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1 Purpose 

The purpose of this environmental calculation is to document the calculation of potential human health 
risks and hazards associated with exposure to contaminants in the 100-FR-3 Groundwater Operable Unit 
(OU) for two Native American exposure scenarios. Exposure is evaluated assuming a hypothetical failure 
of current administrative controls, such that tribal use of I 00-FR-3 OU groundwater becomes possible. 
Cancer risks and non-cancer hazards are calculated based on current groundwater conditions for both 
radioactive and nonradioactive analytes. For purposes of this calculation, any analyte detected at least 
once in groundwater at the 100-FR-3 OU is included in the exposure and risk calculations. Potential 
health risks are calculated for ingestion, inhalation, and dermal exposure routes from use of groundwater 
as a domestic drinking water source and from use 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). 
This risk assessment supports DOE/RL-2010-98, Remedial Investigation/Feasibility Study for the 100-
FR-1 , 100-FR-2, 100-FR-3, 100-IU-2, and 100-IU-6 Operable Units. 

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 
Y akama 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 100-FR-3 OU 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-2010-98, 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, ifno 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: 

1 



For nonradionuclides: 

where: 

Risk 
CDI 
SF = 

For radionuclides: 

where: 

Risk 
Intake = 
SF = 
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Risk = CDI x SF 

Excess lifetime cancer risk (unitless probability) 
Chronic daily intake, averaged over a lifetime (mg/kg-day) 
Cancer slope factor (mg/kg-dayr1 

Risk=lntake xSF 

Excess lifetime cancer risk (unitless probability) 
Activity (pCi) 
Cancer slope factor (pCit 

(1) 

(2) 

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 (EP A/540/1-89/002) is used. 

where : 

Risk 
CDI 
SF 

Risk = 1-exp(- CDI x SF) 

Excess lifetime cancer risk (unitless probability) 
Chronic daily intake, averaged over a lifetime (mg/kg-day) or (pCi) 
Cancer slope factor (mg/kg-dayy' or (pCiY' 

(3) 

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-03/001 F, Guidelines for Carcinogen Risk Assessment. 

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 
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 water. Because this 
evaluation assesses risks associated with radionuclides only in water, radionuclide cancer risk is 
calculated only for the ingestion and inhalation exposure routes. 

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 [RID]). The ratio of the chronic daily intake (CDI) 
divided by the RID is termed the hazard quotient (HQ): 

2 



ECF-100FR3-11-0025, REV. 0 

Chemical Intake (mg/kg - day) 
HQ =---------

RID (mg/kg - day) (4) 

When the HQ for a contaminant exceeds 1 (that is, exposure exceeds the RID), 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 drinking water, 

• Inhalation of volati les when showering and using drinking water for other domestic purposes, and 

• Dermal exposure from showering 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. 

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 I- 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 I :Human Health 
Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment), Final. 

• ORNL, 2013, The Risk Assessment Information System (RAIS) (http://rais.oml.gov/) 

o RAIS Risk Exposure Models for Chemicals User's Guide 
(http:1/rais.oml.govltoolslrais chemical risk guide.html) 

3 
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o RAIS Risk Exposure Models for Radionuclides User's Guide 
(http://rais.oml.gov#tools//rais rad risk g · ..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 f or 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 the 100-FR-3 OU analytes via the exposure routes associated with the 
drinking water and sweat lodge exposure pathways. 

3.1 Drinking Water Exposure Pathway 

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 Y akama Nation 
exposure scenario. 

3.1 .1 Intake and Risk Equations for Drinking Water Ingestion 
The bases for the equations used to calculate intake, risk, and hazard associated with the drinking water 
ingestion exposure route are summarized in Table 3-3 . Equations are provided in the followi ng 
subsections. 

3.1.1.1 Drinking Water Ingestion-Carcinogenic Effects 

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

where: 

Cwx fR WadjxEF 
CDl=----­

ATxCF1 

EDcx fR Wc (EDa-EDc ) x !RWa 
IR W adj = - -=----"- + ------ --

BW c BWa 

Cancer risk is calculated using the following equation: 

RISK = CD/ x CSF 
0 

4 

(5) 

(6) 

(7) 
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3.1 .1.2 Drinking Water lngestion-Noncarcinogenic Effects 

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

Cw xIRWa x EF x EDa 
CDI=------­

BWa x AT x CFl 

Noncancer hazard is calculated using the fo llowing equation: 

HQ = CDI 
RfDo 

3.1 .1.3 Drinking Water lngestion-Radionuclides 

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

CDl= Cwx !RW _ RADadj xEF 

where: 

IRW _ RADadj =(EDc x IRWc) +([EDa -EDc] x IRWa) 

Radiological cancer risk is calculated using the fo llowing equation: 

RISK = CDI x SF 0 

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

(8) 

(9) 

(10) 

(11) 

(12) 

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. 

3.1.2.1 Drinking Water Inhalation of Volatiles-Carcinogenic Effects 

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

CDI 

Cw xEDa xEFx ETa xCF2xVFx(100~) 

ATxCFl 

Cancer risk is calculated using the fo llowing equation: 

RISK = CDI x !UR 

3.1 .2.2 Drinking Water Inhalation of Volatiles- Noncarcinogenic Effects 

For inhalation ofnoncarcinogens, the CDI is calculated using the following equation: 

5 

(13) 

(14) 
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CDI = Cw x ED a x EF x ETa x CF2 x VF 

A T x CFI 

Noncancer hazard is calculated using the following equation: 

HQ= CDI 
RfC 

3.1.2.3 Drinking Water Inhalation of Volatiles- Radionuclides 

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

CDI = Cw x !NH _ RAD adj x VF x EF x ET adj x CF 2 

where: 
/NH _ RAD adj = (EDc x /NH c) + ([ED a - ED c ] x /NH a) 

and: 

ET __ (ETc x ED c )+ ((ED a - ED c ) x ETa ) 
ad_; - ED 

a 

Radiological cancer risk is calculated using the following equation: 

RISK = CD/ x SFi 

3.1 .3 Intake and Risk Equations for Drinking Water Dermal Absorption 

(15) 

(16) 

(17) 

(1 8) 

(19) 

(20) 

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. 

3.1.3.1 Drinking Water Dermal Absorption- Carcinogenic Effects 

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

where: 

DA event x SA adj x EF 
CD/ = -------­

AT x CF I 

£Dex SAc x EVc (ED
0 

- EDJ x SA
0 

x EV
0 SA adj =-~~-~+~~-~----

BWc BW
0 

Cancer risk is calculated using the fo llowing equation: 

6 

(21) 

(22) 
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RISK=CDix CSFo 
GIABS 

3.1.3.2 Drinking Water Dermal Absorption- Noncarcinogenic Effects 

For dermal exposure to noncarcinogens, the CDI is calculated using the following equation: 

DA event X SA 0 X EF X ED a X EV 
CDl = ---------­

BW0 x AT x CFI 

Noncancer hazard is calculated using the fo llowing equation: 

HQ_ CDI 
RfD

0 
x GJABS 

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

(23) 

(24) 

(25) 

The event time used in the risk calculations is health effect-dependent. For noncarcinogens, the event time 
is not age-adjusted (ET = ET0 ). For carcinogens, an age-adjusted event time is calculated using the 
following equation: 

(26) 

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 (DAeveni), 
using the adult exposure time for noncarcinogenic effects and the age-adjusted exposure time (as 
calculated above) for carcinogenic effects and: 

If ET s; t* , then the fo llowing nonsteady-state equation is used: 

DAevent =2 x FAx Kp xCw xCF3 x ~ (27) 

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

DAevent = FA x K p x Cw x CF3 x [-E_T_ + 2 x, x(-1 
+_

3
B_+_

3
B_

2
-]] 

I+B (l+B/ 
(28) 

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

For inorganics, the fo llowing steady-state equation is used to estimate DAeven,: 

7 
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DAevent = K p x Cw x ET x CF3 

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

3.1.3.5 Drinking Water Dermal Absorption- Radionuclides 

(29) 

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 Pathway 

Exposure factors used to quantify contaminant intake from sweat lodge exposure 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. 

8 
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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-volati les during sweat lodge use are summarized in Table 3-8. Equations are provided 
in the following subsections. 

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): 

Cc1wx ( Vw,tota/) x ( 
1 

3
] x JR x ETxEF x ED 

2 ½·7T ·r 
linh =--------'----~-----­

BW x AT x CFl 

3.2.1.2 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles- Carcinogenic Effects 

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

RISK = CSFj x Iinh 

(30) 

(31) 

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: 

1 
HQ=-- x linh 

RfDi 

3.2.1.4 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles- Radionuclides 

(32) 

Inhalation intake of volatile and semi-volati le 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): 

( 
V w total ) ( 1 ] Ijnh = Cdw x ' x - - - x JR x ET xEFxED 

2 ½ · 1C · r3 
(33) 

Radiological cancer risk is calculated using the following equation: 

(34) 

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 
nonvolati les exposure route during sweat lodge use are summarized in Table 3-9. Equations are provided 
in the following subsections. 

9 
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3.2.2.1 Sweat Lodge Inhalation of Nonvolatiles-lntake (Carcinogenic Effects and Noncarcinogenic 
Effects) 

Inhalation intake of aerosolized nonvolatile contaminants in a sweat lodge is calculated using the 
fo llowing equation (Harris and Harper 2004, Appendix 4, Equation 15): 

/ . =(IR -ET · EF·ED)xc x[ MWw )xEXP(l8 _3036 _ 3816.44) 
mh BW · AT · CF 1 dw R · T · Pw T - 46. 13 (35) 

3.2.2.2 Sweat Lodge Inhalation of Nonvolatiles-Carcinogenic Effects 

For carcinogens, the cancer risk is calculated using the fo llowing equation: 

RISK = CSF; x I inh 

3.2.2.3 Sweat Lodge Inhalation of Nonvolatiles- Noncarcinogenic Effects 

For noncarcinogens, the noncancer hazard is calculated using the fo llowing equation: 

I 
HQ = RfD; x I;nh 

3.2.2.4 Sweat Lodge Inhalation of Nonvolatiles- Radionuclides 

(36) 

(3 7) 

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): 

l;nh =(!RxET x EFxED )xCc1wx( MWw )xEXP(lS.3036--
3
-
8
-
16

-.4_
4
_) 

R · T · Pw T -46 .13 
(3 8) 

Radiological cancer risk is calculated using the following equation: 

RISK rad= SF; x linh (39) 

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. 

3.2.3.1 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles-Intake (Carcinogenic 
Effects and Noncarcinogenic Effects) 

For volatile and semi-volati le compounds, the Harris and Harper model assumes l 00% volati lization 
within the sweat lodge. Vapor exposure is the primary exposure pathway, and exposure from condensed 
water is considered incomplete. Therefore, Id,totaJ is equal to Id,v• 

Exposure from dermal contact with volatile and semi-volatile contaminants in sweat lodge vapor is 
calculated with the fo llowing equation (Harris and Harper 2004, Appendix 4, Equation 18): 
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( 
V w total ) [ 1 ) C dw x ' x 

3 
x SA x Kp x ET x EF x ED x CF2 

2 ½· 1r·r 
Id total= Id v =----------------------

' ' BW x A T xCFl (40) 

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: 

RISK - CSFo x I 
- GIABS d ,total (41) 

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: 

I 
HQ - -----x id 1 

- RjD
0 

x GIA BS ,tota (42) 

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. 

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): 

Cdw x SA x K p x ET x EF x EDx CF3 

Id ,/ = BW x AT x CFI (43) 

3.2.4.2 Sweat Lodge Dermal Exposure to Nonvolatiles in Vapor- Intake (Carcinogenic Effects and 
Noncarcinogenic Effects) 

Intake from dermal contact with nonvolati le compounds in sweat lodge vapor is calculated with the 
following equation (Harris and Harper 2004, Appendix 4, Equation 20): 
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Id v = - - - --------- x C dw x _ __ w __ x .. . 
[ 

SA x K p x ET x EF x ED x CF 3 l ( MW J 
' BW x AT x CF I R x T x Pw 

... EXP ( 18 .3036 -
3816 

.4
4 

) 
T - 46 .1 3 

(44) 

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 followi ng 
equation (Harris and Harper 2004, Appendix 4, Equation 21 ): 

3.2.4.4 Sweat Lodge Dermal Exposure to Nonvolatiles- Carcinogenic Effects 

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

CSF0 RISK = -~-x Id total 
GIABS ' 

3.2.4.5 Sweat Lodge Dermal Exposure to Nonvolatiles- Noncarcinogenic Effects 

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

l 
HQ------ x ld I - RfDo x GIABS ,tota 

3.2.4.6 Sweat Lodge Dermal Exposure to Nonvolatiles-Radionuclides 

(45) 

(46) 

(47) 

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 
fo llowing equation is used. The basis for the equation is provided in EP A/540/1-89/002. 

where: 

RiskT 
Riski = 
N = 

Risk r = L ~ Risk ; 

Total cancer risk from route of exposure 
Cancer risk for the ith chemical 
Number of chemicals 
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3.4 Hazard lndex-Noncancer 

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

where: 

HI 
CDii = 
RIDi = 
N = 

hazard index 
chronic daily intake of the ith chemical (mg/kg-day) 
reference dose of the ith chemical (mg/kg-day) 
number of chemicals 

4 Assumptions and Inputs 

(49) 

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 Y akama 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 pathway are provided in 
Tables 3-1 and 3-2 for the CTUIR and Yakama Nation exposure scenarios, respectively. Exposure 
inputs used to quantify intake from the sweat lodge exposure pathway are provided in Tables 3-6 and 
3-7 for the CTUIR and Yakama Nation exposure scenarios, respectively. 

• Exposure routes evaluated for the drinking water exposure pathway 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 pathway for the CTUIR and Y akama 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 pathway, inhalation intake is quantified for volatile contaminants as defined by EPA, 
2012, Regional Screening Levels/or Chemical Contaminants at Superfund Sites. 

• Exposure times for dermal exposure to drinking water are assumed to be 35 minutes for an adult and 
1 hour for a child based on the EPA recommended values for showering/bathing under a reasonable 
maximum exposure (RME) residential scenario (EPA/540/R/99/005). Exposure times for inhalation 
of volatiles in drinking water are assumed to be the same as for the dermal exposure route. 

• 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 CTUlR 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 
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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 Tables 4-1 and 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.) 

• For the sweat lodge scenario, an exposure time of l hour/event is used for the CTUIR, based on 
Harris and Harper, 2004. For the Yakama Nation, an exposure time of7 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 l 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. 
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4.2 Groundwater Analytes and Exposure Point Concentrations 

The analytes assessed in this environmental calculation were identified from the 100-FR-3 OU analytical 
data set in the Hanford Environmental Information System (HEIS) database. The data set was first 
processed as described in ECF-100FR3-l l-0023 , Identification of Contaminants of Potential Concern f or 
Groundwater Risk Assessment at the 100-FR-3 Groundwater Operable Unit, to exclude analytes classed 
as essential nutrients (minerals), analytes without known toxicity information, and nondetected analytes. 

For this assessment, any analyte in the (processed) 100-FR-3 OU data set with at least one reported 
detection and available toxicity values was assessed in the Native American risk calculations. 

The EPCs used for the Native American risk calculations are the analyte-specific 90th percentile 
groundwater concentration values calculated from the (processed) 100-FR-3 OU analytical data set, as 
described in ECF-100FR3- l l-0024, Calculation of Exposure Point Concentrations for the 100-FR-3 
Groundwater Operable Unit. The identified analytes and their associated 90 th percentile values are 
presented in Table 4-3. 

4.3 Toxicity Values 

The toxicity criteria used for the Native American human health risk calculations are provided in 
Table 4-4. 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 4-4 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). 
EPA toxicologists derived the values in this database. The values have undergone thorough review and 
validation, both within and outside 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 PPR TVs. 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, 2012). 

Tier 3 - Other Toxicity Values 
If neither a Tier I or Tier 2 value is available for an analyte, a Tier 3 value is sought. Tier 3 includes 
additional EPA and non-EPA sources of toxicity information, including: 

• The California EPA' s (CalEPA' s) Toxicity Criteria Database. This database contains both cancer and 
non-cancer effects toxicity values that have been peer reviewed. 
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• The Agency for Toxic Substances and Disease Registry (ATSDR)'s Minimal Risk Levels (MRLs) for 
Hazard Substances. These levels are peer-reviewed estimates of permissible daily human exposure to 
hazardous substances that are 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 the 
Risk Assessment Information System (RAIS, ORNL, 2013). 

For this environmental calculation, one toxicity value required conversion to a different concentration 
basis: nitrate. 

• Nitrate. A derived RID for nitrate (NO3") was calculated from the RID 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 RID 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. 

For hexavalent chromium, a departure from the recommended EPA Superfund hierarchy (Cook 2003) 
was made for the oral cancer slope factor. The departure 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-dayY1

, as 
presented in NJDEP, 2009, Derivation of an Ingestion-Based Soil Remediation Criterion for Cr+6 
Based on the NTP Chronic Bioassay Data f or 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 4-4 were obtained from EPA, 2001 , "Health Effects 
Assessment Summary Tables database" I "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 ofnonradionuclide 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, 
2012) were converted to CSF; and RID; values, following the protocol given in EPA/540/1-89/002. The 
following equations were used, based on an assumed breathing rate of20 m3/day and an assumed body 
weight of 70 kg. 
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CSFi (kg-day/mg)= IUR (m3/µg) x 1/(20 (m3/day)] x 70 (kg) x 1000 (µg/mg) (50) 

RIDi (mg/kg-day)= RfC (mg/m3
) x 20 (m3/day) x 1/70 (kg) (51) 

The CSFi and RIDi 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). 

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 Drinking Water Exposure Pathway Worksheets 

The drinking water exposure pathway calculations for the CTUlR exposure scenario are provided in the 
attachments listed in Table 6-1 . 

The drinking water exposure pathway calculations for the Yakama Nation exposure scenario are provided 
in the attachments listed in Table 6-2. 

6.2 Sweat Lodge Exposure Pathway Worksheets 

The sweat lodge exposure pathway calculations for the CTUIR exposure scenario are provided in the 
attachments listed in Table 6-3. 

The sweat lodge exposure pathway calculations for the Y akama Nation exposure scenario are provided in 
the attachments listed in Table 6-4. 

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. 

7 Results/Conclusions 

Results of the CTUIR and Y akama Nation human health risk calculations are summarized and discussed 
in the sections below. 

® Microsoft Excel is a reg istered product of the Microsoft Corporation. 
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7 .1 Summary of the CTUIR Risk Assessment 

This section summarizes the risk assessment results for use of groundwater as a drinking water source and 
use of groundwater to make steam in a sweat lodge, where the groundwater source is the 100-FR-3 OU. 

