -- 0.91
Phenol 108-95-2 ug/L - - 1.1 -- - - - - - - - --
Selenium 7782-49-2 pg/L 6.7 -- 11 11 8.2 5.9 -- -- 3.1 1.2 1.7 17
Silver 7440-22-4 pg/L 6.8 4.6 5.1 5.5 8.0 -- 7.5 -- -- -- -- 255
Strontium 7440-24-6 pg/L 393 340 853 424 338 377 568 1,103 311 194 205 0.065
Thallium 7440-28-0 ug/L 0.24 -- 0.13 0.32 -- - -- -- -- -- 1.8 --
Tin 7440-31-5 pg/L 0.23 - 0.44 0.39 0.28 - - - - - 0.079 23
Toluene 108-88-3 Mg/l - - - -~ - - - - - - - 8.4
Tributyl phosphate 126-73-8 Mg/l - - 1.1 1.0 -- -- -- -- 1.7 -- - -
Trichloroethene 79-01-6 ug/L -- -- -- -- -- -- -- -- -- -- 1.8 3.3
Uranium 7440-61-1 pg/L 22 3.8 422 4.3 23 6.1 -- -- 8.9 4.2 23 11
Vanadium 7440-62-2 pg/L 17 21 14 17 18 13 18 8.1 17 19 14 79
Zinc 7440-66-6 pg/L 55 5.7 40 5.6 369 6.6 8.3 23 1,168 368 164 0.10
Americium-241 14596-10-2 pCi/L - - 0.10 0.14 0.19 -- - - 0.31 0.086 0.13 35
Carbon-14 14762-75-5 pCi/L - - 57 - 12 - - - - - 293 -
Cesium-137 10045-97-3 pCi/L - - -- - 1,390 - - - - -- - -
Cobalt-60 10198-40-0 pCi/L 26 -- 40 -- - - -- -- 6.4 -- -- --
Europium-154 15585-10-1 pCi/L -- -- -- -- 45 -- -- -- -- - -- 0.89
lodine-129 15046-84-1 pCi/L 2.4 1.4 3.7 4.6 1.5 1.8 0.32 -- 1.1 0.68 0.25 --
Neptunium-237 13994-20-2 pCi/L -- -- 0.56 -- 0.71 -- -- -- 0.57 - -- --
Plutonium-238 13981-16-3 pCi/L -- -- - -- 0.19 -- -- -- -- - -- 0.074
Plutonium-239/240 PU-239/240 pCi/L - - 0.098 0.11 30 0.11 - - 0.052 - - 23
Strontium-90 10098-97-2 pCi/L - - 2.7 - 1,127 238 - 214 83 - - 353
Technetium-99 14133-76-7 pCi/L 3,168 801 11,391 5,981 1,415 62 -- -- 1,711 150 61 1,756
Tritium 10028-17-8 pCi/L 7,417 572 11,424 1,074 5,272 7,500 632 3,200 6,693 12,770 12,568 --
Uranium-233/234 U-233/234 pCi/L -- -- - -- 11 -- -- -- -- -- 0.67 1.3
Uranium-234 13966-29-5 pCi/L -- -- 598 - 8.3 -- -- -- -- -- -- --
Uranium-235 15117-96-1 pCi/L -- -- 27 -- 0.46 -- -- -- -- - 0.048 1.1
Uranium-238 U-238 pCi/L -- -- 585 -- 8.4 -- -- -- -- - 0.53 --
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WMA A/AX and 216-A- BC Cribs and 216-B-3 Pond Facility
Analyte Name CAS # Units PUREX Cribs 29 Ditch Trenches (All Lobes) NRDWL/SWL Far Field Near River
1,1,1-Trichloroethane 71-55-6 pg/L - - - - 0.62 0.15 -
1,1-Dichloroethane 75-34-3 Mg/l -- - - -- 0.16 0.25 -
1,1-Dichloroethene 75-35-4 Mg/l -- - - -- 0.19 0.14 -
Hoxashiorodbenzorprdiowin | 392277286 vl - 1.708-06 - - - - -
2,6-Dinitrotoluene 606-20-2 Mg/l 17 - - - - - --
Acetone 67-64-1 Mg/l -- -- - -- 6.6 1.2 25
Aluminum 7429-90-5 Mg/l -- -- -- -- - 47 54
Antimony 7440-36-0 pg/L 55 43 52 - 4.9 47 5.8
Arsenic 7440-38-2 pg/L 6.3 7.9 2.3 7.8 25 6.2 43
Barium 7440-39-3 ug/L 58 41 48 36 94 53 63
Benzyl alcohol 100-51-6 Mg/l - - - - -- 1.1 -
Beryllium 7440-41-7 Mg/l 9.4 -- - -- -- -- -
Bis(2-ethylhexyl) phthalate 117-81-7 pg/L 6.7 4.1 - - 14 1.5 -
Boron 7440-42-8 pg/L - - - - - 30 21
Bromodichloromethane 75-27-4 pg/L -- -- -- -- -- 0.58 --
Bromoform 75-25-2 pg/L -- -- - - -- 23 -
Bromomethane 74-83-9 pg/L -- -- -- -- -- 4.5 --
Butylbenzylphthalate 85-68-7 pg/L -- -- -- -- -- 1.3 --
Cadmium 7440-43-9 pg/L 18 5.2 -- -- -- 4.5 0.12
Carbon disulfide 75-15-0 Mg/l - -- -- - - 0.12 -
Carbon tetrachloride 56-23-5 Mg/l 0.13 - -~ - 1.0 4.0 -~
Chloroform 67-66-3 Mg/l 0.71 - - - 0.17 0.33 -
Chromium 7440-47-3 pg/L 13 13 17 10 11 53 5.1
Chromium (Dissolved) 7440-47-3-D Mg/l 9.5 5.8 28 8.4 6.1 4.6 5.0
Cobalt 7440-48-4 pg/L 4.8 4.0 8.1 - -- 0.23 0.31
Copper 7440-50-8 pg/L 5.2 4.8 4.0 12 9.0 1.3 2.5
Dibromochloromethane 124-48-1 Mg/l - - - - -- 2.2 -
Diethylphthalate 84-66-2 Mg/l - -- -- -- -- 1.7 -
Ethyl methacrylate 97-63-2 pg/L -- -- -- -- -- 0.82 --
Ethylbenzene 100-41-4 pg/L -- -- -- -- 21 -- --
Fluoride 16984-48-8 pg/L 251 179 314 309 223 278 252
Hexavalent Chromium 18540-29-9 pg/L - 191 -- -- - 29 46
Iron 7439-89-6 ug/L 205 129 16,816 3,901 225 381 2,530
Lead 7439-92-1 pg/L 0.12 0.16 35 - 0.15 0.98 0.68
Lithium 7439-93-2 pg/L - -- -- - -- 10 21
Manganese 7439-96-5 pg/L 12 7.3 201 65 5.3 19 69
Methylene chloride 75-09-2 Mg/l - -- - -~ 15 1.9 -
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Table 4-4. Summary of Analytes and Exposure Point Concentrations for Exposure Areas in 200-PO-1 Groundwater OU

WMA A/AX and 216-A- BC Cribs and 216-B-3 Pond Facility
Analyte Name CAS # Units PUREX Cribs 29 Ditch Trenches (All Lobes) NRDWL/SWL Far Field Near River
Molybdenum 7439-98-7 pg/L -- -- -- -- -- 6.9 12
Nickel 7440-02-0 pg/L 5.5 12 9.0 7.3 7.8 8.3 0.99
Nitrate 14797-55-8 pg/L 57,651 26,216 9,777 23,125 16,979 33,541 25,288
Nitrite 14797-65-0 ug/L 152 148 308 192 278 166 176
n-Nitrosodi-n-dipropylamine 621-64-7 Mg/l 29 - - - -- - -
Selenium 7782-49-2 pg/L - 45 - - - 21 2.2
Silver 7440-22-4 pg/L 5.2 6.0 8.0 - 5.4 18 -
Strontium 7440-24-6 pg/L 287 271 224 284 411 270 384
Tetrachloroethene 127-18-4 pg/L -- -- -- -- 0.90 4.0 -
Thallium 7440-28-0 ug/L -- -- -- -- - -- 0.37
Tin 7440-31-5 pg/L - -- -- -- -- 0.41 0.12
Toluene 108-88-3 Mg/l -- 0.029 0.065 - 14 - -
Tributyl phosphate 126-73-8 ug/L - - - - -- 5.6 -
Trichloroethene 79-01-6 Mg/l 1.8 - - -- 0.39 1.8 -
Trichloromonofluoromethane 75-69-4 pg/L -- -- -- -- 0.56 -- --
Uranium 7440-61-1 pg/L 26 4.1 3.8 4.0 8.0 22 6.9
Vanadium 7440-62-2 ug/L 22 25 22 25 11 13 14
Xylenes (total) 1330-20-7 pg/L -- -- -- -- 4.1 - --
Zinc 7440-66-6 pg/L 7.9 9.0 3,813 21 8.9 284 17
Americium-241 14596-10-2 pCi/L -- -- -- -- -- 0.1 -
Carbon-14 14762-75-5 pCi/L - -- -~ - -- 9.9 -
lodine-129 15046-84-1 pCi/L 25 5.0 - 29 1.4 1.3 0.32
Protactinium-231 14331-85-2 pCi/L - -- 0.28 -- - 0.31 --
Selenium-79 15758-45-9 pCi/L - 33 6.0 -- - - 39
Strontium-90 10098-97-2 pCi/L 5.1 4.5 2.5 - -- 2.2 2.8
Technetium-99 14133-76-7 pCi/L 82 1,291 -- -- 24 80 68
Tritium 10028-17-8 pCi/L 199,057 6,649 190 15,005 23,462 179,470 50,867
Uranium-233/234 U-233/234 pCi/L - -- - - -- 34 2.4
Uranium-234 13966-29-5 pCi/L 31 27 1.7 - 3.9 29 25
Uranium-235 15117-96-1 pCi/L 2.1 - - - - 1.1 0.15
Uranium-238 U-238 pCi/L 34 2.0 0.96 - 29 20 1.8
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4.3 Toxicity Values

The toxicity criteria used for the Native American human health risk calculations are provided in Table
4-5. The sources for these criteria are discussed below.

43.1 Toxicity Values for Nonradionuclides

For nonradionuclides, the analyte-specific toxicity values shown in Table 4-5 are determined using the
recommended reference hierarchy as described in Cook, 2003, “Human Health Toxicity Values in
Superfund Risk Assessments.” The hierarchy is summarized below.

e Tier 1 — The EPA Integrated Risk Information System (IRIS)
e Tier 2 — The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs)
e Tier 3 — Other Toxicity Values

Tier 1 -IRIS

The preferred source of toxicity data is the EPA IRIS database (http://www.epa.gov/iris/index.html).
Expert toxicologists at the EPA have derived the values in this database and most values have undergone
a thorough review and validation both within and outside the EPA. If a toxicity value is available in IRIS,
that value is used in preference to any other value.

Tier 2-PPRTVs

If a toxicity value is not available in IRIS, the next source is the EPA PPRTVs. This source includes
toxicity values that have been developed by the Office of Research and Development/National Center for
Environmental Assessment/Superfund Health Risk Technical Support Center (STSC). This database is
not available to the general public, but is accessible to EPA risk assessors via the EPA intranet. These
values are also published at the EPA Regional Screening Levels website (EPA, 2013).

Tier 3 — Other Toxicity Values
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:

e The California EPA (CalEPA)’s Toxicity Criteria Database contains toxicity values that are peer
reviewed and address both cancer and non-cancer effects.

e The Agency for Toxic Substances and Disease Registry (ATSDR)’s Minimal Risk Levels (MRLs) for
Hazard Substances are peer-reviewed estimates of the daily human exposure to hazardous substances
that is likely to be without appreciable risk of adverse non-cancer health effects over a specified
duration of exposure.

e Toxicity values in EPA/540-R-97-036, Health Effects Assessment Summary Tables (HEAST).

When Tier 1, Tier 2, and Tier 3 toxicity values are not available for an analyte, the toxicity values from
the National Center for Environmental Assessment (NCEA) are used. NCEA values can be found in
RAIS (ORNL, 2014).

For this environmental calculation, two toxicity values required conversion to a different concentration
basis: nitrate and nitrite.

e Nitrate. A derived RfD for nitrate (NO3") was calculated from the RfD reported in IRIS, which is
given as 1.6 mg/kg-day for nitrate as nitrogen (NO; 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 NOs™ = (14 g/mol)/(62 g/mol) = 0.226. The derived RfD for nitrate = (1.6
mg NO; as N/kg-day) x (1 mg NO37/0.226 mg NO; as N) = 7.1 mg NO;/kg-day.
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o Nitrite. A derived RfD for nitrate (NO,") was calculated from the RfD reported in IRIS, which is
given as 0.1 mg/kg-day for nitrite as nitrogen (NO, 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 NO, = (14 g/mol)/(46 g/mol) = 0.304. The derived RfD for nitrite = (0.1 mg NO,
as N/kg-day) x (1 mg NO,7/0.304 mg NO,™ as N) = 0.3 mg NO,/kg-day.

For hexavalent chromium, the toxicity value used was obtained from a different source than
recommended by the EPA Superfund hierarchy (Cook 2003). The difference in toxicity values is
summarized below.

e For hexavalent chromium, this assessment considers cancer effects only for inhalation exposures. An
oral cancer slope factor has recently 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 NJDEP, 2009, Derivation of an Ingestion-Based Soil Remediation Criterion for Cr+6
Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate. Assessing only
inhalation cancer effects from hexavalent chromium has the potential to under-estimate cancer risk.

4.3.2 Toxicity Values for Radionuclides

The cancer slope factors for radionuclides in Table 4-5 were obtained online from EPA, 2001, “Health
Effects Assessment Summary Tables database™/ “April 16, 2001 Update: Radionuclide Toxicity,”
“Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors.”

4.3.3 Toxicity Values for Sweat Lodge Equations

EPA has recently published guidance to address chemical inhalation exposures in EPA-540-R-070-002. A
methodology is provided to use the toxicity values that are currently provided in IRIS as concentrations
(reference concentrations [RfC] for non-cancer effects and inhalation unit risk values [[UR] for cancer
endpoints). These values now supersede the intake-based approach specified in EPA/540/1-89/002.

The method described in Harris and Harper, 2004 for inhalation of nonradionuclide analytes in sweat
lodge vapor follows the former EPA/540/1-89/002 approach of quantifying intake. Therefore, in the sweat
lodge exposure pathway calculations, the [UR and RfC values from the EPA toxicity tables (EPA, 2013)
were converted to CSF; and RfD; values, following the protocol given in EPA/540/1-89/002. The
following equations were used, based on an assumed breathing rate of 20 m*/day and an assumed body
weight of 70 kg.

CSF; (kg-day/mg) = IUR (m*/ug) x 1/[20 (m*/day)] x 70 (kg) x 1000 (ug/mg) (49)
RfDj (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x 1/70 (kg) (50)

The CSF; and RfD; values are used to calculate inhalation cancer risks and inhalation non-cancer hazards,
respectively. For inhalation of radionuclides in sweat lodge vapor, no toxicity factor conversions are
necessary. Sweat lodge radiological risk is calculated by quantifying inhalation intake (pCi) and then
multiplying by the EPA inhalation slope factor (risk/pCi).
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Inhalation Slope Factor
Cancer Potency Inhalation Unit Oral Reference Reference Gl Absorption Water Slope Factor
Applicable Factor? Risk? Dose? Concentration? Factor®c FA® Kp° B® ™ t*> Ingestion® Inhalation®
JAnalyte Name Operable Unit CAS# (mg/kg-day)! Source (ng/m3)! Source | (mgl/kg-day) | Source (mg/m?®) Source | Volatile?2° (unitless) (unitless) | (cm/hour) | (unitless) | (hours/event) | (hours) (Risk/pCi) Source | (Risk/pCi) Source
1,1,1-Trichloroethane 200-PO-1 71-55-6 - - - - 2 I 5 I Yes 1 1 0.013 0.1 0.6 143 - - - -
1,1-Dichloroethane 200-PO-1 75-34-3 0.0057 C 0.0000016 C 0.2 P - - Yes 1 1 0.0067 0 0.38 0.92 - - - -
1,1-Dichloroethene 200-PO-1 75-35-4 - - - - 0.05 | 0.2 | Yes 1 1 0.012 0 0.37 0.89 - - - -
;i‘gﬁr’j‘7'8'Hexa°h'°r°dibenz"'p' 200-PO-1 | 39227-28-6 13000 WAC 3.8 WAC | 0.000000007 | WAC 0.0000004 WAC - 1 05 0.81 56 6.82 30.09 -~ - - -
2,6-Dinitrotoluene 200-PO-1 606-20-2 1.5 P - - 0.0003 X - - - 1 1 0.0021 0 1.12 2.69 - - - -
2-Hexanone® 200-BP-5 591-78-6 -- - - - 0.005 | 0.03 | Yes 1 - 0.00355 - - - - - - -
JAcetone® Both 67-64-1 - - - - 0.9 | 31 A Yes 1 - 0.000512 - - - - - - -
[Acetophenone® 200-BP-5 98-86-2 - - - - 0.1 | - - Yes 1 - 0.00372 - - - - - - -
JAluminum Both 7429-90-5 - - - - 1 P 0.005 P - 1 - 0.001 - - - - - - -
JAntimony Both 7440-36-0 -- - - - 0.0004 | - - - 0.15 - 0.001 - - - - - - -
Arsenic Both 7440-38-2 1.5 | 0.0043 | 0.0003 | 0.000015 - 1 - 0.001 - - - - - - -
Barium Both 7440-39-3 -- - - - 0.2 | 0.0005 H - 0.07 - 0.001 - - - - - - -
Benzene 200-BP-5 71-43-2 0.055 | 0.0000078 | 0.004 | 0.03 | Yes 1 1 0.015 0.1 0.29 0.7 - - - -
Benzyl alcohol® 200-PO-1 100-51-6 - - - - 0.1 P - - - 1 - 0.00209 - - - - - - -
Beryllium Both 7440-41-7 - - 0.0024 | 0.002 | 0.00002 | - 0.007 - 0.001 - - - - - - -
Bis(2-ethylhexyl) phthalate Both 117-81-7 0.014 | 0.0000024 o] 0.02 | - - - 1 0.8 0.025 0.2 16.64 39.93 - - - -
Boron Both 7440-42-8 -- - - - 0.2 | 0.02 H - 1 - 0.001 - - - - - - -
Bromodichloromethane 200-PO-1 75-27-4 0.062 | 0.000037 C 0.02 | - - Yes 1 1 0.0046 0 0.88 212 - - - -
Bromoform 200-PO-1 75-25-2 0.0079 | 0.0000011 | 0.02 | -- - - 1 1 0.0022 0 2.79 6.7 - - - -
Bromomethane 200-PO-1 74-83-9 -- - - - 0.0014 | 0.005 | Yes 1 1 0.0028 0 0.36 0.87 - - - -
Butylbenzylphthalate® Both 85-68-7 0.0019 P - - 0.2 | - - - 1 - 0.0385 - - - - - - -
Cadmium Both 7440-43-9 - - 0.0018 | 0.0005 | 0.00001 A - 0.05 - 0.001 - - - - - - -
Carbon disulfide Both 75-15-0 - - - - 0.1 | 0.7 | Yes 1 1 0.017 0.1 0.3 0.72 - - - -
Carbon tetrachloride Both 56-23-5 0.07 | 0.000006 | 0.004 | 0.1 | Yes 1 1 0.016 0.1 0.78 1.86 - - - -
Chloroform Both 67-66-3 0.031 C 0.000023 | 0.01 | 0.098 A Yes 1 1 0.0068 0 0.5 1.19 - - - -
Chromium Both 7440-47-3 - - - - 1.5 | - - - 0.013 - 0.001 - - - - - - -
Cobalt Both 7440-48-4 - - 0.009 P 0.0003 P 0.000006 P - 1 - 0.0004 - - - - - - -
Copper Both 7440-50-8 - - - - 0.04 H - - - 1 - 0.001 - - - - - - -
Cyanide 200-BP-5 57-12-5 - - - - 0.0006 | 0.0008 S Yes 1 - 0.001 - - - - - - -
Dibromochloromethane 200-PO-1 124-48-1 0.084 0.000027 C 0.02 | - - Yes 1 1 0.0032 0 1.57 3.77 - - - -
Diethylphthalate 200-PO-1 84-66-2 - - - - 0.8 I - - - 1 1 0.0039 0 1.87 45 - - - -
Di-n-octylphthalate® 200-BP-5 117-84-0 - - - - 0.01 P - - - 1 - 2.43 - - - - - - -
Ethyl methacrylate® 200-PO-1 97-63-2 -- -- -- -- 0.09 H 0.3 P Yes 1 - 0.00698 - - - - - - -
Ethylbenzene 200-PO-1 100-41-4 0.011 C 0.0000025 C 0.1 | 1 | Yes 1 1 0.049 0.2 0.42 1.01 - - - -
Fluoride Both 16984-48-8 - - - - 0.06 C 0.013 C - 1 - 0.001 - - - - - - -
Hexavalent Chromium Both 18540-29-9 -- -- 0.084 S 0.003 | 0.0001 | - 0.025 - 0.002 - - - - - - -
Iron Both 7439-89-6 - -- - -- 0.7 P - - - 1 - 0.001 - - - - - - -
Lead Both 7439-92-1 - - - - - - - - - 1 - 0.0001 - - - - - - -
Lithium Both 7439-93-2 -- - - - 0.002 P - - - 1 - 0.001 -- - - - - - -
Manganese Both 7439-96-5 - - - - 0.024 | 0.00005 | - 0.04 - 0.001 - - - - - - -
Mercury 200-BP-5 7439-97-6 - - - - 0.0003 - 0.0003 | - 0.07 - 0.001 - - - - - - -
Methyl methacrylate® 200-BP-5 80-62-6 - -- -- -- 1.4 | 0.7 | Yes 1 - 0.00355 - - - - - - -
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Table 4-5. Summary of Toxicity Values for the 200-BP-5 and 200-PO-1 Groundwater Operable Units

Inhalation Slope Factor
Cancer Potency Inhalation Unit Oral Reference Reference Gl Absorption Water Slope Factor
Applicable Factor? Risk? Dose?® Concentration?® Factora° FAP Kp? B® ™ t* Ingestion® Inhalation®

|Analyte Name Operable Unit CAS# (mg/kg-day)! Source (ng/m3)! Source (mgl/kg-day) Source (mg/m?®) Source | Volatile?2¢ (unitless) (unitless) | (cm/hour) | (unitless) | (hours/event) | (hours) (Risk/pCi) Source | (Risk/pCi) Source
Methyl methanesulfonate® 200-BP-5 66-27-3 0.099 o] 0.000028 o] - - - - - 1 - 0.000138 - - - - - - -
Methylene chloride Both 75-09-2 0.002 | 0.00000001 | 0.006 | 0.6 | Yes 1 1 0.0035 0 0.32 0.76 - - - -
Molybdenum Both 7439-98-7 - - - - 0.005 | - - - 1 - 0.001 - - - - - - -
Nickel Both 7440-02-0 - - 0.00026 C 0.02 | 0.00009 A - 0.04 - 0.0002 - - - - - - -
Nitrate Both 14797-55-8 - - - - 71 | - - - 1 - 0.001 - - - - - - -
Nitrite Both 14797-65-0 - - - - 0.3 | - - - 1 - 0.001 - - - - - - -
n-Nitrosodi-n-dipropylamine Both 621-64-7 7 | 0.002 C - - - - - 1 1 0.0023 0 0.57 1.37 - - - -
Octachlorodibenzofuran? 200-BP-5 39001-02-0 39 WAC 0.0114 WAC 0.0000023 WAC 0.000133 WAC - 1 0.5 0.81 5.6 6.82 30.09 - - - -
Phenol 200-BP-5 108-95-2 - - - - 0.3 | 0.2 C - 1 1 0.0043 0 0.36 0.86 - - - -
Selenium Both 7782-49-2 - - - - 0.005 | 0.02 C - 1 - 0.001 - - - - - - -
Silver Both 7440-22-4 - - - - 0.005 | - - - 0.04 - 0.0006 - - - - - - -
Strontium Both 7440-24-6 - - - - 0.6 | - - - 1 - 0.001 - - - - - - -
Tetrachloroethene 200-PO-1 127-18-4 0.0021 | 0.00000026 | 0.006 | 0.04 | Yes 1 1 0.033 0.2 0.91 2.18 - - - -
Thallium Both 7440-28-0 - - - - 0.00001 X - - - 1 - 0.001 - - - - - - -
Tin Both 7440-31-5 - - - - 0.6 H - - - 1 - 0.001 - - - - - - -
Toluene Both 108-88-3 - - - - 0.08 | 5 | Yes 1 1 0.031 0.1 0.35 0.84 - - - -
Tributyl phosphate® Both 126-73-8 0.009 P - - 0.01 P - - - 1 - 0.0228 - - - - - - -
Trichloroethene Both 79-01-6 0.046 | 0.0000041 | 0.0005 | 0.002 | Yes 1 1 0.012 0.1 0.58 1.39 - - - -
Trichloromonofluoromethane 200-PO-1 75-69-4 - -- -- -- 0.3 | 0.7 H Yes 1 1 0.013 0.1 0.63 1.51 -- -- - --
Uranium Both 7440-61-1 - - - - 0.003 | 0.00004 A - 1 - 0.001 - - - - - - -

anadium Both 7440-62-2 - - - - 0.005 S 0.0001 A - 0.026 - 0.001 - - - - - - -
[Xylenes (total)? 200-PO-1 1330-20-7 - - - - 0.2 | 0.1 | Yes 1 1 0.053 0.2 0.42 1.01 - - - -
Zinc Both 7440-66-6 - - - - 0.3 | - - - 1 - 0.0006 - - - - - - -
JAmericium-241 Both 14596-10-2 - - - - - - - - - 0.0005 - - - - - 1.04E-10 H 2.81E-08 H
Carbon-14 Both 14762-75-5 - - - - - - - - - 1 - - - - - 1.55E-12 H 7.07E-12 H
Cesium-137 200-BP-5 10045-97-3 - - - - - - - - - 1 - - - - - 3.04E-11 H 1.19E-11 H
Cobalt-60 200-BP-5 10198-40-0 - - - - - - - - - 0.1 - - - - - 1.57E-11 H 3.58E-11 H
Europium-154 200-BP-5 15585-10-1 - - - - - - - - - 0.0005 - - - - - 1.03E-11 H 1.15E-10 H
lodine-129 Both 15046-84-1 - - - - - - - - - 1 - - - - - 1.48E-10 H 6.07E-11 H
Neptunium-237 200-BP-5 13994-20-2 - - - - - - - - - 0.0005 - - - - - 6.18E-11 H 1.77E-08 H
Plutonium-238 200-BP-5 13981-16-3 - - - - - - - - - 0.0005 - - - - - 1.31E-10 H 3.36E-08 H
Plutonium-239/240 200-BP-5 PU-239/240 - - - - - - - - - 0.0005 - - - - - 1.35E-10 H 3.33E-08 H
Protactinium-231 200-PO-1 14331-85-2 - - - - - - - - - 0.0005 - - - - - 1.73E-10 H 4.55E-08 H
Selenium-79 200-PO-1 15758-45-9 - - - - - - - - - 0.8 - - - - - 7.29E-12 H 3.33E-12 H
Strontium-90 Both 10098-97-2 - - - - - - - - - 0.3 - - - - - 5.59E-11 H 1.05E-10 H
Technetium-99 Both 14133-76-7 - - - - - - - - - 0.5 - - - - - 2.75E-12 H 1.41E-11 H
Tritium' Both 10028-17-8 - - - - - - - - Yes 1 - - - - - 5.07E-14 H 5.62E-14 H
Uranium-233/234 Both U-233/234 - - - - - - - - - 0.02 - - - - - 7.07E-11 H 1.14E-08 H
Uranium-234 Both 13966-29-5 - - - - - - - - - 0.02 - - - - - 7.07E-11 H 1.14E-08 H
Uranium-235 Both 15117-96-1 - - - - - - - - - 0.02 - - - - - 6.96E-11 H 1.01E-08 H
Uranium-238 Both U-238 - - - - - - - - - 0.02 - - - - - 6.4E-11 H 9.32E-09 H
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Inhalation Slope Factor
Cancer Potency Inhalation Unit Oral Reference Reference Gl Absorption Water Slope Factor
Applicable Factor? Risk? Dose? Concentration? Factor®© FAP Ky? B® ™ t*° Ingestion® Inhalation®
|Analyte Name Operable Unit CAS# (mg/kg-day)! Source (ng/m3)"! Source (mg/kg-day) Source (mg/m?®) Source | Volatile?2¢ (unitless) (unitless) | (cm/hour) | (unitless) | (hours/event) | (hours) (Risk/pCi) Source | (Risk/pCi) Source

Notes:

a. U.S Environmental Protection Agency web site "Regional Screening Levels for Chemical Contaminants at Superfund Sites" (EPA, May 2013).
. EPA/540/R/99/005, Exhibit 3-1 (inorganics) and Exhibit B-3 (organics)

. TCCD dermal values used as a surrogate

b
c. EPA, 2001, Health Effects Assessment Tables, "April 16, 2001 Update: Radionuclide Toxicity", "Radionuclide Carcinogenicity - Slope Factors."
d
e

. Ky value obtained from ORNL, 2014, The Risk Assessment Information System (RAIS) website.
f. Volatility and GIABS for tritium obtained from EPA, 2001, Health Effects Assessment Tables, "April 16, 2001 Update: Radionuclide Toxicity", "Radionuclide Carcinogenicity - Slope Factors."
g. m-xylene dermal values used as a surrogate

h. The following summarizes differences between the table above and the EPA Regional Screening Level Table (EPA, May 2013)

2,6-Dinitrotoluene (606-20-2): Toxicity values as listed in the EPA Regional Screening Level Table (EPA, May 2013) are presented in this table; however the values are not used in the risk assessment calculations.
Cadmium (7440-43-9): Uses the toxicity information for Cadmium (Water) (7440-43-9) in the EPA Regional Screening Level Table (EPA, May 2013)
Chromium (7440-47-3): Uses the toxicity information for Chromium (lll), Insoluble salts (16065-83-1) in the EPA Regional Screening Level Table (EPA, May 2013)
Fluoride (16984-48-8): Uses the toxicity information for Fluorine (Soluble Fluoride) (7782-41-4) in the EPA Regional Screening Level Table (EPA, May 2013)

Hexavalent Chromium (18540-29-9): The oral carcinogenic potency factor provided in the EPA Regional Screening Level Table (EPA, May 2013) is not included in this table

Manganese (7439-96-5): Uses the toxicity information for Manganese (Non-Diet) (7439-96-5) in the EPA Regional Screening Level Table (EPA, May 2013)

Mercury (7439-97-6): Uses the toxicity information for Mercuric Chloride (and other Mercury Salts) (7487-94-7) in the EPA Regional Screening Level Table (EPA, May 2013)
Nitrate (14797-55-8): Uses derived toxicity information based on a conversion factor of 0.226 NO3-N/NO3 and the toxicity information provided for Nitrate (14797-55-8) in the form of nitrate as nitrogen in the EPA Regional Screening Level Table (EPA, May 2013)
Nitrite (14797-65-0): Uses derived toxicity information based on a conversion factor of 0.304 NO2-N/NO2 and the toxcity information provided for Nitrite (14797-55-8) in the form of nitrite as nitrogen in the EPA Regional Screening Level Table (EPA, May 2013)

Nitrogen in Nitrite and Nitrate (NO2+NO3-N): Uses toxicity information for Nitrate (14797-55-8) in the form of nitrate as nitrogen in the EPA Regional Screening Level Table (EPA, May 2013); However no toxicity information is provided for Nitrate + Nitrite (as N) (NA) in the EPA Regional Screening

Level Table

Thallium (7440-28-0): Toxicity values as listed in the EPA Regional Screening Level Table (EPA, May 2013) are presented in this table; however the values are not used in the risk assessment calculations.

