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1 Purpose 

2 The purpose of this environmental calculation is to document the assumptions, equations, and methods 
3 used to calculate the potential human health risks and hazards associated with exposure to contaminants 
4 in the 100-BC-5 Groundwater Operable Unit (OU) for two Native American exposure scenario . 
5 Exposure is evaluated assuming a hypothetical failure of current administrative controls, such that tribal 
6 use of I 00-BC-5 OU groundwater becomes possible. Cancer risks and non-cancer hazards are calculated 
7 based on current groundwater conditions for both radiological and nonradiological analytes. For purposes 
8 of this calculation, any analyte detected at least once in groundwater at the I 00-BC-5 OU is included in 
9 the exposure and risk calculations. Cancer risks and noncancer hazards are calculated for ingestion, 

IO inhalation, and dermal contact exposure routes from use of groundwater as a domestic drinking water 
11 source and from use of groundwater as a source of steam in a sweat lodge. The results of all exposure 
12 routes are summed to calculate total excess lifetime cancer risk (ELCR) and hazard index (HI). Risks and 
13 hazards are calculated and presented using a composite dataset of 37 wells located in the I 00-BC-5 
14 groundwater OU. This risk assessment supports DOE/RL-2010-96, Remedial Investigation/Feasibility 
15 Study for the 100-BC-l, 100-BC-2, and 100-BC-5 Operable Units. 

16 2 Background 

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

21 For purposes of this envirorunental calculation, adult and child members of the CTUIR and the Yakama 
22 Nation are assumed to use groundwater from the 100-BC-5 OU as a drinking water source (i.e. , domestic 
23 supply) and to make steam in a sweat lodge (adult tribal members only) as a part of their traditional 
24 lifeways. 

25 Use of groundwater to irrigate crops and water livestock is not evaluated, because those exposure 
26 pathways, although potentially complete, are considered insignificant and secondary to the drinking water 
27 and sweat lodge exposure pathways . Such food-chain and leaching exposure pathways are evaluated 
28 separately in the PRG calculations provided in DOE/RL-2010-96, because the RESRAD model (A.NL, 
29 2014, RESRAD, Version 7.0) used to estimate exposures considers these pathways. Contact with 
30 contaminated drill cuttings is not addressed; only the drinking water and sweat lodge exposure pathways 
31 are relevant to the Native American exposure scenarios. 

32 2.1 Carcinogenic Effects 

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

42 



For nonradionuclides: 

2 

3 where: 

4 
5 
6 

Risk 
CDI 
SF 

7 For radionuclides: 

8 

9 where: 

IO 
11 
12 
13 

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-dayt' 

Risk = Intake x SF 

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

(1) 

(2) 

I 4 For cases with high ELCR values, defined as an ELCR greater than 0.0 I, the following "one-hit" cancer 
15 risk equation from EPA Risk Assessment Guidance for Superfund (RAGS) Part A guidance (EPA/540/ 1-
16 89/002) is used. 

17 
18 

19 
20 
21 
22 

where: 

Risk 
CDI 
SF 

Risk = 1 - exp(-CD/ 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-dayt' or (pCit' 

(3) 

23 Although synergistic or antagonistic interactions might occur between cancer-causing contaminants and 
24 other contaminants, infonnation is generally lacking in the toxicological literature to predict 
25 quantitatively the effects of these potential interactions. Therefore, in this assessment, cancer risks are 
26 treated as independent, and additive within an exposure route. This is consistent with the EPA guidelines 
27 on chemical mixtures presented in EPA/630/P-03/00lF, Guidelines/or Carcinogen Risk Assessment. 

28 2.2 Noncarcinogenic Effects 

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

33 
Chemical Intake (k m: ) 

HQ= o - ay 
RfD( mo ) 

k9- day 

(4) 

34 When the HQ for a contaminant exceeds l (that is, exposure exceeds the RID), there is a concern for 
35 potential noncancer health effects. To assess the potential for noncancer effects posed by exposure to 
36 multiple contaminants, a hazard index (HI) approach is used, in accordance with EPA guidance 
37 (EP A/540/1-89/002). This approach assumes that the non cancer hazards associated with exposure to 

2 
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I multiple contaminants are simply additive; synergistic or antagonistic interactions between contaminants, 
2 which are largely unknown, are not accounted for. 

3 2.3 Exposure Routes 

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

6 • Ingestion of water, 

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

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

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

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

15 • Denna) contact with vapors and condensed liquid, while spending time in a sweat lodge. 

16 2.4 References 

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

19 • EPA/540/1 -89/002, Risk Assessment Guidance for Supe,fund: Volume I-Human Health Evaluation 
20 Manual, Part A, Interim Final; 

21 • EP A/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation 
22 Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim; 

23 • EP A/540/R/99/005 , Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation 
24 Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final; 

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

27 • ORNL, 2016, The Risk Assessment Infonnation System (RAIS) (http://rais.oml.gov/) 

28 - RAIS Risk Exposure Models for Chemicals User's Guide 
29 (http://rais.oml.gov/tools/rais chemical risk guide.html) 

30 - RAIS Risk Exposure Models for Radionuclides User's Guide 
31 (http://rais .oml.gov/tools/rais rad risk guide.html) 

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

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

3 
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The CTUIR and Yakama Nation provided many of the exposure factors necessary to quantify 
2 contaminant intake in the following references. Those values are used preferentially, rather than EPA 
3 residential default values. Where tribal-specific factors are not provided, EPA defaults are used 
4 (EPA/540/R-92/003). 

5 • Harris and Harper, 2004, Exposure Scenario for CTUJR Traditional Subsistence Lifeways; 

6 • Harris, 2008, Application of the CTUJR Traditional Lifeways Exposure Scenario in Hanford Risk 
7 Assessments; and 

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

9 3 Methodology 

10 This section provides the equations ( and their bases) used to calculate the cancer risks and non cancer 
11 hazards associated with exposure to analytes detected in the I 00-BC-5 groundwater OU via the exposure 
12 routes associated with the drinking water and sweat lodge exposure pathways. 

13 3.1 Drinking Water Exposure Pathways 

14 
15 
16 

17 

18 
19 

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

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

20 3.1.1 .1 Drinking Water Ingestion-Carcinogenic Effects 
21 For ingestion of carcinogens, the chronic daily intake (CDI) is calculated using the following equations: 

22 CD I = CwxIRWadjXEF 

ATcanXCFI 

23 where: 

24 
J RW . = EDcXIRWc + (EDr-EDc)XIRWa 

adJ BWc BWa 

25 Cancer risk is calculated using the fo llowing equation: 

26 

27 

Risk = CDI x CSF0 

4 

(5) 

(6) 

(7) 



Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathways for the CTUIR Exposure Scenario in the 100-BC-5 
Groundwater Operable Unit 

Exposure Factor Symbol Va lue Units Source 

Averaging Time - carcinogens ATcan 70 years Harris, 2008 

Averaging Time - noncarcinogens ATnc 6 years Harris, 2008 

Partitioning Constant Derived by Bunge Model B analyte-specific unitless 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 CFl 365 days/year 1 year = 365 days 

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

Conversion Factor CF3 0.001 L/cm3 1 L = 1,000 cm3 

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

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

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

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

Chronic Daily Intake - carcinogen inhalation CDI Calculated value µg/m 3 Equation 13 

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

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

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

Chronic Daily Intake - noncarcinogenic dermal CDI Calculated value mg/kg-day Equation 23 

Contaminant concentration in groundwater Cw analyte-specific mg/L or pCi/L ECF-100BC5-l 1-0016 

Absorbed dose per event DAevent Calcu lated value mg/cm2-event Equation 26, 27,and 28 

Exposure Duration - CTUlR resident ED, 70 years Harris and Harper, 2004 

m 
() 
'Tl 

I ...... 
0 
0 
ClJ 
() 
(J'1 
I ...... ...... 
b 
0 ...... 
--.J 

::0 
m 
~ 
0 



Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathways for the CTUIR Exposure Scenario in the 100-BC-5 
Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Exposure Duration - child EDc 6 years Harris, 2008 

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

Exposure Time - adult dermal ETa 0.71 hours/event EP A/600/R-090/052F 

Exposure Time- child dermal ETc 0.54 hours/event EP A/600/R-090/052F 

Age-Adjusted Exposure Time - dermal ETactj 0.695 hours/event Equation 25 

Exposure Time ET 24 hours/day OSWER Directive 9200.1-120 

Event Frequency EV event/day EP A/540/R/99/005 m 
(") 
"Tl 

Fraction of absorbed water FA analyte-specific unitless See Table 4- 4 I ..... 
0 
0 

Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4- 4 a, 
(") 
u, 

Inhalation Rate - adult INHa 25 m3/day Harris, 2008 
I 

(J) ..... ..... 
I 

Inhalation Rate - child INHc 15 m3/day Harris, 2008 
0 
0 ..... 
-...J 

Age-Adjusted Inhalation Rate - radiological INH_RADactj 1,690 m3-year/day Equation 18 ;:o 
m 

Water Ingestion Rate - adult IRWa 4 Uday Harris, 2008 <: 
0 

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

Age-adjusted Water Ingestion Rate -
nonradiological IRWactj 4 .057 L-year/kg-day Equation 6 

Age-adjusted Water Ingestion Rate - radiological IRW_RADactj 262 L-year/day Equation 11 

Inhalation Unit Risk IUR analyte-specific (µg/m 3)"1 See Table 4- 4 

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

The constant pi 7[ 3.14159 unit less 



Table 3-1. Summary of Exposure Assumptions for the Drinking Water Exposure Pathways for the CTUIR Exposure Scenario in the 100-BC-5 
Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Reference Concentration RfC analyte-specitic mg/m3 See Tab le 4-4 

Reference Dose - oral RfDo analyte-specitic mg/kg-day See Tab le 4-4 

Skin Surface Area - adu lt SA. 19,652 cm2 EP A/600/R-090/052F 

Skin Surface Area - child SAc 6,365 cm2 EP A/600/R-090/052F 

cm2-year-
Age-adjusted skin surface area SAadj 20,514 event/kg-day Equation 21 

Slope Factor - inhalation SF; analyte-specitic Ri sk/pCi See Tab le 4-4 

Slope Factor - oral SFo analyte-specitic Ri sk/pCi See Table 4-4 

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

Lag time T analyte-specitic hours/event See Table 4-4 

Volatilization Factor VF 0.5 L/m3 EP A/540/R-92/003 

Notes: 

ECF- 1 00BCS- 1 1-00 16, Calculation of Exposure Point Concentrations for the I 00-BC-5 Groundwater Operable Unit . 

EP N540/R-92/003 , Risk Assessment Guidance for Superfand: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary 
Remediation Goals): Interim. 

EPN540/R/99/005, Risk Assessment Guidance for Supe1fund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk 
Assessment). 

EPN600/R-090/052F, Exposure Factors Handbook: 2011 Edition . 

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

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

OSWER Directive 9200.1-120, Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. 
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Table 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathways for the Yakama Nation Exposure Scenario in 
the 100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Averaging Time - carcinogens ATc 70 year Ridolfi , 2007 

Averaging Time - noncarcinogens ATnc 6 years Ridolfi , 2007 

Partitioning constant Derived by Bunge Model B analyte-specific unitless See Tab le 4-4 

Body Weight - adult BWa 70 kg Ridolfi , 2007 

Body Weight - child BWc 16 kg Ridolfi , 2007 m 
(') 
"Tl 

Conversion Factor CFl 365 days/year 1 year = 365 days ' _. 
0 
0 

Conversion Factor CF2 1/24 days/hour 1 day = 24 hours ClJ 
(') 
0, 

Conversion Factor CF3 0.001 L/cm3 1 L = 1,000 cm3 I _. 
_. 

I 

Cancer Slope Factor - oral analyte-specific (mg/kg-dayt 1 See Tab le 4-4 
0 

CSFo 0 _. 
-...J 

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

co 
Chronic Daily Intake - noncarcinogenjc ingestion CDI Calculated va lue mg/kg-day Equation 8 <: 

0 

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

Chronic Daily Intake - carcinogenic inhalation CDI Calculated va lue µg/m3 Equation 13 

Chronic Daily Intake - noncarcinogeruc inhalation CDI Calcu lated value mg/m3 Equation 15 

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

Chronic Daily Intake - carcinogenic dermal CDI Calcu lated value mg/kg-day Equation 20 

Chronic Daily Intake - noncarcinogenic dermal CDI Calculated value mg/kg-day Equation 23 

Contaminant concentration in groundwater Cw analyte-specific mg/L or pCi/L ECF-I00BC5-l l-0016 

Absorbed Dose per Event DAevenl Calcu lated value mg/cm2-event Equations 26, 27, and 28 

Exposure Duration - Yakima Nation resident ED, 70 year Ridolfi , 2007 



Table 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathways for the Yakama Nation Exposure Scenario in 
the 100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Exposure Duration - child EDc 6 year Ridolfi , 2007 

Exposure Frequency EF 365 days/year Ridolfi , 2007 

Exposure Time - adult dermal ETa 0.71 hours/event EP A/600/R-090/052F 

Exposure Time - child dermal ETc 0.54 hours/event EP A/600/R-090/052F 

m 
Age-Adjusted Exposure Time - dermal ETadj 0.695 

() 
'Tl 

hours/event Equation 25 I _. 
0 

Exposure Ti me ET 24 hours/day OSWER Directive 9200.1-120 
0 
OJ 
() 

Event Frequency EV event/day EP A/540/R/99/005 
c.n 

I _. 
_. 

I 

Fraction of absorbed water FA analyte-specific unitless See Table 4-4 0 
0 _. 

Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-4 
-.J 

::0 
co Inhalation Rate - adult INHa 26 m3/day Ridolfi , 2007 

m 
:< 
0 

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

Age-Adjusted Inha lation Rate - rad iological INH_RADadj 1,760 m3-year/day Equation 18 

Water Ingestion Rate - adult lRWa 4 Ilday Ridolfi , 2007 

Water Ingestion Rate - child lRWc 2 Ilday Ridolfi , 2007 

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

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

Inhalation Unit Risk IUR analyte-specific (µ g/m3tl See Table 4-4 

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

The constant pi 7[ 3.14159 unitless 



...... 
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Table 3-2. Summary of Exposure Assumptions Used for the Drinking Water Exposure Pathways for the Yakama Nation Exposure Scenario in 
the 100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Reference Concentrati on RfC analyte-specific mg/m3 See Tab le 4-4 

Reference Dose - oral RtDo analyte-specific mg/kg-day See Tab le 4-4 

Skin Surface Area - adult SAa 19,652 cm2 EP A/600/R-090/052F 

Ski n Surface Area - child SAc 6,365 cm2 EP A/600/R-090/052F 

cm2-year-
Age-adjusted skin surface area SAacti 20,354 event/kg-day Equat ion 21 

Slope Factor - inhalation SFi analyte-specific Ri sk/pCi See Table 4-4 

Slope Factor - oral SFo analyte-specific Ri sk/pCi See Table 4-4 

Time to reach steady state conditions t* anal yte-speci fi e hours See Table 4-4 

Lag time T anal yte-specific hours/event See Table 4-4 

Volatilizati on Factor VF 0.5 L/m3 EP A/540/R-92/003 

Notes: 

ECF- 1 00BCS- 1 1-0016, Calculation of Exposure Point Concentrations for the I 00-BC-5 Groundwater Operable Unit. 

