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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-1OUs 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: 

 Low-Level Waste Management Area-1 (LLWMA1) (218-E-10 Landfill)  

 Low-Level Waste Management Area-2 (LLWMA2) and the 216-B-63 Trench  

 Waste Management Area (WMA) B/BX/BY Tank Farms 

 WMA C Tank Farm 

 B Plant  

 Semiworks  

 Liquid Effluent Retention Basin (LERF) 

 Gable Mountain Pond  

 200-BP-5 West  

 Far Field (North of Gable Gap)  

 Near River  

 200-BP-5 Confined  

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

 PUREX Cribs 

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

 BC Cribs and Trenches 

 216-B-3 Pond Facility (Three  lobes)  

 Nonradioactive Dangerous Waste Landfill/Solid Waste Landfill (NRDWL/SWL)  

 Far Field  

 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 I Human Health Evaluation Manual (Part A): Interim Final). The following equations are used to 
estimate cancer risk for non-radionuclides and radionuclides: 

For nonradionuclides: 

 SFCDIRisk   (1) 

where: 

 Risk = Excess lifetime cancer risk (unitless probability) 
 CDI = Chronic daily intake averaged over a lifetime (mg/kg-day)  
 SF = Cancer slope factor (mg/kg-day)-1 

 

For radionuclides:   SFIntakeRisk   (2) 

where: 

 Risk = Excess lifetime cancer risk (unitless probability) 
 Intake = Activity (pCi)  
 SF = Cancer slope factor (pCi)-1 

 

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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  SFCDIRisk  exp1  (3) 
where: 

 Risk = Excess lifetime cancer risk (unitless probability) 
 CDI = Chronic daily intake averaged over a lifetime (mg/kg-day) or (pCi) 
 SF = Cancer slope factor (mg/kg-day)-1 or (pCi)-1 

 
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): 

  (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: 

 Ingestion of water, 

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

 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: 

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

 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 

day)-(mg/kg RfD

day)-(mg/kg Intake Chemical
HQ 
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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:    

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

 EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – 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), Final;  

 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. 

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

o RAIS Risk Exposure Models for Chemicals User’s Guide 
(http://rais.ornl.gov/tools/rais_chemical_risk_guide.html) 

o 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:   

 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). 

 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; and 

 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.   
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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 BWc 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/cm3 1 L = 1,000 cm3 

Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)-1 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 μg/m3 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/cm2-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 
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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 m3/day Harris, 2008 

Inhalation Rate - child INHc 15 m3/day Harris, 2008 

Age-Adjusted Inhalation Rate - radiological INH_RADadj 1,690 m3-year/day Equation 18 

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

Water Ingestion Rate - child IRWc 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_RADadj 262 L-year/day Equation 11 

Inhalation Unit Risk IUR analyte-specific (µg/m3)-1 See Table 4-5 

Dermal permeability coefficient Kp analyte-specific cm/hour See Table 4-5 

The constant pi π 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 SAadj 21,660 cm2-year/kg-day Equation 21 

Skin Surface Area - adult SAa 20,900 cm2 EPA/600/R‐090/052F 
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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 cm2 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 τ 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 I - 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. 
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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 

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 BWc 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 1 L = 1,000 cm3 

Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)-1 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 μg/m3 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/cm2-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 
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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 

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 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_RADadj 1,760 m3-year/day Equation 18 

Inhalation Rate - adult INHa 26 m3/day Ridolfi, 2007 

Inhalation Rate - child INHc 16 m3/day Ridolfi, 2007 

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

Water Ingestion Rate - child IRWc 2 L/day Ridolfi, 2007 

Age-adjusted Water Ingestion Rate – nonradiological IRWadj 4.407 L-year/kg-day Equation 6 

Age-adjusted Water Ingestion Rate – radiological IRW_RADadj 268 L-year/day Equation 11 

Inhalation Unit Risk IUR analyte-specific (µg/m3)-1 See Table 4-5 

Dermal permeability coefficient Kp analyte-specific cm/hour See Table 4-5 

The constant pi π 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 SAadj 21,500 cm2-year/kg-day Equation 22 

Skin Surface Area - adult SAa 20,900 cm2 EPA/600/R‐090/052F 
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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 cm2 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 τ 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 I - 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. 

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 

Effect 
Symbol for 

Calculated Value Reference  

Carcinogenic 

CDI 
IRWadj 

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

Risk EPA/540/R-92/003 

Noncarcinogenic 
CDI 

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

HQ EPA/540/R-92/003 

Radionuclide 

CDI 

IRW_RADadj 
RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2014) 

Risk EPA/540/R-92/003 

Notes: 

CDI= chronic daily intake 

HQ= hazard quotient 

IRWadj = age-adjusted water ingestion rate. 

IRW_RADadj = age-adjusted water ingestion rate for radionuclides. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – 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: 

 
1CFAT

EFIRWC
CDI

adjw




  (5)

 

where: 

 
 

aBW
aIRWcEDaED

cBW
cIRWcED

adjIRW





  (6) 

Cancer risk is calculated using the following equation: 

 CSFoCDIRISK   (7) 

3.1.1.2 Drinking Water Ingestion—Noncarcinogenic Effects 
For ingestion of noncarcinogens, the CDI is calculated using the following equation: 
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 1CFATBW

EDEFIRWC
CDI

a

aaw




  (8) 

Noncancer hazard is calculated using the following equation: 

 RfDo

CDI
HQ   (9) 

3.1.1.3 Drinking Water Ingestion—Radionuclides 
For ingestion of radionuclides, the CDI is calculated using the following equations: 

 EFRADIRWCCDI adjw  _  (10) 

where: 

 
)]([)(_ aIRWcEDaEDcIRWcEDadjRADIRW 
 (11) 

Radiological cancer risk is calculated using the following equation: 

 SFoCDIRISK   (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  

Effect 
Symbol for 

Calculated Value Reference  

Carcinogenic 
CDI 

RAIS Risk Exposure Models for Chemicals User’s Guide  

(ORNL, 2014) 

Risk EPA-540-R-070-002 

Noncarcinogenic 
CDI 

RAIS Risk Exposure Models for Chemicals User’s Guide  

(ORNL, 2014) 

HQ EPA-540-R-070-002 

Radionuclide 

CDI 

INH_RADadj 
RAIS Risk Exposure Models for Radionuclides User's Guide (ORNL, 
2014) 

Risk EPA/540/R-92/003 

Notes: 
CDI= chronic daily intake. 
HQ = hazard quotient. 
INH_RADadj = 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). 
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Table 3-4. Calculated Values and Reference Bases Used for the Drinking Water Inhalation of Volatiles 
Exposure Route  

Effect 
Symbol for 

Calculated Value Reference  

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – 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:  

 

 1

10002

CFAT

mg

g
VFCFETEFEDC

CDI
aw

















 
(13) 

 
Cancer risk is calculated using the following equation: 

 IURCDIRISK       (14) 

3.1.2.2 Drinking Water Inhalation of Volatiles—Noncarcinogenic Effects  
For inhalation of noncarcinogens, the CDI is calculated using the following equation: 

 

 1

2

CFAT

VFCFETEFEDC
CDI aw





 

(15) 

Noncancer hazard is calculated using the following equation: 

 RfC

CDI
HQ 

 
(16) 

3.1.2.3 Drinking Water Inhalation of Volatiles—Radionuclides 
For inhalation of radionuclides, the CDI is calculated using the following equations: 

 2_ CFETEFVFRADINHCCDI adjw   (17) 

where: 

 
)]([)(_ aINHcEDaEDcINHcEDadjRADINH 

 (18) 

Radiological cancer risk is calculated using the following equation: 
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 SFiCDIRISK        (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  

Carcinogenic 

CDI EPA/540/R/99/005  

SAadj EPA/540/R/99/005 

ETadj EPA/540/R/99/005 

DAevent EPA/540/R/99/005 

Risk EPA/540/R/99/005 

Noncarcinogenic 

CDI EPA/540/R/99/005 

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. 
SAadj = 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: 
 

 
1CFAT

EFadjSAeventDA
CDI




  (20) 

where: 
 

  
a

aaca

c

ccc
adj BW

EVSAEDED

BW

EVSAED
SA





  (21) 

Cancer risk is calculated using the following equation: 
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 GIABS

CSFo
CDIRISK    (22) 

3.1.3.2 Drinking Water Dermal Absorption— Noncarcinogenic Effects 
For dermal exposure to noncarcinogens, the CDI is calculated using the following equation: 

 

 
1CFATBW

EVEDEFSADA
CDI

a

aaevent




  (23) 

Noncancer hazard is calculated using the following equation: 

 

 
GIABSRfDo

CDI
HQ


  (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:  

 

    
aED

aETcEDaEDcEDcET
adjET




 (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 (DAevent), 
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: 

 
 ET

CFCwKpFADAevent



6

32  (26) 

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

 



































2

2

)1(

331
2

1
3

B

BB

B

ET
CFCwKpFADAevent   (27) 

where ET = ETa or ETadj, for noncarcinogenic and carcinogenic effects, respectively. 

For inorganics, the following steady-state equation is used to estimate DAevent: 

 3CFETCwKpDAevent   (28) 

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

F 
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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)1 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. 



 

 
 

 

E
C

F
-H

A
N

F
O

R
D

-13-0036, R
E

V
. 0 

 

18 

 

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 – carcinogensa AT 70 year Harris and Harper, 2004 

Averaging Time –noncarcinogensa 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/m2-cm 1 L = 0.01 m2  x 10 cm 

Groundwater Concentrationb Cdw analyte-specific mg/L or pCi/L ECF-HANFORD-13-0033 

Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)-1 See Table 4-5 

Cancer Slope Factor - inhalation CSFi analyte-specific (mg/kg-day)-1 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 – adultc ET 1/24 days/event Harris and Harper, 2004 

Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-5 

Inhalation Intake of Analytes in Sweat Lodge— volatile and 
semi-volatile nonradionuclides 

Iinh Calculated value mg/kg-day Equation 29 

Inhalation Intake of Analytes in Sweat Lodge— volatile and 
semi-volatile radionuclides  

Iinh Calculated value pCi Equation 32 

Inhalation Intake of Analytes in Sweat Lodge— nonvolatile 
nonradionuclides 

Iinh Calculated value mg/kg-day Equation 34 

Inhalation Intake of Analytes in Sweat Lodge— nonvolatile 
radionuclides 

Iinh Calculated value pCi Equation 37 
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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 

Id,v = Id,total Calculated value mg/kg-day Equation 39 

Dermal Intake of Analytes in Sweat Lodge— nonvolatile 
condensed liquid  

Id,I Calculated value mg/kg-day Equation 42 

Dermal Intake of Analytes in Sweat Lodge— nonvolatile 
vapor  

Id,v Calculated value mg/kg-day Equation 43 

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

Inhalation Unit Risk IUR analyte-specific (µg/m3)-1 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 ρw 1,000 g/L Harris and Harper, 2004 

The Constant pi π 3.14159 unitless -- 

Radius of Sweat Lodge r 1 m Harris and Harper, 2004 

Ideal Gas Law Constant R 0.06237 mmHg-m3/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 cm2 Harris and Harper, 2004 

Slope Factor - inhalation SFi analyte-specific Risk/pCi See Table 4-5 

Temperature of the Sweat Lodgee 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 (Cdw) 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 – carcinogensa AT 70 year Harris and Harper, 2004 

Averaging Time –noncarcinogensa 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 1 L = 0.01 m2 x 10 cm 

Groundwater Concentrationb Cdw analyte-specific mg/L or pCi/L ECF-HANFORD-13-0033 

Cancer Slope Factor - oral CSFo analyte-specific (mg/kg-day)-1 See Table 4-5 

Cancer Slope Factor - inhalation CSFi analyte-specific (mg/kg-day)-1 See Table 4-5 

Exposure Duration or Number of Years a Person Sweats in 
a Lifetime - adult 

ED 70 year 
Ridolfi, 2007 

Exposure Frequency  or Number of Sweats per Year EF 365 events/year Ridolfi, 2007 

Length of Sweat Event – adultc ET 7/24 days/event Ridolfi, 2007 

Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-5 

Inhalation Intake of Analytes in Sweat Lodge— volatile and 
semi-volatile nonradionuclides 

Iinh Calculated value mg/kg-day Equation 29 

Inhalation Intake of Analytes in Sweat Lodge— volatile and 
semi-volatile radionuclides  

Iinh Calculated value pCi Equation 32 

Inhalation Intake of Analytes in Sweat Lodge— nonvolatile 
nonradionuclides 

Iinh Calculated value mg/kg-day Equation 34 

Inhalation Intake of Analytes in Sweat Lodge— nonvolatile 
radionuclides 

Iinh Calculated value pCi Equation 37 
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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  

Id,total = Id,v Calculated value mg/kg-day Equation 39 

Dermal Intake of Analytes in Sweat Lodge— nonvolatile 
condensed liquid  

Id,I Calculated value mg/kg-day Equation 42 

Dermal Intake of Analytes in Sweat Lodge— nonvolatile 
vapor  

Id,v Calculated value mg/kg-day Equation 43 

Inhalation Rate - adult IR 26 m3/day Ridolfi, 2007 

Inhalation Unit Risk IUR analyte-specific (µg/m3)-1 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 ρw 1,000 g/L Harris and Harper, 2004 

The Constant pi π 3.14159 unitless -- 

Radius of Sweat Lodge r 1 m Harris and Harper, 2004 

Ideal Gas Law Constant 
R 0.06237 

mmHg-m3/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 cm2 Harris and Harper, 2004 

Slope Factor - inhalation SFi analyte-specific Risk/pCi See Table 4-5 

Temperature Inside the Sweat Lodgee 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 (Cdw) 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 Iinh Harris and Harper, 2004 

Carcinogenic Risk EPA-540-R-070-002 

Noncarcinogenic HQ EPA-540-R-070-002 

Radionuclide 
Iinh Harris and Harper, 2004 

Risk EPA/540/R-92/003 

Notes: 
Iinh = 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 I – 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): 
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  (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:: 

 inhIiCSFRISK   (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: 

I 
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iRfD
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 (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): 
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 (32) 

Radiological cancer risk is calculated using the following equation: 

 inhIiSFradRISK   (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 Iinh Harris and Harper, 2004 

Carcinogenic Risk EPA-540-R-070-002 

Noncarcinogenic HQ EPA-540-R-070-002 

Radionuclide 
Iinh Harris and Harper, 2004 

Risk EPA/540/R-92/003 

Notes: 
Iinh = 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 I – 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): 

 

I 



ECF-HANFORD-13-0036, REV. 0 

26 

 
































13.46

44.3816
3036.18

1 T
EXP

TR

MW
C

CFATBW

EDEFETIR
I

w

w
dwinh 

 (34) 

3.2.2.2 Sweat Lodge Inhalation of Nonvolatiles—Carcinogenic Effects 
For carcinogens, the cancer risk is calculated using the following equation: 

 inhi ICSFRISK   (35) 

3.2.2.3 Sweat Lodge Inhalation of Nonvolatiles—Noncarcinogenic Effects 
For noncarcinogens, the noncancer hazard is calculated using the following equation: 

 inh
i

I
RfD

HQ 
1

 (36) 

3.2.2.4 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): 
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Radiological cancer risk is calculated using the following equation: 

 inhirad ISFRISK   (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 Id,v = Id.total Harris and Harper, 2004 

Carcinogenic Risk EPA/540/R/99/005 

Noncarcinogenic HQ EPA/540/R/99/005 

Notes: 
Id,v = Dermal intake of volatile and semi-volatile analytes in vapor in sweat lodge. 
Id,total = 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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3.2.3.1 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, Id,total is equal to Id,v.  

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): 
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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: 

 totaldIGIABS
oCSF

RISK ,  (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: 

 totaldI
GIABSoRfD

HQ ,
1




  (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 Id,l Harris and Harper, 2004 

Carcinogenic and Noncarcinogenic Id,v Harris and Harper, 2004 

Carcinogenic and Noncarcinogenic Id,total Harris and Harper, 2004 

Carcinogenic Risk EPA/540/R/99/005 

Noncarcinogenic HQ EPA/540/R/99/005 

I 
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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: 
Id,l = Dermal intake of nonvolatiles analytes in condensed liquid in sweat lodge. 
Id,v = Dermal  intake of nonvolatile analytes in vapor in sweat lodge. 
Id,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. 

 

3.2.4.1 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): 
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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): 
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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): 

 ldvdtotald III ,,,   (44) 

3.2.4.4 Sweat Lodge Dermal Exposure to Nonvolatiles—Carcinogenic Effects  
For carcinogens, the cancer risk is calculated using the following equation: 
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 totaldIGIABS
oCSF

RISK ,  (45) 

3.2.4.5 Sweat Lodge Dermal Exposure to Nonvolatiles—Noncarcinogenic Effects  
For noncarcinogens, the noncancer hazard is calculated using the following equation: 

 totaldI
GIABSoRfD

HQ ,
1




  (46) 

3.2.4.6 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

iT RiskRisk
1  (47) 

where: 
 RiskT = Total cancer risk from route of exposure 
 Riski = Cancer risk for the ith 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. 

 

 i

N
i

RfD

CDI
HI

 1
 (48) 

where: 
 HI = hazard index 
 CDIi = chronic daily intake of the ith chemical (mg/kg-day) 
 RfDi = reference dose of the ith 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 (Cdw) 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 Cdw; 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 

Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference CTUIR Value 
CTUIR 

Reference 

Averaging Time – 
carcinogens 

AT year 70a 75 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

1 
Harris and 

Harper, 2004, 
Appendix 4 

Averaging Time –
noncarcinogens 

AT year 68a 69 (ED) 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

1 
Harris and 

Harper, 2004, 
Appendix 4 

Average Body Weight 
– adult 

BW kg 70 70 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

70 
Harris and 

Harper, 2004, 
Appendix 4 

Exposure Duration or 
Number of Years a 
Person Sweats in a 
Lifetime – adult 

ED year 68 69 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

68 
Harris and 

Harper, 2004, 
Appendix 4 

Exposure Frequency  
or Number of Sweats 
per Year 

EF events/year 365 365 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

365 
Harris and 

Harper, 2004, 
Appendix 4 

Length of Sweat Event 
– adult 

ET hours/event 1b 1 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

1 
Harris and 

Harper, 2004, 
Appendix 4 

Inhalation Intake of 
Analytes in Sweat 
Lodge—nonvolatile 
nonradionuclides 

Iinh mg/kg-day 
Calculated  

value 
Calculated 

value 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-72 and p. 6-2 

Calculated  
value 

Harris and 
Harper, 2004, 
Appendix 4 

Inhalation Intake of 
Analytes in Sweat 
Lodge—nonvolatile 
radionuclides 

Iinh pCi 
Calculated  

value 
Calculated 

value 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-72 and p. 6-2 

Calculated  
value 

Harris and 
Harper, 2004, 
Appendix 4 

Inhalation Rate—adult IR m3/day 25 30c 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-27, Table 3-19 

25 Harris, 2008 
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Table 4-1.  Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the CTUIR Exposure Scenario 

Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference CTUIR Value 
CTUIR 

Reference 

Radius of Sweat Lodge r m 1 1 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-71 

1 
Harris and 

Harper, 2004, 
Appendix 4 

Skin Surface Area – 
adult 

SA cm2 18,000 18,000 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-27, Table 3-19 

18,000 
Harris and 

Harper, 2004, 
Appendix 4 

Cumulative Volume of 
Water Used in Sweat 

Vw,total Liters 4 4 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-71 

4 
Harris and 

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 m3/hr, which is equivalent to 30 m3/day (1.25 m3/hr × 24 hrs/day). 

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

DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume II: 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 

Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference 
Yakama Nation 

Value 
Yakama Nation 

Reference 

Averaging Time – 
carcinogens 

AT year 70a 70 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

Not specified NA 

Averaging Time –
noncarcinogens 

AT year 70a 64 (ED) 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

Not specified NA 

Average Body Weight 
– adult 

BW kg 70 70 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

70 
Ridolfi, 2007, 

Table 7 

Exposure Duration or 
Number of Years a 
Person Sweats in a 
Lifetime – adult 

ED year 70 64 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

70 
Ridolfi, 2007, 

Table 7 

Exposure Frequency  
or Number of Sweats 
per Year 

EF events/year 365 365 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

365 
Ridolfi, 2007, 

Table 7 

Length of Sweat Event 
– adult 

ET hours/event 7b 7 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-28, Table 3-19 

7 
Ridolfi, 2007, 

Table 7 

Inhalation Intake of 
Analytes in Sweat 
Lodge— nonvolatile 
nonradionuclides 

Iinh mg/kg-day 
Calculated both 
with and without 

Not calculated 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-72 and p. 6-2 

Not specified NA 

Inhalation Intake of 
Analytes in Sweat 
Lodge— nonvolatile 
radionuclides 

Iinh pCi 
Calculated both 
with and without 

Not calculated 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-72 and p. 6-2 

Not specified NA 

Inhalation Rate – adult IR m3/day 26 26c 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-27, Table 3-19 

26 
Ridolfi, 2007, 

Table 7 

Radius of Sweat Lodge r m 1 1 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-71 

Not specified NA 
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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 

Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference 
Yakama Nation 

Value 
Yakama Nation 

Reference 

Skin Surface Area – 
adult 

SA cm2 18,000 18,000 
RCBRA Rev. 0, Volume II, 
Part 2, p. 3-27, Table 3-19 

Not specified NA 

Cumulative Volume of 
Water Used in Sweat 

Vw,total Liters 4 4 
RCBRA Rev. 0, Volume II, 
Part 1, p. 3-71 

Not specified NA 

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 m3/day (1.08 m3/hr × 24 hrs/day). 

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

DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume II: 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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 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). 

 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. 

 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. 

 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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Table 4-3. Summary of Analytes and Exposure Point Concentrations for Exposure Areas in 200-BP-5 Groundwater OU  

Analyte Name CAS # Units LLWMA 1 

LLWMA 2/ 
216-B-63 
Trench 

WMA 
B/BX/BY Tank 

Farms 
WMA C Tank 

Farm B Plant Semiworks LERF 

Gable 
Mountain 

Pond 
200-BP-5 

West 

Far Field 
(North of 

Gable Gap) Near-River Confined 

2-Hexanone 591-78-6 µg/L -- -- -- 2.0 -- -- -- -- -- -- -- -- 

Acetone 67-64-1 µg/L 1.0 -- -- 1.1 -- -- -- -- -- -- -- -- 

Acetophenone 98-86-2 µg/L -- -- 1.7 -- -- -- -- -- -- -- -- -- 

Aluminum 7429-90-5 µg/L 47 -- 14 26 -- -- -- -- 5,536 -- 24 24 

Antimony 7440-36-0 µg/L -- -- 0.15 -- -- -- 0.32 -- -- -- -- 42 

Arsenic 7440-38-2 µg/L 4.8 8.5 8.9 6.5 4.5 4.0 4.4 4.7 6.1 13 3.2 3.0 

Barium 7440-39-3 µg/L 72 55 120 56 70 83 66 52 68 26 29 91 

Benzene 71-43-2 µg/L -- -- -- -- -- -- -- -- -- -- -- 2.5 

Beryllium 7440-41-7 µg/L -- -- -- -- -- -- -- -- 0.12 -- -- -- 

Bis(2-ethylhexyl) 
phthalate 

117-81-7 µg/L -- -- 1.7 -- -- -- -- -- 2.5 -- -- 3.8 

Boron 7440-42-8 µg/L -- -- -- 23 53 53 -- -- -- 29 21 18 

Butylbenzylphthalate 85-68-7 µg/L -- -- 2.8 -- -- -- -- -- -- -- -- -- 

Cadmium 7440-43-9 µg/L 0.40 -- 4.7 4.0 5.1 -- -- -- 2.8 -- 0.10 -- 

Carbon disulfide 75-15-0 µg/L -- -- -- 0.12 -- -- -- -- 1.6 -- -- -- 

Carbon tetrachloride 56-23-5 µg/L -- -- 3.5 1.3 -- -- 2.3 -- 2.5 -- -- 2.3 

Chloroform 67-66-3 µg/L 0.13 -- 1.4 0.14 -- -- -- -- 0.66 -- 0.19 1.3 

Chromium 7440-47-3 µg/L 14 16 36 11 8.5 5.2 14 34 16 8.7 6.1 7.3 

Chromium (Dissolved) 7440-47-3-D µg/L 7.7 8.9 27 5.2 5.4 5.4 6.6 5.3 5.5 11 6.1 6.2 

Cobalt 7440-48-4 µg/L 0.37 -- 4.7 4.0 -- -- -- -- 3.4 -- 0.14 0.86 

Copper 7440-50-8 µg/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 µg/L 139 57 320 6.7 6.9 -- -- -- 72 -- -- 9.6 

Di-n-octylphthalate 117-84-0 µg/L -- -- 5.5 3.3 -- -- -- -- -- -- -- 211 

Fluoride 16984-48-8 µg/L 334 228 248 135 892 214 250 102 422 599 238 3.9 

Hexavalent Chromium 18540-29-9 µg/L 8.2 3.2 33 5.5 3.1 3.1 -- -- 4.0 11 4.7 2,496 

Iron 7439-89-6 µg/L 82 90 351 65 136 -- 230 3,103 4,414 1,316 190 -- 

Lead 7439-92-1 µg/L 0.24 0.23 0.55 0.30 -- -- -- -- 5.1 0.42 2.3 -- 

Lithium 7439-93-2 µg/L -- -- -- -- -- -- -- -- 13 9.4 10 64 

Manganese 7439-96-5 µg/L 1.6 5.1 18 5.2 9.3 -- 9.7 91 147 40 14 -- 

Mercury 7439-97-6 µg/L 0.18 0.063 0.32 0.20 -- -- -- -- 0.18 -- -- -- 

Methyl methacrylate 80-62-6 µg/L -- -- -- 1.4 -- -- -- -- -- -- -- -- 

Methyl 
methanesulfonate 

66-27-3 µg/L -- -- 340 -- -- -- -- -- -- -- -- -- 

Methylene chloride 75-09-2 µg/L -- -- 1.8 -- -- -- -- -- -- -- -- 5.5 

Molybdenum 7439-98-7 µg/L 6.6 -- 4.5 2.9 7.1 3.6 -- -- 7.8 5.3 4.5 7.8 

Nickel 7440-02-0 µg/L 5.6 17 51 11 8.5 1.2 11 22 13 5.3 0.63 9,270 

Nitrate 14797-55-8 µg/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 µg/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  

Analyte Name CAS # Units LLWMA 1 

LLWMA 2/ 
216-B-63 
Trench 

WMA 
B/BX/BY Tank 

Farms 
WMA C Tank 

Farm B Plant Semiworks LERF 

Gable 
Mountain 

Pond 
200-BP-5 

West 

Far Field 
(North of 

Gable Gap) Near-River Confined 

n-Nitrosodi-n-
dipropylamine 

621-64-7 µg/L -- -- 3.5 -- -- -- -- -- -- -- -- -- 

Octachlorodibenzofuran 39001-02-0 µg/L 1.43E-06 -- -- -- -- -- -- -- -- -- -- 0.91 