Uranium (7440-61-1): Uses the toxicity information for Uranium (Soluble Salts) (NA) in the EPA Regional Screening Level Table (EPA, May 2013)
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume |: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final.

Reference key:

A = The Agency for Toxic Substances and Disease Registry

C = The California Environmental Protection Agency (CalEPA)
E = Environmental Criteria and Assessment Office

H = Health Effects Assessment Summmary Tables (HEAST)

| = EPA's Integrated Risk Information System (IRIS)

P = Provisional Peer Reviewed Toxicity Values (PPRTV)
S = Special case chemical; basis for value discussed on EPA Regional Screening Levels website (EPA, May 2013)
WAC = Washington Administrative Code; WAC 173-340-900, Tables, Table 708-1: Toxicity Equivalency Factors for Chlorinated dibenzo-p-dioxins and Chlorinated Dibenzofuran Congeners

X =PPRTV
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5 Software Applications

All calculations for this Environmental Calculation were performed on electronic spreadsheets using
Microsoft Excel®. These spreadsheets are provided as attachments to this environmental calculation.

6 Calculation

Potential human health risks to members of the CTUIR and the Yakama Nation are calculated using the
methodology, analytes, EPCs, and toxicity factors documented in Sections 3 and 4 of this environmental
calculation. The calculation spreadsheets were validated by comparison with the hand calculations

presented in Figure 6-1.

6.1 200-BP-5 Groundwater Operable Unit Workbooks

The drinking water exposure pathway calculations for the 200-BP-5 Groundwater OU are provided in the
Excel workbook files listed in Table 6-1. The sweat lodge exposure pathway calculations for the 200-BP-
5 Groundwater OU are provided in the attachments listed in Table 6-2. The Excel files have been

archived in Calculation Folder A under this ECF number in the Environmental Risk Management Archive

(ERMA).

Table 6-1. Excel Workbook Files for the 200-BP-5 Drinking Water Exposure Pathway Calculations

CTUIR Exposure Scenario

200-BP-5 B Plant Unconfined
Drinking Water CTUIR Risk.xlsx

200-BP-5 Farfield (North of Gable
Gap) Unconfined Drinking Water
CTUIR Risk.xlIsx

200-BP-5 LLWMA2_B63
Unconfined Drinking Water CTUIR
Risk.xlsx

200-BP-5 BP-5 Confined Drinking
Water CTUIR Risk.xlsx

200-BP-5 GMP Unconfined Drinking
Water CTUIR Risk.xlsx

200-BP-5 Near River Unconfined
Drinking Water CTUIR Risk.xlsx

200-BP-5 BP-5 West Unconfined
Drinking Water CTUIR Risk.xlsx

200-BP-5 LERF Unconfined
Drinking Water CTUIR Risk.xIsx

200-BP-5 Semiworks Unconfined
Drinking Water CTUIR Risk.xlsx

200-BP-5 B_BX_BY Unconfined
Drinking Water CTUIR Risk.xlsx

200-BP-5 LLWMA1 Unconfined
Drinking Water CTUIR Risk.xIsx

200-BP-5 WMA C Unconfined
Drinking Water CTUIR Risk.xlsx

Yakima Nation Exposure Scenario

200-BP-5 B Plant Unconfined
Drinking Water YN Risk.xIsx

200-BP-5 Farfield (North of Gable
Gap) Unconfined Drinking Water YN
Risk.xlsx

200-BP-5 LLWMA2_B63
Unconfined Drinking Water YN
Risk.xlsx

200-BP-5 BP-5 Confined Drinking
Water YN Risk.xlIsx

200-BP-5 GMP Unconfined Drinking
Water YN Risk.xlsx

200-BP-5 Near River Unconfined
Drinking Water YN Risk.xIsx

200-BP-5 BP-5 West Unconfined
Drinking Water YN Risk.xIsx

200-BP-5 LERF Unconfined
Drinking Water YN Risk.xIsx

200-BP-5 Semiworks Unconfined
Drinking Water YN Risk.xIsx

200-BP-5 B_BX_BY Unconfined
Drinking Water YN Risk.xIsx

200-BP-5 LLWMA1 Unconfined
Drinking Water YN Risk.xIsx

200-BP-5 WMA C Unconfined
Drinking Water YN Risk.xIsx

Notes:

CTUIR = Confederated Tribes of the Umatilla Indian Reservation

® Microsoft Excel is a registered product of the Microsoft Corporation.
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Table 6-2. Excel Workbook Files for the 200-BP-5 Sweat Lodge Exposure Pathway Calculations

CTUIR Exposure Scenario

200-BP-5 B Plant Unconfined
SweatlLodge CTUIR Risk.xlsx

200-BP-5 Farfield (North of Gable
Gap) Unconfined SweatLodge
CTUIR Risk.xlsx

200-BP-5 LLWMAZ2_B63
Unconfined SweatlLodge CTUIR
Risk.xlsx

200-BP-5 BP-5 Confined
SweatLodge CTUIR Risk.xIsx

200-BP-5 GMP Unconfined
SweatLodge CTUIR Risk.xIsx

200-BP-5 Near River Unconfined
SweatLodge CTUIR Risk.xIsx

200-BP-5 BP-5 West Unconfined
SweatlLodge CTUIR Risk.xlsx

200-BP-5 LERF Unconfined
SweatlLodge CTUIR Risk.xlsx

200-BP-5 Semiworks Unconfined
SweatlLodge CTUIR Risk.xlsx

200-BP-5 B_BX_BY Unconfined
SweatLodge CTUIR Risk.xlsx

200-BP-5 LLWMA1 Unconfined
SweatLodge CTUIR Risk.xlsx

200-BP-5 WMA C Unconfined
SweatLodge CTUIR Risk.xlsx

Yakima Nation Exposure Scenario

200-BP-5 B Plant Unconfined
SweatLodge YN Risk.xlsx

200-BP-5 Farfield (North of Gable
Gap) Unconfined SweatlLodge YN
Risk.xlsx

200-BP-5 LLWMA2_B63
Unconfined SweatlLodge YN
Risk.xlsx

200-BP-5 BP-5 Confined
SweatlLodge YN Risk.xIsx

200-BP-5 GMP Unconfined
SweatlLodge YN Risk.xIsx

200-BP-5 Near River Unconfined
SweatlLodge YN Risk.xIsx

200-BP-5 BP-5 West Unconfined
SweatLodge YN Risk.xlIsx

200-BP-5 LERF Unconfined
SweatLodge YN Risk.xlsx

200-BP-5 Semiworks Unconfined
SweatLodge YN Risk.xlsx

200-BP-5 B_BX_BY Unconfined
SweatLodge YN Risk.xlIsx

200-BP-5 LLWMA1 Unconfined
SweatLodge YN Risk.xlIsx

200-BP-5 WMA C Unconfined
SweatLodge YN Risk.xIsx

Notes:

CTUIR = Confederated Tribes of the Umatilla Indian Reservation

6.2 200-PO-1 Groundwater OU Workbooks

The drinking water exposure pathway calculations for the 200-PO-1 Groundwater OU are provided in the
Excel workbook files listed in Table 6-3. The sweat lodge exposure pathway calculations for the 200-PO-
1 Groundwater OU are provided in the attachments listed in Table 6-4. The Excel files have been

archived in Calculation Folder B under this ECF number in the Environmental Risk Management Archive

(ERMA).

Table 6-3. Excel Workbook Files for the 200-PO-1 Drinking Water Exposure Pathway Calculations

CTUIR Exposure Scenario

200-PO-1 B Pond (all lobes) Drinking Water CTUIR

Risk.xlsx

Risk.xIsx

200-PO-1 PO-1 Farfield Drinking Water CTUIR

200-PO-1 BC Cribs Drinking Water CTUIR Risk.xIsx

200-PO-1 Purex Cribs Drinking Water CTUIR Risk.xIsx

200-PO-1 Near River Drinking Water CTUIR Risk.xlIsx

200-PO-1 WMA A_AX Drinking Water CTUIR Risk.xIsx

200-PO-1 NRDWL_SWL Drinking Water CTUIR

Risk.xlsx
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Table 6-3. Excel Workbook Files for the 200-PO-1 Drinking Water Exposure Pathway Calculations

CTUIR Exposure Scenario

Yakima Nation Exposure Scenario

200-PO-1 B Pond (all lobes) Drinking Water YN 200-PO-1 PO-1 Farfield Drinking Water YN Risk.xlsx

Risk.xlsx
200-PO-1 BC Cribs Drinking Water YN Risk.xlIsx 200-PO-1 Purex Cribs Drinking Water YN Risk.xIsx
200-PO-1 Near River Drinking Water YN Risk.xIsx 200-PO-1 WMA A_AX Drinking Water YN Risk.xlsx

200-PO-1 NRDWL_SWL Drinking Water YN Risk.xIsx

Notes:
CTUIR = Confederated Tribes of the Umatilla Indian Reservation

Table 6-4. Excel Workbook Files for the 200-BP-5 Sweat Lodge Exposure Pathway Calculations

CTUIR Exposure Scenario

200-PO-1 B Pond (all lobes) Sweatl.odge CTUIR 200-PO-1 PO-1 Farfield SweatLodge CTUIR Risk.xisx

Risk.xlsx
200-PO-1 BC Cribs SweatLodge CTUIR Risk.xIsx 200-PO-1 Purex Cribs SweatLodge CTUIR Risk.xlsx
200-PO-1 Near River SweatLodge CTUIR Risk.xIsx 200-PO-1 WMA A_AX SweatLodge CTUIR Risk.xIsx

200-PO-1 NRDWL_SWL SweatLodge CTUIR Risk.xlsx

Yakima Nation Exposure Scenario

200-PO-1 B Pond (all lobes) SweatLodge YN Risk.xlsx =~ 200-PO-1 PO-1 Farfield SweatLodge YN Risk.xlsx

200-PO-1 BC Cribs SweatlLodge YN Risk.xlsx 200-PO-1 Purex Cribs SweatLodge YN Risk.xlsx

200-PO-1 Near River SweatlLodge YN Risk.xIsx 200-PO-1 WMA A_AX SweatLodge YN Risk.xIsx

200-PO-1 NRDWL_SWL SweatlLodge YN Risk.xlsx

Notes:
CTUIR = Confederated Tribes of the Umatilla Indian Reservation

6.3 Hand Calculations

The electronic spreadsheet calculations are validated by comparison with hand calculations. The hand
calculations are presented in Figure 6-1. The hand calculations were performed to validate the formulas
used in the spreadsheets.
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7 Results/Conclusions

Results of the CTUIR and Yakama Nation human health risk calculations are summarized and discussed
in the sections below for the 200-BP-5 and the 200-PO-1 Groundwater OUSs.

7.1 200-BP-5 Groundwater Operable Unit
7.1.1  Summary of the CTUIR Risk Assessment for the 200-BP-5 Groundwater Operable Unit

This section summarizes the CTUIR risk assessment results for use of 200-BP-5 groundwater as a
drinking water source and to make steam in a sweat lodge.

7.1.1.1 CTUIR Use of 200-BP-5 Groundwater as a Potential Drinking Water Source

Potential exposure to 200-BP-5 groundwater as a drinking water source is evaluated under the CTUIR
exposure scenario. Potential routes of exposure to groundwater include ingestion, dermal contact
(nonradionuclides only), and inhalation of volatiles. The following subsections provide a summary of the
CTUIR risk assessment results by exposure area for the 200-BP-5 Groundwater OU.

50



ECF-HANFORD-13-0036, REV. 0

7.1.1.11 LLWMAL Exposure Area

The total ELCR for the LLWMA1 exposure area is 4.2 x 10 for nonradiological analytes and 1.1 x 10
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1
percent of total cumulative ELCR) are technetium-99 (8.3 x 10, 56 percent contribution), tritium (1.6 x
104,11 percent contribution), cobalt-60 (3.9 x 107, 2.6 percent contribution), and iodine-129 (3.4 x 107,
2.3 percent contribution). Contribution to ELCR is elevated for arsenic (4.2 x 10, 28 percent
contribution), where measured concentrations are within natural background values.

The HI for the LLWMA1 exposure area is 111, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 100, 90 percent contribution), antimony (HQ of 6.8, 6.2 percent contribution), and
nitrate (HQ of 1.5, 1.3 percent contribution). Table 7-1 provides a summary of the risk estimates by
exposure route.

Table 7-1. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

LLWMA1 Exposure Area

Primary Contributors to Primary Contributors to

Exposure Route ELCR  rotal Cumulative ELCR? (>1%) ' Total Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 4.2E-04 24
Dermal 1.6E-06 0.26
. Cyanide (100, 90%)
Arsenic (4.2E-04, 28%) Antimony (6.8, 6.2%)
H 0,
Inhalation 1.5E-06 87 Nitrate (1.5, 1.3%)
Total 4.2E-04 111
Radionuclide Analytes
Ingestion 9.4E-04 --
Technetium-99 (8.3E-04, 56%)
Inhalation 1.3E-04 Tritium (1.6E-04, 11%) --
Cobalt-60 (3.9E-05, 2.6%) e -
Total 1.1E-03 lodine-129 (3.4E-05, 2.3%) -

Total Cumulative ELCR® 1.5E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.1.12 LLWMAZ2 Exposure Area

The total ELCR for the LLWMAZ2 exposure area is 7.4 x 10 for nonradiological analytes and 2.4 x 10™
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are technetium-99 (2.1 x 10, 21 percent contribution), iodine-129 (2.0 x 107,
2.0 percent contribution), and tritium (1.3 x 107, 1.3 percent contribution). Contribution to ELCR is
elevated for arsenic (7.4 x 10™, 75 percent contribution), where measured concentrations are within
natural background values.

The HI for the LLWMAZ2 exposure area is 54, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 41, 77 percent contribution), and antimony (HQ of 9.6, 18 percent contribution).
Contribution to the noncancer HI is elevated for arsenic (HQ of 1.6, 3.0 percent contribution), where
measured concentrations are within natural background values. Table 7-2 provides a summary of the risk
estimates by exposure route.

Table 7-2. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

LLWMA2 Exposure Area

ELCR Primary Contributors to HI Primary Contributors to
Exposure Route Total Cumulative ELCR? (>1%) Total Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 7.4E-04 18
Dermal 2.7E-06 0.33
. : 0 Cyanide (41, 77%)
Arsenic (7.4E-04, 75%) Antimony (9.6, 18%)
H [v)
Inhalation B 36 Arsenic (1.6, 3.0%)
Total 7.4E-04 54
Radionuclide Analytes
Ingestion 2.3E-04 --
Inhalation 9.9E-06 Technetium-99 (2.1E-04, 21%) --
lodine-129 (2.0E-05, 2.0%) _— --
Total 2.4E-04 Tritium (1.3E-05, 1.3%) --

Total Cumulative ELCR? 9.8E-04 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.1.1.3 WMA B/BX/BY Tank Farms Exposure Area

The total ELCR for the WMA B/BX/BY Tank Farms exposure area is 4.2 x 10 for nonradiological
analytes and 1.1 x 10" for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10", The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are uranium-234 (4.0 x 107, 26 percent contribution),
uranium-238 (3.6 x 1073, 23 percent contribution), technetium-99 (3.0 x 107, 19 percent contribution),
methyl methanesulfonate (2.0 x 10, 13 percent contribution), n-nitrosodi-n-dipropylamine (1.5 x 107,
9.4 percent contribution), tritium (2.5 x 10, 1.6 percent contribution), and uranium-235 (1.8 x 10, 1.2
percent contribution). Contribution to ELCR is elevated for arsenic (7.8 x 10™, 5.1 percent contribution),
where measured concentrations are within natural background values.

The HI for the WMA B/BX/BY Tank Farms exposure area is 255, which is greater than the EPA target
HI of 1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) are cyanide (HQ of 230, 90 percent contribution), uranium (HQ of 8.1, 3.2 percent
contribution), antimony (HQ of 6.5, 2.6 percent contribution), and nitrate (HQ of 4.8, 1.9 percent
contribution). Table 7-3 provides a summary of the risk estimates by exposure route.

Table 7-3. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

WMA B/BX/BY Tank Farms Exposure Area

Primary Contributors to Primary Contributors to
ELCR Total Cumulative ELCR? (>1%) HI Total Cumulative Hi
Exposure Route (>1%)

Nonradionuclide Analytes

Ingestion 4.2E-03 54
Dermal 3.7E-05 Methyl methanesulfonate (2.0E-03, 13%) 0.46 Cyanide (230, 90%)
n-Nitrosodi-n-dipropylamine (1.5E-03, 9.4%) Uranium (8.1, 3.2%)
Arsenic (7.8E-04, 5.1%) Antimony (6.5, 2.6%)
Inhalation 2.7E-05 200 Nitrate (4.8, 1.9%)
Total 4.2E-03 255

Radionuclide Analytes

Ingestion 1.1E-02 -
Uranium-234 (4.0E-03, 26%) _
Inhalation 2.0E-04 Uranium-238 (3.6E-03, 23%) --
Technetium-99 (3.0E-03, 19%) _— -
Total 1.1E-02 Tritium (2.5E-04, 1.6%) --

Uranium-235 (1.8E-04, 1.2%) e
Total Cumulative ELCR® 1.5E-02 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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Table 7-3. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

WMA B/BX/BY Tank Farms Exposure Area

Primary Contributors to Primary Contributors to
ELCR Total Cumulative ELCR? (>1%) HI Total Cumulative Hi
Exposure Route (>1%)

7.1.1.1.4 WMA C Tank Farm Exposure Area

The total ELCR for the WMA C Tank Farm exposure area is 5.8 x 10™* for nonradiological analytes and
1.7 x 107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are technetium-99 (1.6 x 107, 70 percent contribution), iodine-129
(6.5 x 107, 2.9 percent contribution), and tritium (2.4 x 10, 1.1 percent contribution). Contribution to
ELCR is elevated for arsenic (5.7 x 10, 25 percent contribution), where measured concentrations are
within natural background values.

The HI for the WMA C Tank Farm exposure area is 16, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are antimony (HQ of 6.8, 43 percent contribution), and cyanide (HQ of 4.9, 31 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are cobalt, cadmium, nitrate, and vanadium. Contribution to HI is elevated for arsenic (HQ of 1.3,
8.0 percent contribution), where measured concentrations are within natural background values. Table 7-4
provides a summary of the risk estimates by exposure route.

Table 7-4. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

WMA C Tank Farm Exposure Area

Primary Contributors to Primary Contributors to
ELCR Total Cumulative ELCR? (>1%) HI Total Cumulative Hi
Exposure Route (>1%)

Nonradionuclide Analytes

Ingestion 5.8E-04 11 Antimony (6.8, 43%)
e Cyanide (4.9, 31%)
H 0,
Dermal 3.0E-06 Arsenic (5.7E-04, 25%) 028 éftfa’u"(éyg" i:go//‘;))
Inhalation 5.5E-06 43 Cadmium (0.49, 3.1%)
EE— Nitrate (0.36, 2.3%)
Total 5.8E-04 16 Vanadium (0.22, 1.4%)

Radionuclide Analytes

Ingestion 1.6E-03 --

Inhalation 1.9E-05 Technetium-99 (1.6E-03, 70%) -
lodine-129 (6.5E-05, 2.9%) —_— -

Total 1.7E-03 Tritium (2.4E-05, 1.1%) -

Total Cumulative ELCR® 2.2E-03 -

54



ECF-HANFORD-13-0036, REV. 0

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.1.5 B Plant Exposure Area

The total ELCR for the B Plant exposure area is 4.0 x 10 for nonradiological analytes and 1.1 x 107 for
radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10, The
major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of
total cumulative ELCR) are strontium-90 (6.0 x 10, 52 percent contribution), cesium-137 (4.0 x 107, 35
percent contribution), plutonium-239/240 (3.9 x 10, 3.4 percent contribution), and technetium-99 (3.7 x
10, 3.2 percent contribution). Contribution to ELCR is elevated for arsenic (4.0 x 10, 3.4 percent
contribution), where measured concentrations are within natural background values.

The HI for the B Plant exposure area is 20, which is greater than the EPA target HI of 1.0. The primary
contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are
antimony (HQ of 11, 54 percent contribution) and cyanide (HQ of 5.0, 24 percent contribution). The
remaining individual analytes that contribute greater than one percent of the HI but report a HQ less than
1 are arsenic, fluoride, nitrate, cadmium, uranium, and vanadium. Table 7-5 provides a summary of the
risk estimates by exposure route.

Table 7-5. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

B Plant Exposure Area

Primary Contributors to Primary Contributors to

Exposure Route EEER Total Cumulative ELCR? (>1%) i Total Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 3.9E-04 16
- Antimony (11, 54%)
Cyanide (5.0, 24%)
Dermal 1.5E-06 0.39 Arsenic (0.87, 4.3%)
. Fluoride (0.85, 4.2%)
Arsenic (4.0E-04, 3.4%) _— Nitrate (0.70, 3.4%)
Inhalation -- 4.3 Cadmium (0.63, 3.1%)
Uranium (0.44, 2.2%)
- Vanadium (0.23, 1.2%)
Total  4.0E-04 20
Radionuclide Analytes
Ingestion 1.1E-02 Strontium-90 (6.0E-03, 52%) -
H 0,
Inhalation 91E.05 Cesium-137 (4.0E-03, 35%) — ~

Plutonium-239/240 (3.9E-04, 3.4%)
Technetium-99 (3.7E-04, 3.2%)

Total  1.1E-02
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Total Cumulative ELCR® 1.2E-02 --

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.1.6  Semiworks Exposure Area

The total ELCR for the Semiworks exposure area is 3.5 x 10 for nonradiological analytes and 2.2 x 10™
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (1.7 x 10, 29 percent contribution), iodine-129 (2.6 x 107, 4.5
percent contribution), technetium-99 (1.6 x 10, 2.8 percent contribution), and strontium-90 (1.5 x 107,
2.6 percent contribution). Contribution to ELCR is elevated for arsenic (3.5 x 10, 61 percent
contribution), where measured concentrations are within natural background values.

The HI for the Semiworks exposure area is 1.9, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-6 provides a summary of the risk estimates by exposure route.

Table 7-6. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

Semiworks Exposure Area

ELCR Primary Contributors to HI Primary Contributors to
Exposure Route Total Cumulative ELCR? (>1%) Total Cumulative HI (>1%)

Nonradionuclide Analytes

Ingestion 3.5E-04 1.9 Arsenic (0.76, 39%)
Nitrate (0.33, 17%)

- Fluoride (0.20, 10%)
i Vanadium (0.16, 8.4%)
Dermal 1.3E-06 Arsenic (3.5E-04, 61%) 0.06 Hexavalent Chromium (0.13, 6.8%)
’ ’ —_— Uranium (0.12, 6.0%)
. Selenium (0.07, 3.5%)
Inhalation - - Molybdenum (0.04, 2.1%)
Nitrite (0.04, 2.0%)
Strontium (0.04, 1.8%)
Total 3.5E-04 1.9 Barium (0.02, 1.3%)

Radionuclide Analytes

Ingestion 9.5E-05 --

) Tritium (1.7E-04, 29%)
Inhalation 1.38-04 lodine-129 (2.6E-05, 4.5%) -

Technetium-99 (1.6E-05, 2.8%)

Total —~ 2.2E-04 Strontium-90 (1.5E-05, 2.6%) -

Total Cumulative ELCR® 5.7E-04 -
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Table 7-6. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

Semiworks Exposure Area

ELCR Primary Contributors to HI Primary Contributors to
Exposure Route Total Cumulative ELCR? (>1%) Total Cumulative HI (>1%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.1.7 Liquid Effluent Retention Basin (LERF) Exposure Area

The total ELCR for the LERF exposure area is 4.1 x 10" for nonradiological analytes and 1.8 x 10 for
radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of

1 x 10 and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10, The major contributors
to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative
ELCR) are carbon tetrachloride (1.8 x 10, 4.2 percent contribution), tritium (1.4 x 10, 3.3 percent
contribution), and iodine-129 (4.5 x 10, 1.1 percent contribution). Contribution to ELCR is elevated for
arsenic (3.9 x 10™, 91 percent contribution), where measured concentrations are within natural
background values.

The HI for the LERF exposure area is 2.2, which is greater than the EPA target HI of 1.0. All individual
analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table 7-7 provides
a summary of the risk estimates by exposure route.

Table 7-7. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

LERF Exposure Area

ELCR Primary Contributors to HI Primary Contributors to
Exposure Route Total Cumulative ELCR? (>1%) Total Cumulative HI (>1%)

Nonradionuclide Analytes

Arsenic (0.85, 38%)

Ingestion 4.0E-04 2.1 Nitrate (0.34, 15%)
Fluoride (0.24, 11%)
Vanadium (0.23, 10%)

Dermal 3.1E-06 0.09 Hexavalent Chromium (0.16, 7.3%)
Arsenic (3.9E-04, 91%) Silver (0.09, 4.1%)
Carbon tetrachloride (1.8E-05, 4.2%) Nitrite (0.06, 2.8%)
Inhalation 6.9E-06 0.01 Strontium (0.05, 2.4%)

Carbon tetrachloride (0.05, 2.3%)
Antimony (0.05, 2.1%)

Total 4.1E-04 2.2 Nickel (0.03, 1.4%)
Manganese (0.03, 1.1%)

Radionuclide Analytes
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Table 7-7. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

LERF Exposure Area

Primary Contributors to

Primary Contributors to

Exposure Route ELCR " total Cumulative ELCR? (>1%) ' Total Cumulative HI (>1%)
Ingestion 7.5E-06 -
Inhalation 1.1E-05 Tritium (1.4E-05, 3.3%) - B
Total 1 8E-05 lodine-129 (4.5E-06, 1.1%) _
Total Cumulative ELCR*  4.2E-04 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.1.8 Gable Mountain Pond Exposure Area

The total ELCR for the Gable Mountain Pond exposure area is 4.1 x 10™* for nonradiological analytes and
1.2 x 107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are strontium-90 (1.1 x 107, 71 percent contribution), and tritium
(7.1 x 107, 4.4 percent contribution). Contribution to ELCR is elevated for arsenic (4.1 x 10, 25 percent
contribution), where measured concentrations are within natural background values.

The HI for the Gable Mountain Pond exposure area is 13, which is greater than the EPA target HI of 1.0.
The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) is antimony (HQ of 10, 79 percent contribution). The remaining individual analytes that contribute
greater than one percent of the HI but report a HQ less than 1 are arsenic, nitrate, iron, and manganese.
Table 7-8 provides a summary of the risk estimates by exposure route.

Table 7-8. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

Gable Mountain Pond Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes

: X Antimony (10, 79%)

Ingestion 4.1E-04 . \ 13 Arsenic (0.89, 6.7%)
Arsenic (4.1E-04, 25%) Nitrate (0.76, 5.8%)
0,

Dermal 1.5E-06 0.33 Iron (0.25, 1.9%)

Manganese (0.24, 1.8%)
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Inhalation -- --

Total 4.1E-04 13
Radionuclide Analytes

Ingestion 1.2E-03 --

Inhalation 5.5E-05 --

Strontium-90 (1.1E-03, 71%) E—
Total  1.2E-03 Tritium (7.1E-05, 4.4%) -

Total Cumulative

ELcre 16E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.1.9 200-BP-5 West Exposure Area

The total ELCR for the 200-BP-5 West exposure area is 5.6 x 10 for nonradiological analytes and

1.1 x 107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are technetium-99 (4.5 x 10, 28 percent contribution), strontium-90
(4.4 x 10™, 27 percent contribution), tritium (1.5 x 10, 9.1 percent contribution), and carbon
tetrachloride (2.0 x 10, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (5.3 x 10°
*, 32 percent contribution), where measured concentrations are within natural background values.

The HI for the 200-BP-5 West exposure area is 66, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 52, 78 percent contribution), and antimony (HQ of 8.6, 13 percent contribution). The
remaining individual analyte that contributes greater than one percent of the HI but reports an HQ less
than 1 is nitrate. Contribution to the noncancer HI is elevated for arsenic (HQ of 1.2, 1.8 percent
contribution), where measured concentrations are within natural background values. Table 7-9 provides a
summary of the risk estimates by exposure route.

Table 7-9. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

200-BP-5 West Exposure Area

Primary Contributors to Primary Contributors to

ELCR HI

Exposure Route Total Cumulative ELCR? (>1%) Total Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 5.4E-04 Arsenic (5.3E-04, 32%) 21 Cyanide (52, 78%)
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Table 7-9. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

200-BP-5 West Exposure Area

ELCR Primary Contributors to HI Primary Contributors to
Exposure Route Total Cumulative ELCR? (>1%) Total Cumulative HI (>1%)

Carbon tetrachloride (2.0E-05, 1.2%) Antimony (8.6, 13%)

Dermal °-8E-06 0.36 Arsenic (1.2, 1.8%)
Inhalation 1.5E-05 45 Nitrate (0.70, 1.1%)
Total  5.6E-04 66
Radionuclide Analytes
Ingestion 9.6E-04 -
Inhalation 1.2E-04 Technetium-99 (4.5E-04, 28%) _

Strontium-90 (4.4E-04, 27%)

Total  11E-03 Tritium (1.5E-04, 9.1%) ~

Total Cumulative ELCR® 1.6E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.1.10 Far Field (North of Gable Gap) Exposure Area

The total ELCR for the Far Field (North of Gable Gap) exposure area is 1.1 x 10~ for nonradiological
analytes and 3.3 x 10 for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10™. The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are tritium (2.8 x 10, 20 percent contribution), and
technetium-99 (3.9 x 107, 2.7 percent contribution). Contribution to ELCR is elevated for arsenic (1.1 x
107, 77 percent contribution), where measured concentrations are within natural background values.

The HI for the Far Field (North of Gable Gap) exposure area is 4.7, which is greater than the EPA target
HI of 1.0. Contribution to HI is elevated for arsenic (HQ of 2.4, 52 percent contribution), where measured
concentrations are within natural background values. The remaining individual analytes that contribute
greater than one percent of the HI but report a HQ less than 1 are fluoride, hexavalent chromium, lithium,
vanadium, nitrate, copper, iron, manganese, uranium, zinc, and molybdenum. Table 7-10 provides a
summary of the risk estimates by exposure route.
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Table 7-10. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

Far Field (North of Gable Gap) Exposure Area

ELCR Primary Contributors to HI Primary Contributors to
Exposure Route Total Cumulative ELCR? (>1%) Total Cumulative HI (>1%)

Nonradionuclide Analytes

Arsenic (2.4, 52%)
Ingestion 1.1E-03 4.5 Fluoride (0.57, 12%)
Hexavalent Chromium (0.28, 6.1%)

Lithium (0.27, 5.8%)

Dermal 4.1E-06 0.12 Vanadium (0.25, 5.4%)
Arsenic (1.1E-03, 77%) Nitrate (0.17, 3.6%)
- Copper (0.17, 3.6%)
Inhalation - - Iron (0.11, 2.3%)

- Manganese (0.10, 2.2%)

Uranium (0.08, 1.7%)
Total  1.1E-03 4.7 Zinc (0.07, 1.5%)
Molybdenum (0.06, 1.3%)

Radionuclide Analytes

Ingestion 1.1E-04 -

Inhalation 2.2E-04 Tritium (2.8E-04, 20%) -

Technetium-99 (3.9E-05, 2.7%) Ea— -
Total  3.3E-04 -

Total Cumulative ELCR® 1.4E-03 --

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.1.1.11 Near River Exposure Area

The total ELCR for the Near River exposure area is 2.9 x 10 for nonradiological analytes and 3.5 x 10™*
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (2.8 x 10, 44 percent contribution), carbon-14 (4.3 x 107, 6.8
percent contribution), technetium-99 (1.6 x 107, 2.5 percent contribution), and trichloroethene (9.2 x 10~
6 1.4 percent contribution). Contribution to ELCR is elevated for arsenic (2.8 x 10, 43 percent
contribution), where measured concentrations are within natural background values.