7 .1.1 Use of Groundwater as a Potential Drinking Water Source 
Potential exposure to groundwater as a drinking water source is evaluated under this scenario. Potential 
routes of exposure to groundwater include ingestion, dermal contact (nonradionuclides only), and 
inhalation of volatiles during household activities. Table 7-1 provides a summary of the risk estimates, 
by exposure route. Additional detail, including analyte-specific risk contributions, is provided in the 
spreadsheet attachments. 

The total ELCR is 8.6 x 10-4 for nonradiological analytes and 4.9 x 10-5 for radiological analytes. The 
nonradiological ELCR is greater than the EPA upper target risk threshold of 1 x 10-4 and the radiological 
ELCR is within the EPA risk range of I x 10-4 to 1 x 10-6• The major contributors to the total cumulative 
ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR) are 1,4-dioxane 
(4.4 x 10-5; 4.9 percent contribution), trichloroethene (3.3 x 10-5; 3.6 percent contribution), strontium-90 
(1.8 x 10-5; 1.9 percent contribution), and tritium (1.4 x 10-5; 1.6 percent contribution). Contribution to 
ELCR is elevated for arsenic (7.8 x 10-4; 86 percent contribution), where measured concentrations are 
within natural background values. 

The HI is 6.6, 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 HI) is trichloroethene (HQ= l.4; 22 percent 
contribution). All remaining individual analytes (fluoride, hexavalent chromium, lithium, molybdenum, 
nitrate, strontium, and vanadium) that contribute greater than one percent of the HI also report a HQ less 
than 1. Contribution to the noncancer HI is elevated for arsenic (HQ = 1.7; 26 percent contribution), 
where measured concentrations are within natural background values. 

7 .1.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use 
Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this scenario. 
Potential routes of exposure to steam generated from groundwater while spending time in a sweat lodge 
include 1) inhalation of vaporized volatiles and semi-volatiles and aerosolized nonvolatiles, and 2) dermal 
contact with vaporized volatiles and semi-volatiles, aerosolized nonvolatiles, and condensed liquid. Table 
7-2 provides a summary of the risk estimates by exposure route. Additional detail including analyte­
specific risk contributions is provided in the spreadsheet attachments. 

The total ELCR is 1.4 x I 0-2 for nonradiological analytes and 1.5 x 10-4 for radiological analytes, which 
are both greater than the EPA upper target risk threshold of 1 x 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 x 10-2; 96 percent contribution). Contribution to ELCR is elevated for arsenic 
(3.2 x 10-4; 2.2 percent contribution), where measured concentrations are within natural background 
values. 

The HI is 11 , 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 HI) are barium (HQ = 1.9; 17 percent 
contribution) and hexavalent chromium (HQ= 1.8; 17 percent contribution). All remaining individual 
analytes (cobalt, fluoride, manganese, nickel, and trichloroethene) that contribute greater than one percent 
of the HI also report a HQ less than 1. Contribution to the noncancer HI is elevated for arsenic (HQ= 5.1; 
45 percent contribution), where measured concentrations are within natural background values. 
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7.2 Summary of the Yakama Nation Risk Assessment 

This section summarizes the risk assessment results for use of groundwater as a drinking water source and 
use of groundwater to make steam in a sweat lodge, where the groundwater source is the I 00-FR-3 OU. 

7 .2.1 Use of Groundwater as a Potential Drinking Water Source 
Potential exposure to groundwater as a drinking water source is evaluated under this scenario. Potential 
routes of exposure to groundwater include ingestion, dermal contact (nonradionuclides only), and 
inhalation of volatiles during household activities. Table 7-3 provides a summary of the risk estimates, 
by exposure route. Additional detail, including analyte-specific risk contributions, is provided in the 
spreadsheet attachments. 

The total ELCR is 9.3 x 10-4 for nonradiological analytes and 5.0 x 10-5 for radiological analytes. The 
nonradiological ELCR is greater than the EPA upper target risk threshold of 1 x 10-4 and the radiological 
ELCR is within the EPA risk range of 1 x 104 to 1 x 10-6. The major contributors to the total cumulative 
ELCR (those analytes that contribute greater than I percent of total cumulative ELCR) are 1,4-dioxane, 
(4.8 x 10-5

; 4.9 percent contribution), trichloroethene (3.5 x 10-5
; 3.6 percent contribution), strontium-90 

(1.8 x 10-5; 1.8 percent contribution), and tritium (1.5 x 10-5
; 1.5 percent contribution). Contribution to 

ELCR is elevated for arsenic (8.5 x 104
; 86 percent contribution), where measured concentrations are 

within natural background values. 

The HI 6.6, which is greater than the EPA target HI of 1.0. The primary contributor to the noncancer HI 
(those analytes that contribute greater than I percent of total HI) is trichloroethene (HQ=l.4; 22 percent 
contribution). All remaining individual analytes (fluoride, hexavalent chromium, lithium, molybdenum, 
nitrate, strontium, and vanadium) that contribute greater than one percent of the HI also report a HQ less 
than 1. Contribution to the noncancer HI is elevated for arsenic (HQ = 1.7; 26 percent contribution), 
where measured concentrations are within natural background values. 

7 .2.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use 
Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this scenario. 
Potential routes of exposure to steam generated from groundwater while spending time in a sweat lodge 
include I) inhalation of vaporized volatiles and semi-volatiles and aerosolized nonvolatiles, and 2) dermal 
contact with vaporized volatiles and semi-volatiles, aerosolized nonvolatiles, and condensed liquid. Table 
7-4 provides a summary of the risk estimates by exposure route. For comparison purposes, Table 7-5 
provides a summary of risk estimates calculated without contributions from aerosolized nonvolatile 
analytes. Additional detail including analyte-specific risk contributions is provided in the spreadsheet 
attachments. 

The total ELCR with contributions from aerosolized nonvolatile analytes is 1.0 x 10-1 for nonradiological 
analytes and 1.1 x 10-3 for radiological analytes, which are both greater than the EPA upper target risk 
threshold of 1 x 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 (9.9 x 10-2

; 96 percent 
contribution). Contribution to ELCR is elevated for arsenic (2.4 x 10-3

; 2.3 percent contribution), where 
measured concentrations are within natural background values. 

The total ELCR without contributions from nonvolatile analytes is 6.7 x 10-5 for nonradiological analytes 
and 2.8 x 10-5 for radiological analytes. The nonradiological ELCR is greater than the EPA upper target 
risk threshold of 1 x 10-4 and the radiological ELCR is within the EPA risk range of 1 x 104 to 1 x 10-6. 

The major contributors to the total cumulative ELCR (those analytes that contribute greater than 1 percent 
of total cumulative ELCR) are tritium (2_8 x 10-5

; 29 percent contribution), 1,4-dioxane (2.1 x 10-5
; 22 
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percent frequency), trichloroethene (1.6 x 10-5
; 17 percent contribution), and chloroform (3 .8 x 10-6

; 4.0 
percent contribution). Contribution to ELCR is elevated for arsenic (2.4 x 10-5; 25 percent contribution), 
where measured concentrations are within natural background values. 

The HI with contributions from nonvolatile analytes is 82, 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 = 14; 17 percent contribution), hexavalent chromium (HQ = 13 ; 16 percent 
contribution), manganese (HQ= 7.5; 9.1 percent contribution), nickel (HQ = 3.5; 4.2 percent 
contribution), fluoride (HQ = 2.5; 3.0 percent contribution), trichloroethene (HQ = 2.0; 2.4 percent 
contribution), and cobalt (HQ = 1.8; 2.2 percent contribution). Contribution to the noncancer HI is 
elevated for arsenic (HQ = 37; 45 percent contribution), where measured concentrations are within natural 
background values. 

The HI without contributions from nonvolatile analytes is 3.2, 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 trichloroethene (HQ = 2.0; 63 percent contribution). All remaining individual analytes 
(arsenic, bromoethane, hexavalent chromium, and lithium) that contribute greater than one percent of the 
HI also report a HQ less than 1. 
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Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathway for the CTUIR Exposure Scenario in the 
100-FR-3 Groundwater Operable Unit. (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 uniijess See Table 4-4 

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 Ucm3 1 L = 1,000 cm3 

Cancer Slope Factor - oral CSFo Analyte-specific (mg/kg-dayr' See Table 4-4 

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

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

Chronic Daily Intake - rad iological ingestion COi Calculated value pCi Equation 10 

Chronic Daily Intake - carcinogen inhalation COi Calculated value µg/m3 Equation 13 

Chronic Daily Intake - noncarcinogenic inhalation COi Calculated value mg/m3 Equation 15 

Chronic Daily Intake - radiological inhalation COi Calculated value pCi Equation 17 

Chronic Daily Intake - carcinogenic dermal COi Calculated value mg/kg-day Equation 21 

Chronic Daily Intake - noncarcinogenic dermal COi Calculated value mg/kg-day Equation 24 

Contaminant concentration in groundwater Cw Analyte-specific mg/L orpCi/L ECF-100FR3-1 1-0024 

Absorbed dose per event DA.vent Calculated value mg/cm2-event Equation 27, 28,and 29 

Exposure Duration - adult EDa 70 Years Harris and Harper, 2004 

Exposure Duration - child EDc 6 Years Harris, 2008 
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Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathway for the CTUIR Exposure Scenario in the 
100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

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

hours/day or 
Exposure Time - adult ET. 0.58 hours/event EPA/540/R/99/005 

hours/day or 
Exposure Time - child ETc hours/event EP A/540/R/99/005 

hours/day Equation 19 
Age-Adjusted Exposure Time ETadi 0.616 

hours/event Equation 26 

Event Frequency - adult EVa event/day EPA/540/R/99/005 

Event Frequency - ch ild EVc event/day EPA/540/R/99/005 

Fraction of absorbed water FA Analyte-specific un itless See Table 4-4 

Gastrointestinal Absorption Factor GIABS Analyte-specific unitless See Table 4-4 

Inhalation Rate - adult INHa 25 ml /day Harris, 2008 

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

Age-Adjusted Inhalation Rate - radiological INH_RADaa; 1,690 ml -year/day Equation 18 

Water Ingestion Rate - adult IRWa 4 Uday Harris, 2008 

Water Ingestion Rate - child IRWc Uday Harris and Harper, 2004 

Age-adjusted Water Ingestion Rate - nonradiological IRWadi 4.057 L-year/kg-day Equation 6 

Age-adjusted Water Ingestion Rate - rad iolog ical IRW_RADaa; 262 L-year/day Equation 11 

Inhalation Unit Risk IUR Analyte-specific (µgtm3r' See Table 4-4 

Dermal permeability coefficient K., Analyte-specific cm/hour See Table 4-4 

The constant pi " 3.14159 unitless 

Reference Concentration RIC Analyte-specific mg/ml See Table 4-4 
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Table 3-1 . Summary of Exposure Assumptions for the Drinking Water Exposure Pathway for the CTUIR Exposure Scenario in the 
100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

Reference Dose - oral RfDo Analyte-specific mg/kg-day See Table 4-4 

Age-adjusted skin surface area SA.di 19,097 cm2-year/kg-day Equation 22 

Skin Surface Area - adult SA. 18,000 cm2 EPA/540/R/99/005 

Skin Surface Area - child SAc 6,600 cm2 EP A/540/R/99/005 

Slope Factor - inhalation SF; Analyte-specific Risk/pCi See Table 4-4 

Slope Factor - oral SF. Analyte-specific Risk/pCi See Table 4-4 

Time to reach steady state conditions t* Analyte-specific Hours See Table 4-4 

Lag time '[ Analyte-specific hours/event See Table 4-4 

Volatilization Factor VF 0.5 Um3 EPA/540/R-92/003 

Notes: 

ECF-100FR3-11-0024, Calculation of Exposure Point Concentrations for the 100-FR-3 Groundwater Operable Unit. 

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). 

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 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathway for the Yakama Nation Exposure 
Scenario in the 100-FR-3 Groundwater Operable Unit. (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 4-4 

Body Weight - adult aw. 70 Kg Ridolfi, 2007 

Body Weight - child aw, 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 Ucm3 1 L = 1,000 cm3 

Cancer Slope Factor - oral CSFo Analy1e-specific (mg/kg-day)"1 See Table 4-4 

Chron ic Daily Intake - carcinogenic ingestion CDI Calculated value mg/kg-day Equation 5 

Chronic Daily Intake - noncarcinogenic ingestion CDI Calculated value mglkg-<lay 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 

Chron ic Daily Intake - carcinogenic dermal CDI Calculated value mglkg-<lay Equation 21 

Chronic Daily Intake - noncarcinogenic dermal CDI Calculated value mg/kg-day Equation 24 

Contaminant concentration in groundwater Cw Analyte-specific mg/Lor pCi/L ECF-100FR3-11-0024 

Absorbed Dose per Event DA.vent Calculated value mg/cm2 -event Equations 27, 28, and 29 

Exposure Duration - adult EDa 70 Year Ridolfi, 2007 

Exposure Duration - child ED, 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 Pathway for the Yakama Nation Exposure 
Scenario in the 100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

hours/day or 
Exposure Time - adult ETa 0.58 hours/event EPN540/R/99/005 

hours/day or 
Exposure Time - child ET, hours/event EPN540/R/99/005 

hours/day Equation 19 
Age-Adjusted Exposure Time ETadj 0.616 

hours/event Equation 26 

Event Frequency - adult EVa event/day EPN540/R/99/005 

Event Frequency - child EV, event/day EPN540/R/99/005 

Fraction of absorbed water FA Analyte-specific unitless See Table 4-4 

Gastrointestinal Absorption Factor GIABS Analyte-specific uniijess See Table 4-4 

Age-Adjusted Inhalation Rate - radiological INH_RADadj 1,760 m3-year/day Equation 18 

Inhalation Rate - adult INH. 26 m3/day Ridolfi , 2007 

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

Water Ingestion Rate - adult IRWa 4 Uday Ridolfi , 2007 

Water Ingestion Rate - child IRW, 2 Uday Ridolfi , 2007 

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

Age-adjusted Water Ingestion Rate - radiological IRW_RADadJ 262 L-yearlday Equation 11 

Inhalation Unit Risk IUR Analyte-specific (µg/m3r1 See Table 4-4 

Dermal permeability coefficient l<p Analyte-specific cm/hour See Table 4-4 

The constant pi 7[ 3.14159 unitless 

Reference Concentration RfC Analyte-specific mg/m3 See Table 4-4 

Reference Dose - oral RfDo Analyte-specific mg/kg-day See Table 4-4 
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Table 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathway for the Yakama Nation Exposure 
Scenario in the 100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

Age-adjusted skin surface area SA.di 18,932 cm2-year/kg-day Equation 22 

Skin Surface Area - adult SA. 18,000 cm2 EP N540/R/99/005 

Skin Surface Area - child SA.: 6,600 cm2 EPA/540/R/99/005 

Slope Factor - inhalation SF; Analyte-specific Risk/pCi See Table 4-4 

Slope Factor - oral SF0 Analyte-specific Risk/pCi See Table 4-4 

Time to reach steady state conditions t• Analyte-specific Hours See Table 4-4 

Lag time '[ Analyte-specific hours/event See Table 4-4 

Volatilization Factor VF 0.5 Um3 EPA/540/R-92/003 

Notes: 

ECF-100FR3-11-0024, Calculation of Exposure Point Concentrations for the 100-FR-3 Groundwater Operable Unit. 

EPA/540IR-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). 

Ridolfi , 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment. 
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Table 3-3. Calculated Values and Reference Bases Used for the Drinking Water Ingestion Exposure 
Route 

Effect 

Carcinogenic 

Noncarcinogenic 

Radionuclide 

Notes: 

COi= chronic daily intake 

HQ= hazard quotient 

Symbol for 
Calculated Value 

COi 
IRWadj 

Reference 

RAIS Risk Exposure Models for Chemicals User's Guide 
(ORNL, 2013) 

Risk EPA/540/R-92/003 

COi 

HQ 

COi 

IRW_RADadj 

RAIS Risk Exposure Models for Chemicals User's Guide 
(ORNL, 2013) 

E P A/540/R-92/003 

RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2013) 

Risk EPA/540/R-92/003 

IRWadi = age-adjusted water ingestion rate . 

IRW_RADadi = 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, 2013, The Risk Assessment Information System (RAIS). 
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Table 3-4. Calculated Values and Reference Bases Used for the Drinking Water Inhalation of Volatiles 
Exposure Route 

Effect 

Carcinogenic 

Symbol for 
Calculated Value 

COi 

Reference 

RAIS Risk Exposure Models for Chemicals User's Guide 

(ORNL, 2013) 

Risk EPA-540-R-070-002 

Noncarcinogenic 

Radionuclide 

Notes: 

COi 

HQ 

COi 

INH_RAOadj 

ETadj 

Risk 

COi= chronic daily intake. 
ET adj = age-adjusted exposure time. 
HQ = hazard quotient. 

RAIS Risk Exposure Models for Chemicals User's Guide 

(ORNL, 2010) 

EPA-540-R-070-002 

RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2013) 

EPA-540-R-070-002 and EPN540/R/99/005 

EPN540/R-92/003 

INH_RAOadj = 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). 

EPN540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual 
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

EPN540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual 
(Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

ORNL, 2013, The Risk Assessment Information System (RAIS). 
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Table 3-5. Calculated Values and Reference Bases Used for the Drinking Water Dermal Exposure 
Route 

Effect Symbol for Calculated Value 

CDI 

SAadj 

Carcinogenic ETadj 

DAevent 

Risk 

CDI 

Noncarcinogenic DAevent 

HQ 

Rad ionucl ide Not applicable 

Notes: 
CDI= chronic daily intake. 
DAevent = absorbed dose per event. 
El adj = age-adjusted exposure time. 
HQ = hazard quotient. 
SAadi = age-adjusted skin surface area. 