Phenol 108-95-2 µg/L -- -- 1.1 -- -- -- -- -- -- -- -- -- 

Selenium 7782-49-2 µg/L 6.7 -- 11 11 8.2 5.9 -- -- 3.1 1.2 1.7 17 

Silver 7440-22-4 µg/L 6.8 4.6 5.1 5.5 8.0 -- 7.5 -- -- -- -- 255 

Strontium 7440-24-6 µg/L 393 340 853 424 338 377 568 1,103 311 194 205 0.065 

Thallium 7440-28-0 µg/L 0.24 -- 0.13 0.32 -- -- -- -- -- -- 1.8 -- 

Tin 7440-31-5 µg/L 0.23 -- 0.44 0.39 0.28 -- -- -- -- -- 0.079 2.3 

Toluene 108-88-3 µg/L -- -- -- -- -- -- -- -- -- -- -- 8.4 

Tributyl phosphate 126-73-8 µg/L -- -- 1.1 1.0 -- -- -- -- 1.7 -- -- -- 

Trichloroethene 79-01-6 µg/L -- -- -- -- -- -- -- -- -- -- 1.8 3.3 

Uranium 7440-61-1 µg/L 22 3.8 422 4.3 23 6.1 -- -- 8.9 4.2 2.3 11 

Vanadium 7440-62-2 µg/L 17 21 14 17 18 13 18 8.1 17 19 14 79 

Zinc 7440-66-6 µg/L 5.5 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 

Iodine-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 -- -- 2.3 

Strontium-90 10098-97-2 pCi/L -- -- 2.7 -- 1,127 2.8 -- 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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Table 4-4. Summary of Analytes and Exposure Point Concentrations for Exposure Areas in 200-PO-1 Groundwater OU 

Analyte Name CAS # Units PUREX Cribs 
WMA A/AX and 216-A-

29 Ditch 
BC Cribs and 

Trenches 
216-B-3 Pond Facility 

(All Lobes) NRDWL/SWL Far Field Near River 

1,1,1-Trichloroethane 71-55-6 µg/L -- -- -- -- 0.62 0.15 -- 

1,1-Dichloroethane 75-34-3 µg/L -- -- -- -- 0.16 0.25 -- 

1,1-Dichloroethene 75-35-4 µg/L -- -- -- -- 0.19 0.14 -- 

1,2,3,4,7,8-
Hexachlorodibenzo-p-dioxin 

39227-28-6 µg/L -- 1.70E-06 -- -- -- -- -- 

2,6-Dinitrotoluene 606-20-2 µg/L 17 -- -- -- -- -- -- 

Acetone 67-64-1 µg/L -- -- -- -- 6.6 1.2 2.5 

Aluminum 7429-90-5 µg/L -- -- -- -- -- 47 54 

Antimony 7440-36-0 µg/L 55 43 52 -- 4.9 47 5.8 

Arsenic 7440-38-2 µg/L 6.3 7.9 2.3 7.8 2.5 6.2 4.3 

Barium 7440-39-3 µg/L 58 41 48 36 94 53 63 

Benzyl alcohol 100-51-6 µg/L -- -- -- -- -- 1.1 -- 

Beryllium 7440-41-7 µg/L 9.4 -- -- -- -- -- -- 

Bis(2-ethylhexyl) phthalate 117-81-7 µg/L 6.7 4.1 -- -- 14 1.5 -- 

Boron 7440-42-8 µg/L -- -- -- -- -- 30 21 

Bromodichloromethane 75-27-4 µg/L -- -- -- -- -- 0.58 -- 

Bromoform 75-25-2 µg/L -- -- -- -- -- 2.3 -- 

Bromomethane 74-83-9 µg/L -- -- -- -- -- 4.5 -- 

Butylbenzylphthalate 85-68-7 µg/L -- -- -- -- -- 1.3 -- 

Cadmium 7440-43-9 µg/L 18 5.2 -- -- -- 4.5 0.12 

Carbon disulfide 75-15-0 µg/L -- -- -- -- -- 0.12 -- 

Carbon tetrachloride 56-23-5 µg/L 0.13 -- -- -- 1.0 4.0 -- 

Chloroform 67-66-3 µg/L 0.71 -- -- -- 0.17 0.33 -- 

Chromium 7440-47-3 µg/L 13 13 17 10 11 5.3 5.1 

Chromium (Dissolved) 7440-47-3-D µg/L 9.5 5.8 28 8.4 6.1 4.6 5.0 

Cobalt 7440-48-4 µg/L 4.8 4.0 8.1 -- -- 0.23 0.31 

Copper 7440-50-8 µg/L 5.2 4.8 4.0 12 9.0 1.3 2.5 

Dibromochloromethane 124-48-1 µg/L -- -- -- -- -- 2.2 -- 

Diethylphthalate 84-66-2 µg/L -- -- -- -- -- 1.7 -- 

Ethyl methacrylate 97-63-2 µg/L -- -- -- -- -- 0.82 -- 

Ethylbenzene 100-41-4 µg/L -- -- -- -- 2.1 -- -- 

Fluoride 16984-48-8 µg/L 251 179 314 309 223 278 252 

Hexavalent Chromium 18540-29-9 µg/L -- 191 -- -- -- 2.9 4.6 

Iron 7439-89-6 µg/L 205 129 16,816 3,901 225 381 2,530 

Lead 7439-92-1 µg/L 0.12 0.16 35 -- 0.15 0.98 0.68 

Lithium 7439-93-2 µg/L -- -- -- -- -- 10 21 

Manganese 7439-96-5 µg/L 12 7.3 201 65 5.3 19 69 

Methylene chloride 75-09-2 µg/L -- -- -- -- 1.5 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 

Analyte Name CAS # Units PUREX Cribs 
WMA A/AX and 216-A-

29 Ditch 
BC Cribs and 

Trenches 
216-B-3 Pond Facility 

(All Lobes) NRDWL/SWL Far Field Near River 

Molybdenum 7439-98-7 µg/L -- -- -- -- -- 6.9 12 

Nickel 7440-02-0 µg/L 5.5 12 9.0 7.3 7.8 8.3 0.99 

Nitrate 14797-55-8 µg/L 57,651 26,216 9,777 23,125 16,979 33,541 25,288 

Nitrite 14797-65-0 µg/L 152 148 308 192 278 166 176 

n-Nitrosodi-n-dipropylamine 621-64-7 µg/L 2.9 -- -- -- -- -- -- 

Selenium 7782-49-2 µg/L -- 4.5 -- -- -- 2.1 2.2 

Silver 7440-22-4 µg/L 5.2 6.0 8.0 -- 5.4 18 -- 

Strontium 7440-24-6 µg/L 287 271 224 284 411 270 384 

Tetrachloroethene 127-18-4 µg/L -- -- -- -- 0.90 4.0 -- 

Thallium 7440-28-0 µg/L -- -- -- -- -- -- 0.37 

Tin 7440-31-5 µg/L -- -- -- -- -- 0.41 0.12 

Toluene 108-88-3 µg/L -- 0.029 0.065 -- 1.4 -- -- 

Tributyl phosphate 126-73-8 µg/L -- -- -- -- -- 5.6 -- 

Trichloroethene 79-01-6 µg/L 1.8 -- -- -- 0.39 1.8 -- 

Trichloromonofluoromethane 75-69-4 µg/L -- -- -- -- 0.56 -- -- 

Uranium 7440-61-1 µg/L 26 4.1 3.8 4.0 8.0 22 6.9 

Vanadium 7440-62-2 µg/L 22 25 22 25 11 13 14 

Xylenes (total) 1330-20-7 µg/L -- -- -- -- 4.1 -- -- 

Zinc 7440-66-6 µg/L 7.9 9.0 3,813 21 8.9 284 17 

Americium-241 14596-10-2 pCi/L -- -- -- -- -- 0.11 -- 

Carbon-14 14762-75-5 pCi/L -- -- -- -- -- 9.9 -- 

Iodine-129 15046-84-1 pCi/L 2.5 5.0 -- 2.9 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 2.7 1.7 -- 3.9 2.9 2.5 

Uranium-235 15117-96-1 pCi/L 2.1 -- -- -- -- 1.1 0.15 

Uranium-238 U-238 pCi/L 34 2.0 0.96 -- 2.9 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.  

4.3.1 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. 

 Tier 1 – The EPA Integrated Risk Information System (IRIS) 

 Tier 2 – The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) 

 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:   

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

 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. 

 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.  

 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 (NO3
- as N). Conversion from nitrate as nitrogen to 

nitrate was made using the mass fraction of nitrogen in nitrate. The mass fraction of nitrogen in 
nitrate = mol wt N/mol wt NO3

- = (14 g/mol)/(62 g/mol) = 0.226. The derived RfD for nitrate = (1.6 
mg NO3

- as N/kg-day) x (1 mg NO3
-/0.226 mg NO3

- as N) = 7.1 mg NO3
-/kg-day.  
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 Nitrite. A derived RfD for nitrate (NO2
-) was calculated from the RfD reported in IRIS, which is 

given as 0.1 mg/kg-day for nitrite as nitrogen (NO2
- as N). Conversion from nitrite as nitrogen to 

nitrite was made using the mass fraction of nitrogen in nitrite. The mass fraction of nitrogen in nitrite 
= mol wt N/mol wt NO2

- = (14 g/mol)/(46 g/mol) = 0.304. The derived RfD for nitrite = (0.1 mg NO2
- 

as N/kg-day) x (1 mg NO2
-/0.304 mg NO2

- as N) = 0.3 mg NO2
-/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. 

 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)-1

, 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 [IUR] 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 IUR and RfC values from the EPA toxicity tables (EPA, 2013) 
were converted to CSFi and RfDi values, following the protocol given in EPA/540/1-89/002. The 
following equations were used, based on an assumed breathing rate of 20 m3/day and an assumed body 
weight of 70 kg.  

 CSFi (kg-day/mg) = IUR (m3/µg) × 1/[20 (m3/day)] x 70 (kg) × 1000 (μg/mg) (49) 

 RfDi (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) × 1/70 (kg) (50) 

The CSFi and RfDi 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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Table 4-5.  Summary of Toxicity Values for the 200-BP-5 and 200-PO-1 Groundwater Operable Units 

Analyte Name 
Applicable 

Operable Unit CAS# 

Cancer Potency 
Factora 

(mg/kg-day)-1 Source 

Inhalation Unit 
Riska 

(μg/m3)-1 Source 

Oral Reference 
Dosea 

(mg/kg-day) Source 

Inhalation 
Reference 

Concentrationa 
(mg/m3) Source Volatile?a,c 

GI Absorption 
Factora,c  
(unitless) 

FAb 
(unitless)

Kp
b  

(cm/hour) 
Bb 

(unitless) 
τb 

(hours/event) 
t*b 

(hours) 

Slope Factor 
Water 

Ingestionc 

(Risk/pCi) Source 

Slope Factor 
Inhalationc 

(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 1.43 -- -- -- -- 

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 I 0.2 I Yes 1 1 0.012 0 0.37 0.89 -- -- -- -- 

1,2,3,4,7,8-Hexachlorodibenzo-p-
dioxind 

200-PO-1 39227-28-6 13000 WAC 3.8 WAC 0.000000007 WAC 0.0000004 WAC -- 1 0.5 0.81 5.6 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-Hexanonee 200-BP-5 591-78-6 -- -- -- -- 0.005 I 0.03 I Yes 1 -- 0.00355 -- -- -- -- -- -- -- 

Acetonee Both 67-64-1 -- -- -- -- 0.9 I 31 A Yes 1 -- 0.000512 -- -- -- -- -- -- -- 

Acetophenonee 200-BP-5 98-86-2 -- -- -- -- 0.1 I -- -- Yes 1 -- 0.00372 -- -- -- -- -- -- -- 

Aluminum Both 7429-90-5 -- -- -- -- 1 P 0.005 P -- 1 -- 0.001 -- -- -- -- -- -- -- 

Antimony Both 7440-36-0 -- -- -- -- 0.0004 I -- -- -- 0.15 -- 0.001 -- -- -- -- -- -- -- 

Arsenic Both 7440-38-2 1.5 I 0.0043 I 0.0003 I 0.000015 C -- 1 -- 0.001 -- -- -- -- -- -- -- 

Barium Both 7440-39-3 -- -- -- -- 0.2 I 0.0005 H -- 0.07 -- 0.001 -- -- -- -- -- -- -- 

Benzene 200-BP-5 71-43-2 0.055 I 0.0000078 I 0.004 I 0.03 I Yes 1 1 0.015 0.1 0.29 0.7 -- -- -- -- 

Benzyl alcohole 200-PO-1 100-51-6 -- -- -- -- 0.1 P -- -- -- 1 -- 0.00209 -- -- -- -- -- -- -- 

Beryllium Both 7440-41-7 -- -- 0.0024 I 0.002 I 0.00002 I -- 0.007 -- 0.001 -- -- -- -- -- -- -- 

Bis(2-ethylhexyl) phthalate Both 117-81-7 0.014 I 0.0000024 C 0.02 I -- -- -- 1 0.8 0.025 0.2 16.64 39.93 -- -- -- -- 

Boron Both 7440-42-8 -- -- -- -- 0.2 I 0.02 H -- 1 -- 0.001 -- -- -- -- -- -- -- 

Bromodichloromethane 200-PO-1 75-27-4 0.062 I 0.000037 C 0.02 I -- -- Yes 1 1 0.0046 0 0.88 2.12 -- -- -- -- 

Bromoform 200-PO-1 75-25-2 0.0079 I 0.0000011 I 0.02 I -- -- -- 1 1 0.0022 0 2.79 6.7 -- -- -- -- 

Bromomethane 200-PO-1 74-83-9 -- -- -- -- 0.0014 I 0.005 I Yes 1 1 0.0028 0 0.36 0.87 -- -- -- -- 

Butylbenzylphthalatee Both 85-68-7 0.0019 P -- -- 0.2 I -- -- -- 1 -- 0.0385 -- -- -- -- -- -- -- 

Cadmium Both 7440-43-9 -- -- 0.0018 I 0.0005 I 0.00001 A -- 0.05 -- 0.001 -- -- -- -- -- -- -- 

Carbon disulfide Both 75-15-0 -- -- -- -- 0.1 I 0.7 I Yes 1 1 0.017 0.1 0.3 0.72 -- -- -- -- 

Carbon tetrachloride Both 56-23-5 0.07 I 0.000006 I 0.004 I 0.1 I Yes 1 1 0.016 0.1 0.78 1.86 -- -- -- -- 

Chloroform Both 67-66-3 0.031 C 0.000023 I 0.01 I 0.098 A Yes 1 1 0.0068 0 0.5 1.19 -- -- -- -- 

Chromium Both 7440-47-3 -- -- -- -- 1.5 I -- -- -- 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 I 0.0008 S Yes 1 -- 0.001 -- -- -- -- -- -- -- 

Dibromochloromethane 200-PO-1 124-48-1 0.084 I 0.000027 C 0.02 I -- -- 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 4.5 -- -- -- -- 

Di-n-octylphthalatee 200-BP-5 117-84-0 -- -- -- -- 0.01 P -- -- -- 1 -- 2.43 -- -- -- -- -- -- -- 

Ethyl methacrylatee 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 I 1 I 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 I 0.0001 I -- 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 I 0.00005 I -- 0.04 -- 0.001 -- -- -- -- -- -- -- 

Mercury 200-BP-5 7439-97-6 -- -- -- -- 0.0003 -- 0.0003 I -- 0.07 -- 0.001 -- -- -- -- -- -- -- 

Methyl methacrylatee 200-BP-5 80-62-6 -- -- -- -- 1.4 I 0.7 I 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 

Analyte Name 
Applicable 

Operable Unit CAS# 

Cancer Potency 
Factora 

(mg/kg-day)-1 Source 

Inhalation Unit 
Riska 

(μg/m3)-1 Source 

Oral Reference 
Dosea 

(mg/kg-day) Source 

Inhalation 
Reference 

Concentrationa 
(mg/m3) Source Volatile?a,c 

GI Absorption 
Factora,c  
(unitless) 

FAb 
(unitless)

Kp
b  

(cm/hour) 
Bb 

(unitless) 
τb 

(hours/event) 
t*b 

(hours) 

Slope Factor 
Water 

Ingestionc 

(Risk/pCi) Source 

Slope Factor 
Inhalationc 

(Risk/pCi) Source 

Methyl methanesulfonatee 200-BP-5 66-27-3 0.099 C 0.000028 C -- -- -- -- -- 1 -- 0.000138 -- -- -- -- -- -- -- 

Methylene chloride Both 75-09-2 0.002 I 0.00000001 I 0.006 I 0.6 I Yes 1 1 0.0035 0 0.32 0.76 -- -- -- -- 

Molybdenum Both 7439-98-7 -- -- -- -- 0.005 I -- -- -- 1 -- 0.001 -- -- -- -- -- -- -- 

Nickel Both 7440-02-0 -- -- 0.00026 C 0.02 I 0.00009 A -- 0.04 -- 0.0002 -- -- -- -- -- -- -- 

Nitrate Both 14797-55-8 -- -- -- -- 7.1 I -- -- -- 1 -- 0.001 -- -- -- -- -- -- -- 

Nitrite Both 14797-65-0 -- -- -- -- 0.3 I -- -- -- 1 -- 0.001 -- -- -- -- -- -- -- 

n-Nitrosodi-n-dipropylamine Both 621-64-7 7 I 0.002 C -- -- -- -- -- 1 1 0.0023 0 0.57 1.37 -- -- -- -- 

Octachlorodibenzofurand 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 I 0.2 C -- 1 1 0.0043 0 0.36 0.86 -- -- -- -- 

Selenium Both 7782-49-2 -- -- -- -- 0.005 I 0.02 C -- 1 -- 0.001 -- -- -- -- -- -- -- 

Silver Both 7440-22-4 -- -- -- -- 0.005 I -- -- -- 0.04 -- 0.0006 -- -- -- -- -- -- -- 

Strontium Both 7440-24-6 -- -- -- -- 0.6 I -- -- -- 1 -- 0.001 -- -- -- -- -- -- -- 

Tetrachloroethene 200-PO-1 127-18-4 0.0021 I 0.00000026 I 0.006 I 0.04 I 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 I 5 I Yes 1 1 0.031 0.1 0.35 0.84 -- -- -- -- 

Tributyl phosphatee Both 126-73-8 0.009 P -- -- 0.01 P -- -- -- 1 -- 0.0228 -- -- -- -- -- -- -- 

Trichloroethene Both 79-01-6 0.046 I 0.0000041 I 0.0005 I 0.002 I Yes 1 1 0.012 0.1 0.58 1.39 -- -- -- -- 

Trichloromonofluoromethane 200-PO-1 75-69-4 -- -- -- -- 0.3 I 0.7 H Yes 1 1 0.013 0.1 0.63 1.51 -- -- -- -- 

Uranium Both 7440-61-1 -- -- -- -- 0.003 I 0.00004 A -- 1 -- 0.001 -- -- -- -- -- -- -- 

Vanadium Both 7440-62-2 -- -- -- -- 0.005 S 0.0001 A -- 0.026 -- 0.001 -- -- -- -- -- -- -- 

Xylenes (total)g 200-PO-1 1330-20-7 -- -- -- -- 0.2 I 0.1 I Yes 1 1 0.053 0.2 0.42 1.01 -- -- -- -- 

Zinc Both 7440-66-6 -- -- -- -- 0.3 I -- -- -- 1 -- 0.0006 -- -- -- -- -- -- -- 

Americium-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 

Iodine-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 

Tritiumf 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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Table 4-5.  Summary of Toxicity Values for the 200-BP-5 and 200-PO-1 Groundwater Operable Units 

Analyte Name 
Applicable 

Operable Unit CAS# 

Cancer Potency 
Factora 

(mg/kg-day)-1 Source 

Inhalation Unit 
Riska 

(μg/m3)-1 Source 

Oral Reference 
Dosea 

(mg/kg-day) Source 

Inhalation 
Reference 

Concentrationa 
(mg/m3) Source Volatile?a,c 

GI Absorption 
Factora,c  
(unitless) 

FAb 
(unitless)

Kp
b  

(cm/hour) 
Bb 

(unitless) 
τb 

(hours/event) 
t*b 

(hours) 

Slope Factor 
Water 

Ingestionc 

(Risk/pCi) Source 

Slope Factor 
Inhalationc 

(Risk/pCi) Source 

Notes: 
a.  U.S Environmental Protection Agency web site "Regional Screening Levels for Chemical Contaminants at Superfund Sites" (EPA, May 2013). 
b. EPA/540/R/99/005, Exhibit 3-1 (inorganics) and Exhibit B-3 (organics) 
c. EPA, 2001, Health Effects Assessment Tables, "April 16, 2001 Update:  Radionuclide Toxicity", "Radionuclide Carcinogenicity - Slope Factors." 
d. TCCD dermal values used as a surrogate 
e. Kp 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 (III), 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 I: 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) 
I = 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 

 
  
  

I I 
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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.xlsx 

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.xlsx 

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.xlsx 

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.xlsx 

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.xlsx 

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

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

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

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

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

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

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

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

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 
SweatLodge CTUIR Risk.xlsx 

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

200-BP-5 LLWMA2_B63 
Unconfined SweatLodge CTUIR 
Risk.xlsx 

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

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

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

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

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

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

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

200-BP-5 BP-5 Confined 
SweatLodge YN Risk.xlsx 

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

200-BP-5 Near River Unconfined 
SweatLodge YN Risk.xlsx 

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

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.xlsx 

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

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

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 

200-PO-1 PO-1 Farfield Drinking Water CTUIR 
Risk.xlsx 

200-PO-1 BC Cribs Drinking Water CTUIR Risk.xlsx 200-PO-1 Purex Cribs Drinking Water CTUIR Risk.xlsx 

200-PO-1 Near River Drinking Water CTUIR Risk.xlsx 200-PO-1 WMA A_AX Drinking Water CTUIR Risk.xlsx 

200-PO-1 NRDWL_SWL Drinking Water CTUIR 
Risk.xlsx 

 



ECF-HANFORD-13-0036, REV. 0 

49 

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 
Risk.xlsx 

200-PO-1 PO-1 Farfield Drinking Water YN Risk.xlsx 

200-PO-1 BC Cribs Drinking Water YN Risk.xlsx 200-PO-1 Purex Cribs Drinking Water YN Risk.xlsx 

200-PO-1 Near River Drinking Water YN Risk.xlsx 200-PO-1 WMA A_AX Drinking Water YN Risk.xlsx 

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

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) SweatLodge CTUIR 
Risk.xlsx 

200-PO-1 PO-1 Farfield SweatLodge CTUIR Risk.xlsx 

200-PO-1 BC Cribs SweatLodge CTUIR Risk.xlsx 200-PO-1 Purex Cribs SweatLodge CTUIR Risk.xlsx 

200-PO-1 Near River SweatLodge CTUIR Risk.xlsx 200-PO-1 WMA A_AX SweatLodge CTUIR Risk.xlsx 

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

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

200-PO-1 NRDWL_SWL SweatLodge 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 OUs.  

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. 
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7.1.1.1.1 LLWMA1 Exposure Area 
The total ELCR for the LLWMA1 exposure area is 4.2 × 10-4 for nonradiological analytes and 1.1 × 10-3 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
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 × 10-4, 56 percent contribution), tritium (1.6 × 
10-4, 11 percent contribution), cobalt-60 (3.9 × 10-5, 2.6 percent contribution), and iodine-129 (3.4 × 10-5, 
2.3 percent contribution). Contribution to ELCR is elevated for arsenic (4.2 × 10-4, 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 

Exposure Route 

LLWMA1 Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.2E-04 

Arsenic (4.2E-04, 28%) 
 

24 

Cyanide (100, 90%) 
Antimony (6.8, 6.2%) 

Nitrate (1.5, 1.3%) 

Dermal   1.6E-06  0.26 

Inhalation  1.5E-06  87 

Total   4.2E-04  111 

Radionuclide Analytes 

Ingestion  9.4E-04 
Technetium-99 (8.3E-04, 56%) 

Tritium (1.6E-04, 11%) 
Cobalt-60 (3.9E-05, 2.6%) 
Iodine-129 (3.4E-05, 2.3%) 

 

-- 

-- 
Inhalation 1.3E-04 -- 

Total 1.1E-03 -- 

Total Cumulative ELCRa 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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7.1.1.1.2 LLWMA2 Exposure Area 
The total ELCR for the LLWMA2 exposure area is 7.4 × 10-4 for nonradiological analytes and 2.4 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
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 × 10-4, 21 percent contribution), iodine-129 (2.0 × 10-5, 
2.0 percent contribution), and tritium (1.3 × 10-5, 1.3 percent contribution). Contribution to ELCR is 
elevated for arsenic (7.4 × 10-4, 75 percent contribution), where measured concentrations are within 
natural background values. 