The HI for the Near River exposure area is 2.7, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-11 provides a summary of the risk estimates by exposure route.

Table 7-11. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

Near River Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Trichloroethene (0.69, 26%)
Ingestion 2.8E-04 21 Arsenic (0.60, 23%)
Lithium (0.29, 11%)
Fluoride (0.23, 8.6%)
Dermal 1.6E-06 Arsenic (2.8E-04, 43%) 0.09 N|traf[e (0.19, 7.2%2
Trichlorosthene (9.2E-06, 1.4%) Vanadium (0.19, 7.0%)
’ T Hexavalent Chromium (0.15, 5.7%)
Inhalation 5.9E-06 0.46 Molybdenum (0.05, 1.9%)
Uranium (0.04, 1.7%)
Nitrite (0.04, 1.6%)
Total  2.9E-04 27 Manganese (0.04, 1.4%)
Zinc (0.03, 1.2%)

Radionuclide Analytes

Ingestion 1.3E-04 --

Inhalation 2.2E-04 Tritium (2.8E-04, 44%) -
Carbon-14 (4.3E-05, 6.8%) S _

Total 3.5E-04 Technetium-99 (1.6E-05, 2.5%) -

Total Cumulative

ELCRo BA4E-04 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.1.1.12 200-BP-5 Confined Exposure Area

The total ELCR for the 200-BP-5 Confined exposure area is 3.3 x 10 for nonradiological analytes and
1.8 x 10™ for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are technetium-99 (9.3 x 107, 18 percent contribution), tritium (3.9
x 107, 7.7 percent contribution), benzene (1.9 x 107, 3.6 percent contribution), carbon tetrachloride (1.8 x
10, 3.5 percent contribution), chloroform (1.7 x 10, 3.4 percent contribution), iodine-129 (1.3 x 107,
2.5 percent contribution), strontium-90 (1.2 x 107, 2.4 percent contribution), uranium-234 (9.0 x 10, 1.8
percent contribution), uranium-238 (6.5 x 10, 1.3 percent contribution), and bis(2-ethylhexyl) phthalate
(6.2 x 10, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (2.7 x 10, 52 percent
contribution), where measured concentrations are within natural background values.

The HI for the 200-BP-5 Confined exposure area is 15, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are cyanide (HQ of 6.9, 45 percent contribution) and antimony (HQ of 6.1, 40 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are arsenic, silver, iron, fluoride, manganese, and cobalt. Table 7-12 provides a summary of the
risk estimates by exposure route.

Table 7-12. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater as
a Potential Drinking Water Source

200-BP-5 Confined Exposure Area

Primary Contributors to Primary Contributors to

Exposure Route ERER Total Cumulative ELCR® (>1%) HI rotal Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 2.9E-04 9.1 Cyanide (6.9, 45%)
Arsenic (2.7E-04, 52%) ﬁ?stg?]?cnz’o(gg e ;
Dermal 6.6E-06 Benzene (1.9E-05, 3.6%) 0.25 Silver (0 é1 ’1 éo/;
Carbon tetrachloride (1.8E-05, 3.5%) Iron (0 éo ’1 é%;
Inhalation 3.2E-05 ‘ Chloroform (1.7E-05, 3.4%) , 6.0 Fluoride -(0-2,0 . " 3%)
Bis(2-ethylhexyl) phthalate (6.2E-06, 1.2%) Manganese (0.17, 1.1%)
Total 3.3E-04 15 Cobalt (0.16, 1.1%)
Radionuclide Analytes
Ingestion 1.5E-04 Technetium-99 (9.3E-05, 18%) -
it _ 0
halation 30505 Tritium (3.9E-05, 7.7%) ~

lodine-129 (1.3E-05, 2.5%)
Strontium-90 (1.2E-05, 2.4%)

Total ~ 1.8E-04 Uranium-234 (9.0E-06, 1.8%) -

Total Cumulative ELCR®  5.1E-04 Uranium-238 (6.5E-06, 1.3%)

—_—

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.1.2  CTUIR Use of 200-BP-5 Groundwater as a Source of Steam for Sweat Lodge Use

Potential exposure to 200-BP-5 groundwater as a source of steam in a sweat lodge is evaluated under the
CTUIR exposure scenario. Potential routes of exposure to steam generated from groundwater include
inhalation of vaporized volatiles, semi-volatiles, and aerosolized nonvolatiles; and dermal contact with
vaporized volatiles, semi-volatiles, and aerosolized nonvolatiles, while spending time in a sweat lodge.
Additional detail including analyte-specific risk contributions is provided in the spreadsheet attachments.

7.1.1.2.1 LLWMAL Exposure Area

The total ELCR for the LLWMA exposure area is 5.6 x 10~ for nonradiological analytes and 2.0 x 10
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10™.
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are hexavalent chromium (5.3 x 107, 93 percent contribution), and
technetium-99 (1.9 x 10, 3.3 percent contribution). Contribution to ELCR is elevated for arsenic (1.7 x
10, 3.0 percent contribution), where measured concentrations are within natural background values.

The HI for the LLWMAT exposure area is 22, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 8.7, 40 percent contribution), uranium (HQ of 4.7, 22 percent contribution), vanadium
(HQ of 1.5, 6.7 percent contribution), and barium (HQ of 1.2, 5.7 percent contribution). The remaining
individual analytes that contribute greater than one percent of the HI but report a HQ less than 1 are
hexavalent chromium, nickel, cobalt, cadmium, and manganese. Contribution to HI is elevated for arsenic
(HQ of 2.7, 13 percent contribution), where measured concentrations are within natural background
values. Table 7-13 provides a summary of the risk estimates by exposure route.

Table 7-13. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

LLWMA1 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.4E-07 9
(vapor)
Nonvolatile (aerosol) 5.6E-03 13 Cyanide (8.7, 40%)
Uranium (4.7, 22%)
Total 5.6E-03 21 Arsenic (2.7, 13%)
Vanadium (1.5, 6.7%)
Dermal Exposure in Sweat Lodge Hexavalent Chromium (5.3E-03, 93%) Barium (1.2, 5.7%)
Arsenic (1.7E-04, 3.0%) ——— Hexavalent Chromium (0.71, 3.3%)
Volatile and Semi-Volatiles Nickel (0.53, 2.5%)
(vapor only) 6.5E-12 <0.01 Cobalt (0.53, 2.5%)
Em— Cadmium (0.34, 1.6%)
i 0,
Nonvolatile (vapor and 1 .8E-06 0.31 Manganese (0.27, 1.2%)
aqueous condensate)
Total 1.8E-06 0.31
Total Nonradionuclide 5.6E-03 22

Radionuclide Analytes
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Table 7-13. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

LLWMA1 Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Inhalation in Sweat Lodge
(V;/scl)ar';lle and Semi-Volatiles 1.0E-05 B
Nonvolatile (aerosol) 1.9E-04 Technetium-99 (1.9E-04, 3.3%) - -
Total Radionuclide 2.0E-04 --
Total Cumulative ELCR? 5.8E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.2.2 LLWMAZ2 Exposure Area

The total ELCR for the LLWMAZ2 exposure area is 6.5 x 10~ for nonradiological analytes and 4.9 x 10°
for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of
1 x 10 and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10, The major contributor
to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative
ELCR) is hexavalent chromium (6.2 x 10-3, 94 percent contribution). Contribution to ELCR is elevated
for arsenic (3.1 x 10-4, 4.7 percent contribution), where measured concentrations are within natural
background values.

The HI for the LLWMAZ2 exposure area is 16, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 3.6, 23 percent contribution), vanadium (HQ of 1.8, 12 percent contribution), and
nickel (HQ of 1.6, 10 percent contribution). The remaining individual analytes that contribute greater than
one percent of the HI but report a HQ less than 1 are barium, manganese, hexavalent chromium, uranium,
and antimony. Contribution to HI is elevated for arsenic (HQ of 4.8, 31 percent contribution), where
measured concentrations are within natural background values. Table 7-14 provides a summary of the risk
estimates by exposure route.

Table 7-14. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

LLWMA2 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes
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Table 7-14. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

LLWMA2 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) - 36
Nonvolatile (aerosol) 6.5E-03 12 Arsenic (4.8, 31%)
Cyanide (3.6, 23%)
Total  6.5E-03 15 Vanadium (1.8, 12%)
H 0,
Dermal Exposure in Sweat Lodge ~ Hexavalent Chromium (6.2E-03, 94%) kel s e

Barium (0.93, 5.9%)

Arsenic (3.1E-04, 4.7%) _ Manganese (0.87. 5.5%)

<0.01 Hexavalent Chromium (0.82, 5.2%)
Uranium (0.81, 5.1%)

Volatile and Semi-Volatiles
(vapor only)

1 0,
Nonvolatile (vapor and Antimony (0.28, 1.8%)

3.2E-06 0.40
aqueous condensate)
Total 3.2E-06 0.40
Total Nonradionuclide 6.5E-03 16

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 7.9E-07 -
Nonvolatile (aerosol) 4.8E-05 - - -
Total Radionuclide  4.9E-05 -
Total Cumulative ELCR® 6.6E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.2.3 WMA B/BX/BY Tank Farms Exposure Area

The total ELCR for the WMA B/BX/BY Tank Farms exposure area is 2.0 x 10~ for nonradiological
analytes and 5.3 x 107 for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10™. The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are uranium-234 (2.8 x 10, 39 percent contribution),
uranium-238 (2.3 x 102, 31 percent contribution), hexavalent chromium (1.9 x 10, 26 percent
contribution), and uranium-235 (1.2 x 107, 1.6 percent contribution).

The HI for the WMA B/BX/BY Tank Farms exposure area is 141, which is greater than the EPA target
HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than 1
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percent of total HI) are uranium (HQ of 90, 64 percent contribution), cyanide (HQ of 20, 14 percent
contribution), cobalt (HQ of 6.6, 4.7 percent contribution), cadmium (HQ of 5.1, 3.6 percent
contribution), nickel (HQ of 4.9, 3.5 percent contribution), manganese (HQ of 3.0, 2.1 percent
contribution), hexavalent chromium (HQ of 2.5, 1.8 percent contribution), and barium (HQ of 2.1, 1.5
percent contribution). Contribution to the noncancer HI is elevated for arsenic (HQ of 5.1, 3.6 percent
contribution), where measured concentrations are within natural background values. Table 7-15 provides
a summary of the risk estimates by exposure route.

Table 7-15. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

WMA B/BX/BY Tank Farms Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 2 6E-06 20
(vapor)
Nonvolatile (aerosol) 2.0E-02 120 Uranium (90, 64%)
Cyanide (20, 14%)
Total 2.0E-02 140 Cobalt (6.6, 4.7%)
D 'E ins t Lod Cadmium (5.1, 3.6%)
ermal Exposure in sweat Lodge Hexavalent Chromium (1.9E-02, 26%) Arsenic (5.1, 3.6%)
i ) ) Nickel (4.9, 3.5%)
Volatlleland Semi-Volatiles 1 0E-09 <0.01 Manganese (3.0, 2.1%)
(vapor only) Hexavalent Chromium (2.5, 1.8%)
1 0,
Nonvolatile (vapor and Barium (2.1, 1.5%)
1.9E-05 1.9
aqueous condensate)
Total 1.9E-05 1.9
Total Nonradionuclide 2.0E-02 141
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.6E-05 _
(vapor) Uranium-234 (2.8E-02, 39%)
_—— ] o _ _
Nonvolatile (aerosol) 5.3E-02 grr::llsg_zzgg ((1235_85 ?1652)) -

Total Radionuclide  5.3E-02 -

Total Cumulative ELCR® 7.3E-02 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.1.2.4 WMA C Tank Farm Exposure Area

The total ELCR for the WMAC Tank Farm exposure area is 4.2 x 10 for nonradiological analytes and
3.9 x 10 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are hexavalent chromium (3.6 x 107, 78 percent contribution),
technetium-99 (3.6 x 10, 7.7 percent contribution), cobalt (3.0 x 10, 6.4 percent contribution), and
cadmium (6.0 x 107, 1.3 percent contribution). Contribution to ELCR is elevated for arsenic (2.4 x 10,
5.1 percent contribution), where measured concentrations are within natural background values.

The HI for the WMAC Tank Farm exposure area is 20, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are cobalt (HQ of 5.7, 29 percent contribution), cadmium (HQ of 3.4, 17 percent contribution), and
vanadium (HQ of 1.5, 7.6 percent contribution). The remaining individual analytes that contribute greater
than one percent of the HI but report a HQ less than or equal to 1 are nickel, barium, uranium, manganese,
hexavalent chromium, cyanide, and di-n-octylphthalate. Contribution to HI is elevated for arsenic (HQ of
3.7, 19 percent contribution), where measured concentrations are within natural background values. Table
7-16 provides a summary of the risk estimates by exposure route.

Table 7-16. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

WMAC Tank Farm Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

5.3E-07 0.42
(vapor)

. Cobalt (5.7, 29%)
Nonvolatile (aerosol) 4.2E-03 19 Arsenic (3.7, 19%)

Cadmium (3.4, 17%)

Total  4.2E-03 19 - 0
Hexavalent Chromium (3.6E-03, 78%) Vﬂiﬁ;‘m (2 Z;/GO)A’)
Dermal Exposure in Sweat Lodge Cobalt (3.0E-04, 6.4%) Barium (0'9.’5 4 9%)
) N Arsenic (2 4E-04, 5.1%) - Uranium (0.92, 4.7%)
(vVoIz:tllila?d Semi-Volatiles 3.5E-10 Cadmium (6.0E-05, 1.3%) <0.01 Manganese (0.88, 4.5%)
apor only Hexavalent Chromium (0.48, 2.5%)
) Cyanide (0.42, 2.1%)
Nonvolatils (vapor and 2.5E-06 050  Di-n-octylphthalate (0.21, 1.1%)

aqueous condensate)

Total 2.5E-06 0.50

Total Nonradionuclide 4.2E-03 20

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.5E-06 -
Nonvolatile (aerosol) 3.9E-04 Technetium-99 (3.6E-04, 7.7%) - -
Total Radionuclide  3.9E-04 -
Total Cumulative ELCR? 4.6E-03 -
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Table 7-16. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

WMAC Tank Farm Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.2.5 B Plant Exposure Area

The total ELCR for the B Plant exposure area is 4.0 x 10~ for nonradiological analytes and 6.3 x 10~ for
radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10, The
major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of
total cumulative ELCR) are plutonium-239/240 (4.3 x 107, 41 percent contribution), hexavalent
chromium (3.8 x 107, 36 percent contribution), uranium-233/234 (5.3 x 10, 5.1 percent contribution),
strontium-90 (5.0 x 10", 4.8 percent contribution), uranium-234 (4.0 x 10, 3.9 percent contribution), and
uranium-238 (3.3 x 10, 3.2 percent contribution). Contribution to ELCR is elevated for arsenic (1.6 x
10, 1.6 percent contribution), where measured concentrations are within natural background values.

The HI for the B Plant exposure area is 19, which is greater than the EPA target HI of 1.0. The primary
contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are
uranium (HQ of 5.0, 26 percent contribution), cadmium (HQ of 4.4, 23 percent contribution), manganese
(HQ of 1.6, 8.4 percent contribution), vanadium (HQ of 1.6, 8.3 percent contribution), and barium (HQ of
1.2, 6.4 percent contribution),. The remaining individual analytes that contribute greater than one percent
of the HI but report a HQ less than 1 are nickel, fluoride, hexavalent chromium, cyanide, and antimony.
Contribution to HI is elevated for arsenic (HQ of 2.6, 14 percent contribution), where measured
concentrations are within natural background values. Table 7-17 provides a summary of the risk estimates
by exposure route.

Table 7-17. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

B Plant Exposure Area Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route ELER Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge Uranium (5.0, 26%)
) Cadmium (4.4, 23%)
Volatile and Semi-Volatiles B Hexavalent Chromium (3.8E-03, 36%) 043 Arsenic (2.6, 14%)
(vapor) Arsenic (1.6E-04, 1.6%) : Manganese (1.6, 8.4%)
- Vanadium (1.6, 8.3%)
Nonvolatile (aerosol) 4.0E-03 18 Barium (1.2, 6.4%)
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Table 7-17. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

B Plant Exposure Area Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
_ Nickel (0.80, 4.2%)
Total  4.0E-03 ° Fluoride (0.59, 3.1%)
: Hexavalent Chromium (0.50, 2.6%)
Dermal Exposure in Sweat Lodge Cyanide (0.43, 2.3%)
Volatile and Semi-Volatiles Antimony (0.32, 1.7%)
<0.01
(vapor only)
Nonvolatile (vapor and 1.7E-06 0.42
aqueous condensate)
Total 1.7E-06 0.42
Total Nonradionuclide 4.0E-03 19

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles 7 3¢ gg Plutonium-239/240 (4.3E-03, 41%) -
(vapor) Uranium-233/234 (5.3E-04, 5.1%)
. Strontium-90 (5.0E-04, 4.8%) -
Nonvolatile (aerosol) 6.3E-03 Uranium-234 (4.0E-04, 3.9%) -

Total Radionuclide ~ 6.3E-03 Uranium-238 (3.3E-04, 3.2%) -

Total Cumulative ELCR® 1.0E-02 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.2.6  Semiworks Exposure Area

The total ELCR for the Semiworks exposure area is 3.9 x 10~ for nonradiological analytes and 3.1 x 107
for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of
1 x 10 and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10°. The major contributor
to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative
ELCR) is hexavalent chromium (3.8 x 10, 95 percent contribution). Contribution to ELCR is elevated
for arsenic (1.4 x 10™, 3.7 percent contribution), where measured concentrations are within natural
background values.

The HI for the Semiworks exposure area is 6.9, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are barium (HQ of 1.4, 21 percent contribution), uranium (HQ of 1.3, 19 percent contribution), and
vanadium (HQ of 1.1, 16 percent contribution). The remaining individual analytes that contribute greater
than one percent of the HI but report a HQ less than 1 are hexavalent chromium, fluoride, and nickel.
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Contribution to the noncancer HI is elevated for arsenic (HQ of 2.3, 33 percent contribution), where
measured concentrations are within natural background values. Table 7-18 provides a summary of the risk
estimates by exposure route.

Table 7-18. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a

Sweat Lodge
Semiworks Exposure Area
ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles _ _
(vapor)
Nonvolatile (aerosol) 3.9E-03 6.8
Arsenic (2.3, 33%)
Total 3.9E-03 6.8 Barium (1.4, 21%)
1 0,
Dermal Exposure in Sweat Lodge Hexavalent Chromium (3.8E-03, 95%) Jranium (1.3, 157)
: o Vanadium (1.1, 16%)
Arsenic (1.4E-04, 3.7%) _ . o
Volatile and Semi-Volatiles Hexavalent Qhromlum (0.50, 7.2%)
| B - Fluoride (0.14, 2.1%)
(vapor only) Nickel (0.11, 1.6%)
Nonvolatile (vapor and 1 5E-06 0.07
aqueous condensate)
Total 1.5E-06 0.07
Total Nonradionuclide 3.9E-03 6.9
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.0E-05 _
(vapor)
Nonvolatile (aerosol) 2.1E-05 - - B
Total Radionuclide  3.1E-05 --
Total Cumulative ELCR® 3.9E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.2.7 Liquid Effluent Retention Basin (LERF) Exposure Area

The total ELCR for the LERF exposure area is 4.8 x 10~ for nonradiological analytes and 9.6 x 107 for
radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of
1 x 10" and the radiological ELCR is less than the EPA lower target threshold of 1 x 10¢. The major
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contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
cumulative ELCR) is hexavalent chromium (4.6 x 10, 96 percent contribution). Contribution to ELCR is
elevated for arsenic (1.6 x 10, 3.4 percent contribution), where measured concentrations are within
natural background values.

The HI for the LERF exposure area is 8.7, which is greater than the EPA target HI of 1.0. The primary
contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are
manganese (HQ of 1.7, 19 percent contribution), vanadium (HQ of 1.6, 18 percent contribution), and
barium (HQ of 1.1, 13 percent contribution). The remaining individual analytes that contribute greater
than one percent of the HI but report a HQ less than or equal to 1 are nickel, hexavalent chromium, and
fluoride. Contribution to HI is elevated for arsenic (HQ of 2.5, 29 percent contribution), where measured
concentrations are within natural background values. Table 7-19 provides a summary of the risk estimates
by exposure route.

Table 7-19. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a

Sweat Lodge
LERF Exposure Area
ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 6.7E-07 <0.01
(vapor)
Nonvolatile (aerosol) 4.8E-03 8.6
Arsenic (2.5, 29%)
Total  4.8E-03 8.6 Manganese (1.7, 19%)
H 0,
Dermal Exposure in Sweat Lodge Hexavalent Chromium (4.6E-03, 96%) Vgr;a;ﬂl;rr&(zﬁa;s f))
Arsenic (1.6E-04, 3.4%) S Nickel (1.0, 12%)
volatile and Semi-Volatles ¢ 5e-10 <0.01  Hexavalent Chromium (0.61, 7.0%)
(vapor only) Fluoride (0.17, 1.9%)
Nonvolatile (vapor and 1.7E-06 0.10
aqueous condensate)
Total 1.7E-06 0.10
Total Nonradionuclide 4.8E-03 8.7
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 8.8E-07 _
(vapor)
Nonvolatile (aerosol) 8.1E-08 - - -
Total Radionuclide  9.6E-07 -
Total Cumulative ELCR?® 4.8E-03 --
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Table 7-19. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

LERF Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.2.8 Gable Mountain Pond Exposure Area

The total ELCR for the Gable Mountain Pond exposure area is 3.9 x 10~ for nonradiological analytes and
9.9 x 107 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10 and the radiological ELCR is within the EPA range of 1 x 10* to 1 x 10, The major
contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
cumulative ELCR) are hexavalent chromium (3.7 x 10, 92 percent contribution), strontium-90 (9.5 x 107
>, 2.4 percent contribution), and nickel (4.7 x 107, 1.2 percent contribution). Contribution to ELCR is
elevated for arsenic (1.7 x 10™, 4.2 percent contribution), where measured concentrations are within
natural background values.

The HI for the Gable Mountain Pond exposure area is 23, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are manganese (HQ of 16, 68 percent contribution), and nickel (HQ of 2.1, 9.0 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are barium, vanadium, hexavalent chromium, and antimony. Contribution to HI is elevated for
arsenic (HQ of 2.7, 12 percent contribution), where measured concentrations are within natural
background values. Table 7-20 provides a summary of the risk estimates by exposure route.

Table 7-20. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

Gable Mountain Pond Exposure Area

Primary Contributors to | Primary Contributors to

ELCR HI

Exposure Route Total Cumulative ELCR? (>1%) |Total Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge Manganese (16, 68%)
. . ; Arsenic (2.7, 12%)
Volatile and Semi-Volatiles - Hexavalent Chromium (3.7E-03, 92%) - Nickel (2.1, 9.0%)
(vapor) Arsenic (1.7E-04, 4.2%) Barium (0.89, 3.9%)
. Nickel (4.7E-05, 1.2%) Vanadium (0.71, 3.1%)
Nonvolatils (aerosol) 3.9E-03 22 Hexavalent Chromium (0.49, 2.1%)
Total 3.9E-03 29 Antimony (0.31, 1.4%)
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Table 7-20. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

Gable Mountain Pond Exposure Area

Primary Contributors to | Primary Contributors to

Exposure Route ELCR  rotal Cumulative ELCR*(>1%) 1! [Total Cumulative HI (>1%)
Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles _ _
(vapor only)

Nonvolatile (vapor and 1.7E-06 0.40
aqueous condensate)

Total 1.7E-06 0.40

Total Nonradionuclide 3.9E-03 23

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

4.4E-06 -
(vapor)
Strontium-90 (9.5E-05, 2.4%) - _
Nonvolatile (aerosol) 9.5E-05 --
Total Radionuclide  9.9E-05 --
Total Cumulative ELCR® 4.0E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.29 200-BP-5 West Exposure Area

The total ELCR for the 200-BP-5 West exposure area is 4.4 x 107 for nonradiological analytes and

2.4 x 10 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are hexavalent chromium (3.8 x 107, 83 percent contribution),
cobalt (2.5 x 10™, 5.5 percent contribution), and technetium-99 (1.0 x 10, 2.2 percent contribution).
Contribution to ELCR is elevated for arsenic (2.2 x 10, 4.7 percent contribution), where measured
concentrations are within natural background values.

The HI for the 200-BP-5 West exposure area is 57, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are manganese (HQ of 25, 44 percent contribution), aluminum (HQ of 9.5, 17 percent contribution),
cobalt (HQ of 4.8, 8.5 percent contribution), cyanide (HQ of 4.5, 7.9 percent contribution), cadmium (HQ
of 2.4, 4.2 percent contribution), uranium (HQ of 1.9, 3.4 percent contribution), vanadium (HQ of 1.5, 2.6
percent contribution), nickel (HQ of 1.2, 2.1 percent contribution), and barium (HQ of 1.2, 2.0 percent
contribution). Contribution to the noncancer HI is elevated for arsenic (HQ of 3.5, 6.1 percent
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contribution), where measured concentrations are within natural background values. Table 7-21 provides
a summary of the risk estimates by exposure route.

Table 7-21. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

200-BP-5 West Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.5E-06 45
(vapor)
Nonvolatile (aerosol) 4.4E-03 52 Manganese (25, 44%)
Aluminum (9.5, 17%)
Total 4.4E-03 56 Cobalt (4.8, 8.5%)
Hexavalent Chromium (3.8E-03, 83%) Cyanide (4.5, 7.9%)
Dermal Exposure in Sweat Lodge Cobalt (2.5E-04, 5.5%) Arsenic (3.5, 6.1%)
Arsenic (2.2E-04, 4.7%) _ Cadmium (2.4, 4.2%)
Volatile and Semi-Volatiles Uranium (1.9, 3.4%)
(vapor only) 71E-10 <0.01 Vanadium (1.5, 2.6%)
E— Nickel (1.2, 2.1%)
Nonvolatile (vapor and 2 6E-06 0.39 Barium (1.2, 2.0%)
aqueous condensate)
Total 2.6E-06 0.39
Total Nonradionuclide 4.4E-03 57
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 9.3E-06 _
(vapor)
_— : o _ _
Nonvolatile (aerosol) 2.3E-04 Technetium-99 (1.08-04, 2.2%) -
Total Radionuclide  2.4E-04 --
Total Cumulative ELCR? 4.6E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.2.10 Far Field (North of Gable Gap) Exposure Area

The total ELCR for the Far Field (North of Gable Gap) exposure area is 8.4 x 10~ for nonradiological
analytes and 3.7 x 107 for radiological analytes. The nonradiological ELCR is greater than the EPA upper
target risk threshold of 1 x 10™* and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10,
The major contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent
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of total cumulative ELCR) is hexavalent chromium (7.9 x 10, 94 percent contribution). Contribution to
ELCR is elevated for arsenic (4.6 x 10™, 5.4 percent contribution), where measured concentrations are
within natural background values.

The HI for the Far Field (North of Gable Gap) exposure area is 19, which is greater than the EPA target
HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) are manganese (HQ of 6.9, 36 percent contribution), vanadium (HQ of 1.7, 8.8
percent contribution), and hexavalent chromium (HQ of 1.1, 5.5 percent contribution). The remaining
individual analytes that contribute greater than one percent of the HI but report a HQ less than 1 are
uranium, nickel, barium, and fluoride. Contribution to HI is elevated for arsenic (HQ of 7.2, 38 percent
contribution), where measured concentrations are within natural background values. Table 7-22 provides
a summary of the risk estimates by exposure route.

Table 7-22. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

Far Field (North of Gable Gap) Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles _ _
(vapor)
Nonvolatile (aerosol) 8.4E-03 19
Arsenic (7.2, 38%)
Total 8.4E-03 19 Manganese (6.9, 36%)
Vanadium (1.7, 8.8%)
Dermal Exposure in Sweat Lodge Hexavalent Chromium (7.9E-03, 94%) Hexavalent Chromium (1.1, 5.5%)
Arsenic (4.6E-04, 5.4%) _ Uranium (0.90, 4.7%)
Volatile and Semi-Volatiles _ _ Nickel (0.50, 2.6%)
(vapor only) Barium (0.44, 2.3%)
Fluoride (0.40, 2.1%)
Nonvolatile (vapor and 4.7E-06 015
aqueous condensate)
Total 4.7E-06 0.15
Total Nonradionuclide 8.4E-03 19
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.8E-05 _
(vapor)
Nonvolatile (aerosol) 1.9E-05 - - B
Total Radionuclide  3.7E-05 --
Total Cumulative ELCR? 8.4E-03 -
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Table 7-22. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

Far Field (North of Gable Gap) Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.1.1.2.11 Near River Exposure Area

The total ELCR for the Near River exposure area is 4.4 x 10 for nonradiological analytes and 1.0 x 10™*
for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of
1 x 10* and the radiological ELCR is equal to the EPA upper target risk threshold of 1 x 10, The major
contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
cumulative ELCR) is hexavalent chromium (4.2 x 107, 95 percent contribution). Contribution to ELCR is
elevated for arsenic (1.1 x 10™, 2.5 percent contribution), where measured concentrations are within
natural background values.

The HI for the Near River exposure area is 7.6, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are manganese (HQ of 2.4, 32 percent contribution), and vanadium (HQ of 1.3, 16 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are hexavalent chromium, uranium, barium, cobalt, fluoride, and cadmium. Contribution to HI is
elevated for arsenic (HQ of 1.8, 23 percent contribution), where measured concentrations are within
natural background values. Table 7-23 provides a summary of the risk estimates by exposure route.

Table 7-23. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

Near River Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Inhalation in Sweat Lodge Manganese (2.4, 32%)
. . ) Arsenic (1.8, 23%)
Volatile and Semi-Volatiles 5.7E-07 0.05 Vanadium (1.3, 16%)
(vapor) Hexavalent Chromium (4.2E-03, 95%) Hexavalent Chromium (0.56, 7.3%)
. _ 0 — H 0,
Nonvolatile (aerosol) 4.4E-03 Arsenic (1.1E-04, 2.5%) 75 Uranium (0.50, 6.5%)

Barium (0.49, 6.4%)

. Cobalt (0.20, 2.6%)
Total 44803 6 Fluoride (0.16, 2.1%)

Dermal Exposure in Sweat Lodge Cadmium (0.09, 1.1%)
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Table 7-23. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a

Sweat Lodge
Near River Exposure Area
ELCR Primary Contributors to Total HI Primary Contributors to Total

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Volatile and Semi-Volatiles 2 5E-10 <0.01
(vapor only)

Nonvolatile (vapor and 1.2E-06 0.08
aqueous condensate)

Total 1.2E-06 0.08

Total Nonradionuclide 4.4E-03 7.6

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.7E-05 -
Nonvolatile (aerosol) 8.3E-05 - - -
Total Radionuclide  1.0E-04 -
Total Cumulative ELCR? 4.5E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.1.1.2.12 200-BP-5 Confined Exposure Area

The total ELCR for the 200-BP-5 Confined exposure area is 4.5 x 10~ for nonradiological analytes and
1.5 x 10 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are hexavalent chromium (4.3 x 107, 92 percent contribution),
cobalt (6.4 x 107, 1.4 percent contribution), and uranium-234 (6.4 x 10, 1.4 percent contribution).
Contribution to ELCR is elevated for arsenic (1.1 x 10, 2.4 percent contribution), where measured
concentrations are within natural background values.