Reference 

E P A/540/R/99/005 

EP A/540/R/99/005 

EP A/540/R/99/005 

EPA/540/R/99/005 

EPA/540/R/99/005 

E P A/540/R/99/005 

E P A/540/R/99/005 

E P A/540/R/99/005 

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. 
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Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for CTUIR Exposure Scenario in the 
100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

Averaging Time - carcinogens• AT 70 year Harris and Harper, 2004 

Averaging Time -noncarcinogens• AT 68 year Harris and Harper, 2004 

Average Body Weight - adult BW 70 kg Harris and Harper, 2004 

Conversion Factor CF1 365 days/year 1 year = 365 days 

Conversion Factor CF2 0.01 m/cm 1 meter= 100 cm 

Conversion Factor CF3 10 Um2-cm 1 L = 0.01 m2 x 10 cm 

Groundwater Concentration• cdw Analyte-specific mg/Lor pCi/L ECF-100FR3-11-0024 

Cancer Slope Factor - oral CSFo Analyte-specific (mg/kg-dayf1 See Table 4-4 

Cancer Slope Factor - inhalation CSF, Analyte-specific (mg/kg-<layf1 See Table 4-4 

Exposure Duration or Number of Years a Person Sweats in 
ED 68 year 

a Lifetime - adult Harris and Harper, 2004 

Exposure Frequency or Number of Sweats per Year EF 365 events/year Harris and Harper, 2004 

Length of Sweat Event - adult' ET 1/24 days/event Harris and Harper, 2004 

Gastrointestinal Absorption Factor GIABS Analyte-specific unitless See Table 4-4 

Inhalation Intake of Analytes in Sweat Lodge- volatile and 
hnh Calculated value mg/kg-day Equation 30 

semi-volatile nonradionuciides 

Inhalation Intake of Analytes in Sweat Lodge- volatile and 
hnh Calculated value pCi Equation 33 

semi-volatile radionuciides 

Inhalation Intake of Analytes in Sweat Lodge- nonvolatile 
linh Calculated value mg/kg-<lay Equation 35 

nonradionuciides 

Inhalation Intake of Analytes in Sweat Lodge- nonvolatile 
linh Calculated value pCi Equation 38 

radionuciides 

Dermal Intake of Analytes in Sweat Lodge- volatile and 
ld,v = ld,total Calculated value mg/kg-<lay Equation 40 

semi-volatile vapor 
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Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for CTUIR Exposure Scenario in the 
100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
Id.I Calculated value mg/kg-day Equation 43 

condensed liquid 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
ld,Y Calculated value mg/kg-day Equation 44 

vapor 

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

Inhalation Unit Risk IUR Analyte-specific (µg/m3r 1 See Table 4-4 

Analyte-specific Permeability Coefficient Kp Analyte-specific cm/hour See Table 4-4 

Molecular Weight of Water MWw 18 g/gmole Harris and Harper, 2004 

Density of Liquid Water Pw 1,000 g/L Harris and Harper, 2004 

The Constant pi " 3.14159 unitless 

Radius of Sweat Lodge 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-Umole-K Harris and Harper, 2004 

Reference Concentration RfC Analyte-specific mg/m3 See Table 4-4 

Reference Dose - inhalation RfD1 Analyte-specific mg/kg-day See Table 4-4 

Reference Dose - oral RfDo Analyte-specific mg/kg-day See Table 4-4 

Skin Surface Area - adult SA 18,000 cm2 Harris and Harper, 2004 

Slope Factor - inhalation SF; Analyte-specific Risk/pCi See Table 4-4 

Temperature of the Sweat Lodge• T 340 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 Pathway for CTUIR Exposure Scenario in the 
100-FR-3 Groundwater Operable Unit. (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 a=unt for lifetime intake rather than annual intake. 

b. Harris and Harper (2004, Appendix 4) indicates water concentration (C<t.Y) is "dissolved surface water concentration of the COPC (mg/L); 
calculated according to EPA 1998a, Appendix B. • However, for th is 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-Ugmole-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 340 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-100FR3-11-0024, Calculation of Exposure Point Concentrations for the 100-FR-3 Groundwater Operable Unit. 

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

Harris, 2008, Application of the CTU/R 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 Pathway for Yakama Nation Exposure Scenario in 
the 100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

Averaging Time - carcinogens• AT 70 year Harris and Harper, 2004 

Averaging Time -noncarcinogens• AT 70 year Harris and Harper, 2004 

Average Body Weight - adult BW 70 kg Harris and Harper, 2004 

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 Um2-cm 1 L = 0.01 m2 x 10 cm 

Groundwater Concentrationb cdw Analyte-specific mg/Lor pCUL ECF-100FR3-11-0024 

Cancer Slope Factor - oral CSFo Analyte-specific (mg/kg-dayr ' See Table 4-4 

Cancer Slope Factor - inhalation CSF, Analyte-specific (mg/kg-day)"1 See Table 4-4 

Exposure Duration or Number of Years a Person Sweats in 
a Lifetime - adult ED 70 year Harris and Harper, 2004 

Exposure Frequency or Number of Sweats per Year EF 365 events/year Harris and Harper, 2004 

Length of Sweat Event - adult° ET 7/24 days/event Ridolfi , 2007 

Gastrointestinal Absorption Factor GIABS Analyte-specific uniHess See Table 4-4 

Inhalation Intake of Analytes in Sweat Lodge- volatile and 
hnh Calculated value mg/kg-day Equation 30 semi-volatile nonradionuclides 

Inhalation Intake of Analytes in Sweat Lodge- volatile and 
hnh Calculated value pCi Equation 33 semi-volatile radionuclides 

Inhalation Intake of Analytes in Sweat Lodge- nonvolatile 
hnh Calculated value mg/kg-day Equation 35 nonradionudides 

Inhalation Intake of Analytes in Sweat Lodge- nonvolatile 
linh Calculated value pCi Equation 38 radionucl ides 

Dermal Intake of Analytes in Sweat Lodge- volatile and 
Id.total = ld,v Calculated value mg/kg-day Equation 40 semi-volatile vapor 

49 



ECF-100FR3-11-0025, REV. 0 

Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for Yakama Nation Exposure Scenario in 
the 100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Units Source 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
1 •. , Calculated value mg/kg-day Equation 43 

condensed liqu id 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
ld,v vapor 

Calculated value mg/kg-day Equation 44 

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

Inhalation Unit Risk IUR Analyte-specific (µg/m3r 1 See Table 4-4 

Analyte-specific Permeability Coefficient Kp Analyte-specific cm/hour See Table 4-4 

Molecular Weight of Water MWw 18 g/gmole Harris and Harper, 2004 

Density of Liquid Water Pw 1,000 g/L Harris and Harper, 2004 

The Constant pi lt 3.14159 unitless 

Radius of Sweat Lodge m Harris and Harper, 2004 

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

Ideal Gas Law Constant• R 62.37 mmHg-Umole-K Harris and Harper, 2004 

Reference Concentration RIC Analyte-specific mg/m3 See Table 4-4 

Reference Dose - inhalation RID, Analyte-specific mg/kg-day See Table 4-4 

Reference Dose - oral RIDo Analyte-specific mg/kg-day See Table 4-4 

Skin Surface Area - adult SA 18,000 cm2 Harris and Harper, 2004 

Slope Factor - inhalation SF, Analyte-specific Risk/pCi See Table 4-4 

Temperature Inside the Sweat Lodge' T 340 K Harris and Harper, 2004 

Cumulative Volume of Water Used in Sweat Vw,total 4 Liters Harris and Harper, 2004 

Notes: 

a. Averag ing time of 1 year provided in Harris and Harper, 2004 was replaced with 70 years for both carcinogens and noncarcinogens to 
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Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for Yakama Nation Exposure Scenario in 
the 100-FR-3 Groundwater Operable Unit. (3 Pages) 

Exposure Factor Symbol Value Unlta Source 

account for lifetime intake rather than annual intake. 

b. Harris and Harper (2004, Appendix 4) indicates water concentration (Caw) is "dissolved surface water concentration of the COPC (mg/L); 
calculated accord ing 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-Ugmole-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 340 K (150 "F) for consistency with stated assumption in 
Harris and Harper, 2004 that sweat lodge internal temperature is maintained at 150 "F. 

ECF-1 00FR3-11-0024, Calculation of Exposure Point Concentrations for the 1 0O-FR-3 Groundwater Operable Unit. 

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

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

Carcinogenic 

Noncarcinogenic 

Radionuclide 

Notes: 
l;nh = Inhalation intake of analytes in sweat lodge. 
HQ = hazard quotient. 

l;nh Harris and Harper, 2004 

Risk EPA-540-R-070-002 

HQ EPA-540-R-070-002 

Harris and Harper, 2004 

Risk EP A/540IR-921003 

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/540IR-921003, 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. 
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Table 3-9. Calculated Values and Reference Bases Used for the Sweat Lodge Inhalation of 
Nonvolatiles Exposure Route 

Effect Symbol for Calculated Value 

Carcinogenic and Noncarcinogenic 

Carcinogenic 

Noncarcinogenic 

Radionuclide 

Notes: 
l;nh = Inhalation intake of analytes in sweat lodge. 
HQ = hazard quotient. 

hnh 

Risk 

HQ 

hnh 

Risk 

Reference 

Harris and Harper, 2004 

EPA-540-R-070-002 

EPA-540-R-070-002 

Harris and Harper, 2004 

EPA/540/R-92/003 

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. 
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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 

Carcinogenic and Noncarcinogenic ld,v = Id.total 

Carcinogenic Risk 

Noncarcinogenic HQ 

Notes: 
ld,v = Dermal intake of volatile and semi-volatile analytes in vapor in sweat lodge. 
ld,101a1 = Total dermal intake of volatile and semi-volatile analytes in sweat lodge. 
HQ = hazard quotient. 

Reference 

Harris and Harper, 2004 

EPN540/R/99/005 

EPN540/R/99/005 

EPN540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual 
Part E, Supplemental Guidance for Dermal Risk Assessment): Final. (OSWER Directive 9285. 7-038-P) . 

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

Carcinogenic and Noncarcinogenic 

Carcinogenic and Noncarcinogenic 

Carcinogenic and Noncarcinogenic Id.total 

Carcinogenic Risk 

Noncarcinogenic HQ 

Notes: 
ld.1 = Dermal intake of nonvolatiles analytes in condensed liquid in sweat lodge. 
ld,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. 

Reference 

Harris and Harper, 2004 

Harris and Harper, 2004 

Harris and Harper, 2004 

E P A/540/R/99/005 

E P A/540/R/99/005 

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. (OSWER Directive 9285. 7-03B-P). 

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 
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Table 4-1. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the CTUIR Exposure Scenario 

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

Averaging Time - RCBRA Rev. 0, Volume II , 
Harris and 

AT year 703 75 Harper, 2004, 
carcinogens Part 2, p. 3-28, Table 3-19 

Appendix4 

Averaging Time - RCBRA Rev. 0, Volume II , 
Harris and 

AT year sa• 69 (ED) Harper, 2004, 
noncarcinogens Part 2, p. 3-28, Table 3-19 

Appendix 4 

Average Body Weight RCBRA Rev. 0, Volume II, Harris and 
BW kg 70 70 70 Harper, 2004, -adult Part 2, p. 3-28, Table 3-19 

Appendix 4 

Exposure Duration or 
Harris and 

Number of Years a 
ED 68 69 

RCBRA Rev. 0, Volume II , 
68 Harper, 2004, 

Person Sweats in a 
year 

Part 2, p. 3-28, Table 3-19 
Lifetime - adult 

Appendix 4 

Exposure Frequency 
RCBRA Rev. 0, Volume II , 

Harris and 
or Number of Sweats EF events/year 365 365 

Part 2, p. 3-28, Table 3-19 
365 Harper, 2004, 

per Year Appendix 4 

Length of Sweat Event RCBRA Rev. 0, Volume II , 
Harris and 

ET hours/event 1• Harper, 2004, 
-adult Part 2, p. 3-28, Table 3-19 Appendix 4 

Inhalation Intake of 
Harris and 

Analytes in Sweat 
hnh mg/kg-day 

Calculated Calculated RCBRA Rev. 0, Volume II, Calculated 
Harper, 2004, 

Lodge-nonvolatile value value Part 1, p. 3-72 and p. 6-2 value 
Appendix4 

nonradionuclides 

Inhalation Intake of 
Harris and 

Analytes in Sweat 
linh pCi 

Calculated Calculated RCBRA Rev. 0, Volume II, Calculated 
Harper, 2004, 

Lodge-nonvolatile value value Part 1, p. 3-72 and p. 6-2 value 
Appendix4 

radionucl ides 

Inhalation Rate-adult IR m3/day 25 30° RCBRA Rev. 0, Volume II, 
25 Harris, 2008 

Part 2, p. 3-27, Table 3-19 
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Table 4-1. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the CTUIR Exposure Scenario 

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

RCBRA Rev. 0, Volume II , 
Harris and 

Radius of Sweat Lodge m Harper, 2004, 
Part 1, p. 3-71 

Appendix 4 

Skin Surface Area - RCBRA Rev. 0, Volume II , 
Harris and 

SA cm2 18,000 18,000 18,000 Harper, 2004, 
adult Part 2, p. 3-27, Table 3-19 

Appendix 4 

Cumulative Volume of RCBRA Rev. 0, Volume II , 
Harris and 

Vw,total Liters 4 4 4 Harper, 2004, 
Water Used in Sweat Part 1, p. 3-71 

Appendix4 

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. RC BRA references 1.25 m3/hr, which is equivalent to 30 m3/day (1 .25 m3/hr x 24 hrs/day). 

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

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

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

Averaging Time - AT year 70' 70 
RCBRA Rev. 0, Volume II , 

Not specified NA 
carcinogens Part 2, p. 3-28, Table 3-19 

Averaging Time -
AT year 70' 64(ED) 

RCBRA Rev. 0, Volume II , Not specified NA 
noncarcinogens Part 2, p. 3-28, Table 3-19 

Average Body Weight 
BW kg 70 70 

RCBRA Rev. 0, Volume II , 
70 

Ridolfi , 2007, 
- adult Part 2, p. 3-28, Table 3-19 Table 7 

Exposure Duration or 
Number of Years a 

ED 70 64 
RCBRA Rev. 0, Volume II , 

70 
Ridolfi , 2007, 

Person Sweats in a 
year Part 2, p. 3-28, Table 3-19 Table 7 

Lifetime - adult 

Exposure Frequency RCBRA Rev. 0, Volume II , Ridolfi , 2007, 
or Number of Sweats EF events/year 365 365 

Part 2, p. 3-28, Table 3-19 
365 

Table 7 
per Year 

Length of Sweat Event 
ET hours/event 7b 7 

RCBRA Rev. 0, Volume II , 
7 

Ridolfi , 2007, 
- adult Part 2, p. 3-28, Table 3-19 Table 7 

Inhalation Intake of 
Analytes in Sweat 

linh mg/kg-day 
Calculated both 

Not calculated 
RCBRA Rev. 0, Volume II , Not specified NA 

Lodge- nonvolatile with and without Part 1, p. 3-72 and p. 6-2 
nonradionudides 

Inhalation Intake of 
Analytes in Sweat 

linh pCi 
Calculated both 

Not calculated 
RCBRA Rev. 0, Volume II , 

Not specified NA 
Lodge- nonvolatile with and without Part 1, p. 3-72 and p. 6-2 
radionuclides 

Inhalation Rate - adult IR m3/day 26 26° 
RCBRA Rev. 0, Volume II , 

26 
Ridolfi , 2007, 

Part 2, p. 3-27, Table 3-19 Table 7 

Radius of Sweat Lodge m 
RCBRA Rev. 0, Volume II , 

Not specified NA 
Part 1, p. 3-71 

Skin Surface Area -
SA cm2 18,000 18,000 

RCBRA Rev. 0, Volume II, 
Not specified NA 

adult Part 2, p. 3-27, Table 3-1 9 
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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 

Cumulative Volume of 
Water Used in Sweat 

Notes: 

Symbol 

V w,total 

Units RI/FS Value 

Liters 4 

RCBRAValue 

4 

RCBRA Reference 

RCBRA Rev. 0, Volume II , 
Part 1, p. 3-71 

Yakama Nation 
Value 

Not specified 

Yakama Nation 
Reference 

NA 

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. RC BRA 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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Table 4-3. Analytes and Exposure Point Concentrations (90th Percentile Groundwater 
Concentrations) Used for the Native American Risk Assessment at the 100-FR-3 Groundwater 

Operable Unit 

Exposure Point Exposure Point 
Concentration Concentration 

Analyte Name• (µg/L or pCi/L)8 Analyte Name• (µg/L or pCi/L)8 

1,2-Dichloroethane 0.10 Lithium 35 

1,4-Dichlorobenzene 0.24 Manganese 6.0 

1,4-Dioxane 7.6 Molybdenum 7.9 

Acetone 1.3 Nickel 5.0 

Aluminum 22 Nitrate 109,500 

Americium-241 0.13 Plutonium-238 0.24 

Arsenic 9.0 Plutonium-239/240 0.70 

Barium 110 Selenium 4 .2 

Boron 136 Strontium 930 

Bromomethane 0.51 Strontium-90 3.3 

Carbon-14 12 Styrene 0.14 

Chloride 36,600 Sulfate 127,000 

Chlorobenzene 0.15 Technetium-99 6.1 

Chloroform 0.46 Tetrachloroethene 0.18 

Chloromethane 0.077 Tin 0.10 

Chromium 26 Toluene 0.072 

Cobalt 0.17 Trichloroethene 11 

Copper 2.3 Trichloromonofluoromethane 0.11 

Fluoride 520 Tritium 2,700 

Gross alpha 6.2 Vanadium 17 

Hexavalent Chromium 20 Xylenes (total) 0.20 

Iron 83 Zinc 6.0 

Lead 0.20 

Notes: 

a. 90th percentile groundwater concentration calculated as described in ECF-1 00FR3-11-0024. 
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Table 4-4. Toxicity Criteria for 100-FR-3 Groundwater Analytes 

OralCarar 
,_ 

Slope facto, c ..... 
(CSF,)' 

Slope Fact« 

1--·• (CSFl 1,..-... , 
Oral , ......... .. - - -Dose "'"'"'- lnhmallonUnN: - - Dose 

(RtOJ" 
Fador .... -Fador Concentration iRtO,J' 

v- GIABS 

I-•· (SFJ • o::~-1 iSFt (RtCt 1 ..... Nonrlldonudldltt 11 NonraclonudldH11 ... ... .. 
Analyte Name' day) Key (Rl•'1pCII Key Key (Rtsll/pCI) lmg(m~ Key day) Raclor-.w;Hdn' --· I<-, .. -- (hounl FA' 

1,2-0ic:hlofoethane 6.00E-03 X 9.1OE-02 2.60E-05 9.10E--02 7.00E--03 2.00E-03 V 1.00E+OO 0.0042 O.JS 0.92 

1,4-0ichlorobenzene 7.00E-02 A 5.4OE-03 C 1.1OE-05 C 3.85E-02 8.00E-01 2.29E-01 V 1.00E+OO 0.1342 0.2 0.71 1.71 

1,4-0ioxane 3.00E-02 1.00E-01 7.70E--06 C 2.7OE-02 3.00E+OO C 8.57E-01 sV" 1.00E+OO 0.00033 0.33 o., 

Acetone 9.00E-01 3.10E+01 A 8.66E+OO V 1.00E+OO 0.000512' 

Aluminum 1.00E+OO 5.00E-03 1.43E-03 1.00E+OO 0,001 

Amerlclum-241 1.O4E•10 H 2.81E-08 

A,un~ 3.00E-04 1.SOE+OO 4.JOE--03 1.51E+01 1.SOE-05 C 429E-06 1.00E+OO 0.001 

Barium 2.00E-01 5.00E--04 H 1.43E-04 7.00E-02 0,001 

Boron 2.00E-01 2.00E-02 H 5.71E-03 1.00E+OO 0.001 

Brornomethan• 1.4OE-03 5.00E-03 1.43E-03 V 1.00E+OO 0.0021!1 0.36 0.1!17 

Carbon-14 1.55E-12 H 7.07E-12 

Chloride 0.001 

Chlorobenzene 2.00E-02 5.00E-02 p 1.43E-02 V 1.00E+OO 0.021!1 0.1 .... 1.09 

Chl«of0fm 1.00E-02 3.10E-02 C 2.30E-05 8.05E-02 9.l!IOE-02 A 2.SOE-02 V 1.00E+OO 00060 0.5 1.19 

Chloromethane 9.00E-02 2.57E-02 V 1.00E • OO 0.0033 02 0.49 

ctv-omium 1.50E+OO 1.30E-02 0.001 

Cobalt 3.00E-04 9.00E-03 p 3.15E•01 6.00E-06 p 1.71E-06 1.00E+OO 0,0004 

c.,,,,., 4.00E-02 H 1.00E+OO 0.001 

Fluoride 6.00E.02 1.30E-02 C 3.71E-03 1.00E+OO 0.001 

Gron alpha 

Hexavalent Chromium 3.00E-03 8.40E-02 2.94E+02 1.00E-04 2.86E-05 2.50E.02 0.002 

''"' 7.00E-01 1.00E+OO 0.001 

Lead 1.00E+OO 0.0001 

Lithium 2.00E-03 1.00E • OO 0.001 

Manganese 2.40E-02 s 5.00E--05 1.43E-05 4.00E-02 0.001 

Molybdenum 5.00E-03 1.00E+OO 0.001 
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Table 4-4. Toxicity Cr~efia for 100-FR-3 Grooodwate< Analytes 

or• Cancer lnhalatlon 
Slope Factor c ..... 