The HI for the LLWMA2 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 

Exposure Route 

LLWMA2 Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  7.4E-04 

Arsenic (7.4E-04, 75%) 
 

18 

Cyanide (41, 77%) 
Antimony (9.6, 18%) 
Arsenic (1.6, 3.0%) 

Dermal   2.7E-06  0.33 

Inhalation  --  36 

Total   7.4E-04  54 

Radionuclide Analytes 

Ingestion  2.3E-04 

Technetium-99 (2.1E-04, 21%) 
Iodine-129 (2.0E-05, 2.0%) 

Tritium (1.3E-05, 1.3%) 

-- 

-- 
Inhalation 9.9E-06 -- 

Total 2.4E-04 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological 
analytes and 1.1 × 10-2 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. 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 × 10-3, 26 percent contribution), 
uranium-238 (3.6 × 10-3, 23 percent contribution), technetium-99 (3.0 × 10-3, 19 percent contribution), 
methyl methanesulfonate (2.0 × 10-3, 13 percent contribution), n-nitrosodi-n-dipropylamine (1.5 × 10-3, 
9.4 percent contribution), tritium (2.5 × 10-4, 1.6 percent contribution), and uranium-235 (1.8 × 10-4, 1.2 
percent contribution). Contribution to ELCR is elevated for arsenic (7.8 × 10-4, 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 

Exposure Route 

WMA B/BX/BY Tank Farms Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) HI 
Primary Contributors to 

Total Cumulative HI 
(>1%) 

Nonradionuclide Analytes 

Ingestion  4.2E-03 

Methyl methanesulfonate (2.0E-03, 13%) 
n-Nitrosodi-n-dipropylamine (1.5E-03, 9.4%) 

Arsenic (7.8E-04, 5.1%) 
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Cyanide (230, 90%) 
Uranium (8.1, 3.2%) 
Antimony (6.5, 2.6%) 

Nitrate (4.8, 1.9%) 

Dermal   3.7E-05  0.46 

Inhalation  2.7E-05  200 

Total   4.2E-03  255 

Radionuclide Analytes 

Ingestion  1.1E-02 
Uranium-234 (4.0E-03, 26%) 
Uranium-238 (3.6E-03, 23%) 

Technetium-99 (3.0E-03, 19%) 
Tritium (2.5E-04, 1.6%) 

Uranium-235 (1.8E-04, 1.2%) 

-- 

-- 
Inhalation 2.0E-04 -- 

Total 1.1E-02 -- 

Total Cumulative ELCRa 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 

Exposure Route 

WMA B/BX/BY Tank Farms Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) HI 
Primary Contributors to 

Total Cumulative HI 
(>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 × 10-4 for nonradiological analytes and 
1.7 × 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 70 percent contribution), iodine-129 
(6.5 × 10-5, 2.9 percent contribution), and tritium (2.4 × 10-5, 1.1 percent contribution). Contribution to 
ELCR is elevated for arsenic (5.7 × 10-4, 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 

Exposure Route 

WMA C Tank Farm Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) HI 
Primary Contributors to 

Total Cumulative HI 
(>1%) 

Nonradionuclide Analytes 

Ingestion  5.8E-04 

Arsenic (5.7E-04, 25%) 
 

11 Antimony (6.8, 43%) 
Cyanide (4.9, 31%) 
Arsenic (1.3, 8.0%) 
Cobalt (0.76, 4.9%) 

Cadmium (0.49, 3.1%) 
Nitrate (0.36, 2.3%) 

Vanadium (0.22, 1.4%) 

Dermal   3.0E-06  0.28 

Inhalation  5.5E-06  4.3 

Total   5.8E-04  16 

Radionuclide Analytes 

Ingestion  1.6E-03 

Technetium-99 (1.6E-03, 70%) 
Iodine-129 (6.5E-05, 2.9%) 

Tritium (2.4E-05, 1.1%) 

-- 

-- 
Inhalation 1.9E-05 -- 

Total 1.7E-03 -- 

Total Cumulative ELCRa 2.2E-03 -- 
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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 × 10-4 for nonradiological analytes and 1.1 × 10-2 for 
radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-3, 52 percent contribution), cesium-137 (4.0 × 10-3, 35 
percent contribution), plutonium-239/240 (3.9 × 10-4, 3.4 percent contribution), and technetium-99 (3.7 × 
10-4, 3.2 percent contribution). Contribution to ELCR is elevated for arsenic (4.0 × 10-4, 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 

Exposure Route 

B Plant Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.9E-04 

Arsenic (4.0E-04, 3.4%) 

16 

Antimony (11, 54%) 
Cyanide (5.0, 24%) 
Arsenic (0.87, 4.3%) 
Fluoride (0.85, 4.2%) 
Nitrate (0.70, 3.4%) 

Cadmium (0.63, 3.1%) 
Uranium (0.44, 2.2%) 

Vanadium (0.23, 1.2%) 

Dermal   1.5E-06  0.39 

Inhalation  --  4.3 

Total   4.0E-04  20 

Radionuclide Analytes 

Ingestion  1.1E-02 Strontium-90 (6.0E-03, 52%) 
Cesium-137 (4.0E-03, 35%) 

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

-- 

-- Inhalation 9.1E-05 -- 

Total 1.1E-02 -- 
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Total Cumulative ELCRa 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 × 10-4 for nonradiological analytes and 2.2 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (1.7 × 10-4, 29 percent contribution), iodine-129 (2.6 × 10-5, 4.5 
percent contribution), technetium-99 (1.6 × 10-5, 2.8 percent contribution), and strontium-90 (1.5 × 10-5, 
2.6 percent contribution). Contribution to ELCR is elevated for arsenic (3.5 × 10-4, 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 

Exposure Route 

Semiworks Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.5E-04 

Arsenic (3.5E-04, 61%) 
 

1.9 Arsenic (0.76, 39%) 
Nitrate (0.33, 17%) 

Fluoride (0.20, 10%) 
Vanadium (0.16, 8.4%) 

Hexavalent Chromium (0.13, 6.8%) 
Uranium (0.12, 6.0%) 
Selenium (0.07, 3.5%) 

Molybdenum (0.04, 2.1%) 
Nitrite (0.04, 2.0%) 

Strontium (0.04, 1.8%) 
Barium (0.02, 1.3%) 

Dermal   1.3E-06  0.06 

Inhalation  --  -- 

Total   3.5E-04  1.9 

Radionuclide Analytes 

Ingestion  9.5E-05 

Tritium (1.7E-04, 29%) 
Iodine-129 (2.6E-05, 4.5%) 

Technetium-99 (1.6E-05, 2.8%) 
Strontium-90 (1.5E-05, 2.6%) 

-- 

-- 
Inhalation 1.3E-04 -- 

Total 2.2E-04 -- 

Total Cumulative ELCRa 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 

Exposure Route 

Semiworks Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
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 × 10-4 for nonradiological analytes and 1.8 × 10-5 for 
radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of 
1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-5, 4.2 percent contribution), tritium (1.4 × 10-5, 3.3 percent 
contribution), and iodine-129 (4.5 × 10-6, 1.1 percent contribution). Contribution to ELCR is elevated for 
arsenic (3.9 × 10-4, 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 

Exposure Route 

LERF Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.0E-04 

Arsenic (3.9E-04, 91%) 
Carbon tetrachloride (1.8E-05, 4.2%) 

2.1 
Arsenic (0.85, 38%) 
Nitrate (0.34, 15%) 

Fluoride (0.24, 11%) 
Vanadium (0.23, 10%) 

Hexavalent Chromium (0.16, 7.3%) 
Silver (0.09, 4.1%) 
Nitrite (0.06, 2.8%) 

Strontium (0.05, 2.4%) 
Carbon tetrachloride (0.05, 2.3%) 

Antimony (0.05, 2.1%) 
Nickel (0.03, 1.4%) 

Manganese (0.03, 1.1%) 

Dermal   3.1E-06  0.09 

Inhalation  6.9E-06  0.01 

Total   4.1E-04  2.2 

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 

Exposure Route 

LERF Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
Total Cumulative HI (>1%) 

Ingestion  7.5E-06 

Tritium (1.4E-05, 3.3%) 
Iodine-129 (4.5E-06, 1.1%) 

-- 

-- 
Inhalation 1.1E-05 -- 

Total 1.8E-05 -- 

Total Cumulative ELCRa 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 × 10-4 for nonradiological analytes and 
1.2 × 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 71 percent contribution), and tritium 
(7.1 × 10-5, 4.4 percent contribution). Contribution to ELCR is elevated for arsenic (4.1 × 10-4, 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 

Exposure 
Route 

Gable Mountain Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.1E-04 
Arsenic (4.1E-04, 25%) 

 

13 Antimony (10, 79%) 
Arsenic (0.89, 6.7%) 
Nitrate (0.76, 5.8%) 

Iron (0.25, 1.9%) 
Manganese (0.24, 1.8%) Dermal   1.5E-06  0.33 
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Inhalation  --  -- 

Total   4.1E-04  13 

Radionuclide Analytes 

Ingestion  1.2E-03 

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

-- 

-- 

Inhalation 5.5E-05 -- 

Total 1.2E-03 -- 

Total Cumulative 
ELCRa 

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. 

 

 

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 × 10-4 for nonradiological analytes and 
1.1 × 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-4, 28 percent contribution), strontium-90 
(4.4 × 10-4, 27 percent contribution), tritium (1.5 × 10-4, 9.1 percent contribution), and carbon 
tetrachloride (2.0 × 10-5, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (5.3 × 10-

4, 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 

Exposure Route 

200-BP-5 West Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
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 

Exposure Route 

200-BP-5 West Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
Total Cumulative HI (>1%) 

Dermal   5.8E-06  Carbon tetrachloride (2.0E-05, 1.2%) 0.36  Antimony (8.6, 13%) 
Arsenic (1.2, 1.8%) 
Nitrate (0.70, 1.1%) Inhalation  1.5E-05  45 

Total   5.6E-04  66 

Radionuclide Analytes 

Ingestion  9.6E-04 

Technetium-99 (4.5E-04, 28%) 
Strontium-90 (4.4E-04, 27%) 

Tritium (1.5E-04, 9.1%) 
 

-- 

-- 
Inhalation 1.2E-04 -- 

Total 1.1E-03 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological 
analytes and 3.3 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) are tritium (2.8 × 10-4, 20 percent contribution), and 
technetium-99 (3.9 × 10-5, 2.7 percent contribution). Contribution to ELCR is elevated for arsenic (1.1 × 
10-3, 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 

Exposure Route 

Far Field (North of Gable Gap) Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to  
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  1.1E-03 

Arsenic (1.1E-03, 77%)  
 

4.5 
Arsenic (2.4, 52%) 

Fluoride (0.57, 12%) 
Hexavalent Chromium (0.28, 6.1%) 

Lithium (0.27, 5.8%) 
Vanadium (0.25, 5.4%) 

Nitrate (0.17, 3.6%) 
Copper (0.17, 3.6%) 

Iron (0.11, 2.3%) 
Manganese (0.10, 2.2%) 

Uranium (0.08, 1.7%) 
Zinc (0.07, 1.5%) 

Molybdenum (0.06, 1.3%) 

Dermal   4.1E-06  0.12 

Inhalation  --  -- 

Total   1.1E-03  4.7 

Radionuclide Analytes 

Ingestion  1.1E-04 

Tritium (2.8E-04, 20%) 
Technetium-99 (3.9E-05, 2.7%)  

 

-- 

-- 
Inhalation 2.2E-04 -- 

Total 3.3E-04 -- 

Total Cumulative ELCRa 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 × 10-4 for nonradiological analytes and 3.5 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (2.8 × 10-4, 44 percent contribution), carbon-14 (4.3 × 10-5, 6.8 
percent contribution),  technetium-99 (1.6 × 10-5, 2.5 percent contribution), and trichloroethene (9.2 × 10-

6, 1.4 percent contribution). Contribution to ELCR is elevated for arsenic (2.8 × 10-4, 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 

Exposure 
Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  2.8E-04 

Arsenic (2.8E-04, 43%)  
Trichloroethene (9.2E-06, 1.4%)  

 

2.1 
Trichloroethene (0.69, 26%)  

Arsenic (0.60, 23%)  
Lithium (0.29, 11%)  

Fluoride (0.23, 8.6%)  
Nitrate (0.19, 7.2%)  

Vanadium (0.19, 7.0%)  
Hexavalent Chromium (0.15, 5.7%)  

Molybdenum (0.05, 1.9%)  
Uranium (0.04, 1.7%)  

Nitrite (0.04, 1.6%)  
Manganese (0.04, 1.4%)  

Zinc (0.03, 1.2%) 

Dermal   1.6E-06  0.09 

Inhalation  5.9E-06  0.46 

Total   2.9E-04  2.7 

Radionuclide Analytes 

Ingestion  1.3E-04 

Tritium (2.8E-04, 44%) 
Carbon-14 (4.3E-05, 6.8%)  

Technetium-99 (1.6E-05, 2.5%)  
 

-- 

-- 

Inhalation 2.2E-04 -- 

Total 3.5E-04 -- 

Total Cumulative 
ELCRa 

6.4E-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 × 10-4 for nonradiological analytes and 
1.8 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-5, 18 percent contribution), tritium (3.9 
× 10-5, 7.7 percent contribution), benzene (1.9 × 10-5, 3.6 percent contribution), carbon tetrachloride (1.8 × 
10-5, 3.5 percent contribution), chloroform (1.7 × 10-5, 3.4 percent contribution), iodine-129 (1.3 × 10-5, 
2.5 percent contribution), strontium-90 (1.2 × 10-5, 2.4 percent contribution), uranium-234 (9.0 × 10-6, 1.8 
percent contribution), uranium-238 (6.5 × 10-6, 1.3 percent contribution), and bis(2-ethylhexyl) phthalate 
(6.2 × 10-6, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (2.7 × 10-4, 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 

Exposure Route 

200-BP-5 Confined Exposure Area 

ELCR 
Primary Contributors to  

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  2.9E-04 

Arsenic (2.7E-04, 52%)  
Benzene (1.9E-05, 3.6%)  

Carbon tetrachloride (1.8E-05, 3.5%)  
Chloroform (1.7E-05, 3.4%)   

Bis(2-ethylhexyl) phthalate (6.2E-06, 1.2%)  

9.1 Cyanide (6.9, 45%)  
Antimony (6.1, 40%)  
Arsenic (0.58, 3.8%)  
Silver (0.21, 1.3%)  
Iron (0.20, 1.3%)  

Fluoride (0.20, 1.3%)  
Manganese (0.17, 1.1%)  

Cobalt (0.16, 1.1%) 

Dermal   6.6E-06  0.25 

Inhalation  3.2E-05  6.0 

Total   3.3E-04  15 

Radionuclide Analytes 

Ingestion  1.5E-04 Technetium-99 (9.3E-05, 18%)  
Tritium (3.9E-05, 7.7%)  

Iodine-129 (1.3E-05, 2.5%)  
Strontium-90 (1.2E-05, 2.4%)  
Uranium-234 (9.0E-06, 1.8%)  
Uranium-238 (6.5E-06, 1.3%) 

-- 

-- 
Inhalation 3.0E-05 -- 

Total 1.8E-04 -- 

Total Cumulative ELCRa 5.1E-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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7.1.1.2 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 LLWMA1 Exposure Area 
The total ELCR for the LLWMA1 exposure area is 5.6 × 10-3 for nonradiological analytes and 2.0 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
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 × 10-3, 93 percent contribution), and 
technetium-99 (1.9 × 10-4, 3.3 percent contribution). Contribution to ELCR is elevated for arsenic (1.7 × 
10-4, 3.0 percent contribution), where measured concentrations are within natural background values. 

The HI for the LLWMA1 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 

Exposure Route 

LLWMA1 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (5.3E-03, 93%) 
Arsenic (1.7E-04, 3.0%) 

 

Cyanide (8.7, 40%) 
Uranium (4.7, 22%) 
Arsenic (2.7, 13%) 

Vanadium (1.5, 6.7%) 
Barium (1.2, 5.7%) 

Hexavalent Chromium (0.71, 3.3%)
Nickel (0.53, 2.5%) 
Cobalt (0.53, 2.5%) 

Cadmium (0.34, 1.6%) 
Manganese (0.27, 1.2%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.4E-07 9 

   Nonvolatile (aerosol) 5.6E-03 13 

Total 5.6E-03 21 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

6.5E-12 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.8E-06 0.31 

Total 1.8E-06 0.31 

Total Nonradionuclide  5.6E-03 22 

Radionuclide Analytes 



ECF-HANFORD-13-0036, REV. 0 

65 

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

Exposure Route 

LLWMA1 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Inhalation in Sweat Lodge 

Technetium-99 (1.9E-04, 3.3%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.0E-05 -- 

   Nonvolatile (aerosol) 1.9E-04 -- 

Total Radionuclide  2.0E-04 -- 

Total Cumulative ELCRa 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 LLWMA2 Exposure Area 
The total ELCR for the LLWMA2 exposure area is 6.5 × 10-3 for nonradiological analytes and 4.9 × 10-5 
for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of 
1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-3, 94 percent contribution). Contribution to ELCR is elevated 
for arsenic (3.1 × 10-4, 4.7 percent contribution), where measured concentrations are within natural 
background values. 

The HI for the LLWMA2 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 

Exposure Route 

LLWMA2 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 



ECF-HANFORD-13-0036, REV. 0 

66 

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

Exposure Route 

LLWMA2 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (6.2E-03, 94%) 
Arsenic (3.1E-04, 4.7%) 

 

Arsenic (4.8, 31%) 
Cyanide (3.6, 23%) 

Vanadium (1.8, 12%) 
Nickel (1.6, 10%) 

Barium (0.93, 5.9%) 
Manganese (0.87, 5.5%) 

Hexavalent Chromium (0.82, 5.2%)
Uranium (0.81, 5.1%) 
Antimony (0.28, 1.8%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- 3.6 

   Nonvolatile (aerosol) 6.5E-03 12 

Total 6.5E-03 15 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

3.2E-06 0.40 

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 ELCRa 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 × 10-2 for nonradiological 
analytes and 5.3 × 10-2 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. 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 × 10-2, 39 percent contribution), 
uranium-238 (2.3 × 10-2, 31 percent contribution), hexavalent chromium (1.9 × 10-2, 26 percent 
contribution), and uranium-235 (1.2 × 10-3, 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 

Exposure Route 

WMA B/BX/BY Tank Farms Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (1.9E-02, 26%) 

 

Uranium (90, 64%) 
Cyanide (20, 14%) 
Cobalt (6.6, 4.7%) 

Cadmium (5.1, 3.6%) 
Arsenic (5.1, 3.6%) 
Nickel (4.9, 3.5%) 

Manganese (3.0, 2.1%) 
Hexavalent Chromium (2.5, 1.8%)

Barium (2.1, 1.5%) 

   Volatile and Semi-Volatiles 
(vapor) 

2.6E-06 20 

   Nonvolatile (aerosol) 2.0E-02 120 

Total 2.0E-02 140 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

1.0E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.9E-05 1.9 

Total 1.9E-05 1.9 

Total Nonradionuclide  2.0E-02 141 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Uranium-234 (2.8E-02, 39%) 
Uranium-238 (2.3E-02, 31%) 
Uranium-235 (1.2E-03, 1.6%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.6E-05 -- 

   Nonvolatile (aerosol) 5.3E-02 -- 

Total Radionuclide  5.3E-02 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological analytes and 
3.9 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 78 percent contribution), 
technetium-99 (3.6 × 10-4, 7.7 percent contribution), cobalt (3.0 × 10-4, 6.4 percent contribution), and 
cadmium (6.0 × 10-5, 1.3 percent contribution). Contribution to ELCR is elevated for arsenic (2.4 × 10-4, 
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 

Exposure Route 

WMAC Tank Farm Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.6E-03, 78%) 
Cobalt (3.0E-04, 6.4%) 
Arsenic (2.4E-04, 5.1%) 

Cadmium (6.0E-05, 1.3%) 

 

Cobalt (5.7, 29%) 
Arsenic (3.7, 19%) 

Cadmium (3.4, 17%) 
Vanadium (1.5, 7.6%) 

Nickel (1.0, 5.2%) 
Barium (0.95, 4.9%) 

Uranium (0.92, 4.7%) 
Manganese (0.88, 4.5%) 

Hexavalent Chromium (0.48, 2.5%)
Cyanide (0.42, 2.1%) 

Di-n-octylphthalate (0.21, 1.1%) 

   Volatile and Semi-Volatiles 
(vapor) 

5.3E-07 0.42 

   Nonvolatile (aerosol) 4.2E-03 19 

Total 4.2E-03 19 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

3.5E-10 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

2.5E-06 0.50 

Total 2.5E-06 0.50 

Total Nonradionuclide  4.2E-03 20 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Technetium-99 (3.6E-04, 7.7%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.5E-06 -- 

   Nonvolatile (aerosol) 3.9E-04 -- 

Total Radionuclide  3.9E-04 -- 

Total Cumulative ELCRa 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 

Exposure Route 

WMAC Tank Farm Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 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 not applicable. 

 

7.1.1.2.5 B Plant Exposure Area 
The total ELCR for the B Plant exposure area is 4.0 × 10-3 for nonradiological analytes and 6.3 × 10-3 for 
radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-3, 41 percent contribution), hexavalent 
chromium (3.8 × 10-3, 36 percent contribution), uranium-233/234 (5.3 × 10-4, 5.1 percent contribution), 
strontium-90 (5.0 × 10-4, 4.8 percent contribution), uranium-234 (4.0 × 10-4, 3.9 percent contribution), and 
uranium-238 (3.3 × 10-4, 3.2 percent contribution). Contribution to ELCR is elevated for arsenic (1.6 × 
10-4, 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 

Exposure Route 

B Plant Exposure Area Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.8E-03, 36%) 
Arsenic (1.6E-04, 1.6%) 

 Uranium (5.0, 26%) 
Cadmium (4.4, 23%) 
Arsenic (2.6, 14%) 

Manganese (1.6, 8.4%) 
Vanadium (1.6, 8.3%) 

Barium (1.2, 6.4%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- 0.43 

   Nonvolatile (aerosol) 4.0E-03 18 
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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 

Exposure Route 

B Plant Exposure Area Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total 4.0E-03 19 Nickel (0.80, 4.2%) 
Fluoride (0.59, 3.1%) 

Hexavalent Chromium (0.50, 2.6%)
Cyanide (0.43, 2.3%) 
Antimony (0.32, 1.7%) 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.7E-06 0.42 

Total 1.7E-06 0.42 

Total Nonradionuclide  4.0E-03 19 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Plutonium-239/240 (4.3E-03, 41%) 
Uranium-233/234 (5.3E-04, 5.1%) 

Strontium-90 (5.0E-04, 4.8%) 
Uranium-234 (4.0E-04, 3.9%) 
Uranium-238 (3.3E-04, 3.2%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

7.3E-06 -- 

   Nonvolatile (aerosol) 6.3E-03 -- 

Total Radionuclide  6.3E-03 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological analytes and 3.1 × 10-5 
for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of 
1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-3, 95 percent contribution). Contribution to ELCR is elevated 
for arsenic (1.4 × 10-4, 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 

Exposure Route 

Semiworks Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.8E-03, 95%) 
Arsenic (1.4E-04, 3.7%) 

 

Arsenic (2.3, 33%) 
Barium (1.4, 21%) 

Uranium (1.3, 19%) 
Vanadium (1.1, 16%) 

Hexavalent Chromium (0.50, 7.2%)
Fluoride (0.14, 2.1%) 
Nickel (0.11, 1.6%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 3.9E-03 6.8 

Total 3.9E-03 6.8 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (vapor and 
aqueous condensate) 

1.5E-06 0.07 

Total 1.5E-06 0.07 

Total Nonradionuclide  3.9E-03 6.9 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

-- 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.0E-05 -- 

   Nonvolatile (aerosol) 2.1E-05 -- 

Total Radionuclide  3.1E-05 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological analytes and 9.6 × 10-7 for 
radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of 
1 × 10-4 and the radiological ELCR is less than the EPA lower target threshold of 1 × 10-6. 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 × 10-3, 96 percent contribution). Contribution to ELCR is 
elevated for arsenic (1.6 × 10-4, 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 

Exposure Route 

LERF Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (4.6E-03, 96%) 
Arsenic (1.6E-04, 3.4%) 

 

Arsenic (2.5, 29%) 
Manganese (1.7, 19%) 
Vanadium (1.6, 18%) 

Barium (1.1, 13%) 
Nickel (1.0, 12%) 

Hexavalent Chromium (0.61, 7.0%)
Fluoride (0.17, 1.9%) 

   Volatile and Semi-Volatiles 
(vapor) 

6.7E-07 <0.01 

   Nonvolatile (aerosol) 4.8E-03 8.6 

Total 4.8E-03 8.6 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

6.2E-10 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.7E-06 0.10 

Total 1.7E-06 0.10 

Total Nonradionuclide  4.8E-03 8.7 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

-- 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

8.8E-07 -- 

   Nonvolatile (aerosol) 8.1E-08 -- 

Total Radionuclide  9.6E-07 -- 

Total Cumulative ELCRa 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 

Exposure Route 

LERF Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 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 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 × 10-3 for nonradiological analytes and 
9.9 × 10-5 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-3, 92 percent contribution), strontium-90 (9.5 × 10-

5, 2.4 percent contribution), and nickel (4.7 × 10-5, 1.2 percent contribution). Contribution to ELCR is 
elevated for arsenic (1.7 × 10-4, 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 

Exposure Route 

Gable Mountain Pond Exposure Area 

ELCR 
Primary Contributors to | 

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 
|Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.7E-03, 92%)
Arsenic (1.7E-04, 4.2%) 
Nickel (4.7E-05, 1.2%) 

 Manganese (16, 68%) 
Arsenic (2.7, 12%) 
Nickel (2.1, 9.0%) 

Barium (0.89, 3.9%) 
Vanadium (0.71, 3.1%) 

Hexavalent Chromium (0.49, 2.1%)
Antimony (0.31, 1.4%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 3.9E-03 22 

Total 3.9E-03 22 
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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 

Exposure Route 

Gable Mountain Pond Exposure Area 

ELCR 
Primary Contributors to | 

Total Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 
|Total Cumulative HI (>1%) 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (vapor and 
aqueous condensate) 

1.7E-06 0.40 

Total 1.7E-06 0.40 

Total Nonradionuclide  3.9E-03 23 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Strontium-90 (9.5E-05, 2.4%) 
 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

4.4E-06 -- 

   Nonvolatile (aerosol) 9.5E-05 -- 

Total Radionuclide  9.9E-05 -- 

Total Cumulative ELCRa 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. 

 

7.1.1.2.9 200-BP-5 West Exposure Area 
The total ELCR for the 200-BP-5 West exposure area is 4.4 × 10-3 for nonradiological analytes and 
2.4 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 83 percent contribution), 
cobalt (2.5 × 10-4, 5.5 percent contribution), and technetium-99 (1.0 × 10-4, 2.2 percent contribution). 
Contribution to ELCR is elevated for arsenic (2.2 × 10-4, 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 

Exposure Route 

200-BP-5 West Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.8E-03, 83%) 
Cobalt (2.5E-04, 5.5%) 
Arsenic (2.2E-04, 4.7%) 

 

 

Manganese (25, 44%) 
Aluminum (9.5, 17%) 

Cobalt (4.8, 8.5%) 
Cyanide (4.5, 7.9%) 
Arsenic (3.5, 6.1%) 

Cadmium (2.4, 4.2%) 
Uranium (1.9, 3.4%) 

Vanadium (1.5, 2.6%) 
Nickel (1.2, 2.1%) 
Barium (1.2, 2.0%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.5E-06 4.5 

   Nonvolatile (aerosol) 4.4E-03 52 

Total 4.4E-03 56 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

7.1E-10 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

2.6E-06 0.39 

Total 2.6E-06 0.39 

Total Nonradionuclide  4.4E-03 57 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Technetium-99 (1.0E-04, 2.2%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

9.3E-06 -- 

   Nonvolatile (aerosol) 2.3E-04 -- 

Total Radionuclide  2.4E-04 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological 
analytes and 3.7 × 10-5 for radiological analytes. The nonradiological ELCR is greater than the EPA upper 
target risk threshold of 1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 
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 × 10-3, 94 percent contribution). Contribution to 
ELCR is elevated for arsenic (4.6 × 10-4, 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 

Exposure Route 

Far Field (North of Gable Gap) Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (7.9E-03, 94%) 
Arsenic (4.6E-04, 5.4%) 

 

Arsenic (7.2, 38%) 
Manganese (6.9, 36%) 
Vanadium (1.7, 8.8%) 

Hexavalent Chromium (1.1, 5.5%)
Uranium (0.90, 4.7%) 
Nickel (0.50, 2.6%) 
Barium (0.44, 2.3%) 
Fluoride (0.40, 2.1%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 8.4E-03 19 

Total 8.4E-03 19 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (vapor and 
aqueous condensate) 

4.7E-06 0.15 

Total 4.7E-06 0.15 

Total Nonradionuclide  8.4E-03 19 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

-- 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.8E-05 -- 

   Nonvolatile (aerosol) 1.9E-05 -- 

Total Radionuclide  3.7E-05 -- 

Total Cumulative ELCRa 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 

Exposure Route 

Far Field (North of Gable Gap) Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 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. 