The HI for the 200-BP-5 Confined exposure area is 20, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are manganese (HQ of 11, 56 percent contribution), barium (HQ of 1.6, 8.0 percent contribution), and
cobalt (HQ of 1.2, 6.3 percent contribution). The remaining individual analytes that contribute greater
than one percent of the HI but report a HQ less than 1 are vanadium, nickel, uranium, cyanide, and
hexavalent chromium. Contribution to the noncancer HI is elevated for arsenic (HQ of 1.7, 8.9 percent
contribution), where measured concentrations are within natural background values. Table 7-24 provides
a summary of the risk estimates by exposure route.
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Table 7-24. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 Groundwater in a
Sweat Lodge

200-BP-5 Confined Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 3.1E-06 0.60
(vapor)
Nonvolatile (aerosol) 4.5E-03 19 Manganese (11, 56%)
Arsenic (1.7, 8.9%)
Total  4.5E-03 H . . 19 Barium (1.6, 8.0%)
exavalent Chromium (4.3E-03, 92%) Cobalt (1.2, 6.3%)
Dermal Exposure in Sweat Lodge Arsenic (1.1E-04, 2.4%) Vanadium (b 98 5 B%)
: : : Cobalt (6.4E-05, 1.4%) - Nickel (0.74, 3.8%)
(vgoﬁtgilag‘d Semi-Volatiles 4 oe o9 <0.01 Uranium (0.70, 3.6%)
P Y Cyanide (0.60, 3.1%)
H 0,
Nonvolatile (vapor and Hexavalent Chromium (0.57, 2.9%)
1.9E-06 0.29
aqueous condensate)
Total 1.9E-06 0.29
Total Nonradionuclide 4.5E-03 20
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 2 AE-06 _
(vapor)
_— ) o [ _
Nonvolatile (aerosol) 1.5E-04 Uranium-234 (6.4E-05, 1.4%) -
Total Radionuclide  1.5E-04 -
Total Cumulative ELCR? 4.6E-03 --
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2 Summary of the Yakama Nation Risk Assessment for the 200-BP-5 Groundwater Operable
Unit

This section summarizes the Yakama Nation risk assessment results for use of 200-BP-5 groundwater as a

drinking water source and to make steam in a sweat lodge.

7.1.2.1 Yakama Nation Use of 200-BP-5 Groundwater as a Potential Drinking Water Source

Potential exposure to 200-BP-5 groundwater as a drinking water source is evaluated under the Yakama
Nation exposure scenario. Potential routes of exposure to groundwater include ingestion, dermal contact
(nonradionuclides only), and inhalation of volatiles during household activities. Additional detail
including analyte-specific risk contributions is provided in the spreadsheet attachments.

The following subsections provide a summary of the Yakama Nation risk assessment results by exposure
area for the 200-BP-5 Groundwater OU.
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7.1.2.1.1 LLWMAL Exposure Area

The total ELCR for the LLWMA1 exposure area is 4.6 x 10 for nonradiological analytes and 1.1 x 10
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are technetium-99 (8.5 x 10™, 55 percent contribution), tritium (1.7 x 10, 11
percent contribution), cobalt-60 (4.0 x 107, 2.6 percent contribution), and iodine-129 (3.4 x 107, 2.2
percent contribution). Contribution to ELCR is elevated for arsenic (4.6 x 10, 29 percent contribution),
where measured concentrations are within natural background values.

The HI for the LLWMA1 exposure area is 111, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 100, 90 percent contribution), antimony (HQ of 6.8, 6.2 percent contribution), and
nitrate (HQ of 1.5, 1.3 percent contribution). Table 7-25 provides a summary of the risk estimates by
exposure route.

Table 7-25. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

LLWMA1 Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 4.6E-04 24
Dermal 1.6E-06 0.31
. Cyanide (100, 90%)
| 0,
Arsenic (4.6E-04, 29%) _ Antimony (6.8, 6.2%)
i 0,
Inhalation 1.5E-06 87 Nitrate (1.5, 1.3%)
Total 4.6E-04 111
Radionuclide Analytes
Ingestion 9.6E-04 -
Inhalation 1.3E-04 Technetium-99 (8.5E-04, 55%) -
Tritium (1.7E-04, 11%) e _
Total 1.1E-03 Cobalt-60 (4.0E-05, 2.6%) -
- lodine-129 (3.4E-05, 2.2%) —
Total Cumulative 1 6E-03 _

ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2.1.2 LLWMAZ2 Exposure Area

The total ELCR for the LLWMAZ2 exposure area is 8.1 x 10 for nonradiological analytes and 2.5 x 10™
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are technetium-99 (2.2 x 10, 20 percent contribution), iodine-129 (2.0 x 107,
1.9 percent contribution), and tritium (1.3 x 10, 1.2 percent contribution). Contribution to ELCR is
elevated for arsenic (8.1 x 10™, 76 percent contribution), where measured concentrations are within
natural background values.

The HI for the LLWMAZ2 exposure area is 54, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 41, 77 percent contribution), and antimony (HQ of 9.6, 18 percent contribution).
Contribution to HI is elevated for arsenic (HQ of 1.6, 3.0 percent contribution), where measured
concentrations are within natural background values. Table 7-26 provides a summary of the risk estimates
by exposure route.

Table 7-26. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

LLWMA2 Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 8.0E-04 18
Dermal 2.7E-06 0.35
. § Cyanide (41, 77%)
Arsenic (8.1E-04, 76%) Antimony (9.6, 18%)
H 0,
Inhalation _ 36 Arsenic (1.6, 3.0%)
Total 8.1E-04 54
Radionuclide Analytes
Ingestion 2.4E-04 --
Inhalation 1.0E-05 -

Technetium-99 (2.2E-04, 20%)

- lodine-129 (2.0E-05, 1.9%) ~ -
Total ~ 2.5E-04 Tritium (1.3E-05, 1.2%)

Total Cumulative

Elcro 1-1E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.2.1.3 WMA B/BX/BY Tank Farms Exposure Area

The total ELCR for the WMA B/BX/BY Tank Farms exposure area is 4.6 x 10 for nonradiological
analytes and 1.1 x 10" for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10", The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are uranium-234 (4.1 x 107, 26 percent contribution),
uranium-238 (3.7 x 1073, 23 percent contribution), technetium-99 (3.1 x 107, 19 percent contribution),
methyl methanesulfonate (2.1 x 107, 13 percent contribution), n-nitrosodi-n-dipropylamine (1.6 x 107,
9.8 percent contribution, tritium (2.6 x 10™, 1.6 percent contribution), and uranium-235 (1.8 x 10, 1.1
percent contribution). Contribution to ELCR is elevated for arsenic (8.5 x 10™, 5.3 percent contribution),
where measured concentrations are within natural background values.

The HI for the WMA B/BX/BY Tank Farms exposure area is 255, which is greater than the EPA target
HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) are cyanide (HQ of 230, 90 percent contribution), uranium (HQ of 8.1, 3.2 percent
contribution), antimony (HQ of 6.5, 2.6 percent contribution), and nitrate (HQ of 4.8, 1.9 percent
contribution). Table 7-27 provides a summary of the risk estimates by exposure route.

Table 7-27. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

WMA B/BX/BY Tank Farms Exposure Area

Exposure Primary Contributors to Total Primary Contributors to Total

Route R Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 4.5E-03 54
Dermal 3.7E-05 Methyl methanesulfonate (2.1E-03, 13%) 0.57 Cyanide (230, 90%)
n-Nitrosodi-n-dipropylamine (1.6E-03, Uranium (8.1, 3.2%)
9.8%) Antimony (6.5, 2.6%)
Inhalation 2.7E-05 Arsenic (8.5E-04, 5.3%) 200 Nitrate (4.8, 1.9%)
Total 4.6E-03 255
Radionuclide Analytes
Ingestion 1.1E-02 --
. Uranium-234 (4.1E-03, 26%)
Inhalation 2.1E-04 Uranium-238 (3.7E-03, 23%) -
: Technetium-99 (3.1E-03, 19%) _ -
Total — 1.1E-02 Tritium (2.6E-04, 1.6%)
: Uranium-235 (1.8E-04, 1.1%)
Total Cumulative 1.6E-02 _

ELCR?

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2.1.4 WMA C Tank Farm Exposure Area

The total ELCR for the WMA C Tank Farm exposure area is 6.3 x 10 for nonradiological analytes and
1.7 x 107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are technetium-99 (1.6 x 107, 69 percent contribution), iodine-129
(6.6 x 10, 2.8 percent contribution), and tritium (2.5 x 10, 1.1 percent contribution). Contribution to
ELCR is elevated for arsenic (6.2 x 10, 27 percent contribution), where measured concentrations are
within natural background values.

The HI for the WMA C Tank Farm exposure area is 16, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are antimony (HQ of 6.8, 43 percent contribution) and cyanide (HQ of 4.9, 31 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are cobalt, cadmium, nitrate, and vanadium. Contribution to HI is elevated for arsenic (HQ of 1.3,
8.0%), where measured concentrations are within natural background values. Table 7-28 provides a
summary of the risk estimates by exposure route.

Table 7-28. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

WMA C Tank Farm Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 6.2E-04 11 Antimony (6.8, 43%)
Cyanide (4.9, 31%)
Dermal 3.0E-06 i - 0.28 Arsenic (1.3, 8.0%)
Arsenic (6.2E-04, 27%) Cobalt (0.76, 4.9%)
Inhalation 5.5E-06 4.3 Cadmium (0.49, 3.1%)
Nitrate (0.36, 2.3%)
Total  6.3E-04 16 Vanadium (0.22, 1.4%)
Radionuclide Analytes
Ingestion 1.7E-03 --
Inhalation 1.9E-05 --

Technetium-99 (1.6E-03, 69%)

- lodine-129 (6.6E-05, 2.8%) _ -
Total  1.7E-03 Tritium (2.5E-05, 1.1%)

Total Cumulative
ELCR® 2.3E-03 --

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2.1.5 B Plant Exposure Area

The total ELCR for the B Plant exposure area is 4.3 x 10 for nonradiological analytes and 1.1 x 107 for
radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10, The
major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of
total cumulative ELCR) are strontium-90 (6.2 x 107, 52 percent contribution), cesium-137 (4.1 x 107, 35
percent contribution), plutonium-239/240 (4.0 x 10, 3.4 percent contribution), and technetium-99 (3.8 x
10, 3.2 percent contribution). Contribution to ELCR is elevated for arsenic (4.3 x 10™, 3.6 percent
contribution), where measured concentrations are within natural background values.

The HI for the B Plant exposure area is 20, which is greater than the EPA target HI of 1.0. The primary
contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are
antimony (HQ of 11, 54 percent contribution) and cyanide (HQ of 5.0, 24 percent contribution). The
remaining individual analytes that contribute greater than one percent of the HI but report a HQ less than
1 are arsenic, fluoride, nitrate, cadmium, uranium, and vanadium. Table 7-29 provides a summary of the
risk estimates by exposure route.

Table 7-29. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

B Plant Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 4.3E-04 16
- Antimony (11, 54%)
Cyanide (5.0, 24%)
Dermal 1.5E-06 0.39 Arsenic (0.87, 4.3%)
. Fluoride (0.85, 4.2%)
_ o,
Arsenic (4.3E-04, 3.6%) Nitrate (0.70, 3.4%)
Inhalation -- 4.3 Cadmium (0.63, 3.1%)
Uranium (0.44, 2.2%)
Vanadium (0.23, 1.2%)
Total  4.3E-04 20
Radionuclide Analytes
Ingestion 1.1E-02 --
Inhalation 9.5E-05 Strontium-90 (6.2E-03, 52%) --
Cesium-137 (4.1E-03, 35%) e _
Total 1.1E-02 Plutonium-239/240 (4.0E-04, 3.4%) -
- Technetium-99 (3.8E-04, 3.2%) —
Total Cumulative 1.2E-02 _

ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.2.1.6 Semiworks Exposure Area

The total ELCR for the Semiworks exposure area is 3.8 x 10 for nonradiological analytes and 2.3 x 10™
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (1.7 x 10™, 28 percent contribution), iodine-129 (2.6 x 10, 4.3
percent contribution), technetium-99 (1.7 x 10, 2.7 percent contribution), and strontium-90 (1.5 x 107,
2.5 percent contribution). Contribution to ELCR is elevated for arsenic (3.8 x 10, 62 percent
contribution), where measured concentrations are within natural background values.

The HI for the Semiworks exposure area is 1.9, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-30 provides a summary of the risk estimates by exposure route.

Table 7-30. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

Semiworks Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Ingestion 3.8E-04 1.9 Arsenic (0.76, 39%)
Nitrate (0.33, 17%)

B— Fluoride (0.20, 10%)
) Vanadium (0.16, 8.4%)
Dermal 1.3E-06 Arsenic (3.8E-04, 62%) 0.06 Hexavalent Chromium (0.13, 6.8%)
: ) Uranium (0.12, 6.0%)
. Selenium (0.07, 3.5%)
Inhalation - - Molybdenum (0.04, 2.1%)
N Nitrite (0.04, 2.0%)
Strontium (0.04, 1.8%)
Total  3.8E-04 1.9 Barium (0.02, 1.3%)

Radionuclide Analytes

Ingestion 9.7E-05 --

Inhalation 1.4E-04 Tritium (1.7E-04, 28%) --
lodine-129 (2.6E-05, 4.3%) — _

Total 2.3E-04 Technetium-99 (1.7E-05, 2.7%) -

Strontium-90 (1.5E-05, 2.5%) —

Total Cumulative 6.1E-04 _

ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.2.1.7 Liquid Effluent Retention Basin (LERF) Exposure Area

The total ELCR for the LERF exposure area is 4.4 x 10" for nonradiological analytes and 1.9 x 10 for
radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of

1 x 10 and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10°. The major contributors
to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative
ELCR) are carbon tetrachloride (1.9 x 10, 4.1 percent contribution), and tritium (1.5 x 10, 3.2 percent
contribution). Contribution to ELCR is elevated for arsenic (4.2 x 10, 92 percent contribution), where
measured concentrations are within natural background values.

The HI for the LERF exposure area is 2.2, which is greater than the EPA target HI of 1.0. All individual
analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table 7-31
provides a summary of the risk estimates by exposure route.

Table 7-31. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

LERF Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Arsenic (0.85, 38%)

Ingestion 4.3E-04 21 Nitrate (0.34, 15%)
Fluoride (0.24, 11%)
Vanadium (0.23, 10%)

- i 0,
Dermal 3.0E-06 Arsenic (4.2E-04, 92%) 0.09 Hexavalz?lt/g?(rg.rglgurz-2(3’/.01)6, 7.3%)

Carbon tetrachloride (1.9E-05, 4.1%) Nitrite (0.06, 2.8%)

Inhalation 6.9E-06 0.01 Strontium (0.05, 2.4%)
Carbon tetrachloride (0.05, 2.3%)
Antimony (0.05, 2.1%)

Total 4.4E-04 2.2 Nickel (0.03, 1.4%)
Manganese (0.03, 1.1%)

Radionuclide Analytes

Ingestion 7.7E-06 --
Inhalation 1.1E-05 --
Total  1.9E-05 Tritium (1.5E-05, 3.2%) _ -

Total Cumulative

ELCRo 4BE-04 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2.1.8 Gable Mountain Pond Exposure Area

The total ELCR for the Gable Mountain Pond exposure area is 4.4 x 10™* for nonradiological analytes and

1.2 x 107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are strontium-90 (1.2 x 107, 69 percent contribution), and tritium
(7.4 x 10, 4.4 percent contribution). Contribution to ELCR is elevated for arsenic (4.4 x 10, 26 percent
contribution), where measured concentrations are within natural background values.

The HI for the Gable Mountain Pond exposure area is 13, which is greater than the EPA target HI of 1.0.

The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total

HI) is antimony (HQ of 10, 79 percent contribution). The remaining individual analytes that contribute
greater than one percent of the HI but report a HQ less than 1 are arsenic, nitrate, iron, and manganese.

Table 7-32 provides a summary of the risk estimates by exposure route.

Table 7-32. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater as a Potential Drinking Water Source

Gable Mountain Pond Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 4.4E-04 13
Dermal 1.5E-06 0.33 Antimony (10, 79%)
Arsenic (4.4E-04, 26%) Arsenic (0.89, 6.7%)
’ ’ E— Nitrate (0.76, 5.8%)
Inhalati - Iron (0.25, 1.9%)
nhaiation - Manganese (0.24, 1.8%)
Total 4.4E-04 13
Radionuclide Analytes
Ingestion 1.2E-03 --
Inhalation 5.8E-05 --
Strontium-90 (1.2E-03, 69%) E— _
Total 1.2E-03 Tritium (7.4E-05, 4.4%) -
Total Cumulative 1.7E-03 _

ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.2.1.9 200-BP-5 West Exposure Area

The total ELCR for the 200-BP-5 West exposure area is 6.1 x 10™* for nonradiological analytes and

1.1 x 107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are technetium-99 (4.6 x 10, 27 percent contribution), strontium-90
(4.5 x 10™, 26 percent contribution), tritium (1.5 x 10™, 9.0 percent contribution), and carbon
tetrachloride (2.0 x 10, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (5.8 x 10°
4,34 percent contribution), where measured concentrations are within natural background values.

The HI for the 200-BP-5 West exposure area is 66, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cyanide (HQ of 52, 78 percent contribution) and antimony (HQ of 8.6, 13 percent contribution. The
remaining individual analyte that contributes greater than one percent of the HI but report a HQ less than
1 is nitrate. Contribution to the noncancer HI is elevated for arsenic (HQ of 1.2, 1.8 percent contribution),
where measured concentrations are within natural background values. Table 7-33 provides a summary of
the risk estimates by exposure route.

Table 7-33. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

200-BP-5 West Exposure Area

Exposure Primary Contributors to Total Primary Contributors to Total

Route R Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 5.9E-04 21
Dermal 5.8E-06 0.38 Cyanide (52, 78%)
Arsenic (5.8E-04, 34%) Antimony (8.6, 13%)
Carbon tetrachloride (2.0E-05, 1.2%) Arsenic (1.2, 1.8%)
Inhalation 1.5E-05 45 Nitrate (0.70, 1.1%)
Total 6.1E-04 66
Radionuclide Analytes
Ingestion 9.8E-04 --
Inhalation 1.2E-04 Technetium-99 (4.6E-04, 27%) -
Strontium-90 (4.5E-04, 26%) E— _
Total  1.1E-03 Tritium (1.5E-04, 9.0%) -
Total Cumulative 1.7E-03 _

ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2.1.10 Far Field (North of Gable Gap) Exposure Area

The total ELCR for the Far Field (North of Gable Gap) exposure area is 1.2 x 10~ for nonradiological
analytes and 3.4 x 10" for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10*. The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are tritium (2.9 x 10™, 19 percent contribution) and
technetium-99 (4.0 x 107, 2.6 percent contribution). Contribution to ELCR is elevated for arsenic (1.2 x
107, 78 percent contribution), where measured concentrations are within natural background values.

The HI for the Far Field (North of Gable Gap) exposure area is 4.7, which is greater than the EPA target
HI of 1.0. Contribution to the HI is elevated for arsenic (HQ of 2.4, 52 percent contribution), where
measured concentrations are within natural background values. The remaining individual analytes that
contribute greater than one percent of the HI but report a HQ less than 1 are fluoride, hexavalent
chromium, lithium, vanadium, nitrate, copper, iron, manganese, uranium, zinc, and molybdenum. Table
7-34 provides a summary of the risk estimates by exposure route.

Table 7-34. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

Far Field (North of Gable Gap) Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Arsenic (2.4, 52%)
Ingestion 1.2E-03 4.5 Fluoride (0.57, 12%)
Hexavalent Chromium (0.28, 6.1%)
Lithium (0.27, 5.8%)
Dermal 4.1E-06 0.12 Vanadium (0.25, 5.4%)
Arsenic (1.2E-03, 78%) Nitrate (0.17, 3.6%)
Copper (0.17, 3.6%)
Inhalation - Iron (0.11, 2.3%)
Manganese (0.10, 2.2%)
Uranium (0.08, 1.7%)

Total  1.2E-03 47 Zinc (0.07, 1.5%)
Molybdenum (0.06, 1.3%)

Radionuclide Analytes

Ingestion 1.1E-04 -

Inhalation 2.3E-04 -
Tritium (2.9E-04, 19%) e _

Total 3.4E-04 Technetium-99 (4.0E-05, 2.6%) -

Total Cumulative
ELCR® 1.5E-03 --

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.2.1.11 Near River Exposure Area

The total ELCR for the Near River exposure area is 3.1 x 10 for nonradiological analytes and 3.6 x 10™*
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (2.9 x 10, 43 percent contribution), carbon-14 (4.4 x 10, 6.6
percent contribution), technetium-99 (1.6 x 107, 2.4 percent contribution), and trichloroethene (9.6 x 107,
1.4 percent contribution). Contribution to ELCR is elevated for arsenic (3.0 x 10, 44 percent
contribution), where measured concentrations are within natural background values.

The HI for the Near River exposure area is 2.7, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-35 provides a summary of the risk estimates by exposure route.

Table 7-35. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

Near River Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Trichloroethene (0.69, 26%)
Ingestion 3.0E-04 21 Arsenic (0.60, 23%)
Lithium (0.29, 11%)
Fluoride (0.23, 8.6%)
Dermal 1.6E-06 Arsenic (3.0E-04, 44%) 0.09 N|traf[e (0.19, 7.2%2
Trichlorosthene (9.6E-06, 1.4%) Vanadium (0.19, 7.0%)
’ T Hexavalent Chromium (0.15, 5.7%)
Inhalation 5.9E-06 0.46 Molybdenum (0.05, 1.9%)
Uranium (0.04, 1.7%)
Nitrite (0.04, 1.6%)
Total  3.1E-04 27 Manganese (0.04, 1.4%)
Zinc (0.03, 1.2%)

Radionuclide Analytes

Ingestion 1.4E-04 --
Inhalation 2.3E-04 Tritium (2.9E-04, 43%) -
Total  3.6E-04 Carbon-14 (4.4E-05, 6.6%) _ --

Technetium-99 (1.6E-05, 2.4%)

Total Cumulative

ELCRo O7E-04 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2.1.12 200-BP-5 Confined Exposure Area

The total ELCR for the 200-BP-5 Confined exposure area is 3.5 x 10 for nonradiological analytes and
1.8 x 10™ for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are technetium-99 (9.5 x 107, 18 percent contribution), tritium (4.0
x 107, 7.5 percent contribution), benzene (1.9 x 107, 3.6 percent contribution), carbon tetrachloride (1.9 x
10, 3.5 percent contribution), chloroform (1.8 x 10, 3.3 percent contribution), iodine-129 (1.3 x 107,
2.4 percent contribution), strontium-90 (1.3 x 10, 2.3 percent contribution), uranium-234 (9.2 x 10, 1.7
percent contribution), uranium-238 (6.6 x 10, 1.2 percent contribution), and bis(2-ethylhexyl) phthalate
(6.4 x 10, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (2.9 x 10, 53 percent
contribution), where measured concentrations are within natural background values.

The HI for the 200-BP-5 Confined exposure area is 15, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are cyanide (HQ of 6.9, 45 percent contribution) and antimony (HQ of 6.1, 40 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are arsenic, silver, iron, fluoride, manganese, and cobalt. Table 7-36 provides a summary of the
risk estimates by exposure route.

Table 7-36. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater as a Potential Drinking Water Source

200-BP-5 Confined Exposure Area

Exposure Primary Contributors to Total Primary Contributors to Total

Route EER Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 3.2E-04 9.1 Cyanide (6.9, 45%)
Arsenic (2.9E-04, 53%) Antimony (6.1, 40%)
X Benzene (1.9E-05, 3.6%) Arsenic (0.58, 3.8%)
Dermal 6.6E-06 - arbon tetrachloride (1.9E-05, 35%) 020 Silver (0.21, 1.3%)
. Chloroform (1.8E-05, 3.3%) Iron (0.20, 1.3%)
Inhalation 3.2E-05 Bis(2-ethylhexyl) phthalate (6.4E-06, 6.0 Fluoride (0.20, 1.3%)
1.2%) Manganese (0.17, 1.1%)
Total 3.5E-04 15 Cobalt (0.16, 1.1%)
Radionuclide Analytes
Ingestion 1.5E-04 Technetium-99 (9.5E-05, 18%) -
' > . -
Inhalation 3 2E-05 Tritium (4.0E-05, 7.5%) _

lodine-129 (1.3E-05, 2.4%)
] Strontium-90 (1.3E-05, 2.3%) ~ -
Total  1.8E-04 Uranium-234 (9.2E-06, 1.7%)
Uranium-238 (6.6E-06, 1.2%)
5.4E-04 -

Total Cumulative
ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.1.2.2 Yakama Nation Use of 200-BP-5 Groundwater as a Source of Steam for Sweat Lodge Use

Potential exposure to 200-BP-5 groundwater as a source of steam in a sweat lodge is evaluated under the
Yakama Nation exposure scenario. Potential routes of exposure to steam generated from groundwater
include inhalation of vaporized volatiles, semi-volatiles, and aerosolized nonvolatiles, and dermal contact
with vaporized volatiles, semi-volatiles, and aerosolized nonvolatiles while spending time in a sweat
lodge. Additional detail including analyte-specific risk contributions is provided in the spreadsheet
attachments.

7.1.2.21 LLWMAIL Exposure Area

The total ELCR for the LLWMA1 exposure area with contributions from aerosolized nonvolatile analytes
is 4.1 x 10 for nonradiological analytes and 1.5 x 107 for radiological analytes, both of which are greater
than the EPA upper target risk threshold of 1 x 10*. The major contributor to the total cumulative ELCR
(those analytes that contribute greater than 1 percent of total cumulative ELCR) are hexavalent chromium
(3.9 x 102, 93 percent contribution) and technetium-99 (1.4 x 107, 3.3 percent contribution). Contribution
to ELCR is elevated for arsenic (1.3 x 10, 3.1 percent contribution), where measured concentrations are
within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.4 x 10~ for
nonradiological analytes and 7.7 x 10~ for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10, The major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tritium (7.7 x 10, 84 percent
contribution) and chloroform (1.1 x 107, 1.2 percent contribution). Contribution to ELCR is elevated for
arsenic (1.3 x 10, 14 percent contribution), where measured concentrations are within natural
background values.

The HI for the LLWMA1 exposure area With contributions from aerosolized nonvolatile analytes is 158,
which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are cyanide (HQ of 63, 40 percent
contribution), uranium (HQ of 34, 22 percent contribution), vanadium (HQ of 11, 6.7 percent
contribution), barium (HQ of 9.0, 5.7 percent contribution), hexavalent chromium (HQ of 5.2, 3.3 percent
contribution), nickel (HQ of 3.9, 2.5 percent contribution), cobalt (HQ of 3.9, 2.5 percent contribution),
cadmium (HQ of 2.5, 1.6 percent contribution), and manganese (HQ of 1.9, 1.2 percent contribution).
Contribution to noncancer HI is elevated for arsenic (HQ of 20, 13 percent contribution), where measured
concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 65, which is greater than the EPA
target HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than
1 percent of total HI) are cyanide (HQ of 63, 97 percent contribution) and antimony (HQ of 1.4, 2.2
percent contribution). Table 7-37 provides a summary of the risk estimates by exposure route.

Table 7-37. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

LLMWA1 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
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Table 7-37. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

LLMWA1 Exposure Area

ELCR Primary Contributors to Total

Primary Contributors to Total

Exposure Route Cumulative ELCR? (>1%) HI Cumulative HI (>1%)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1 1E-06 63
(vapor)
Nonvolatile (aerosol) 4.1E-02 93 Cyanide (63, 40%)
_ Uranium (34, 22%)
Total 4.1E-02 156 Arsenic (20, 13%)
Em— Vanadium (11, 6.7%)
Dermal Exposure in Sweat Lodge Hexavalent Chromium (3.9E-02, 93%) Barium (9.0, 5.7%)
Arsenic (1.3E-03, 3.1%) Hexavalent Chromium (5.2, 3.3%)
Volatile and Semi-Volatiles Nickel (3.9, 2.5%)
(vapor only) 4.7E-1 <0.01 Cobalt (3.9, 2.5%)
Cadmium (2.5, 1.6%)
Nonvolatile (vapor and 1 3E-05 29 Manganese (1.9, 1.2%)
aqueous condensate)
Total 1.3E-05 22
Total Nonradionuclide 4.1E-02 158

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 7.7E-05 -
Nonvolatile (aerosol) 1.5E-03 Technetium-99 (1.4E-03, 3.3%) -
Total Radionuclide 1.5E-03 --

Total Cumulative ELCR® 4.3E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

1.1E-06 63
(vapor)
Nonvolatile (aerosol) --b --b
Total 1.1E-06 63
Dermal Exposure in Sweat Lodge Arsenic (1.3E-05, 14%)
Chloroform (1.1E-06, 1.2%)
Volatile and Semi-Volatiles 4.7E-11 <0.01
(vapor only)
Nonvolatile (aqueous 1 3E-05 29
condensate only)
Total 1.3E-05 2.2
Total Nonradionuclide 1.4E-05 65

Cyanide (63, 97%)
Antimony (1.4, 2.2%)
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Table 7-37. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

LLMWA1 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

7.7E-05 --
(vapor)

Tritium (7.7E-05, 84%)

Nonvolatile (aerosol) - -

Total Radionuclide 7.7E-05 -

Total Cumulative ELCR® 9.1E-05 -

Notes:
a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.2 LLWMAZ2 Exposure Area

The total ELCR for the LLWMAZ2 source exposure area With contributions from aerosolized nonvolatile
analytes is 4.8 x 107 for nonradiological analytes and 3.7 x 10" for radiological analytes, both of which
are greater than the EPA upper target risk threshold of 1 x 10, The major contributor to the total
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is
hexavalent chromium (4.5 x 10, 94 percent contribution). Contribution to ELCR is elevated for arsenic
(2.3 x 10, 4.7 percent contribution), where measured concentrations are within natural background
values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.3 x 10~ for
nonradiological analytes and 5.9 x 107 for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10°. The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (5.9 x 10, 21 percent contribution).
Contribution to ELCR is elevated for arsenic (2.3 x 107, 79 percent contribution), where measured
concentrations are within natural background values.

The HI for the LLWMAZ2 source exposure area With contributions from aerosolized nonvolatile analytes
is 114, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI
(those analytes that contribute greater than 1 percent of total HI) are cyanide (HQ of 26, 23 percent
contribution), vanadium (HQ of 13, 12 percent contribution), nickel (HQ of 12, 10 percent contribution),
barium (HQ of 6.8, 5.9 percent contribution), manganese (HQ of 6.3, 5.5 percent contribution),
hexavalent chromium (HQ of 6.0, 5.2 percent contribution), uranium (HQ of 5.9, 5.1 percent
contribution), and antimony (HQ of 2.0, 1.7 percent contribution). Contribution to noncancer HI is
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elevated for arsenic (HQ of 35, 31 percent contribution), where measured concentrations are within
natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 29, which is greater than the EPA
target HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than
1 percent of total HI) are cyanide (HQ of 26, 90 percent contribution) and antimony (HQ of 2.0, 6.8
percent contribution). The remaining individual analyte that contributes greater than one percent of the HI
but reports a HQ less than 1 is hexavalent chromium. Table 7-38 provides a summary of the risk estimates
by exposure route.