EPA/540/R-92/003, Risk Assessment Guidance for Supeifund: Volume 1- Human Health Evaluation Manual (Part 8 , Development of Risk-based Prelimina1y 
Remediation Goals): interim. 

EP A/540/R/99/005 , Risk Assessment Guidance for Superjimd Volume !: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk 
Assessment). 

EPA/600/R-090/052F, Exposure Factors Handbook: 201 I Edition. 

OSWER Directive 9200. 1-120, Human Health Evaluation Manual, Supplemental Guidance: Upda te of Standard Default Exposure Factors. 

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 

otes: 

COi= chronic daily intake 

HQ= hazard quotient 

Symbol for 
Calculated Value 

CDI 
IRWadj 

Reference 

RAIS Risk Exposure Models for Chemicals User's Guide 
(ORNL, 2016) 

Ri sk EP A/540/R-92/003 

CDI 

HQ 

CDI 

IRW_RADadj 

RATS Risk Exposure Mode ls for Chemica ls User's Guide 
(ORNL, 2016) 

EP A/540/R-92/003 

RAIS Ri sk Exposure Models for Radionuclides User's Guide 
(ORNL, 2016) 

Ri sk EP A/540/R-92/003 

IRWadj = age-adj usted water ingest ion rate. 

IRW_ RADadj = age-adj usted water ingestion rate for rad ionuclides. 

EP N540/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, 2016, The Risk Assessment lnfom1ation System (RA IS). 

2 3.1.1.2 Drinking Water lngestion-Noncarcinogenic Effects 
3 For ingestion of noncarcinogens, the CDI is calculated using the following equation: 

4 
CD! = Cw XIRWc XEF x EDc 

BWcX ATncX CFl 

5 Noncancer hazard is calculated using the following equation: 

6 HQ = CD/ 
RfDo 

7 3.1.1.3 Drinking Water lngestion-Radionuclides 
8 For ingestion ofradionuclides, the CDI is calculated using the following equations: 

9 CD/ = Cw x IRW _RADadj x EF 

10 where: 

11 I RW _RAD adj = (EDc X IRWc) + ([EDr - EDc] x I RWa) 

12 Radiological cancer risk is calculated using the following equation: 

13 Risk = CDI x SF0 

11 

(8) 

(9) 

(10) 

(l 1) 

(12) 
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3.1.2 Intake and Risk Equations for Drinking Water Inhalation (Volatiles Only) 
2 The bases for the equations used to calculate intake, risk, and hazard associated with inhalation of 
3 volatiles in drinking water are summarized in Table 3-4. Equations are provided in the following 
4 subsections. 

5 

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

Effect 

Carcinogenic 

Noncarcinogenic 

Radionuclide 

Notes: 

Symbol for 
Calculated Value 

CDI 

Reference 

RAIS Risk Exposure Models for Chemicals User's Guide 

(ORNL, 2016) 

Risk EPA-540-R-070-002 

CDI 
RAIS Risk Exposure Models for Chemicals User's Guide 

(ORNL, 2016) 

HQ EPA-540-R-070-002 

CDI 

INH_RADactj 

RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2016) 

Risk EP A/540/R-92/003 

COi= chronic daily intake. 

HQ = hazard quotient. 
INH _ RADactj = age-adjusted radionuclide inhalation rate. 

EPA-540-R-070-002, Risk Assessment Guidance fo r Supe1f und: Volume I - Human Health Evaluation Manual (Part F, 
Supplemental Guidance for Inhalation Risk Assessment). 

EPN S40/R-92/003, Risk Assessment Guidance fo r Supe1ji111d: Vo lume I - Human Health Evaluation Manual (Part B, 
Development of Risk-based Prelimina,y Remediation Goals): In terim . 

ORNL, 2016, The Risk Assessment lnfom1ation System (RAJS). 

6 3.1.2.1 Drinking Water Inhalation of Volatiles-Carcinogenic Effects 
7 For inhalation of carcinogens, the CDI is calculated using the following equation: 

8 CDI 
CwXEDrXEFXETXCF2XVFx( 1000~) 

ATcanXCFl 

9 Cancer risk is calculated using the following equation: 

10 Risk= CDI x /UR 

11 3.1.2.2 Drinking Water Inhalation of Volatiles-Noncarcinogenic Effects 

12 For inhalation of noncarcinogens, the CDI is calculated using the fo llowing equation: 

13 
CD/ = CwXEDc XEFXETXCF2XVF 

ATncXCFl 

12 

(13) 

(14) 

(15) 

------
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Noncancer hazard is calculated using the following equation: 

2 HQ = CD / 
RfC 

3 3.1.2.3 Drinking Water Inhalation of Volatiles-Radionuclides 
4 For inhalation of radionuclides , the CDI is calculated using the following equations : 

5 CD/ = Cw x INH_RADadJ x VF x EF x ET x CF2 

6 where: 

7 INH_RADadJ = (EDc x IN He) + ( [EDr - EDc] x IN Ha) 

8 Radiological cancer risk is calculated using the following equation: 

9 
10 

11 3.1.3 

Risk= CDI x SFi 

Intake and Risk Equations for Drinking Water Dermal Absorption 

(16) 

(17) 

(18) 

(19) 

12 The bases for the equations used to calculate intake, risk, and hazard associated with the drinking water 
13 denn al absorption exposure route are provided in Table 3-5. The equations are presented in the followi ng 
14 subsections. 

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 

Radionuclide Not app licable 

Notes: 
COi= chronic daily intake. 
DAevent = absorbed dose per event. 
ETadj = age-adjusted exposure time. 
HQ = hazard quotient. 
SA.di= age-adjusted skin surface area. 

Reference 

EP A/540/R/99/005 

EP A/540/R/99/005 

EP A/540/R/99/005 

EP A/540/R/99/005 

EP A/540/R/99/005 

EP A/540/R/99/005 

EP A/540/R/99/005 

EP A/540/R/99/005 

EPN 540/R/99/005, Risk Assessment Guidance for Supe1fu nd Volume I: Human Health Evaluation Manual Part E, 
Supplemental Guidance for Dermal Risk Assessment): Final. 

13 



ECF-1 00BC5-11-001 7, REV. 0 

3.1.3.1 Drinking Water Dermal Absorption- Carcinogenic Effects 
2 For dennal exposure to carcinogens, the CDI is calculated using the following equations: 

3 

4 where: 

5 

CD/ = DAeventXSAadjXEF 

ATcan XCFl 

SA . = EDcXSAcXEV + (EDr-EDc)XSAaXEV 
adj BWc BWa 

6 Cancer risk is calculated using the following equation: 

7 Risk = CDI X CSFo 
GIABS 

8 3.1.3.2 Drinking Water Dermal Absorption- Noncarcinogenic Effects 
9 For dennal exposure to noncarcinogens, the CDI is calculated using the following equation: 

10 
CD / = DAeventXSAcXEFxEDcXEV 

BWcXATncXCFl 

11 Noncancer hazard is calculated using the following equation: 

12 HQ - CD[ 
RfD0 XG/ABS 

13 3.1.3.3 Drinking Water Dermal Absorption- Event Time (Carcinogenic Effects and 
14 Noncarcinogenic Effects) 

(20) 

(21) 

(22) 

(23) 

(24) 

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

18 
ET = (EDcXETc)+([EDr - EDc]xETa) 

EDr 
(25) 

19 3.1 .3.4 Drinking Water Dermal Absorption- Dermally Absorbed Dose (Carcinogenic Effects and 
20 Noncarcinogenic Effects) 
21 For organics, the following equations are used to calculate the dermally absorbed dose per event (DAeveni) , 
22 using the child exposure time for noncarcinogenic effects and the age-adjusted exposure time (as 
23 calculated above) for carcinogenic effects and: 

24 

25 

26 

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

~ DAevent = 2 X FAX KP X Cw x CF3 x ✓-----;;-

14 

(26) 
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If ET > t* , then the following pseudosteady-state equation is used: 

2 [ 
ET (1+38+3B

2
)] 

DAevent =FAX KP X Cw X CF3 X 1+B + 2 X TX (1+B) 2 
(27) 

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

4 
5 For inorganics, the following steady-state equation is used to estimate DAevent: 

6 DAevent = KP X Cw X ET x CF3 (28) 

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

8 3.1 .3.5 Drinking Water Dermal Exposure- Radionuclides 
9 Denna! exposure to radionuclides in drinking water is not evaluated. Although EPA publishes equations 

10 and cancer slope factors to estimate exposure from immersion in water, this exposure route is not 
11 evaluated in the Native American risk assessment because it is not described or defined in either of the 
12 Native American exposure scenarios provided. 

13 3.2 Sweat Lodge Exposure Pathways 

14 Exposure factors used to quantify contaminant intake from the sweat lodge exposure pathways are 
15 provided in Table 3-6 for the CTUIR exposure scenario and in Table 3-7 for the Yakama Nation exposure 
16 scenario. Sweat lodge exposure is evaluated (for adults only) based on an exposure frequency of 365 
17 days/yr over a 68-year exposure duration (first 2 years of life excluded)1 for the CTUIR scenario and a 
18 70-year exposure duration for the Yakama Nation scenario (although the provided exposure scenarios 
I 9 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. 

15 



Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for CTUIR Exposure Scenario in the 
100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Va lue 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 CFl 365 days/year 1 year = 365 days 

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

Conversion Factor CF3 10 L/m2-cm IL = 0.01 m2 x 10 cm 

Groundwater Concentrationb Cctw anal yte-speci fie mg/L or pCi/L ECF-1 00BC5-l l-0016 m 
(") 
"Tl 

Cancer Slope Factor - oral CSFo anal yte-speci fie (mg/kg-dayt 1 See Table 4-4 
I ...... 

0 
0 

Cancer Slope Factor - inhalation CSE anal yte-speci fie (mg/kg-dayt 1 Equation 49 co 
(") 

...... Cf 
(j) Exposure Duration or Number of Years a Person Sweats ...... 

ED 68 year ...... 
in a Lifetime - adult Harris and Harper, 2004 I 

0 
0 ...... 

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

;:u 
Length of Sweat Event - adu ltc ET 1/24 days/event Harris and Harper, 2004 m 

'.< 
Gastrointestinal Absorption Factor GIABS anal yte-speci fie unitless See Table 4-4 0 

Inhalation Intake of Analytes in Sweat Lodge- vo latile 
Lnh Calculated value mg/kg-day Equation 29 

and semi-volatile nonradionuclides 

Inhalation Intake of Analytes in Sweat Lodge- vo latile 
Iinh Calculated value pCi Equation 32 

and semi-volatile radionuclides 

Inhalation Intake of Analytes in Sweat Lodge-
Iinh Calculated value mg/kg-day Equation 34 nonvolati le nonradionuclides 

Inhalation Intake of Analytes in Sweat Lodge-
l;nh Calcu lated value pCi Equation 37 nonvolatile radionuclides 



Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for CTUIR Exposure Scenario in the 
100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Va lue Units Source 

Dermal Intake of Analytes in Sweat Lodge- volatile and 
lct,v = lct,total Calculated value mg/kg-day Equation 39 

semi-volatile vapor 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
l ct, I Calculated value mg/kg-day Equation 42 

condensed liquid 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
lct,v Calculated value mg/kg-day Equation 43 

vapor 

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

Inhalation Unit Risk IUR analyte-specific (µg/m 3t l See Table 4-4 m 
(") 

Analyte-Specific Permeability Coefficient Kp analyte-specific cm/hour See Table 4-4 "Tl 
I _. 

0 

Molecular Weight of Water MWw 18 g/gmole Harris and Harper, 2004 0 
CD 
(") 

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

(]1 

Pw I 
--J _. 

_. 
I 

The Constant pi rr 3.14159 unitless 0 
0 _. 

Radius of Sweat Lodge Harris and Harper, 2004 
--J 

r m 
:::0 

mmHg-m3/mole-
m 

R 0.06237 :< 
Ideal Gas Law Constant K Harris and Harper, 2004 0 

Ideal Gas Law Constant<l R 62.37 mmHg-L/mole-K Harris and Harper, 2004 

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

Reference Dose - inhalation RID; analyte-specific mg/kg-day Equation 50 

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 Lodgee T 338.7 K Harris and Harper, 2004 



CX) 

Table 3-6. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for CTUIR Exposure Scenario in the 
100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Cumulative Volume of Water Used in Sweat Y w,tota l 4 Liters Harris and Harper, 2004 

Notes: 

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

b. Harris and Harper (2004, Appendix 4) indicates water concentration (Cdw) is ·'dissolved surface water concentration of the COPC (mg/L); calculated 
according to EPA 1998a, Appendix B.'" However, fo r this assessment analyte exposure po int concentrations refl ect to tal concentrations in groundwater. 

c. For sweat lodge inhalation exposure, exposure time of I 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 of0.06237 mmH g-m3/gmole-K provided in Harris and Harper, 2004 was replaced with 
62.37 mmHg-L/gmole-K so that intake values have appropriate units (mg/kg-day) when ca lculated using the equations prov ided in Harris and Harper, (2004, 
Equations 15 and 20). 

e. Temperature of 389 K provided in Harris and Harper, 2004 was replaced with 338.7 K (150 °F) for consistency with stated assumption in Harris and 
Harper, 2004 that sweat lodge internal temperature is maintained at 150 °F. 

CTUJR = Confederated Tribes of the Umatilla Indian Reservation 

ECF- 1 OOBC5- I 1-00 16, Calculation of Exposure Point Concentrations for the I 00-BC-5 Groundwater Operable Unit. 

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

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

m 
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Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for Yakama Nation Exposure Scenario in 
the 100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

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

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

Average Body Weight - adu lt BW 70 kg Ridolfi , 2007 

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

Conversion Factor CF2 0.0 1 m/cm 1 meter = 100 cm 

Conversion Factor CF3 10 L/rn2-cm 1 L = 0.01 m2 x 10 cm 

Groundwater Concentrationb Cdw analyte-specific mg/L or pCi/L ECF-100BC5-l l-0016 m 
(') 
"Tl 

Cancer Slope Factor - oral CSFo analyte-specific (rng/kg-day)" 1 See Table 4-4 
I ..... 

0 
0 

Cancer Slope Factor - inhalation CSF; analyte-specific (mg/kg-day)" 1 Equation 49 OJ 
(') 

..... 0, 
I c.o Exposure Duration or Number of Years a Person Sweats in ..... 

ED 70 year Ridolfi , 2007 ..... 
a Lifetime - adult I 

0 
0 ..... 

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

:::0 
Length of Sweat Event - adultc ET 7/24 days/event Ridolfi , 2007 m 

:< 
Gastrointestinal Absorption Factor GIABS analyte-specific unitless See Table 4-4 

0 

Inhalation Intake of Analytes in Sweat Lodge- vo lati le 
Lnh Calculated value mg/kg-day Equation 29 

and semi-volati le nonradionuclides 

Inhalation Intake of Analytes in Sweat Lodge- volatile 
Iinh Calculated value pCi Equation 32 

and semi-volatile radionuclides 

Inhalation Intake of Analytes in Sweat Lodge-
Iinh Calculated value mg/kg-day Equation 34 

nonvolatile nonradionuclides 

Inhalation Intake of Analytes in Sweat Lodge-
l ;nh Calculated value pCi Equation 37 nonvolatile radionuclides 



Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for Yakama Nation Exposure Scenario in 
the 100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Dermal Intake of Analytes in Sweat Lodge- volatile and 
ld,total = ld,v Calculated value mg/kg-day Equation 39 

semi-volatile vapor 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
Id,I Calculated value mg/kg-day Equation 42 

condensed liquid 

Dermal Intake of Analytes in Sweat Lodge- nonvolatile 
ld,v Calculated value mg/kg-day Equation 43 

vapor 

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

Inhalation Unit Ri sk IUR analyte-specific (µg/m 3y1 See Table 4-4 m 
(') 

Analyte-Specific Permeability Coefficient Kp analyte-specific cm/hour See Table 4-4 
"Tl 

I 
....>. 
0 

Molecular Weight of Water MWw 18 g/gmole Harris and Harper, 2004 
0 
CD 
(') 

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

Pw· I 
0 ....>. 