 

7.1.1.2.11 Near River Exposure Area 
The total ELCR for the Near River exposure area is 4.4 × 10-3 for nonradiological analytes and 1.0 × 10-4 
for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of 
1 × 10-4 and the radiological ELCR is equal to the EPA upper target risk threshold of 1 × 10-4. 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 × 10-3, 95 percent contribution). Contribution to ELCR is 
elevated for arsenic (1.1 × 10-4, 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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (4.2E-03, 95%) 
Arsenic (1.1E-04, 2.5%) 

 

 Manganese (2.4, 32%) 
Arsenic (1.8, 23%) 

Vanadium (1.3, 16%) 
Hexavalent Chromium (0.56, 7.3%)

Uranium (0.50, 6.5%) 
Barium (0.49, 6.4%) 
Cobalt (0.20, 2.6%) 

Fluoride (0.16, 2.1%) 
Cadmium (0.09, 1.1%) 

   Volatile and Semi-Volatiles 
(vapor) 

5.7E-07 0.05 

   Nonvolatile (aerosol) 4.4E-03 7.5 

Total 4.4E-03 7.6 

Dermal Exposure in Sweat Lodge  
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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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor only) 

2.5E-10 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.2E-06 0.08 

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 ELCRa 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 × 10-3 for nonradiological analytes and 
1.5 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 92 percent contribution), 
cobalt (6.4 × 10-5, 1.4 percent contribution), and uranium-234 (6.4 × 10-5, 1.4 percent contribution). 
Contribution to ELCR is elevated for arsenic (1.1 × 10-4, 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 

Exposure Route 

200-BP-5 Confined Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (4.3E-03, 92%) 
Arsenic (1.1E-04, 2.4%) 
Cobalt (6.4E-05, 1.4%) 

 

 

Manganese (11, 56%) 
Arsenic (1.7, 8.9%) 
Barium (1.6, 8.0%) 
Cobalt (1.2, 6.3%) 

Vanadium (0.98, 5.0%) 
Nickel (0.74, 3.8%) 

Uranium (0.70, 3.6%) 
Cyanide (0.60, 3.1%) 

Hexavalent Chromium (0.57, 2.9%) 

   Volatile and Semi-Volatiles 
(vapor) 

3.1E-06 0.60 

   Nonvolatile (aerosol) 4.5E-03 19 

Total 4.5E-03 19 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

1.2E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.9E-06 0.29 

Total 1.9E-06 0.29 

Total Nonradionuclide  4.5E-03 20 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Uranium-234 (6.4E-05, 1.4%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.4E-06 -- 

   Nonvolatile (aerosol) 1.5E-04 -- 

Total Radionuclide  1.5E-04 -- 

Total Cumulative ELCRa 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 LLWMA1 Exposure Area 
The total ELCR for the LLWMA1 exposure area is 4.6 × 10-4 for nonradiological analytes and 1.1 × 10-3 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
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 × 10-4, 55 percent contribution), tritium (1.7 × 10-4, 11 
percent contribution), cobalt-60 (4.0 × 10-5, 2.6 percent contribution), and iodine-129 (3.4 × 10-5, 2.2 
percent contribution). Contribution to ELCR is elevated for arsenic (4.6 × 10-4, 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 

Exposure 
Route 

LLWMA1 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.6E-04 

Arsenic (4.6E-04, 29%)  
 

24 

Cyanide (100, 90%)  
Antimony (6.8, 6.2%)  

Nitrate (1.5, 1.3%) 

Dermal   1.6E-06  0.31 

Inhalation  1.5E-06  87 

Total   4.6E-04  111 

Radionuclide Analytes 

Ingestion  9.6E-04 

Technetium-99 (8.5E-04, 55%)  
Tritium (1.7E-04, 11%)  

Cobalt-60 (4.0E-05, 2.6%)  
Iodine-129 (3.4E-05, 2.2%) 

-- 

-- 

Inhalation 1.3E-04 -- 

Total 1.1E-03 -- 

Total Cumulative 
ELCRa 

1.6E-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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7.1.2.1.2 LLWMA2 Exposure Area 
The total ELCR for the LLWMA2 exposure area is 8.1 × 10-4 for nonradiological analytes and 2.5 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
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 × 10-4, 20 percent contribution), iodine-129 (2.0 × 10-5, 
1.9 percent contribution), and tritium (1.3 × 10-5, 1.2 percent contribution). Contribution to ELCR is 
elevated for arsenic (8.1 × 10-4, 76 percent contribution), where measured concentrations are within 
natural background values. 

The HI for the LLWMA2 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 

Exposure 
Route 

LLWMA2 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  8.0E-04 

Arsenic (8.1E-04, 76%)  
 

18 

Cyanide (41, 77%)  
Antimony (9.6, 18%)  
Arsenic (1.6, 3.0%) 

Dermal   2.7E-06  0.35 

Inhalation  --  36 

Total   8.1E-04  54 

Radionuclide Analytes 

Ingestion  2.4E-04 

Technetium-99 (2.2E-04, 20%)  
Iodine-129 (2.0E-05, 1.9%)  

Tritium (1.3E-05, 1.2%) 

-- 

-- 

Inhalation 1.0E-05 -- 

Total 2.5E-04 -- 

Total Cumulative 
ELCRa 

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 × 10-3 for nonradiological 
analytes and 1.1 × 10-2 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. 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 × 10-3, 26 percent contribution), 
uranium-238 (3.7 × 10-3, 23 percent contribution), technetium-99 (3.1 × 10-3, 19 percent contribution), 
methyl methanesulfonate (2.1 × 10-3, 13 percent contribution), n-nitrosodi-n-dipropylamine (1.6 × 10-3, 
9.8 percent contribution, tritium (2.6 × 10-4, 1.6 percent contribution), and uranium-235 (1.8 × 10-4, 1.1 
percent contribution). Contribution to ELCR is elevated for arsenic (8.5 × 10-4, 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 

Exposure 
Route 

WMA B/BX/BY Tank Farms Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.5E-03 

Methyl methanesulfonate (2.1E-03, 13%)  
n-Nitrosodi-n-dipropylamine (1.6E-03, 

9.8%)  
Arsenic (8.5E-04, 5.3%)  

54 

Cyanide (230, 90%)  
Uranium (8.1, 3.2%)  
Antimony (6.5, 2.6%)  

Nitrate (4.8, 1.9%) 

Dermal   3.7E-05  0.57 

Inhalation  2.7E-05  200 

Total   4.6E-03  255 

Radionuclide Analytes 

Ingestion  1.1E-02 

Uranium-234 (4.1E-03, 26%)  
Uranium-238 (3.7E-03, 23%)  

Technetium-99 (3.1E-03, 19%)  
Tritium (2.6E-04, 1.6%)  

Uranium-235 (1.8E-04, 1.1%) 

-- 

-- 

Inhalation 2.1E-04 -- 

Total 1.1E-02 -- 

Total Cumulative 
ELCRa 

1.6E-02 -- 

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 × 10-4 for nonradiological analytes and 
1.7 × 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 69 percent contribution),  iodine-129 
(6.6 × 10-5, 2.8 percent contribution), and tritium (2.5 × 10-5, 1.1 percent contribution). Contribution to 
ELCR is elevated for arsenic (6.2 × 10-4, 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 

Exposure 
Route 

WMA C Tank Farm Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  6.2E-04 

Arsenic (6.2E-04, 27%)  
 

11 Antimony (6.8, 43%)  
Cyanide (4.9, 31%)  
Arsenic (1.3, 8.0%)  
Cobalt (0.76, 4.9%)  

Cadmium (0.49, 3.1%)  
Nitrate (0.36, 2.3%)  

Vanadium (0.22, 1.4%) 

Dermal   3.0E-06  0.28 

Inhalation  5.5E-06  4.3 

Total   6.3E-04  16 

Radionuclide Analytes 

Ingestion  1.7E-03 

Technetium-99 (1.6E-03, 69%)  
Iodine-129 (6.6E-05, 2.8%)  

Tritium (2.5E-05, 1.1%) 

-- 

-- 

Inhalation 1.9E-05 -- 

Total 1.7E-03 -- 

Total Cumulative 
ELCRa 

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 × 10-4 for nonradiological analytes and 1.1 × 10-2 for 
radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-3, 52 percent contribution), cesium-137 (4.1 × 10-3, 35 
percent contribution), plutonium-239/240 (4.0 × 10-4, 3.4 percent contribution), and technetium-99 (3.8 × 
10-4, 3.2 percent contribution). Contribution to ELCR is elevated for arsenic (4.3 × 10-4, 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 

Exposure 
Route 

B Plant Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.3E-04 

Arsenic (4.3E-04, 3.6%)  

16 

Antimony (11, 54%)  
Cyanide (5.0, 24%)  
Arsenic (0.87, 4.3%)  
Fluoride (0.85, 4.2%)  
Nitrate (0.70, 3.4%)  

Cadmium (0.63, 3.1%)  
Uranium (0.44, 2.2%)  

Vanadium (0.23, 1.2%) 

Dermal   1.5E-06  0.39 

Inhalation  --  4.3 

Total   4.3E-04  20 

Radionuclide Analytes 

Ingestion  1.1E-02 

Strontium-90 (6.2E-03, 52%)  
Cesium-137 (4.1E-03, 35%)  

Plutonium-239/240 (4.0E-04, 3.4%)  
Technetium-99 (3.8E-04, 3.2%)  

-- 

-- 

Inhalation 9.5E-05 -- 

Total 1.1E-02 -- 

Total Cumulative 
ELCRa 

1.2E-02 -- 

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 × 10-4 for nonradiological analytes and 2.3 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (1.7 × 10-4, 28 percent contribution), iodine-129 (2.6 × 10-5, 4.3 
percent contribution), technetium-99 (1.7 × 10-5, 2.7 percent contribution), and strontium-90 (1.5 × 10-5, 
2.5 percent contribution). Contribution to ELCR is elevated for arsenic (3.8 × 10-4, 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 

Exposure 
Route 

Semiworks Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.8E-04 

Arsenic (3.8E-04, 62%)  
 

1.9 Arsenic (0.76, 39%)  
Nitrate (0.33, 17%)  

Fluoride (0.20, 10%)  
Vanadium (0.16, 8.4%)  

Hexavalent Chromium (0.13, 6.8%)  
Uranium (0.12, 6.0%)  
Selenium (0.07, 3.5%)  

Molybdenum (0.04, 2.1%)  
Nitrite (0.04, 2.0%)  

Strontium (0.04, 1.8%)  
Barium (0.02, 1.3%) 

Dermal   1.3E-06  0.06 

Inhalation  --  -- 

Total   3.8E-04  1.9 

Radionuclide Analytes 

Ingestion  9.7E-05 

Tritium (1.7E-04, 28%)  
Iodine-129 (2.6E-05, 4.3%)  

Technetium-99 (1.7E-05, 2.7%)  
Strontium-90 (1.5E-05, 2.5%) 

-- 

-- 

Inhalation 1.4E-04 -- 

Total 2.3E-04 -- 

Total Cumulative 
ELCRa 

6.1E-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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7.1.2.1.7 Liquid Effluent Retention Basin (LERF) Exposure Area 
The total ELCR for the LERF exposure area is 4.4 × 10-4 for nonradiological analytes and 1.9 × 10-5 for 
radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of 
1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-5, 4.1 percent contribution), and tritium (1.5 × 10-5, 3.2 percent 
contribution). Contribution to ELCR is elevated for arsenic (4.2 × 10-4, 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 

Exposure 
Route 

LERF Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.3E-04 

Arsenic (4.2E-04, 92%)  
Carbon tetrachloride (1.9E-05, 4.1%)  

 

2.1 
Arsenic (0.85, 38%)  
Nitrate (0.34, 15%)  

Fluoride (0.24, 11%)  
Vanadium (0.23, 10%)  

Hexavalent Chromium (0.16, 7.3%)  
Silver (0.09, 4.1%)  
Nitrite (0.06, 2.8%)  

Strontium (0.05, 2.4%)  
Carbon tetrachloride (0.05, 2.3%)  

Antimony (0.05, 2.1%)  
Nickel (0.03, 1.4%)  

Manganese (0.03, 1.1%) 

Dermal   3.0E-06  0.09 

Inhalation  6.9E-06  0.01 

Total   4.4E-04  2.2 

Radionuclide Analytes 

Ingestion  7.7E-06 

Tritium (1.5E-05, 3.2%) 

-- 

-- 

Inhalation 1.1E-05 -- 

Total 1.9E-05 -- 

Total Cumulative 
ELCRa 

4.6E-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 × 10-4 for nonradiological analytes and 
1.2 × 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 69 percent contribution), and tritium 
(7.4 × 10-5, 4.4 percent contribution). Contribution to ELCR is elevated for arsenic (4.4 × 10-4, 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 

Exposure 
Route 

Gable Mountain Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.4E-04 

Arsenic (4.4E-04, 26%)  
 

13 

Antimony (10, 79%)  
Arsenic (0.89, 6.7%)  
Nitrate (0.76, 5.8%)  

Iron (0.25, 1.9%)  
Manganese (0.24, 1.8%) 

Dermal   1.5E-06  0.33 

Inhalation 
-- 

-- 

Total   4.4E-04  13 

Radionuclide Analytes 

Ingestion  1.2E-03 

Strontium-90 (1.2E-03, 69%)  
Tritium (7.4E-05, 4.4%) 

-- 

-- 

Inhalation 5.8E-05 -- 

Total 1.2E-03 -- 

Total Cumulative 
ELCRa 

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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7.1.2.1.9 200-BP-5 West Exposure Area 
The total ELCR for the 200-BP-5 West exposure area is 6.1 × 10-4 for nonradiological analytes and 
1.1 × 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-4, 27 percent contribution), strontium-90 
(4.5 × 10-4, 26 percent contribution), tritium (1.5 × 10-4, 9.0 percent contribution), and carbon 
tetrachloride (2.0 × 10-5, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (5.8 × 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 

Exposure 
Route 

200-BP-5 West Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  5.9E-04 

Arsenic (5.8E-04, 34%)  
Carbon tetrachloride (2.0E-05, 1.2%) 

21 

Cyanide (52, 78%)  
Antimony (8.6, 13%)  
Arsenic (1.2, 1.8%)  
Nitrate (0.70, 1.1%) 

Dermal   5.8E-06  0.38 

Inhalation  1.5E-05  45 

Total   6.1E-04  66 

Radionuclide Analytes 

Ingestion  9.8E-04 

Technetium-99 (4.6E-04, 27%)  
Strontium-90 (4.5E-04, 26%)  

Tritium (1.5E-04, 9.0%)  
 

-- 

-- 

Inhalation 1.2E-04 -- 

Total 1.1E-03 -- 

Total Cumulative 
ELCRa 

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 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 × 10-3 for nonradiological 
analytes and 3.4 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) are tritium (2.9 × 10-4, 19 percent contribution) and 
technetium-99 (4.0 × 10-5, 2.6 percent contribution). Contribution to ELCR is elevated for arsenic (1.2 × 
10-3, 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 

Exposure 
Route 

Far Field (North of Gable Gap) Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  1.2E-03 

Arsenic (1.2E-03, 78%)  
 

4.5 
Arsenic (2.4, 52%)  

Fluoride (0.57, 12%)  
Hexavalent Chromium (0.28, 6.1%)  

Lithium (0.27, 5.8%)  
Vanadium (0.25, 5.4%)  

Nitrate (0.17, 3.6%)  
Copper (0.17, 3.6%)  

Iron (0.11, 2.3%)  
Manganese (0.10, 2.2%)  

Uranium (0.08, 1.7%)  
Zinc (0.07, 1.5%)  

Molybdenum (0.06, 1.3%) 

Dermal   4.1E-06  0.12 

Inhalation 
-- 

-- 

Total   1.2E-03  4.7 

Radionuclide Analytes 

Ingestion  1.1E-04 

Tritium (2.9E-04, 19%)  
Technetium-99 (4.0E-05, 2.6%) 

-- 

-- 

Inhalation 2.3E-04 -- 

Total 3.4E-04 -- 

Total Cumulative 
ELCRa 

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 × 10-4 for nonradiological analytes and 3.6 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (2.9 × 10-4, 43 percent contribution), carbon-14 (4.4 × 10-5, 6.6 
percent contribution), technetium-99 (1.6 × 10-5, 2.4 percent contribution), and trichloroethene (9.6 × 10-6, 
1.4 percent contribution). Contribution to ELCR is elevated for arsenic (3.0 × 10-4, 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 

Exposure 
Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.0E-04 

Arsenic (3.0E-04, 44%)   
Trichloroethene (9.6E-06, 1.4%) 

 

2.1 
Trichloroethene (0.69, 26%)  

Arsenic (0.60, 23%)  
Lithium (0.29, 11%)  

Fluoride (0.23, 8.6%)  
Nitrate (0.19, 7.2%)  

Vanadium (0.19, 7.0%)  
Hexavalent Chromium (0.15, 5.7%)  

Molybdenum (0.05, 1.9%)  
Uranium (0.04, 1.7%)  

Nitrite (0.04, 1.6%)  
Manganese (0.04, 1.4%)  

Zinc (0.03, 1.2%) 

Dermal   1.6E-06  0.09 

Inhalation  5.9E-06  0.46 

Total   3.1E-04  2.7 

Radionuclide Analytes 

Ingestion  1.4E-04 

Tritium (2.9E-04, 43%)  
Carbon-14 (4.4E-05, 6.6%)  

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

-- 

-- 

Inhalation 2.3E-04 -- 

Total 3.6E-04 -- 

Total Cumulative 
ELCRa 

6.7E-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 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 × 10-4 for nonradiological analytes and 
1.8 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-5, 18 percent contribution), tritium (4.0 
× 10-5, 7.5 percent contribution), benzene (1.9 × 10-5, 3.6 percent contribution), carbon tetrachloride (1.9 × 
10-5, 3.5 percent contribution), chloroform (1.8 × 10-5, 3.3 percent contribution), iodine-129 (1.3 × 10-5, 
2.4 percent contribution), strontium-90 (1.3 × 10-5, 2.3 percent contribution), uranium-234 (9.2 × 10-6, 1.7 
percent contribution), uranium-238 (6.6 × 10-6, 1.2 percent contribution), and bis(2-ethylhexyl) phthalate 
(6.4 × 10-6, 1.2 percent contribution). Contribution to ELCR is elevated for arsenic (2.9 × 10-4, 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 

Exposure 
Route 

200-BP-5 Confined Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.2E-04 
Arsenic (2.9E-04, 53%)  

Benzene (1.9E-05, 3.6%)  
Carbon tetrachloride (1.9E-05, 3.5%)  

Chloroform (1.8E-05, 3.3%)  
Bis(2-ethylhexyl) phthalate (6.4E-06, 

1.2%) 

9.1 Cyanide (6.9, 45%)  
Antimony (6.1, 40%)  
Arsenic (0.58, 3.8%)  
Silver (0.21, 1.3%)  
Iron (0.20, 1.3%)  

Fluoride (0.20, 1.3%)  
Manganese (0.17, 1.1%)  

Cobalt (0.16, 1.1%) 

Dermal   6.6E-06  0.26 

Inhalation  3.2E-05  6.0 

Total   3.5E-04  15 

Radionuclide Analytes 

Ingestion  1.5E-04 Technetium-99 (9.5E-05, 18%)  
Tritium (4.0E-05, 7.5%)  

Iodine-129 (1.3E-05, 2.4%)  
Strontium-90 (1.3E-05, 2.3%)  
Uranium-234 (9.2E-06, 1.7%)  
Uranium-238 (6.6E-06, 1.2%)  

 

-- 

-- 

Inhalation 3.2E-05 -- 

Total 1.8E-04 -- 

Total Cumulative 
ELCRa 

5.4E-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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7.1.2.2 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. 

7.1.2.2.1 LLWMA1 Exposure Area 
The total ELCR for the LLWMA1 exposure area with contributions from aerosolized nonvolatile analytes 
is 4.1 × 10-2 for nonradiological analytes and 1.5 × 10-3 for radiological analytes, both of which are greater 
than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 93 percent contribution) and technetium-99 (1.4 × 10-3, 3.3 percent contribution). Contribution 
to ELCR is elevated for arsenic (1.3 × 10-3, 3.1 percent contribution), where measured concentrations are 
within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.4 × 10-5 for 
nonradiological analytes and 7.7 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributors to the total cumulative ELCR (those analytes that 
contribute greater than 1 percent of total cumulative ELCR) are tritium (7.7 × 10-5, 84 percent 
contribution) and chloroform (1.1 × 10-6, 1.2 percent contribution). Contribution to ELCR is elevated for 
arsenic (1.3 × 10-5, 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 

Exposure Route 

LLMWA1 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
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 

Exposure Route 

LLMWA1 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.9E-02, 93%)
Arsenic (1.3E-03, 3.1%) 

 

Cyanide (63, 40%)  
Uranium (34, 22%)  
Arsenic (20, 13%)  

Vanadium (11, 6.7%) 
 Barium (9.0, 5.7%) 

 Hexavalent Chromium (5.2, 3.3%)
Nickel (3.9, 2.5%) 
 Cobalt (3.9, 2.5%)  

Cadmium (2.5, 1.6%)  
Manganese (1.9, 1.2%)  

   Volatile and Semi-Volatiles 
(vapor) 

1.1E-06 63 

   Nonvolatile (aerosol) 4.1E-02 93 

Total 4.1E-02 156 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

4.7E-11 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.3E-05 2.2 

Total 1.3E-05 2.2 

Total Nonradionuclide  4.1E-02 158 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Technetium-99 (1.4E-03, 3.3%)  

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

7.7E-05 -- 

   Nonvolatile (aerosol) 1.5E-03 -- 

Total Radionuclide  1.5E-03 -- 

Total Cumulative ELCRa 4.3E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (1.3E-05, 14%) 
Chloroform (1.1E-06, 1.2%) 

 

Cyanide (63, 97%) 
Antimony (1.4, 2.2%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.1E-06 63 

   Nonvolatile (aerosol) --b --b 

Total 1.1E-06 63 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

4.7E-11 <0.01 

   Nonvolatile (aqueous 
condensate only) 

1.3E-05 2.2 

Total 1.3E-05 2.2 

Total Nonradionuclide  1.4E-05 65 
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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 

Exposure Route 

LLMWA1 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (7.7E-05, 84%)  

 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

7.7E-05 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  7.7E-05 -- 

Total Cumulative ELCRa 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 LLWMA2 Exposure Area 
The total ELCR for the LLWMA2 source exposure area with contributions from aerosolized nonvolatile 
analytes is 4.8 × 10-2 for nonradiological analytes and 3.7 × 10-4 for radiological analytes, both of which 
are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 94 percent contribution). Contribution to ELCR is elevated for arsenic 
(2.3 × 10-3, 4.7 percent contribution), where measured concentrations are within natural background 
values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.3 × 10-5 for 
nonradiological analytes and 5.9 × 10-6 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (5.9 × 10-6, 21 percent contribution). 
Contribution to ELCR is elevated for arsenic (2.3 × 10-5, 79 percent contribution), where measured 
concentrations are within natural background values. 

The HI for the LLWMA2 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 

Exposure Route 

LLWMA2 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (4.5E-02, 94%) 
Arsenic (2.3E-03, 4.7%) 

 

Arsenic (35, 31%)  
Cyanide (26, 23%) 

Vanadium (13, 12%) 
Nickel (12, 10%) 

Barium (6.8, 5.9%) 
Manganese (6.3, 5.5%) 

Hexavalent Chromium (6.0, 5.2%) 
Uranium (5.9, 5.1%)  
Antimony (2.0, 1.7%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- 26 

   Nonvolatile (aerosol) 4.8E-02 86 

Total 4.8E-02 112 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

2.3E-05 2.8 

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 
(vapor) 

5.9E-06 -- 

   Nonvolatile (aerosol) 3.6E-04 -- 

Total Radionuclide  3.7E-04 -- 

Total Cumulative ELCRa 4.8E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (2.3E-05, 79%) 

 Cyanide (26, 90%) 
Antimony (2.0, 6.8%) 

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

-- 26 
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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 

Exposure Route 

LLWMA2 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Nonvolatile (aerosol) --b --b 

Total -- 26 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (aqueous 
condensate only) 

2.3E-05 2.8 

Total 2.3E-05 2.8 

Total Nonradionuclide  2.3E-05 29 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (5.9E-06, 21%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

5.9E-06 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  5.9E-06 -- 

Total Cumulative ELCRa 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 × 10-1 for nonradiological analytes and 3.7 × 10-1 for radiological 
analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-1, 38 percent contribution), uranium-238 (1.6 × 10-1, 31 
percent contribution), hexavalent chromium (1.3 × 10-1, 26 percent contribution), and uranium-235 (8.6 × 
10-3, 1.7 percent contribution).  

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.6 × 10-4 for 
nonradiological analytes and 1.2 × 10-4 for radiological analytes, both of which are greater than the EPA 
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upper target risk threshold of 1 × 10-4. The major contributors to the total cumulative ELCR (those 
analytes that contribute greater than 1 percent of total cumulative ELCR) are tritium (1.2 × 10-4, 43 
percent contribution), n-nitrosodi-n-dipropylamine (1.0 × 10-4, 37 percent contribution), chloroform (1.2 × 
10-5, 4.3 percent contribution), methyl methanesulfonate (8.4 × 10-6, 3.1 percent contribution), and carbon 
tetrachloride (7.6 × 10-6, 2.8 percent contribution). Contribution to ELCR is elevated for arsenic (2.4 × 10-

5, 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 

Exposure Route 

WMA B/BX/BY Tank Farms Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (1.3E-01, 26%) 

 

Uranium (656, 64%) 
Cyanide (145, 14%)  
Cobalt (48, 4.7%)  
Arsenic (37, 3.6%)  

Cadmium (37, 3.6%) 
Nickel (35, 3.5%)  

Manganese (22, 2.1%)  
Hexavalent Chromium (18, 1.8%) 

Barium (15, 1.5%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.9E-05 145 

   Nonvolatile (aerosol) 1.4E-01 869 

Total 1.4E-01 1013 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

7.2E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.4E-04 14 

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 

Exposure Route 

WMA B/BX/BY Tank Farms Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.2E-04 

Uranium-234 (1.9E-01, 38%) 
Uranium-238 (1.6E-01, 31%) 
Uranium-235 (8.6E-03, 1.7%) 

-- 

   Nonvolatile (aerosol) 3.7E-01 -- 

Total Radionuclide  3.7E-01 -- 

Total Cumulative ELCRa 5.1E-01 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

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%) 
 

 

 

Cyanide (145, 91%)  
Cadmium (7.8, 4.9%) 

Di-n-octylphthalate (2.4, 1.5%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.9E-05 145 

   Nonvolatile (aerosol) --b --b 

Total 1.9E-05 145 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

7.2E-09 <0.01 

   Nonvolatile (aqueous 
condensate only) 

1.4E-04 14 

Total 1.4E-04 14 

Total Nonradionuclide  1.6E-04 158 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (1.2E-04, 43%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.2E-04 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  1.2E-04 -- 

Total Cumulative ELCRa 2.7E-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. 
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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 × 10-2 for nonradiological analytes and 2.9 × 10-3 for radiological analytes, both 
of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 78 percent contribution), technetium-99 (2.7 × 10-3, 7.8 percent 
contribution), cobalt (2.2 × 10-3, 6.5 percent contribution), and cadmium (4.5 × 10-4, 1.3 percent 
contribution). Contribution to ELCR is elevated for arsenic (1.8 × 10-3, 5.1 percent contribution), where 
measured concentrations are within natural background values.  