Table 7-38. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

LLWMA2 Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles
- 26
(vapor)
Nonvolatile (aerosol) 4.8E-02 86 Arsenic (35, 31%)
Cyanide (26, 23%)
Total 4.8E-02 112 Vanadium (13, 12%)
H 0,
Dermal Exposure in Sweat Lodge ~ Hexavalent Chromium (4.5E-02, 94%) Nickel (12, 10%)
. o Barium (6.8, 5.9%)
Arsenic (2.3E-03, 4.7%) M 6.3 559
Volatile and Semi-Volatiles anganese (. -3, 5.5%)
anor onl -- <0.01 Hexavalent Chromium (6.0, 5.2%)
(vapor only) Uranium (5.9, 5.1%)
) Antimony (2.0, 1.7%)
Nonvolatile (vapor and 2 3E-05 28
aqueous condensate)
Total 2.3E-05 2.8
Total Nonradionuclide 4.8E-02 114
Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 5 9E-06 _
(vapor)
Nonvolatile (aerosol) 3.6E-04 - - B

Total Radionuclide  3.7E-04 —

Total Cumulative ELCR® 4.8E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge Cyanide (26, 90%)

Arsenic (2.3E-05, 79%) Antimony (2.0, 6.8%)

Volatile and Semi-Volatiles - 26 Hexavalent Chromium (0.43, 1.5%)

(vapor)
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Table 7-38. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

LLWMA2 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonvolatile (aerosol) --b b

Total - 26

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles

<0.01
(vapor only)
Nonvolatile (aqueous 23E-05 28
condensate only)
Total 2.3E-05 2.8
Total Nonradionuclide 2.3E-05 29

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 5.9E-06 -
Nonvolatile (aerosol) b Tritium (5.98-06, 21%) - -
Total Radionuclide  5.9E-06 -
Total Cumulative ELCR? 2.9E-05 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.3 WMA B/BX/BY Tank Farms Exposure Area

The total ELCR for the WMA B/BX/BY Tank Farms source exposure area With contributions from
aerosolized nonvolatile analytes is 1.4 x 10" for nonradiological analytes and 3.7 x 10™' for radiological
analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10™*. The major
contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
cumulative ELCR) is uranium-234 (1.9 x 107!, 38 percent contribution), uranium-238 (1.6 x 107, 31
percent contribution), hexavalent chromium (1.3 x 10™, 26 percent contribution), and uranium-235 (8.6 x
107, 1.7 percent contribution).

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.6 x 10™* for
nonradiological analytes and 1.2 x 10™ for radiological analytes, both of which are greater than the EPA
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upper target risk threshold of 1 x 10™*. The major contributors to the total cumulative ELCR (those
analytes that contribute greater than 1 percent of total cumulative ELCR) are tritium (1.2 x 10, 43
percent contribution), n-nitrosodi-n-dipropylamine (1.0 x 10, 37 percent contribution), chloroform (1.2 x
10, 4.3 percent contribution), methyl methanesulfonate (8.4 x 10, 3.1 percent contribution), and carbon
tetrachloride (7.6 x 107, 2.8 percent contribution). Contribution to ELCR is elevated for arsenic (2.4 x 10°
>, 8.8 percent contribution), where measured concentrations are within natural background values.

The HI for the WMA B/BX/BY Tank Farms source exposure area With contributions from aerosolized
nonvolatile analytes is 1027, which is greater than the EPA target HI of 1.0. The primary contributors to
the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are uranium (HQ of
656, 64 percent contribution), cyanide (HQ of 145, 14 percent contribution), cobalt (HQ of 48, 4.7 percent
contribution), cadmium (HQ of 37, 3.6 percent contribution), nickel (HQ of 35, 3.5 percent contribution),
manganese (HQ of 22, 2.1 percent contribution), hexavalent chromium (HQ of 18, 1.8 percent
contribution), and barium (HQ of 15, 1.5 percent contribution). Contribution to noncancer HI is elevated
for arsenic (HQ of 37, 3.6 percent contribution), where measured concentrations are within natural
background values.

The HI without contributions from aerosolized nonvolatile analytes is 158, which is greater than the EPA
target HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than
1 percent of total HI) are cyanide (HQ of 145, 91 percent contribution), cadmium (HQ of 7.8, 4.9 percent
contribution), and di-n-octylphthalate (HQ of 2.4, 1.5 percent contribution). Table 7-39 provides a
summary of the risk estimates by exposure route.

Table 7-39. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

WMA B/BX/BY Tank Farms Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.9E-05 145
(vapor)
Nonvolatile (aerosol) 1.4E-01 869 Uranium (656, 64%)
H 0,
Total  1.4E-01 1013 Cé’ﬁgflf ((4184 54_17%" )
D 'E ins t Lod Arsenic (37, 3.6%)
ermal Exposure in sweat Lodge Hexavalent Chromium (1.3E-01, 26%) Cadmium (37, 3.6%)
. . . - Nickel (35, 3.5%)
VoIatlIeIand Semi-Volatiles 7 2E-09 <0.01 Manganese (22, 2.1%)
(vapor only) Hexavalent Chromium (18, 1.8%)
1 0,
Nonvolatile (vapor and Barium (15, 1.5%)
1.4E-04 14
aqueous condensate)
Total 1.4E-04 14
Total Nonradionuclide 1.4E-01 1027

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge -
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Table 7-39. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

WMA B/BX/BY Tank Farms Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles 1.2E-04 _
(vapor)
) Uranium-234 (1.9E-01, 38%)
Nonvolatile (aerosol) 3.7E-01 Uranium-238 (1.6E-01, 31%) --
Total Radionuclide ~ 3.7E-01 Uranium-235 (8.6E-03, 1.7%) -
Total Cumulative ELCR? 5.1E-01 -

Nonradionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.9E-05
Nonvolatile (aerosol) --b
Total 1.9E-05

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles

7.2E-09
(vapor only)
Nonvolatile (aqueous 1 AE-04
condensate only)
Total 1.4E-04
Total Nonradionuclide 1.6E-04

Arsenic (2.4E-05, 8.8%)
n-Nitrosodi-n-dipropylamine (1.0E-04,
37%)

Chloroform (1.2E-05, 4.3%)
Methyl methanesulfonate (8.4E-06,
3.1%)

Carbon tetrachloride (7.6E-06, 2.8%)

145
_.b
145
Cyanide (145, 91%)
Cadmium (7.8, 4.9%)
Di-n-octylphthalate (2.4, 1.5%)
<0.01
14
14
158

Radionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.2E-04
Nonvolatile (aerosol) --b

Total Radionuclide  1.2E-04

Total Cumulative ELCR® 2.7E-04

Tritium (1.2E-04, 43%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile

contaminants.
ELCR = excess lifetime cancer risk.
HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.1.2.2.4 WMA C Tank Farm Exposure Area

The total ELCR for the WMA C Tank Farms source exposure area With contributions from aerosolized
nonvolatile analytes is 3.1 x 10~ for nonradiological analytes and 2.9 x 10~ for radiological analytes, both
of which are greater than the EPA upper target risk threshold of 1 x 10™*. The major contributors to the
total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR)
are hexavalent chromium (2.7 x 10, 78 percent contribution), technetium-99 (2.7 x 1073, 7.8 percent
contribution), cobalt (2.2 x 107, 6.5 percent contribution), and cadmium (4.5 x 10, 1.3 percent
contribution). Contribution to ELCR is elevated for arsenic (1.8 x 10, 5.1 percent contribution), where
measured concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.2 x 10~ for
nonradiological analytes and 1.1 x 10~ for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10, The major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tritium (1.1 x 107, 34 percent
contribution), carbon tetrachloride (2.8 x 10, 8.5 percent contribution), chloroform (1.1 x 10, 3.4
percent contribution), and tributyl phosphate (3.7 x 107, 1.1 percent contribution). Contribution to ELCR
is elevated for arsenic (1.8 x 10, 53 percent contribution), where measured concentrations are within
natural background values.

The HI for the WMA C Tank Farms source exposure area With contributions from aerosolized nonvolatile
analytes is 142, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer
HI (those analytes that contribute greater than 1 percent of total HI) are cobalt (HQ of 41, 29 percent
contribution), cadmium (HQ of 25, 17 percent contribution), vanadium (HQ of 11, 7.6 percent
contribution), nickel (HQ of 7.4, 5.2 percent contribution), barium (HQ of 6.9, 4.9 percent contribution),
uranium (HQ of 6.7, 4.7 percent contribution), manganese (HQ of 6.4, 4.5 percent contribution),
hexavalent chromium (HQ of 3.5, 2.5 percent contribution), and cyanide (HQ of 3.0, 2.1 percent
contribution). Contribution to noncancer HI is elevated for arsenic (27, 19 percent contribution), where
measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 6.6, which is greater than the EPA
target HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than
1 percent of total HI) are cyanide (HQ of 3.0, 47 percent contribution), di-n-octylphthalate (HQ of 1.4, 22
percent contribution), and antimony (HQ of 1.4, 21 percent contribution). The remaining individual
analytes that contribute greater than one percent of the HI but report a HQ less than 1 are hexavalent
chromium and vanadium. Table 7-40 provides a summary of the risk estimates by exposure route.

Table 7-40. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

WMA C Tank Farms Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge Cobalt (41, 29%)
] _— Arsenic (27, 19%)
Volatile and Semi-Volatiles 4.0E-06 Hexavalent Chromium (2.7E-02, 78%) 31 Cadmium (25, 17%)
(vapor) : Cobalt (2.2E-03, 6.5%) ' Vanadium (11, 7.6%)
Arsenic (1.8E-03, 5.1%) Nickel (7.4, 5.2%)
Nonvolatile (aerosol) 3.1E-02 Cadmium (4.5E-04, 1.3%) 136 Barium (6.9, 4.9%)
Uranium (6.7, 4.7%)
Total 3.1E-02 139 Manganese (6.4, 4.5%)

100



ECF-HANFORD-13-0036, REV. 0

Table 7-40. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

WMA C Tank Farms Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Hexavalent Chromium (3.5, 2.5%)

Dermal Exposure in Sweat Lodge Cyanide (3.0, 2.1%)

Volatile and Semi-Volatiles

2.6E-09 <0.01
(vapor only)
Nonvolatile (vapor and 1 .8E-05 35
aqueous condensate)
Total 1.8E-05 35
Total Nonradionuclide 3.1E-02 142

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.1E-05 -
Nonvolatile (aerosol) 2.9E-03 Technetium-99 (2.7E-03, 7.8%) L B

Total Radionuclide  2.9E-03 --

Total Cumulative ELCR® 3.4E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

4.0E-06 3.1
(vapor)
Nonvolatile (aerosol) --b o
Total 4.0E-06 3.1 Cyanide (3.0, 47%)
Arsenic (1.8E-05, 53%) E— Di-n-octylphthalate (1.4, 22%)
Dermal Exposure in Sweat Lodge Carbon tetrachloride (2.8E-06, 8.5%) Antimony (1.4, 21%)
Chloroform (1.1E-06, 3.4%) ——— Hexavalent Chromium (0.25, 3.8%)
H H H 1 | 0, H 0,
Volatile and Semi-Volatiles 2 6E-09 Tributyl phosphate (3.7E-07, 1.1%) <0.01 Vanadium (0.24, 3.6%)
(vapor only)
Nonvolatile (aqueous 1.8E-05 35
condensate only)
Total 1.8E-05 35
Total Nonradionuclide 2.2E-05 6.6

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Tritium (1.1E-05, 34%)

Volatile and Semi-Volatiles 1 1E-05 - -

(vapor)

Nonvolatile (aerosol) - -

101



ECF-HANFORD-13-0036, REV. 0

Table 7-40. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

WMA C Tank Farms Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Total Radionuclide  1.1E-05 -

Total Cumulative ELCR® 3.3E-05 -

Notes:
a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.5 B Plant Exposure Area

The total ELCR for the B Plant exposure area with contributions from aerosolized nonvolatile analytes is
3.0 x 10 for nonradiological analytes and 4.7 x 107 for radiological analytes, both of which are greater
than the EPA upper target risk threshold of 1 x 10™*. The major contributor to the total cumulative ELCR
(those analytes that contribute greater than 1 percent of total cumulative ELCR) are plutonium-239/240
(3.2 x 102, 41 percent contribution), hexavalent chromium (2.8 x 10?2, 36 percent contribution), uranium-
233/234 (4.0 x 10, 5.2 percent contribution), strontium-90 (3.7 x 107, 4.9 percent contribution),
uranium-234 (3.0 x 107, 3.9 percent contribution), and uranium-238 (2.5 x 107, 3.2 percent contribution).
Contribution to ELCR is elevated for arsenic (1.2 x 107, 1.6 percent contribution), where measured
concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.2 x 10~ for
nonradiological analytes and 5.5 x 107 for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10°°. The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (5.5 x 107, 82 percent contribution).
Contribution to ELCR is elevated for arsenic (1.2 x 107, 18 percent contribution), where measured
concentrations are within natural background values.

The HI for the B Plant exposure area with contributions from aerosolized nonvolatile analytes is 138,
which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are uranium (HQ of 36, 26 percent
contribution), cadmium (HQ of 32, 23 percent contribution), manganese (HQ of 12, 8.4 percent
contribution), vanadium (HQ of 11, 8.3 percent contribution), barium (HQ of 8.8, 6.4 percent
contribution), nickel (HQ of 5.8, 4.2 percent contribution), fluoride (HQ of 4.3, 3.1 percent contribution),
hexavalent chromium (HQ of 3.6, 2.6 percent contribution), cyanide (HQ of 3.1, 2.3 percent contribution)
and antimony (HQ of 2.3, 1.6 percent contribution). Contribution to noncancer HI is elevated for arsenic
(19, 14 percent contribution), where measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 6.1, which is greater than the EPA
target HI of 1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1
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percent of total HI) are cyanide (HQ of 3.1, 52 percent contribution) and antimony (HQ of 2.3, 37 percent
contribution). The remaining individual analytes that contribute greater than one percent of the HI but
report a HQ less than 1 are hexavalent chromium and vanadium. Table 7-41 provides a summary of the
risk estimates by exposure route.

Table 7-41. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

B Plant Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 31

: - Uranium (36, 26%)
Nonvolatile (aerosol) 3.0E-02 132 Cadmium (32, 23%)

Arsenic (19, 14%)

Total  3.0E-02 135 Manganese (12, 8.4%)

H 0,
Dermal Exposure in Sweat Lodge Vanadium (11, 8.3%)

Hexavalent Chromium (2.8E-02, 36%) _ Barium (8.8, 6.4%)
Volatile and Semi-Volatiles Arsenic (1.2E-03, 1.6%) <001 F?ﬂg:fi?jle(?féf‘éz_ﬁ/z)
(vapor only) Hexavalent Chromium (%.6, 2.6%)
e eperond 2.5 29 Admon e 1w
Total 1.2E-05 29
Total Nonradionuclide 3.0E-02 138

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles 5 5 5 Plutonium-239/240 (3.2E-02, 41%) -
(vapor) Uranium-233/234 (4.0E-03, 5.2%)
) Strontium-90 (3.7E-03, 4.9%) - -
Nonvolatile (aerosol) 4.7E-02 Uranium-234 (3.0E-03, 3.9%) --

fum- 03,397 -
Total Radionuclide ~ 4.7E-02 Uranium-238 (2.5E-03, 3.2%) -

Total Cumulative ELCR® 7.7E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) - 31 Cyanide (3.1, 52%)
. _ Antimony (2.3, 37%)
~ 0
Nonvolatile (aerosol) --b Arsenic (1.2E-05, 18%) -P Hexavalent Chromium (0.26, 4.3%)
E— Vanadium (0.25, 4.1%)
Total -- 3.1

Dermal Exposure in Sweat Lodge
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Table 7-41. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

B Plant Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles _ <0.01
(vapor only)
Nonvolatile (aqueous 1.9E-05 29
condensate only)
Total 1.2E-05 2.9
Total Nonradionuclide 1.2E-05 6.1

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 5.5E-05 -
Nonvolatile (aerosol) b Tritium (5.58-05, 82%) - -
Total Radionuclide  5.5E-05 -
Total Cumulative ELCR? 6.7E-05 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.6 Semiworks Exposure Area

The total ELCR for the Semiworks exposure area with contributions from aerosolized nonvolatile
analytes is 2.9 x 107 for nonradiological analytes and 2.3 x 10 for radiological analytes, both of which
are greater than the EPA upper target risk threshold of 1 x 10, The major contributor to the total
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is
hexavalent chromium (2.8 x 102, 95 percent contribution). Contribution to ELCR is elevated for arsenic
(1.1 x 10, 3.7 percent contribution), where measured concentrations are within natural background
values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.1 x 10~ for
nonradiological analytes and 7.8 x 107 for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10°°. The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (7.8 x 107, 88 percent contribution).
Contribution to ELCR is elevated for arsenic (1.1 x 10, 12 percent contribution), where measured
concentrations are within natural background values.
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The HI for the Semiworks exposure area with contributions from aerosolized nonvolatile analytes is 50,
which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are barium (HQ of 10, 21 percent contribution),
uranium (HQ of 9.5, 19 percent contribution), vanadium (HQ of 8.0, 16 percent contribution), and
hexavalent chromium (HQ of 3.6, 7.2 percent contribution). The individual analytes that contributes
greater than one percent of the HI but reports a HQ less than or equal to 1 are fluoride and nickel.
Contribution to noncancer HI is elevated for arsenic (HQ of 17, 33 percent contribution), where measured
concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 0.5, which is less than the EPA
target HI of 1.0. All individual analytes report a HQ less than 1. Table 7-42 provides a summary of the
risk estimates by exposure route.

Table 7-42. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

Semiworks Exposure Area Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles _
(vapor)
Nonvolatile (aerosol) 2.9E-02 50
Arsenic (17, 33%)
Total 2.9E-02 50 Barium (10, 21%)
H 0,
Dermal Exposure in Sweat Lodge ~ Hexavalent Chromium (2.8E-02, 95%) Vanadiom (5.0, 169
’ i o o 0,
) —— Arsenic (1.1E-03, 3.7%) Hexavalent Chromium (3.6, 7.2%)
Volatile and Semi-Volatiles _ _ Fluoride (1.0, 2.1%)
(vapor only) Nickel (0.82, 1.6%)
Nonvolatile (vapor and 1 1E-05 0.50
aqueous condensate)
Total 1.1E-05 0.50
Total Nonradionuclide 2.9E-02 50
Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 7 8E-05 _
(vapor)
Nonvolatile (aerosol) 1.6E-04 - B
Total Radionuclide  2.3E-04 -
Total Cumulative ELCR?® 2.9E-02 --
Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge Arsenic (1.1E-05, 12%) -

105



ECF-HANFORD-13-0036, REV. 0

Table 7-42. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

Semiworks Exposure Area Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles _
(vapor)
Nonvolatile (aerosol) --b --b
Total -- --
Dermal Exposure in Sweat Lodge
Volatile and Semi-Volatiles a
(vapor only)
Nonvolatile (aqueous 1 1E-05 0.50
condensate only)
Total 1.1E-05 0.50
Total Nonradionuclide 1.1E-05 0.50

Radionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 7.8E-05
Nonvolatile (aerosol) --b

Total Radionuclide  7.8E-05

Total Cumulative ELCR? 8.9E-05

Tritium (7.8E-05, 88%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile

contaminants.
ELCR = excess lifetime cancer risk.
HI = hazard index.

-- = Indicates HI or ELCR not applicable.

106



ECF-HANFORD-13-0036, REV. 0

7.1.2.2.7 Liquid Effluent Retention Basin (LERF) Exposure Area

The total ELCR for the LERF exposure area With contributions from aerosolized nonvolatile analytes is
3.5 x 10 for nonradiological analytes and 7.2 x 10°° for radiological analytes. The nonradiological ELCR
is greater than the EPA upper target risk threshold of 1 x 10™* and the radiological ELCR is within the
EPA range of 1 x 10 to 1 x 10, The major contributor to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) is hexavalent chromium (3.4 x 102, 96
percent contribution). Contribution to ELCR is elevated for arsenic (1.2 x 107, 3.4 percent contribution),
where measured concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.7 x 10~ for
nonradiological analytes and 6.6 x 107 for radiological analytes, both of which are within the EPA range
of 1 x 10™to 1 x 10°°. The major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tritium (6.6 x 10, 28 percent
contribution) and carbon tetrachloride (5.0 x 10, 21 percent contribution). Contribution to ELCR is
elevated for arsenic (1.2 x 107, 51 percent contribution), where measured concentrations are within
natural background values.

The HI for the LERF exposure area with contributions from aerosolized nonvolatile analytes is 63, which
is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those analytes that
contribute greater than 1 percent of total HI) are manganese (HQ of 12, 19 percent contribution),
vanadium (HQ of 11, 18 percent contribution), barium (HQ of 8.2, 13 percent contribution), nickel (HQ
of 7.5, 12 percent contribution), hexavalent chromium (HQ of 4.4, 7.0 percent contribution), and fluoride
(HQ of 1.2, 1.9 percent contribution). Contribution to noncancer HI is elevated for arsenic (HQ of 18, 29
percent contribution), where measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 0.70, which is less than the EPA
target HI of 1.0. All individual analytes that contribute greater than one percent of the HI also report a HQ
less than 1. Table 7-43 provides a summary of the risk estimates by exposure route.

Table 7-43. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

LERF Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 5.0E-06 0.01
(vapor)
Nonvolatile (aerosol) 3.5E-02 62 Arsenic (18, 29%)
0,
Total  3.5E-02 62 Manganese (12, 19%)
. o Vanadium (11, 18%)
Hexavalent Chromium (3.4E-02, 96%) Barium (8.2, 13%)
Dermal Exposure in Sweat Lodge Arsenic (1.2E-03, 3.4%) Nickel (7 5 ’12%")
. . ) Hexavalent Chromium (4.4, 7.0%)
Volatile and Semi-Volatiles 4 4 g <0.01 Fluoride (1.2, 1.9%)
(vapor only)
Nonvolatile (vapor and 1 2E-05 0.70
aqueous condensate)
Total 1.2E-05 0.70
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Table 7-43. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

LERF Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Total Nonradionuclide 3.5E-02 63
Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 6.6E-06 _
(vapor)
Nonvolatile (aerosol) 6.1E-07 - - B
Total Radionuclide  7.2E-06 -
Total Cumulative ELCR? 3.5E-02 --
Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 5 0E-06 0.01
(vapor)
Nonvolatile (aerosol) --b --b
Total  5.0E-06 0.01
Dermal Exposure in Sweat Lodge Arsenic (1.2E-05, 51%) 3
: : : Carbon tetrachloride (5.0E-06, 21%) ———
Volatile and Semi-Volatiles 4.4E-09 <0.01
(vapor only)
Nonvolatile (aqueous 1.2E-05 0.70
condensate only)
Total 1.2E-05 0.70
Total Nonradionuclide 1.7E-05 0.70

Radionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 6.6E-06
Nonvolatile (aerosol) --b

Total Radionuclide  6.6E-06

Total Cumulative ELCR® 2.4E-05

Tritium (6.6E-06, 28%)
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Table 7-43. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

LERF Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Notes:
a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.8 Gable Mountain Pond Exposure Area

The total ELCR for the Gable Mountain Pond exposure area with contributions from aerosolized
nonvolatile analytes is 2.9 x 10~ for nonradiological analytes and 7.4 x 10 for radiological analytes, both
of which are greater than the EPA upper target risk threshold of 1 x 10**. The major contributor to the
total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR)
are hexavalent chromium (2.7 x 10, 92 percent contribution), strontium-90 (7.1 x 10, 2.4 percent
contribution), and nickel (3.5 x 10, 1.2 percent contribution). Contribution to ELCR is elevated for
arsenic (1.3 x 1073, 4.2 percent contribution), where measured concentrations are within natural
background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.3 x 10~ for
nonradiological analytes and 3.3 x 107 for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10°%. The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (3.3 x 107, 73 percent contribution).
Contribution to ELCR is elevated for arsenic (1.3 x 10, 27 percent contribution), where measured
concentrations are within natural background values.

The HI for the Gable Mountain Pond exposure area with contributions from aerosolized nonvolatile
analytes is 165, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer
HI (those analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 113, 68
percent contribution), nickel (HQ of 15, 9.0 percent contribution), barium (HQ of 6.5, 3.9 percent
contribution), vanadium (HQ of 5.1, 3.1 percent contribution), hexavalent chromium (HQ of 3.5, 2.1
percent contribution), and antimony (HQ of 2.2, 1.3 percent contribution). Contribution to noncancer HI
is elevated for arsenic (HQ of 19, 12 percent contribution), where measured concentrations are within
natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 2.8, which is greater than the EPA
target HI of 1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) is antimony (HQ of 2.2, 77 percent contribution). The remaining individual analytes
that contribute greater than one percent of the HI but report a HQ less than 1 are hexavalent chromium,
manganese, and vanadium. Table 7-44 provides a summary of the risk estimates by exposure route.
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Table 7-44. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

Gable Mountain Pond Exposure Area

Exposure Route 2HE

Primary Contributors to Total HI Primary Contributors to Total
Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor)
Nonvolatile (aerosol) 2.9E-02 163
Manganese (113, 68%)
Total 2.9E-02 163 Arsenic (19, 12%)
D 'E ins t Lod Hexavalent Chromium (2.7E-02, 92%) Nickel (15, 9.0%)
ermal Exposure in sweat Lodge Arsenic (1.3E-03, 4.2%) Barium (6.5, 3.9%)
. . . Nickel (3.5E-04, 1.2%) Vanadium (5.1, 3.1%)
VoIatlIeIand Semi-Volatiles _ Hexavalent Chromium (3.5, 2.1%)
(vapor only) Antimony (2.2, 1.3%)
Nonvolatile (vapor and 1.3E-05 238
aqueous condensate)
Total 1.3E-05 2.8
Total Nonradionuclide 2.9E-02 165

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

Strontium-90 (7.1E-04, 2.4%) -

(vapor) 3.3E-05
Nonvolatile (aerosol) 7.1E-04
Total Radionuclide  7.4E-04

Total Cumulative ELCR® 3.0E-02

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles
(vapor)

Nonvolatile (aerosol) --b

Total -

- Antimony (2.2, 77%)

Dermal Exposure in Sweat Lodge

Hexavalent Chromium (0.25, 9.2%)

Arsenic (1.3E-05, 27%) Manganese (0.17, 6.1%)

Volatile and Semi-Volatiles
(vapor only)

Vanadium (0.11, 4.0%)

Nonvolatile (aqueous

condensate only) 1.38-05

2.8

Total 1.3E-05

2.8
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Table 7-44. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

Gable Mountain Pond Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Total Nonradionuclide 1.3E-05 2.8

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

3.3E-05 -
(vapor)

" ) N -
Nonvolatile (aerosol) --b Tritium (3.3E-05, 73%) -

Total Radionuclide  3.3E-05 -

Total Cumulative ELCR® 4.6E-05 -

Notes:
a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.9 200-BP-5 West Exposure Area

The total ELCR for the 200-BP-5 West exposure area With contributions from aerosolized nonvolatile
analytes is 3.2 x 107 for nonradiological analytes and 1.8 x 107 for radiological analytes, both of which
are greater than the EPA upper target risk threshold of 1 x 10, The major contributors to the total
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are
hexavalent chromium (2.8 x 102, 83 percent contribution), cobalt (1.9 x 107, 5.6 percent contribution),
and technetium-99 (7.7 x 10, 2.2 percent contribution). Contribution to ELCR is elevated for arsenic
(1.6 x 107, 4.8 percent contribution), where measured concentrations are within natural background
values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 3.0 x 10~ for
nonradiological analytes and 7.0 x 10 for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10, The major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tritium (7.0 x 10, 70 percent
contribution), chloroform (5.5 x 10, 5.5 percent contribution), carbon tetrachloride (5.5 x 10®, 5.5
percent contribution), and bis(2-ethylhexyl) phthalate (1.6 x 10, 1.6 percent contribution). Contribution
to ELCR is elevated for arsenic (1.6 x 10~ 17 percent contribution), where measured concentrations are
within natural background values.

The HI for the 200-BP-5 West exposure area with contributions from aerosolized nonvolatile analytes is
412, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
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analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 183, 45 percent
contribution), aluminum (HQ of 69, 17 percent contribution), cobalt (HQ of 35, 8.6 percent contribution),
cyanide (HQ of 32, 7.9 percent contribution), cadmium (HQ of 17, 4.2 percent contribution), uranium
(HQ of 14, 3.4 percent contribution), vanadium (HQ of 11, 2.6 percent contribution), nickel (HQ of 8.8,
2.1 percent contribution), and barium (HQ of 8.4, 2.0 percent contribution). Contribution to noncancer HI
is elevated for arsenic (HQ of 25, 6.1 percent contribution), where measured concentrations are within
natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 35, which is greater than the EPA
target HI of 1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) are cyanide (HQ of 32, 92 percent contribution) and antimony (HQ of 1.8, 5.0 percent
contribution). Table 7-45 provides a summary of the risk estimates by exposure route.

Table 7-45. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

200-BP-5 West Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.1E-05 32
(vapor)
Nonvolatile (aerosol) 3.2E-02 377 Manganese (183, 45%)
Aluminum (69, 17%)
Total  3.2E-02 409 Cobalt (35, 8.6%)
. : o Cyanide (32, 7.9%)
Dermal Exposure in Sweat Lodge Hexavalent Chromium (2.8Eo 02, 83%) Arsenic (25, 6.1%)
Cobalt (1.9E-03, 5.6%) : o
Arsenic (1.6E-03, 4.8%) Cadmium (17, 4.2%)
Volatile and Semi-Volatiles 5.1E-09 ’ o <0.01 Uranium (14, 3.4%)
(vapor only) : : Vanadium (11, 2.6%)
Nickel (8.8, 2.1%)
Nonvolatile (vapor and 1.9E-05 27 Barium (8.4, 2.0%)
aqueous condensate)
Total 1.9E-05 2.7
Total Nonradionuclide 3.2E-02 412
Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 7 0E-05 _
(vapor)
—_— ; o _ _
Nonvolatile (aerosol) 1.7E-03 Technetium-99 (7.7E-04, 2.2%) -
Total Radionuclide  1.8E-03 -
Total Cumulative ELCR?® 3.4E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge
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Table 7-45. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

200-BP-5 West Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles 1.1E-05 32
(vapor)
Nonvolatile (aerosol) --b --b
Total 1.1E-05 32
. Arsenic (1.6E-05, 17%)
Dermal Exposure in Sweat Lodge Chloroform (5.5E-06, 5.5%) vani .
: o R — yanide (32, 92%)
Volatile and Semi-Volatiles Carbon tetrachloride (5.5E-06, 5.5%) Antimony (1.8, 5.0%)
5.1E-09 Bis(2-ethylhexyl) phthalate (1.6E-06, <0.01 R
(vapor only) 1.6%)
Nonvolatile (aqueous 1.9E-05 27
condensate only)
Total 1.9E-05 2.7
Total Nonradionuclide 3.0E-05 35

Radionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 7.0E-05
Nonvolatile (aerosol) --b

Total Radionuclide  7.0E-05

Total Cumulative ELCR? 9.9E-05

Tritium (7.0E-05, 70%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile

contaminants.
ELCR = excess lifetime cancer risk.
HI = hazard index.

-- = Indicates HI or ELCR not applicable.

113



ECF-HANFORD-13-0036, REV. 0

7.1.2.2.10 Far Field (North of Gable Gap) Exposure Area

The total ELCR for the Far Field (North of Gable Gap) exposure area With contributions from aerosolized
nonvolatile analytes is 6.1 x 10~ for nonradiological analytes and 2.8 x 10 for radiological analytes, both
of which are greater than the EPA upper target risk threshold of 1 x 10™*. The major contributor to the
total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is
hexavalent chromium (5.8 x 102, 94 percent contribution). Contribution to ELCR is elevated for arsenic
(3.4 x 10, 5.5 percent contribution), where measured concentrations are within natural background
values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 3.4 x 10~ for
nonradiological analytes and 1.3 x 10™ for radiological analytes. The nonradiological ELCR is within the
EPA range of 1 x 10 to 1 x 10°® and the radiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10™*. The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (1.3 x 10, 80 percent contribution).
Contribution to ELCR is elevated for arsenic (3.4 x 107, 20 percent contribution), where measured
concentrations are within natural background values.

The HI for the Far Field (North of Gable Gap) exposure area with contributions from aerosolized
nonvolatile analytes is 139, which is greater than the EPA target HI of 1.0. The primary contributors to
the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are manganese (HQ of
50, 36 percent contribution), vanadium (HQ of 12, 8.8 percent contribution), hexavalent chromium (HQ
of 7.7, 5.5 percent contribution), uranium (HQ of 6.6, 4.7 percent contribution), nickel (HQ of 3.7, 2.6
percent contribution), barium (HQ of 3.2, 2.3 percent contribution), and fluoride (HQ of 2.9, 2.1 percent
contribution). Contribution to noncancer HI is elevated for arsenic (53, 38 percent contribution), where
measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 1.0, which is equal to the EPA
target HI of 1.0. All individual analytes that contribute greater than one percent of the HI also report a HQ
less than 1.Table 7-46 provides a summary of the risk estimates by exposure route.