....>. 
I 

· The Constant pi rr 3.14159 unitless 0 
0 
....>. 

Radius of Sweat Lodge Harris and Harper, 2004 
-.J 

r m 
::0 

mmHg-m3/mole-
m 

Ideal Gas Law Constant R 0.06237 Harris and Harper, 2004 ~ 
K 0 

Ideal Gas Law Constantd R 62.37 
mmHg-Umole-

Harris and Harper, 2004 
K 

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

Reference Dose - inhalation RtDi analyte-specific mg/kg-day Equation 50 

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

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

Slope Factor - inhalation SFi analyte-specific Risk/pCi See Table 4-4 
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Table 3-7. Summary of Exposure Assumptions Used for the Sweat Lodge Exposure Pathways for Yakama Nation Exposure Scenario in 
the 100-BC-5 Groundwater Operable Unit 

Exposure Factor Symbol Value Units Source 

Temperature Inside the Sweat Lodgee T 338.7 K Harris and Harper, 2004 

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

Notes: 

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

b. Harri s and Harper (2004, Appendix 4) indicates water concentration (Cdw) is "dissolved surface water concentration of the COPC (mg/L); calculated 
according to EPA 1998a. Appendix B." However. fo r thi s 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 prov ided in Harris and Harper (2004, Equations 7 and 15). 

d. For sweat lodge dennal exposure, the ideal gas law constant of0.06237 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 338. 7 K ( 150 °F) fo r consistency with stated assumption in Harris and Harper, 
2004 that sweat lodge internal temperature is maintained at 150 °F. 

ECF-1 00BC5- I 1-00 16, Calculation of Exposure Point Concentrations fo r the I 00-BC-5 Groundwater Operable Uni t. 

Harris and Harper, 2004, Exposure Scenario fo r CTUIR Tradit ional Subsistence Lifeways. 

Ridolfi , 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment. 
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3.2.1 Intake and Risk Equations for Sweat Lodge Inhalation of Volatiles and Semi-Volatiles 
2 The bases for the equations used to calculate intake, risk, and hazard associated with the inhalation of 
3 volatiles and semi-volatiles during sweat lodge use are summarized in Table 3-8. Equations are provided 
4 in the following subsections. 

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

Effect Symbol for Calculated Value 

Carcinogenic and Noncarcinogenic 

Carcinogenic 

Noncarcinogenic 

Radionuclide 

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

l;nh 

Ri sk 

HQ 

l inh 

Risk 

Reference 

Harris and Harper, 2004 

EPA-540-R-070-002 

EPA-540-R-070-002 

Harri s and Harper, 2004 

EPN540/R-92/003 

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

EP A/540/R-92/003 , Risk Assessment Guidance for Superfund: Vo lume 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. 

5 

6 3.2.1.1 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles-Intake (Carcinogenic Effects and 
7 Noncarcinogenic Effects) 
8 Inhalation intake of volatiles and semi-volatiles in sweat lodge vapor is calculated using the following 
9 equation (Harris and Harper 2004, Appendix 4, Equation 7) : 

10 

C x (Vw,total)x( 1 ) x lRXETxEFXED 
dw 2 2/3xrrxr3 

BWxATxCFl 
(29) 

11 3.2.1.2 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles-Carcinogenic Effects 
12 For carcinogens, the cancer risk is calculated using the following equation: 

13 Risk = CSFi X linh (30) 

14 3.2.1.3 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles-Noncarcinogenic Effects 
15 For noncarcinogens, the noncancer hazard is calculated using the following equation: 

16 HQ =-1-x J. h 
RfDi m 

(31) 

22 
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1 3.2.1.4 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles-Radionuclides 
2 Inhalation intake of volatile and semi-volatile radionuclides in sweat lodge vapor is calculated using the 
3 following equation (modified for pCi/L groundwater concentration units and inhalation slope factors from 
4 Harris and Harper, 2004, Appendix 4, Equation 7): 

5 (
Vw total) ( 1 ) Iinh=Cdwx ' X 2; 3 x/R xETxEFxED 

2 3xrrxr 
(32) 

6 Radiological cancer risk is calculated using the following equation: 

7 (33) 

8 3.2.2 Intake and Risk Equations for Sweat Lodge Inhalation of Nonvolatiles 
9 The bases for the equations used to calculate intake, risk, and hazard associated with the inhalation of 

10 nonvolatiles exposure route during sweat lodge use are summarized in Table 3-9. Equations are provided 
11 in the following subsections. 

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

Effect Symbol for Calculated Value 

Carcinogenic and Noncarcinogenic 

Carcinogenic 

Noncarcinogenic 

Radionuclide 

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

l;nh 

Ri sk 

HQ 

I inh 

Risk 

Reference 

Harris and Harper, 2004 

EPA-540-R-070-002 

EPA-540-R-070-002 

Harris and Harper, 2004 

EP A/540/R-92/003 

EPA-540-R-070-002, Risk Assessment Guidance for Supe1fund: Volume I- Human Health Evaluation Manual (Part F, 
Supplemental Guidance for Inhalation Risk Assessment). 

EPN 540/R-92/003 , Risk Assessment Guidance for Supe,fund: Vo lume 1- Human Health Evaluation Manual (Part B, 
Development of Risk-based Preli111ina1y Remediation Goals): Interim. 

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

12 3.2.2.1 Sweat Lodge Inhalation of Nonvolatiles-lntake (Carcinogenic Effects and Noncarcinogenic 
13 Effects) 

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

16 [. = (/R x ET x EF xED) X C X ( MWw ) X EXP (is.3036 _ 3816.44 ) 
tnh 8W XATXCF1 dw RXTXPw T-46.13 

(34) 
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I 3.2.2.2 Sweat Lodge Inhalation of Nonvolatiles-Carcinogenic Effects 
2 For carcinogens, the cancer ri sk is calculated using the fo llowing equation : 

3 RISK= CSFi x linh 

4 3.2.2.3 Sweat Lodge Inhalation of Nonvolatiles-Noncarcinogenic Effects 
5 For noncarcinogens, the noncancer hazard is calculated using the following equation : 

6 
1 

HQ = -- X Iinh 
RfDi 

7 3.2.2.4 Sweat Lodge Inhalation of Nonvolatiles-Radionuclides 

(35) 

(36) 

8 Inhalation intake of aerosolized nonvolatile radionuclides in a sweat lodge is calculated with the 
9 following equation (modified for pCi/L groundwater concentration units and inhalation slope factors from 

IO Harris and Harper, 2004, Appendix 4, Equation 15): 

11 linh = (IR X ET X EF X ED) X Cdw X ( MWw ) X EXP (18.3036 -
3816

'
44

) (37) 
R XT XPw T-46.13 

12 Radiological cancer ri sk is calculated using the following equation: 

13 (38) 

14 3.2.3 Intake and Risk Equations for Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles 
15 The bases for the equations used to calculate intake, risk, and hazard associated with the dennal exposure 
16 route for volatiles and semi-volatiles during sweat lodge use are summarized in Table 3-10. Equations are 
17 provided in the fo llowing subsections. 

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

Effect Symbol for Calculated Value 

Carcinogenic and Noncarcinogenic l d,v = I d.total 

Carcinogenic Risk 

Noncarcinogenic HQ 

Notes: 

l d,v = Dermal intake of volatile and semi-volatile analytes in vapor in sweat lodge. 

l d,101a1 = Total dennal intake of volatile and semi-vo latile analytes in sweat lodge. 

HQ = hazard quotient. 

Reference 

Harris and Harper, 2004 

EP A/540/R/99/005 

EP A/540/R/99/005 

EPN 540/R/99/005 , Risk Assessment Guidance for Superfim d Vo lume /: Human Health Evaluation Manual Part E, 
Supplemental Guidance for Dermal Risk Assessm.ent): Final. 

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 
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1 3.2.3.1 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles-Intake (Carcinogenic 
2 Effects and Noncarcinogenic Effects) 
3 For volatile and semi-volati le compounds, the Harris and Harper model assumes 100% volatilization 
4 within the sweat lodge. Vapor exposure is the primary exposure pathway, and exposure from condensed 
5 water is considered incomplete. Therefore, lct,101a1 is equal to I ct,v-

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

8 
Cdwx( w,~ota!)x(2;

3
x~ xr 3 )xsAxKp xETxEFxED x CF2 

ld,total = ld,v = ---------"-"-------------­
BWxATxCFl 

(39) 

9 3.2.3.2 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles-Carcinogenic Effects 
10 For carcinogens, the cancer risk is calculated using the following equation: 

11 R . k CFS0 / 
is = -- X d total 

GIABS ' 
(40) 

12 3.2.3.3 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles-Noncarcinogenic Effects 
13 For noncarcinogens, the noncancer hazard is calculated using the following equation: 

14 
1 HQ----X] 

- RfDoXG/ABS d,total (4 1) 

15 3.2.3.4 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles-Radionuclides 
16 Dermal exposure to volatile and semi-volatile radionuclides in a sweat lodge is not evaluated. Although 
17 EPA publishes equations and cancer slope factors to estimate exposure from immersion in water, the 
18 exposure route is not evaluated in the Native American risk assessment because it is not described or 
19 defmed in either of the Native American exposure scenarios provided . 

20 3.2.4 Intake and Risk Equations for Sweat Lodge Dermal Exposure to Nonvolatiles 
21 The bases for the equations used to calculate intake, risk, and hazard associated with the dermal exposure 
22 route for nonvolati les during sweat lodge use are summarized in Table 3-11 . Equations are provided in 
23 the following subsections. 

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

Effect Symbol for Calculated Value Reference 

Carcinogenic and Noncarcinogenic Harris and Harper, 2004 

Carcinogenic and Noncarcinogenic Harris and Harper, 2004 

Carcinogenic and Noncarcinogenic l ct,total Harris and Harper, 2004 

Carcinogenjc Risk EP A/540/R/99/005 

Noncarcinogenic HQ EP A/540/R/99/005 

25 
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Table 3-11 . Calculated Values and Reference Bases Used for the Sweat Lodge Dermal Exposure to 
Nonvolatiles Exposure Route 

Effect Symbol for Calculated Value Reference 

Notes: 

Id,!= Dermal intake of nonvo latil es analytes in condensed liquid in sweat lodge. 

ld,v = Dermal intake of nonvolatile ana lytes in vapo r in sweat lodge. 

ld,101a1 = Tota l dermal intake of nonvolatile ana lytes in sweat lodge. 

HQ = hazard quotient. 

EP N 540/R/99/005, Risk Assessment Guidance fo r Superjimd Volume I: Human Health Evaluation Manual (Part E, 
Supplemental Guidance for Dermal Risk Assessment): Final. 

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

2 3.2.4.1 Sweat Lodge Dermal Exposure to Nonvolatiles in Condensed Liquid-Intake (Carcinogenic 
3 Effects and Noncarcinogenic Effects) 
4 In the Harris and Harper model, total dennal intake of nonvolatile contaminants is calculated as the sum 
5 of intakes from dermal exposure to vapors and to aqueous condensate. For condensed liquid, the model 
6 assumes nonvolatile contaminant concentrations in the condensed water are equal to that of the water 
7 added to the heated rocks. Intake from dennal contact with nonvolatile compounds in sweat lodge 
8 condensed liquid is calculated using the following equation (Harris and Harper 2004, Appendix 4 , 
9 Equation 19): 

10 
I _ _ c_d_w_x_s_A_x_K-=p_x_E_T_x_E_F_x_E_D_x_c_F_3 
d,l - BWxATxCF1 

(42) 

11 3.2.4.2 Sweat Lodge Dermal Exposure to Nonvolatiles in Vapor-Intake (Carcinogenic Effects and 
12 Noncarcinogenic Effects) 
13 Intake from dermal contact with nonvolatile compounds in sweat lodge vapor is calculated using the 
14 following equation (Harris and Harper 2004, Appendix 4, Equation 20): 

15 I = (SA x Kp x ET x EF x ED xCF3) X C X ( MWw ) X EXP (rn.3036 _ 38 16.44 ) 
d,v BW xAT xCFl dw Rx T x pw T- 46.13 

(43) 

16 3.2.4.3 Sweat Lodge Dermal Exposure to Nonvolatiles in Vapor-Total Intake (Carcinogenic 
17 Effects and Noncarcinogenic Effects) 
18 The total dennal exposure for nonvolatile compounds in a sweat lodge is calculated using the following 
19 equation (Harris and Harper 2004, Appendix 4, Equation 21 ): 

20 I d ,t otal = I d ,v + I d ,l (44) 

21 3.2.4.4 Sweat Lodge Dermal Exposure to Nonvolatiles-Carcinogenic Effects 
22 For carcinogens, the cancer risk is calculated using the following equation: 

23 R . k CSF0 J 
LS = -- X d total 

GJABS ' 
(45) 

24 
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1 3.2.4.5 Sweat Lodge Dermal Exposure to Nonvolatiles-Noncarcinogenic Effects 
2 For noncarcinogens, the noncancer hazard is calculated using the following equation: 

3 
1 

HQ - --- x/ 
- RfDoXG/ABS d ,total 

4 3.2.4.6 Sweat Lodge Dermal Exposure to Nonvolatiles-Radionuclides 

(46) 

5 Dermal exposure to radionuclides in a sweat lodge is not evaluated. Although EPA publishes equations 
6 and cancer slope factors to estimate exposure from immersion in water, the exposure route is not 
7 evaluated in the Native American risk assessment because it is not described or defined in either of the 
8 Native American exposure scenarios provided. 

9 3.3 Cumulative Risk-Cancer 

10 For estimating the cancer risks from exposure to multiple carcinogens from a single exposure route, the 
11 following equation is used. The basis for the equation is provided in EP N540/ l-89/002. 

12 

13 where: 

14 
15 
16 
17 

RiskT 
Risk; 
N 

Total cancer risk from route of exposure 
Cancer risk for the itl' chemical 
Number of chemicals 

18 3.4 Hazard lndex-Noncancer 

19 The HI is calculated using the following equation. The basis for the equation is provided in 
20 EP N540/ l-89/002. 

21 

22 where: 

23 HI 
24 CDI; 
25 RID; 
26 N 
27 

HI= ~ N CD/i 
L... l RfDi 

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

27 
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4 Assumptions and Inputs 

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

5 4.1 Exposure Inputs and Assumptions 

6 • Exposure inputs used to quantify intake from the drinking water exposure pathways are provided in 
7 Tables 3-1 and 3-2 for the CTUIR and Yakama Nation exposure scenarios, respectively. Exposure 
8 inputs used to quantify intake from the sweat lodge exposure pathway are provided in Tables 3-6 and 
9 3-7 for the CTUIR and Yakama Nation exposure scenarios, respectively. 

l O • Exposure routes evaluated for the drinking water exposure pathways for the CTUIR and Yakama 
11 Nation exposure scenarios are ingestion, inhalation, and dennal absorption. Denna! exposure is 
12 evaluated for nonradionuclides only. 