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.2 × 10-5 for 
nonradiological analytes and 1.1 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributors to the total cumulative ELCR (those analytes that 
contribute greater than 1 percent of total cumulative ELCR) are tritium (1.1 × 10-5, 34 percent 
contribution), carbon tetrachloride (2.8 × 10-6, 8.5 percent contribution), chloroform (1.1 × 10-6, 3.4 
percent contribution), and tributyl phosphate (3.7 × 10-7, 1.1 percent contribution). Contribution to ELCR 
is elevated for arsenic (1.8 × 10-5, 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 

Exposure Route 

WMA C Tank Farms Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (2.7E-02, 78%) 
Cobalt (2.2E-03, 6.5%) 
Arsenic (1.8E-03, 5.1%)  

Cadmium (4.5E-04, 1.3%) 

 Cobalt (41, 29%)  
Arsenic (27, 19%)  

Cadmium (25, 17%)  
Vanadium (11, 7.6%)  

Nickel (7.4, 5.2%)  
Barium (6.9, 4.9%)  

Uranium (6.7, 4.7%)  
Manganese (6.4, 4.5%)  

   Volatile and Semi-Volatiles 
(vapor) 

4.0E-06 3.1 

   Nonvolatile (aerosol) 3.1E-02 136 

Total 3.1E-02 139 
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Table 7-40.  Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 
Groundwater in a Sweat Lodge 

Exposure Route 

WMA C Tank Farms Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Dermal Exposure in Sweat Lodge  Hexavalent Chromium (3.5, 2.5%)
Cyanide (3.0, 2.1%)  

   Volatile and Semi-Volatiles 
(vapor only) 

2.6E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.8E-05 3.5 

Total 1.8E-05 3.5 

Total Nonradionuclide  3.1E-02 142 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Technetium-99 (2.7E-03, 7.8%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.1E-05 -- 

   Nonvolatile (aerosol) 2.9E-03 -- 

Total Radionuclide  2.9E-03 -- 

Total Cumulative ELCRa 3.4E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (1.8E-05, 53%)  
Carbon tetrachloride (2.8E-06, 8.5%) 

Chloroform (1.1E-06, 3.4%)  
Tributyl phosphate (3.7E-07, 1.1%) 

 

Cyanide (3.0, 47%) 
Di-n-octylphthalate (1.4, 22%)  

Antimony (1.4, 21%) 
Hexavalent Chromium (0.25, 3.8%)

Vanadium (0.24, 3.6%)  
 

   Volatile and Semi-Volatiles 
(vapor) 

4.0E-06 3.1 

   Nonvolatile (aerosol) --b --b 

Total 4.0E-06 3.1 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

2.6E-09 <0.01 

   Nonvolatile (aqueous 
condensate only) 

1.8E-05 3.5 

Total 1.8E-05 3.5 

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 
(vapor) 

1.1E-05 -- 

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

Exposure Route 

WMA C Tank Farms Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total Radionuclide  1.1E-05 -- 

Total Cumulative ELCRa 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 × 10-2 for nonradiological analytes and 4.7 × 10-2 for radiological analytes, both of which are greater 
than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 41 percent contribution), hexavalent chromium (2.8 × 10-2, 36 percent contribution), uranium-
233/234 (4.0 × 10-3, 5.2 percent contribution), strontium-90 (3.7 × 10-3, 4.9 percent contribution), 
uranium-234 (3.0 × 10-3, 3.9 percent contribution), and uranium-238 (2.5 × 10-3, 3.2 percent contribution). 
Contribution to ELCR is elevated for arsenic (1.2 × 10-3, 1.6 percent contribution), where measured 
concentrations are within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.2 × 10-5 for 
nonradiological analytes and 5.5 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (5.5 × 10-5, 82 percent contribution). 
Contribution to ELCR is elevated for arsenic (1.2 × 10-5, 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 

Exposure Route 

B Plant Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

 

Hexavalent Chromium (2.8E-02, 36%) 
Arsenic (1.2E-03, 1.6%) 

 

Uranium (36, 26%)  
Cadmium (32, 23%) 
Arsenic (19, 14%)  

Manganese (12, 8.4%)  
Vanadium (11, 8.3%)  
Barium (8.8, 6.4%) 
Nickel (5.8, 4.2%)  

Fluoride (4.3, 3.1%) 
Hexavalent Chromium (3.6, 2.6%)

Cyanide (3.1, 2.3%)  
Antimony (2.3, 1.6%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- 3.1 

   Nonvolatile (aerosol) 3.0E-02 132 

Total 3.0E-02 135 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.2E-05 2.9 

Total 1.2E-05 2.9 

Total Nonradionuclide  3.0E-02 138 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 
 

Plutonium-239/240 (3.2E-02, 41%) 
Uranium-233/234 (4.0E-03, 5.2%) 

Strontium-90 (3.7E-03, 4.9%)  
Uranium-234 (3.0E-03, 3.9%)  
Uranium-238 (2.5E-03, 3.2%)  

 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

5.5E-05 -- 

   Nonvolatile (aerosol) 4.7E-02 -- 

Total Radionuclide  4.7E-02 -- 

Total Cumulative ELCRa 7.7E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (1.2E-05, 18%) 

 

Cyanide (3.1, 52%) 
Antimony (2.3, 37%) 

Hexavalent Chromium (0.26, 4.3%)
Vanadium (0.25, 4.1%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- 3.1 

   Nonvolatile (aerosol) --b --b 

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 

Exposure Route 

B Plant Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (aqueous 
condensate only) 

1.2E-05 2.9 

Total 1.2E-05 2.9 

Total Nonradionuclide  1.2E-05 6.1 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (5.5E-05, 82%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

5.5E-05 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  5.5E-05 -- 

Total Cumulative ELCRa 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 × 10-2 for nonradiological analytes and 2.3 × 10-4 for radiological analytes, both of which 
are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 95 percent contribution). Contribution to ELCR is elevated for arsenic 
(1.1 × 10-3, 3.7 percent contribution), where measured concentrations are within natural background 
values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.1 × 10-5 for 
nonradiological analytes and 7.8 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (7.8 × 10-5, 88 percent contribution). 
Contribution to ELCR is elevated for arsenic (1.1 × 10-5, 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 

Exposure Route 

Semiworks Exposure Area Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (2.8E-02, 95%) 
Arsenic (1.1E-03, 3.7%) 

 

Arsenic (17, 33%) 
Barium (10, 21%) 

Uranium (9.5, 19%)  
Vanadium (8.0, 16%) 

Hexavalent Chromium (3.6, 7.2%)
Fluoride (1.0, 2.1%)  
Nickel (0.82, 1.6%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 2.9E-02 50 

Total 2.9E-02 50 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (vapor and 
aqueous condensate) 

1.1E-05 0.50 

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 
(vapor) 

7.8E-05 -- 

   Nonvolatile (aerosol) 1.6E-04 -- 

Total Radionuclide  2.3E-04 -- 

Total Cumulative ELCRa 2.9E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge Arsenic (1.1E-05, 12%)  -- 
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Table 7-42.  Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 
Groundwater in a Sweat Lodge 

Exposure Route 

Semiworks Exposure Area Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) --b --b 

Total -- -- 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (aqueous 
condensate only) 

1.1E-05 0.50 

Total 1.1E-05 0.50 

Total Nonradionuclide  1.1E-05 0.50 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (7.8E-05, 88%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

7.8E-05 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  7.8E-05 -- 

Total Cumulative ELCRa 8.9E-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. 
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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 × 10-2 for nonradiological analytes and 7.2 × 10-6 for radiological analytes. The nonradiological ELCR 
is greater than the EPA upper target risk threshold of 1 × 10-4 and the radiological ELCR is within the 
EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-2, 96 
percent contribution). Contribution to ELCR is elevated for arsenic (1.2 × 10-3, 3.4 percent contribution), 
where measured concentrations are within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.7 × 10-5 for 
nonradiological analytes and 6.6 × 10-6 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributors to the total cumulative ELCR (those analytes that 
contribute greater than 1 percent of total cumulative ELCR) are tritium (6.6 × 10-6, 28 percent 
contribution) and carbon tetrachloride (5.0 × 10-6, 21 percent contribution). Contribution to ELCR is 
elevated for arsenic (1.2 × 10-5, 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 

Exposure Route 

LERF Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.4E-02, 96%) 
Arsenic (1.2E-03, 3.4%) 

 

Arsenic (18, 29%) 
Manganese (12, 19%) 
Vanadium (11, 18%) 
Barium (8.2, 13%) 
Nickel (7.5, 12%) 

Hexavalent Chromium (4.4, 7.0%)
Fluoride (1.2, 1.9%) 

   Volatile and Semi-Volatiles 
(vapor) 

5.0E-06 0.01 

   Nonvolatile (aerosol) 3.5E-02 62 

Total 3.5E-02 62 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

4.4E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.2E-05 0.70 

Total 1.2E-05 0.70 



ECF-HANFORD-13-0036, REV. 0 

108 

Table 7-43.  Yakima Nation Exposure Scenario—Summary of Risk Estimates from Use of 200-BP-5 
Groundwater in a Sweat Lodge 

Exposure Route 

LERF Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total Nonradionuclide  3.5E-02 63 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

-- 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

6.6E-06 -- 

   Nonvolatile (aerosol) 6.1E-07 -- 

Total Radionuclide  7.2E-06 -- 

Total Cumulative ELCRa 3.5E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (1.2E-05, 51%)  
Carbon tetrachloride (5.0E-06, 21%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

5.0E-06 0.01 

   Nonvolatile (aerosol) --b --b 

Total 5.0E-06 0.01 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

4.4E-09 <0.01 

   Nonvolatile (aqueous 
condensate only) 

1.2E-05 0.70 

Total 1.2E-05 0.70 

Total Nonradionuclide  1.7E-05 0.70 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (6.6E-06, 28%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

6.6E-06 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  6.6E-06 -- 

Total Cumulative ELCRa 2.4E-05 -- 
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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 

Exposure Route 

LERF Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
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 × 10-2 for nonradiological analytes and 7.4 × 10-4 for radiological analytes, both 
of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 92 percent contribution), strontium-90 (7.1 × 10-4, 2.4 percent 
contribution), and nickel (3.5 × 10-4, 1.2 percent contribution). Contribution to ELCR is elevated for 
arsenic (1.3 × 10-3, 4.2 percent contribution), where measured concentrations are within natural 
background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.3 × 10-5 for 
nonradiological analytes and 3.3 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (3.3 × 10-5, 73 percent contribution). 
Contribution to ELCR is elevated for arsenic (1.3 × 10-5, 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 

Exposure Route 

Gable Mountain Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (2.7E-02, 92%) 
Arsenic (1.3E-03, 4.2%) 
Nickel (3.5E-04, 1.2%) 

 

Manganese (113, 68%)  
Arsenic (19, 12%)  
Nickel (15, 9.0%)  

Barium (6.5, 3.9%) 
Vanadium (5.1, 3.1%)  

Hexavalent Chromium (3.5, 2.1%)
Antimony (2.2, 1.3%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 2.9E-02 163 

Total 2.9E-02 163 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (vapor and 
aqueous condensate) 

1.3E-05 2.8 

Total 1.3E-05 2.8 

Total Nonradionuclide  2.9E-02 165 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Strontium-90 (7.1E-04, 2.4%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

3.3E-05 -- 

   Nonvolatile (aerosol) 7.1E-04 -- 

Total Radionuclide  7.4E-04 -- 

Total Cumulative ELCRa 3.0E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (1.3E-05, 27%) 

 

Antimony (2.2, 77%)  
Hexavalent Chromium (0.25, 9.2%)

Manganese (0.17, 6.1%)  
Vanadium (0.11, 4.0%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) --b --b 

Total -- -- 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (aqueous 
condensate only) 

1.3E-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 

Exposure Route 

Gable Mountain Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total Nonradionuclide  1.3E-05 2.8 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (3.3E-05, 73%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

3.3E-05 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  3.3E-05 -- 

Total Cumulative ELCRa 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 × 10-2 for nonradiological analytes and 1.8 × 10-3 for radiological analytes, both of which 
are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 83 percent contribution), cobalt (1.9 × 10-3, 5.6 percent contribution), 
and technetium-99 (7.7 × 10-4, 2.2 percent contribution). Contribution to ELCR is elevated for arsenic 
(1.6 × 10-3, 4.8 percent contribution), where measured concentrations are within natural background 
values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 3.0 × 10-5 for 
nonradiological analytes and 7.0 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributors to the total cumulative ELCR (those analytes that 
contribute greater than 1 percent of total cumulative ELCR) are tritium (7.0 × 10-5, 70 percent 
contribution), chloroform (5.5 × 10-6, 5.5 percent contribution), carbon tetrachloride (5.5 × 10-6, 5.5 
percent contribution), and bis(2-ethylhexyl) phthalate (1.6 × 10-6, 1.6 percent contribution). Contribution 
to ELCR is elevated for arsenic (1.6 × 10-5, 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 

Exposure Route 

200-BP-5 West Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (2.8E-02, 83%) 
Cobalt (1.9E-03, 5.6%)  
Arsenic (1.6E-03, 4.8%)  

 

Manganese (183, 45%) 
Aluminum (69, 17%) 

Cobalt (35, 8.6%) 
Cyanide (32, 7.9%) 
Arsenic (25, 6.1%) 

Cadmium (17, 4.2%) 
Uranium (14, 3.4%) 

Vanadium (11, 2.6%)  
Nickel (8.8, 2.1%) 
Barium (8.4, 2.0%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.1E-05 32 

   Nonvolatile (aerosol) 3.2E-02 377 

Total 3.2E-02 409 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

5.1E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.9E-05 2.7 

Total 1.9E-05 2.7 

Total Nonradionuclide  3.2E-02 412 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Technetium-99 (7.7E-04, 2.2%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

7.0E-05 -- 

   Nonvolatile (aerosol) 1.7E-03 -- 

Total Radionuclide  1.8E-03 -- 

Total Cumulative ELCRa 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 

Exposure Route 

200-BP-5 West Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor) 

1.1E-05 

Arsenic (1.6E-05, 17%) 
Chloroform (5.5E-06, 5.5%) 

Carbon tetrachloride (5.5E-06, 5.5%) 
Bis(2-ethylhexyl) phthalate (1.6E-06, 

1.6%) 

32 

Cyanide (32, 92%) 
Antimony (1.8, 5.0%) 

   Nonvolatile (aerosol) --b --b 

Total 1.1E-05 32 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

5.1E-09 <0.01 

   Nonvolatile (aqueous 
condensate only) 

1.9E-05 2.7 

Total 1.9E-05 2.7 

Total Nonradionuclide  3.0E-05 35 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (7.0E-05, 70%)  

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

7.0E-05 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  7.0E-05 -- 

Total Cumulative ELCRa 9.9E-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. 
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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 × 10-2 for nonradiological analytes and 2.8 × 10-4 for radiological analytes, both 
of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 94 percent contribution). Contribution to ELCR is elevated for arsenic 
(3.4 × 10-3, 5.5 percent contribution), where measured concentrations are within natural background 
values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 3.4 × 10-5 for 
nonradiological analytes and 1.3 × 10-4 for radiological analytes. The nonradiological ELCR is within the 
EPA range of 1 × 10-4 to 1 × 10-6 and the radiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (1.3 × 10-4, 80 percent contribution). 
Contribution to ELCR is elevated for arsenic (3.4 × 10-5, 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 

Exposure Route 

Far Field (North of Gable Gap) Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (5.8E-02, 94%) 
Arsenic (3.4E-03, 5.5%) 

 

Arsenic (53, 38%) 
Manganese (50, 36%) 
Vanadium (12, 8.8%) 

Hexavalent Chromium (7.7, 5.5%)
Uranium (6.6, 4.7%) 
Nickel (3.7, 2.6%) 
Barium (3.2, 2.3%) 
Fluoride (2.9, 2.1%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 6.1E-02 138 

Total 6.1E-02 138 

Dermal Exposure in Sweat Lodge  

   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 

Exposure Route 

Far Field (North of Gable Gap) Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Nonvolatile (vapor and 
aqueous condensate) 

3.4E-05 1.0 

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 ELCRa 6.2E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (3.4E-05, 20%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) --b --b 

Total -- -- 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (aqueous 
condensate only) 

3.4E-05 1.0 

Total 3.4E-05 1.0 

Total Nonradionuclide  3.4E-05 1.0 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (1.3E-04, 80%) 

 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.3E-04 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  1.3E-04 -- 

Total Cumulative ELCRa 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 

Exposure Route 

Far Field (North of Gable Gap) Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
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 × 10-2 for nonradiological analytes and 7.5 × 10-4 for radiological analytes, both of which are greater 
than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 95 percent contribution). Contribution to ELCR is elevated for arsenic (8.5 × 10-4, 2.6 percent 
contribution), where measured concentrations are within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.3 × 10-5 for 
nonradiological analytes and 1.3 × 10-4 for radiological analytes. The nonradiological ELCR is within the 
EPA range of 1 × 10-4 to 1 × 10-6 and the radiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) are tritium (1.3 × 10-4, 91 percent contribution), 
trichloroethene (2.7 × 10-6, 1.9 percent contribution), and chloroform (1.6 × 10-6, 1.1 percent 
contribution). Contribution to ELCR is elevated for arsenic (8.5 × 10-6, 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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.1E-02, 95%) 
Arsenic (8.5E-04, 2.6%) 

 

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%) 

   Volatile and Semi-Volatiles 
(vapor) 

4.3E-06 0.33 

   Nonvolatile (aerosol) 3.2E-02 55 

Total 3.2E-02 55 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

1.8E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

8.5E-06 0.57 

Total 8.5E-06 0.57 

Total Nonradionuclide  3.2E-02 56 

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 ELCRa 3.3E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (8.5E-06, 5.9%) 
Trichloroethene (2.7E-06, 1.9%) 

Chloroform (1.6E-06, 1.1%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

4.3E-06 0.33 

   Nonvolatile (aerosol) --b --b 

Total 4.3E-06 0.33 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

1.8E-09 <0.01 

   Nonvolatile (aqueous 
condensate only) 

8.5E-06 0.57 

Total 8.5E-06 0.57 

Total Nonradionuclide  1.3E-05 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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (1.3E-04, 91%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.3E-04 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  1.3E-04 -- 

Total Cumulative ELCRa 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 × 10-2 for nonradiological analytes and 1.2 × 10-3 for radiological analytes, both of which 
are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 92 percent contribution), cobalt (4.8 × 10-4, 1.4 percent contribution), 
and uranium-234 (4.8 × 10-4, 1.4 percent contribution). Contribution to ELCR is elevated for arsenic (8.2 
× 10-4, 2.4 percent contribution), where measured concentrations are within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 3.7 × 10-5 for 
nonradiological analytes and 1.8 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributors to the total cumulative ELCR (those analytes that 
contribute greater than 1 percent of total cumulative ELCR) are tritium (1.8 × 10-5, 33 percent 
contribution), chloroform (1.1 × 10-5, 20 percent contribution), benzene (7.1 × 10-6, 13 percent 
contribution), carbon tetrachloride (5.0 × 10-6, 9.1 percent contribution), tributyl phosphate (3.1 × 10-6, 5.7 
percent contribution), and bis(2-ethylhexyl) phthalate (2.4 × 10-6, 4.3 percent contribution) . Contribution 
to ELCR is elevated for arsenic (8.2 × 10-6, 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 

Exposure Route 

200-BP-5 Confined Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.2E-02, 92%) 
Arsenic (8.2E-04, 2.4%) 
Cobalt (4.8E-04, 1.4%) 

 

 

Manganese (80, 56%) 
Arsenic (13, 8.9%) 
Barium (11, 8.0%) 
Cobalt (8.9, 6.3%) 

Vanadium (7.1, 5.0%) 
Nickel (5.4, 3.8%) 

Uranium (5.1, 3.6%) 
Cyanide (4.3, 3.1%) 

Hexavalent Chromium (4.1, 2.9%) 

   Volatile and Semi-Volatiles 
(vapor) 

2.3E-05 4.4 

   Nonvolatile (aerosol) 3.3E-02 136 

Total 3.3E-02 140 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

8.4E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.4E-05 2.0 

Total 1.4E-05 2.0 

Total Nonradionuclide  3.3E-02 142 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Uranium-234 (4.8E-04, 1.4%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.8E-05 -- 

   Nonvolatile (aerosol) 1.1E-03 -- 

Total Radionuclide  1.2E-03 -- 

Total Cumulative ELCRa 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 

Exposure Route 

200-BP-5 Confined Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor) 

2.3E-05 

Chloroform (1.1E-05, 20%) 
Arsenic (8.2E-06, 15%) 

Benzene (7.1E-06, 13%) 
Carbon tetrachloride (5.0E-06, 9.1%) 
Tributyl phosphate (3.1E-06, 5.7%) 

Bis(2-ethylhexyl) phthalate (2.4E-06, 
4.3%) 

4.4 

Cyanide (4.3, 68%) 
Antimony (1.3, 20%) 

Hexavalent Chromium (0.30, 4.6%)
Vanadium (0.15, 2.4%) 

Manganese (0.12, 1.9%) 
Silver (0.09, 1.4%) 

   Nonvolatile (aerosol) --b --b 

Total 2.3E-05 4.4 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

8.4E-09 <0.01 

   Nonvolatile (aqueous 
condensate only) 

1.4E-05 2.0 

Total 1.4E-05 2.0 

Total Nonradionuclide  3.7E-05 6.4 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (1.8E-05, 33%) 

 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.8E-05 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  1.8E-05 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological analytes and 
4.9 × 10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute greater than 
1 percent of total cumulative ELCR) are tritium (4.4 × 10-3, 54 percent contribution), 2,6-dinitrotoluene 
(1.5 × 10-3, 18 percent contribution), n-nitrosodi-n-dipropylamine (1.2 × 10-3, 15 percent contribution), 
uranium-234 (2.1 × 10-4, 2.6 percent contribution), and uranium-238 (2.1 × 10-4, 2.5 percent contribution). 
Contribution to ELCR is elevated for arsenic (5.5 × 10-4, 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 

Exposure Route 

PUREX Cribs Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.2E-03 

2,6-Dinitrotoluene (1.5E-03, 18%) 
n-Nitrosodi-n-dipropylamine (1.2E-03, 

15%) 
Arsenic (5.5E-04, 6.6%) 

14 
Antimony (8.0, 52%) 
Cadmium (2.2, 14%) 
Arsenic (1.2, 7.7%) 
Cobalt (0.91, 5.9%) 

Trichloroethene (0.69, 4.5%) 
Uranium (0.50, 3.3%) 
Nitrate (0.46, 3.0%) 

Beryllium (0.41, 2.7%) 
Vanadium (0.28, 1.8%) 
Fluoride (0.24, 1.6%) 

Hexavalent Chromium (0.23, 1.5%) 

Dermal   7.4E-05  0.64 

Inhalation  1.2E-05  0.46 

Total   3.3E-03  15 

Radionuclide Analytes 

Ingestion  1.5E-03 

Tritium (4.4E-03, 54%) 
Uranium-234 (2.1E-04, 2.6%) 
Uranium-238 (2.1E-04, 2.5%) 

-- 

-- 

Inhalation 3.5E-03 -- 

Total 4.9E-03 -- 

Total Cumulative 
ELCRa 

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 × 10-4 for nonradiological 
analytes and 6.4 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. 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  × 10-4, 25 percent contribution), 
tritium (1.5  × 10-4, 11 percent contribution), iodine-129 (7.1 × 10-5, 5.2 percent contribution), strontium-
90 (2.4 × 10-5, 1.8 percent contribution), selenium-79 (2.3 × 10-5, 1.7 percent contribution), uranium-234 
(1.8 × 10-5, 1.3 percent contribution), and 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (1.8 × 10-5, 1.3 percent 
contribution). Contribution to ELCR is elevated for arsenic (6.9 × 10-4; 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 

Exposure 
Route 

WMA A/AX and 216-A-29 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  6.9E-04 

Arsenic (6.9E-04, 51%) 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 

(1.8E-05, 1.3%) 

10 
Antimony (6.3, 59%) 
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 

(0.19, 1.8%) 
Fluoride (0.17, 1.6%) 

Hexavalent Chromium (0.14, 1.3%) 

Dermal   2.3E-05  0.47 

Inhalation  --  <0.01 

Total   7.2E-04  11 

Radionuclide Analytes 

Ingestion  5.2E-04 Technetium-99 (3.4E-04, 25%) 
Tritium (1.5E-04, 11%) 

Iodine-129 (7.1E-05, 5.2%) 
Strontium-90 (2.4E-05, 1.8%) 
Selenium-79 (2.3E-05, 1.7%) 
Uranium-234 (1.8E-05, 1.3%) 

 

-- 

-- 

Inhalation 1.2E-04 -- 

Total 6.4E-04 -- 

Total Cumulative 
ELCRa 

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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7.2.1.1.3 BC Cribs and Trenches Exposure Area 
The total ELCR for the BC Cribs and Trenches exposure area is 2.0 × 10-4 for nonradiological analytes 
and 4.4 × 10-5 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target 
risk threshold of 1 × 10-4 and the radiological ELCR 4 is within the EPA range of 1 × 10-4 to 1 × 10-6. The 
major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent of 
total cumulative ELCR) are strontium-90 (1.3× 10 -5, 5.4 percent contribution), uranium-234 (1.2× 10 -5, 
4.8 percent contribution), uranium-238 (5.9 × 10-6, 2.4 percent contribution), protactinium-231 (4.6 × 10-6, 
1.9 percent contribution), tritium (4.2 × 10-6, 1.7 percent contribution), and selenium-79 (4.2 × 10-6, 1.7 
percent contribution). Contribution to ELCR is elevated for arsenic (2.0 × 10-4, 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 

Exposure Route 

BC Cribs and Trenches Exposure Area 

ELCR 
Primary Contributors to 
Total Cumulative ELCRa 

(>1%) 
HI 

Primary Contributors to 
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  2.0E-04 

Arsenic (2.0E-04, 82%) 

13 Antimony (7.6, 55%) 
Cobalt (1.5, 11%) 
Iron (1.4, 9.9%) 

Zinc (0.73, 5.2%) 
Hexavalent Chromium (0.70, 

5.0%) 
Manganese (0.52, 3.8%) 

Arsenic (0.45, 3.2%) 
Fluoride (0.30, 2.2%) 

Vanadium (0.28, 2.0%) 

Dermal  7.5E-07 0.44 

Inhalation -- <0.01 

Total  2.0E-04 14 

Radionuclide Analytes 

Ingestion  4.1E-05 Strontium-90 (1.3E-05, 5.4%) 
Uranium-234 (1.2E-05, 4.8%) 
Uranium-238 (5.9E-06, 2.4%) 

Protactinium-231 (4.6E-06, 1.9%)
Tritium (4.2E-06, 1.7%) 

Selenium-79 (4.2E-06, 1.7%) 

-- 

-- 
Inhalation 3.3E-06 -- 

Total 4.4E-05 -- 

Total Cumulative ELCRa 2.5E-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 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 × 10-4 for nonradiological analytes and 
3.7 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute greater than 
1 percent of total cumulative ELCR) are tritium (3.3 × 10-4, 32 percent contribution) and iodine-129 
(4.1 × 10-5, 3.9 percent contribution). Contribution to ELCR is elevated for arsenic (6.8 × 10-4, 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 

Exposure Route 

216-B-3 Pond Exposure Area 

ELCR 
Primary Contributors to 
Total Cumulative ELCRa 

(>1%) 
HI 

Primary Contributors to 
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  6.8E-04 

Arsenic (6.8E-04, 64%) 

3.1 Arsenic (1.5, 47%) 
Vanadium (0.32, 10%) 

Iron (0.32, 10%) 
Fluoride (0.30, 9.3%) 

Hexavalent Chromium (0.21, 
6.5%) 

Nitrate (0.19, 5.9%) 
Manganese (0.17, 5.3%) 

Uranium (0.08, 2.4%) 
Nitrite (0.04, 1.2%) 

Dermal  2.5E-06 0.11 

Inhalation -- -- 

Total  6.8E-04 3.2 

Radionuclide Analytes 

Ingestion  1.1E-04 

Tritium (3.3E-04, 32%) 
Iodine-129 (4.1E-05, 3.9%) 

-- 

-- 
Inhalation 2.6E-04 -- 

Total 3.7E-04 -- 

Total Cumulative ELCRa 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. 