Table 7-46. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

Far Field (North of Gable Gap) Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles _ _ Arsenic (53, 38%)
(vapor) Manganese (50, 36%)

) Vanadium (12, 8.8%)
Nonvolatile (aerosol) 6.1E-02 | oxavalent Chromium (5.8E-02, 94%) 138 Hexavalent Chromium (7.7, 5.5%)
Total  6.1E-02 Arsenic (3.4E-03, 5.5%) 138 Uranium (6.6, 4.7%)

Nickel (3.7, 2.6%)

Barium (3.2, 2.3%)

Dermal Exposure in Sweat Lodge Fluoride (2.9, 2.1%)

Volatile and Semi-Volatiles
(vapor only)
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Table 7-46. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

Far Field (North of Gable Gap) Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Nonvolatile (vapor and 3.4E-05 10
aqueous condensate)
Total 3.4E-05 1.0
Total Nonradionuclide 6.1E-02 139

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles
(vapor)

1.3E-04 -

Nonvolatile (aerosol)

1.5E-04 -

Total Radionuclide

2.8E-04 -

Total Cumulative ELCR®

6.2E-02 --

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles
(vapor)

Nonvolatile (aerosol) --b --b
Total - -
Dermal Exposure in Sweat Lodge Arsenic (3.4E-05, 20%)
Volatile and Semi-Volatiles _
(vapor only)
Nonvolatile (aqueous 3.4E-05 10
condensate only)
Total 3.4E-05 1.0
Total Nonradionuclide 3.4E-05 1.0

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles
(vapor)

1.3E-04 --

Nonvolatile (aerosol)

Tritium (1.3E-04, 80%)
b

Total Radionuclide

1.3E-04 -

Total Cumulative ELCR®

1.7E-04 -
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Table 7-46. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

Far Field (North of Gable Gap) Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Notes:
a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.11 Near River Exposure Area

The total ELCR for the Near River exposure area with contributions from aerosolized nonvolatile analytes
is 3.2 x 107 for nonradiological analytes and 7.5 x 10™ for radiological analytes, both of which are greater
than the EPA upper target risk threshold of 1 x 10*. The major contributor to the total cumulative ELCR
(those analytes that contribute greater than 1 percent of total cumulative ELCR) is hexavalent chromium
(3.1 x 102, 95 percent contribution). Contribution to ELCR is elevated for arsenic (8.5 x 10, 2.6 percent
contribution), where measured concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.3 x 10~ for
nonradiological analytes and 1.3 x 10™ for radiological analytes. The nonradiological ELCR is within the
EPA range of 1 x 10 to 1 x 10 and the radiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are tritium (1.3 x 10™, 91 percent contribution),
trichloroethene (2.7 x 10, 1.9 percent contribution), and chloroform (1.6 x 10, 1.1 percent
contribution). Contribution to ELCR is elevated for arsenic (8.5 x 10, 5.9 percent contribution), where
measured concentrations are within natural background values.

The HI for the Near River exposure area with contributions from aerosolized nonvolatile analytes is 56,
which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 18, 32 percent
contribution), vanadium (HQ of 9.1, 16 percent contribution), hexavalent chromium (HQ of 4.1, 7.3
percent contribution), uranium (HQ of 3.6, 6.5 percent contribution), barium (HQ of 3.6, 6.4 percent
contribution), cobalt (HQ of 1.4, 2.6 percent contribution), and fluoride (HQ of 1.1, 2.1 percent
contribution). Contribution to noncancer HI is elevated for arsenic (HQ of 13, 23 percent contribution),
where measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 0.9, which is less than the EPA
target HI of 1.0. All individual analytes that contribute greater than one percent of the HI also report a HQ
less than 1. Table 7-47 provides a summary of the risk estimates by exposure route.
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Table 7-47. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

Near River Exposure Area

Exposure Route R

Primary Contributors to Total
Cumulative ELCR? (>1%)

HI

Primary Contributors to Total
Cumulative HI (>1%)

Nonradionuclide Analytes

(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

4.3E-06

(vapor)
Nonvolatile (aerosol) 3.2E-02
Total 3.2E-02

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles

1.8E-09
(vapor only)
Nonvolatile (vapor and
aqueous condensate) 8.5E-06
Total 8.5E-06
Total Nonradionuclide 3.2E-02

Hexavalent Chromium (3.1E-02, 95%)
Arsenic (8.5E-04, 2.6%)

0.33

55
55

<0.01

0.57

0.57

56

Manganese (18, 32%)
Arsenic (13, 23%)
Vanadium (9.1, 16%)
Hexavalent Chromium (4.1, 7.3%)
Uranium (3.6, 6.5%)
Barium (3.6, 6.4%)

Cobalt (1.4, 2.6%)
Fluoride (1.1, 2.1%)
Cadmium (0.63, 1.1%)

Radionuclide Analytes

(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.3E-04
Nonvolatile (aerosol) 6.2E-04
Total Radionuclide  7.5E-04

Total Cumulative ELCR? 3.3E-02

Nonradionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

4.3E-06
(vapor)

Nonvolatile (aerosol) --b

Total 4.3E-06

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles

1.8E-09
(vapor only)
Nonvolatile (aqueous 8.5E-06
condensate only)
Total 8.5E-06
Total Nonradionuclide 1.3E-05

Arsenic (8.5E-06, 5.9%)
Trichloroethene (2.7E-06, 1.9%)
Chloroform (1.6E-06, 1.1%)

0.33

0.33

<0.01

0.57

0.57

0.90
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Table 7-47. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

Near River Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.3E-04 -
Nonvolatile (aerosol) --b Tritium (1.38-04, 91%) - -
Total Radionuclide  1.3E-04 -
Total Cumulative ELCR? 1.4E-04 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.1.2.2.12 200-BP-5 Confined Exposure Area

The total ELCR for the 200-BP-5 Confined exposure area with contributions from aerosolized nonvolatile
analytes is 3.3 x 107 for nonradiological analytes and 1.2 x 107 for radiological analytes, both of which
are greater than the EPA upper target risk threshold of 1 x 10™. The major contributor to the total
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are
hexavalent chromium (3.2 x 10, 92 percent contribution), cobalt (4.8 x 10, 1.4 percent contribution),
and uranium-234 (4.8 x 10, 1.4 percent contribution). Contribution to ELCR is elevated for arsenic (8.2
x 10, 2.4 percent contribution), where measured concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 3.7 x 10~ for
nonradiological analytes and 1.8 x 10~ for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10, The major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tritium (1.8 x 10, 33 percent
contribution), chloroform (1.1 x 10, 20 percent contribution), benzene (7.1 x 10, 13 percent
contribution), carbon tetrachloride (5.0 x 10, 9.1 percent contribution), tributyl phosphate (3.1 x 10, 5.7
percent contribution), and bis(2-ethylhexyl) phthalate (2.4 x 10, 4.3 percent contribution) . Contribution
to ELCR is elevated for arsenic (8.2 x 10, 15 percent contribution), where measured concentrations are
within natural background values.

The HI for the 200-BP-5 Confined exposure area with contributions from aerosolized nonvolatile analytes
is 142, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI
(those analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 80, 56 percent
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contribution), barium (HQ of 11, 8.0 percent contribution), cobalt (HQ of 8.9, 6.3 percent contribution),
vanadium (HQ of 7.1, 5.0 percent contribution), nickel (HQ of 5.4, 3.8 percent contribution), uranium
(HQ of 5.1, 3.6 percent contribution), cyanide (HQ of 4.3, 3.1 percent contribution), and hexavalent
chromium (HQ of 4.1, 2.9 percent contribution). Contribution to noncancer HI is elevated for arsenic (13,
8.9 percent contribution), where measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 6.4, which is greater than the EPA
target HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than
1 percent of total HI) are cyanide (HQ of 4.3, 68 percent contribution) and antimony (HQ of 1.3, 20
percent contribution). The remaining individual analytes that contribute greater than one percent of the HI
but report a HQ less than 1 are hexavalent chromium, vanadium, manganese, and silver. Table 7-48
provides a summary of the risk estimates by exposure route.

Table 7-48. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5

Groundwater in a Sweat Lodge

200-BP-5 Confined Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles 2 3E-05 4.4
(vapor)

Nonvolatile (aerosol) 3.3E-02 136 Manganese (80, 56%)

H 0,
Total 3.3E-02 140 Arsenic (13, 8.9%)

Barium (11, 8.0%)

Dermal Exposure in Sweat Lodge

Hexavalent Chromium (3.2E-02, 92%)
Arsenic (8.2E-04, 2.4%)
Cobalt (4.8E-04, 1.4%)

Cobalt (8.9, 6.3%)
Vanadium (7.1, 5.0%)

Volatile and Semi-Volatiles

Nickel (5.4, 3.8%)

aoor onl 8.4E-09 <0.01 Uranium (5.1, 3.6%)
(vapor only) Cyanide (4.3, 3.1%)
H 0,
Nonvolatile (vapor and Hexavalent Chromium (4.1, 2.9%)
1.4E-05 2.0
aqueous condensate)
Total 1.4E-05 2.0
Total Nonradionuclide 3.3E-02 142
Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 1.8E-05 _
(vapor)
— ) o _ _
Nonvolatile (aerosol) 1.1E-03 Uranium-234 (4.8E-04, 1.4%) -
Total Radionuclide  1.2E-03 -
Total Cumulative ELCR?® 3.4E-02 --

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge
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Table 7-48. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5
Groundwater in a Sweat Lodge

200-BP-5 Confined Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles 2 3E-05 44
(vapor)
Nonvolatile (aerosol) --b --b
i Chloroform (1.1E-05, 20%) 44 Cyanide (4.3, 68%)
. Arsenic (8.2E-06, 15%) ¥e -, 0970
Dermal Exposure in Sweat Lodge Benzene (7.1E-06, 13%) Antimony (1.3, 20%)
; . ? o Hexavalent Chromium (0.30, 4.6%)
Volatile and Semi-Volatiles Carbon tetrachloride (5.0E-06, 9.1%) Vanadium (0.15, 2.4%)
(vapor only) 8.4E-09 Tributyl phosphate (3.1E-06, 5.7%) <0.01 Managanese ((') 12’ 1 9:,’/)
poronly Bis(2-ethylhexyl) phthalate (2.4E-06, S 09, 1 o
: 4.3%) ilver (0.09, 1.4%)
Nonvolatile (aqueous 1 4E-05 20
condensate only)
Total 1.4E-05 2.0
Total Nonradionuclide 3.7E-05 6.4

Radionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.8E-05 --
Tritium (1.8E-05, 33%)
Nonvolatile (aerosol) b - B
Total Radionuclide  1.8E-05 -
Total Cumulative ELCR® 5.5E-05 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile

contaminants.
ELCR = excess lifetime cancer risk.
HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2 200-PO-1 Groundwater Operable Unit
7.2.1  Summary of the CTUIR Risk Assessment for the 200-PO-1 Groundwater Operable Unit

This section summarizes the CTUIR risk assessment results for use of 200-PO-1 groundwater as a
drinking water source and to make steam in a sweat lodge.

7.2.1.1 CTUIR Use of Groundwater as a Potential Drinking Water Source

Potential exposure to 200-PO-1 groundwater as a drinking water source is evaluated under the CTUIR
exposure scenario. Potential routes of exposure to groundwater include ingestion, dermal contact
(nonradionuclides only), and inhalation of volatiles. Additional detail including analyte-specific risk
contributions is provided in the spreadsheet attachments.

The following subsections provide a summary of the CTUIR risk assessment results by exposure area for
the 200-PO-1 Groundwater OU.
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7.2.1.1.1 PUREX Cribs Exposure Area

The total ELCR for the PUREX Cribs exposure area is 3.3 x 10~ for nonradiological analytes and

4.9 x 107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are tritium (4.4 x 107, 54 percent contribution), 2,6-dinitrotoluene
(1.5 x 107, 18 percent contribution), n-nitrosodi-n-dipropylamine (1.2 x 103, 15 percent contribution),
uranium-234 (2.1 x 10, 2.6 percent contribution), and uranium-238 (2.1 x 10, 2.5 percent contribution).
Contribution to ELCR is elevated for arsenic (5.5 x 10, 6.6 percent contribution), where measured
concentrations are within natural background values.

The HI for the PUREX Cribs exposure area is 15, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are antimony (HQ of 8.0, 52 percent contribution) and cadmium (HQ of 2.2, 14 percent contribution). The
remaining individual analytes that contribute greater than one percent of the HI but report a HQ less than
1 are cobalt, trichloroethene, uranium, nitrate, beryllium, vanadium, fluoride, and hexavalent chromium.
Contribution to HI is elevated for arsenic (HQ of 1.2, 7.7 percent contribution), where measured
concentrations are within natural background values. Table 7-49 provides a summary of the risk estimates
by exposure route.

Table 7-49. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater as
a Potential Drinking Water Source

PUREX Cribs Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

. Antimony (8.0, 52%)
Ingestion 3.2E-03 14 Cadmium (2.2, 14%)
- Arsenic (1.2, 7.7%)
Cobalt (0.91, 5.9%)

Dermal 7.4E-05 2,6-Dinitrotoluene (1.5E-03, 18%) 0.64 . o
n-Nitrosodi-n-dipropylamine (1.2E-03, Tr|clr]|orqethene (0'69’04'5 %)
o ranium (0.50, 3.3%)
15%) Nitrate (0.46, 3.0%
Inhalation 1.2E-05 Arsenic (5.5E-04, 6.6%) 0.46 itrate (0.46, 3.0%)

Beryllium (0.41, 2.7%)
B Vanadium (0.28, 1.8%)

Total 3.3E-03 15 Fluoride (0.24, 1.6%)
Hexavalent Chromium (0.23, 1.5%)

Radionuclide Analytes

Ingestion 1.5E-03 --
Inhalation 3.5E-03 Tritium (4.4E-03, 54%) -
Total 4.9E-03 Uranium-234 (2.1E-04, 2.6%) _ -

Uranium-238 (2.1E-04, 2.5%)

Total Cumulative

Elcre 8:2E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.2.1.1.2 WMA A/AX and 216-A-29 Exposure Area

The total ELCR for the WMA A/AX and 216-A-29 exposure area is 7.2 x 10™* for nonradiological
analytes and 6.4 x 10™* for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10", The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are technetium-99 (3.4 x 10, 25 percent contribution),
tritium (1.5 x 10, 11 percent contribution), iodine-129 (7.1 x 10, 5.2 percent contribution), strontium-
90 (2.4 x 10, 1.8 percent contribution), selenium-79 (2.3 x 10~ 1.7 percent contribution), uranium-234
(1.8 x 107, 1.3 percent contribution), and 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (1.8 x 107, 1.3 percent
contribution). Contribution to ELCR is elevated for arsenic (6.9 x 10™*; 51 percent contribution), where
measured concentrations are within natural background values.

The HI for the WMA A/AX and 216-A-29 exposure area is 11, which is greater than the EPA target HI of
1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of
total HI) is antimony (HQ of 6.3, 59 percent contribution). The remaining individual analytes that
contribute greater than one percent of the HI but report a HQ less than 1 are cobalt, cadmium, vanadium,
nitrate, 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin, fluoride, and hexavalent chromium. Contribution to HI is
elevated for arsenic (HQ of 1.5, 14 percent contribution), where measured concentrations are within
natural background values. Table 7-50 provides a summary of the risk estimates by exposure route.

Table 7-50. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater as
a Potential Drinking Water Source

WMA A/AX and 216-A-29 Exposure Area

Exposure ELCR Primary Contributors to Total HI Primary Contributors to Total
Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

. Antimony (6.3, 59%)
Ingestion 6.9E-04 10 Arsenic (1.5, 14%)

Cobalt (0.76, 7.2%)
Cadmium (0.64, 6.0%)
Vanadium (0.32, 3.1%)

Nitrate (0.21, 2.0%)

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin

Dermal 2.3E-05 Arsenic (6.9E-04, 51%) 0.47
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
(1.8E-05, 1.3%)

Inhalation - <0.01
(0.19, 1.8%)
Fluoride (0.17, 1.6%)
Total 7.2E-04 11 Hexavalent Chromium (0.14, 1.3%)

Radionuclide Analytes

Ingestion 5.2E-04 Technetium-99 (3.4E-04, 25%) -
) Tritium (1.5E-04, 11%)

Inhalation 1.2E-04 lodine-129 (7.1E-05, 5.2%) -

- Strontium-90 (2.4E-05, 1.8%) _ -

Total  6.4E-04 Selenium-79 (2.3E-05, 1.7%)

Uranium-234 (1.8E-05, 1.3%)

1.4E-03 -

—

—

Total Cumulative
ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.1.1.3 BC Cribs and Trenches Exposure Area

The total ELCR for the BC Cribs and Trenches exposure area is 2.0 x 10 for nonradiological analytes
and 4.4 x 10 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target
risk threshold of 1 x 10*and the radiological ELCR * is within the EPA range of 1 x 10 to 1 x 10°. The
major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of
total cumulative ELCR) are strontium-90 (1.3x 107, 5.4 percent contribution), uranium-234 (1.2x 10 ~,
4.8 percent contribution), uranium-238 (5.9 x 10, 2.4 percent contribution), protactinium-231 (4.6 x 10°®,
1.9 percent contribution), tritium (4.2 x 10, 1.7 percent contribution), and selenium-79 (4.2 x 10, 1.7
percent contribution). Contribution to ELCR is elevated for arsenic (2.0 x 10, 82 percent contribution) ,
where measured concentrations are within natural background values.

The HI for the BC Cribs and Trenches exposure area is 14, which is greater than the EPA target HI of 1.0.
The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are antimony (HQ of 7.6, 55 percent contribution), cobalt (HQ of 1.5, 11 percent contribution), and
iron (HQ of 1.4, 9.9 percent contribution). The remaining individual analytes that contribute greater than
one percent of the HI but report a HQ less than 1 are zinc, hexavalent chromium, manganese, arsenic,
fluoride, and vanadium. Table 7-51 provides a summary of the risk estimates by exposure route.

Table 7-51. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater as
a Potential Drinking Water Source

BC Cribs and Trenches Exposure Area

Primary Contributors to
ELCR Total Cumulative ELCR? HI
Exposure Route (>1%)

Primary Contributors to
Total Cumulative HI (>1%)

Nonradionuclide Analytes

Ingestion 2.0E-04 13 Antimony (7.6, 55%)
Cobalt (1.5, 11%)
Iron (1.4, 9.9%)

Dermal 7.5E-07 0.44 Zinc (0.73, 5.2%)
Arsenic (2.0E-04, 82%) Hexava'e”tgg;f;‘“'“m (0.70,

Inhalation - <0.01 Manganese (0.52, 3.8%)
- Arsenic (0.45, 3.2%)

Fluoride (0.30, 2.2%)

Total ~ 2.0E-04 14 Vanadium (0.28, 2.0%)

Radionuclide Analytes

Ingestion 4.1E-05 Strontium-90 (1.3E-05, 5.4%) -

. Uranium-234 (1.2E-05, 4.8%)
Inhalation 3.3E-06 Uranium-238 (5.9E-06, 2.4%) -

Protactinium-231 (4.6E-06, 1.9%)

Total ~ 4.4E-05 Tritium (4.2E-06, 1.7%) -

Total Cumulative ELCR®  2.5E-04 Selenium-79 (4.2E-06, 1.7%) -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.1.1.4 216-B-3 Pond Exposure Area

The total ELCR for the 216-B-3 Pond exposure area is 6.8 x 10 for nonradiological analytes and

3.7 x 10™ for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are tritium (3.3 x 10, 32 percent contribution) and iodine-129

(4.1 x 10, 3.9 percent contribution). Contribution to ELCR is elevated for arsenic (6.8 x 10, 64 percent
contribution ), where measured concentrations are within natural background values.

The HI for the 216-B-3 Pond exposure area is 3.2, which is greater than the EPA target HI of 1.0.
Contribution to HI is elevated for arsenic (HQ of 1.5, 47 percent contribution), where measured
concentrations are within natural background values. All remaining individual analytes that contribute
greater than one percent of the HI but report a HQ less than 1 are vanadium, iron, fluoride, hexavalent
chromium, nitrate, manganese, uranium, and nitrite. Table 7-52 provides a summary of the risk estimates
by exposure route.

Table 7-52. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater as
a Potential Drinking Water Source

216-B-3 Pond Exposure Area

Primary Contributors to
ELCR Total Cumulative ELCR? HI
Exposure Route (>1%)

Primary Contributors to
Total Cumulative HI (>1%)

Nonradionuclide Analytes

Ingestion 6.8E-04 3.1 Arsenic (1.5, 47%)
Vanadium (0.32, 10%)

Iron (0.32, 10%)
Dermal 2.5E-06 0.11 Fluoride (0.30, 9.3%)
Arsenic (6.8E-04, 64%) Hexavalentggg/??lum 0.21,
Inhalation - - Nitrate (0.19, 5.9%)
Manganese (0.17, 5.3%)

Uranium (0.08, 2.4%)
Total 6.8E-04 3.2 Nitrite (0.04, 1.2%)

Radionuclide Analytes

Ingestion 1.1E-04 -

Inhalation 2.6E-04 Tritium (3.3E-04, 32%) - _
Total 3.7E-04 lodine-129 (4.1E-05, 3.9%) .

Total Cumulative ELCR® 1.1E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.1.1.5 NRDWL/SWL Exposure Area

The total ELCR for the NRDWL/SWL exposure area is 2.6 x 10™ for nonradiological analytes and

5.9 x 10™ for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are tritium (5.2 x 10, 61 percent contribution), uranium-234 (2.6 x
10, 3.1 percent contribution), bis(2-ethylhexyl) phthalate (2.3 x 10, 2.7 percent contribution), iodine-
129 (2.0 x 10, 2.3 percent contribution), and uranium-238 (1.8 x 10, 2.1 percent contribution).
Contribution to ELCR is elevated for arsenic (2.2 x 10, 26 percent contribution), where measured
concentrations are within natural background values.

The HI for the NRDWL/SWL exposure area is 2.6, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-53 provides a summary of the risk estimates by exposure route.

Table 7-53. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater as
a Potential Drinking Water Source

NRDWL/SWL Exposure Area

Primary Contributors to
ELCR Total Cumulative ELCR? HI
Exposure Route (>1%)

Primary Contributors to Total
Cumulative HI (>1%)

Nonradionuclide Analytes

Antimony (0.71, 28%)
Ingestion 2.4E-04 23 Arsenic (0.48, 19%)

Fluoride (0.21, 8.3%)

Uranium (0.15, 6.0%)

Dermal 1.4E-05 0.13 Hexavalent Chromium (0.15, 5.9%)
Arsenic (2.2E-04, 26%) Trichloroethene (0.15, 5.8%)
Bis(2-ethylhexyl) phthalate @~ —— Vanadium (0.15, 5.7%)
. (2.3E-05, 2.7%) Nitrate (0.14, 5.3%)
Inhalation 8.6E-06 0.14 Bis(2-ethylhexyl) phthalate (0.08,
3.1%)

Silver (0.07, 2.5%)

Nitrite (0.05, 2.1%)
Total 2.6E-04 26 Strontium (0.04, 1.5%)

Barium (0.03, 1.1%)

Radionuclide Analytes

Ingestion 1.8E-04 -
inhalation AIE ramumad 2608, 0%
Total  SOE04 e (1 ae0h 21%) )
Total Cumulative ELCR? 8.5E-04 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.2.1.1.6 Far Field Exposure Area

The total ELCR for the Far Field exposure area is 6.5 x 10™* for nonradiological analytes and 4.4 x 107
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (4.0 x 10, 79 percent contribution), uranium-233/234 (2.3 x 10,
4.5 percent contribution), and uranium-238 (1.3 x 10, 2.5 percent contribution). Contribution to ELCR is
elevated for arsenic (5.4 x 10™, 11 percent contribution), where measured concentrations are within
natural background values.

The HI for the Far Field exposure area is 12, which is greater than the EPA target HI of 1.0. The primary
contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) is
antimony (HQ of 6.9, 56 percent contribution). The remaining individual analytes that contribute greater
than one percent of the HI but report a HQ less than 1 are bromomethane, cadmium, fluoride, lithium,
nitrate, silver, trichloroethene, uranium, and vanadium. Contribution to the noncancer HI is elevated for
arsenic (HQ of 1.2, 9.6 percent contribution), where measured concentrations are within natural
background values. Table 7-54 provides a summary of the risk estimates by exposure route.

Table 7-54. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater as
a Potential Drinking Water Source

Far Field Exposure Area

Primary Contributors to
ELCR Total Cumulative ELCR? HI
Exposure Route (>1%)

Primary Contributors to
Total Cumulative HI (>1%)

Nonradionuclide Analytes

. Antimony (6.9, 56%)
Ingestion 5.8E-04 11 Arsenic (1.2, 9.6%)

Trichloroethene (0.70, 5.6%)
Bromomethane (0.64, 5.1%)

Dermal 7.6E-06 0.33 Cadmium (0.55, 4.5%)
Arsenic (5.4E-04, 11%) E— Uranium (0.41, 3.3%)

. ) Lithium (0.30, 2.4%)
Inhalation 6.1E-05 0.99 Nitrate (0.27, 2.2%)
Fluoride (0.27, 2.1%)

Total 6.5E-04 12 Silver (0.22, 1.8%)

Vanadium (0.17, 1.3%)

Radionuclide Analytes

Ingestion 1.3E-03 --

inhalation 31E-03 Uranium 2330234 (2.38:04, ™ i
Total 4.4E-03 Uranium-23§.(51°/.03)E-04, 2.5%)

Total Cumulative ELCR® 5.1E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.2.1.1.7 Near River Exposure Area

The total ELCR for the Near River exposure area is 3.8 x 10 for nonradiological analytes and 1.2 x 10
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (1.1 x 10, 70 percent contribution), selenium-79 (2.7 x 10°, 1.7
percent contribution), technetium-99 (1.8 x 10, 1.1 percent contribution), and uranium-234 (1.7 x 107,
1.1 percent contribution). Contribution to ELCR is elevated for arsenic (3.8 x 10, 23 percent
contribution), where measured concentrations are within natural background values.

The HI for the Near River exposure area is 3.9, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-55 provides a summary of the risk estimates by exposure route.

Table 7-55. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater as
a Potential Drinking Water Source

Near River Exposure Area

Primary Contributors to
ELCR Total Cumulative ELCR? HI
Exposure Route (>1%)

Primary Contributors to
Total Cumulative HI (>1%)

Nonradionuclide Analytes

Antimony (0.85, 22%)
Ingestion 3.8E-04 3.8 Arsenic (0.83, 21%)
Lithium (0.60, 15%)
Fluoride (0.24, 6.2%)
Dermal 1.4E-06 0.10 Iron (0.21, 5.3%)
Nitrate (0.20, 5.2%)
Arsenic (3.8E-04, 23%) — Vanadium (0.19, 4.8%)
Manganese (0.18, 4.6%)
Molybdenum (0.13, 3.4%)
Uranium (0.13, 3.4%)
Hexavalent Chromium (0.12,
Total 3.8E-04 3.9 3.2%)

Cobalt (0.06, 1.5%)

Inhalation - <0.01

Radionuclide Analytes

Ingestion 3.6E-04 -

) Tritium (1.1E-03, 70%)
Inhalation 8.8E-04 Selenium (2.7E-05, 1.7%) -

Technetium-99 (1.8E-05, 1.1%)

Total 1.2E-03 Uranium-234 (1.7E-05, 1.1%) -

Total Cumulative ELCR? 1.6E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.1.2 CTUIR Use of 200-PO-1 Groundwater as a Source of Steam for Sweat Lodge Use

Potential exposure to 200-PO-1 groundwater as a source of steam in a sweat lodge is evaluated under the
CTUIR scenario. Potential routes of exposure to steam generated from groundwater include inhalation of
vaporized volatiles, semi-volatiles, and aerosolized nonvolatiles; and dermal contact with vaporized
volatiles, semi-volatiles, and aerosolized nonvolatiles, while spending time in a sweat lodge. Additional
detail including analyte-specific risk contributions is provided in the spreadsheet attachments.

7.2.1.2.1 PUREX Cribs Exposure Area

The total ELCR for the PUREX Cribs exposure area is 7.7 x 10~ for nonradiological analytes and 3.2 x
107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of

1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are hexavalent chromium (6.6 x 107, 60 percent contribution),
uranium-234 (1.5 x 1073, 14 percent contribution), uranium-238 (1.3 x 107, 12 percent contribution),
cobalt (3.6 x 10™, 3.3 percent contribution), tritium (2.8 x 10, 2.5 percent contribution), cadmium (2.7 x
10, 2.5 percent contribution), and beryllium (1.9 x 10, 1.7 percent contribution). Contribution to ELCR
is elevated for arsenic (2.3 x 10™, 2.1 percent contribution), where measured concentrations are within
natural background values.

The HI for the PUREX Cribs exposure area is 42, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are cadmium (HQ of 16, 37 percent contribution), cobalt (HQ of 6.8, 16 percent contribution), uranium
(HQ of 5.6, 13 percent contribution), beryllium (HQ of 4.2, 9.9 percent contribution), manganese (HQ of
2.0, 4.8 percent contribution), and vanadium (HQ of 1.9, 4.4 percent contribution). The remaining
individual analytes that contribute greater than one percent of the HI but report a HQ less than or equal to
1 are barium, hexavalent chromium, and nickel. Contribution to HI is elevated for arsenic (HQ of 3.6, 8.4
percent contribution), where measured concentrations are within natural background values. Table 7-56
provides a summary of the risk estimates by exposure route.

Table 7-56. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

PUREX Cribs Exposure Area

ELCR Primary Contributors to Total L e s

R Cumulative ELCR? (>1%) HI to Total glflr(;’l;lative HI
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles (vapor) 1.2E-06 0.05

Cadmium (16, 37%)
Nonvolatile (aerosol) 7.7E-03 42 Cobalt (6.8, 16%)

H 0,
Hexavalent Chromium (6.6E-03, 60%) Uranium (5.6, 13%)

H 0,
Total 7.7E-03 Cobalt (3.6E-04, 3.3%) 42 Beryllium (4.2, 9.9%)

H 0,
Tritium (2.8E-04, 2.5%) Arsenic (3.6, 8.4%)

Dermal Exposure in Sweat Lodge Cadmium (2.7E-04, 2.5%) Manganese (2.0, 4.8%)

1 0,
Arsenic (2.3E-04, 2.1%) Vanadium (1.9, 4.4%)

Volatile and Semi-Volatiles (vapor Barium (1.0, 2.3%)

- i - 0,
only) 3.1E-10 Beryllium (1.9E-04, 1.7%) <0.01 Hexavalent Chromium
: S (0.87, 2.1%)
Nonvolatile (vapor and aqueous 2 8E-05 0.72 Nickel (0.52, 1.2%)
condensate)
Total  2.8E-05 0.72
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Table 7-56. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a

Sweat Lodge

PUREX Cribs Exposure Area

ELCR
Exposure Route

Primary Contributors to Total
Cumulative ELCR? (>1%)

HI

Primary Contributors
to Total Cumulative HI

(>1%)

Total Nonradionuclide 7.7E-03

42

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 2.8E-04

Nonvolatile (aerosol) 2.9E-03

Total Radionuclide 3.2E-03

Total Cumulative ELCR® 1.1E-02

Uranium-234 (
Uranium-238 (

NN

.5E-03, 14%)
.3E-03, 12%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI not applicable.
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7.2.1.2.2 WMA A/AX and 216-A-29 Exposure Area

The total ELCR for the WMA A/AX and 216-A-29 exposure area is 4.7 x 10~ for nonradiological
analytes and 3.0 x 10" for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10*. The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are hexavalent chromium (4.0 x 107, 80 percent
contribution), cobalt (3.0 x 10, 6.0 percent contribution), uranium-234 (1.3 x 10, 2.6 percent
contribution), uranium-238 (8.0 x 107, 1.6 percent contribution), cadmium (7.8 x 10, 1.6 percent
contribution), and technetium-99 (7.7 x 10, 1.5 percent contribution),. Contribution to ELCR is elevated
for arsenic (2.9 x 10, 5.7 percent contribution), where measured concentrations are within natural
background values.