(CSF.)'' 
Slope Facto, 

(mg.t1lg-day)"' 
(CSFl 1 

Orll 
1•0-/mgl 

Inhalation .......... 
Or• ~ope 

Inhalation -lloH lnhalMlon Unit Inhalation R.- lloH 
(RtD.)• 

Factor .... Slope Factor Concentration (R1D,I" 
VOlattle GIA.BS 

1 ........ (Sf,) ' <~:l; .. (SFJ' (RfC)lt <-•· Nonradlonudldn1t Nonradlonudldn1t K. ' ... r' 
An.tyte Name• - Koy (R:lsk/pCI) Koy Koy (Rlsk/pCI) (mglm~ Koy daY) RadllonudldrH• RadlonuclldH• (cm/hOUr) a' (hourllevtnt) (hour•) FA' 

Nickel 2.00E-02 2.60E-O• C 9.10E-01 9.00E-05 A 2.57E-05 oi.OOE-02 0.0002 

Nitrate 7.10E+-OO 1.00E+OO 0.001 

Plutonium-238 1.31E-10 H 3.36E-08 

Plutonium-239/2401 1.35E-10 H 3.33E-08 

Selenium 5.00E-03 2.00E-02 C 5.71E..Q3 1.00E+OO 0.001 

Strontium 8.00E-01 1.00E+OO 0.001 

Strontium-90 5.59E-11 H 1.0SE-10 

Styrene 2.00E-01 1.00E+OO 2.86E--01 V 1.00E+OO 0.037 0.1 0,41 0.98 

Sulfate 0.001 

Technetium-99 2.75E-12 H 1.41E-11 

T etrachloroethene 8.00E--03 2.10E-03 2.60E-07 9.10E-0• •.OOE-02 1.14E--02 V UJOE+OO 0.033 0.2 0.91 2.18 

Tin 6.00E-01 H 1.00E+OO 0.001 

Toluene 8.00E-02 5.00E+OO 1.43E+OO V 1.00E+OO 0.031 0.1 0.35 0.84 

TrichlOfoethene 5.00E-04 4.S0E-02 4.10E--06 1.44E-02 2.00E-03 5.71E-04 V 1.00E+OO 0.012 0.1 0.5' 1.39 

TrichlOfomonolluoromet 
hono 3.00E-01 7.00E-01 H 2.00E-01 V 1.00E•OO 0.013 0.1 0.63 1.51 

Tritium 5.07E-14 H 5.62E-14 V 

Vanadium 5.00E-03 1.00E+OO 0.001 

Xylenes (total) 2.00E-01 1.00E-01 2.86E-02 V 1.00E+OO 0.053 0.2 0.42 1.01 

Zinc 3.00E-01 1.00E+OO 0.0006 
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Table 4·4 Toxicity Crite<ia for 100-FR-3 Groundwate< Analytes 

Oral Cancer 
Slope Factor 

(CSF.t 
, ___ , 

Oral or -0oH Oral-

·-Unit (RfD.)" 
Factor .... 

1119'9- (SF~ ' o::t;~ Analyt,, ....... day) Koy (RlsklpCI) Koy 

Notes: 

• · Source:: ECF-100FR3--11-0024. 

b. Soulce:: EPA, 2012. 

c. Source= EPA, 2001 . 

d. CSF1 (kg-day/mg) • IUR (m1/µg) x 1/20 (m1/day) x 70 (kg) x 1000 (!,lg/mg) 

• · RO. (mg/kg-day) • RfC (mg/mix 20 (m1/day) • 1no (kg) 

Koy 

f. Source= EPA/S40IR/99I005, Exhibits 3-1 (Inorganic analytes) and 8-3 (organic analytes). 

g. Source = ORNL, 2013. 

h. Oet\ned as a serri-volati1e per EPA SW-846 Method 8270 fOf semi-volatiles 

,.,,,.,...., 
c..... 

SlopeFactol' 

(CSFt 
1•.-mol 

or ,.,,,.,...., .......... --Factor Concentrllllon 
(SFt (RtCJ .. 

(Rlsll/pCIJ ("""m~ Koy 

I. Values presented are for plutonium-239: pM onlum-239 Is assumed to be the dominant Isotope in undifferentiated plutonium-2391240 

- • indicatn toxicity value not available for this contaminant and exposure route. 

A • ATSOR 

B s pwtrtioningconst.rt, 

C z CalEPA 

FA "' frlciion ab5orbed. 

GIABS • gastrointestinal absorption factor. 

H ,. HEAST 

I • IRIS 

K, • dermal permeability COM\-,l 

P • PPRTV 

r • time to reach steady-ctate. 

t • lag time 

V • volatile 

S • Special case chemical; basis f« value discussed on EPA Regional Screening Levels website (EPA, 2012) 

SVz Serrivolatile 

X • PPRTV Appendix 

ECF-100FR3-11-002• , Calc:u/arion of Exposure Point Concentration• fortM 100--FR-3 GroundwaterOpereble Unit. 

,.,,,.,...., -0oH 
(Rfll,I' 

v ...... 

(119'9- Nonradonudldn11 

day) --· 

EPA/540/R/99/005, Risk Aasessmenl Guidance for Superfund VoliJtM t: Human Health Evaluation Manual (Part E, Supplemerial Guidenc. for Dermal Risk Atses$1Mf71): Final. 

EPA, 2001 , Health E!rectt AHeument Summary T-'>Mt database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Tabla: Radionuclide C•cinogenlcity- Slope Factors." 

EPA. 2012, "Regional Screening Levek for Cherrie.el Contanw'lants at Sopeffund Sites.• 

ORNL. 2013, The Risk Assessment Information System (RAIS). 
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Table 6-1. Worksheets for the CTUIR Drinking Water Exposure 
Pathway Calculations 

100-FR-3 Groundwater Operable Unit 

Table A-1 : Results Summary 

Table A-2: Ingestion of Nonradioactive Analytes in Drinking Water 

Table A-3: Inhalation of Volatile Nonradioactive Analytes in Drinking 
Water 

Table A-4: Dermal Absorption of Nonradioactive Analytes in Drinking 
Water 

Table A-5: Inhalation of Volatile Radioactive Analytes in Drinking Water 

Table A-6: Ingestion of Radioactive Analytes in Drinking Water 

Notes: 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Table 6-2. Worksheets for the Yakama Nation Drinking Water 
Exposure Pathway Calculations 

100-FR-3 Groundwater Operable Unit 

Table 8-1 : Results Summary 

Table 8-2: Ingestion of Nonradioactive Analytes in Drinking Water 

Table 8-3: Inhalation of Volatile Nonradioactive Analytes in Drinking 
Water 

Table 8-4: Dermal Absorption of Nonradioactive Analytes in Drinking 
Water 

Table 8-5: Inhalation of Volatile Radioactive Analytes in Drinking Water 

Table 8-6: Ingestion of Radioactive Analytes in Drinking Water 
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Table 6-3. Worksheets for the CTUIR Sweat Lodge Exposure Pathway 
Calculations 

100-FR-3 Groundwater Operable Unit 

Table C-1 : Results Summary 

Table C-2: Inhalation of Volatile and Semi-Volatile Analytes in Vapor 

Table C-3: Inhalation of Nonvolatile Analytes in Vapor 

Table C-4: Dermal Exposure to Volatile and Semi-Volatile Analytes in Vapor 

Table C-5: Dermal Exposure to Nonvolatile Analytes in Condensed Water 

Table C-6: Dermal Exposure to Nonvolatile Analytes in Vapor 

Table C-7: Inhalation of Volatile and Semi-Volatile Radioactive Analytes in 
Vapor 

Table C-8: Inhalation of Nonvolatile Radioactive Analytes in Vapor 

Notes: 

CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Table 6-4. Worksheets for the Yakama Nation Sweat Lodge Exposure 
Pathway Calculations 

100-FR-3 Groundwater Operable Unit 

Table D-1 : Results Summary With Aerosolized Nonvolatile Analytes 

Table D-2: Results Summary Without Aerosolized Nonvolatile Analytes 

Table D-3: Inhalation of Volatile and Semi-Volatile Analytes in Vapor 

Table D-4: Inhalation of Nonvolatile Analytes in Vapor 

Table D-5: Dermal Exposure to Volatile and Semi-Volatile Analytes in Vapor 

Table D-6: Dermal Exposure to Nonvolatile Analytes in Condensed Water 

Table D-7: Dermal Exposure to Nonvolatile Analytes in Vapor 

Table D-8: Inhalation of Volatile and Semi-Volatile Radioactive Analytes in 
Vapor 

Table D-9: Inhalation of Nonvolatile Radioactive Analytes in Vapor 
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Table 7-1. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of 
Groundwater as a Potential Drinking Water Source 

100-FR-3 Groundwater Operable Unit 

Exposure Route ELCR HI 

Nonradionuclide Analytes 

Ingestion 8.SE-04 6.3 

Dermal 9.SE-06 0.20 

Inhalation 3.SE-06 0.068 

Total 8.6E-04 6.6 

Radionuclide Analytes 

Ingestion 4.?E-05 --

Inhalation 1.2E-06 --

Total 4.9E-05 --

Total Cumulative ELCRa 9.1E-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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Table 7-2. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of Groundwater 
in a Sweat Lodge 

Exposure Route 100-FR-3 Groundwater Operable Unit 

ELCR HI 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles (vapor) 5.8E-06 0.28 

Nonvolatile (aerosol) 1.4E-02 11 

Total 1.4E-02 11 

Dermal Exposure in Sweat Lodge 

Volatile and Semi-Volatiles (vapor only) 1.6E-09 <0.01 

Nonvolatile (vapor and aqueous condensate) 3.4E-06 0.16 

Total 3.4E-06 0.16 

Total Nonradionuclide 1.4E-02 11 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles (vapor) 3.?E-06 

Nonvolatile (aerosol) 1.5E-04 

Total Radionuclide 1.5E-04 

Total Cumulative ELCR3 1.4E-02 

Notes: 

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

-- = Indicates HI not applicable. 

CTUIR = Confederated Tribes of the Umatilla Indian Reservation. 

HI = hazard index. 

ELCR = excess lifetime cancer risk. 
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Table 7-3. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use 
of Groundwater as a Potential Drinking Water Source 

100-FR-3 Groundwater Operable Unit 

Exposure Route ELCR HI 

Nonradionuclide Analytes 

Ingestion 9.2E-04 6.3 

Dermal 5.1E-06 0.20 

Inhalation 7.4E-07 0.068 

Total 9.3E-04 6.6 

Radionuclide Analytes 

Ingestion 4.8E-05 --

Inhalation 1.3E-06 --

Total 5.0E-05 --

Total Cumulative ELCR0 9.8E-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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Table 7-4. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of 
Groundwater in a Sweat Lodge 

(With Aerosolized Nonvolatile Analytes) 

Exposure Route 100-FR-3 Groundwater Operable Unit 

ELCR HI 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles (vapor) 4.3E-05 2.0 

Nonvolatile (aerosol) 1.0E-01 79 

Total 1.0E-01 81 

Dermal Exposure in Sweat Lodge 

Volatile and Semi-Volatiles (vapor only) 1.1E-08 <0.01 

Nonvolatile (vapor and aqueous condensate) 2.4E-05 1.1 

Total 2.4E-05 1.1 

Total Nonradionuclide 1.0E-01 82 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles (vapor) 2.8E-05 

Nonvolatile (aerosol) 1.1 E-03 

Total Radionuclide 1.1 E-03 

Total Cumulative ELCR3 1.0E-01 

Notes: 

a. Total Cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total 
radionucl ide ELCR. 

ELCR = excess lifetime cancer risk. 

HI = hazard index. 

-- = Indicates HI not applicable. 
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Table 7-5. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of 
Groundwater in a Sweat Lodge 

(Without Aerosolized Nonvolatile Analytes) 

Exposure Route 100-FR-3 Groundwater Operable Unit 

ELCR HI 

Nonradionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles (vapor) 1.3E-04 0.16 

Nonvolatile (aerosol) 

Total 1.3E-04 0.16 

Dermal Exposure in Sweat Lodge 

Volatile and Semi-Volatiles (vapor only) 2.6E-08 <0.01 

Nonvolati le (vapor and aqueous condensate) 2.4E-05b 1.1 b 

Total 2.4E-05 1.1 

Total Nonradionuclide 1.SE-04 1.3 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles (vapor) 2.8E-05 

Nonvolatile (aerosol) 

Total Radionuclide 2.8E-05 

Total Cumulative ELCR8 1.8E-04 

Notes: 

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

b. Aqueous condensate contribution only (vapor phase contribution excluded). 

ELCR = excess lifetime cancer risk. 

HI = hazard index. 

-- = Indicates HI not applicable. 
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Attachment Table A·2. ln1ntion of Nonradioactive A.Mlytes in Drinkin1 Water - CTUIR 
100-FR-3 Groundwater Operable Unit Native American Risk Assessment 

c. 

•w. 
• w, 

&p011.00untlon·ldul1 w, 
Cxpoo .... o..,.11on.ffl11d 

ECf· ICOftu-11-002•,eok...,rlo11o{blpo1ur,PofnrCoa«111t• rlDNforrMJOCHlt-JGrowtdwa1e,0pe,ai.. un1r 

EP A. 2012,"ll• ak>n• ISu••nl"lt..w l1forChemlc• JCon t1 mlnurt1 11 SuperfundStt ... • 

H.arrl1, 5~ i nd H1, p,1r, • ~ 200', &,,o111r• so,.,.rlo/o, cnJM r,11dltJo,.,,/SUhJbt• ••o ~•. 

lwrrlt. S~ 20DI, Applkodon of rlN cnJM r,.~llf""<IYS [xpo,w, Sc,norio Ii, Ho,{«d jl.isAAuff,_11tr. 

le.....,...,,_ --· lchlar°"'• lhan• 

hromfum 

Trk hlot ........... fk.«om.tt.• M 

!vanadium 

l 'Plftft{tottl) 

•c,, 2012, "llepon.a!Sa....,.le...ttfOtChamkelConun'IIMnts • lsui-fu,ndSIIK. • 
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1~5-7 

lll-tl-1 .,_, 
1,2,.,0.5 
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7«<>19·1 
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7• 3!J-92 ·1 

7U!l-9l · 2 
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7.UO-Ol-0 
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J"4().2f·t 
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1•aoe-n-1 
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HQ • hou,d quoll•nt. 

EPA/S<ICV1·19/002, lt/stAuffl-ll l Guldonufe,,$up~Vol<HIMIHumo11 HHl!lifn .. 01lo11Mon u,o/ {Port A): .,ll'rfflFML 

1,2-0khloroetho n• 

1-"-0khloroDoon1•ne 

1.,4-0lm• ne 

_ ... 
lc hkwoben, .... --· lc hkwomelh• ne 

lc lvomlum 

1co1oe11 ~-· ......... 

Uthlum 

M•n,• neH ..,,..._ ..... 

X'(litn .. {tOltl) 

107-06-2 

106-<16-7 

Ul-91 -1 

'7-611-1 

1•29-90--5 

7"40-31-2 

74A0-39·3 
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7UO-SO-I 

169 .......... 
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7• 39-96-5 
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U797•55-1 
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Attachment Table A-5. Inhalation of Volatile Radioactive Analytes in Drinking Water - CTUIR 

100-FR-3 Groundwater Operable Unit Native American Risk Assessment 

Intake Pa rameter Values 
Factor Symbol Value Unit Reference 

Chronic Daily Intake - radiological inhalation COi Calculated Value pCI Equation 17 

Contaminant concentration in groundwater c.. Anatyte-specific pCI/L ECF-100FR3-ll -0024 

Exposure frequency EF 36S days/year Harris and Harper, 2004 

Exposure Duration - adult ED, 70 years Harris and Harper, 2004 

Exposure Duration - child ED, 6 years Harris, 2008 

Inhalation Rate - adu lt INH, 2S m' /dav Harris, 2008 

Inhalation Rate - child INHC IS m' /day Harris, 2008 

Age-adjusted Inhalation Rate - radiological INH_RAD"'I 1690 ml·vear/dav Equation 18 

Exposure Time - adult ET, 0 .58 hour/day EPA/540/R/99/005 

Exposure Time - chfld ET, I hour/day EPA/540/R/99/005 

Age-Adjusted Exposure Time H ild· 0.616 hour/day Equation 19 

Conversion Factor CF2 1/24 day/hour 1 day = 24 hours 

Volatillzat lon Factor VF 0.5 1./m' EPA/540/R-92/003 

Slope Factor• inhalation SF1 Analyte -specific rlsk/pCI EPA. 2001 

ECF-100FR3-11-0024, Calculation of EKposure Poin t Concentrations/or the 100-FR-3 Groundwater Operable Unit 

EPA/540/R-92/003, Risk Assessment Guidance for Supufund: Volume I - Human Health Evaluation Manual (Part 8, Development of Risk-based Preliminary Remediation Goals): Interim. 

EPA/540/R/99/005, Risk Assessment Gu fdanu for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 
EPA, 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Rad ionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity -Slope Factors." 