13 • Exposure routes evaluated for the sweat lodge exposure pathways for the CTUIR and Yakama Nation 
14 exposure scenarios are inhalation and dermal absorption. Dermal exposure is evaluated for 
15 nonradionuclides only. 

16 • For domestic use of groundwater as a drinking water supply, EPA considers the inhalation pathway 
17 potentially complete only for volatile contaminants , because there is no mechanism for release of 
18 nonvolatile chemicals into the air in significant concentrations (EP A/540/R-92/003) . For the drinking 
19 water exposure pathway, inhalation intake is quantified for volatile contaminants as defined by EPA, 
20 2015b, Regional Screening Levels for Chemical Contaminants at Superf und Sites. 

21 • Exposure times for dennal exposure to drinking water are assumed to be 0.71 hours for an adult and 
22 0.54 hours for a child based on the EPA recommended values for showering/bathing under a 
23 reasonable maximum exposure (RME) residential scenario (EP A/600/R-090/052F) . Exposure times 
24 for inhalation of volatiles in water is assumed to be 24 hours per day. 

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

27 • The CTUIR exposure scenario (Harris and Harper 2004) provides a full set of factors needed to 
28 quantify contaminant intake from sweat lodge use. The Yakama Nation exposure scenario (Ridolfi 
29 2007) provides a partial set of the needed factors. The tribal-specific factors are used preferentially in 
30 the sweat lodge calculations. Where tribal-specific factors are not provided, values consistent with 
31 those used in the River Corridor Baseline Risk Assessment (RCBRA) (DOE/RL-2007-21 , River 
32 Corridor Baseline Risk Assessment, Volume II: Human Health Risk Assessment) are generally used. 
33 Summaries of the key exposure assumptions used to quantify contaminant intake from sweat lodge 
34 use for the CTUIR and Yakama Nation scenarios are provided in Table 4-1 and Table 4-2, 
35 respectively. 

36 • Harris and Harper, 2004, Appendix 4, indicates that the water concentration (Cdw) is "dissolved 
37 surface water concentration of the contaminant of potential concern (COPC) (mg/L); calculated 
38 accord ing to EPA 1998a, Appendix B." However, for this assessment, the groundwater EPCs were 
39 used for Cdw; the EPCs are calculated based on total concentrations (not dissolved concentrations) in 
40 groundwater. Total concentrations are typica lly higher than dissolved concentrations. 

41 
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Table 4-1 . Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the CTUIR Exposure Scenario 

CT lJ IR 
Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference CT lJ IR Value Reference 

Averaging Ti me - RCBRA Rev. 0, Volume II, 
Harris and 

AT year 70" 75 Harper, 2004, 
carcinogens Part 2, p. 3-28, Table 3-19 

Appendix 4 

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

AT year 68" 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 m 

BW kg 70 70 70 Harper, 2004, (") 
- adu lt Part 2, p. 3-28, Tab le 3-19 

Appendix 4 
,, 

I _. 
0 

Exposure Duration or 0 

Harris and Cl) 

Number of Years a RCBRA Rev. 0, Volume II, (") 

ED year 68 69 68 Harper, 2004, (JI 

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

Appendix 4 
_. 

I\.) Lifetime- adult 
_. 
I 

CD 0 
0 

Exposure Frequency or Harris and 
_. 

RCBRA Rev. 0, Volume II, 
-...J 

Number of Sweats per EF events/year 365 365 365 Harper, 2004, ;:a 
Year 

Part 2, p. 3-28, Table 3-19 
Appendix 4 m 

:< 
Harris and 

0 

Length of Sweat Event 
ET hours/event I b 

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

-adu lt Part 2, p. 3-28, Table 3-19 
Appendix 4 

Inhalation Intake of 
Harris and 

Analytes in Sweat 
l;nh mg/kg-day 

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

Lodge--nonvolatile value value Part I , p. 3-72 and p. 6-2 value 
nonradionuclides 

Appendix 4 

Lnhalation Intake of 
Harris and 

Analytes in Sweat 
Iinh pCi 

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

Lodge--nonvolati le value va lue Part 1, p. 3-72 and p. 6-2 value 
radionuclides 

Appendix 4 
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Table 4-1. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the CTUIR Exposure Scenario 

CTU IR 
Exposure Factor Symbol Units RI/FS Value RCBRA Value RCBRA Reference CTUIR Va lue Reference 

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

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

RCBRA Rev. 0, Volume II, 
Harris and 

Radius of Sweat Lodge r m Harper, 2004, 
Partl , 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, 
ad ult Part 2, p. 3-27, Table 3- 19 

Appendix 4 

Cumulative Vo lume 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 

Appendix 4 

Notes: 

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

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

c. RCBRA references 1.25 111 3/hr, which is equivalent to 30 111 3/day (1 .25 1113/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 

RCBRA Yakama Nation Yakama Nation 
Exposure Factor Symbol Units RI/F'S Va lue Value RCBRA Reference Value Reference 

Averaging Time -
AT year 10• 70 

RCBRA Rev. 0, Volume II, 
Not specified NA 

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

Averaging Ti me -
AT year 10• 64 (ED) 

RCBRA Rev. 0, Volume II, 
Not specified NA 

noncarcrnogens 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 m 
() 

Number of Years a RCBRA Rev. 0, Volume II, Ridolfi , 2007, ,, 
ED 70 64 70 I 

Person Sweats in a 
year 

Pait 2, p. 3-28, Table 3-19 Table 7 
...... 
0 

Lifetime- adult 0 
ClJ 
() 

Exposure Frequency or 
u, 

Ridolfi , 2007, 
I 

RCBRA Rev. 0, Volume II, ...... 
Number of Sweats per EF events/year 365 365 365 ...... 

(,,.) 
Part 2, p. 3-28, Table 3-19 Tab le 7 I ...... 

Year 0 
0 ...... 
-...J 

Length of Sweat Event 
ET hours/event 7b 7 

RCBRA Rev. 0, Volume II, 
7 

Ridolfi , 2007, ;:o 
- adult Part 2, p. 3-28, Table 3-19 Table 7 m 

< 
Inhalation Intake of 0 

Analytes in Sweat 
l inh mg/kg-day 

Calcu lated both 
Not calculated 

RCBRA Rev. 0, Vo lume II, 
Not specified NA 

Lodge- nonvolatile with and without Part I , p. 3-72 and p. 6-2 
nonradionucl ides 

Inhalation Intake of 
Analytes in Sweat 

l inh 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 26c RCBRA Rev. 0, Volume II, 
26 

Ridolfi , 2007, 
Part 2, p. 3-27, Tab le 3-19 Table 7 

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

Not specified NA 
Part 1, p. 3-71 
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Table 4-2. Summary of Key Exposure Assumptions Used for the Sweat Lodge Exposure Pathway for the Yakama Nation Exposure Scenario 

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

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

RCBRA Rev. 0, Volume II, 
Not specified NA 

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

C umulative Volume of 
Vw,total Liters 4 4 

RCBRA Rev. 0, Volume II, 
Not specified NA 

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

Notes: 

a. Averaging time of I 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 calcu lated using 7/24 days/event for unit consistency with equations provided in Harris and Harper, 2004. 

c. RC BRA references 1.08 m3/hr, wh ich is equivalent to 26 m3/day ( 1.08 m3/hr x 24 hrs/day). 

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

DOE/RL-2007-2 1, River Corridor Baseline Risk Assessment, Vo lume fl : Human Health Risk Assessment. 

Harris and Harper, 2004, Exposure Scenario for CTU!R Traditional Subsistence Lifeways. 

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

m 
() 
"Tl 

I ...... 
0 
0 
Cl) 
() 
u, 

I ...... ...... 
I 

0 
0 ...... 
--.J 

:::0 
m 
<: 
0 



ECF-100BC5-11-0017, REV. 0 

• For the sweat lodge scenario, an exposure time of 1 hour/event is used for the CTUIR based on Harris 
2 and Harper, 2004. For the Yakama Nation, an exposure time of 7 hours/event is used based on 
3 Ridolfi, 2007. Seven hours/day is the recommended sweat lodge exposure time based on the 
4 maximum value reported in a tribal survey (Ridolfi, 2007). 

5 • The sweat lodge scenario assumes 4 liters of groundwater are poured over hot rocks to make steam in 
6 a hemispherical sweat lodge with a radius of 1 m (Harris and Harper, 2004) . The internal temperature 
7 of the sweat lodge is assumed to be maintained at a constant 150 degrees Fahrenheit (Harris and 
8 Harper, 2004). This scenario creates a unique environment where volatile, semi-volatile, and 
9 nonvolatile analytes could potentially be present in the air and available for inhalation and dennal 

10 exposure. Harris and Harper, 2004 describes a method for calculating a vaporization factor for the 
11 sweat lodge scenario. The vaporization factor is applied to the groundwater concentration to estimate 
12 analyte concentrations in sweat lodge steam. Ridolfi (2007) does not specify a method for estimating 
13 analyte concentrations in sweat lodge steam; therefore, the Harris and Harper steam model is used for 
14 both the CTUIR and Yakama Nation intake calculations. 

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

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

26 4.2 Groundwater Analytes and Exposure Point Concentrations 

27 The analytes assessed in this environmental calculation were identified from the analytical data set for the 
28 I 00-BC-5 Groundwater OU in the Hanford Environmental Infonnation System (HEIS) database. The data 
29 set was first processed and reduced as described in ECF-100BC5-0016, Calculation of Exposure Point 
30 Concentrations for the 100-BC-5 Groundwater Operable Unit. 

31 Following the data processing and reduction steps, any analyte in the (processed) data set with at least one 
32 reported detection and available toxicity values was assessed in the Native American ri sk calculations for 
33 the 100-BC-5 Groundwater OU. 

34 The EPCs used for the Native American risk calculations are the analyte-specific 95UCL or ProUCL 
35 values calculated from a combined analytical data set of 37 wells located in the 100-BC-5 Groundwater 
36 OU, as described in ECF-100BC5-0016. The identified analytes and their EPCs are presented in 
37 Table 4-3 . 

38 
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Table 4-3. 100-BC-5 Groundwater Operable Unit Grouped Well Exposure Point Concentration Summary 

Analyte Name CASNo. Units 100-BC-S Groundwater OU 

Acetone 67-64-1 µg/L 1.0 

Aluminum 7429-90-5 µg/L 28 

Antimony 7440-3 6-0 µg/L 2.9 

Arsenic 7440-3 8-2 µg/L 2.6 

Barium 7440-39-3 µg/L 31 

Beryllium 7440-4 1-7 µg/L 0.13 

Boron 7440-42-8 µg/L 14 

Bromomethane 74-83-9 µg/L 0.27 

Cadmium 7440-43-9 µg/L 0.12 

Chloroform 67-66-3 µg/L 1.0 

Chloromethane 74-87-3 µg/L 0.20 

Chromium 7440-47-3 µg/L 30 

Cobalt 7440-48-4 µg/L 0.15 

Copper 7440-50-8 µg/L 4.1 

Fluoride 16984-48-8 µg/L 192 

Hexavalent Chromium 18540-29-9 µg/L 27 

Iron 7439-89-6 µg/L 59 

Lithium 7439-93-2 µg/L 6. 1 

Manganese 7439-96-5 µg/L 4.7 

Methylene ch loride 75-09-2 µg/L 2.6 

Molybdenum 7439-98-7 µg/L 4.2 

Nickel 7440-02-0 µg/L 1.7 

Nitrate 14797-55-8 µg/L 11 ,137 

Nitrite 14797-65-0 µg/L 136 

Selenium 7782-49-2 µg/L 1.3 

Silver 7440-22-4 µg/L 0.14 

Strontium 7440-24-6 µg/L 190 

Tin 7440-31 -5 µg/L 0.89 

Trichloroethene 79-01-6 µg/L 1.3 

Uranium 7440-6 1-1 µg/L 2.0 

Vanadium 7440-62-2 µg/L 11 

Zinc 7440-66-6 µg/L 7.5 

Americium-241 14596-10-2 pCi/L 0.090 

Cesi um-1 37 10045-97-3 pCi/L 2.0 

Stronti um-90 10098-97-2 pCi/L 13 

Techneti um-99 14133-76-7 pCi/L 17 

Tritium 10028-1 7-8 pCi/L 7,230 
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4.3 Toxicity Values 

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

4 4.3.1 Toxicity Values for Nonradionuclides 
5 For nonradionuclides, the analyte-specific toxicity values shown in Table 4-4 are determined using the 
6 recommended reference hierarchy as described in Cook, 2003, "Human Health Toxicity Values in 
7 Superfund Risk Assessments." The hierarchy is summarized below. 

8 • Tier I - The EPA Integrated Risk Infonnation System (IRIS) 

9 • Tier 2 -The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) 

IO • Tier 3 - Other Toxicity Values 

11 Tier 1 - IRIS 
12 The preferred source of toxicity data is the EPA IRIS database (http://www.epa.gov/iris/index.html). 
13 Expert toxicologists at the EPA have derived the values in this database and most values have undergone 
14 a thorough review and validation both within and outside the EPA. If a toxicity value is available in IRIS, 
15 that value is used in preference to any other value. 

16 Tier 2 - PPRTVs 
17 If a toxicity value is not available in IRIS, the next source is the EPA PPRTVs. This source includes 
18 toxicity values that have been developed by the Office of Research and Development/National Center for 
19 Environmental Assessment/Superfund Health Risk Technical Support Center (STSC). This database is 
20 not available to the general public, but is accessible to EPA risk assessors via the EPA intranet. These 
21 values are also published at the EPA Regional Screening Levels website (EPA, 20 I Sb). 

22 Tier 3- Other Toxicity Values 
23 Tier 3 includes additional EPA and non-EPA sources of toxicity infonnation, including: 

24 • The California EPA (Ca!EPA)'s Toxicity Criteria Database contains toxicity values that are peer 
25 reviewed and address both cancer and non-cancer effects. 

26 • The Agency for Toxic Substances and Disease Registry (A TSDR) ' s Minimal Risk Levels (MRLs) for 
27 Hazard Substances are peer-reviewed estimates of the daily human exposure to hazardous substances 
28 that is likel y to be without appreciable risk of adverse non-cancer health effects over a specified 
29 duration of exposure. 

30 • Toxicity values in EPN540-R-97-036, Health Effects Assessment Summary Tables (HEAST). 

31 When Tier 1, Tier 2, and Tier 3 toxicity values are not available for an analyte, the toxicity values from 
32 the National Center for Environmental Assessment (NCEA) are used. NCEA values can be found in 
33 RAIS (ORNL, 2016). 

34 For this environmental calcu lation, two toxicity va lues required conversion to a different concentration 
35 basis: nitrate and nitrite. 

36 • itrate. A derived RID for nitrate (NOf ) was calculated from the RID reported in IRIS, which is 
37 given as 1.6 mg/kg-day for nitrate as nitrogen (NOf as N). Conversion from nitrate as nitrogen to 
38 nitrate was made using the mass fraction of nitrogen in nitrate. The mass fraction of nitrogen in 
39 nitrate= mo! wt N/mol wt NO3- = (14 g/mol)/(62 g/mol) = 0.226. The derived RID for nitrate= (1.6 
40 mg NOf as N/kg-day) x (I mg NO3-/0.226 mg NO3- as N) = 7.1 mg NO3-/kg-day. 
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• Nitrite. A derived RID for nitrate (NO2-) was calculated from the RID reported in IRIS , which is 
2 given as 0.1 mg/kg-day for nitrite as nitrogen (NO2- as N). Conversion from nitrite as nitrogen to 
3 nitrite was made using the mass fraction of nitrogen in nitrite. The mass fraction of nitrogen in nitrite 
4 = mo] wt N/mol wt NOf = ( 14 g/mol)/( 46 g/mol) = 0.304. The derived RID for nitrite= (0.1 mg NOf 
5 as N/kg-day) x (1 mg NOf /0.304 mg NO2- as N) = 0.3 mg NO2-!kg-day. 