 



ECF-HANFORD-13-0036, REV. 0 

126 

7.2.1.1.5 NRDWL/SWL Exposure Area 
The total ELCR for the NRDWL/SWL exposure area is 2.6 × 10-4 for nonradiological analytes and 
5.9 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute greater than 
1 percent of total cumulative ELCR) are tritium (5.2 × 10-4, 61 percent contribution), uranium-234 (2.6 × 
10-5, 3.1 percent contribution), bis(2-ethylhexyl) phthalate (2.3 × 10-5, 2.7 percent contribution), iodine-
129 (2.0 × 10-5, 2.3 percent contribution), and uranium-238 (1.8 × 10-5, 2.1 percent contribution). 
Contribution to ELCR is elevated for arsenic (2.2 × 10-4, 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 

Exposure Route 

NRDWL/SWL Exposure Area 

ELCR 
Primary Contributors to 
Total Cumulative ELCRa 

(>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  2.4E-04 

Arsenic (2.2E-04, 26%) 
Bis(2-ethylhexyl) phthalate 

 (2.3E-05, 2.7%) 
 

2.3 
Antimony (0.71, 28%) 
Arsenic (0.48, 19%) 

Fluoride (0.21, 8.3%) 
Uranium (0.15, 6.0%) 

Hexavalent Chromium (0.15, 5.9%) 
Trichloroethene (0.15, 5.8%) 

Vanadium (0.15, 5.7%) 
Nitrate (0.14, 5.3%) 

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%) 

Dermal  1.4E-05 0.13 

Inhalation 8.6E-06 0.14 

Total  2.6E-04 2.6 

Radionuclide Analytes 

Ingestion  1.8E-04 

Tritium (5.2E-04, 61%) 
Uranium-234 (2.6E-05, 3.1%)
Iodine-129 (2.0E-05, 2.3%) 

Uranium-238 (1.8E-05, 2.1%) 

-- 

-- 
Inhalation 4.1E-04 -- 

Total 5.9E-04 -- 

Total Cumulative ELCRa 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 × 10-4 for nonradiological analytes and 4.4 × 10-3 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (4.0 × 10-3, 79 percent contribution), uranium-233/234 (2.3 × 10-4, 
4.5 percent contribution), and uranium-238 (1.3 × 10-4, 2.5 percent contribution). Contribution to ELCR is 
elevated for arsenic (5.4 × 10-4, 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 

Exposure Route 

Far Field Exposure Area 

ELCR 
Primary Contributors to 
Total Cumulative ELCRa 

(>1%) 
HI 

Primary Contributors to 
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  5.8E-04 

Arsenic (5.4E-04, 11%) 

11 
Antimony (6.9, 56%) 
Arsenic (1.2, 9.6%) 

Trichloroethene (0.70, 5.6%) 
Bromomethane (0.64, 5.1%) 

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%) 
Silver (0.22, 1.8%) 

Vanadium (0.17, 1.3%) 

Dermal  7.6E-06 0.33 

Inhalation 6.1E-05 0.99 

Total  6.5E-04 12 

Radionuclide Analytes 

Ingestion  1.3E-03 

Tritium (4.0E-03, 79%) 
Uranium-233/234 (2.3E-04, 

4.5%) 
Uranium-238 (1.3E-04, 2.5%) 

-- 

-- 
Inhalation 3.1E-03 -- 

Total 4.4E-03 -- 

Total Cumulative ELCRa 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 × 10-4 for nonradiological analytes and 1.2 × 10-3 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (1.1 × 10-3, 70 percent contribution), selenium-79 (2.7 × 10-5, 1.7 
percent contribution), technetium-99 (1.8 × 10-5, 1.1 percent contribution), and uranium-234 (1.7 × 10-5, 
1.1 percent contribution). Contribution to ELCR is elevated for arsenic (3.8 × 10-4, 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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to 
Total Cumulative ELCRa 

(>1%) 
HI 

Primary Contributors to 
Total Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.8E-04 

Arsenic (3.8E-04, 23%) 

3.8 
Antimony (0.85, 22%) 
Arsenic (0.83, 21%) 
Lithium (0.60, 15%) 

Fluoride (0.24, 6.2%) 
Iron (0.21, 5.3%) 

Nitrate (0.20, 5.2%) 
Vanadium (0.19, 4.8%) 

Manganese (0.18, 4.6%) 
Molybdenum (0.13, 3.4%) 

Uranium (0.13, 3.4%) 
Hexavalent Chromium (0.12, 

3.2%) 
Cobalt (0.06, 1.5%) 

Dermal  1.4E-06 0.10 

Inhalation -- <0.01 

Total  3.8E-04 3.9 

Radionuclide Analytes 

Ingestion  3.6E-04 

Tritium (1.1E-03, 70%) 
Selenium (2.7E-05, 1.7%) 

Technetium-99 (1.8E-05, 1.1%) 
Uranium-234 (1.7E-05, 1.1%) 

-- 

-- 
Inhalation 8.8E-04 -- 

Total 1.2E-03 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological analytes and 3.2 × 
10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 60 percent contribution), 
uranium-234 (1.5 × 10-3, 14 percent contribution), uranium-238 (1.3 × 10-3, 12 percent contribution), 
cobalt (3.6 × 10-4, 3.3 percent contribution), tritium (2.8 × 10-4, 2.5 percent contribution), cadmium (2.7 × 
10-4, 2.5 percent contribution), and beryllium (1.9 × 10-4, 1.7 percent contribution). Contribution to ELCR 
is elevated for arsenic (2.3 × 10-4, 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 

Exposure Route 

PUREX Cribs Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors 
to Total Cumulative HI 

(>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (6.6E-03, 60%)
Cobalt (3.6E-04, 3.3%) 
Tritium (2.8E-04, 2.5%) 

Cadmium (2.7E-04, 2.5%) 
Arsenic (2.3E-04, 2.1%) 

Beryllium (1.9E-04, 1.7%) 

 

Cadmium (16, 37%) 
Cobalt (6.8, 16%) 

Uranium (5.6, 13%) 
Beryllium (4.2, 9.9%) 
Arsenic (3.6, 8.4%) 

Manganese (2.0, 4.8%) 
Vanadium (1.9, 4.4%) 

Barium (1.0, 2.3%) 
Hexavalent Chromium 

(0.87, 2.1%) 
Nickel (0.52, 1.2%) 

   Volatile and Semi-Volatiles (vapor) 1.2E-06 0.05 

   Nonvolatile (aerosol) 7.7E-03 42 

Total 7.7E-03 42 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles (vapor 
only) 

3.1E-10 <0.01 

   Nonvolatile (vapor and aqueous 
condensate) 

2.8E-05 0.72 

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 

Exposure Route 

PUREX Cribs Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors 
to Total Cumulative HI 

(>1%) 

Total Nonradionuclide  7.7E-03 42 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Uranium-234 (1.5E-03, 14%) 
Uranium-238 (1.3E-03, 12%) 

 

-- 

   Volatile and Semi-Volatiles (vapor) 2.8E-04 -- 

   Nonvolatile (aerosol) 2.9E-03 -- 

Total Radionuclide  3.2E-03 -- 

Total Cumulative ELCRa 1.1E-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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7.2.1.2.2 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 × 10-3 for nonradiological 
analytes and 3.0 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. 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 × 10-3, 80 percent 
contribution), cobalt (3.0 × 10-4, 6.0 percent contribution), uranium-234 (1.3 × 10-4, 2.6 percent 
contribution), uranium-238 (8.0 × 10-5, 1.6 percent contribution), cadmium (7.8 × 10-5, 1.6 percent 
contribution), and technetium-99 (7.7 × 10-5, 1.5 percent contribution),. Contribution to ELCR is elevated 
for arsenic (2.9 × 10-4, 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 

Exposure Route 

WMA A/AX and 216-A-29 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge    

   Volatile and Semi-Volatiles 
(vapor) 

-- 

Hexavalent Chromium (4.0E-03, 80%) 
Cobalt (3.0E-04, 6.0%) 
Arsenic (2.9E-04, 5.7%) 

Cadmium (7.8E-05, 1.6%) 

<0.01 

Cobalt (5.7, 26%) 
Arsenic (4.5, 21%) 

Cadmium (4.5, 21%) 
Vanadium (2.2, 10%) 

Manganese (1.3, 5.8%) 
Nickel (1.1, 5.1%) 

Uranium (0.87, 4.0%) 
Barium (0.69, 3.2%) 

Hexavalent Chromium (0.53, 2.5%)
 

   Nonvolatile (aerosol) 4.7E-03 21 

Total 4.7E-03 21 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

7.8E-06 0.40 

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%) 
Uranium-238 (8.0E-05, 1.6%)  

Technetium-99 (7.7E-05, 1.5%) 

 

--    Volatile and Semi-Volatiles 
(vapor) 

9.2E-06 -- 

   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 

Exposure Route 

WMA A/AX and 216-A-29 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total Radionuclide  3.0E-04 -- 

Total Cumulative ELCRa 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 × 10-2 for nonradiological analytes 
and 1.8 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold 
of 1 × 10-4. 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 × 10-2, 96 percent contribution) 
and cobalt (6.0 × 10-4, 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 

Exposure Route 

BC Cribs and Trenches Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (2.0E-02, 96%) 
Cobalt (6.0E-04, 2.9%) 

 
Manganese (34, 63%) 

Cobalt (11, 21%) 
Hexavalent Chromium (2.6, 4.8%)

Vanadium (1.9, 3.5%) 
Arsenic (1.3, 2.4%) 
Nickel (0.85, 1.6%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- <0.01 

   Nonvolatile (aerosol) 2.0E-02 54 

Total 2.0E-02 54 
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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 

Exposure Route 

BC Cribs and Trenches Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Dermal Exposure in Sweat Lodge  Barium (0.82, 1.5%) 
Uranium (0.81, 1.5%) 

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

8.7E-07 0.54 

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 ELCRa 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. 

 

7.2.1.2.4 216-B-3 Pond Exposure Area 
The total ELCR for the 216-B-3 Pond exposure area is 6.1 × 10-3 for nonradiological analytes and 2.2 × 
10-5 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-3, 95 percent contribution). Contribution to ELCR is 
elevated for arsenic (2.8 × 10-4, 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 

Exposure Route 

216-B-3 Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (5.8E-03, 95%) 
Arsenic (2.8E-04, 4.6%) 

 

Manganese (11, 53%) 
Arsenic (4.4, 21%) 

Vanadium (2.1, 10%) 
Uranium (0.86, 4.1%) 

Hexavalent Chromium (0.77, 3.7%)
Nickel (0.69, 3.3%) 
Barium (0.62, 3.0%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 6.1E-03 21 

Total 6.1E-03 21 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (vapor and 
aqueous condensate) 

2.9E-06 0.14 

Total 2.9E-06 0.14 

Total Nonradionuclide  6.1E-03 21 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

-- 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.1E-05 -- 

   Nonvolatile (aerosol) 7.5E-07 -- 

Total Radionuclide  2.2E-05 -- 

Total Cumulative ELCRa 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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7.2.1.2.5 NRDWL/SWL Exposure Area 
The total ELCR for the NRDWL/SWL exposure area is 4.3× 10-3 for nonradiological analytes and 
3.4 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. 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 × 10-3, 90 percent contribution), 
uranium-234 (1.9 × 10-4, 4.0 percent contribution), and uranium-238 (1.2 × 10-4, 2.5 percent contribution). 
Contribution to ELCR is elevated for arsenic (9.1 × 10-5, 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 

Exposure Route 

NRDWL/SWL Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (4.2E-03, 90%) 
Arsenic (9.1E-05, 1.9%) 

 

Uranium (1.7, 21%) 
Barium (1.6, 20%) 
Arsenic (1.4, 18%) 

Vanadium (0.98, 12%) 
Manganese (0.90, 11%) 

Nickel (0.74, 9.0%) 
Hexavalent Chromium (0.56, 6.9%)

Fluoride (0.15, 1.8%) 

   Volatile and Semi-Volatiles 
(vapor) 

8.4E-07 0.01 

   Nonvolatile (aerosol) 4.3E-03 8.0 

Total 4.3E-03 8.0 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

6.2E-10 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

2.2E-06 0.10 

Total 2.2E-06 0.10 

Total Nonradionuclide  4.3E-03 8.1 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Uranium-234 (1.9E-04, 4.0%) 
Uranium-238 (1.2E-04, 2.5%) 

 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

3.3E-05 -- 

   Nonvolatile (aerosol) 3.1E-04 -- 

Total Radionuclide  3.4E-04 -- 

Total Cumulative ELCRa 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 

Exposure Route 

NRDWL/SWL Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to 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 not applicable. 

 

7.2.1.2.6 Far Field Exposure Area 
The total ELCR for the Far Field exposure area is 3.5 × 10-3 for nonradiological analytes and 3.0 × 10-3 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
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 × 10-3, 49 percent contribution), uranium-
233/234 (1.6 × 10-3, 25 percent contribution), uranium-238 (8.1 × 10-4, 12 percent contribution), tritium 
(2.5 × 10-4, 3.8 percent contribution), and uranium-234 (1.4 × 10-4, 2.2 percent contribution). Contribution 
to ELCR is elevated for arsenic (2.2 × 10-4, 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 

Exposure Route 

Far Field Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.2E-03, 49%) 
Arsenic (2.2E-04, 3.5%) 

 
Uranium (4.6, 24%) 
Cadmium (3.9, 20%) 
Arsenic (3.5, 18%) 

Manganese (3.2, 17%) 
Vanadium (1.1, 5.7%) 
Barium (0.90, 4.6%) 
Nickel (0.79, 4.1%) 

   Volatile and Semi-Volatiles 
(vapor) 

5.9E-06 0.10 

   Nonvolatile (aerosol) 3.5E-03 19 

Total 3.5E-03 19 
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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 

Exposure Route 

Far Field Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Dermal Exposure in Sweat Lodge  Hexavalent Chromium (0.42, 2.2%)
Cobalt (0.32, 1.7%) 

   Volatile and Semi-Volatiles 
(vapor only) 

1.6E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

2.8E-06 0.34 

Total 2.8E-06 0.34 

Total Nonradionuclide  3.5E-03 19 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Uranium-233/234 (1.6E-03, 25%) 
Uranium-238 (8.1E-04, 12%) 

Tritium (2.5E-04, 3.8%) 
Uranium-234 (1.4E-04, 2.2%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.5E-04 -- 

   Nonvolatile (aerosol) 2.7E-03 -- 

Total Radionuclide  3.0E-03 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological analytes and 3.9 × 10-4 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
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 × 10-3, 86 percent contribution), uranium-234 
(1.2 × 10-4, 3.0 percent contribution), uranium-233/234 (1.2 × 10-4, 2.9 percent contribution), tritium (7.1 
× 10-5, 1.7 percent contribution), and uranium-238 (6.9 × 10-5, 1.7 percent contribution). Contribution to 
ELCR is elevated for arsenic (1.6 × 10-4, 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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.5E-03, 86%) 
Arsenic (1.6E-04, 3.9%) 

 

Manganese (12, 61%) 
Arsenic (2.5, 13%) 

Uranium (1.5, 7.5%) 
Vanadium (1.3, 6.5%) 

Barium (1.1, 5.5%) 
Hexavalent Chromium (0.46, 2.4%)

Cobalt (0.44, 2.3%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- <0.01 

   Nonvolatile (aerosol) 3.7E-03 19 

Total 3.7E-03 19 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.6E-06 0.12 

Total 1.6E-06 0.12 

Total Nonradionuclide  3.7E-03 20 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

 Uranium-234 (1.2E-04, 3.0%) 
Uranium-233/234 (1.2E-04, 2.9%) 

Tritium (7.1E-05, 1.7%) 
Uranium-238 (6.9E-05, 1.7%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

7.1E-05 -- 

   Nonvolatile (aerosol) 3.2E-04 -- 

Total Radionuclide  3.9E-04 -- 

Total Cumulative ELCRa 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 × 10-3 for nonradiological analytes and 5.1 × 
10-3 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute greater than 
1 percent of total cumulative ELCR) are tritium (4.6 × 10-3, 53 percent contribution), 2,6-dinitrotoluene 
(1.6 × 10-3, 19 percent contribution), n-nitrosodi-n-dipropylamine (1.3 × 10-3, 15 percent contribution), 
uranium-234 (2.2 × 10-4, 2.5 percent contribution), and uranium-238 (2.1 × 10-4, 2.4 percent contribution). 
Contribution to ELCR is elevated for arsenic (5.9 × 10-4, 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 

Exposure Route 

PUREX Cribs Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  3.5E-03 

2,6-Dinitrotoluene (1.6E-03, 19%) 
n-Nitrosodi-n-dipropylamine (1.3E-03, 

15%) 
Arsenic (5.9E-04, 6.8%) 

 

14 
Antimony (8.0, 52%) 
Cadmium (2.2, 14%) 
Arsenic (1.2, 7.7%) 
Cobalt (0.91, 5.9%) 

Trichloroethene (0.69, 4.5%) 
Uranium (0.50, 3.3%) 
Nitrate (0.46, 3.0%) 

Beryllium (0.41, 2.7%) 
Vanadium (0.28, 1.8%) 
Fluoride (0.24, 1.6%) 

Hexavalent Chromium (0.23, 1.5%) 

Dermal   7.3E-05  0.64 

Inhalation  1.2E-05  0.46 

Total   3.6E-03  15 

Radionuclide Analytes 

Ingestion  1.5E-03 

Tritium (4.6E-03, 53%) 
Uranium-234 (2.2E-04, 2.5%) 
Uranium-238 (2.1E-04, 2.4%) 

-- 

-- 

Inhalation 3.6E-03 -- 

Total 5.1E-03 -- 

Total Cumulative 
ELCRa 

8.7E-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 not applicable. 
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7.2.2.1.2 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 × 10-4 for nonradiological 
analytes and 6.5 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk 
threshold of 1 × 10-4. 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 × 10-4, 24 percent contribution), 
tritium (1.5 × 10-4, 11 percent contribution), iodine-129 (7.2 × 10-5, 5.1 percent contribution), strontium-
90 (2.5 × 10-5, 1.7 percent contribution), selenium-79 (2.3 × 10-5, 1.6 percent contribution), uranium-234 
(1.9 × 10-5, 1.3 percent contribution), and 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1.8 × 10-5, 1.3 percent 
contribution). Contribution to ELCR is elevated for arsenic (7.5 × 10-4, 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 

Exposure Route 

WMA A/AX and 216-A-29 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  7.5E-04 

Arsenic (7.5E-04, 53%) 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 

(1.8E-05, 1.3%) 

10 
Antimony (6.3, 59%) 
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 (0.19, 1.8%) 
Fluoride (0.17, 1.6%) 

Hexavalent Chromium (0.14, 1.3%) 

Dermal   2.2E-05  0.47 

Inhalation  --  <0.01 

Total   7.8E-04  11 

Radionuclide Analytes 

Ingestion  5.3E-04 
Technetium-99 (3.5E-04, 24%) 

Tritium (1.5E-04, 11%) 
Iodine-129 (7.2E-05, 5.1%) 

Strontium-90 (2.5E-05, 1.7%) 
Selenium-79 (2.3E-05, 1.6%) 
Uranium-234 (1.9E-05, 1.3%) 

-- 

-- 

Inhalation 1.2E-04 -- 

Total 6.5E-04 -- 

Total Cumulative 
ELCRa 

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 × 10-4 for nonradiological analytes 
and 4.5× 10-5 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target 
risk threshold of 1 × 10-4 and the radiological ELCR is within the EPA range of 1 × 10-4 to 1 × 10-6. 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 × 10-5, 5.2 percent contribution), uranium-234 (1.2 × 10-5, 
4.5 percent contribution), uranium-238 (6.0 × 10-6, 2.3 percent contribution), protactinium-231 (4.7 × 10-6, 
1.8 percent contribution), tritium (4.4 × 10-6, 1.6 percent contribution), and selenium-79 (4.3 × 10-6, 1.6 
percent contribution). Contribution to ELCR is elevated for arsenic (2.2 × 10-4, 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 

Exposure Route 

BC Cribs and Trenches Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  2.2E-04 

Arsenic (2.2E-04, 83%) 

13 Antimony (7.6, 55%) 
Cobalt (1.5, 11%) 
Iron (1.4, 9.9%) 

Zinc (0.73, 5.2%) 
Hexavalent Chromium (0.70, 5.0%) 

Manganese (0.52, 3.8%) 
Arsenic (0.45, 3.2%) 
Fluoride (0.30, 2.2%) 

Vanadium (0.28, 2.0%) 

Dermal   7.5E-07  0.44 

Inhalation  --  <0.01 

Total   2.2E-04  14 

Radionuclide Analytes 

Ingestion  4.2E-05 
Strontium-90 (1.4E-05, 5.2%) 
Uranium-234 (1.2E-05, 4.5%) 
Uranium-238 (6.0E-06, 2.3%) 

Protactinium-231 (4.7E-06, 1.8%) 
Tritium (4.4E-06, 1.6%) 

Selenium-79 (4.3E-06, 1.6%) 

-- 

-- 

Inhalation 3.4E-06 -- 

Total 4.5E-05 -- 

Total Cumulative 
ELCRa 

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 × 10-4 for nonradiological analytes and 
3.9 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute greater than 
1 percent of total cumulative ELCR) are tritium (3.5 × 10-4, 31 percent contribution) and iodine-129 (4.2 
× 10-5, 3.8 percent contribution). Contribution to ELCR is elevated for arsenic (7.4 × 10-4, 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 

Exposure Route 

216-B-3 Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  7.3E-04 

Arsenic (7.4E-04, 66%) 

3.1 Arsenic (1.5, 47%) 
Vanadium (0.32, 10%) 

Iron (0.32, 10%) 
Fluoride (0.30, 9.3%) 

Hexavalent Chromium (0.21, 6.5%) 
Nitrate (0.19, 5.9%) 

Manganese (0.17, 5.3%) 
Uranium (0.08, 2.4%) 

Nitrite (0.04, 1.2%) 

Dermal   2.5E-06  0.11 

Inhalation  --  -- 

Total   7.4E-04  3.2 

Radionuclide Analytes 

Ingestion  1.2E-04 

Tritium (3.5E-04, 31%) 
Iodine-129 (4.2E-05, 3.8%) 

-- 

-- 

Inhalation 2.7E-04 -- 

Total 3.9E-04 -- 

Total Cumulative 
ELCRa 

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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7.2.2.1.5 NRDWL/SWL Exposure Area 
The total ELCR for the NRDWL/SWL exposure area is 2.8 × 10-4 for nonradiological analytes and 
6.1 × 10-4 for radiological analytes, both of which are greater than the EPA upper target risk threshold of 
1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute greater than 
1 percent of total cumulative ELCR) are tritium (5.4 × 10-4, 60 percent contribution), uranium-234 (2.7 × 
10-5, 3.0 percent contribution), bis(2-ethylhexyl) phthalate (2.4 × 10-5, 2.6 percent contribution), iodine-
129 (2.0 × 10-5, 2.3 percent contribution), and uranium-238 (1.8 × 10-5, 2.1 percent contribution) . 
Contribution to ELCR is elevated for arsenic (2.4 × 10-4, 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 

Exposure Route 

NRDWL/SWL Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  2.6E-04 

Arsenic (2.4E-04, 27%) 
Bis(2-ethylhexyl) phthalate (2.4E-05, 

2.6%) 

2.3 
Antimony (0.71, 28%) 
Arsenic (0.48, 19%) 

Fluoride (0.21, 8.3%) 
Uranium (0.15, 6.0%) 

Hexavalent Chromium (0.15, 5.9%) 
Trichloroethene (0.15, 5.8%) 

Vanadium (0.15, 5.7%) 
Nitrate (0.14, 5.3%) 

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%) 

Dermal   1.4E-05  0.13 

Inhalation  8.6E-06  0.14 

Total   2.8E-04  2.6 

Radionuclide Analytes 

Ingestion  1.9E-04 

Tritium (5.4E-04, 60%) 
Uranium-234 (2.7E-05, 3.0%) 
Iodine-129 (2.0E-05, 2.3%) 

Uranium-238 (1.8E-05, 2.1%) 

-- 

-- 

Inhalation 4.2E-04 -- 

Total 6.1E-04 -- 

Total Cumulative 
ELCRa 

8.9E-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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7.2.2.1.6 Far Field Exposure Area 
The total ELCR for the Far Field exposure area is 7.0 × 10-4 for nonradiological analytes and 4.6 × 10-3 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (4.1 × 10-3, 78 percent contribution), uranium-233/234 (2.3 × 10-4, 
4.4 percent contribution), and uranium-238 (1.3 × 10-4, 2.4 percent contribution). Contribution to ELCR is 
elevated for arsenic (5.9 × 10-4, 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 

Exposure Route 

Far Field Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  6.3E-04 

Arsenic (5.9E-04, 11%) 
 

11 
Antimony (6.9, 56%) 
Arsenic (1.2, 9.6%) 

Trichloroethene (0.70, 5.6%) 
Bromomethane (0.64, 5.1%) 

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%) 
Silver (0.22, 1.8%) 

Vanadium (0.17, 1.3%) 

Dermal   7.5E-06  0.33 

Inhalation  6.1E-05  0.99 

Total   7.0E-04  12 

Radionuclide Analytes 

Ingestion  1.3E-03 

Tritium (4.1E-03, 78%) 
Uranium-233/234 (2.3E-04, 4.4%) 

Uranium-238 (1.3E-04, 2.4%) 

-- 

-- 

Inhalation 3.2E-03 -- 

Total 4.6E-03 -- 

Total Cumulative 
ELCRa 

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 × 10-4 for nonradiological analytes and 1.3 × 10-3 
for radiological analytes, both of which are greater than the EPA upper target risk threshold of 1 × 10-4. 
The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (1.2 × 10-3, 69 percent contribution), selenium-79 (2.8 × 10-5, 1.7 
percent contribution), and technetium-99 (1.8 × 10-5, 1.1 percent contribution). Contribution to ELCR is 
elevated for arsenic (4.1 × 10-4, 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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 

Ingestion  4.1E-04 

Arsenic (4.1E-04, 24%) 

3.8 
Antimony (0.85, 22%) 
Arsenic (0.83, 21%) 
Lithium (0.60, 15%) 

Fluoride (0.24, 6.2%) 
Iron (0.21, 5.3%) 

Nitrate (0.20, 5.2%) 
Vanadium (0.19, 4.8%) 

Manganese (0.18, 4.6%) 
Molybdenum (0.13, 3.4%) 

Uranium (0.13, 3.4%) 
Hexavalent Chromium (0.12, 3.2%) 

Cobalt (0.06, 1.5%) 

Dermal   1.4E-06  0.10 

Inhalation  --  <0.01 

Total   4.1E-04  3.9 

Radionuclide Analytes 

Ingestion  3.6E-04 

Tritium (1.2E-03, 69%) 
Selenium-79 (2.8E-05, 1.7%) 

Technetium-99 (1.8E-05, 1.1%) 

-- 

-- 

Inhalation 9.2E-04 -- 

Total 1.3E-03 -- 

Total Cumulative 
ELCRa 

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 × 10-2 for nonradiological analytes and 2.4 × 10-2 for radiological analytes, both of which 
are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 60 percent contribution), uranium-234 (1.1 × 10-2, 14 percent 
contribution), uranium-238 (9.9 × 10-3, 12 percent contribution), cobalt (2.7 × 10-3, 3.3 percent 
contribution), tritium (2.1 × 10-3, 2.6 percent contribution), cadmium (2.0 × 10-3, 2.5 percent 
contribution), and beryllium (1.4 × 10-3, 1.7 percent contribution). Contribution to ELCR is elevated for 
arsenic (1.7 × 10-3, 2.1 percent contribution), where measured concentrations are within natural 
background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.1 × 10-4 for 
nonradiological analytes and 2.1 × 10-3 for radiological analytes, both of which are greater than the EPA 
upper target risk threshold of 1 × 10-4. The major contributors to the total cumulative ELCR (those 
analytes that contribute greater than 1 percent of total cumulative ELCR) are tritium (2.1 × 10-3, 91 
percent contribution), 2,6-dinitrotoluene (9.6 × 10-5, 4.2 percent contribution), and n-nitrosodi-n-
dipropylamine (8.4 × 10-5, 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 