Harris, S., and Harper, 8., 2004, EKposure Scenario for CTUIR Traditional Subsistence Lifeways . 

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

Inhalation of Volatile Radioactive Constituents in Groundwater 

Volatile• c.. COi (radiological inha lation) SFi' 

Rad ioactive Analvte Name CAS# (pCI/L) loCil lrlsklnCi) 
Amerlclum-241 14596-10-2 - 0.13 ··(b) 2.81E·08 
Carbon-14 14762-75-5 .. 12 ··(b) 7.07E· l2 
Gross alpha 12587-46-1 .. 6.2 ··(b) .. 
Plutonium-238 13981-16-3 -- 0.24 ·-(b) 3.36E·08 
Plutonium-239/240 15117-48-3 - 0.70 ··(b) 3.33E·08 
Strontium-90 10098-97·2 - 3.3 ··(b) ! .05E· IO 
Technetium-99 14133-76-7 - 6.1 ·-(b) l.41E·ll 
Trit ium 10028-17-8 Ves 2,700 2. 14E+07 5.62E-14 
Total Radlonucllde ELCR 

'EPA, 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carc1nogenlc1ty -Slope Factors ." 

bNonvolatile constituents are not considered in the inhalation exposure route 

ELCR = excess lifetime cancer risk. 

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

100-FR-3 Native Am Risk-Attach A 

A-5 79 

Risk 

(unitless) 

- (b) 
·-(b) 
--(b) 
··(b) 
- (b) 
- (b) 
- (b) 

! .20E-06 
l .20E--06 

" Contribution 
.. 
.. 
.. 
.. 
.. 
-
-

100 
100 
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Attachment Table A-6. Ingestion of Radioactive Analytes in Drinking Water - CTUIR 
100-FR-3 Groundwater Operable Unit Native American Risk Assessment 

Intake Parameter Values 
Factor Symbol Value Unit 

Chronic Daily Intake - radiological ingestion COi Calculated Value pCi 

Contaminant concentration in groundwater c,, Analyte-specific pCi/L 

Exposu re frequency Ef 365 days/year 

Exposure Duration · adult ED. 70 years 

Exposure Duration - child ED, 6 years 
Water Ingestion Rate - adult IRW1 4 1./day 

Water Ingest ion Rate - child IRWc 1 L/day 

'Age-adjusted water ingest ion rate - radiologica l IRW RAO•dl 262 L-year/day 

Slope Factor - oral SF0 Analyte--specific risk/pCi 

ECF-100FR3-11-0024, Calculation of Exposure Point Concentra tions/or the 100--FR-3 Groundwater Operable Unit 

Reference 

Equatio n 10 

ECF-100FR3-ll-0024 

Harris and Harpe r, 2004 

Harris and Harper, 2004 

Harris, 2008 

Harris, 2008 

Harris and Harper, 2004 

Equation 11 

EPA, 2001 

EPA, 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity-Slope Factors ." 
Harris, S., and Harper, B., 2004, Exposure Scenario for CTUIR Traditional Subsistence Ufeways . 

Harris, S., 2008, Application of the CTUIR Traditional LJ/eways bposure Scenario in Hanford Risk Assessments . 

lne:estion of Radioactive Constituents in Groundwater 

c,, COi (radiological ingestion) 

Radioactive Analvte Name CAS# (pCi/L) (oCi) 

Americium-241 14596-10-2 0.13 l.24E+04 
Carbon -14 14762-75-5 12 l.13E+06 
Gross alpha 12587-46-1 6.2 5.88E+05 

Plutonium-238 13981-16-3 0 .24 2.25 E+04 

Ptutonium-239/240 15117-48-3 0 .70 6.67 E+04 
Strontium-90 10098-97-2 3.3 3.16E+OS 
Technetium-99 14133-76-7 6.1 5.84E+OS 

Tritium 10028-17-8 2700 2.58E+08 

Total Rad ionuclide ELCR 
ELCR = excess hfet1me cancer risk. 
EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

100-FR-3 Native Am Risk-Attach A 

A-6 80 

SF0 

{risk/oCil 
1.04E-10 

l.55E-12 
--

1.31E-10 
l .35E-10 

5.59E-11 
2.75E-12 

5.07E-14 

Risk % 
(unitless) Contrib ution 
l.29E-06 2.7 

l.76E-06 3.7 

-- --
2.94E--06 6.2 

9.00E--06 19 
l .76E-05 37 

l .61E--06 3.4 

l.31E--05 28 

4.73E--05 100 
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ECF-100FR3-11-0025, REV. 0 

Attachment Table B-2. ln1ution of Nonradioactive Analyt.s in Drinkln1 Water • Yahma Nation 
100-FR-3 Groundwater Operab$a Unit Native American Risk Assessment 

..-.... ....:..-~tlonln~tff 

llodyWitlml • ..:!ult 

lrlllkeP•arnettrValutt 

... 
,aw, 

(a-tOOFIU-1HJD24, Cal<""',on qfupo,,,.,. Point CanatlWfltionsjD, 1M 100-FII-J ~r.,,0p,r,.,1,1,t 1.t!lr 

llldolfl, 'l007, VatamaNotiia,,&po,.,,.,sa,.,,ioforHa'1fr,,dShllis.tAunsment . 

EP .... 2012, 0 P.elK)"ll,I Scrnnln, t..wls fo,Olemiul ConUmlMnll al SUperfund Site,,,• 

NorK.llncff HQU11cul1tlon 

1,1-0lthlonxlenzel'II 

1,4-0lokane 

""~ ---· ~-----P'>"' ~· 
UtHum 

~l'IIH ..,.,...­
Nickel 

Hitrllit 

'°"'"'m 

ll,4ena-tftebl) 

7UO.SO-I 

169&11• ... 

1,s.o.29.9 

70!H9•6 

709-96-S 

709-91•7 

7'40,02-(1 

l'-108-71-1 

127-114 

7'40.31-S 

101-11·1 

79-01.-6 

•[Plt.,2012,•Ae,ionlllScfffflntt. .. llforO..micalc.ontlmlNl'ltl1t5uperli;nd5itn.• 

- •lrdiutntomcitycrltllfllnotWlilabletoquwrtifycontlmlnlnt'1norit1ncltfhN1rd-.i1 thilttp01Ut1rout1. 

Hl • hazantlndn. 

1, l•Oichloroolhlnl 

1,4-0ichlorobllf\i:e"" 
1, .. 0laQrw 

·­,.,.,,. 
""""' ""~ &~-
""""" -NON ---o.a.,m 

"'""' 
'°""" ........ 
HiruvllltltOiromlum 

--,,,..N 
Sulfite 

Te~oethffle 

"" 

Totlll(LCII 

'(Pit., 2012, •~,ionlll SuK-rw-c U,wls foro-mial ~bat 5upeffundSltH.0 

107'°6·2 

1()6..45-7 

UHM 
51-61-1 

7429-90-5 

7441Hl·2 

7uo,,,., 

, .. .,.] 
7440-47•) ,. ....... 
7UO-SO-I 

1Mll4"'8-1 

115'0-l'HI 

74:5-ft•6 

,,,,.,2-1 

7439-93-2 

743'-'6-S 

709·98-7 

121-11...-

7U0-]1-5 , ..... , 
,..,. 
, .... 4 

74-40-62-2 

UJ0.2(>-7 

, ....... 
- • lndluol.H laociryutt.rla not availKN to quantifycorumlnant'1 CM'ICfl rill Ilia tNI upoklfl route. 

ELCJI • -•lifetime Car1Cff rilk.. 

100-FR-3 Natlv. Am Risk-Attach B .. , 

• • 401 

.,,,, 
"""' 0.11 

0.00017 

0.0023 

'·"" 
0.0079 

•ooso 
uo 

0.001112 

0 .93 

0.00011 

o.o:xno 
0.000072 

0.00011 

0 .017 . ..,,. 

C. 

'""'" 
0.00024 

0.0071 

0.00U 

0.022 

'·""' 0.11 

0.00046 ..... , 
.,, ..... ... , 

0.00020 .. ,, 
'·"" 0.0079 

0.00011 

0.00010 

0.000011 

••u 
0.017 

0.00020 

'·"" 

83 

-·~-
""" 
I/day 

"'" L-ve•lkl:-dfv' -· .. ~ .... -.... 
lrrw/kl-claVl.1 

,.,.,.,.. 

S.71E-<>II 

1,)1(-05 

l ,3,l(.(111 

6.29E.Ol 

7.71(.(IJ 

2.19(-05 

1.51(.()6 

, ..... ...... 
1.50(-0] 

t.89(-0S 

1.J.1(,(1,1 

1,71(,(16 

7.26[+00 

1.0lUlS 

5.11€-<)6 

U1(.()6 

6.29E-OI 

6.29(-oll 

, .71E-OI 

1.14HJ5 

UlE-OI 

UOE-OS 

1.51(-0S 

4.71UM 

I.OM-OS 

UOE-OJ 

S.6'(,(1,1 

6.tl(-0] 

1.56£-03 

J.tlE-OS 

, .. ... 
, ... (.(16 

, ... ... 
, .15(.()6 

1.65(-0] 

t .09[-0S 

1.41[-0l 

J .27(-02 

1.26£-0] 

5. ttE-0) 

1 .. 26£-0S 

2.20£-0l 

J,71(,(1,1 

4.99(-0I 

J.15(,(1,1 

UH.00 

2.65(,(1,1 

5.ISU>l 

1.50(.(16 

I.OOC.00 

1.1][-0S 

I.JOE.(16 ....... 
6.tl(-OI 

6.tl(.(16 

1.07E-Ol 

1.26[-0S 

J.11[,(l,1 

Equ,adcnSandl 

ECF-100flU-11-00i.. 

Rloolfl,2007 

llkk:ilfl,2007 

llldolfl,2007 .... ,,.., 
Equation& 
__ ,.., 
llldolfl,2007 

Ndolfl,'l0/'J7 

IVdolfl,2007 

EPA,20U 

EPA,2012 

lyew•lfiSdays 

5.00(.(1] 

1.00£-02 

'"""' 
UIOE+OO 

, .. ..,, 
1.00(-02 

1.5Oh00 ...... 
4,00(,02 

6,00(,()2 

],00(-0] 

1.00E-ot 

2.00€-0l 

"""' 5.00E-Ol , .. ..,, 
1.10(+00 

5.00E-Ol 

... <n 

'"""' 
6.00E-0] 

6,00(.(11 

1,00(,02 

S.00(-o,i 

'"""' 5.00(-0J 

2.00(-01 

J.DOE-01 

t . lOE-02 

5.'llE-OJ 

1.00E-01 

.., 
(unltle11] Contribution 

9.52(-0I 0.015 

0.0031 

1.45(-02 0.23 

&.16(.(1$ 

1.27(-0] 

4.29UM 0.1Xl61 

2.60€-0] 0.00 

1.00(-0] 0.011 

J.JOl-02 0.51 

HSE-03 0.05l 

1.00(.00 

1.43E-02 

1.43€-02 

a.11un 

4,IU-02 

1.15(-02 ....... 
1.11(-0J 

t .52(.(16 

,., 
0.11 

S.14(-0S 0.0008 

U6£+00 20 

2.lOC.OS O.OOOJJ 

5.7H-OS 0.0009 

0.011 

... 
(unitlffl) eo-.tributlon 

S.73E-o1 0.062 

8.16(.(11 0.00U 

4.71E.OS 
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Attachment Table B-5. Inhalation of Volatile Radioactive Analytes in Drinking Water - Yakama Nation 
100-FR-3 Groundwater Operable Un it Native American Risk Assessment 

Intake Parameter V;ilues 

F.actor Svmbol Value Unit Reference 

Chronic Dally 1nt11ke • radlolog[ul lnhillliitlon COi CalC1Jlated Value pa Equation 17 

Contaminant concentration In groundwater c.. Analyte-spedflc p• /1. ECF-100FR3-l1-0024 

Exposure frequency " 365 d1ys/yeu Rldolfl, 2007 

Exposure Duration • adult ED, 70 years Ridolfi 2007 
Exposure Duration • child ED, years Rldolfi 2007 

lnh;il1tlon Rate · adult INH0 26 m 1/ d;iy RJdolfl 2007 

lnhilllil1tlon Rate - chlld INH. 16 m1/dav Rldolfr 2007 

Age-adjusted lnhalatlon Rate· radiologlcal INH_RAD..t1 1760 m1-year/day Equations 18 

Eltposur• Time - adult ET, 0 .58 houor/d•v EPA/540/R/99/005 

Exposure Time • chlld ET, hoursr/d1y EPP/54{)/fl/99/005 
Age-Adjusted Exposure Time ET~ 0.616 hours/day Equations 19 

Conversion Factor CF2 0.042 da1M/hour 1 day = 24 houn 

Volatiliu,t/on Factor VF 0 .5 l/m' EPA/540/R-92/003 

Slope Factor · Inhalation SF, Analyte-spedflc rlsk/pCI EPA. 2001 

Ridolfi, 2007, Yak a m a Natfon Exposure Scenario for Hanford Site Risk Assessment. 

ECF-100FR3-11-0'.l24, Colculotion of Exposure Point Conuntrot fonsfor the 100-FR-3 Groundwater Operable Unit 

EPA/540/R-92/003, Risk Assitssment Guidance for Su~rfund: Volume I - Human Health Eva/uotion Manual (Part 8, Development of Risk-based Prelfmfnary Remediation Goals): Interim 
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume/; Human Health Evaluation Manual (Part E, Supplementol Gufdance for Dermo/ Risk Assessment): Rnol. 
EPA, 2001, Health Effects Assessment Summary Tables database, •April 16, 2001 Upd•te: R•dionudide Toxicity,• •Radlonudide T•ble: R•dlonuctlde Cudnogenlcity-Slope Factors.• 

Inhalat ion of Volatile Radio.ct.Ive Constituents In Groundwater 

Amerldum-241 
Carbon-14 

Gross alpha 
Plutonlum-238 

Plutonium-239/240 
Strontium-90 
Technetlum-99 
Tritium 

Total ELCR 

Radioactive Analvte Name CAS# 
14596-10-2 
14762-75-S 

12587-46-1 
13981-16-3 
15117-48-3 

10098-97-2 
14133-76-7 
10028-17-8 

Volatile• 

y., 

c.. COi (r•dfological Inhalation) 

loCl/1.l loCJ\ 

0.13 -{bl 
12 -{bl 
6.2 ··{bl 

0.24 - {bl 
0.70 -{bl 
3.3 - {bl 
6.1 - {bl 

2,700 2.23E+o7 

SF, Risk 

frisk/oCI lunitlessl 

2.81E-08 -{bl 
7.07E·12 - {bl 

··{bl 
3.36E-08 - {bl 
3.33E-08 - {bl 
1.0SE-10 - {bl 
1.41E·11 - {bl 
5.62E·14 1.25E-06 

1.25E-06 
-..,olatlle rad,o•ctlve contaminants as defined by EPA, 2001, Health Effects Assessment Summ.ryTables database, •April 16, 2001 Update. R•dlonucllde To11.fc1ty: *Rad,onuclldeTable. Radfonudlde Card nogenlclty-Slope Factors.• 

~onvol•tlle constituents are not considered In the inh•latlon of groundwater In the drinking w•ter pathway 

ELCR = excess lifeUm• cancer risk. 

EPA/540/1-89/002, Rfslc Assessment Guidance for Su~rfund Volume I Human Health Evaluation Manual (Part A): Interim Rnal. 

100-FR-3 Native Am Risk-Attach B 

B·S 86 

" Cont ribution 

100 
100 

S of 6 
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Attachment Table B-6. Ingestion of Radioactive Analytes in Drinking Water - Vaka ma Nation 

100-FR-3 Groundwater Operable Unit Native American Risk Assessment 

Intake Parameter Values 

Factor Symbol Value Unit 

Chronic Daily Intake• rad iological ingest ion CDI Calculated Value pCi 

Reference 

Equation 10 

Contaminant concentration in groundwater c.. Analyte·specific pCi/L ECF-100FR3-11-0024 

Exposure freQuencv EF 36S days/year Ridolfi 2007 

Exposure Duration - adult ED, 70 years Ridolfi, 2007 

Exposure Duration - child ED, 6 years Ridolfi, 2007 

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

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

Age-adjusted water ingestion rate - rad iological 1RW RAO~d 268 L-year/day Equat ion 11 

Slope Factor - oral SF0 Analyte -specific risk/pCi EPA, 2001 

Ridolfi, 20071 Yokama Nation Exposure Scenario for Hanford Site Risk Assessment. 

ECF-100FR3-11-0024, Calculation of Exposure Point Concentrations/or the 100-FR-3 Groundwater Operable Unit 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Port 81 Development of Risk-based Preliminary Remediation Goals): Interim. 
EPA, 2001, Health Effects Assessment Summary Tables database, #April 16, 2001 Update: Radionuclide Toxicity/ #Radionuclide Table : Radionuclide Carcinogenicity-Slope Factors." 

ln1restion of Radioactive Constituents in Groundwater 

c.. COi (radiological ingestion) 

Radioactive Analvte Name CAS# (pCi/L) (pCi) 

Americlum-241 14S96-10-2 0.13 l .27E+o4 

Carbon-14 14762-7S-5 12 1.16E+o6 

Gross alpha 12587-46-1 6.2 6.02E+05 

Plutonium-238 13981-16-3 0.24 2.30E+04 

Plutonium-239/240 15117-48-3 0.70 6.82E+o4 

Strontium-90 10098-97-2 3.3 3.23E+oS 
Technetium-99 14133-76-7 6.1 S.97E+o5 

Tritium 10028-17-8 2 700 2.64E+o8 
Total ELCR 
ELCR :: excess l1fet1me ca ncer nsk. 
EPA/540/1-89/002, Risk Assessment Gu idance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

100-FR-3 Native Am Risk-Attach B 

8-6 87 

SF0 Risk 

(rlsk/pCi) (unitless) 

1.04E-10 l.32E-06 

l .55E-12 l.80E-06 

-- --
l.31E-10 3.0lE-06 

1.3SE-10 9.21E-06 

5.59E-ll l.80E-05 
2.75E-12 1.64E-06 
S.07E-14 l.34E-OS 

4 .84E-0S 

% 

Contribution 

2.7 

3.7 

--
6.2 

19 

37 

3.4 
28 

100 

6 of 6 
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Attachment T•ble C·2. 100-FR-3 Groundwater Operable Unit N•tiv• Amerlan Risk Assessment 
Hazud quotient and cancer risk from lntt.latlon of volatiles and semi-vol.t iles in sweat lod1• vapor 

CTUIR Swot Lode• Scel'\llrio (Harris and Harper 2004, Appendix 4) 

RKliusofSwe;,tlod e 

Exi:,o1ure dur1tlon or 1>1.1mbe,, of VHR I i,enon 1we1ts In I lifretlme • adult 

Avefl e ht-1dult 

Theninstanlni 

lnMLatlonRele~nceConcentr•don 

[T 

ED 
,w 

,.,, 

""· en 

" 71) 

) .14159 

Mllyt,H,pecilk 

m,11. 