6 For the following nonradionuclide analytes, the toxicity value used was obtained from a different source 
7 than recommended by the EPA Super-fund hierarchy (Cook 2003). The differences in toxicity values are 
8 summarized below. 

9 • For hexavalent chromium, this assessment considers cancer effects only for inhalation exposures. An 
IO oral cancer slope factor has recently been published by the New Jersey Department of Enviromnental 
11 Protection (NJDEP). The oral cancer slope factor derived by NJDEP is 0.5 (mg/kg-day)- 1

, as 
12 presented in NJDEP, 2009, Derivation of an Ingestion-Based Soil Remediation Criterion for Cr+6 
13 Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate. Assessing only 
14 inhalation cancer effects from hexavalent chromium has the potential to under-estimate cancer risk. 

15 4.3.2 Toxicity Values for Radionuclides 
16 The cancer slope factors for radionuclides in Table 4-4 were obtained from thePRG Download Area 
17 "Resident Tapwater", dated November, 2014, avai lable on line from EPA, 2015a, "Preliminary 
18 Remediation Goals for Radionuclides (PRG)", http://epa-prgs.oml.gov/radionuclides . For each 
19 radionuclide listed, slope factors correspond to the risks per unit intake or exposure for that radionuclide 
20 only, except when marked with a "+D" to indicate that the risks from associated short-lived radioactive 
21 daughter products (i.e. , those daughter products with radioactive half-lives less than or equal to 6 months) 
22 are also included. The intention of this designation is to make realistic 1isk estimates by including the 
23 contributions from their short-lived daughter products, assuming equal activity concentrations (i.e. , 
24 secular equilibrium) with the principal or parent nuclide in the enviromnent." 

25 4.3.3 Toxicity Values for Sweat Lodge Equations 
26 EPA has published guidance to address chemical inhalation exposures in EPA-540-R-070-002. A 
27 methodology is provided to use the toxicity values that are currently provided in IRIS as concentrations 
28 (reference concentrations [RfC] for non-cancer effects and inhalation unit risk values [IUR] for cancer 
29 endpoints). These values now supersede the intake-based approach specified in EPA/540/ 1-89/002. 

30 The method described in Harris and Harper, 2004 for inhalation of nonradionuclide analytes in sweat 
31 lodge vapor follows the fonner EP A/540/1 -89/002 approach of quantifying intake. Therefore, in the sweat 
32 lodge exposure pathway calculations, the IUR and RfC values from the EPA toxicity tables (EPA, 2015b) 
33 were converted to CSFi and RIDi values, following the protocol given in EP A/540/ 1-89/002. The 
34 following equations were used , based on an assumed breathing rate of 20 m3/day and an assumed body 
35 weight of 70 kg. 

36 

37 

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

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

(49) 

(50) 

38 The CSFi and RIDi values are used to calculate inhalation cancer risks and inhalation non-cancer hazards, 
39 respectively. For inhalation of radionuclides in sweat lodge vapor, no toxicity factor conversions are 
40 necessary. Sweat lodge radiological risk is calculated by quantifying inhalation intake (pCi) and then 
41 multiplying by the EPA inhalation slope factor (ri sk/pCi) . 
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Table 4-4. Toxicity Criteria for 100-BC-5 Groundwater Analytes 

O ral Cancer 
Slope Factor 

(CSFu)b 
Oral (mg/kg-dayy• 

Reference or Inhalation Inhalation 
Dose Oral Slope Reference Inhalation Unit Cancer Slope 

Concentration Risk Factor Volatile GIABS 
(Rffio)b Factor 
(mg/kg- (SF.)< (RfCt .(IUR)h (SF;)< Nonradionuclidesb Nonradionuclidesb Kpd Bd Td t*d FAd 

Analyte Name• day) Key (Risk/pCi) Key (mg/m3) Key (µg/m3Y' Key (Risk/pCi) Key Radionuclides< (unitless) (cm/hr) (unitless) (hours/event) (hours) (unitless) 

Acetone 9.00E-01 I 3.lOE+Ol A V l.OOE+OO 
5.12E--- -- -- -- -- --

04• 
-- -- -- --

Aluminum l.OOE+OO p 5.00E-03 p l.OOE+OO 
l .OOE-

-- -- - - -- -- -- --
03 

-- -- -- --

Americi um-241 -- -- l.04E-10 -- -- -- -- -- 3.8E-08 -- -- -- -- -- --

Antimony 4.00E-04 I l.SOE-01 
l.OOE--- -- -- -- -- -- -- -- -- -- -- -- --03 

Arsenic 3.00E-04 I l.SOE+OO I I .SOE-OS C 4.30E-03 I l.OOE+OO 
l .OOE--- -- --

03 
-- -- -- --

Barium 2.00E-01 I 5.00E-04 H 7.00E-02 
l.OOE--- -- -- -- -- -- --

03 
-- -- -- --

Beryllium 2.00E-03 I 2.00E-05 I 2.40E-03 I 7.00E-03 
l.OOE-

-- -- -- -- --
03 

-- -- -- --

Boron 2.00E-01 I 2.00E-02 H --
l.OOE+OO 

l.OOE--- -- -- -- -- -- -- -- -- --
03 

Bromomethane l .40E-03 I 5.00E-03 I 
--

V l.OOE+OO 
2.80E-

0 -- -- -- -- --
03 

0.36 0.87 1 

Cadmium 5.00E-04 I l .OOE-05 A l .80E-03 I 
--

5.00E-02 
l .OOE--- -- -- --

03 
-- -- -- --

Cesi um-1 37+D -- -- 3.0SE-11 -- - - -- -- -- l.IE-10 -- -- -- --· -- -- -- --

Chloroform l .OOE-02 I 3.lOE-02 C 9.80E-02 A 2.30£-05 I V l.OOE+OO 
6.80E-

0 0.5 1.19 1 -- --
03 

Ch loromethane 9.00E-02 I 
--

V l.OOE+OO 
3.30E--- -- -- -- -- -- --

03 
0 0.2 0.49 1 

Chromium l.SOE+OO I 
--

1.30£-02 
l .OOE--- -- -- -- -- -- -- --

03 
-- -- -- --

3 .00E-04 p 6.00E-06 p 9.00E-03 p --
1.00E+OO 

4 .00E-
Cobalt -- -- -- --

04 
-- -- -- --

4 .00E-02 H 
--

l.OOE+OO 
1.00E-

Copper -- -- - - -- -- -- -- - -
03 

-- -- -- --

Fluoride 6 .00E-02 I 1.30£-02 C 
--

1.00E+OO 
l .OOE--- -- -- -- -- --

03 
-- -- -- --

Hexavalent 
3.00E-03 I 1.00E-04 I , 8.40E-02 s --

2 .SOE-02 
2.00E--- -- -- --

03 
-- -- -- --

Chromi um 

7.00E-01 p --
1.00E+OO 

l.OOE-
Iron -- -- -- -- -- -- -- --

03 
-- -- -- --

Lithium 2.00E-03 p --
l .OOE+OO 

l .OOE-
-- -- -- -- -- -- -- --

03 
-- -- -- --

2.40£-02 s 5.00E-05 I 
--

4 .00E-02 
1.00E-

Manganese -- -- -- -- -- --
03 -- -- -- --

Methylene 
6 .00E-03 I 2.00E-03 I 6.00E-01 I 1.00E-08 I --

V l.OOE+OO 
3.SOE-

0 0.76 
chloride 

--
03 

0.32 1 
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Table 4-4. Toxicity Criteria for 100-BC-5 Groundwater Analytes 

Oral Cancer 
Slope Factor 

(CSFot 
Oral (mg/kg-dayf 1 

Reference or Inhalation 
Dose Oral Slope Reference Inhalation Unit 

Concentration Risk 
(RIDot Factor 
(mg/kg- (SFo)' (RfC)b (IUR)b 

Analyte Name• day) Key (Risk/pCi) Key (mg/m3
) Key (µg/m3f 1 

Molybdenum 5.00E-03 I -- -- -- -- --

N ickel 2.00E-02 I -- -- 9.00E-05 A 2.60£ -04 

N itrate 7.l E+00 I -- -- -- -- --

N itrite 3.00E-0 1 I -- -- -- -- --

Seleni um 5.00E-03 I -- -- 2.00E-02 C --

Si lver 5.00E-03 I -- -- - - -- --

Strontium 6.00E-0 1 I -- -- -- -- --

Strontium-90+D -- -- 7.40E-l l -- -- -- --
Technetiu m-99 -- -- 2.75E-12 -- -- -- --

Tin 6 .00E-0 1 H -- -- -- -- --

Tri chJ oroethene 5.00E-04 I 4 .60E-02 I 2.00E-03 I 4.l 0E-06 

Tritium -- -- 5.07£-1 4 -- -- -- --

Uranium 3.00E-03 I -- -- 4.00E-05 A --

Vanadium 5.00E-03 s -- -- l .00E-04 A --

Zi nc 3.00E-01 I -- -- -- -- --

Notes: 

a. Source = ECF-I00BCS-11-00 16. 

b . Source= EPA, 20 1 Sb. 

c. Source = EPA, 20 15a. 

d. Source = EP N 540/R/99/005, Exhibits 3-1 (inorganic analytes) and B-3 (organic analytes). 

e. Source = ORNL, 20 16. 

-- = indicates toxicity value not available for thi s contaminant and exposure route. 

+D = Indicates rad ionuclide whose slope factors include contributions from ingrowth of short-lived radioactive decay products. 

A = ATSDR 

B = partitioning constant. 

C = Cal EPA 

FA = fraction absorbed . 

Inhalation 
Cancer Slope 

Factor Volatile 

(SF;)c Nonradionuclidesb 

Key (Risk/pCi) Key Radionuclides< 

--
-- -- --

--
C -- --

---- -- --

---- -- --
--

-- -- --
---- -- --
--

-- -- --

-- 4.3£-10 -- --
-- 3.8E-l l -- - -

-- -- -- --

I -- -- V 

-- 8.5£- 13 -- V 

-- -- -- --

-- -- -- --

-- -- -- --
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Nonradionuclidesb Kpd Bd Td t*d FAd 

(unitless) (cm/hr) (unitless) (hours/event) (hours) (unitless) 

l .00E+00 
l .00E-

-- -- -- --03 

4.00E-02 
2.00E- -- -- -- --04 

1.00E+00 
l .00E- -- -- -- --

03 

1.00E+00 
l .00E- -- -- -- --

03 

1.00E+00 
l .00E-

-- -- -- --
03 

4.00E-02 
6.00E-

-- -- -- --
04 

1.00E+00 
l .00E-

-- -- -- --
03 

-- -- -- -- -- --
-- -- -- -- -- --

1.00E+00 
l .00E-

-- -- -- --
03 

1.00E+00 
l .20E-

0. 1 0.5 8 1.39 1 
02 

-- -- -- -- -- --

1.00E+00 
l .00E-

-- -- -- --
03 

2.60E-02 
l .00E- -- -- -- --

03 

1.00E+00 
6.00E- -- -- -- --04 



I 

Oral 
Reference 

Dose 

(Rm.t 
(mg/kg-

Analyte Name• day) Key 

GIABS = gastromtestmal absorption factor. 

H = HEAST 

I = IRIS 

Kp = dennal permeability constant. 

P = PPRTV 

Oral Cancer 
Slope Factor 

(CSFol 

(mg/kg-day)" 1 

or 
Oral Slope 

Factor 
(SF.)' 

(Risk/pCi) 

S = Vanadium uses the toxicity values fo r "Vanadium and Compounds" 

t* = time to reach steady-state. 

, = lag time 

V = volatile 
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Table 4-4. Toxicity Criteria for 100-BC-5 Groundwater Analytes 

Inha lation Inhalation 
Reference Inhalation Unit Cancer Slope 

Concentration Risk Factor 

(RfC)b (IURt (SF;)' 
Key (mg/m3) Key (µg/mJ)"' Key (Risk/pCi) Key 

ECF- 100BCS- 11 -00 16 Calculation of Exposure Point Concentrations for the 100-BC-5 Groundwater Operable Unit. 

EP N 540/R/99/005 , Risk Assessment Guidance for Superfimd Volume I: Human Health Evaluation Manual (Part£, Supplemental Guidance for Dermal Risk Assessment): Final. 

Volatile 
onradionuclidesb 

Radionuclides< 

EPA, 20 15a, "Resident Tapwater Table", dated November, 20 14, available online at "Preliminary Remediation Goals for Radionuclides (PRG)", http://epa-prgs.oml. gov/radionucl ides. 

EPA, 20 \Sb "Summary Table", dated November, 20 15, avai lable onl ine at "Regional Screening Levels fo r Chemical Contaminants at Superfund Sites.", http://www.epa.gov/risk/regional-screening-table. 

ORNL, 2016, "Chemical Parameters", available online at "The Risk Assessment Information System (RAIS}", http://rais.ornl.gov/. 
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5 Software Applications 

2 All calculations for this Environmental Calculation were perfonned on electronic spreadsheets using 
3 Microsoft Excel®. The organization of the workbooks containing the spreadsheets is presented in 
4 Section 6. 

5 6 Calculation 

6 Potential human health risks to members of the CTUIR and the Yakama Nation are calculated using the 
7 methodology, analytes, EPCs, and toxicity factors documented in Sections 3 and 4 of this environmental 
8 calculation. The calculation spreadsheets were validated by comparison with the hand calculations 
9 presented in Figure 6-1 . 

10 6.1 Drinking Water Exposure Worksheets 

I I The drinking water exposure calculations for the CTUIR exposure scenario are provided in an Excel 
12 workbook, organized by worksheet as listed in Table 6- I. The drinking water exposure calculations for 
13 the Yakama Nation exposure scenario are provided in an Excel workbook, organized by worksheet as 
14 listed in Table 6-2. The Excel workbook files have been archived under this ECF number in the 
I 5 Environmental Risk Management Archive (ERMA). 

Table 6-1. Excel Worksheets for the CTUIR Drinking Water Exposure Calculations 

A- 1: Results Summary - CTUIR 

A-2: Ingestion ofNonradiological Analytes in Drinking Water - CTUIR 

A-3: Dermal Absorption ofNonradiological Analytes in Drinking Water - CTUIR 

A-4: Inhalation of Volatile Nonradiological Analytes in Drinking Water - CTUIR 

A-5: Ingestion of Rad iolog ical Analytes in Drinking Water- CTUIR 

A-6: Inhalation of Volati le Radio logical Analytes in Drinking Water - CTUIR 

16 

Table 6-2. Excel Worksheets for the Yakama Nation Drinking Water Exposure Calculations 

B-1: Resu lts Summary- Yakama Nation 

B-2: Ingest ion ofNonradiologica l Analytes in Drinking Water - Yakama Nation 

B-3: Dermal Absorption ofNonradiological Analytes in Drinking Water - Yakama Nation 

B-4: Inhalation of Volatile Nonradiological Analytes in Drinki ng Water - Yakama Nation 

B-5: Ingestion of Rad iological Analytes in Drinking Water- Yakama Nation 

B-6 : Inhalation of Volatile Radiological Analytes in Drinking Water- Yakama Nation 

® Microsoft Excel is a registered product of the Microsoft Corporation . 
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6.2 Sweat Lodge Exposure Worksheets 

2 The sweat lodge exposure calculations for the CTUIR exposure scenario are provided in an Excel 
3 workbook, organized by worksheet as listed in Table 6-3. The sweat lodge exposure calculations for the 
4 Yakama Nation exposure scenario are provided in an Excel workbook, organized by worksheet as listed 

5 in Table 6-4. The Excel workbook files have been archived under this ECF number in the ERMA. 