Exposure Route 

PUREX Cribs Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (4.8E-02, 60%) 
Cobalt (2.7E-03, 3.3%) 

Cadmium (2.0E-03, 2.5%) 
Arsenic (1.7E-03, 2.1%) 

Beryllium (1.4E-03, 1.7%) 

 

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%) 

   Volatile and Semi-Volatiles 
(vapor) 

8.9E-06 0.33 

   Nonvolatile (aerosol) 5.6E-02 303 

Total 5.6E-02 304 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

2.2E-09 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

2.0E-04 5.1 

Total 2.0E-04 5.1 

Total Nonradionuclide  5.7E-02 309 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Uranium-234 (1.1E-02, 14%) 
Uranium-238 (9.9E-03, 12%) 

Tritium (2.1E-03, 2.6%) 
 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.1E-03 -- 

   Nonvolatile (aerosol) 2.2E-02 -- 

Total Radionuclide  2.4E-02 -- 

Total Cumulative ELCRa 8.1E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

2,6-Dinitrotoluene (9.6E-05, 4.2%) 
n-Nitrosodi-n-dipropylamine (8.4E-05, 

3.7%) 

 

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%) 

   Volatile and Semi-Volatiles 
(vapor) 

8.9E-06 0.33 

   Nonvolatile (aerosol) --b --b 

Total 8.9E-06 0.33 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

2.2E-09 <0.01 

   Nonvolatile (aqueous 
condensate only) 

2.0E-04 5.1 

Total 2.0E-04 5.1 
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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 ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total Nonradionuclide  2.1E-04 5.4 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (2.1E-03, 91%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.1E-03 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  2.1E-03 -- 

Total Cumulative ELCRa 2.3E-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. 
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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 × 10-2 for nonradiological analytes and 2.2 × 10-3 for radiological analytes, both 
of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 80 percent contribution), cobalt (2.2 × 10-3, 6.0 percent 
contribution), uranium-234 (9.7 × 10-4, 2.6 percent contribution), uranium-238 (6.0 × 10-4, 1.6 percent 
contribution), cadmium (5.8 × 10-4, 1.6 percent contribution), and technetium-99 (5.8 × 10-4, 1.6 percent 
contribution). Contribution to ELCR is elevated for arsenic (2.1 × 10-3, 5.8 percent contribution), where 
measured concentrations are within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 5.6 × 10-5 for 
nonradiological analytes and 6.9 × 10-5 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributors to the total cumulative ELCR (those analytes that 
contribute greater than 1 percent of total cumulative ELCR) are tritium (6.9 × 10-5, 55 percent 
contribution), 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (3.2 × 10-5, 26 percent contribution), and bis(2-
ethylhexyl) phthalate (2.6 × 10-6, 2.1 percent contribution). Contribution to ELCR is elevated for arsenic 
(2.1 × 10-5, 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 

Exposure Route 

WMA A/AX and 216-A-29 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
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 

Exposure Route 

WMA A/AX and 216-A-29 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- 

Hexavalent Chromium (3.0E-02, 80%) 
Cobalt (2.2E-03, 6.0%) 
Arsenic (2.1E-03, 5.8%) 

Cadmium (5.8E-04, 1.6%) 
 

 

<0.01 

Cobalt (41, 26%) 
Arsenic (33, 21%) 

Cadmium (33, 21%) 
Vanadium (16, 10%) 

Manganese (9.1, 5.8%) 
Nickel (8.0, 5.1%) 

Uranium (6.3, 4.0%) 
Barium (5.0, 3.2%) 

Hexavalent Chromium (3.9, 2.5%) 

   Nonvolatile (aerosol) 3.5E-02 155 

Total 3.5E-02 155 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

5.6E-05 2.8 

Total 5.6E-05 2.8 

Total Nonradionuclide  3.5E-02 158 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Uranium-234 (9.7E-04, 2.6%) 
Uranium-238 (6.0E-04, 1.6%) 

Technetium-99 (5.8E-04, 1.6%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

6.9E-05 -- 

   Nonvolatile (aerosol) 2.2E-03 -- 

Total Radionuclide  2.2E-03 -- 

Total Cumulative ELCRa 3.7E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 
(3.2E-05, 26%) 

Arsenic (2.1E-05, 17%) 
Bis(2-ethylhexyl) phthalate (2.6E-06, 

2.1%) 

 

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%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- <0.01 

   Nonvolatile (aerosol) --b --b 

Total -- <0.01 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

Nonvolatile (aqueous 
condensate only) 

5.6E-05 2.8 

Total 5.6E-05 2.8 

Total Nonradionuclide  5.6E-05 2.8 

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 

Exposure Route 

WMA A/AX and 216-A-29 Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Inhalation in Sweat Lodge 

Tritium (6.9E-05, 55%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

6.9E-05 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  6.9E-05 -- 

Total Cumulative ELCRa 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 × 10-1 for nonradiological analytes and 1.3 × 10-3 for radiological analytes, both 
of which are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-1, 95 percent contribution) and cobalt (4.5 × 10-3, 3.1 percent 
contribution).  

The total ELCR without contributions from aerosolized nonvolatile analytes is 6.3 × 10-6 for 
nonradiological analytes and 2.0 × 10-6 for radiological analytes, both of which are within the EPA range 
of 1 × 10-4 to 1 × 10-6. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (2.0 × 10-6, 24 percent contribution). 
Contribution to ELCR is elevated for arsenic (6.3 × 10-6, 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 

Exposure Route 

BC Cribs and Trenches Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes  
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (1.4E-01, 95%) 
Cobalt (4.5E-03, 3.1%) 

 

Manganese (250, 63%) 
Cobalt (83, 21%) 

Hexavalent Chromium (19, 4.8%) 
Vanadium (14, 3.5%) 
Arsenic (9.7, 2.4%) 
Nickel (6.2, 1.6%) 
Barium (6.0, 1.5%) 

Uranium (5.9, 1.5%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- <0.01 

   Nonvolatile (aerosol) 1.4E-01 393 

Total 1.4E-01 393 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

6.3E-06 3.8 

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 
(vapor) 

2.0E-06 -- 

   Nonvolatile (aerosol) 1.3E-03 -- 

Total Radionuclide  1.3E-03 -- 

Total Cumulative ELCRa 1.4E-01 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation 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%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- <0.01 

   Nonvolatile (aerosol) --b --b 

Total -- <0.01 

Dermal Exposure in Sweat Lodge  
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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 

Exposure Route 

BC Cribs and Trenches Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

Nonvolatile (aqueous 
condensate only) 

6.3E-06 3.8 

Total 6.3E-06 3.8 

Total Nonradionuclide  6.3E-06 3.8 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (2.0E-06, 24%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.0E-06 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  2.0E-06 -- 

Total Cumulative ELCRa 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 × 10-2 for nonradiological analytes and 1.6 × 10-4 for radiological analytes, both of which 
are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 95 percent contribution). Contribution to ELCR is elevated for arsenic 
(2.1 × 10-3, 4.7 percent contribution), where measured concentrations are within natural background 
values.  

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.1 × 10-5 for 
nonradiological analytes and 1.6 × 10-4 for radiological analytes. The nonradiological ELCR is within the 
EPA range of 1 × 10-4 to 1 × 10-6 and the radiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (1.6 × 10-4, 88 percent contribution). 
Contribution to ELCR is elevated for arsenic (2.1 × 10-5, 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 

Exposure Route 

216-B-3 Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes  

(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (4.3E-02, 95%) 
Arsenic (2.1E-03, 4.7%) 

 

Manganese (81, 53%) 
Arsenic (32, 21%) 

Vanadium (16, 10%) 
Uranium (6.2, 4.1%) 

Hexavalent Chromium (5.6, 3.7%) 
Nickel (5.0, 3.3%) 
Barium (4.5, 3.0%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- -- 

   Nonvolatile (aerosol) 4.5E-02 151 

Total 4.5E-02 151 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

   Nonvolatile (vapor and 
aqueous condensate) 

2.1E-05 0.95 

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 
(vapor) 

1.6E-04 -- 

   Nonvolatile (aerosol) 5.6E-06 -- 

Total Radionuclide  1.6E-04 -- 

Total Cumulative ELCRa 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 

Exposure Route 

216-B-3 Pond Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- 
 

-- 

   Nonvolatile (aerosol) --b --b 

Total -- -- 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- -- 

Nonvolatile (aqueous 
condensate only) 

2.1E-05 0.95 

Total 2.1E-05 0.95 

Total Nonradionuclide  2.1E-05 0.95 

Radionuclide Analytes 

(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (1.6E-04, 88%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.6E-04 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  1.6E-04 -- 

Total Cumulative ELCRa 1.8E-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. 
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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 × 10-2 for nonradiological analytes and 2.5 × 10-3 for radiological analytes, both of which 
are greater than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 90 percent contribution), uranium-234 (1.4 × 10-3, 4.1 percent 
contribution), and uranium-238 (8.7 × 10-4, 2.5 percent contribution). Contribution to ELCR is elevated 
for arsenic (6.8 × 10-4, 2.0 percent contribution), where measured concentrations are within natural 
background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 2.2 × 10-5 for 
nonradiological analytes and 2.4 × 10-4 for radiological analytes. The nonradiological ELCR is within the 
EPA range of 1 × 10-4 to 1 × 10-6 and the radiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) are tritium (2.4 × 10-4, 92 percent contribution) and 
bis(2-ethylhexyl) phthalate (8.8 × 10-6, 3.3 percent contribution). Contribution to ELCR is elevated for 
arsenic (6.8 × 10-6, 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 

Exposure Route 

NRDWL/SWL Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes  

(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (3.1E-02, 90%) 
Arsenic (6.8E-04, 2.0%) 

 

Uranium (12, 21%) 
Barium (12, 20%) 
Arsenic (11, 18%) 

Vanadium (7.1, 12%) 
Manganese (6.6, 11%) 

Nickel (5.4, 9.1%) 
Hexavalent Chromium (4.1, 6.9%)

Fluoride (1.1, 1.8%) 

   Volatile and Semi-Volatiles 
(vapor) 

6.3E-06 0.10 

   Nonvolatile (aerosol) 3.2E-02 58 

Total 3.2E-02 59 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

4.5E-09 <0.01 
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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 

Exposure Route 

NRDWL/SWL Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

   Nonvolatile (vapor and 
aqueous condensate) 

1.6E-05 0.72 

Total 1.6E-05 0.72 

Total Nonradionuclide  3.2E-02 59 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Uranium-234 (1.4E-03, 4.1%) 
Uranium-238 (8.7E-04, 2.5%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.4E-04 -- 

   Nonvolatile (aerosol) 2.3E-03 -- 

Total Radionuclide  2.5E-03 -- 

Total Cumulative ELCRa 3.5E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Bis(2-ethylhexyl) phthalate (8.8E-06, 
3.3%) 

Arsenic (6.8E-06, 2.6%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

6.3E-06 0.10 

   Nonvolatile (aerosol) --b --b 

Total 6.3E-06 0.10 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

4.5E-09 <0.01 

Nonvolatile (aqueous 
condensate only) 

1.6E-05 0.72 

Total 1.6E-05 0.72 

Total Nonradionuclide  2.2E-05 0.82 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (2.4E-04, 92%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

2.4E-04 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  2.4E-04 -- 

Total Cumulative ELCRa 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 

Exposure Route 

NRDWL/SWL Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
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 × 10-2 for nonradiological analytes and 2.2 × 10-2 for radiological analytes, both of which are greater 
than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 49 percent contribution), uranium-233/234 (1.2 × 10-2, 25 percent contribution), uranium-238 
(6.0 × 10-3, 13 percent contribution), tritium (1.9 × 10-3, 3.9 percent contribution), and uranium-234 (1.1 × 
10-3, 2.2 percent contribution). Contribution to ELCR is elevated for arsenic (1.7 × 10-3, 3.5 percent 
contribution), where measured concentrations are within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 6.5 × 10-5 for 
nonradiological analytes and 1.9 × 10-3 for radiological analytes. The nonradiological ELCR is within the 
EPA range of 1 × 10-4 to 1 × 10-6 and the radiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributors to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) are tritium (1.9 × 10-3, 97 percent contribution) and 
dibromochloromethane (2.2 × 10-5, 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 

Exposure Route 

Far Field Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (2.4E-02, 49%) 
Arsenic (1.7E-03, 3.5%) 

 

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%) 

   Volatile and Semi-Volatiles 
(vapor) 

4.4E-05 0.71 

   Nonvolatile (aerosol) 2.6E-02 138 

Total 2.6E-02 139 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

1.2E-08 <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

2.0E-05 2.4 

Total 2.0E-05 2.4 

Total Nonradionuclide  2.6E-02 141 

Radionuclide Analytes 
(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Uranium-233/234 (1.2E-02, 25%) 
Uranium-238 (6.0E-03, 13%) 

Tritium (1.9E-03, 3.9%) 
Uranium-234 (1.1E-03, 2.2%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.9E-03 -- 

   Nonvolatile (aerosol) 2.0E-02 -- 

Total Radionuclide  2.2E-02 -- 

Total Cumulative ELCRa 4.8E-02 -- 

Nonradionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Dibromochloromethane (2.2E-05, 1.1%) 

 

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%) 

   Volatile and Semi-Volatiles 
(vapor) 

4.4E-05 0.71 

   Nonvolatile (aerosol) --b --b 

Total 4.4E-05 0.71 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

1.2E-08 <0.01 

Nonvolatile (aqueous 
condensate only) 

2.0E-05 2.4 

Total 2.0E-05 2.4 
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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 

Exposure Route 

Far Field Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total Nonradionuclide  6.5E-05 3.1 

Radionuclide Analytes 
(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (1.9E-03, 97%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

1.9E-03 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  1.9E-03 -- 

Total Cumulative ELCRa 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 × 10-2 for nonradiological analytes and 2.9 × 10-3 for radiological analytes, both of which are greater 
than the EPA upper target risk threshold of 1 × 10-4. 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 × 10-2, 86 percent contribution),  uranium-234 (9.2 × 10-4, 3.1 percent contribution), uranium-233/234 
(8.7 × 10-4, 2.9 percent contribution), tritium (5.3 × 10-4, 1.8 percent contribution), and uranium-238 (5.2 
× 10-4, 1.7 percent contribution). Contribution to ELCR is elevated for arsenic (1.2 × 10-3, 3.9 percent 
contribution), where measured concentrations are within natural background values. 

The total ELCR without contributions from aerosolized nonvolatile analytes is 1.2 × 10-5 for 
nonradiological analytes and 5.3 × 10-4 for radiological analytes. The nonradiological ELCR is within the 
EPA range of 1 × 10-4 to 1 × 10-6 and the radiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4. The major contributor to the total cumulative ELCR (those analytes that contribute 
greater than 1 percent of total cumulative ELCR) is tritium (5.3 × 10-4, 98 percent contribution). 
Contribution to ELCR is elevated for arsenic (1.2 × 10-5, 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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Nonradionuclide Analytes  

(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Hexavalent Chromium (2.6E-02, 86%) 
Arsenic (1.2E-03, 3.9%) 

 

 

Manganese (86, 61%) 
Arsenic (18, 13%) 

Uranium (11, 7.5%) 
Vanadium (9.2, 6.5%) 

Barium (7.8, 5.5%) 
Hexavalent Chromium (3.3, 2.4%)

Cobalt (3.2, 2.3%) 

   Volatile and Semi-Volatiles 
(vapor) 

-- <0.01 

   Nonvolatile (aerosol) 2.7E-02 141 

Total 2.7E-02 141 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

   Nonvolatile (vapor and 
aqueous condensate) 

1.2E-05 0.84 

Total 1.2E-05 0.84 

Total Nonradionuclide  2.7E-02 142 

Radionuclide Analytes 

(with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Uranium-234 (9.2E-04, 3.1%) 
Uranium-233/234 (8.7E-04, 2.9%) 

Tritium (5.3E-04, 1.8%) 
Uranium-238 (5.2E-04, 1.7%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

5.3E-04 -- 

   Nonvolatile (aerosol) 2.4E-03 -- 

Total Radionuclide  2.9E-03 -- 

Total Cumulative ELCRa 3.0E-02 -- 

Nonradionuclide Analytes 

(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Arsenic (1.2E-05, 2.2%) 

 

--    Volatile and Semi-Volatiles 
(vapor) 

-- <0.01 

   Nonvolatile (aerosol) --b --b 
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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 

Exposure Route 

Near River Exposure Area 

ELCR 
Primary Contributors to Total 

Cumulative ELCRa (>1%) 
HI 

Primary Contributors to Total 
Cumulative HI (>1%) 

Total -- <0.01 

Dermal Exposure in Sweat Lodge  

   Volatile and Semi-Volatiles 
(vapor only) 

-- <0.01 

Nonvolatile (aqueous 
condensate only) 

1.2E-05 0.84 

Total 1.2E-05 0.84 

Total Nonradionuclide  1.2E-05 0.84 

Radionuclide Analytes 

(without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Tritium (5.3E-04, 98%) 

 

-- 

   Volatile and Semi-Volatiles 
(vapor) 

5.3E-04 -- 

   Nonvolatile (aerosol) --b -- 

Total Radionuclide  5.3E-04 -- 

Total Cumulative ELCRa 5.4E-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. 
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Figure 6-1 
HAND CALCULATIONS 

  



ECF-HANFORD-13-0036, REV. 0 

167 

 

This page intentionally left blank. 



ECF-HANFORD-13-0036, REV. 0

169

Lfndc( Carr Q) 

,Iii I 14 

Ihhalql\oll cf\Jo~-t/es OVlj )e,m'.volciti ll:s~ 
' 

/ \ 

1v1h ~ ~dw(~~ fz/3 , Tl.0 ,TR .LT, [F.[D 

~ (,JC( (.,Ql{~ 

~,J 

l)W O A-T° Cr I 

1st~ 1.3~ co~~_ 0 2.1ocoib,L,z. n~oc; ( 
~} d V¼j 



ECF-HANFORD-13-0036, REV. 0

170

NO y{\'.'.l (Ci ACfl0<1 

HQ~ 1\~Q. ' 1
1V'l 

-- • CJetv1;Ju 

,,;h c: • c)Ob~{. YLY 2 I 2 '::Z0wi3 
, J . ~Sevd,<; .70; 

~ 2,) zf ,-~ (l)J T 

--- 70~9--7or, 2h7 
~ 69~JS✓OY_~ 

t:o.d 



ECF-HANFORD-13-0036, REV. 0

171

DP- 5 (WM~ c) swea+lo~e>~ N Lr0d0 Ct{« ,(5) 
- 1 I Z,,\\ / Ii 

_~hat\ attl QII rl Volaii' le>- Rrlovwdtck 5-_ 

:r~ n~-~-C·0,vJ/V vJ\1')~ L---1. 
1 

\. \(_. (I, L .m ~ -)( 2- ,s-rr ,,,, ) 

s}( ~ r l ,, x,~\r_ 

-~ \oqqf tDi fell 

s ~ ~ s, w i c ,'-1 nSL , 1,99 8 +ug r c -::: 1• iz., e-os I 
yGG 



ECF-HANFORD-13-0036, REV. 0

172

Undolarr (9) 
·7/ zo/ l~ 

_;C,h01l0c~1u0 o9 /VoMolcrkles 1n5wectfodf¥ \hpor- non rads" 

i i/\h" 1/Z, [ \. Cf. CO \ Cc\<J ,(· MWv ~\. e,xp/ii,3030 -~10. c/Y _\ 
\3WAI-Cfi) g.-r.Pw) (' i-C/b./iy 

(' () ( J [\U 3 (JY'I - ~ \ S'JC ~ CS f L , l ~" ~ 

·---1,•- h ef °' ✓~ t\/\,l c~ com\ l\ W\_ 

In~ - 21P~ .1 J _?{iSevoJ-s ,1D1 .. tv1 _ /8~ ~ . _ 
b. l ~ c\!"A' "/ _ , 0, 000$- ~., O(o'l~rnmH ,m' .)38, ff'... /OffJJ 

7 O r--9 .1 D /' 3Co 5 4 5 rn°le!l. ~ 

- e O ey.f (rs, 3DJ0 _ O'is I lb. YY ~ 
\ :l>ll.1 r- ~G, 13) 

:: Q Io ~1)~- {. 0 .. 0/•·/4- ~3~(z 1.SLE>oy _ OJ ) . ·; ~ Ii 9 z,7j 
. \ ~ Jflr::fa, (_,,. h1m \ 11, VV\. L, LI 

,cg, 6 •' 

q, AJ(~oSf,} 

YJS~"' 9,t?L0SJw.,. ;;f\~ ~"" ;2,1 t C-01. ✓ 
r~\J ~ 



ECF-HANFORD-13-0036, REV. 0

173

!pnCarcinOgJZA) . 

WO' --~1~~ 
_ ~1n~ 

~ f<f Pe, 

--4•~ Cobalt 
\ 



ECF-HANFORD-13-0036, REV. 0

174

Lk1dCl Carr 
, l?✓i-1 IL{ 

I 

/ 



ECF-HANFORD-13-0036, REV. 0

175

~ \ r _c_ r~ d,}\otcL\ 

GIA 

l (') i ~ t ., 



ECF-HANFORD-13-0036, REV. 0

176

NO 'V\C ( C 0__9il~i, --

H " _J__;s. (j) 

ff Do c G/ {ii). 

~- L, { 5 (.✓ og M j 

F~-

l1nd:B Gvr (j 
1 ( ti }tt/ 



ECF-HANFORD-13-0036, REV. 0

177

1 

,\ \ ,> I 

( V\l f\ C) 

C 

0 
I 17 L 



ECF-HANFORD-13-0036, REV. 0

178

Li f\ c{1 C0c rr @ 
I (zg (1t 



ECF-HANFORD-13-0036, REV. 0

179

f!~J_ A b~u( e~'ovL N 0\0VO [Cth /<25 1V) Vapn( 

l1~~ C?tvr @ 
I /zg )1y 

\ ~ SA, kf, ET f F, t\).CF3 • C~i~).e1p/i3i?tiYo-:3ii'\b.1{4\ 

' 1 V () W. AT , ( t[ l R , I • f"' ( ' % , 13~) 

-~~~, $ 4r Stx, \ c_, 

J o ~)~ 001cm). 1·2b -) ·, ::kfot~h,1oy-lQ1__ '\ 
A1V LI· 6 /\'f /( I -h eiewf 1 ,.;:i CY\ • 6C05 ~r. " 

70 ~9 .7c;-i .)&Sci c 

1 



ECF-HANFORD-13-0036, REV. 0

180

HQ~ 
~ FP,o 0 (if A 

-~• A r1F 



E
C

F-H
A

N
FO

R
D

-13-0036, R
E

V
. 0

181

l/\ 
0 ·-t-

N
") 

l-D
 

::::::r· 

:
r
 

I J 
j! 

) ) 

\._l.) 

~
 

\--._) 

~
J
 

·-1--

·\-

v
\
 

0 

~
 

{.:) 
I 

w
 l l 

~
 

("',_
) 

I:;'~.) 

ll 

r::::~:) 
I 

\ .. '0
 

(I\ 

,----I) 

cr: \:0
 

\
;
)
 

,-----=-

~
 

\\ 



ECF-HANFORD-13-0036, REV. 0

182

1 D \ 

(_. ___ .:,;:.,(-~---··-'"---/ ----·-·-
:...--~~-----

\ l 
JJ ol \ c\ ··r7 / 

- ~ 

(d ~ 



ECF-HANFORD-13-0036, REV. 0

183

I 

···--·------ti~ e V\ I 

1/ 



ECF-HANFORD-13-0036, REV. 0

184

s (w rvi A Lrndc( Ca 
lft7:>/l~ 

· .~ --tCAtL onuc(,Jej 

-~ J, 0 + 0·1 f Ll 

\c~ ~I (oS ,} b"7 rCL & 0 G'J[/ I /,Y I 



ECF-HANFORD-13-0036, REV. 0

185

(WM ~) 

····•·---···-·-~ ~ e fc\ \I V\ + C ~V,om · 1 q,1\/\ 

Li~t Cctr1 

7 /2,3 /1t/ 

i " 
, rag Y a½' ooc I 

\~\-= o\ 

• ' jo,, -•>; 

·-----~-~~----~70~-I~--· -:p --7~0-y--_;Ji...:_.: ;~G~~-:i···--·--

'i 

✓ 



ECF-HANFORD-13-0036, REV. 0

186

Non ca rci/lul)Bi}_ 
c;; 

( ,;; 

R Dl 

Clo 

frJ 

rouf\c&n9 

l I 

·?~ 

L1vda vr 
7(r::;/1l( 



ECF-HANFORD-13-0036, REV. 0

187

o r, {NM A c) ')!,{ccdlod3G CTU If Li~( cr
1
r 

:J-n ho1 laiion cl/ tv'on v'Qtatl 5-- ILacL onuc(L_des_ 



ECF-HANFORD-13-0036, REV. 0

188

Oo,gp_ S (WMA c) ~i.JeaJloolg,e_ Ulfl~ L1rdct Corr 6J 
'1/zs~/JL/ 

D et Mel\ A bsorplion _ Vo id'(es a.vd ~,\[o\CkS(es _ 

<;, ~, ('' (' ,,T 
' I:, -~ ' ~dlic,d 

G-IAB5 

...... , .. ------~~ Ca, bon +,d,r0_ch /Of' 1clu 

J,-tot,{ ~.Q0/3-9:(~)( zi), 'rr. /,,) /,gr,/-, 0/6cf•~- CVS~:0lt_a~ 

. )b 4 .·/D1 · 30~.1 
.,J 

·;= ~,, C)&S ✓O~ ~ 
\~,c\ 



ECF-HANFORD-13-0036, REV. 0

189

Non ca rciflog0n . 

HQ= I --- . 
Rrnv . GI A BS • lJ,l'Ohc I 

--• Ccubon bd~r0ch(ur;o(e, 

+. L( ~ .OOl?)J~~--(lJ1'{?1, -~.··· / 1ll.1,iwt)(1 0/0.£JM'. ,1-.. -1")~,Se~ve~s,.pfafyvO,ot~ 
1 \) 1 c~ L 7, ) c 5 T, . m ;j l \t\ ! e \few, CM 

::: 'l I ( .. 09 hV) -

~9·· d 

K1 ( (ogy 1 '365_d 
9 



ECF-HANFORD-13-0036, REV. 0

190

D mw:i I A b 5 01 + iDVI- o nvo la+ I Cor1 en sc d Li c U,i d 

d, ~C6 . SA y r(r • (,~ t:F, ED,Cr~ 
1 V - · 

,.B W ,, llT~·~ CF l 



ECF-HANFORD-13-0036, REV. 0

191

N o if\ C<J rc1n0°10n 
___.:._---;r--

H Q ~ ___ ____:_,.________ ;> ID~ t' ( 

RrOav &I AS_s· I ~ 

_ __,,•~ ~ vt+-r W\ a~~ 

J, I = 0, CJi ~ ~ (1, i Yn ~) ( 0.DO/ ~0( ( i~ )(% S ~~r(; g y)(!~~i~~ 
(ca, {o[fy1r~~s J 

-~ i I / ~- C--05 ~
\<e .J 



ECF-HANFORD-13-0036, REV. 0

192

S\(= C~~0 o ·~ ,t>1>-h<-l 

Gr( A&'$ 

------1P"" HT s c n i'0 



ECF-HANFORD-13-0036, REV. 0

193

__ N o n CfA ( c~ n~3tv1 

H Q ~ ·--··- I ·--··--····· 0 cl 
1

-fofcd 
R9 D0 .(/( Ag 



E
C

F-H
A

N
FO

R
D

-13-0036, R
E

V
. 0

194

<:::>~ 
\
/
\
 

,_S
) 

" 
\'r\ 

fY
) 

11 
j\ 

II 
\l 

II 
\\ 

\ 
11 

I\ 



ECF-HANFORD-13-0036, REV. 0

195

jnking WOlter -TV\geslicin -Nvnmdi'onuc/1'~0- c:TUIJL __ ... 