.... 
veu, 

fu•lm'l 1 

Hanh•ndHlr,-, 2004 

Hanii•ndHltDH.2004 

Hlrri11ndHuoet.l004 
Hlrri,,andHatl>O!f.1004 

Hl,rilandHari,er.1004 
H,1rrf11ndHarr,e, 2004 

EPA,1012 

(IIWltion51 

EPA,2012 

l_,,r•l65diw 

'Eitpowretimeoflt-.p,<MdedinHafflll1ndHarpe,,l004w.1~wlthtn.4diys/fl!lleflt10th.itlhent1kent.-N-..1woprLat1tUMl(m&J'.,-da~orpO).._ 

c.lcu&lted usift&lheinNlllion~tlonl provided In HanilaACI Harper, 2004 

•AwratiriJtlmeofl~••~inHlrril•ndHlrp,e<,lOCM-.sr~with70"t"nlor,;.ardnc,pn5uid6l'f'NnbroonQrtinos-toKCOUfltb .. timelnbker•thff 

ECf.lOOfkl·ll-0024,Cmrulat.ionr;,f&po,u,.Point.Conc..ntriiriin:Jor!NJ004R•J~ruOJ-n,,.Urtir 

(PA, 2012, -1wpona1X1,-,iftcl-41 forO.emicalConbmklanb1tSupem,ndSites..• 
Hlrtil•nd Harpe<, 2004, &posuiTSanorio}orCTUIR TrodlrJ«w/SubsiJtfflUU{r-,.s. 
Hlrril,, 2008, Appnartioll o/lM CTUIR TroditiQwtl.ifewoYf CJ/ptnlNWScfflOrlo It! Honfwd Rid.Auas-,,~. 

1,2•0ichboeth.ine 
1,4-Dlchlorobenune 

1,4-[)Qa,ne ....... --........ ....... ... ~ 
O.bobennne 
OlbofDrrn 
O.b-Nne 

°'-""" 
'°""' eo_. 

"'-"'" 
Heit•~lentO, ..... ium .. , 
wd 

Mln11nese 
Molybdenum 
Nickel 
Nitrite ....... 
Stfontium 

""~· 
TetnKhboethene 
TI, 

Non,adio.letlw!AnalwteNama 

107--Q6.l 
106-46-7 

12HM 
61-6,M 

7429-90-S 
744().ll-l 
744().)9-J 

744().42-1 
71-U -, 

16117-00-6 
101-90-7 
67-66-l 
74-17-J 

7410-47· ) 
744().41-4 

744().SO-I 

16!114-41-1 
18540-29-9 
709-19-6 
709-92-1 
7419-!B·l 
709-96-5 
7419-91-7 
7440-01-0 

14797-5S·S 
771M!H 

100-42-5 
14IOl-79·1 

127-11-4 
744().Jl-S 

101-11-l 

79-0H ,. ... 
744().62•2 

1)30-20-7 

744().66-6 

Volatile• 

'" '" '"' 
'" 

c.. .. , 
0.00010 
0.00024 

0.0076 
o.oou 
0.022 

0.0090 
0.11 
004 

0.00051 

" ....,, ...... 
o.oooon 

OD26 
0.00011 
o.oou .. ,. 
0.01) 

0.00020 

0.015 
.0060 

0.0079 
o.ooso 

0.0041 . ., 
0.00014 

•oooH 
•oomo 
o.oooon 
Mn 

0.000,1 ,.,, 
....,0 
0.0060 

1.41E-06 
J ,llE-06 

l .OIE-04 
1.IJE-05 

- (cl 

-<•I 
-<•I 
-<•I 

7.llE-06 

- (e) 
UJE-06 
6,41(-06 
1.09(-05 

- (e) 

- (e) 

- lei 
· -(e) 
· -(e) 

-<•I 
- le) 
··\el 
·•tel 
- tel 
· -(e) 

· -(e) 

·•(e) 

··!e) 

Ulf-06 

··lei 
l.S6E--06 

·-(c) 

1.0lE--06 
I.S6Hl4 
1.S6E-06 

--tel 
2.UE-06 

··1<1 

11ft' 11,0,• HQ % 

m•'m' m•"'•-d• unltleu Colltflbutlon 
7.00£-<IJ 2.00£-0J 7.11[-04 0.25 
1.00£-01 l .l9E-01 Ll!M:-05 0.OOSJ 

J.00£+00 1.57(-01 L26E-04 0.045 
J.10(-+0l 1.16E+OO 1.06(--06 0.0CXl74 
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2.00£.01 s.nE.01 

1.4lE-Ol S.0U-Ol 

S.OOE-01 IAlE-02 Ll9E-04 0.0SJ 

9..IOE-01 2-IOE--02 l.UE-04 0.012 

1.30£-02 J .71E-OJ 
1.00£-04 l .16E-05 

4.00E-Ol 1.14(-02 tl4E-04 0.OI0 

5.ooE+OO 1.4lE+OO 7.16E-07 O.IXXl26 
1.00£-0l S.71E-04 2.74£-01 
7.00E--Ol 2.00E-01 7.11E-06 0.002.1 
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16914-41-1 

11540-19•9 
709-19-6 
7419-92-1 
709-93·2 
709-96-5 
7419-91-7 
7440-02-0 

147'7-5S·I 
7712·49-l 
744().24-6 
100-42-5 

14101·79--1 
127-11-4 
7440,31.5 

101-la.J 
79-01-6 ,,_.,., 

744().61-1 

UJ0-10-7 

7440-66-6 

'" '" '"' 
'" 

c.. 
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EPA 540/1-19/002 Risll Aunsme11t Guidance for ScJ1Hrfur.d Volume I: Human Hptr,, (w,/<JOUCltl Mal'lllm(PartA} 
Karrll and Harper, 2004, &ptnurw ScfflOrio forCTUIR Trodir~ Sul»IJtmu LifewaYf. 
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Attachment Table C-3. 100-FR-3 Groundwater Operable Unit Naitive Am.rican Risk Assessment 
Ha11rd quotient and cancer risk from inhaladon of nonvotatiles In sweat lode• vapor 

CTUIR SwHt Lode• Scenario (Harris and Harper 2004, Appendix 41 
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ur. d,,,n,tl,:nor,..mt.r ot-an • ""mln •-111 In• ~fetinw · ml/It 

Wll'i.hl-adult 

Awrloll111tinwlf'Kll'Urtlnoteosl' 

Awtaaln& time (CA<Cinolfflll' 
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I m' 1~,· . 
,IL 

[ AA,2012 

Ect111tlcn51 

[AA,2012 

Eq111tlonSO 
1yHt•1Md.-,s 
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Attachment Table C-4. 100--FR· J Groundwatu OperabS. Unit Nati~ Amukan Rtlk Asseument 
H.u:ard quotient and cancer risk from dermal uposure to YOlatiles and semi-volatiles in sweat lod&• vapor 

CTUIR Sweat Lode• Scenario (Harris and Harper 2004, Appendix 4) 

Mcldel•.....,_.too,1,IIC4dliullorlof.,..tilftandMffli.wa•..._lwt"lm,demwllntaoifnlmwd•lilnand ............. tilnln~-..1wAcanllll,-Siftwdandtgt.111 

,_,,.,.. '"'-e(ld.toe.il llequai toclfflnlllntll1 fram'«Htllftandsem-todatllnln1-•11Ddftwapo,(W,vl 

O.nN1tln11k1011'An.1ytn -~V•porlld,total •ld..vl 

"-dtu.ofs-111....v, 

SlllnSUtf1teel\rH·llduh 

t.rathof1,..11rwn1-adult 
EXDC11ur1 m<luencvor Numberof1-1t1DHw• 

bDD1ur1 duntlorl or number of w•1 • "'"l'IOn •-•tt ln1 llf1tlnw • adu.11 

•lrcnnlHtlnal tionFKtor 

::.ntffSlop,FKtor·Oral 

C. , __ 

,o 

.... 
cs, 

'" 

-

""­,~,1 

(CJ-tOOFIU-11-00l• 

twfflandHlrpe,lOOil 

HwrltandHlrpe,,lOOil 

EPA.,2012 
EPAl012 

EPA.,2012 

tvonr •36Sd~ 

'Aftfllinltimeoftye•prowidedlnlwnsandHwPff, 2D04-r~wllh70.,.anfor~and51.,.anbl'G"Uldnat-lOaccountkw!if.,tim.int..r.ci­..., ....... ....., 
EP,,/S¥J/~/r:a,,#is!AsHB11Mllt Gllfdonafo,Su,H,ft,ttdVoaJlM'l: Hwno11Hfflthfwluot011Manwl(PartC, S.U,,,W-11t11/G;,,idor,c,frNDtmw/,lllil.t~nf,1: F1,,i,L 

EPA., lOU, "llep:,Ni Xrnrirc L.cvels for Chemic.II Cont8ffllnentl .t Superf\lnd Situ.• 
Kl,rlt and Harpe,, 20GI, [JlpOJU,.SCllnorioforCJ1JM Tn,d/tionolS""11:h'na U/R-,.., 

1,2-Dlchloroelhano! 

1,•·DlchlorobeNene 

l,'-oloune 

Acei-' --...... .... -­~ -·~ ----"""' "-' -HRuvalffllOwomlwn 

107-06-2 
1~6-7 

17-M-1 
7'29-I0-5 
7UO-Y..2 
7UO-)I-J , ..... ,. 
7'-IJ-1 ,..., ..... 
101-91).7 

, .... ,., 
1"°'"'1-J , ....... . ,.. .. ... 
lffM .... I 
llS.-0-29-9 

7011•6-6 

70t-92•1 

709-96•5 

709-tl·l 
1•40-02-0 
1•n1-ss-1 
7112-411-2 

7•'0-2'-t 

1 .. o•n-1 
UMM 

7UO-Jt ·S ,.,..,_, 
79-0H ,, .... 

74'0-ll•Z 

UJ0-20-7 
luo-66-6 

'lM,lOtl,,"Af,;c,n.l~IA\lffllorChefflQICorumNnblltSuP1'rfundSltn.0 

• EPA/S«J/R/119/00'!, ElhilitJ-1 flroaanlaland Ellhllll .. Jl«pnlal,. 

• o.nn.l lnub of nor,,,,:,latilet In •-•t IDd,e •IP« It p(Hel'llN In r.-. C-1 

'K. ¥elue w11 uQfl from O~l, 2010, TN lllll NI.H.,..,.l'tll lnl'arlNlbn S-,Sam IAAISI, 

"Defined 111 semNOl1tUe jMr (pjl, SW-10 Mt,thod 1170for Mmlwollt!IN 

.,,._. 
,n• 

'" 

'" '" 

- • lndlc1tH taclcity critl!fla not wlll1ble toqllll'llify cor111mln..,t'1 nonc1n:er h1.1.1rd ¥i1 lhl1 upmure rout,. 

Hlohaz1rdlndu. 

HQ•hNardqllCtiRnt. 

0.00010 
0.0002' 

0.0076 

o.oou 
•ou 
0.0000 

.,. 
oooos, ,, 
0.00015 ...... ._,, . .,,. 
0.00017 
0 .002) .,, 
0.0,0 
0 .01] 

oo,,no .,., .... . .,,. 
o .... 

0.00n 
o.n 

0.0001' 

0.00010 . .,.,,, 
oon 

0.00011 

•••no 
0 ... 

... 
• .lOf-OJ 
• • 20(-()1 

"""' S.12f.(M 
c .... , 

LOOI-OJ 
l.001-0J 
2.IOE-OJ 
1.00(-0J 
Z.IOt:-02 

].]0(-0J 

Loot:-0] 
• .00£.(M 

l .00€-01 
1.00(-0] 

l.OOE-01 
1.00E-0] 
1.00E.(M 
1.00E-OS 
t .OOE-OJ 
1.00E-01 

'"""' 1.00(-0] 
1.00(-0) 
1.00(-0) 
J ,71)(-02 

t .OOC-03 
J ,]0(.()2 

1.00E-oJ 
J.11)(-()1 

1.20(42 
l .Jl)(-02 

l .OOC-oJ ... .., ... "' 

[PA/S'0/'14/M/OO'!,,/fiskAuoruffM11I Guidorttt{ot5-,fl,M VDo\i-l: Hloffl011HH/fllCW11wtio,,Mo11..,/(Por1E,S..,,W-11111/Gwdot1a/or~lllis!Aun.11MlltJ: Flttol 
HarritandHarp,rr,200(,t:,q,,nu,e~..,;.,/orC1\Hi1fnid/liottelSIM>Mkna~ 

1,2-0lthloroelhano! 

, __ ,_ 
!Ac•tone• 
~ -........ .... --~ ~­
~ ~­p,n,m,,m ~---""""' ,­, .. , -----""" Nitrlll --~ ,.._ 
~-tncHorol~ 

"'" """M ~rkhloroethlre 
~rkNor~~ ~­~-· ""' 

,,....., 
12Hl-1 
17 .... 1 

7•2t-lll).5 
7UO-Jl·2 
744(>.)l•J 

'"°"'2-1 
1'817-aM 
lot-to-7 
'1•16-J 
1,-11-, 

7"°'"'7•J , ....... 
115'0-21-11 
71)11-19-fi 

70t-92·1 
709-9)-2 
70t-ff-5 
,., ..... 7 

1'791-SS-I 
n12--H-2 
lU0-2'-6 

10()-42-5 
1, .. 111-1 
127-lM 

7UO-JM 
10,.11-J 

711--01-6 ,,_.,. 
7410-42·2 
UJ0-20-7 

'EM, 1012, """,;c,n.l Sclttl'linll Ltwell for O.mkll ContamlNntl It~ Sit"-• 

• EPA/S'0/14/M/OO'!, uhibil J-1 (lnorpnla) ll'ld EmlMI 8-J jorpnlcl), 

' Dlrmlllnllt1 ofnon¥011in..tln5-•llod11 wapor Is pAHntld lnTIOII C-6 

.. K..,llww11tlkfflfromewrtt.J010,Thcllht Al1.H5menlllnlorm11lllnSysllffl(AAISI, 
00.fl,-d • a oerni,,,,:ulila per (P,I, SW-Ml Mllhod 1270 fot Mmhcl1b'litt 

- • lnOlcitH tcmcitycritffianoc wllllble toqulnli~con111ffl1Nnc'•tanc1r rllkvl1 thlttltPQIUfl rcutt. 
ll.CII • UCH5 lifetime tll'IC., rir,k. 

........ 

'" '" 

'" '" 

0.111010 .... ,. . .,,. .... . .,,, 
0.0000 
on ... .... , 
" ...... 

0.000011 

'·°" 0.00017 
0.0021 

00,0 

O.Oll .... ,. .,., .... 
0,00711 
o .... 

"' ..... 
"""" 0.000012 

.... ,. .... 

... 
• .20£-0J 
. _20(-()1 

"""' S.121.(M 
,.DOE<>, 
1.00(,(JJ 

1.oot:-OJ 
1.oot:-OJ 
2.IOf:-OJ ,.00E-0, 

1.91)(-0J 
J..Jl)(-OJ 
1.00(-0) 
• . O'J[,(M 
1.()0(-0J 
1.()0(-0) 

2.00l-OJ 
1,()0(,(J] 

1.00(-<M 
I.OOl-OJ 
1.()0(,(JJ 
1.()0(-0) 

""""' 1.()0(-0) 
1,()0(,(J] 
1.00(-0) 

""'"' 1.00l-oJ , .. .., 
1.00(,(JJ 
J ,11)(,(12 

120l-C)2 
1. Jl)(.()2 

1.00l-oJ ... .., 

EP~f4/M~. lfiskAlsHMMllfG~fo,Superflillll ~-1:Hllll'I011Hfftt11C ... 11.mm11Mo11 ... 1(PartE, SupfW-llfll/Cillldollaf'INO.,nwlltluAsHI.M'Mllt}: FlffoL 
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ECF-100FR3-11 -0025, REV. 0 

Attachment Table C-7. 100-FR-3 Groundwater Operable Unit Native American Risk Assessment 

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor 

CTUIR Sweat Lodge Scenario (Harris and Harper 2004, Appendix 4) 

lntake Parameter Values 

Parameter Symbol Value Unit Source 

Inhalation Intake of Ana1ytes - Volatile Radion udides 1, .. Calculated Value pCi Equation 33 
Groundwater Concentration c.. Analyte-- specific pCI/L ECF-100FR3-ll-0024 

Cumulative Volume of water used in a sweat v.,,ot.i 4 L Harris and Harper, 2004 

Radius of Sweat Lodge ' l m Harris and Harper, 2004 

Inhalation rate- adult IR 25 m1/dav Harris, 2008 

Leneth of sweat event- adult" ET 1/24 davs/event Harris and Harner 2004 
Exoosure Frequency or Number of sweats per year EF 365 events/yea r Harris and Harper, 2004 
Exposure duration or number of years a person sweats in a lifetime • 

adult ED 68 years Harris and Harper, 2004 

The constant pi n 3.14159 unitless .. 
Slope Factor- Inhalation SF, Ana lyte- specific risk/pCi EPA, 2001 

• 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 t he intake 

values have appropriate units (mg/kg-day or pCi) when calculated using the inhalation equations provided in Harris and Harper, 2004 

ECF-100FR3·11-0024, Calculation of Exposure Point Concentrations for the 100-FR-3 Groundwater Operable Unit 

EPA, 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radion uclide 

Carcinogenicity - Slope Factors." 

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

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

Cancer risk calculation 

Americium-241 

Carbon-14 

Gross alpha 

Plutonium-238 

Plutonium-239/24-0 

Strontium-90 

Technetium-99 

Tritium 

Total ELCR 

Radioactive Analvte Name CAS# 

14596-10·2 
14762-75-5 

12587-46·1 
13981-16-3 

15117-48·3 
10098-97·2 
14133-76-7 

10028-17-8 

Volatile" 

Ve, 

c.,. 11n1, (radio1ogical) 

{oCi/Ll {pCil 
0.13 - {cl 
12 - {cl 
6.2 - {cl 
0.24 - {cl 
0.70 - {cl 
3.3 - {cl 
6.1 - {cl 

2 700 6.67 E+07 

SF1b Risk % 

frisk/oCil funitlessl Cont ribution 

2.81E-08 
7.07E·l2 

3.36E-08 
3.33E-08 
l.OSE-10 

l.41E·ll 

S.62E-14 3.75E·06 100 
3.7S E·06 100 

"Volatile radioactive contaminants as defined by EPA, 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide 

Carcinogenicity - Slope Factors." 

b EPA, 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors." 

c Inhalation intake of nonvolatile radionuclides in sweat lodge is presented in Table C-8 

- = Indicates radionuclide toxicity criteria not available to quant ify contaminant's cancer risk via t his exposure route. 