6 

7 

Table 6-3. Excel Worksheets for the CTUIR Sweat Lodge Exposure Calculations 

C-1: Results Summary - CTUIR 

C-2: Inhalation of Volatile and Semi-Volatile Nonradiological Analytes in Sweat Lodge Vapor - CTUlR 

C-3: Inhalation ofNonvolatile Nonradiological Analytes in Sweat Lodge Vapor - CTUlR 

C-4: Dermal Exposure to Volatile and Semi-Volati le Nonradiological Analytes in Sweat Lodge Vapor­
CTUlR 

C-5: Denna! Exposure to Nonvolatile Nonradiological Analyte in Sweat Lodge Conden ed Water - CTUlR 

C-6: Denna! Exposure to Nonvolatile Nonradiological Analytes in Sweat Lodge Vapor - CTUlR 

C-7: Inhalation of Volatile Radiological Analytes in Sweat Lodge Vapor - CTUlR 

C-8: Inhalation of Nonvolatile Radiological Analytes in Sweat Lodge Vapor - CTUlR 

Table 6-4. Excel Worksheets for the Yakama Nation Sweat Lodge Exposure Calculations 

D-1: Results Summary (with Aero olized Non Volatile Analytes) 

D-2: Results Summary (without Aerosolized Non Volatile Analyte ) 

D-3: Inhalation of Volatile and Semi-Volatile Nonradiological Analytes in Sweat Lodge Vapor - Yakama 
Nation 

D-4: Inhalation of Nonvolatile Nonradiological Analytes in Sweat Lodge Vapor - Yakama Nation 

D-5: Dermal Expo ure to Volatile and Semi-Volati le Nonradiological Analyte in Sweat Lodge Vapor ­
Yakama Nation 

D-6: Dermal Exposure to Nonvolatile Nonradiological Analyte in Sweat Lodge Condensed Water - Yakama 
Nation 

D-7: Dermal Expo ure to Nonvolatile Nonradiological Analytes in Sweat Lodge Vapor - Yakama Nation 

D-8: Inhalation of Volatile Radiological Analytes in Sweat Lodge Vapor - Yakama Nation 

D-9: Inhalation of Nonvo latile Radiological Analytes in Sweat Lodge Vapor- Yakama Nation 

s 6.3 Hand Calculations 

9 The electronic spreadsheet calculations are validated by comparison with hand calculations. The hand 
IO calculations are presented in Figure 6-1. The hand calculations were perfonned to validate the fonnulas 

I I used in the spreadsheets. 

12 
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7 Results/Conclusions 

2 Results of the CTUJR and Yakama Nation human health risk calculations are summarized and discussed 
3 in the sections below for the l 00-BC-5 Groundwater OU. 

4 7.1 Summary of the CTUIR Risk Assessment 

5 This section summarizes the CTUJR risk assessment results for use of 100-BC-5 groundwater as a 
6 drinking water source and to make steam in a sweat lodge. 

7 7 .1.1 Use of Groundwater as a Potential Drinking Water Source 
8 Potential exposure to 100-BC-5 groundwater as a drinking water source is evaluated based on the CTUJR 
9 exposure scenario. Potential routes of exposure to groundwater include ingestion, dennal contact 

10 (nonradionuclides only) , and inhalation of volatiles. Table 7-1 provides a summary of the risk estimates 
11 by exposure route. 

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

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

Nonradion uclicle Analytes 

Ingestion 2.3 X 10-4 2.8 
Antimony (HQ = 0.50, 15%) 
Arsenic (HQ = 0.57, 17%) 
Bromomethane (HQ = 0.041 , 1.2%) 

Arsenic (ELCR = 2.2 x 10-4, Fluoride (HQ = 0.21 , 6.3%) 
Dermal lJ X 10-6 9.8%) 0.23 Hexavalent Chromium (HQ = 0.75, 

Chloroform (ELCR = 22%) 
lJ X 10-5, 0.59%) Lithium (HQ = 0.20, 6.0%) 

Inhalation }_4 X 10-5 Trichloroethene (ELCR = 0.36 Molybdenum (HQ = 0.056, 1.6%) 
6.6 X 10-6, 0.29%) Nitrate (HQ = 0.10, 3.1 %) 

Trichloroethene (HQ = 0.52, 15%) 

Total 2.4 X 10-4 3.4 Uranium (HQ = 0.044, 1.3 %) 
Vanadium (HQ = 0.17, 4.9%) 

Radionucl ide Ana lytes 

Ingestion 1.4 X 10-4 --

Inhalation J.9 X 10-3 --

Total 2.0 X 10-3 Tritium (ELCR = 1.9 x 10-3, -- --
85%) 

Total --
Cumulati ve 2.3 X 10-3 
ELCRa 

Notes: 

a. Tota l cumulative ELC R represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR. 

CT UIR = Confederated Tribes of the Umatilla Ind ian Reservation. 

ELCR = excess lifetime cancer risk. 

HI = hazard index. 

-- = Indica tes HI not applicable. 
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I The total cumulative ELCR for the 100-BC-5 Groundwater OU is 2.3 x 10·3• The tota l ELCR for 
2 nonradiological analytes is 2.4 x 10-4, which is greater than the 2007 MTCA (" Human Health Ri sk 
3 Assessment Procedures" [WAC 173-340-708(5)]) cumulative risk threshold of I x 10·5_ The total 
4 ELCR for radiological ana lytes is 2.0 x 10-3, which is grea ter than the EPA upper target risk threshold of 
5 I x I o-4_ 

6 Major contributors to total cumulative ELCR are chlorofonn (ELCR = 1.3 x 10-5, 0.59% percent 
7 contribution), trichloroethene (ELCR = 6.6 x 10-6, 0.29% percent contribution), and tritium (ELCR = 
8 1.9 x 10-3, 85% percent contribution). Contribution to ELCR is elevated for arsenic (ELCR = 2.2 x I 0-4, 
9 9.8% percent contribution) where the EPC (2.6 µg/L) is within the range of natural background va lues. 

10 The ELCR without contribution from arsenic is 2.0 x 10-5, which is greater than the 2007 MTCA 
11 (WAC 173-340-720) cumulative risk threshold of 1 x 10-5_ 

12 The HI is 3.4, which is greater than the 2007 MTCA (" Unrestricted Land Use Groundwater Cleanup 
13 Standards" [WAC 173-340-720]) target HI of 1.0. The primary contributors to the noncancer HI are 
14 antimony (HQ = 0.50; 15 percent contribution), arsenic (HQ = 0.57; 17 percent contribution), 
15 bromomethane (HQ = 0.041 ; 1.2 percent contribution), fluoride (HQ= 0.21 ; 6.3 percent contributi on), 
16 hexavalent chromium (HQ = 0.75; 22 percent contribution), lithium (HQ = 0.20; 6.0 percent 
17 contribution), molybdenum (HQ= 0.056; 1.6 percent contribution), nitrate (HQ= 0.1 O; 3.1 percent 
18 contribution), trichloroethene (HQ= 0.52; 15 percent contribution), uranium (HQ = 0.044; 1.3 percent 
19 contribution), and vanadium (HQ= 0.17; 4.9 percent contribution). The HI without contribution from 
20 arsenic is 2.8. 

21 7 .1.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use 
22 Potential exposure to I 00-BC-5 groundwater as a source of steam in a sweat lodge is evaluated under the 
23 CTUIR scenario. Potential routes of exposure to steam generated from groundwater while spending time 
24 in a sweat lodge include inhalation of vaporized volati les and semi-volatiles and aerosolized nonvolatiles; 
25 and dennal contact with vaporized volatiles and semi-volati les, and aerosolized nonvolatiles and 
26 condensed liquid. Table 7-2 provides a summary of the risk estimates by exposure route. 

Table 7-2. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a 
Sweat Lodge 

Primary Contributors to Primary Contributors to 
Total Cumulative Total HI 

Exposure Route ELCR ELCRa HI (>1%) 

onradionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi- J_4 X 10-6 Arsenic 0.036 Arsenic (HQ = 1.5, 20%) Volatiles (vapor) (ELCR = 9.2 x 10·5, Barium (HQ = 0.53 , 7.2%) 
Nonvolatile (aero ol) J.8 X 10·2 0.49%) 7.1 admium (HQ = 0.10, 1.4%) 

Beryllium Cobalt (HQ = 0.21 , 2.8 %) 
Total 1.8 X 10-2 (ELCR = 2.6 x 10·6, 0.01 7.2 Fluoride (HQ = 0.13 , 1.7 %) 

Dermal Exposure in Sweat Lodge 
%) Hexavalent Chromi um (HQ = 

Cadmium 2.5, 33%) 

Volatile and Semi-
2.3 X JO·I O 

{ELCR = 1. 7 x 10·6, Manganese (HQ = 0.81 , 11 %) 

Volatiles (vapor only) 0.01 %) <0 .0 1 Nickel (HQ = 0.16, 2.2 %) 

44 



ECF-100BC5-11-001 7, REV. 0 

Table 7-2. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a 
Sweat Lodge 

Primary Contributors to Primary Contributors to 
Total Cumulative Total HI 

Exposure Route ELCR ELCRa HI (>] %) 

Nonvolatile (vapor and Chloroform Uranium (HQ = 0.42, 5.7%) 

aqueous condensate) 
9.6 X 10-7 (ELCR = 1.1 x 10-6, 0.23 Vanadium (HQ = 0.97, 13%) 

0.01 %) 

Total 9.6 X 10-7 
Cobalt 

0.23 
(ELCR = 1.1 x 10-5, 

0.06%) 
Hexavalent Chromium 

(ELCR = 1.8 X 10-2, 98%) 
Total Nonradionuclide J.8 X 10-2 Nickel 7.4 

(ELCR = 3.6 x 10-6, 

0.02%) 

Radionuclide Analytes 

Inhalation in Sweat Lodge 

Volatile and Semi-
1.5 X 10-4 

Volatiles (vapor) 
--

Nonvolatile (aerosol) 4.3 X 10-5 --
Tritium 

(ELCR = 1.5 x 10-4, 0.8 1 %) 
--

Total Radionuclide 1.9 X 10-4 --

Total Cumulative ELCR• 1.9 X 10-2 --

otes: 

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

-- = Indicates HI not applicable. 

CTUfR = Confederated Tribes of the Umatilla Indian Reservation. 

HI = hazard index . 

ELCR = excess lifetime cancer ri sk . 

The total cumulative ELCR for the I 00-BC-5 Groundwater OU is 1.9 x I 0-2• The tota l ELCR for 
2 nonradiological analytes is 1.8 x I 0-2, which is greater than the 2007 MTCA ("Human Health Risk 
3 Assessment Procedures" [WAC 173-340-708(5)]) cumulative risk threshold of 1 x I 0-5_ The total ELCR 
4 for radiological analytes is 1.9 x 10-4 for radiological analytes, which is greater than the EPA upper target 
5 risk threshold of I x I 0-4. 

6 The major contributors to total cumulative ELCR are beryllium (2.6 x 10-6; 0.01 percent contribution), 
7 cadmium ( I. 7x 10-6; 0.01 percent contribution), chloroform (I.I x 1 o-6; 0.01 percent contribution), cobalt 
8 (1.1 x 10-5; 0.06 percent contribution), hexavalent chromium (1.8 x 10-2; 98 percent contribution), and 
9 nickel (3.6 x 10-6; 0.02 percent contribution). Contribution to ELCR is elevated for arsenic (ELCR = 

10 9.2 x 10-5, 0.49% percent contribution) where the EPC (2.6 µg/L) is within the range of natural 

45 



ECF-1 00BC5-11-0017, REV. 0 

1 background values. The ELCR for nonradiological analytes without contribution from arsenic is 1.8 x Io-
2 2, which is greater than the 2007 MTCA (WAC 173-340-720) cumulative risk threshold of I x I 0-5. 

3 The HI is 7.4, which is greater than the 2007 MTCA ("Unrestricted Land Use Groundwater Cleanup 
4 Standards" [WAC 173-340-720]) target HI of 1.0. The primary contributors to the noncancer HI are 
5 arsenic (HQ= 1.5; 20 percent contribution), barium (HQ = 0.53; 7.2 percent contribution), cadmium 
6 (HQ = 0. 1 0; 1.4 percent contribution), cobalt (HQ = 0 .2 1; 2.8 percent contribution), fluoride (HQ = 0.13 ; 
7 1.7 percent contribution), hexavalent chromium (HQ = 2.5; 33 percent contribution), manganese (HQ= 
8 0.81 ; 11 percent contribution), nickel (HQ = 0.16; 2.2 percent contribution), uranium (HQ= 0.42; 
9 5.7 percent contribution), and vanadium (HQ= 0.97; 13 percent contribution) . The HI without 

IO contribution from arsenic is 5_9, which is greater than the target HI of I. 

11 7.2 Summary of the Yakama Nation Risk Assessment 

12 This section summarizes the Yakama Nation risk assessment results for use of 100-BC-5 groundwater as 
13 a drinking water source and to make steam in a sweat lodge. 

14 7.2.1 Use of Groundwater as a Potential Drinking Water Source 
15 Potential exposure to I 00-BC-5 groundwater as a drinking water source is evaluated based on the 
16 Yakama Nation exposure scenario . Potential routes of exposure to groundwater include ingestion, dermal 
17 contact (nonradionuclides only) , and inhalation of volatiles. Table 7-3 provides a summary of the risk 
18 estimates by exposure route. 

Table 7-3. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of Groundwater as 
a Potential Drinking Water Source 

Primary Contributors to 
Primary Contributors to Total HI 

Exposure Route ELCR Total Cumulative ELC Ra HI (> 1%) 

onradionuclide Analytes 

ingestion 2.5 X lQ-4 5.3 
Antimony (HQ = 0.92, 16%) 

Arsenic(HQ= I. I, 18%) 
Cobalt (HQ = 0.06 1, 1.0%) 

Dermal J.3 X 10-6 
Arsenic (EL R = 2 .4 X lQ-4, 10%) 

0.21 Fluoride (HQ = 0.40, 6.9%) 
Hexava lent Chromium (HQ = 1.3, 

Cblorofonn (ELCR = 1.4 x 10-5, 0.57%) 22%) 

Tri ch loroethcne (E LC R = 6. X 1Q-6, Li thiwn (HQ = 0.38, 6.6%) 

Inhalat ion 1.4 X 10-S 0.29%) 0.36 
Molybdenum (HQ = 0. 10, 1.8%) 

Ni trate (HQ = 0.20, 3.4%) 
Trichloroetheae (HQ = 0.67, 12%) 

Uraniw11 (HQ= 0.082, 1.4%) 
Vanadium (HQ = 0.30, 5 .1 %) 

Total 2.6 X 10-4 5.9 

Radionuclide Analytes 

Ingestion 1.4 X 10-4 --

Inhalat ion 2.0 X 10-3 Tritium (EL R = 2 .0 X lQ-3, 84%) -- --

Total 2.] X 10-3 --
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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 

Primary Contributors to 
Primary Contributors to Total HI 

Exposure Route ELCR Total Cumulative ELCRa HI (> 1%) 

Total Cumulati ve 2.4 )( 10-3 --
ELCR• 

otes: 

a. Total cumulati ve ELCR represents the sum of the to tal nonradionuclide ELCR and the total radionuclide ELCR. 