The HI for the WMA A/AX and 216-A-29 exposure area is 22, which is greater than the EPA target HI of
1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of
total HI) are cobalt (HQ of 5.7, 26 percent contribution), cadmium (HQ of 4.5, 21 percent contribution),
vanadium (2.2, 10 percent contribution), manganese (1.3, 5.8 percent contribution), and nickel (1.1, 5.1
percent contribution). The individual analytes that contribute greater than one percent of the HI but report
a HQ less than 1 are uranium, barium, and hexavalent chromium. Contribution to HI is elevated for
arsenic (HQ of 4.5, 21 percent contribution), where measured concentrations are within natural
background values. Table 7-57 provides a summary of the risk estimates by exposure route.

Table 7-57. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

WMA A/AX and 216-A-29 Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route ELER Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles <0.01
(vapor)
Nonvolatile (aerosol) 4.7E-03 21
Cobalt (5.7, 26%)
Total 4.7E-03 21 Arsenic (4.5, 21%)
Cadmium (4.5, 21%)
Dermal Exposure in Sweat Lodge Hexavalent Chromium (4.0E-03, 80%) Vanadium (2.2, 10%)
Cobalt (3.0E-04, 6.0%) Manganese (1.3, 5.8%)
Volatile and Semi-Volatiles _ Arsenic (2.9E-04, 5.7%) <0.01 Nickel (1.1, 5.1%)
(vapor only) Cadmium (7.8E-05, 1.6%) : Uranium (0.87, 4.0%)
Barium (0.69, 3.2%)
Nonvolatile (vapor and 7 8E-06 0.40 Hexavalent Chromium (0.53, 2.5%)
aqueous condensate)
Total 7.8E-06 0.40
Total Nonradionuclide 4.7E-03 22
Radionuclide Analytes
Inhalation in Sweat Lodge
. . . Uranium-234 (1.3E-04, 2.6%)
Volatile and Semi-Volatiles g 5 gg Uranium-238 (8.0E-05. 1.6%) - -
(vapor) Technetium-99 (7.7E-05, 1.5%)
Nonvolatile (aerosol) 2.9E-04 -
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Table 7-57. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

WMA A/AX and 216-A-29 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Total Radionuclide  3.0E-04 -

Total Cumulative ELCR® 5.0E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.2.1.2.3 BC Cribs and Trenches Exposure Area

The total ELCR for the BC Cribs and Trenches exposure area is 2.0 x 107 for nonradiological analytes
and 1.8 x 10™* for radiological analytes, both of which are greater than the EPA upper target risk threshold
of 1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater
than 1 percent of total cumulative ELCR) are hexavalent chromium (2.0 x 102, 96 percent contribution)
and cobalt (6.0 x 10, 2.9 percent contribution).

The HI for the BC Cribs and Trenches exposure area is 55, which is greater than the EPA target HI of 1.0.
The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are manganese (HQ of 34, 63 percent contribution), cobalt (HQ of 11, 21 percent contribution),
hexavalent chromium (HQ of 2.6, 4.8 percent contribution), and vanadium (HQ of 1.9, 3.5 percent
contribution. The remaining individual analytes that contribute greater than one percent of the HI but
report a HQ less than 1 are nickel, barium, and uranium. Contribution to the noncancer HI is elevated for
arsenic (HQ of 1.3, 2.4 percent contribution), where measured concentrations are within natural
background values. Table 7-58 provides a summary of the risk estimates by exposure route.

Table 7-58. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

BC Cribs and Trenches Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2He Cumulative ELCR? (>1%) HI Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
e Manganese (34, 63%)
Volatile and Semi-Volatiles _ <0.01 Cobalt (11, 21%)
(vapor) HexavalcenéClth(rg%:ém&(ZéOgEofJ)Z 96%) ’ Hexavalent Chromium (2.6, 4.8%)
obalt (6.0E-04, 2.9% Vanadium (1.9, 3.5%)
Nonvolatile (aerosol) 2.0E-02 54 Arsenic (1.3, 2.4%)0
Total  2.0E.02 4 Nickel (0.85, 1.6%)
ota .OE-
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Table 7-58. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

BC Cribs and Trenches Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Barium (0.82, 1.5%)

Dermal Exposure in Sweat Lodge Uranium (0.81, 1.5%)

Volatile and Semi-Volatiles

<0.01
(vapor only)
Nonvolatile (vapor and 8.7E-07 0.54
aqueous condensate)
Total 8.7E-07 0.54
Total Nonradionuclide 2.0E-02 55

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 2.6E-07 -
Nonvolatile (aerosol) 1.8E-04 - -
Total Radionuclide  1.8E-04 -
Total Cumulative ELCR® 2.0E-02 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

7.2.1.24 216-B-3 Pond Exposure Area

The total ELCR for the 216-B-3 Pond exposure area is 6.1 x 10 for nonradiological analytes and 2.2 x
107 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10 and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10°. The major
contributor to the total cumulative ELCR (those analytes that contribute greater than 1 percent of total
cumulative ELCR) is hexavalent chromium (5.8 x 10, 95 percent contribution). Contribution to ELCR is
elevated for arsenic (2.8 x 10™, 4.6 percent contribution), where measured concentrations are within
natural background values.

The HI for the 216-B-3 Pond exposure area is 21, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are manganese (HQ of 11, 53 percent contribution) and vanadium (HQ of 2.1, 10 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are uranium, hexavalent chromium, nickel, and barium. Contribution to HI is elevated for arsenic
(HQ of 4.4, 21 percent contribution), where measured concentrations are within natural background
values. Table 7-59 provides a summary of the risk estimates by exposure route.
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Table 7-59. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a

Sweat Lodge

216-B-3 Pond Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles _ _
(vapor)
Nonvolatile (aerosol) 6.1E-03 21
Manganese (11, 53%)
Total  6.1E-03 21 Arsenic (4.4, 21%)
H 0,
Dermal Exposure in Sweat Lodge Hexavalent Chromium (5.8E-03, 95%) X?::S#To(gg ’2?0//0)
. ; .86, 4.1%)
Arsenic (2.8E-04, 4.6%) _ . o
. . . Hexavalent Chromium (0.77, 3.7%)
Volatile and Semi-Volatiles _ Nickel (0.69, 3.3%)
(vapor only) Barium (0.62, 3.0%)
Nonvolatile (vapor and 2 9E-06 0.14
aqueous condensate)
Total 2.9E-06 0.14
Total Nonradionuclide 6.1E-03 21
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 2 1E-05 _
(vapor)
Nonvolatile (aerosol) 7.5E-07 - - B
Total Radionuclide  2.2E-05 -
Total Cumulative ELCR? 6.1E-03 --

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.1.25 NRDWL/SWL Exposure Area

The total ELCR for the NRDWL/SWL exposure area is 4.3x 10~ for nonradiological analytes and

3.4 x 10™ for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are hexavalent chromium (4.2 x 107, 90 percent contribution),
uranium-234 (1.9 x 10, 4.0 percent contribution), and uranium-238 (1.2 x 10, 2.5 percent contribution).
Contribution to ELCR is elevated for arsenic (9.1 x 10, 1.9 percent contribution), where measured
concentrations are within natural background values.

The HI for the NRDWL/SWL exposure area is 8.1, which is greater than the EPA target HI of 1.0. The
primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are uranium (HQ of 1.7, 21 percent contribution) and barium (HQ of 1.6, 20 percent contribution). The
individual analytes that contribute greater than one percent of the HI but report a HQ less than 1 are
vanadium, manganese, nickel, hexavalent chromium, and fluoride. Contribution to HI is elevated for
arsenic (HQ of 1.4, 18 percent contribution), where measured concentrations are within natural
background values. Table 7-60 provides a summary of the risk estimates by exposure route.

Table 7-60. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

NRDWL/SWL Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route ELER Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 8.4E-07 0.01
(vapor)
Nonvolatile (aerosol) 4.3E-03 8.0
Uranium (1.7, 21%)
Total 4.3E-03 8.0 Barium (1.6, 20%)
Arsenic (1.4, 18%)
Dermal Exposure in Sweat Lodge Hexavalent Chromium (4.2E-03, 90%) Vanadium (0.98, 12%)
Arsenic (9.1E-05, 1.9%) _ Manganese (0.90, 11%)
Volatile and Semi-Volatiles Nickel (0.74, 9.0%)
(vapor only) 6.2E-10 Rl Hexavalent Chromium (0.56, 6.9%)
Fluoride (0.15, 1.8%)
Nonvolatile (vapor and 2 9E-06 0.10
aqueous condensate)
Total 2.2E-06 0.10
Total Nonradionuclide 4.3E-03 8.1

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles 3.3E-05 -
(vapor) ’ Uranium-234 (1.9E-04, 4.0%)

Uranium-238 (1.2E-04, 2.5% -
Nonvolatile (aerosol) 3.1E-04 ranium ( %) -

Total Radionuclide  3.4E-04 -

Total Cumulative ELCR? 4.7E-03 -
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Table 7-60. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

NRDWL/SWL Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.2.1.2.6 Far Field Exposure Area

The total ELCR for the Far Field exposure area is 3.5 x 10~ for nonradiological analytes and 3.0 x 107
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10™.
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are hexavalent chromium (3.2 x 107, 49 percent contribution), uranium-
233/234 (1.6 x 107, 25 percent contribution), uranium-238 (8.1 x 10, 12 percent contribution), tritium
(2.5 x 10™, 3.8 percent contribution), and uranium-234 (1.4 x 10, 2.2 percent contribution). Contribution
to ELCR is elevated for arsenic (2.2 x 10™, 3.5 percent contribution), where measured concentrations are
within natural background values.

The HI for the Far Field exposure area is 19, which is greater than the EPA target HI of 1.0. The primary
contributors to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) are
uranium (HQ of 4.6, 24 percent contribution), cadmium (HQ of 3.9, 20 percent contribution), manganese
(HQ of 3.2, 17 percent contribution), and vanadium (HQ of 1.1, 5.7 percent contribution. The remaining
individual analytes that contribute greater than one percent of the HI but report a HQ less than 1 are
barium, nickel, hexavalent chromium, and cobalt. Contribution to the noncancer HI is elevated for arsenic
(HQ of 3.5, 18 percent contribution), where measured concentrations are within natural background
values. Table 7-61 provides a summary of the risk estimates by exposure route.

Table 7-61. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

Far Field Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge Uranium (4.6, 24%)
: ; : Cadmium (3.9, 20%)
Volatile and Semi-Volatiles -
(vapor) 59E-06  jexavalent Chromium (3.2E-03, 49%) 0.10 Arsenic (3.5, 18%1
Arsenic (2.2E-04, 3.5%) Manganese (3.2, 17%)
Nonvolatile (aerosol) 3.5E-03 19 Vanadium (1.1, 5.7%)
Barium (0.90, 4.6%)
Total  3.5E-03 19 Nickel (0.79, 4.1%)
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Table 7-61. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a
Sweat Lodge

Far Field Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Hexavalent Chromium (0.42, 2.2%)

Dermal Exposure in Sweat Lodge Cobalt (0.32, 1.7%)

Volatile and Semi-Volatiles

1.6E-09 <0.01
(vapor only)
Nonvolatile (vapor and 2 8E-06 0.34
aqueous condensate)
Total 2.8E-06 0.34
Total Nonradionuclide 3.5E-03 19

Radionuclide Analytes

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 2.58-04 Uranium-233/234 (1.6E-03, 25%) -
Uranium-238 (8.1E-04, 12%) _ _
Nonvolatile (aerosol) 2.7E-03 Tritium (2.5E-04, 3.8%) -

Uranium-234 (1.4E-04, 2.2%) _
Total Radionuclide  3.0E-03 -

Total Cumulative ELCR? 6.5E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.

7.2.1.2.7 Near River Exposure Area

The total ELCR for the Near River exposure area is 3.7 x 10 for nonradiological analytes and 3.9 x 10™*
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are hexavalent chromium (3.5 x 107, 86 percent contribution), uranium-234
(1.2 x 10™, 3.0 percent contribution), uranium-233/234 (1.2 x 10, 2.9 percent contribution), tritium (7.1
x 107, 1.7 percent contribution), and uranium-238 (6.9 x 107, 1.7 percent contribution). Contribution to
ELCR is elevated for arsenic (1.6 x 10, 3.9 percent contribution), where measured concentrations are
within natural background values.

The HI for the Near River exposure area is 20, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are manganese (HQ of 12, 61 percent contribution), uranium (HQ of 1.5, 7.5 percent contribution),
vanadium (1.3, 6.5 percent contribution), and barium (HQ of 1.1, 5.5 percent contribution). The
remaining individual analytes that contribute greater than one percent of the HI but report a HQ less than
1 are hexavalent chromium and cobalt. Contribution to HI is elevated for arsenic (HQ of 2.5, 13 percent
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contribution), where measured concentrations are within natural background values. Table 7-62 provides
a summary of the risk estimates by exposure route.

Table 7-62. CTUIR Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1 Groundwater in a

Sweat Lodge

Near River Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Nonradionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles <0.01
(vapor) ’
Nonvolatile (aerosol) 3.7E-03 19
Manganese (12, 61%)
Total ~ 3.78-03 19 Arsenic (2.5, 13%)
H 0,
Dermal Exposure in Sweat Lodge Hexavalent Chromium (3.5E-03, 86%) Uranll'Jm (1.5, 7'5/:)
Arsenic (1.6E-04, 3.9%) - V;gfﬂ':q”a”{% %,%’)
. . . .1, 9.97%
VoIatlIeIand Semi-Volatiles <0.01 Hexavalent Chromium (0.46, 2.4%)
(vapor only) Cobalt (0.44, 2.3%)
Nonvolatile (vapor and 1.6E-06 0.12
aqueous condensate)
Total 1.6E-06 0.12
Total Nonradionuclide 3.7E-03 20
Radionuclide Analytes
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 7 1E-05
(vapor) AE- Uranium-234 (1.2E-04, 3.0%) -
Uranium-233/234 (1.2E-04, 2.9%) _ _
Nonvolatile (aerosol) 3.2E-04 Tritium (7.1E-05, 1.7%) -
Uranium-238 (6.9E-05, 1.7%) _—
Total Radionuclide  3.9E-04 --
Total Cumulative ELCR? 4.0E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.
HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.2  Summary of the Yakama Nation Risk Assessment for the 200-PO-1 Groundwater Operable
Unit

This section summarizes the Yakama Nation risk assessment results for use of 200-PO-1 groundwater as

a drinking water source and use of groundwater to make steam in a sweat lodge.

7.2.2.1 Yakama Nation Use of 200-PO-1 Groundwater as a Potential Drinking Water Source

Potential exposure to 200-PO-1 groundwater as a drinking water source is evaluated under the Yakama
Nation exposure scenario. Potential routes of exposure to groundwater include ingestion, dermal contact
(nonradionuclides only), and inhalation of volatiles during household activities. Additional detail
including analyte-specific risk contributions is provided in the spreadsheet attachments.

The following subsections provide a summary of the Yakama Nation risk assessment results by exposure
area for the 200-PO-1 Groundwater OU.
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7.2.2.1.1 PUREX Cribs Exposure Area

The total ELCR for the PUREX Cribs exposure area is 3.6 x 10~ for nonradiological analytes and 5.1 x
107 for radiological analytes, both of which are greater than the EPA upper target risk threshold of

1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are tritium (4.6 x 107, 53 percent contribution), 2,6-dinitrotoluene
(1.6 x 10, 19 percent contribution), n-nitrosodi-n-dipropylamine (1.3 x 103, 15 percent contribution),
uranium-234 (2.2 x 10, 2.5 percent contribution), and uranium-238 (2.1 x 10, 2.4 percent contribution).
Contribution to ELCR is elevated for arsenic (5.9 x 10, 6.8 percent contribution), where measured
concentrations are within natural background values.

The HI for the PUREX Cribs exposure area is 15, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI)
are antimony (HQ of 8.0, 52 percent contribution), and cadmium (HQ of 2.2, 14 percent contribution).
The remaining individual analytes that contribute greater than one percent of the HI but report a HQ less
than 1 are cobalt, trichloroethene, uranium, nitrate, beryllium, vanadium, fluoride, and hexavalent
chromium. Contribution to HI is elevated for arsenic (HQ of 1.2, 7.7 percent contribution), where
measured concentrations are within natural background values. Table 7-63 provides a summary of the risk
estimates by exposure route.

Table 7-63. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater as a Potential Drinking Water Source

PUREX Cribs Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

. Antimony (8.0, 52%
Ingestion 3.5E-03 14 Cadmiuni ((2.2 140/2))
Arsenic (1.2, 7.7%)
Cobalt (0.91, 5.9%)

2,6-Dinitrotoluene (1.6E-03, 19%)

Dermal 73805 Nitrosodi-n-dipropylamine (1.3E-03, 0.64 Trichloroethene (0.69, 4.5%)
15%) —_— Uranium (0.50, 3.3%)
Inhalation 1.2E-05 Arsenic (5.9E-04, 6.8%) 0.46 Nitrate (0.46, 3.0%)

Beryllium (0.41, 2.7%)
Vanadium (0.28, 1.8%)

Total 3.6E-03 15 Fluoride (0.24, 1.6%)
Hexavalent Chromium (0.23, 1.5%)

Radionuclide Analytes

Ingestion 1.5E-03 B
Inhalation 3.6E-03 Tritium (4.6E-03, 53%) -
Total  5AE.03 Uranium-234 (2.2E-04, 2.5%) - -

Uranium-238 (2.1E-04, 2.4%)

Total Cumulative

ElCRe 87E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.22.1.2 WMA A/AX and 216-A-29 Exposure Area

The total ELCR for the WMA A/AX and 216-A-29 exposure area is 7.8 x 10™* for nonradiological
analytes and 6.5 x 10™* for radiological analytes, both of which are greater than the EPA upper target risk
threshold of 1 x 10", The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are technetium-99 (3.5 x 10, 24 percent contribution),
tritium (1.5 x 10, 11 percent contribution), iodine-129 (7.2 x 107, 5.1 percent contribution), strontium-
90 (2.5 x 10, 1.7 percent contribution), selenium-79 (2.3 x 10~ 1.6 percent contribution), uranium-234
(1.9 x 107, 1.3 percent contribution), and 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1.8 x 107, 1.3 percent
contribution). Contribution to ELCR is elevated for arsenic (7.5 x 10™, 53 percent contribution), where
measured concentrations are within natural background values.

The HI for the WMA A/AX and 216-A-29 exposure area is 11, which is greater than the EPA target HI of
1.0. The major contributor to the total cumulative HI (those analytes that contribute greater than 1 percent
of total cumulative HI) is antimony (HQ of 6.3, 59 percent contribution). The individual analytes that
contribute greater than one percent of the HI but report a HQ less than 1 are cobalt, cadmium, vanadium,
nitrate, 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin, fluoride, and hexavalent chromium. Contribution to HI is
elevated for arsenic (HQ of 1.5, 14 percent contribution), where measured concentrations are within
natural background values. Table 7-64 provides a summary of the risk estimates by exposure route.

Table 7-64. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater as a Potential Drinking Water Source

WMA A/AX and 216-A-29 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

] Antimony (6.3, 59%)
Ingestion 7.5E-04 10 Arsenic (1.5, 14%)

Cobalt (0.76, 7.2%)

H 0,
Dermal 2.2E-05 Arsenic (7.5E-04, 53%) 0.47 Cadmium (0.64, 6.0%)
: . Vanadium (0.32, 3.1%)
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin . o
> Nitrate (0.21, 2.0%)
Inhalation - (1.8E-05, 1.3%) <0.01 1,2,3,4,7,8-Hexachlorodibenzo-p-
dioxin (0.19, 1.8%)
Total  7.8E-04 11 Fluoride (0.17, 1.6%)

Hexavalent Chromium (0.14, 1.3%)

Radionuclide Analytes

Ingestion 5.3E-04 --
Technetium-99 (3.5E-04, 24%) _—

Inhalation 1.2E-04 Tritium (1.5E-04, 11%) -

lodine-129 (7.2E-05, 5.1%) S _

Total 6.5E-04 Strontium-90 (2.5E-05, 1.7%) -

Selenium-79 (2.3E-05, 1.6%) —_—
Total Cumulative Uranium-234 (1.9E-05, 1.3%)
ELCR® 1.4E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.2.1.3 BC Cribs and Trenches Exposure Area

The total ELCR for the BC Cribs and Trenches exposure area is 2.2 x 10 for nonradiological analytes
and 4.5x 107 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target
risk threshold of 1 x 10™* and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10, The
major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of
total cumulative ELCR are strontium-90 (1.4 x 10, 5.2 percent contribution), uranium-234 (1.2 x 107,
4.5 percent contribution), uranium-238 (6.0 x 10, 2.3 percent contribution), protactinium-231 (4.7 x 10°®,
1.8 percent contribution), tritium (4.4 x 10, 1.6 percent contribution), and selenium-79 (4.3 x 10, 1.6
percent contribution). Contribution to ELCR is elevated for arsenic (2.2 x 10, 83 percent contribution),
where measured concentrations are within natural background values.

The HI for the BC Cribs and Trenches exposure area is 14, which is greater than the EPA target HI of 1.0.
The primary contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total
HI) are antimony (HQ of 7.6, 55 percent contribution), cobalt (HQ of 1.5, 11 percent contribution), and
iron (HQ of 1.4, 9.9 percent contribution). The remaining individual analytes that contribute greater than
one percent of the HI but report a HQ less than 1 are zinc, hexavalent chromium, manganese, arsenic,
fluoride, and vanadium. Table 7-65 provides a summary of the risk estimates by exposure route.

Table 7-65. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater as a Potential Drinking Water Source

BC Cribs and Trenches Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Ingestion 2.2E-04 13 Antimony (7.6, 55%)
S Cobalt (1.5, 11%)
Dermal 7.5E-07 0.44 Iron (1.4, 9.9%)

Zinc (0.73, 5.2%)
Arsenic (2.2E-04, 83%) Hexavalent Chromium (0.70, 5.0%)
. Manganese (0.52, 3.8%)
Inhalat - <0.01
nhatation Arsenic (0.45, 3.2%)
— Fluoride (0.30, 2.2%)
Total 2.2E-04 14 Vanadium (0.28, 2.0%)

Radionuclide Analytes

Ingestion 4.2E-05 --
Strontium-90 (1.4E-05, 5.2%) _
Inhalation 3.4E-06 Uranium-234 (1.2E-05, 4.5%) -
Uranium-238 (6.0E-06, 2.3%) E— _
Total 4.5E-05 Protactinium-231 (4.7E-06, 1.8%) -
Tritium (4.4E-06, 1.6%) —
Total Cumulative Selenium-79 (4.3E-06, 1.6%)
ELCR® 2.7E-04 --
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.2.1.4 216-B-3 Pond Exposure Area

The total ELCR for the 216-B-3 Pond exposure area is 7.4 x 10™ for nonradiological analytes and

3.9 x 10 for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are tritium (3.5 x 10, 31 percent contribution) and iodine-129 (4.2
x 107, 3.8 percent contribution). Contribution to ELCR is elevated for arsenic (7.4 x 10™, 66 percent
contribution), where measured concentrations are within natural background values.

The HI for the 216-B-3 Pond exposure area is 3.2, which is greater than the EPA target HI of 1.0.
Contribution to HI is elevated for arsenic (HQ of 1.5, 47 percent contribution), where measured
concentrations are within natural background values. The remaining individual analytes that contribute
greater than one percent of the HI but report a HQ less than 1 are vanadium, iron, fluoride, hexavalent
chromium, nitrate, manganese, uranium, and nitrite. Table 7-66 provides a summary of the risk estimates
by exposure route.

Table 7-66. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater as a Potential Drinking Water Source

216-B-3 Pond Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
Ingestion 7.3E-04 3.1 Arsenic (1.5, 47%)
—_— Vanadium (0.32, 10%)
) Iron (0.32, 10%)
Dermal 2.5E-06 0.1 Fluoride (0.30, 9.3%)
Arsenic (7.4E-04, 66%) Hexavalent Chromium (0.21, 6.5%)
Inhalation - - Nitrate (0.19, 5.9%)
Manganese (0.17, 5.3%)
- Uranium (0.08, 2.4%)
Total 7.4E-04 3.2 Nitrite (0.04, 1.2%)
Radionuclide Analytes
Ingestion 1.2E-04 -
Inhalation 2.7E-04 --
Tritium (3.5E-04, 31%) e _
Total 3.9E-04 lodine-129 (4.2E-05, 3.8%) --
Total Cumulative 11E-03 _

ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.

143



ECF-HANFORD-13-0036, REV. 0

7.2.2.1.5 NRDWL/SWL Exposure Area

The total ELCR for the NRDWL/SWL exposure area is 2.8 x 10™ for nonradiological analytes and

6.1 x 10™ for radiological analytes, both of which are greater than the EPA upper target risk threshold of
1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute greater than
1 percent of total cumulative ELCR) are tritium (5.4 x 10, 60 percent contribution), uranium-234 (2.7 x
10, 3.0 percent contribution), bis(2-ethylhexyl) phthalate (2.4 x 10, 2.6 percent contribution), iodine-
129 (2.0 x 10, 2.3 percent contribution), and uranium-238 (1.8 x 10, 2.1 percent contribution) .
Contribution to ELCR is elevated for arsenic (2.4 x 10, 27 percent contribution), where measured
concentrations are within natural background values.

The HI for the NRDWL/SWL exposure area is 2.6, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-67 provides a summary of the risk estimates by exposure route.

Table 7-67. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater as a Potential Drinking Water Source

NRDWL/SWL Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Antimony (0.71, 28%)
Ingestion 2.6E-04 2.3 Arsenic (0.48, 19%)
Fluoride (0.21, 8.3%)

Uranium (0.15, 6.0%)

X Hexavalent Chromium (0.15, 5.9%)
Dermal 1.4E-05 Arsen , 0.13 Trichlorosthene (0.15, 5.8%)

rsenic (2.4E-04, 27%) ; Y

Bis(2-ethylhexyl) phthalate (2.4E-05, Vanadium (0.15, 5.7%)

) o Nitrate (0.14, 5.3%)
Inhalation 8.6E-06 2.6%) 0.14 Bis(2-ethylhexyl) phthalate (0.08,
- 3.1%)

Silver (0.07, 2.5%)
Nitrite (0.05, 2.1%)
Strontium (0.04, 1.5%)
Barium (0.03, 1.1%)

Total 2.8E-04 2.6

Radionuclide Analytes

Ingestion 1.9E-04 -

Inhalation 4.2E-04 Tritium (5.4E-04, 60%) --
Uranium-234 (2.7E-05, 3.0%) —_— _

Total 6.1E-04 lodine-129 (2.0E-05, 2.3%) -

Uranium-238 (1.8E-05, 2.1%) -

Total Cumulative 8.9E-04 _

ELCR®

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.2.2.1.6 Far Field Exposure Area

The total ELCR for the Far Field exposure area is 7.0 x 10™* for nonradiological analytes and 4.6 x 107
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10™.
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (4.1 x 107, 78 percent contribution), uranium-233/234 (2.3 x 10,
4.4 percent contribution), and uranium-238 (1.3 x 10, 2.4 percent contribution). Contribution to ELCR is
elevated for arsenic (5.9 x 10™, 11 percent contribution), where measured concentrations are within
natural background values.

The HI for the Far Field exposure area is 12, which is greater than the EPA target HI of 1.0. The primary
contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) is
antimony (HQ of 6.9, 56 percent contribution). The remaining individual analytes that contribute greater
than one percent of the HI but report a HQ less than 1 are trichloroethene, bromomethane, cadmium,
uranium, lithium, nitrate, fluoride, silver, and vanadium. Contribution to the noncancer HI is elevated for
arsenic (HQ of 1.2, 9.6 percent contribution), where measured concentrations are within natural
background values. Table 7-68 provides a summary of the risk estimates by exposure route.

Table 7-68. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater as a Potential Drinking Water Source

Far Field Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Antimony (6.9, 56%)
Ingestion 6.3E-04 11 Arsenic (1.2, 9.6%)
Trichloroethene (0.70, 5.6%)
0,
Dermal 7 5E-06 0.33 Bromomgthane (0.64, §.1 %)
Arsenic (5.9E-04, 11%) Cadmium (0.55, 4.5%)
' ’ Uranium (0.41, 3.3%)
Lithium (0.30, 2.4%)
Nitrate (0.27, 2.2%)
Fluoride (0.27, 2.1%)

Total 7.0E-04 12 Silver (0.22, 1.8%)
Vanadium (0.17, 1.3%)

Inhalation 6.1E-05 0.99

Radionuclide Analytes

Ingestion 1.3E-03 --
Inhalation 3.2E-03 Tritium (4.1E-03, 78%) -
ool 4.6E.03 Uranium-233/234 (2.3E-04, 4.4%) _ -

Uranium-238 (1.3E-04, 2.4%)

Total Cumulative

Elcre  5-3E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI not applicable.
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7.2.2.1.7 Near River Exposure Area

The total ELCR for the Near River exposure area is 4.1 x 10 for nonradiological analytes and 1.3 x 10
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 x 10,
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent
of total cumulative ELCR) are tritium (1.2 x 10, 69 percent contribution), selenium-79 (2.8 x 10°, 1.7
percent contribution), and technetium-99 (1.8 x 10, 1.1 percent contribution). Contribution to ELCR is
elevated for arsenic (4.1 x 10™, 24 percent contribution), where measured concentrations are within
natural background values.

The HI for the Near River exposure area is 3.9, which is greater than the EPA target HI of 1.0. All
individual analytes that contribute greater than one percent of the HI also report a HQ less than 1. Table
7-69 provides a summary of the risk estimates by exposure route.

Table 7-69. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater as a Potential Drinking Water Source

Near River Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes

Antimony (0.85, 22%)
Ingestion 4.1E-04 3.8 Arsenic (0.83, 21%)
Lithium (0.60, 15%)
Fluoride (0.24, 6.2%)
Dermal 1.4E-06 0.10 Iron (0.21, 5.3%)
H 0,
Arsenic (4.1E-04, 24%) - V:Agg:jéo(gﬂ'gé'i.& )
Inhalation - <0.01 Manganese (0.18, 4.6%)
Molybdenum (0.13, 3.4%)
Uranium (0.13, 3.4%)
Total 4.1E-04 3.9 Hexavalent Chromium (0.12, 3.2%)
Cobalt (0.06, 1.5%)

Radionuclide Analytes

Ingestion 3.6E-04 —
Inhalation 9.28:04 Tritium (1.2E-03, 69%) -
Total 1.3E-03 Selenium-79 (2.8E-05, 1.7%) _ -

Technetium-99 (1.8E-05, 1.1%)

Total Cumulative

Elcre  1-7E-03 -

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.2.2 Yakama Nation Use of 200-PO-1 Groundwater as a Source of Steam for Sweat Lodge Use

Potential exposure to 200-PO-1 groundwater as a source of steam in a sweat lodge is evaluated under the
Yakama Nation exposure scenario. Potential routes of exposure to steam generated from groundwater
include inhalation of vaporized volatiles, semi-volatiles, and aerosolized nonvolatiles, and dermal contact
with vaporized volatiles, semi-volatiles, and aerosolized nonvolatiles while spending time in a sweat
lodge. Additional detail including analyte-specific risk contributions is provided in the spreadsheet
attachments.