ELCR = excess lifetime cancer risk. 

EPA/540/R-92/003 Risk Assessment Guidance/or Superfund: Volume I - Human Health Evaluation Manual (Part 8, Development of Prelim inary Remediation Goals,. 
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Ufeways . 

C-7 
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ECF-1 00FR3-11-0025, REV. 0 

Attachment Table C·8. 100-FR·3 Groundwater Operable Unit Native American Risk Assessment 

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweat lodge vapor 
CTUIR Sweat Lodge Scenario (Harris and Harper 2004, Appendix 4) 

lntakeParameterVatues: 
Pararnf:ter S"mbol Value u,, source 
tnhalatlon Intake of Analytes • Nonvolatne Radlonuc.lldes ·~ Calculated Value pCI Equiltlon38 

Groundwater Concentration c.. Analvte-speclflt pCVL ECF- 100fR3· 11-0024 

Cumulative Volume of water used in ii sweat v ... , .. ., . Harril and Har~, 2004 

Inhalation rale-adult 1R 25 m11d.iw Hanls,2008 

Len.th of sweillt eYent· ,dult" ET ,,,. d2M'<le-,,ent Hauls ind Hill,,_. 2004 

ExDMUff:ff 01 Numbet of sweats ._. v,,ar Ef 365 tNenu/-ar Harris and Hilr,_., 2004 
Exposure dw·at1on or number of ~a~ a penon sweats in a 

lifetlme • adult ED .. --- Harris and Ha,-.. 2004 
Molecular weight of water MW. " II=~ Himl5 and Hillpef, 2004 

Oen51tyofllquldwilltef' .. 1DDD g/1. Hillrrl5 ,nd H;arpet" , 2004 

Ttmoerature of the sweat lodl!e" T 338.7 Harris and HarD@f. 2004 

Ideal us law constant 0.06237 fmmH11•m,l/f11mol~ICI Harris, and Har-.-. 2004 

Slopefactor · lnhalatlon Sf, Analyte--specific rlsk/pC:I EPA.2001 

• Exposure time of 1 hour provided In Harris and Harper, 2004 was replaced with 1/24 days/event so that the Intake values have appoprlate units (m&fli::a· 
day or pCI) when cakulated us Ina the Inhalation @qllations pr0111ded In Harris, and Harper, 2004 

• Temperature of 389 IC pr0111ded In Hairls and Harper, 2004 was replaced with 338.7 IC (lSO"f) for consistency with stated assumption In Harri$ and Harper, 

2004 that sweat lodge Internal temperature Is maintained at lSO"f. 
ECF· 100FR3· 11-0024, Calcula tion of Exposure Point Concentrations/ex the 100-FR·3 Groundwater Operobk Unit 

EPA. 2001, Health E!fectsAs.ses.sment SummoryTabks database, •April 16, 2001 Update: Radionuclide Toxicity,• •Radionuclide To1ble: Radionuclide 

Carclno1enlclty- Slope Factor1.• 

Harris and Harper, 2004, Exposure Sanario ftx CTUIR Traditional Subslsrence Ufeways . 

Harris, 2008, Applkatlon of the CTUIR Traditional U/r:ways Exposure Sanarlo In Hanford RJJk Asse.uments 

Cancer1iskcakulat ion 

Amerlclum•241 

Carbon-14 

Gross alpha 

Plutanlum-238 
PhAonlum-239/240 

Strontlum·90 
Technetlum-99 

Tritium 
TotalELCR 

Radio.ct.Ille Analvte Name CA5# 
14596· 10-2 
14762-75-5 

12587-46-1 

13981-16-3 
15117•48-3 

10098·97·2 

14133·76-7 
10028-17-8 v .. 

c.. 1-. (racHolociul) 

(pCV,.( '"'" 0.13 S.51E+02 

12 S.02E+0-4 

6.2 2.61E+04 

0.24 9.96€+02 

D.70 2.95E+03 ,., UOE+04 

6.1 2.S9E+04 

2.700 - /cl 

s,,• Risk 

rlsk/DCI lunltless) 

2.UE-08 1.SSE--05 
7.07E-12 3.SSE-07 

3.36E-08 3.34E--05 

3.33E-08 9.84E-OS 

1.0SE-10 U7E-06 
UlE-11 3.65E-07 

5.62E-14 
1.50Hl4 

" Contrib!Aion 

10 
0.24 

22 

66 
0.98 

0.24 

100 

• volatile radloactlllecontamlno1nts as defined by EPA, 2001, Health ElfectsAsst:s.sment SummoryTabks dato1base, •April 16, 2001 Update: RadionuclldeToxkity: · Ro1dlonuclldeT;able; Radionuclide 

Carclna1enlcity - Slope Fo1ctors: 

• EPA, 2001, Health EffectJ Assessment Summary Tables dat·ab.lse, •Aprll 16, 2001 Update: RadlonuclideToxkity: "'Ro1dionucllde Table: RadionuclldeCarclno1enlclty - Slope hctors: 

'Inhalation lntakt: of volatile radlonuclides In sweat lod1e In presented In table C-7 
- • Indicates radionuclide toxicity criterf,1 not av,1ilable to quantify contaminant's cancer risk via this exposure route. 

ELCR • excesslifetlmecancerrlsk. 
EPA/540/R-92/003 RiJk As.ses.sment Guido nee ftx SfJperjund: Volume I - Human Ht:afth Evoluatlon Manual (Port 8, Ot:wlopmt:nt of Preliminary Rt:mt:diotlon Goals} . 
Harris and Harper, 2004, fxpruure Sct:00rio for CTUIR Tradirlonol SfJlnlstenu Ufeways.. 

C-8 
100-FR-3 Native Am Risk-Attach C 

96 Bof B 



ECF-100FR3-11-0025, REV. 0 

ATTACHMENT D 

97 



"' CD 

liP
(r·1

 
t,

, 
1 

f P
 I 

' 
ijl 

r 
IH

f 
Hll

.! .
 

' i 
'1 

,rt,
 

Hi
·,! 

fh 
, 1

 
, 
1

-
-
-
-
-
-
-
-
-

--
--

--
+

-_
__

__
_,

 
r 

I' 
• 

j 
f 

• 
I 

q 
j 

\ 
J 

' 
1

t 

l!l 
h 

:c
m

,:
ii

i!
!m

s!
,i

•i
ii

ii
ii

•i
!i

!i
H

;,
ji

ii
ij

,l
h 

I 
il_

 
!; 

1[H
 

· 
! 

! h
 

!' !I 
; ....

.... 1
•m

•1
•1

 .
.
.
.
.
.
.
.
.
.
.
.
.
.
 m

.;
 .

..
. 

1
1

.u
 

{ 
I 

f 
!,ff!

 

I 
1-

-
-

-
...

 1
! I 

f 
i 

. 
: .

...
...

...
. 1

 .. 
1 .

..
..

..
..

..
..

..
.. 

, .
..

..
..

. m
 11 i

 
1
i 

I 
-1

 
I 

I! 
' 

.. -
, !

 -
. 

i 
• 

i 
II 

I 
• 

: 
·Z

lii
' 

t·
··

··
··

··
··

··
l·

···
·•

··
j·

··
··

··
·•

···
· 

1 
i 

! 
'f 

J 
! 

....
. ,

,.
,,

.,
i .

. j
 ..

..
. 

, .
..

. 
, .

..
 ,
.,

j .
..

..
..

. 
~H

 1
!i 

l 
I 

' 
' 

-
' 

' -
-

If 
I 

I 
. 

I 
l 

1. ..
.....

.....
.....

.. ,
 .... ,

 .....
... ,

 .. , ..
 , ...

.. Ii
 I 

! 
I-

-
-
-
-
-
-
-
-
-
+

-
-
-
-
<

 i 
I 

I ...
.....

.....
.....

.....
.....

.....
.....

.. 1
 ...
 · ·

 1i 
I 

I 
( 

J 
f 

i 1 · m
H

, ..
.. 1

 .. ,
 ...

. •
 i ..

.. 
• i .

. 1
 .. i

 ...
. •

, ..
 m

 I 
I 

t 
I .

i!
H

•i
,·

 .. 
·i

· ·!
· .. 

· ·i
· ·

 · 
· ·

•·
 ·i

· ·
l·

 · .
.. 

,, 
·!i

if
· 

~1 111
1u!

 I
 i r 

I 

~c
:a

=~
~ 

wf
 

.! 
I I 

1 
{ 

I I 

ii
''

''
''

' 
Ji 
I 

1 1h 
• m

H
i 

-1
 
H

 
1-

I 
I.,

 
I' 

f 
I
I
 
1

1
1

1
 
I
l
l
 
I.I

 f
 

H
I 

1f 
r I 

I
I
 
1

1
1

1
1

1
1

 

I 
I 

r 

1f 
I 

'
'
'
'
'
'
'
'
'
 

f 
J 
i 

~i
m

·H
 i 

.. ;
;

s::
:,

;:
.f

 .. 

fl!H
f' I

lfP
TlJ

l!lf
f P

'f lf
tll!

fll'
!lf

l'il
 I 

-
1 11 iH •

 I
 

, 
1 

i 
'l I

 I 
f 

• 
l 

[ 
t1

; 
t
-
-
-
-
-
-
-
-
-
-
+

-
-
-
,
 I 

h 
ii, 

I ·
 

Ii lj
! •i•

i•i
li•

lo
ia

iil
iim

H
•il

l •
!H

lii
iii

:u
 l 

1f 
! I •

1
•
il

1
•1

•1
 .
..

. 
, 
.
.
.
.
.
.
.
.
.
 1

11
•1

 .
..

. 
I
U

/ 
{ 

l 
11!

 ....
 , .. 

1 .
...

.. 
· ..

.. 
· ..

 · .
. 1

 ...
..

...
 m

 di 
f 

. i
 

[ 
' 

' 
...

.. 
'' .

...
 '·

i·
'.'

 ·i
· ·i

· '.
' '

.'.
 !·

' ..
 ' 
H

 I 
f
-
t
-
-
-
-
-
-
-
-
-
-
-

1
-
-
-
,f

lf
 

-
-

-
. 

. .,
 1

'1' 
f 

.E
, 

, 
, 

, !
 ,

 , 
! ,

 , 
, ,

 , 
, ,

 , 
, ,

 , 
, ,

 , 
, ,

 , E
, 

, 
, 

, 
, 

, 
, 

, 
~ 

',11
 

l 
* 

• 
~ 

' 
•=

= 
u

 I . 
r 

I 
I 

j .
..

 ' 
. '

 .
..

..
. 

' .
 ' .

..
. 

''
' .

. 
' .

..
. '

' i
. ' .

.. 
11 

! 

-
-
-
-
-
-

+---<. 
i 

-.
. 

' '
 . 

''
 .
..

..
 ''

 '
' .

..
 ''

''
' 

'.
' '

.'
 '

i.
 ''

 .
. 
II 

I 
• 

• 
I 

l 

--
--

--
--

-t
--

--
--

j' 
1· 

! ..
 "

l"
i"

 .. 
·i .

...
 ·i

 .. i
· +

 .... 
1 ..

 rn
 I 

i•
•··

i··
!·

···
·i·

···
·•

··i
·+

· .
. ·

•·
·i

ii
l·

 

·
•·

··
··

 
,·

· 
--i

iJl
-1

' 
1

.,
,1

U
.1

,1
,
,
,
,
,
,
,
,
,
,
,
,
 .

..
 1,

,!
 .

.
.
.
 1

! 
l 

• 
• 

..
. 

• 
• 

• 
• 

• 
" 

IJ
 • 

. 
• 

. 
"'"

!•-
-

···1
·· 

E•
·· 

,-I 
k
i

" 
·!

 .. 
·1

11
 ;

l!
·!

h
 I

i"
 ..

 ·1
ili

· "
· 

I • 
. 

• 
.,

 .
..

..
..

 ,.
..

 
'"

"i
 

1-1
 

•l
··

·
e.

,,
i,

u
1

u
,l

h
u

; 
..

 ,
,.

,U
 

,,
 .

, 
tt

 
:: 

9
U

9
U

t
 

t
U

t
t
9

 
9

t
U

 
J 

i,m
m1

•m
i!m

·m
mm

•1m
m1

1 1
 

i!
H

li
·l!

ii,
!=

i·
i·=

M
il!

·i;
:o

;j!
!il

· 



,
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-

-

0 >
 w 

j 
a: 
.,; 
N

 
0 

1 
'i' 

;;;; 
i 

a: 
u.. 

f 
8 

. 
u:. 

l 
u 

J 
w

 
I Ii, H ft ~h h

' 
. i 1 
i,1

 
1] 
t ! • I I • I 

,ji1m
,,1,,m

m
i,,,,im

!!!•i!H
l!I 

! Bmm1·mmm
·mm11,mm1 

if I I I In:,, 1 I I I I'''''' I''''''' I I I' I I I' I ~ 
• II · · · ·!m

··· · •mm
·mm!·· ·!· • •!·' 

• 
JI m

! .. ··H
!·····""'''"+

H
l!·H

 
I

1f 
.I If I I I,,,,,, I I I I,,,,,, I,,,,,,, I I I 1 I I It I I 
·-1 11 !!!!· .. ·!·m

· ............ •;•!·!!!·!· 
•1 J !!}J

.
,,,,

1.,111.
,
,
,
,
,
,
,
,
,
,
,
,
,
,

1.,1
,111

,1
, 

Hf 1111!1;,1•m
!um

1!m
!11M

!li!il! 

l 111 hh u I I l!hm L Ii, 1 ii 11L 1J ii, 

-1
,,,

,,
,
,,,,,

,
,,,,,,,,,,,,,,,,,

!
,,

,
, ''' 

l 
I m

·+
····!········ .. ·······!·+

··· 
! 

i 
h 

J 
II 

'' '' '
'
'
'
'
'
'
'
'
'
'
 '
'
'
'
'
 '' ''''' ''' ' ' ' ' ' ' ' 

l 
I 

' 
h 

l 
II 

1
1

 
1

1
1

§
1

1
1

1
1

1
1

1
1

1
1

1
t
t
t
l
t
l
t
l
1

1
1

1
1

1
t
t
 

1
1

 •! 
I l 

I 

l Hf Hi········!·················!··i···· 
i r 
L

 ,I 
I If 

, , , , , '
, , , , , , , , '

,, ,
, , , , , ~

,, , , , , , , , , , , •I! 
I I 

I-
! lh 
j 

!! ! ''' ''' ' '!'' ' '' '''''''' '' '' ! '';' ' ' ' 
l 11 

! 
J 

! ! l!
 I 

I 
I 

I J_ 
I
,
!
!
,
!
 

I 
I 

I 
I 
I
t
 

1 
I 
I
t
 

I 
I 

I 
I

,! 
I

! 
I

! 
J_ ! 

I 
J_ 

I 

i !q !!!!!l,iH
!l!!ll!!!!!l!!!1!sl!isli!! 

i \ I 
l 

l 
! 

II Ii h 1,lillh, 111. ,illull u!. ,JJ If.ii 
I 

I I 

·I ....... !
!
 

I 
I 

" 
! 

" " " , 'l 

i f I ,,,,,,,,, 

j 
I 

' II 
I 

,,,,,,,,, 
l I 

I 

l H
 

h !jf 
,,,,,,,,, 

11 I 

Ij 'I 
n:, ,,,,, 

I 
t 

ii 
l-

j1 f 11 
" 

'
'
'
'
'
'
'

;i! 

J 11 
! 

} 
! 

l I 
• 

i iu: ;:i :~
~

!I: I 

l 
l 

i 
I 1 lnili111 

I -I!~ ::i 
I 'Iii' ' 

I 
I 

'
: 

I 
I 

I 
' 

I 
' 

I 
' 

I 
' 

' 
' 

' 
I 

' 
' 

I
s

' 
'

!:.' ' ' ' 
I 

' 
' 

' 
' 

' 
I 

I 

! m
· .; ..... ! ................. ; .. ; ........... \: 

i 
! 

l ff 
'' ' ' ''' '' ''' '' ''' ''''' '' ''' ''' ''''' ''''' '' '' ' 

1 
l 

l II 
'' '''

§
'''''''''''''''''''''''''''''''''''''''

, 
' l 

l 
l J 11 

!ii········!·················1··!············ 
li !jl 
Hl 
fllf 

' ' ' ' ''
' ' ' ' ' ' ' '~

' '~
' ' ' ' 'f

' ' ' ' • ' ' • • ' • • • H
, H

H
, 

11 
I-

llll IH
· · · · · · · ·!· · · · · · · · · · · · · · · · ·!· ·!· · · · · · · · · · •t_ 

I ,1 J 
! 

! 
} 

! 
I 

I 
I 

I
! 

l 
,! 

! 
! 

I 
I 

I 
I 

I 
I
t
 

I 
I 

I 
I 

I 
I 

I
,! 

I
,! 

I
,
!
,
!
,
!
 

I
! 

I 
I 

I 
I 

I 
I 

1 
I

! 

I l lW l!W
!;i!•m

!!lm
!!!!!!§1!,m

!M
!i,,1,,,, 

I l 1 I 
l !I !1 I 11, lillhm I, ,1 !1111111 Lili I. h l il!i,'. 

i 
t 



ECF-1 00FR3--11 -0025, REV. 0 

Att•chment Tabl• D-3. 100-FR-3 Groundwater Operable Unit Native American Risk As.seumant 

Hazard quotient and cane., risk from Inhalation of volatiles and s.ml-volatlles In swHt lode• v• por 

Yakama Nation SwHt lode• Scenario (Rldolfl, 2007) 

Y•k•-"'•tl.,.,npmureocenarlofllldolfl,21X171dce•nollnduda•moditlfot ... 11 ..... d<'ICC0111loml ..... tc:or,oenlt•rion1lnrwutlodpalrlf .... contHIINnl 

DDIICefftratlontlnarOU!ldwat.rusedtorMh1tHm. E .. l ... t1onperlormadusl1111tHmmodelfr<lfflCTU1llrwu!lodpkenorio(H.n1tandHarpa,,200I~ 

C11mulo-Volun.<Awata<UHdlna 

R.diusofS-tlodHI 

ElcDO<ur•Ouratlcoio,numb.-ol-rsa.,.non t1ln1llf.i:Jme-1dult 

A_1,bodw.rB>t·1dult 

A-Hlr.rllme h rclnoaml" 

lnhal1tlonR.t.,.nceC.0.....,1t1tlon 

intlalatlonUnltll lsk "" 

0 ,292 

"' 

Eqo.,otlonlO 

HamtandHarpe<.2004 

HarrtJandHu,_200l 

m1 do Rldolfl 2007 

112,do..,i • ..,,1 IUdolfl2007 

__ ,_. 

H1rrl11ndH1,,_ 2COI 

Herrll1ndH1,...,.z004 

W.rls1ndH1,...,.2aM 

EPA.2012 

Eqwtlon51 

EPA,2012 ....... ., 
1-r•l6Sda.,. 