ELCR = excess li fetime cancer ri sk. 

HI = hazard index. 

-- = indicates HI not app licable. 

1 The total cumulative ELCR for the 100-BC-5 Groundwater OU is 2.4 x 10·3• The total ELCR for 
2 nonradiological analytes is 2.6 x 10-4, which is greater than the 2007 MTCA ("Human Health Risk 
3 Assessment Procedures [WAC 173-340-708(5)]) cumulative risk threshold of I x 10-5_ The total 
4 ELCR for radiological analytes is 2.1 x 10-3, which is greater than the EPA upper target risk threshold of 
5 I x 10-4_ 

6 Major contributors to the total cumulative ELCR are chlorofonn (ELCR = 1.4 x I 0-5, 0.57 percent 
7 contribution), trich loroethene (ELCR = 6.8 x I o-6, 0.29 percent contribution), and tritium (ELCR = 2.0 x 

8 10-3, 84 percent contribution) . Contribution to ELCR is elevated for arsenic (ELCR = 2.4 x I 0-4, I 0 
9 percent contribution), where the EPC (2.6 µg/L) is within the range natural background values. The 

10 ELCR without contribution from arsenic is 2.1 x I 0-5, which is greater than the 2007 MTCA 
11 (WAC 173-340-720) cumulative risk threshold of I x I 0-5_ 

12 The HI is 5.9, which is greater than the 2007 MTCA ("Unrestricted Land Use Groundwater Cleanup 
13 Standards" [WAC 173-340-720]) target HI of 1.0. The primary contributor to the noncancer HI are 
14 antimony (HQ= 0.92; 16 percent contribution), arsenic (HQ= 1.1 ; 18 percent contribution), cobalt (HQ= 
15 0.061 ; 1.0 percent contribution), fluoride (HQ = 0.40; 6.9 percent contribution) , hexavalent chromium 
16 (HQ= 1.3; 22 percent contribution), lithium (HQ = 0.38; 6.6 percent contribution), molybdenum (HQ = 
17 0.1 0; 1.8 percent contribution), nitrate (HQ = 0.20; 3.4 percent contribution), trichloroethene (HQ= 0.67; 
18 12 percent contribution), uranium (HQ = 0.082; 1.4 percent contribution), and vanadium (HQ = 0.30; 
I 9 5.1 percent contribution). The HI for the 100-BC-5 Groundwater OU without contribution from arsenic is 
20 4.8, which is greater than the target HI of I . 

21 7.2.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use 
22 Potential exposure to I 00-BC-5 groundwater as a source of steam in a sweat lodge is evaluated under the 
23 Yakama Nation scenario. Potential routes of exposure to steam generated from groundwater while 
24 spending time in a sweat lodge include inhalation of vaporized volatiles and semi-volatiles and 
25 aerosolized nonvolatiles ; and dem1al contact with vaporized volatiles and semi-volatiles, and (with and 
26 without) aerosolized nonvolatiles , and condensed liquid. Table 7-4 provides a summary of the risk 
27 estimates by exposure route. 
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Table 7-4. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a 
Sweat Lodge 

Primary Contributors 
to 

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

on radionuclide Analytes (with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles 1.0 X 10-s Arsenic 
0.26 

(vapor) (ELCR = 6.9 x 10-4, 

Nonvolati le (aerosol) J.3 X 10-l 
0.52%) 

52 
Ar enic (HQ = 11 , 20%) 

Beryllium Barium (HQ = 3.9, 

Total J.3 X 10-l (ELCR = 2.0 x 10-5, 
52 7.2%) 

0.01 %) Cadmium (HQ = 0.73, 
Dermal Exposure in Sweat Lodge Cadmium 1.4%) 

(ELCR = 1.3 x 10-5, Cobalt (HQ = 1.5, 
Volatile and Semi-Volatiles 1.6 X 10-9 0.01 %) <0.01 2.8%) 
(vapor on ly) Chloroform Fluoride (HQ = 0.92, 

Nonvolati le (vapor and aqueous (ELCR = 8.4 X 10-6, 1.7%) 

condensate) 
6.9 X 10-6 0.01 %) 1.6 Hexavalent Chromium 

Cobalt (HQ = 18, 33 %) 

Total 6.9 X 10-6 (ELCR = 8.1 x 10-5, 1.6 Manganese (HQ = 5.9, 

0.06%) 11 %) 

Hexavalent Chromium Nickel (HQ = 1.2, 

(ELCR = 1.3 X 10-1, 98%) 2.2%) 

Nickel Uranium (HQ = 3.1, 

Total Nonradionuclide 1.3 X 10-l (ELCR = 2.7 x 10-5, 
54 

5.7%) 

0.02%) Vanadium (HQ = 7.1, 

Trichloroethene 13%) 

(ELCR = 1.9 x 10-6, 
<0.01 %) 

Radionuclide Analytes (with Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Volatil e and Semi -Volatiles J.l X 10-J 
(vapor) Americ ium-241 (ELC R = --

I.I X 10-4, 0.0 %) 

Nonvolati le (aero ol) 3.2 X 10-4 trontium-90 (E LCR = 1.8 x 1 o- --
4, 0.1 4%) 

--

Total Radionuclide 1.5 )( 10-3 Tritium (ELCR = I. I x 10-3, --

Total Cumulative ELCR• 1.3 )( 10-1 
0.86%) 

--

Non radionuclide Analytes (without Aerosolized onvolatile Analytes) 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles J.0 X ]0-S Arsenic 0.26 
Antimony (HQ = 0 .087, 4 .7%) 

(vapor) CELC R = 6.9 x I o-6, o.6o%J 
Bromomethane (HQ = 0 .020, 

Chlorofonn 
1.1%) 

Nonvolati le (aero ol) - -b (E LCR = 8.4 X 10-6, 0.72%) - -b Hexavalent Chromium (HQ = 
1.3, 69%) 
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Table 7-4. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a 
Sweat Lodge 

Primary Contributors 
to 

Primary Contributors to Total HI 
Exposure Route ELC R Total Cumulative ELCRa HI (> 1%) 

Total J.0 X 10-5 Trich loroethene 0.26 
Trichloroethane (HQ = 0.24, 

(ELCR = 1.9 x 1 Q-6, 0.17%) 13%) 

Dennal Ex posure in Sweat Lodge 
Vanadium (HQ = 0.15, 8.3%) 

Volatile and Semi-Volatiles 
J.6 X 10-9 <0.01 

(vapor only) 

Nonvolatile (aqueous 
6.9 X 10-6 1.6 

condensate) 

Tota l 6.9 X 10-6 1.6 

Tota l Nonradionuclide 1.7 X 10-5 1.9 

Radionucl ide Analytes (without Aerosolized Nonvolatile Analytes) 

Inhalation in Sweat Lodge 

Volatile and Semi-Volatiles l.] X 10-3 
(vapor) 

--

Nonvolatile (aerosol) --b Tritium (ELCR = 1.1 x ] 0-3, -- --
99%) 

Tota l Rad ionuclide 1.1 X 10-3 --

Total Cumulative ELCR• 1.2 X 10-3 --

Notes: 

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

b. The inhalat ion and dennal vapor contact exposure pathways are considered incomplete fo r nonvo lati le contaminants. 

-- = Indicates HI not app licable. 

HI = hazard index. 

ELCR = excess li fetime cancer risk. 

2 The total cumulative ELCR with contributions from aerosolized nonvolatile analytes for the 100-BC-5 
3 Groundwater OU is 1.3 x I 0-1

• The total ELCR for nonradiological analytes with contributions from 
4 aerosolized nonvolatile analytes is 1.3 x 10-1, which is greater than the 2007 MTCA ("Human Health Risk 
5 Assessment Procedures" [WAC 173-340-708(5))) cumulative risk threshold of I x 10-5

. The total ELCR 
6 for radiological analytes is 1.5 x I 0-3 for radiological analytes , which is greater than the EPA upper target 
7 risk threshold of I x I 04

. 

8 The major contributor to the total cumulative ELCR with contributions from aerosolized nonvolatile 
9 analytes are americium-241 ( I. 1 x 104

; 0.08 percent contribution), beryllium (2.0 x 10-5; 0.0 I percent 
10 contribution), cadmium (1.3 x 10-5; 0.01 percent contribution), chlorofonn (8.4 x 10-6; 0.01 percent 
11 contribution), cobalt (8. 1 x I o-5; 0.06 percent contribution), hexavalent chromium ( 1.3 x I 0-1; 98 percent 
12 contribution), nickel (2.7 x 10-5; 0.02 percent contribution), strontium-90 (1.8 x 104 ; 0.14 percent 
13 contribution), trichloroethene ( 1.9 x 10-6; <0.01 percent contribution) , and tritium ( 1. 1 x 10-3; 0.86 percent 
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contribution). Contribution to ELCR is elevated for arsenic (ELCR = 6.9 x 10-4, 0.52% percent 
2 contribution) where the EPC (2.6 µg/L) is within the range of natural background va lues. The ELCR for 
3 without contribution from arsenic is 1.3 x 10-1

, which is greater than the 2007 MTCA 
4 (WAC 173-340-720) cumulative risk threshold of 1 x 10-5. 

5 The HI with contributions from aerosolized nonvolatile analytes is 54, which is greater than the 2007 
6 MTCA ("Unrestricted Land Use Groundwater Cleanup Standards" [WAC 173-340-720]) target HI of 1.0. 
7 The primary contributors to the noncancer HI (those analytes that contribute greater than I percent of HI) 
8 are arsenic (HQ= 11 ; 20 percent contribution), barium (HQ = 3.9, 7.2 percent contribution), cadmium 
9 (HQ = 0. 73 ; 1.4 percent contribution), cobalt (HQ= 1.5, 2.8 percent contribution), fluoride (HQ = 0.92; 

10 1.7 percent contribution), hexavalent chromium (HQ= 18, 33 percent contribution), manganese (HQ 
11 =5.9, 11 percent contribution), nickel (HQ= 1.2, 2.2 percent contribution), uranium (HQ= 3.1, 
12 5.7 percent contribution) and vanadium (HQ= 7.1, 13 percent contribution). Contribution to HI is 
13 elevated for arsenic (HQ= 11 ; 20 percent contribution), where measured concentrations (2.6 µg/L) are 
14 within natural background values. The HI without contribution from arsenic is 43 , which is greater than 
15 the target HI of 1. 

16 The total cumulative ELCR without contributions from aerosolized nonvolatile analytes for the 100-BC-5 
17 Groundwater OU is 1.2 x 10-3. The total ELCR for nonradiological analytes without contributions from 
18 aerosolized nonvolatile analytes is 1.7 x 10-5, which is greater than the 2007 MTCA ("Human Health Risk 
19 Assessment Procedures" [WAC 173-340-708(5)]) cumulative risk threshold of 1 x I 0-5_ The total ELCR 
20 for radiological analytes without contributions from aerosolized nonvolatile analytes is 1.1 x 10-3, which 
21 is greater than the EPA upper target risk threshold of 1 x 10-4• 

22 The major contributors to the total cumulative ELCR without contributions from aerosolized nonvolatile 
23 analytes is chlorofonn (8.4 x 1 o-6; 0. 72 percent contribution), trichloroethene ( 1.9 x 1 o-6; 0.17 percent 
24 contribution), and tritium (l. I x 1 o-3; 99 percent contribution). Contribution to ELCR is elevated for 
25 arsenic (ELCR = 6.9 x 1 o-6, 0.60% percent contiibution) where the EPC (2 .6 µg/L) is within the range of 
26 natural background values. The ELCR for nonradiological analytes without contribution from arsenic is 
27 1.0 x 10-5, which is equal to the 2007 MTCA (WAC 173-340-720) cumulative risk threshold of 1 x 10-5_ 

28 The HI without contributions from aerosolized nonvolatile analytes is 1.9, which is greater than the 2007 
29 MTCA ("Unrestricted Land Use Groundwater Cleanup Standards" [WAC 173-340-720]) target HI of 1.0. 
30 The primary contributors to the noncancer HI (those analytes that contribute greater than 1 percent of HI) 
3 I are antimony (HQ= 0.087, 4.7 percent contribution) , bromomethane (HQ= 0.020, 1.1 percent 
32 contribution), hexavalent chromium (HQ= 1.3, 69 percent contribution), trichloroethene (HQ = 0.24, 
33 13 percent contribution), and vanadium (HQ= 0. 15, 8.3 percent contribution) . 
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Figure 6-1. Hand Calculations 

(12 Sheets) 

53 



ECF-100BC5-11 -0017, REV. 0 

\o<!l-tx:.~ t.Jc.f ;~e./t'"'tr-;tA,._~; s; D·bVw,,,S: 2.llt>/zAI'- Io+/ 

ct,~::; CvJt Ie. kJ o. Jj x e:f- (S) 
A -r ('a" X C:. F 1 

rl2. wqJj =- £ D'-- \C .t.a.w<- ( ftr - tDc.) x IILWci 
8W~ t B vlo. 

I.~c.clj .:=. ~<rrX I t/4 -,- (70 1,-to.,,)x "1 Yc1. 
IS' f4:; 7 o kj 

:::. 4, oS) l -V/t~ - J / 

'D:t. ~ D, OO Z S-(. <M"j/JC")( ..q ,057 l-3/K1-J x :>bS ~ . 
7°yx 3C.S-% 

::=. (.<1-8 X /r,-t ""-~)iz.'j - J. ✓ 

4- ~- -, R:sk. =- 1. 48 'X' /o' ""';)~. --< f ,'S' (~ , I'd) 

- ,( .2. 3 'f. IO - 't ✓ ( f'U v.v-../ ; "j) 

Dr ;.,.J_ : ,,..,, \f\l (d \..- T r-~ tS+1·0~ f\.)o "'-C<..rCi 11'\0' t~ ic. f {fe.c.-h 

C1):( = Cw )c 1:12.Wc. XE~ X f. De::., 

Bw .. x A- me. Y ~f1 

c p I =- O, ooz( ~ ~/4.)( / ,o "-lf:x ~<,f /;ti x. ~ J< 
{S'°kc, )<- 'y'>< 3t:.fJ1/ 

- (. J { )((\ 'f' M~/";-J 

rl~ =- /, 7 ()1'. n· 4 ~\-J./31f>lcfct+IW:j~-J 

- 5.,~x [0- 1 ✓ ( roc.q,,o{ ;l'\j) 

54 

(C.) 

(7) 

ce) 

( Lj) 



) 

ECF-100BC5-11-0017, REV. 0 

£::::.f-/Dt>Rf:~-11 -Do 17 roo--Px:.-S'Nst:#- i(e.. th,, icc. .... ~ -le.. 