7.2.2.2.1 PUREX Cribs Exposure Area

The total ELCR for the PUREX Cribs exposure area with contributions from aerosolized nonvolatile
analytes is 5.7 x 107 for nonradiological analytes and 2.4 x 10 for radiological analytes, both of which
are greater than the EPA upper target risk threshold of 1 x 10*. The major contributor to the total
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are
hexavalent chromium (4.8 x 102, 60 percent contribution), uranium-234 (1.1 x 102 14 percent
contribution), uranium-238 (9.9 x 107, 12 percent contribution), cobalt (2.7 x 107, 3.3 percent
contribution), tritium (2.1 x 107, 2.6 percent contribution), cadmium (2.0 x 107, 2.5 percent
contribution), and beryllium (1.4 x 10, 1.7 percent contribution). Contribution to ELCR is elevated for
arsenic (1.7 x 10, 2.1 percent contribution), where measured concentrations are within natural
background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.1 x 10™* for
nonradiological analytes and 2.1 x 10 for radiological analytes, both of which are greater than the EPA
upper target risk threshold of 1 x 10™*. The major contributors to the total cumulative ELCR (those
analytes that contribute greater than 1 percent of total cumulative ELCR) are tritium (2.1 x 1073, 91
percent contribution), 2,6-dinitrotoluene (9.6 x 10, 4.2 percent contribution), and n-nitrosodi-n-
dipropylamine (8.4 x 107, 3.7 percent contribution).

The HI for the PUREX Cribs exposure area With contributions from aerosolized nonvolatile analytes is
309, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are cadmium (HQ of 113, 37 percent
contribution), cobalt (HQ of 49, 16 percent contribution), uranium (HQ of 41, 13 percent contribution),
beryllium (HQ of 30, 9.8 percent contribution), manganese (HQ of 15, 4.8 percent contribution),
vanadium (HQ of 14, 4.4 percent contribution), barium (HQ of 7.3, 2.3 percent contribution), hexavalent
chromium (HQ of 6.3, 2.1 percent contribution), and nickel (HQ of 3.8, 1.2 percent contribution) .
Contribution to noncancer HI is elevated for arsenic (HQ of 26, 8.4 percent contribution), where
measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 5.4, which is greater than the EPA
target HI of 1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) is antimony (HQ of 1.6, 30 percent contribution), beryllium (HQ of 1.2, 22 percent
contribution), and cadmium (HQ of 1.3, 24 percent contribution). The remaining individual analytes that
contribute greater than one percent of the HI but report a HQ less than 1 are hexavalent chromium,
trichloroethene, and vanadium. Table 7-70 provides a summary of the risk estimates by exposure route.
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Table 7-70. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1

Groundwater in a Sweat Lodge

PUREX Cribs Exposure Area

ELCR Primary Contributors to Total HI
Exposure Route Cumulative ELCR? (>1%)

Primary Contributors to Total
Cumulative HI (>1%)

Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

8.9E-06 0.33
(vapor)
Nonvolatile (aerosol) 5.6E-02 303
Total  5.6E-02 1o avalent Chromium (4.8E-02, 60%) 904
| 0,
Dermal Exposure in Sweat Lodge ngra?lﬂtrflz(g_g3_3’332?% )
. . . Arsenic (1.7E-03, 2.1%)
Volatile and Semi-Volatiles , 5¢ gq Beryllium (1.4E-03, 1.7%) <0.01
(vapor only)
Nonvolatile (vapor and 2 0E-04 5.1
aqueous condensate)
Total 2.0E-04 5.1
Total Nonradionuclide 5.7E-02 309

Cadmium (113, 37%)
Cobalt (49, 16%)
Uranium (41, 13%)
Beryllium (30, 9.8%)
Arsenic (26, 8.4%)
Manganese (15, 4.8%)
Vanadium (14, 4.4%)
Barium (7.3, 2.3%)
Hexavalent Chromium (6.3, 2.1%)
Nickel (3.8, 1.2%)

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 2.1E-03 Uranium-234 (1.1E-02, 14%) -
Uranium-238 (9.9E-03, 12%)
Nonvolatile (aerosol) 2.2E-02 Tritium (2.1E-03, 2.6%) -

Total Radionuclide  2.4E-02 -

Total Cumulative ELCR® 8.1E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

8.9E-06 0.33
(vapor)
Nonvolatile (aerosol) --b b
Total ~ 8.9E-06 2,6-Dinitrotoluene (9.6E-05, 4.2%) 0.33
Dermal Exposure in Sweat Lodge n'NithOdi'n'dipmp/yl)amme (8.4E-05,
3.7%

Volatile and Semi-Volatiles

2.2E-09 <0.01
(vapor only)
Nonvolatile (aqueous 2 0E-04 5.1
condensate only)
Total 2.0E-04 51

Antimony (1.6, 30%)
Beryllium (1.2, 22%)
Cadmium (1.3, 24%)
Hexavalent Chromium (0.45, 8.4%)
Trichloroethene (0.33, 6.1%)
Vanadium (0.30, 5.5%)
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Table 7-70. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1

Groundwater in a Sweat Lodge

Exposure Route

PUREX Cribs Exposure Area

ELCR

Primary Contributors to Total
Cumulative ELCR? (>1%)

HI

Primary Contributors to Total
Cumulative HI (>1%)

Total Nonradionuclide

2.1E-04

54

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 2.1E-03
Nonvolatile (aerosol) --b

Total Radionuclide  2.1E-03

Total Cumulative ELCR? 2.3E-03

Tritium (2.1E-03, 91%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile

contaminants.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.2.2.2 WMA A/AX and 216-A-29 Exposure Area

The total ELCR for the WMA A/AX and 216-A-29 exposure area With contributions from aerosolized
nonvolatile analytes is 3.5 x 10~ for nonradiological analytes and 2.2 x 10~ for radiological analytes, both
of which are greater than the EPA upper target risk threshold of 1 x 10™*. The major contributors to the
total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR)
are hexavalent chromium (3.0 x 102, 80 percent contribution), cobalt (2.2 x 107, 6.0 percent
contribution), uranium-234 (9.7 x 10, 2.6 percent contribution), uranium-238 (6.0 x 10, 1.6 percent
contribution), cadmium (5.8 x 10™, 1.6 percent contribution), and technetium-99 (5.8 x 10, 1.6 percent
contribution). Contribution to ELCR is elevated for arsenic (2.1 x 10, 5.8 percent contribution), where
measured concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 5.6 x 10~ for
nonradiological analytes and 6.9 x 107 for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10°. The major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tritium (6.9 x 10, 55 percent
contribution), 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (3.2 x 107, 26 percent contribution), and bis(2-
ethylhexyl) phthalate (2.6 x 10, 2.1 percent contribution). Contribution to ELCR is elevated for arsenic
(2.1 x 10, 17 percent contribution), where measured concentrations are within natural background
values.

The HI for the WMA A/AX and 216-A-29 exposure area With contributions from aerosolized nonvolatile
analytes is 158, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer
HI (those analytes that contribute greater than 1 percent of total HI) are cobalt (41, 26 percent
contribution), cadmium (HQ of 33, 21 percent contribution), vanadium (HQ of 16, 10 percent
contribution), manganese (HQ of 9.1, 5.8 percent contribution), nickel (HQ of 8.0, 5.1 percent
contribution), uranium (HQ of 6.3, 4.0 percent contribution), barium (HQ of 5.0, 3.2 percent
contribution), and hexavalent chromium (HQ of 3.9, 2.5 percent contribution). Contribution to noncancer
HI is elevated for arsenic (HQ of 33, 21 percent contribution), where measured concentrations are within
natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 2.8, which is greater than the EPA
target HI of 1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) is antimony (HQ of 1.3, 46 percent contribution). The remaining individual analytes
that contribute greater than one percent of the HI but report a HQ less than 1 are cadmium, 1,2,3,4,7,8-
hexachlorodibenzo-p-dioxin, vanadium, hexavalent chromium, arsenic, and silver. Table 7-71 provides a
summary of the risk estimates by exposure route.

Table 7-71. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

WMA A/AX and 216-A-29 Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge
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Table 7-71. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1

Groundwater in a Sweat Lodge

WMA A/AX and 216-A-29 Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles <0.01
(vapor)
Nonvolatile (aerosol) 3.5E-02 155
o Cobalt (41, 26%)
Total  3.5E-02 155 .
Hexavalent Chromium (3.0E-02, 80%) CArdsef)'C (5(*3?52;:/3/))
Dermal Exposure in Sweat Lodge Cobalt (2.2E-03, 6.0%) AcmILIM (o, 2 o0
P 9 Arsenic (2.1E-03, 5.8%) MVanadlum ((;61, 1{?‘@ )
i i i Cadmium (5.8E-04, 1.6% anganese (3.1, 9.6%
(V;/o(lje;tgila?d Semi-Volatiles _ ( 0) <0.01 Nickel (8.0, 5.1%)
p y Uranium (6.3, 4.0%)
. Barium (5.0, 3.2%)
Nonvolatile (vapor and .
aqueous condensate) 5.6E-05 2.8 Hexavalent Chromium (3.9, 2.5%)
Total 5.6E-05 2.8
Total Nonradionuclide 3.5E-02 158

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

6.9E-05 -
(vapor) Uranium-234 (9.7E-04, 2.6%)
) Uranium-238 (6.0E-04, 1.6%)
Nonvolatile (aerosol) 2.2B-03 Technetium-99 (5.8E-04, 1.6%) -

Total Radionuclide  2.2E-03 -

Total Cumulative ELCR® 3.7E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) - <0.01
Nonvolatile (aerosol) --b --b
Total B 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin <0.01
. (3.2E-05, 26%)
Dermal Exposure in Sweat Lodge Arsenic (2.1E-05, 17%)
Volatile and Semi-Volatiles Bis(2-ethylhexyl) thhaIate (2.6E-06,
-- 2.1%) <0.01
(vapor only)
Nonvolatile (aqueous 5.6E-05 28
condensate only)
Total 5.6E-05 2.8
Total Nonradionuclide 5.6E-05 2.8

Antimony (1.3, 46%)
Cadmium (0.37, 13%)
1,2,3,4,7,8-Hexachlorodibenzo-p-
dioxin (0.35, 13%)
Vanadium (0.34, 12%)
Hexavalent Chromium (0.28, 10%)
Arsenic (0.05, 1.7%)

Silver (0.03, 1.2%)

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)
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Table 7-71. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

WMA A/AX and 216-A-29 Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 6.9E-05 _
(vapor)
b Tritium (6.9E-05, 55%) -

Nonvolatile (aerosol) - -

Total Radionuclide  6.9E-05 -

Total Cumulative ELCR® 1.3E-04 -

Notes:
a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.2.2.2.3 BC Cribs and Trenches Exposure Area

The total ELCR for the BC Cribs and Trenches exposure area with contributions from aerosolized
nonvolatile analytes is 1.4 x 10" for nonradiological analytes and 1.3 x 10~ for radiological analytes, both
of which are greater than the EPA upper target risk threshold of 1 x 10™*. The major contributor to the
total cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is
hexavalent chromium (1.4 x 107!, 95 percent contribution) and cobalt (4.5 x 103, 3.1 percent
contribution).

The total ELCR without contributions from aerosolized nonvolatile analytes is 6.3 x 10 for
nonradiological analytes and 2.0 x 107 for radiological analytes, both of which are within the EPA range
of 1 x 10 to 1 x 10, The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (2.0 x 10, 24 percent contribution).
Contribution to ELCR is elevated for arsenic (6.3 x 10, 76 percent contribution), where measured
concentrations are within natural background values.

The HI for the BC Cribs and Trenches exposure area with contributions from aerosolized nonvolatile
analytes is 397, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer
HI (those analytes that contribute greater than 1 percent of total HI) are manganese (250, 63 percent
contribution), cobalt (HQ of 83, 21 percent contribution), hexavalent chromium (HQ of 19, 4.8 percent
contribution), vanadium (HQ of 14, 3.5 percent contribution), nickel (HQ of 6.2, 1.6 percent
contribution), barium (HQ of 6.0, 1.5 percent contribution), and uranium (HQ of 5.9, 1.5 percent
contribution). Contribution to noncancer HI is elevated for arsenic (HQ of 9.7, 2.4 percent contribution ),
where measured concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 3.8, which is greater than the EPA
target HI of 1.0. The primary contributors to the noncancer HI (those analytes that contribute greater than
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1 percent of total HI) are antimony (HQ of 1.6, 42 percent contribution) and hexavalent chromium (HQ of
1.4, 36 percent contribution). The remaining analytes that contribute greater than one percent of the HI

but report a HQ less than 1 are manganese, vanadium, iron, and silver. Table 7-72 provides a summary of
the risk estimates by exposure route.

Table 7-72. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1

Groundwater in a Sweat Lodge

BC Cribs and Trenches Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles <0.01
(vapor)
Nonvolatile (aerosol) 1.4E-01 393
Manganese (250, 63%)
Total  1.4E-01 393 Cobalt (83, 21%)
Hexavalent Chromium (19, 4.8%)
Dermal Exposure in Sweat Lodge Hexavalent Chromium (1.4E-01, 95%) Vanadium (14, 3.5%)
Cobalt (4.5E-03, 3.1%) R — Arsenic (9.7, 2.4%)
Volatile and Semi-Volatiles <0.01 Nickel (6.2, 1.6%)
(vapor only) : Barium (6.0, 1.5%)
e Uranium (5.9, 1.5%)
Nonvolatile (vapor and 6.3E-06 3.8
aqueous condensate)
Total 6.3E-06 3.8
Total Nonradionuclide 1.4E-01 397
Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 2 0E-06 _
(vapor)
Nonvolatile (aerosol) 1.3E-03 - - B
Total Radionuclide  1.3E-03 --
Total Cumulative ELCR? 1.4E-01 -

Nonradionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles
(vapor)

Nonvolatile (aerosol) -

Total -

Dermal Exposure in Sweat Lodge

Arsenic (6.3E-06, 76%)

Antimony (1.6, 42%)
Hexavalent Chromium (1.4, 36%)
Manganese (0.38, 10%)
Vanadium (0.30, 8.0%)

Iron (0.04, 1.2%)

Silver (0.04, 1.2%)
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Table 7-72. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

BC Cribs and Trenches Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles _ <0.01
(vapor only)
Nonvolatile (aqueous 6.3E-06 3.8
condensate only)
Total 6.3E-06 3.8
Total Nonradionuclide 6.3E-06 3.8

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 2.0E-06 -
Nonvolatile (aerosol) b Tritium (2.08-06, 24%) - -
Total Radionuclide  2.0E-06 -
Total Cumulative ELCR? 8.3E-06 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.2.2.2.4 216-B-3 Pond Exposure Area

The total ELCR for the 216-B-3 Pond exposure area with contributions from aerosolized nonvolatile
analytes is 4.5 x 107 for nonradiological analytes and 1.6 x 10™* for radiological analytes, both of which
are greater than the EPA upper target risk threshold of 1 x 10, The major contributor to the total
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) is
hexavalent chromium (4.3 x 10?2, 95 percent contribution). Contribution to ELCR is elevated for arsenic
(2.1 x 107, 4.7 percent contribution), where measured concentrations are within natural background
values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.1 x 10~ for
nonradiological analytes and 1.6 x 10™* for radiological analytes. The nonradiological ELCR is within the
EPA range of 1 x 10 to 1 x 10°® and the radiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10", The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (1.6 x 10, 88 percent contribution).
Contribution to ELCR is elevated for arsenic (2.1 x 107, 12 percent contribution), where measured
concentrations are within natural background values.
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The HI for the 216-B-3 Pond exposure area with contributions from aerosolized nonvolatile analytes is
152, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 81, 53 percent
contribution), vanadium (HQ of 16, 10 percent contribution), uranium (HQ of 6.2, 4.1 percent
contribution), hexavalent chromium (HQ of 5.6, 3.7 percent contribution), nickel (HQ of 5.0, 3.3 percent
contribution), and barium (HQ of 4.5, 3.0 percent contribution). Contribution to noncancer HI is elevated
for arsenic (HQ of 32, 21 percent contribution), where measured concentrations are within natural
background values.

The HI without contributions from aerosolized nonvolatile analytes is 0.95, which is less than the EPA
target HI of 1.0. Table 7-73 provides a summary of the risk estimates by exposure route.

Table 7-73. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

216-B-3 Pond Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles _
(vapor)
Nonvolatile (aerosol) 4.5E-02 151
Manganese (81, 53%)
Total 4.5E-02 151 Arsenic (32’ 21 t%)
H 0,
Dermal Exposure in Sweat Lodge Hexavalent Chromium (4.3E-02, 95%) Vanadium (16, 10%)

Uranium (6.2, 4.1%)

i - 0, _
Arsenic (2.1E-03, 4.7%) Hexavalent Chromium (5.6, 3.7%)
- Nickel (5.0, 3.3%)
Barium (4.5, 3.0%)

Volatile and Semi-Volatiles
(vapor only)

Nonvolatile (vapor and

2.1E-05 0.95

aqueous condensate)
Total 2.1E-05 0.95
Total Nonradionuclide 4.5E-02 152

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

1.6E-04 -
(vapor)

Nonvolatile (aerosol) 5.6E-06 - - -

Total Radionuclide  1.6E-04 -

Total Cumulative ELCR?® 4.5E-02 -

Nonradionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge Arsenic (2.1E-05, 12%) -
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Table 7-73. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1

Groundwater in a Sweat Lodge

216-B-3 Pond Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Volatile and Semi-Volatiles _
(vapor)
Nonvolatile (aerosol) --b --b
Total -- --
Dermal Exposure in Sweat Lodge
Volatile and Semi-Volatiles a
(vapor only)
Nonvolatile (aqueous 2 1E-05 0.95
condensate only)
Total 2.1E-05 0.95
Total Nonradionuclide 2.1E-05 0.95

Radionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.6E-04
Nonvolatile (aerosol) --b

Total Radionuclide  1.6E-04

Total Cumulative ELCR?® 1.8E-04

Tritium (1.6E-04, 88%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile

contaminants.
ELCR = excess lifetime cancer risk.
HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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7.2.2.2.5 NRDWL/SWL Exposure Area

The total ELCR for the NRDWL/SWL exposure area with contributions from aerosolized nonvolatile
analytes is 3.2 x 107 for nonradiological analytes and 2.5 x 10~ for radiological analytes, both of which
are greater than the EPA upper target risk threshold of 1 x 10, The major contributors to the total
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are
hexavalent chromium (3.1 x 102, 90 percent contribution), uranium-234 (1.4 x 10, 4.1 percent
contribution), and uranium-238 (8.7 x 10™, 2.5 percent contribution). Contribution to ELCR is elevated
for arsenic (6.8 x 10™, 2.0 percent contribution), where measured concentrations are within natural
background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.2 x 10~ for
nonradiological analytes and 2.4 x 10 for radiological analytes. The nonradiological ELCR is within the
EPA range of 1 x 10 to 1 x 10 and the radiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10™*. The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are tritium (2.4 x 10™*, 92 percent contribution) and
bis(2-ethylhexyl) phthalate (8.8 x 107, 3.3 percent contribution). Contribution to ELCR is elevated for
arsenic (6.8 x 10, 2.6 percent contribution), where measured concentrations are within natural
background values.

The HI for the NRDWL/SWL exposure area with contributions from aerosolized nonvolatile analytes is
59, which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are uranium (HQ of 12, 21 percent
contribution), barium (HQ of 12, 20 percent contribution), vanadium (HQ of 7.1, 12 percent contribution),
manganese (HQ of 6.6, 11 percent contribution), nickel (HQ of 5.4, 9.1 percent contribution), hexavalent
chromium (HQ of 4.1, 6.9 percent contribution), and fluoride (HQ of 1.1, 1.8 percent contribution).
Contribution to noncancer HI is elevated for arsenic (HQ of 11, 18 percent contribution), where measured
concentrations are within natural background values.

The HI without contributions from aerosolized nonvolatile analytes is 0.82, which is less than the EPA
target HI of 1.0. Table 7-74 provides a summary of the risk estimates by exposure route.

Table 7-74. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

NRDWL/SWL Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles 6.3E-06 0.10 Uranium (12, 21%)
(vapor) Barium (12, 20%)

Nonvolatile (aerosol) 82B-02 o avalent Chromium (3.1E-02, 90%) _ °0 VQ\;ZZ?U'%(W??%

Total 3.2E-02 Arsenic (6.8E-04, 2.0%) 59 Maﬁi%igle(s;‘{%é‘hg/:)%)

Dermal Exposure in Sweat Lodge Hexava;?:;%g?ﬂ‘f?_g},/':)‘ 6.9%)

Volatile and Semi-Volatiles 4.5E-09 <0.01

(vapor only)
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Table 7-74. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

NRDWL/SWL Exposure Area

Primary Contributors to Total Primary Contributors to Total

ELCR HI

Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)
Nonvolatile (vapor and 1.6E-05 0.72
aqueous condensate)
Total 1.6E-05 0.72
Total Nonradionuclide 3.2E-02 59

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

2.4E-04 -
(vapor)
Uranium-234 (1.4E-03, 4.1%) _
Nonvolatile (aerosol) 2.3E-03 Uranium-238 (8.7E-04, 2.5%) -
Total Radionuclide  2.5E-03 -
Total Cumulative ELCR® 3.5E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

6.3E-06 0.10
(vapor)
Nonvolatile (aerosol) --b --b
Total 6.3E-06 0.10
Dermal Exposure in Sweat Lodge B|s(2-ethy|hexy2.§‘r;: ?alate (8.8E-06, _
. . . Arsenic (6.8E-06, 2.6%)
Volatile and Semi-Volatiles 4.5E-09 <0.01
(vapor only)
Nonvolatile (aqueous 1.6E-05 0.72
condensate only)
Total 1.6E-05 0.72
Total Nonradionuclide 2.2E-05 0.82

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

2.4E-04 --
(vapor)

. ) o - 3
Nonvolatile (aerosol) --b Tritium (2.4E-04, 92%) -

Total Radionuclide 2.4E-04 -

Total Cumulative ELCR® 2.7E-04 -
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Table 7-74. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

NRDWL/SWL Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Notes:
a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.2.2.2.6 Far Field Exposure Area

The total ELCR for the Far Field exposure area with contributions from aerosolized nonvolatile analytes
is 2.6 x 10 for nonradiological analytes and 2.2 x 107 for radiological analytes, both of which are greater
than the EPA upper target risk threshold of 1 x 10™*. The major contributor to the total cumulative ELCR
(those analytes that contribute greater than 1 percent of total cumulative ELCR) are hexavalent chromium
(2.4 x 1072, 49 percent contribution), uranium-233/234 (1.2 x 10, 25 percent contribution), uranium-238
(6.0 x 107, 13 percent contribution), tritium (1.9 x 107, 3.9 percent contribution), and uranium-234 (1.1 x
1073, 2.2 percent contribution). Contribution to ELCR is elevated for arsenic (1.7 x 10, 3.5 percent
contribution), where measured concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 6.5 x 10~ for
nonradiological analytes and 1.9 x 10~ for radiological analytes. The nonradiological ELCR is within the
EPA range of 1 x 10 to 1 x 10" and the radiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10™. The major contributors to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) are tritium (1.9 x 10, 97 percent contribution) and
dibromochloromethane (2.2 x 107, 1.1 percent contribution).

The HI for the Far Field exposure area with contributions from aerosolized nonvolatile analytes is 141,
which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are uranium (HQ of 34, 24 percent
contribution), cadmium (HQ of 28, 20 percent contribution), manganese (HQ of 23, 17 percent
contribution), vanadium (HQ of 8.0, 5.7 percent contribution), barium (HQ of 6.5, 4.6 percent
contribution), nickel (HQ of 5.7, 4.1 percent contribution), hexavalent chromium (HQ of 3.1, 2.2 percent
contribution), and cobalt (HQ of 2.3, 1.7 percent contribution). Contribution to noncancer HI is elevated
for arsenic (HQ of 26, 18 percent contribution), where measured concentrations are within natural
background values.

The HI without contributions from aerosolized nonvolatile analytes is 3.1, which is greater than the EPA
target HI of 1.0. The primary contributor to the noncancer HI (those analytes that contribute greater than 1
percent of total HI) is antimony (HQ of 1.4, 46 percent contribution). The remaining analytes that
contribute greater than one percent of the HI but report a HQ less than 1 are trichloroethene,
bromomethane, cadmium, hexavalent chromium, vanadium, silver, arsenic, tetrachloroethene, and
manganese. Table 7-75 provides a summary of the risk estimates by exposure route.
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Table 7-75. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1

Groundwater in a Sweat Lodge

Far Field Exposure Area

ELCR Primary Contributors to Total

Exposure Route Cumulative ELCR? (>1%) HI

Primary Contributors to Total
Cumulative HI (>1%)

Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

4.4E-05 0.71
(vapor)
Nonvolatile (aerosol) 2.6E-02 138
Total 2.6E-02 139
Dermal Exposure in Sweat Lodge Hexavalent Chromium (2.4E-02, 49%)
Arsenic (1.7E-03, 3.5%)
Volatile and Semi-Volatiles 1.9E-08 <0.01
(vapor only)
Nonvolatile (vapor and 2 0E-05 24
aqueous condensate)
Total 2.0E-05 24
Total Nonradionuclide 2.6E-02 141

Uranium (34, 24%)
Cadmium (28, 20%)
Arsenic (26, 18%)
Manganese (23, 17%)
Vanadium (8.0, 5.7%)
Barium (6.5, 4.6%)

Nickel (5.7, 4.1%)
Hexavalent Chromium (3.1, 2.2%)
Cobalt (2.3, 1.7%)

Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.9E-03 Uranium-233/234 (1.2E-02, 25%) -
Uranium-238 (6.0E-03, 13%)
Nonvolatile (aerosol) 2.0E-02 Tritium (1.9E-03, 3.9%) -

Uranium-234 (1.1E-03, 2.2%)
Total Radionuclide  2.2E-02 -

Total Cumulative ELCR® 4.8E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 4.4E-05 0.71
Nonvolatile (aerosol) --b b
Total 4.4E-05 0.71

i ~ )
Dermal Exposure in Sweat Lodge Dibromochloromethane (2.2E-05, 1.1%)

Volatile and Semi-Volatiles

1.2E-08 <001
(vapor only)
Nonvolatile (aqueous 2. 0E-05 24
condensate only) - .
Total  2.0E-05 24

Antimony (1.4, 46%)
Trichloroethene (0.33, 11%)
Bromomethane (0.33, 10%)

Cadmium (0.32, 10%)

Hexavalent Chromium (0.22, 7.1%)
Vanadium (0.18, 5.6%)
Silver (0.10, 3.1%)
Arsenic (0.04, 1.2%)
Tetrachloroethene (0.04, 1.2%)
Manganese (0.04, 1.1%)
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Table 7-75. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

Far Field Exposure Area

ELCR Primary Contributors to Total HI Primary Contributors to Total
Exposure Route Cumulative ELCR? (>1%) Cumulative HI (>1%)

Total Nonradionuclide 6.5E-05 3.1

Radionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 1.9E-03 -
Nonvolatile (aerosol) b Tritium (1.98-03, 97%) - -
Total Radionuclide  1.9E-03 -
Total Cumulative ELCR? 1.9E-03 -
Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile
contaminants.

ELCR = excess lifetime cancer risk.
HI = hazard index.
-- = Indicates HI or ELCR not applicable.

7.2.2.2.7 Near River Exposure Area

The total ELCR for the Near River exposure area with contributions from aerosolized nonvolatile analytes
is 2.7 x 107 for nonradiological analytes and 2.9 x 107 for radiological analytes, both of which are greater
than the EPA upper target risk threshold of 1 x 10™*. The major contributors to the total cumulative ELCR
(those analytes that contribute greater than 1 percent of total cumulative ELCR) are hexavalent chromium
(2.6 x 102, 86 percent contribution), uranium-234 (9.2 x 10, 3.1 percent contribution), uranium-233/234
(8.7 x 10™, 2.9 percent contribution), tritium (5.3 x 10, 1.8 percent contribution), and uranium-238 (5.2

x 10™, 1.7 percent contribution). Contribution to ELCR is elevated for arsenic (1.2 x 107, 3.9 percent
contribution), where measured concentrations are within natural background values.

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.2 x 10~ for
nonradiological analytes and 5.3 x 10™* for radiological analytes. The nonradiological ELCR is within the
EPA range of 1 x 10 to 1 x 10 and the radiological ELCR is greater than the EPA upper target risk
threshold of 1 x 10™*. The major contributor to the total cumulative ELCR (those analytes that contribute
greater than 1 percent of total cumulative ELCR) is tritium (5.3 x 10, 98 percent contribution).
Contribution to ELCR is elevated for arsenic (1.2 x 10, 2.2 percent contribution), where measured
concentrations are within natural background values.

The HI for the Near River exposure area with contributions from aerosolized nonvolatile analytes is 142,
which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI (those
analytes that contribute greater than 1 percent of total HI) are manganese (HQ of 86, 61 percent
contribution), uranium (HQ of 11, 7.5 percent contribution), vanadium (HQ of 9.2, 6.5 percent
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contribution), barium (HQ of 7.8, 5.5 percent contribution), hexavalent chromium (HQ of 3.3, 2.4 percent
contribution), and cobalt (HQ of 3.2, 2.3 percent contribution). Contribution to noncancer HI is elevated
for arsenic (HQ of 18, 13 percent contribution), where measured concentrations are within natural
background values.

The HI without contributions from aerosolized nonvolatile analytes is 0.84, which is less than the EPA
target HI of 1.0. Table 7-76 provides a summary of the risk estimates by exposure route.

Table 7-76. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1
Groundwater in a Sweat Lodge

Near River Exposure Area

Primary Contributors to Total Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR? (>1%) il Cumulative HI (>1%)
Nonradionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles <0.01
(vapor)
Nonvolatile (aerosol) 2.7E-02 141
Manganese (86, 61%)
Total 2.7E-02 141 Arsenic (18, 13%)
- Hexavalent Chromium (2.6E-02, 86%) Uranium (11, 7.5%)
Dermal Exposure in Sweat Lodge Arsenic (1.2E-03, 3.9%) Vanadium (9.2, 6.5%)
. . ) Barium (7.8, 5.5%)
;/O(I)?tgiland Semi-Volatiles - <0.01  Hexavalent Chromium (3.3, 2.4%)
(vapor only) Cobalt (3.2, 2.3%)
Nonvolatile (vapor and 1.2E-05 0.84
aqueous condensate)
Total 1.2E-05 0.84
Total Nonradionuclide 2.7E-02 142
Radionuclide Analytes
(with Aerosolized Nonvolatile Analytes)
Inhalation in Sweat Lodge
Volatile and Semi-Volatiles 5 3E-04
(vapor) el Uranium-234 (9.2E-04, 3.1%) -
Uranium-233/234 (8.7E-04, 2.9%) _ _
Nonvolatile (aerosol) 2.4E-03 Tritium (5.3E-04, 1.8%) -

Uranium-238 (5.2E-04, 1.7%) Em—
Total Radionuclide  2.9E-03 -

Total Cumulative ELCR® 3.0E-02 -

Nonradionuclide Analytes
(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

(VZSC')?;“‘* and Semi-Volatiles - Arsenic (1.2E-05, 2.2%) <0.01 -

Nonvolatile (aerosol) - -
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Table 7-76. Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-PO-1

Groundwater in a Sweat Lodge

Near River Exposure Area

Primary Contributors to Total

Primary Contributors to Total

Exposure Route 2HE Cumulative ELCR® (>1%) HI Cumulative HI (>1%)
Total -- <0.01

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles <0.01

(vapor only)

Nonvolatile (aqueous 1.2E-05 0.84

condensate only)
Total 1.2E-05 0.84

Total Nonradionuclide 1.2E-05 0.84

Radionuclide Analytes

(without Aerosolized Nonvolatile Analytes)

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles

(vapor) 5.3E-04
Nonvolatile (aerosol) --b

Total Radionuclide  5.3E-04

Total Cumulative ELCR? 5.4E-04

Tritium (5.3E-04, 98%)

Notes:

a. Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.

b. The inhalation and dermal vapor contact exposure pathways are considered incomplete for nonvolatile

contaminants.

ELCR = excess lifetime cancer risk.

HI = hazard index.

-- = Indicates HI or ELCR not applicable.
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Figure 6-1
HAND CALCULATIONS
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