• k>t JWHI lodti1 lnNlotlon u.posU<e, exposure t:lmll of 7 hr wn reploced with 7/'JA dl'(l/1wn1 so thot thit lntak• .. 1u" h1 .. 1pprt>p<lot1t ..-.lts.('"1/'k,-<My Of pCI) 
WMl'1calcul1teduslncthitlnt...lotlonNjU11ionsp,<Mdo<llnH1ff!tandH.,pe,,2COl 

•A-•clnltlmloflr,,a<p,O"'ld.-<i l'1Ha,tt,andHa,per,2COl •nritpl.ced•llh70-rsforbothcard.......,.•ndnoncardnop111toaa:ou.,tfo,llf.urn.1.,1;ala 

rathat-tha'1a...-llne.k11. 

ECf-100fRl·l l-002".Calcl#af>011 o/&po•ur• Pohf CalKltnfrolio,u/o, tM .u»n-l Groull<M'llrff 0,-,,1,k Ufllr 
EPA. 2012. •11.,ion.lScr...,.nc Lr,ei, fo,Chemk.al Contaminants u Supltrfund Sltn. • 
Hartt,ondHup,or.2aM.&pc>JurrXll""rlo/o,cnJIRTrodlflotlalSubJJore1K1tU/--
llldolfl. 2007, Yolama Natlon&po1u,a Sa""rlo/o, H<,,iford Sire lllrklwamta11f. 

Non-caroce , HQcak..iatlon 

1,2-0l<hlora.thana 

, __ 
1,4-0l0una --""'""""' h-< ...... 
,~~ 

"'"'"" ~~:=-
io,1or......wna 

fa.--
fc,, .. , .. _ ·-Heu .. len!Chr<>nWm 

Tio 

Toh,•n• 

' lnhalatlonlntakaofnon.....,tll1t1i.p, .. .,,11K1lntablorO-.. 

"o.flniodata .. lTIM>latlllparEPASW-IA6Mathodl2701orMmM>iatll1t1 

7•29-90-S 

74"0-31•2 
74"0-39-3 

71W0-<12-I 

1696"-<II-I 

IIS"0-29-9 

7....0-02-0 

1097-SS-I 

127-lM 

7...0-31-S 

79-01--11 , .... 
7...0-62-2 

lll0-20-7 

74II0-66-6 

,n 
•n 

-• lndlcatntmlcltycrllarla n<Ma .. labla 1oquant!fyoonwmlr-.m'1,-,carocer Murd ¥11 thlsnpmu,arout,. 
EPA s«l/l·H/00211/rt Aun,,,.,,, Gu4m1K1t /o, Supa,/urtd \lo/.,,,. I: HUfflOII Hao//~ EW1lutlrlo11 Ma1111a/ (Par, A). 

Ha,rfo ar.d Harp,or, :ZCOl, &poo..u Sa""rio/or en/HI T,od/tlotla/SUluhl!tlKII LJ/--,. 
HQ•Miardquotlanl 

1,2-t>k:hlorOOOU!Ana 

1,~hlonx.n ...... 

1,....oinuM 

a, .......... m-
<'"""' 
IO,loroi..ru:­
Chlorofo,m 

fo,bromethana 
lo,,om1um 
kot,,, 

~ R­Hnavalorn10,romlum 

~-· u•..,, 
ManpnaM 

M-• 
"""" Nitrate 
S.lenlum 
Strontium ,..,,_ 

Tohlan• 

NorvodloactMIANl\uNam, 

Trlchloroalhana 

T~omtthana 

lv1r-.dlum 

Xyl-t (totel) 

'"' 

107~2 , ..... , 

7"-17-3 

7""°"7-l ,_ 
7.WO-S0-1 

7•39-91-7 

7....0-02-0 

7712• 9-2 
7.W0-2,Hi 

lcx:M:Z-5 

14101-7!J.I 
127-IM 

74"0-ll·S 

lOl·H ·J 
79-01-6 , .... 

1310-20-7 , ....... 

0.0013 
0.022 

0.OCIJ!il 

37 
0.00015 

'·"""' 

0.Dm3 .,, 
O.llllJ 

0.00020 

··-0.0079 

'·"""' uo 

"' 0.000U 

0.00010 

0.017 

0.00020 

,. , __ ,, 

0.022 

'"" 
0.1• 

0.OCIJ!it 

" 0.00015 

0.00017 

o.omJ 

'"" """ 

0.93 

0.0001• 

0.00010 

0.000071 
o.ou 

0.00011 

""" 0.00020 

1.03£-0S 

"'""' 

l.laE-OS 

-f<) 

2.07E-05 

-f<) 

3.lDE<-01 
S.ODE-03 

1-~-0S 

S.17E-OJ 

1.0H-OI 

a.S7£-01 9.17E-OI 

U3£,(),l 

5.71£-03 

1.•n-02 
:z.aOE-02 L&BE-03 a.on 
2.S7E-02 l.lDE-Ol 0.015 

t.o•JE.00 
$.7lE-Ol U9E.OO 91 

0.0021 

tuR• CSF,• Rltk 

r .. . ,.,."l·I 1-A....t.vf1 unida11 Contribution 

t.,lE-07 2.2 
9.$6(-07 

'EPA. 2012, •11ec1onaJScrll«lll'l(LNeltfot o-..mica1eontamlnanrsa15upllrfundSlt1t1." 

•1nhalarionunittldi(tUR]<Ot1ftftiodtoll'INl.doncanD1<olopofactorjCSli)followln1EPApro1ocoljEPAs«l/l-19/002}""1f111formul1CSfi!kt-da,/"'ll •IUll!"''/ii.cJ11/20(m'/dayl•71l(~•l000!J,c/rncl. 

' lnhal1tlonlntakaolnon.....,thsl1p,•-,1adlntableO-.. 

'Deflniodasa .. mM>lathparEPA 5W·IA6Mltlhodl270forMrnholotl1t1 

-•lndlcat1t1tmlcltyailarlaN>ta"" labletoquantlfyoontamlr-.nt'1cano1,tlMlvlathlJup00ur,,out• 
ELCR • m<<ftoflf<Klmecanot,,t ... 

EPAs«l/1•19/00211.lothH..,...11tG<J</onca/o,s,,p.,flMtdVoJi,nw/:Hu"""' Heo/thfW1lutJflo11Monuol(1'anA). 

Hurt .. r.d Harpe,, :ZCXM,&pooura Sa""rio/o, CTV/tf Tradk:iotto/SUml:,ttlKlt Ufr,,,ay, 

1).3 
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ECF-100FR3-11-0025, REV. 0 

Attachment T•bl• 0.-.. 10(HR·3 Groundwater 0pe,.i. Unit Native American Risk Assessmt1nt 

Haurd quotMnt and canmr ride from lnhalatlon of nonvoS.tlS.s In sweet lodt:• vapor 
Yabma Nation Sweat lode• ~ario (ftidotft, 2007) 

Yob,... Nollanupc>our•11a1-(Rldolfl, zoond .... n«hduclo omod.! for .. ...,•t:lnf;a>nt.mlnontco,,.,,,.,ttotlons ln 1-•tlod••k t....., _m1,..n,_ntr........, In 

aroundwH..- ,-cl to mH• it.om. E..-.t .. tlon perlo,med usirc1t.1n1 mocial from CTUIR owHtlodp otenarlo{Hol\11 •!'Id Harpe,, ZIXM), 

E-.1d1,1rollon0tnurnb<l<of.,...,1,1H1non•-•tslno l fatlme • •<lull 

Moleo.11.,_Jlt,tolwotar 

Otnsltwofllauld-tar 

•o/l 

m'd.,. 

,A 

Rldolft.2007 
Harrh1ndHarp"'20CW 

HMTis1rdHor...,20GI 
Ha,rllandHar.,.,.2004 

HanlsondHar....,..2004 

Horrls1rdHor-r20CM 

"ro....,.,.aturo ol'389 K prOO'ided In Hatrls one! Harp-o,, 20CMwa1 ropi.c.d wht, 331.7 K USO "F) forcomllloncy ,.ru, ,toted ,..,_..,ptlon In Hkrll one! Harpe, , 200I INl1-11 
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Attachment T1bJe D-7. 100-FR·J Groundwater Oper1ble Unit N•tf" Am•rk • n Rh k Au•um• nt 

H1111rd quotient and cancer risk from dermal uposur• to nonvolatH• compound• in •-1t lode• Ylpor 
Y1luim1 Natlotl s-• t Lod1• ~n•rio (Rldolft, 2007) 

'1'1Uffl1NHlon1llpCIW"•--lo(Rldolll,2007)-•~lndud411mod.ollo,u1imoll-Caintaml,.,,lccnatntr1tloNln_t..,... .. ,t,oma>nQffllnan1aino:an1r1llonlln 

.,........,_te,...,clto.,..ke1tewn. Ev11uM!onperlorm..tU11rc1\Hrnmo<lolfromCT\JIR o-11od.,-,,.,lo!H-k tnelHwpwZCOI). 
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Attachment Table D-8. 100-FR-3 Groundwater Operable Unit Natlve American Risk Assessment 
Cancer risk from Inhalation of volatile radioactive contamlnanu In sweat lodge vapor 

Yakama Nation Sweat Lodge Scenario (Ridolfi, 2007) 

Vaka ma Nation exposure scenario (Ridolfi, 2007) does not include a model fo r estimating contaminant concentrations in sweat lod&e air from contamin,mt 

concentraUons in 1roundwater used to make stum. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004). 

Parameter Svmbol Value Unit Source 

Inhalation Intake of Anillytes • Volatile RadlonucUdes , .. Dilwl1ted Value pCl Equiltion 33 

Groundwilter Concentration cft Analyte- specific pCl/l ECF-100FR3-11-0024 

Cumulative Volume of wattt used in a sweat 
v __ , 

4 l Harris and Harper, 2004 

Radius of Sweat Lodae r 1 m Harris and Harper 2004 

Inhalation rate· adult IR 26 m3/dav Ridolfi, 2007 

len1:th of sweat event- adult• ET 0.292 7 /24 d,vs/event Ridolfi 2007 

Exoosure Freauencv or Number of swe.ats oer YHr EF 365 ewnts/ve.ar H.arris and H.art>er 2004 

Exposure duration or number of ye.ars .a person sweats in .a lifetime -

.adult ED 70 vears Harris and H.amer 2004 

The constant I . 3.14159 unitleu -
Slope Factor · lnhalatlon SF, Analyt~ spedfic risk/pCJ EPA, 2001 

• For Sweat lodae Inhalation exposure, exposure t ime of 7 hr was replaced with 7/24 days/event so that t he intake va lues have appropriate units (mg/kg-day or pCi) 

when calculated using the inhalation e qu.ations provided in Harris and Harper, 2004 

ECF-100FR3· l 1-0024, Calculation of Exposure Point Concentrations for the 100-FR-3 Groundwater Operable Unit 

EPA, 2001, Health Efft'Cts Assessment Summary Tables d.atabase, "April 16, 2001 Update: Radionuclide Toxldty," "'Radlonudlde Table: Radionuclide C.ardnogenicity ­

Slope Factors."' 

Harris and Harper, 2004, Exposure Sunorlo for CTUIR Troditional Subsistence Ufeways. 

Ridolfi , 2007, Yakama Notion Exposure Scenario/or Honford Site Risk Asseument , 

Cancer risk alculaUon 

~ 1.,11 (radiological) Sf
1
~ Risk " Nonradioactive Analvte Name CAS# Volatile• lnrllll (DCil (risk/DCil funitlessl Contribution 

Arneridum-241 14596-10-2 - 0.13 - (c) 2.81E-08 -
carbon-14 14762-7S-S - u - (c) 7.07E-12 -
Gross alpha 12587-46-1 - 6.2 - (c) - -
Plutonium-238 13981-16-3 - 0 .24 -(c) 3.36E-08 -
Plutonium-239/240 15117-48-3 - 0.70 -(c) 3.33E-08 -
St rontium-90 10098-97-2 - 3.3 - (c) l .OSE-10 -
Technetlum-99 14133-76-7 - 6 .1 - (c) l .41E· ll -
Tritium 10028-17-8 Yes 2,700 S.OOE+OS S.62E-14 2.SlE-05 

Total ELCR 2.81E-OS 

-Vol.atilt radioactive conUmin.ants .as defined by EPA. 2001, Health Effects Assessment Summary Tables datablse, "'April 16, 2001 Update: Radionuclide Toxicity,• "'Radionudide Table: Radionuclide 

Cardnoeenkity- Slope Factors." 

~ EPA. 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionudide Table: Radionuclide Carcinogenicity - Slope Factors.• 

' Inhalation Intake of nonvolatile radionuclides Is presented in Table 0-9 

- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route. 

ELCR s excess lifetime cancer risk. 

EPA/540/R-92/003 Risk Auessml!'nt Guidance/or Su~rfund: Volume I - Human Health Evaluatioo Manual (Part 8, Development of Preliminary Remediotioo Goofs} . 

Harris and Harper, 2004, fxposurl!' Scenario for CTUIR Traditional Subsistl!'nce UJl!'ways 
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Attachment Table D-9. 100-FR-3 Groundwater Operable Unit Native American Risk Assessment 

Cancer risk from inhalation of nonvolatile radioactive contaminants In sweat lodge vapor 
Yakama Nation Sweat Lodge Scenario (Ridolfi, 2007) 

V1hmil N,1tlon Hposure scenulo (RJdolfJ, 2007) does not lndude ii model for estlmatln1 contamfnilnt concentrations In sweat lodge air from contamlnilnt concentrations 
In groundwater used to mike steam . Evaluation pl!rformed using steam model from CTUIR sweat lodge scernirto {HilrTIS ind H1rper 2004). 

P1rilmeter Svmbol V11lue Unit Source 

lnNllitlon lnt1ke of An11ytu - Nonvol1tlle R1dlonuclldu '~ CalOJlated Value pCl Equation 38 

Groundw1ter Concentr1tlon c;,.. Analyte-+ spedflc pCl/l £CF-100FR3·11-0:,24 

Cumul1t1ve Volume of water used in a sweat Vw , .. 1 4 Harris and Harper, 2004 

tnhalat!on rate• adul t IR 26 m1/ d1y Rldolfl 2007 

lenirth of sweat event• adult" ET 0.292 7/24d,1V'll/event RldolfJ 2007 
Exoosure Frl!Ouencv or Number of swe•ts oer vear EF 365 events/veu Harris and Har er, 2004 

Exoosure duration or number of vears a D~son swHts In a lifetime· adult ED 70 vears Harris and Haroer 2004 

MolK\llar wel1ht of water MW. 18 g/mo1e Harris and Huper, 2004 

Density of liquid water .. 1000 g/l Harris and Harper, 2004 

Temoerature of the swHt lodub 338.7 Harris and Haroer 2004 

Ideal as law constant 0.06237 fmmH.r.·m 1)/(.r.mote-Kl Harris and Har0er, 2004 

Slope Factor• lnhal,tlon SF, Ana1yte-spedfic rfs k/pCI EPA, 2001 

• For Sweat lodge lnhalatfon exposure, e11:posure time of 7 hr was replaced with 7/24 days/event so that the Intake values have appropriate units (mg/kg-day of pCI) when 

calaJl1ted using th• lnhalatlon equ1tlons provided In H1rrls ilnd Huper, 2004. 

"Temper;ture of 389 K provided In Huris ind Harper, 2004 WilS replaced with 338.7 K (1S0°F) for consistency with stil ted Hsumptlon In Harris ilnd Harper, 2004 that 

sweat lodge Internal temper1ture Is ma lntaln.d at 1S0°F. 

ECF-100FR3-11-0024, Calculation of Exposu~ Point Conuntrations/orthe 100-FR·J GroundwaterO~roble Unit 

EPA, 2001, Health Effects Assessment Summary T1bles d1tabilse, "April 16, 2001 Update: Radlonuctrde Toxlcfty: "Radlonucllde T1ble: R,1dlonuclfde C,1rdnogenlcity- Slope 

Factors." 

Harris and Harper, 2004, Exposure Scenorlo forCTUIR Traditional Subslstenu Ufeways. 

Ridolfi, 2007, Yak a ma Nation Expos.ure Scenario for Hanford Site Risk A.ss.es.s.ment . 

Cancer risk alOJl1tlon 

Amerldum-241 

Cubon-14 
Gross,1lpha 

Plutonium-238 

Plutonlum-239/240 
St rontlum-90 
Technetium-99 

Tritium 
Tot1I ELCR 

Nonradioactive Analvte N,1me CAS# 
14596-10-2 

14762· 75-5 

12587•46·1 
13981-16-3 

15117·48-3 

10098-97•2 
14133-76-7 

10028-17·8 

Volatile" 

, .. 

c;,.. lw,(radfologfcal) 

foCf/ll foC;l 

0.13 4.13E+o3 

12 3.76E+o5 

6.2 1.95E+o5 

0.24 7.46E+o3 

0.70 2.21E+04 

3.3 1.05Et05 
6.1 1.94Et05 

2700 - 1<1 

Sf1b Risk " frlsk/DCII funitlHsl Contribution 

2.81E-08 1.16E-04 10 

7.07E·12 2.66E-06 0.24 

3.36E-08 2.SlE-04 22 

3.33E-08 7.37E-04 66 

1.05E·10 1.lOE-05 0.98 
l .41E-11 2.73E-06 0.24 

5.62E·14 
l.12E-03 100 

"volatile radioactive contaminants H defined by EPA, 2001, Health Elf eds Asses.s.ment Summary Tab les. database, "April 16, 2001 Update: R,1dionucllde Toxicity: •R1dionudlde Table: R1dlonuclide Carcinogenicity 

- Slope Factors.• 

b EPA, 2001, Health Effects Assessment Summary Tables database, •April 16, 2001 Upd,1te: Rad!onudJde Toxlcfty: "Radlonudide T1ble: Radlonudfde Carcinogenicity- Slope Factors ." 

< lnhalatlon Intake of volatile radlonuclldes in presented In table D-8 

•· =Indicates r,1dfo nudlde toxicity criteria not avallable to quantify contaminant's cancer risk via this e11:posure route 

ELCR = o:ceu lifetime cancer risk. 
EPA/S40/R·92/003 Risk Assess.ment Guidance for Su~rfund: Volume I ·· Human Health Evaluation Manual (Part B, Development of Prelim inary Remediation Goals., . 

Harris and Harper, 2004, Expos.Ure Scenario for CTUIR Traditional Subs. /stenu LJ/ewoys 

0-9 
100-FR-3 Native Am Risk-Attach D 

106 9 of 9 