C~_ecinogen 

CD ~; Cw O I [WN. ~ Ef✓ 
····--·-- \ --

Ar· 3 Gr':1_ 

S)c :: CJ) 

-----uii~ M-fs-un ~ G 

T\2-W 0cd:~ " G~ . I t t (1 o 1 ~ l, 1) • L\ _ t:__ ...... . 
I S \c1 o l½ 

"'o,Y _ + 3,GCo J,~ "' L{ ,o57 -~- 'L 
~l 6 r~, l ·41 

cv T_ ~ v .oo ei s ~ , 4 o s; ~ • 3" 5f <:>:n f> o V ~~ 1 

70-7 • 0s-4 



ECF-HANFORD-13-0036, REV. 0

196

BP- 5 ( lif MA c} e,\u If, 

l\f O\f1Ul(c;v'\O~ _ 

~ c~ ~ i ~wCA-. Fb €D&L 

\1 Q -~ C/D I . 
. (([Do 

BtJ Ol • TT\. 0 er -1 __ 

1Ad0Carr © 
1 I~ 114 



ECF-HANFORD-13-0036, REV. 0

197

V J 0_ 

! 

I - ~C Pi~ IR 

s -

0 

QC~ 
- \ l 

l...,1 ... 

l I 



ECF-HANFORD-13-0036, REV. 0

198

Cwm A o , t Lindt{ ea 
11 .h , .. 1 '{ r.·. __ . 1 I 1119 

~_np~ Wqrrif- 1efi_ ollich'on p( {~ Novir~d~01udicks _ 

-~i0Jill.~0_, 
I' ( 10 Cf V CT ~ cr/l V \) r. {b(JI\ ~-
~~ IJ L, (}- 0 \J (/'-- u VV\~ 

A"T 0 Cf i-

t-~cD O IU 

.... ----..,~ c~ {'\:un le~tY °'-•c✓h \p;f .\ k_ 

_::, D ,Co) .JL~--
JmJ 

s o, 0 s·~~ tP 0.oE-vr----? ~3,9 E-oL 
?:, 

'P 
Inf"\". l{tf 



ECF-HANFORD-13-0036, REV. 0

199

( W A Y)cJ« Cet 
IL( I I~ 



ECF-HANFORD-13-0036, REV. 0

200

1) r In bnq WoJcr -:r:V'l h /\ lctl)QI'\ o{ Vo I od1 /e5 . Rll6i' O(]!Jicles 
'· .. ) -----

\d' c (ETe-, EDv)+((ED" CD0)• £Tu,J J ---~-- ··-·-·-·--·· ··-·~•~·-·----ep (A_ 

... -------~~ tx 1 -6' WW\.. 

\· (1~.b., ~'/\} ((70y-Cov),24~ = :J~} CA.d~j --~ - tJ ) ( . d (y 

i 

iWH_fADC\dj (~/· bf) (lo~-foy)' JS'f cc \~qo¥ 
Cf\) ~ I ,c57~ ,u> G ___ 0 \ ~90 nr/), \I O o, s L,. V 3~ S __ ~ ~ l1 t- Q l._1-1 :: -,,) ! tlDf oC l l✓ -~ ~ ~ o 1,,C/ f'\ I 



ECF-HANFORD-13-0036, REV. 0

201

cJ 

CO " f Aw. ,)Aw1,, . 
d---·-·· ~r d 

A l D' (Is· A· ' .CV ~ CEJ)a - [J') c/) ,, SA-~ h CV~.--
. . /l\.,[J( .:;:;: v C C,- ··1 . "'l -

B\J0 ·-- 13w~ 

0 

G 1AB5 



ECF-HANFORD-13-0036, REV. 0

202

CWJ\/\A 
) h W 'Cl,{\ 1 :' 

DA QA/eJ- C 'I-f , c~ . er. u 
,_CO\ !\Or ;Orsuv1I G 

--~--.G•~ c(}\ rbO{I teJ-fw~\Lo/, d0 

n \ )o,wh , 0J\+-(ho1JQ1J, 01L.~-J 7C o,ci1sb--
"'"0 \ e;t,,iJ ) e,J ~ 

------------------ 7 () 1 

n\,,i
1 

cc G 'i . 6, >7t ev.,.~, 1 ru± + (lDr ~1), io/10O VVV''), 

IS~ 



ECF-HANFORD-13-0036, REV. 0

203

E,P- (uJrv1 A lK LJn 
'1 <-1 I I l) 

N-rsin1' Ccu, r~ i r1 n1c) 

D Aiv!/\'J kp . Cw · O\Ji , Cf 

c::: Q oo I cAY\ ® , ooG s ~, (} . G 9
1 51- . c goo LL __ , ~ c1. 5 ir-oc1 h c✓ eAf 01,:~t· t/ril, -- _ __:_...----



ECF-HANFORD-13-0036, REV. 0

204

D ~ p 

l A\) 

~ <0\ftJ -;; r\ 
) D 1\vc-vJ ~ , FA . kp , ~ , Cf 3 G ' . 

) 

----~~ Ca rho~ 

AeveJ~ ~P ~ C20 ,,. 

c~ lo ri' d (No ~ J 



ECF-HANFORD-13-0036, REV. 0

205

~'r.d 

HQ " I, 13E, 0 !!1i 
d. 

l{u E-· 03 ~$-j O l 
... ~j' 0 

------~;;.;;;;,...,. A n ti' M o ~ {/IJu{lCfJ. 10i' fl i:¥;}€Y! J (jCt n t ~ 

b A tvJ- " , DD I ~ {0%¥) 0 {,!/~ , (,DOI /ft~) c: l7 6-0'/ Orn'< CVC>l\ 

Qcc 9;15 ro7 c:\,G I~ 

l1 ° 0 .. -l..LAJ+-- 0 (o ( 50) 



ECF-HANFORD-13-0036, REV. 0

206

Lr 

~rqrr;1 

.I l 
' 

YI I 

i I l, 

~ (~{~onfJ{,\J/;J_. , I G 7 0 Ma 0/, 11 

, coCQ 1.i~ OS r 



ECF-HANFORD-13-0036, REV. 0

207

!)(In U nv Wa+e1- ~e~'on-N"onro_dtDnudides _ 

Corel no5cirJ__ 

C D c; Cw · . I J\ W 0tA . '° E F 
·-------- L;:} 

A·,. GF1 

IRtJ~ ~ fb" · IR 1,J_ _ + ~ - f Dc). I (lJ"-

~ w· BGJrA. 

. rz W i\cb ~ h . :J 

}h IC} 

o v· 
•... ---

~J-



ECF-HANFORD-13-0036, REV. 0

208

Q .·~ GD J: .. 
Rf Do 

· A-"--kV\ a.fl J 

~ a Dlf 



ECF-HANFORD-13-0036, REV. 0

209

6P- ( v\JM A ~~~ ~Of'\ 

.. D{I I\ K\ ~ \ill oJ ef_ I"'~es.b~::_KQ di-orwd;J:J 

C/D :: (~J ,, \ tw~C,/lDc0 ~ o 

\LW _ \ZJ\ D~ ~ C t()e. I f'1\)+-{{ ffi_ -

'{(JS t-✓ -~ CD ~ ~S'F 0 

\ 

~ V ~ s' ~ ~ -+ 0 ~ f cl O Q :7 ~- -- I z n_t ~ I , (o I 0 
f- fC: 



ECF-HANFORD-13-0036, REV. 0

210

0-Br✓ "5 ('WM A C) Y ~- [Cttvnct t0cd1w\ 

ho.lctken Voi~les-

'D~I-~~ (~ w ED&t O Ef I Cf~', Ll~L u V O 1000~1, 
---~-~-----~---l'V\~~· 

A-·--r~ c~ 

\L\ ~ ~ Ltl. d l cL u O t S. .. ~ 1 l O(:()_~_ 
VII\-· 

::;- D, bl J1!)_ 
l'Y\:7 

S'K--~ O,Ql ~- ® (~ 

W\--, 

~-osYY\ .. 1i(at ow -- _;, 

~ r~v 



ECF-HANFORD-13-0036, REV. 0

211

C 

1\fL. 

~c~ 

:; D, OlXo7 ,70.:J. 3&)1, ~1y , Id • o. 5 

70y · ,3(o)~ 

~ ~\3~[- ~ 
}'11\ 7 



ECF-HANFORD-13-0036, REV. 0

212

~ ( ~ I l I N~f 

( (\\)~ 0,) 
<!\_, 

e Sr L 

( L~ , :, 

J 
y 

-- 'I ci' f J 
ti! l7 

-- I I @ ~ - ® 

l 

f 

s . ({5 C) ' I ~ -



ECF-HANFORD-13-0036, REV. 0

213

c:r 

F , 

r n 0 

' -- ( 
'~ - ---~-~~~-"""""""""""""'""""""""""""""""' 

k I\ 



ECF-HANFORD-13-0036, REV. 0

214

( 

fay) • 

. I {o. 0\ ~ 0 I 

,( ~ 

\ 

) 



ECF-HANFORD-13-0036, REV. 0

215

e 3 

5 

() L 



ECF-HANFORD-13-0036, REV. 0

216

( A 

DAevvJ, SA(il. ff, ED~- LV_ 
Wo\ O A e Yi 

N 0\1\CMC\ 1109en 
1
Dr~rtnr(,, 

,--·----~ C etrbon t1rtd1t . 

q 

LJ. 'Z g ~ .Jn.:c+--§. -

{1·ri~. e.ve~d'· 

(( 

7/JCJ/}4 



ECF-HANFORD-13-0036, REV. 0

217

A (· 71 

l1ni(~ 
7//L/ 

@ 



ECF-HANFORD-13-0036, REV. 0

218

V\CJ>{ 

A{(jM~C 

:JJ rv'\ Col r:,-07 / l/Lf 08 

"-h~vv\ ,S, OG 
,t tt{'O\ik( 'Q~ ~(, s I ·7-s O G + er ( I 0 

t)e,/YrY"J\ .-~----------··--=-·~~-

A ~h W\1lvi y 

· J /l O' . I~ u t7 · r1· 1. ,\f h~(Au .Wlv 

, ; ~O{)'r lii\vkl,; )i( \ , 2 0 C- + 

I. _ D ~ :-: /, Z 'DKJc✓ 
1 .1 y o s· z , lf7 c .. C) SL-
<> C("'\ +· ). f .J 

(-03 ..... l 



ECF-HANFORD-13-0036, REV. 0

219

D ~ Cw v I R.0 1At1, of _ 
A··T·0 ~✓ F 

~ E De O 
\ 'e1Jv -t· C (Da --ED J . I !( ~J,h 

t) \J) (_:, ()C,"\__ 

(p (p_f _;_'4 
/cj',d 

t ,7o .~ () q, ¾"\!,'-. __ _,.,__ J ._ 9, ieo £_; u 
_ ... ___ L __ _I":tJ~·-···---- fj, 



ECF-HANFORD-13-0036, REV. 0

220

..... ----~ AV\+)mOY'; 

= o Ql(Z) .1~ ~ L{_L,. J ' Oy ··-~ I ~(o 
. L J y ~--~ 

70 ½ ~70 t b jb7-y· 



ECF-HANFORD-13-0036, REV. 0

221

J:~¥1() \Jcdc/-T05cs-hori-k~ontAc~Je5 __ ... 

CD /") O I lLW-KRO ~· O 

l/4J ~(:;0 

W-W-~RD"'~i-0 L "\ RWG)+((Ell-Eill • 1 R-W"-) 

)2JS K- ~ C/D o 

r 

L1v1daGirr f!!) 
··7/1s'/,~ 

ltW_t~D~i· ~-It) +-((7Dy- ~y} ~ J~ = 1Co1.-..i.---



ECF-HANFORD-13-0036, REV. 0

222

H , l1 s· ✓ 

0~0 

0 E:-(;._ · CfL~jlf_ 
/t\-r° Cr I 



ECF-HANFORD-13-0036, REV. 0

223

Ul 

" c,J :fN H J'../\Da,\\ • V • E • () 

\ ~ vl . MD iJ:i ~ • I ~ H ") ( ( D~ 

Taclj " (_· ------------···-· 

' 
0 L, 

::; 

·:-:::::. I 5 f 

s 5 + 11 -\ l t C 
::: 

f f (;; ,i ) 



ECF-HANFORD-13-0036, REV. 0

224

~ e>A- Q;\r(;~ 1b 

f(fc 

\::::: 

Ae~, r· " 

L1vida Grr 
II 5 I 

DJ "~(E·olq -~ii} ET~ _'" 
E-D~ 



ECF-HANFORD-13-0036, REV. 0

225

L, rtlel Car( (/) 
·7/15/(tj 

f0@Do~D~ 

""·-·•-------i~ \ii 1 ?1 41 l Ii -htxa. cG ( or oo\:1 ~&i-1 'Zct p-cCOJ(I\ 

G\AJ" ~.)Y~~' 0y)+{(1oy-G1),(o.11:vj ~DJ09SJL_ 

lo~ eui~ 

·" ~'/' G,tni0wi~\e,~ -1, (70~Aoy)·2D,°IOOu"', \eicJ-
, 

= 1, \~. cv? e,v e{ 'r I q I I ty. Uv,1-~ " A I, GGO d-y ew:J 
\<'.-3,J k~,d N/·~ 

~~" io, s){o. D 1 _9!1.\(no f-cfh1~\{· 061-~ ... -~, \-Z-f_ro.- ,fi »-})_{_,ve>i 5~~.-~ 
n J t/ J . UY\ J ~ 'C t;w,,,~ _ """"· 

---·- 'TJ' 

"' I ,) '6 C \ i ~ '1 )~~ "= y , I -I i__;_M-+-~ -

¼-C~':l- V Gvv?.WAJ-

= LG1 [ / 



ECF-HANFORD-13-0036, REV. 0

226

00--70~\ (WMA AA'f) CJvLl\c 

-C'a rci ME ( kofr(\IG 

Aw ~ kp . (; . cr~s . en 

,c 0~00 ( ~ r· 00,·-7°'1 W\U) (,0951-) lo·or_s, \ ~ 5~1 E-0~ -~ 
-VI - --c-- t\JMJ (' UM 1) a,,. 7Gr4 

~ LlO t✓ 00 WA 
F-~,J 

~\SK~ LlOE-DbWc~-. l.50k1_ ;., 255E-ck/ 
½, c\ hA-'j 

i 



ECF-HANFORD-13-0036, REV. 0

227

fO-\ fAA A~.A>G~ 

b 

Q ~ L.D 

1\0~~ Wcxter DYmiAJ Absacpil'otL 

Novi C1A1C:n oqen J Dr~ni 

~ ~ D0 
~ G✓ I A tS 

\ \ L, 31 Y 
1 

, r -1-texa~ \'D\'DC\ b,n -p-c\acl ll 

-~ J.(o.5),fo I~~), l.70E-o9m+.(O.Ool_ J~JG-(Gi.~~j{7le~~J 
v I c CAY, J U ·r· 

- ~\io E ✓\ 1-~--
- ~i,~-t 

:: \{. 2-D -lL rN?J • Sl!:\9DOul, ~s+ • 10~ ~ \ ~ 
Cv11\4 .e~¼f 

~ o, nci / 



ECF-HANFORD-13-0036, REV. 0

228

-- ?O-~ I C ft A-~A X J 

No 

9o l to~~
,:o l 



ECF-HANFORD-13-0036, REV. 0

229

e,cJ\ vt:h VLNr, -
0fl 

·~ L\ ~ YV\ 

" 

V\ \ 

ry\u(l~ 

) 

I (, 

Gp I I 

5 

l , 

"1)e✓{\(VIO"{_ 

0 \ s \ 

L(, 

f r7q 0) 

LI r,Je1(a vY 
1 l \Ot (ll\ 

,c{O l(w 

i.(n r-o~ ✓ 
~- (:;. .,/4 

0
, 

::::: J 



ECF-HANFORD-13-0036, REV. 0

230

) /' < l) .. LI vttl {f (~l (D 
1

--l /30 / 1 c/ 

r:" 0 ··\ 

C LX\ ''\ 

' 

'I() 

HQ=.-1--,, ( 

::; \ _ _, ~)(1,\ 

/1q>-~--
t9,J 



ECF-HANFORD-13-0036, REV. 0

231

Li 

(} 

IV\ 
I l 

-- \ n I) I. C}I 

f 



ECF-HANFORD-13-0036, REV. 0

232

( MA 

C 
.. ) . 

~) \ L~/ 



ECF-HANFORD-13-0036, REV. 0

233

0 

\ 

10~ -~~ L51/1? (6 f g (' __ ,,,___ ~ 7 ' y r/) (I 0 

7o r9 . ro1)1. 2fO r 

··- \ ·- t 

v1da r( 
7 /JD/ ll/ · 

e \G\ l?J 



ECF-HANFORD-13-0036, REV. 0

234

(1 

r] f 

~\ 



ECF-HANFORD-13-0036, REV. 0

235

, I 



ECF-HANFORD-13-0036, REV. 0

236

l 
-~ I 

\ \ 
\ 



ECF-HANFORD-13-0036, REV. 0

237

I - o 
I 

No 

(f 
I 



ECF-HANFORD-13-0036, REV. 0

238

·-? \ ( A A/ 

{\ .· " 

l °' 

() l 0 
.-• 

0, ' L, 
(lJ) 



ECF-HANFORD-13-0036, REV. 0

239

" A 

ool 

(J © V 



E
C

F-H
A

N
FO

R
D

-13-0036, R
E

V
. 0

240

( 

II '('::,,,(~) 

1;:,<:::, 

I\ 
11 

~
 
~
 

0 
\ 

\ 
tlJ 

\0
 

\-1..) 

C
) 

\) 

,:J-;;' 
3

~
 

1) 
\I C

) 
\ 

,0
 

l 
l 



ECF-HANFORD-13-0036, REV. 0

241

(- 0 ) ~I\_,., L 

lVl \. -l\ -, ~\') C ) 

I) 
\ ;v.t I) 

ti ))' .• L 

( ( 

./ 



ECF-HANFORD-13-0036, REV. 0

242

nd l\ C'cirr· 
µ-;/5 {IL/ 

V\ 

i ' ( 



ECF-HANFORD-13-0036, REV. 0

243

··r · f I 

( 

) 

\ 



ECF-HANFORD-13-0036, REV. 0

244

) I 

. L 

V 



ECF-HANFORD-13-0036, REV. 0

245

1g !~ 

1 
_ ___,:__YY'~?{e -~-__ _ 

& 0 ~! .. 

f 



ECF-HANFORD-13-0036, REV. 0

246

\ \~ 

_Jkt_wt ti/ Ab;; or 1fortJ/nJJ/e1_9J'.ld ~fi11 vclcthl e S . 

j 



ECF-HANFORD-13-0036, REV. 0

247

( 
l 

l () 
\ ·~ 

\ 

IJ 



ECF-HANFORD-13-0036, REV. 0

248

" A 

______ ,_, 
.,,., __ 0 

ci.o _ y m:J.:. (. ,so) 
ci, 

I. ol 



ECF-HANFORD-13-0036, REV. 0

249

(i 

~I 

\. 
(2\ lCf 

l / 



ECF-HANFORD-13-0036, REV. 0

250

J -~ -I ( \!\I M A A✓ 

(\/\ 

(1i, 0 
V 

I -, ' <; 

V 

3
., 1 

/1 C --
o .. 

} ·1 ... 
(II l 

I OJ 



E
C

F-H
A

N
FO

R
D

-13-0036, R
E

V
. 0

251

~
 

·-
' 

·----·' 
~
 

~~ 
:::y--

(] 
I:,/) 

\-· 
-

.. 

~
o

 
\('_ 

\ \ 
J \ 

(
'-

.
/
\
 

c: . .:> 

[>
<

::, ~
 

( .. /'\ 

G:::> \ 
\_.:;,._) 

_
) 

<...Ji 

\"\\ 

'Z..;>O
 

\ .. )) 
"-::_("' 
\.) -·· 

>1 
··+· 

·-:y
-

f c_:.:, 
'-~>

 
c;:· 

~
 

\ 2\ 
..__:y, ~

 

,__, 
C

(S ~
 

('f\ 

\:-) 
~

j 

\I 
I\ 

·:::r-

0 I 
\.l) 

0 
~
 

\
/
)
 

\>
( 

··+ 
\.S

"-

0 I 
lv

 

·--
~
 

a 

. ...-ft_
 ... 

\"
\ 

r;--r\ 
() I 

\_:L) ( 

c'{ 

!) 

\J
\ 

\./\ 

·-~-

c::::.:;, 

~
 

V
'I 

'-
~

 

ii 

) 

\.::,) 

f.)<
) 

\I\ \l 

G:::::J) 



ECF-HANFORD-13-0036, REV. 0

252

--PO ✓ I { 

e,.D ::· G ,. \ R-W~0 © E f 

A @ 1 

SY~~_: LD ~ ro 

Liv141 Carr oJ 
··If /q { I l( 

--~•~· l1 z (? I 4,7) 8' h~ci,/c,yo d; ~2D-r -d'oxir, 

\ v \ 
LWud.j cc {ay 'dl_:f 4- (n::iy -&.1 ~ ·:: !.f -r .= D' \ L + io'7 )c d 

I lo ~,,__ 70 ~ J J -:; 

:= 4 ( (( 0 ··1. _J~ .. 
\CJ cl 



ECF-HANFORD-13-0036, REV. 0

253

D r in ~\r1.9 Weder L~f si Q() - l\f onCR\i; r\og:n 

~ ~ 0 \~WOL G ( fo ED(l 

·13 lJ°' V ,A1' 0 C~f 

Q:: C.DJ-: 
tFOo 

Linda Carr 
7/t &i (1~ 



ECF-HANFORD-13-0036, REV. 0

254

_ ,<(\ t: V\1 W 1\t e,( - ~ts1l Dn-f~d1 onuc L 

DT - C~ , IR~_r;~Dc-Jj • tF 

\ Ji706'!i ~ CEit, IP,JJ t ((ED°'- We} I tLJ) 

1S~ = CD·-c ~ s•c \_ ,..__ -- r o 

S\:-) n __ ,~7 /(Jj 
fC 

L1~C1 Gtv( 
'7/19/IL/ 



ECF-HANFORD-13-0036, REV. 0

255

PO , ) ( vJ A A~ u) y Cl µi VYl({ Ncd1 LJ ~d0 (,:;1 

- . . I 1hc1 

Pr/Vl 0rl:) Wo_tu- l'.'.:l~lahvri cf \Joh.Ji l-e s _ Gvtiv10£Eri 

CDl ~ Cw V C"b {)\- ~ r O ET~ V CF l J) \) h I DDCL~2.. 
·-----

0~ 

firr 0 (/f:[ 

~tSt:o G-J)I. UIZ, 

No 0\ na [ ~e5 h0c vt o. r, sr,, V q twi., r~ ~1S ea., 4e5xy 

-

·~ Cw I ED~-(» ., -!·~ C c)rri o v 
~--· A <r V er J_ 

·~ L~S .-D -~~ /) q / 
m-~ :::. <~ 0 I 

-----



ECF-HANFORD-13-0036, REV. 0

256

D-PD- \ ( w MA A /A Y) \{, u1 K:-a m0 Ncchof\ L) r1ofc\ Ca vi 
)tf//l/ 

, ___ 1_~n3 WO\\-ef ~ TnhCJ\lot+iof\ or ~\) \o,tiks-rAvs 

,~ Cw O J)) ,rf \fA D , , /~ £, ~ co C;Tc: ,. ~ er:: Z 
-1 ~ ~ 

Ntl t~6 = Cf))(, , i /V~-lc,) +((€Pa -fDJ I~~ a) 

\"'½-' ~'f GO coJ+ (( EDca -1cPc} IT d 
ffi~ 

T{{~ = {z~} .foy) 1(70 r&y) , (!'fl co zctj 
y 

N 1LWD~c½ '° ~y, /0 i)tf7ot 0r) z&!;-~ ~ (7&0 __ ,,..1..,:__.,~-

. DT ~ Co (J) 4qfe_,, i706_r2;J._ 0 U, LLj. -4 
('"),/ I G d vYl V 



ECF-HANFORD-13-0036, REV. 0

257

I)rtn ~~ W ctkl Pel rYtcvl 4 kSbrpf loJO _ 

~orClnotn 

rr \") -r DA I\ 
l ... -<l- <J--- y . . ,-- o veivJ· (J) 5n c>\d , o E F 

, __ ---.-1. \ -
11---r /) er ,~L 

Ao0r~ @~ s Ac, VG + f J]ll -CD) SA 0c' [ v(A 
13 WC -- lJ tl'--

k -:; CJ) ~ r~rJ 
GIA5S 

,_--· 

ET_ t 
I 

DAeve.;t cc· 2. r(j-, tp {,J · C ~ fq_, L ;/T 

.PAwJ -~ .t I I 

I 

-- °"' ~d 
D = t1' ~ Co~ 



ECF-HANFORD-13-0036, REV. 0

258

-~-IA (1/inD~3ci11b _ 

,.,·•-~~ )) I l/("), ~r .. he,;Jc~Ch(or dtb<Znw 

" fo 1 ,, ~,57g /AM:2, I~ + h o't ~1\ '.l D
1 
so ~. 1 eU'&J-

· ·- ·~ ..... o} 

IGfy 7'0 ~ 

~ d 1
1 

O~~y.£veii.= 
r-•ff ~c\ .. _ 

/ ~(o. 5){.z1 em)(rnof-09 ~ j(. 001cfao,)f £· D~~e~ 



ECF-HANFORD-13-0036, REV. 0

259

I ( n- ) L1 

A 

_,,,___.,_,,. ~· (o, 00 ( 

t1t,~ 



ECF-HANFORD-13-0036, REV. 0

260

r l ( A ) Ya 

I Ii, ! ~/ 71 ? l--/e )cj\G~1 ID{ 0 bl) 

· 0 001 

-::, I 

-- L 5 o 



ECF-HANFORD-13-0036, REV. 0

261

(u1JMA A'><) 

N onCvtrui11 o~_,J::inu~ {}\_(\ 1C _ 

A-v1l1' 

0 --



ECF-HANFORD-13-0036, REV. 0

262

I q DCo 

lfl /DL) 
.-.:;-; 

\.( 4 

5 l 1z~o c- ~) --· 
, ( s~3 l( L; 

. c! 3 '-( 
S t{F, D~J 

~}, SI ·-- Lf(/ 

+ 

D10rrv~ ---


	Binder2.pdf
	ECF-Hanford-13-0036-r0_approval
	Binder1
	200-BP-5 WMA C_CTUIR-Sweat Lodge Hand Calcs (1)
	200-BP-5 WMA C_YN-Sweat Lodge Hand Calcs
	200-BP-5_WMA C_CTUIR-Drinking Water Hand Calcs (1)
	200-BP-5_WMA C_YN-Drinking Water Hand Calcs
	200-PO-1 WMA A_AX_CTUIR-Drinking Water Hand Calcs
	200-PO-1 WMA A_AX_CTUIR-Sweat Lodge Hand Calcs (1)
	200-PO-1 WMA A_AX_YN-Sweat Lodge Hand Calcs
	200-PO-1_WMA A_AX_YN-Drinking Water Hand Calcs