Ct>L ~ C-~ x °ilLW_ R A-vo.J.1 x t f 

Tw_'1.A i) c.o(j =- ( E--0<-x ::t:a..w,) + ([E.t>r - E-t\.} X ~(l.W") 

p 1sk = C 1) I >< $F () 

J_(l.W_ {l. '1-0o.Jj -;: (~)r )(- I L/.L) + ([70-<o]x 4L/d,) 

~ 2<.2 L-1r/J, / 

- /3.1-2.tp~ :Jy v 2<,2/-0'/>c 3r.s1'/y 

=- I 

l,l'cX(tJ (.. f~ le t,40')(/'b-l( rt'~k/p~ 

9,50 x /tl-s- ✓ 

CD-:L ::. t!- w )( ft) r >< E.\'.=- X E. T X CF~ X \/F X (000 J-j/M!J 
AT c.c. ..... ')( CE=-1. 

(16) 

(/I) 

(/2.J 

/2..j <:.k.. = C'."()I X 10 ~ (14J 

~~l!l\l',fof""-t CTv1~ 

:;;. 5, oz )({O-I ~/,.,_} ✓ 

l<iSl :: 5.oz x, ~-1 ~'¼3 )C ,<.~oX/D-s-~~)s' 

>- J,l~Xl()-f" ✓ 

l.nhc;.f G -I :o..._ o.f- '{ DC. s i " t> r i "k.- i 11, Wa. i tr N~c.c:(' t. ii,.. o 1 <!..t\l' '- G. q ~ c..-f .s 

C...OJ.. -:=:. Cw x £\)< :x f. f x ET x Cf2 Y vF (tS] 
4T"c.. X Cf 1 

55 



) 

CF-100BC5-11-0017 , REV. 0 

f.cJ:-- \ooP.)(.5-1( - OCI) lct) -~c.-_r"1,f; Vt ~r,·(<';o.,_ /2 ,'Sk. D. £~"S 'J./ l~/),ot(,, 

=ii--.L-c \c..+ i o..., o.f vr;x_~,"' Dr ivtki "'5 W<Aie 'f N~"' '"' r '-:"' oJC!..1'11c:. f.F{cl-S (e,,"lf;"l ve.dJ 

C~o(o(o.(;,~ (TVI f<.. 

Ci)"!. :::. 0.1>010~4 ~/4 x ~ r X .3lS t 

(p yr >< 3C.s 

H-9 -==- 5,02..x,o-4 ~~ /o,ott8 .,_~ 3 

;:: s; /2-- " ,o-J ./ 

J."'h. i;.,(af;~ 1,, of \}olcd,·fe. Rc:.J / onu.;./,'Je.1 i~ i)r,' nk... i""j Wu.f- u 

c.. 1) :.t.. =- Cw )( 1N If_ f2..Pt i) Q ".J. >< 'ff· )<. t:= f=- 'I< £; '>C C F 2 

n,HL f!-4 D r...JJ' ~ ( E-De.. 'ic .I"H' j.+ (__ [ ~ -r - £D ,.] ),- ItJ 1,/- ct ) 

R, s~ ::: c 1)I )( 5F 

Tr,'t ," v,v-,. C Tu ( (2_ 

IN f-/ _ <2AD o-J.. : ( (p~ ( x IS ""'~/4) + ( [ 70~( -Co~,l x- 25"""½) 

-::- /Cuqo ""~-v-lJ. 

cb-:r ~ 7,z,o rc:bt x fl',,'fo ~-;-~1/{ x o.~fl~ x 3,s-4~ x 24 ¾ xr ½4-~ 
I\ 'l . =- 2.2.."'l_)x/ v pC , 

R:sk :: Z,l.) ')( /(/t ~ l(" 8>SO K/olJ riSIL/p\:J 

:::... f,'fO',(I0- 3 / 

, ~t>c.x5q .::.x (v + (8)r -£D<)'KS4/)x 81 
Bw~ 6w~ 

R;~(L :::. CbJ:. x- cs~ .. /Cr11tf!,J 

l)Attt"'-1 (fT~-£'¥\ :;. 2 )<. FA K "'~ ~ c\..) x Cf:.~ y J(~x'tx El" ... {)lfr 

£Ta.J; :;; ([Tc. '(f l>c. ) + ([8h -fl'>c.) x£Tg_) 
fD~ 

56 

(\l) 

Q8) 

(ltt) 

( 21) 

(22) 



b. 
~ 

l 

) 

CF-100BC5-1 1-0017, REV. 0 

£.c.f. - loet:>c.<" - 11 - 00 1) \Q)-P.il.-S"" ~ ..f ;11~ A"".' ' "'"' Q.-~lc. ~-£""' ""~ 7..lrsh .. 011- 4..f 1.2.. 

v ~r"""I A~ s.,✓ , f:o"' of Dri;oll\lc.. .f ( €, 4:.:.-{; >':-j I~ lAkie.t C,;_rc.: t,.. ol Q. ~ j<.., £ fte.c.fs (.::~f-,,..v~) 

Cl1ofo-M>rlih (f"'~ (.(ltlr) CiU1P... 

ET~ ::. (o,5'1- "'~"e,,_fl( l,~r)+([7cjr ·(p,,lx 0,1{"-'k-1uit) 
70 ~,. 

=- O , Co '15 4 1-.r/eve V\f 

[ T J · ~ t -ll- ( O.Co~ SA- ~ I· I<} ) 
J 

./ 
f 

•• 

Dl\ w Q."'f ::: ?.. x f x o,t1t"'8 ~~r )( 0.001004 ~f ">: 0 , oo I ¼....,~ )( {CCs. x D, 5" ~¼w-,,..1)( o. !9,~}wknt) 
3 ·14 

SA o.J· 
✓ 

to+-

"" 

=-

::.. 

--

::;.. 

~ I.fl :Z. x ,o-'o ~j/c.....1 -'-"t.~ ✓ 

Co ~ I )( {, % r C,~l-l(' ( tV~o/cJ -t ( ?O~, - lo '1r) X /lj <. rz c. ........ X I ,vc,d /4 
/.S-kj 7e k.1 

i, 4fu °"").-v-ll/t ... +/ k~ -J. -r [ 7 q(p 7 c ......... -,r -t~,,.f-/"1-J 

),.D,S-l t c..,.~-v· t v1...,f /1?7-J ✓ 

(. I 12.. x/0-8 r,,.,.5/c,f-u~f >< ~D,5"14 c,,c>'-~-e"!f'.i( b;-J X 
70)( )< 3~r-% 

.. 1, I 
J, 2-'- 'f../0 ~;} l<.,-J. ✓ 

::: '3.2<,x/0,-(,"'j/½-J x0,o~ I (t.-.5/~5-J) 1
/1.o) 

/,O/)((o-7 ./ 

C... DT ; D411.-.1u,-+ )( 5Ac X EJ X £J) , X f...\J 
k?CN.:. )( ATY\c :X- C f 1 

Hfv :: COI /(Rioo '((;;/,41)S) 

DA~+ ( f.T~-t*) '::. J.. X ~A X K'p )( Cw X Cf3 Y ~ (G:, '>< 1: y ETc_)/,ry 

C...l--- lei l't:> ,to(M ( t. *::. I. l_q 1-., ) C. T tJ l fl 

DA Q.1/e,-t :: 2- J< f x o.~i c\.,(, xo. 0010o4 "l X' D.01>1 ~~ )( \( ( (.. \( o. s-1..r/,ve..t X ~. s-4- '-r I~) 
~ 3, 1+ 

,. f ,1<.S--x, /tJ-s ""~k...l~ X 7, /f> I xto1~ eve"t 
=: q, eos x 1tt1 ""'-j/ ev,,... ... _ Q.~ / 

57 

(23) 



) 

ECF-100BC5-11-0017, REV. 0 

(c.f--1ooe,c,s -11- 001 7 /%-/l;c-f "111 +,v~ A~r,,c.,.. ;.,:.c,k. (). E "'"~ 2/ts/z.oll# S' • .f 12. 

l:>en ... v--l 4bi .. 1{ 1·0~ <=>t Or~O.t'\ 1°'-\ (ET~ J;)') ,~ \>jr,:fe,r Ale"' c.c;. , t il"loj~;dc... Effec:/ s ( c.o"'/i >-.~cl) 

C'D1: ::. G\.iaos-oo·c,-::5/c~,i>--ci..v~.rl-x ~¼5 x- 3l.~"~,x <..v'x f ev• .. r/J 
I 5"1c:':> x l. V X 3t.S- -l/~r 

-" - 4.lfo y /o ~ /ic1-J 

l-t-~ :=. 1- ,lfo. X /0-" """Jl",-J I ( (), 0 I ""'-'/~- .J .Y /.i) 

- <f- ,f4, X (f:> -+ ./ 

u ~r11,-.;\ Abs rpfio"' o.f- Or<t-V\i<S ( fT>.£1 1~ D, ;""-'"'j w~+u Cctrc i r\ o~e."" ic. E'fe.~+s 

"D4 ~~-+ :::. fAx k.p xCw x Cf-3 x [ [T~ + ;z. x T x ( I+ 3f> t 31)' )] (i')J 
Ci+~ <1+&? 

CJl6r11w--t~\f\e ({~ ::. b, 4'1 "-r) C.,v 1ft 

• • • [T o.1, · >-t.lf ( O,lt>qs-4 > 0 .4--C)) 

J c.~ ~ )I{ 8 ".- ..bl:- l "1.)~ 1)Lh.~ ;;: /, 0 X' 0 .oon i;:;:: yf1,oool'l67 I/ X 0.00/cM' ')( 0.1.~S}u,.+ t 2><D,H~t)( l t ~(o}t 3{o) 
1+ o U·to)2-

~ C,,5'rj ',( ,o- 10 ""%~-~ x I, oq G4 ¥~ 
-10 I =- 7, le'< /0 ""5 c.i.-~ -1t.~ ./ 

I fl-A/ c..~-t.v~t .tfJ.'. 
~ 7 · 18 X /o- " -V'""~<i.v'¥\" '( 2~ S"{ti,r, d X: '3'5" $ 

7 o ;rf x 3 c.. s- ..( 11 r 
--, I 

-== l. I OS x /1;) M~ IL i -J. ✓ 

(( i'-"- :;. 2., (05" 't. /<J-") M.,/½ ·J. X CS\=0 / I. o 

~rlv\A,( A~s~, -fa,._ ot Drj°""''L> (E.,>--t)'-J '," Or il\k,~j 'N1>·h,t Nol-\cc...-c.;..., o·~e>'\ic. 

DLI ~"~t ::: i:~ x~~x Cw><C~=,x [ f..Tc. +2.1e't: ~ (lfl&t36'2.\1 
I+~ (\ -t&.)~ ) 

cr-(or~~~ ...... ~ ( f,-=--o.4°11---f) CTu \~ 

(Tc. >i~ { 0,5+)o. ,4a,) ,•. 

~ ~ ...f:._L .h. 1£:-( ~)] bA4 ~""1 = /.o)( o,oor~.,.r>cD.oool~871.- xo.0o1c...,,x o.s-+·t11, .. -t+ 2.x D.~ ~ ,.,_bJC.~\t:h,1 
l~D O+~> 

~ ~ .557 Xll)-tc ~ 10h1,. -\J >< O,i+*,,t 



) 

ECF-100BC5-11-0017, REV. 0 

Ec..r -\t)C<, C.{-1(-D<>n jOO ·PJc.·5'tJo.f :vc.4...,.a..,;u..,.t2.is/(, 1>-~J 2/IPJholfo ~of11 

Oe<M.d A-~<.i<:1rpfioh t. f &r-')'-<"' ic.s (ET> t") t~ ING.f t;, N ll"'-<i4~C. ; M
1

._~ ·,<... (:.(f<!.(.•h (t&~t ,.,,HJ.) 

Ct) :i: ~ <.,.1,g "-Ill ~IA,-~-u,.;+ X (;, , ~( c),-i. X 3 (o ~ -1< )( (. Jp( )( l r:.vd-.t / J, (z,) 
(5' "-5 x ~,f \c 3(.,5' ,,,Vfy 

::: J .(,~ ',( /~-7 ~/ ~,,-J. ✓ 
H ~ =· 1- • ~Z.). 10- 1 ~/fl.1 -J / R ~ ~11 X I. t 

~~h. !.\hllVC-t [c.~(t, ,". l-f~ VI.o f- tp-.,fc"(c.-/e..c! ./ 

be.cp,-.S:.I 4bsorp+ .-0 ... of Lor ,a.n. k.1 , ~ t:>r; " (t..l'~5· ~"'w ~rc. iv-.or-"' '~ e. {f.:.c,..fJ 

DJ.\ "-" t."'+ - k? x C l>l ')( F_ 1 C!Jj l( Cf 3 Q-~) 

4 r'~~..,., ; c.. CTU I (L 

DA <.!..~ t.V\~ .- O. oof c:.~~ x D,01> 2.s--s-e ~.,.~')(' D,G/15'4~ .. ~ x l),co/1;._, 

C-bI. ;;:. 

=-

7D'c,<- )( 3(.. f' t¥/)-(_ 

s.2.13 ')( (o-1 ~ lll..c;-J. ✓ 
-, 

Ri~k. :: 5",7..P ',. lo--, ~/k.,-J '>C (!So ~/1t.5~J )/f ,'O 

= 1, 81. ~ I ti-7 ✓ 

DJ\-"~~t ~ kj) x c~ \( STc. ')( er: 3 

A- r St.I"\ t '- C'CJ I {!-

PA~°'+ -;: 0 - 0 o ( C'""")lx D•Oti255'i ~J.l,t)< !).5'°4 t11. .. ,t."f ')( {) ,Dot >r'c:+,..~ 

-::.. /, o 01 x (-0- '1 ~/c,.,___1---q_yq,"'<f ✓ 

:: S.s~I x (~7 ""'-jlll.4 - J ✓ 

rt~ :::. 5,i<or x 101 w..,/11-~-d / o,oDo~~"-'}-J. " /;o 

::.. I. q~ X 10· J I 

59 



) 

ECF-100BC5-11-0017, REV. 0 

Ec.F - \0 C) 0c - I -con fo0 -&-'5" t-1.4 ;✓e. A'M.,, ,·u-..~ R. i's k D. 01.fC.hf -;./(9,/zotfc 7 of 12. 

<;wtc+ ~ci,e. I"\lr-.c..(,.f ,0"' of Voes .~ \[otfDr c~rc. ir1 oje.YdC... E:tfe.c..+r 

J::.ir."'-:: LJwk(lliy( I )YJ:e.'<£.'T><e.~x(J) ~J uJ \ 2/~\( 1,,,. r3 

-e..<~ k- =- c~~, x I :"'"' 

e,y~i =- I0'2-x ?0""1/d. x 7 o(l£.'1J x. l~Jj/\-nj 

Ch./o,o.ft1rl"-\ CTv I fl 

~ 4, 0~ ~ 0' J.( ~ €J«i'! 
:: 0.~oloo4l _i7 )( i, )( .%'(1Yx: (1 )( 25' ::f x l4 ~,1:x 3'5" l('>< {p~'tf 

70 ~ X 7~ )( 3 G,.( d'J;,c._ 
1 

, 

= /,38(, x /ti-r ""j lkj-cl. ✓ 
-1 I 

-s- / 1.-3/, X ..,_,c; / ::: Z- ?,o >( (0 ~~ .,_,) x :2-o /J. 70 lc.5 \( Io o ~ ~ J/ h---' 

-1 

-= B.~~x ,o-l. ('"'j/~-J.) ✓ 
-, 

:::: & l!>S- ~ ttl --i (fv-r/ /¼j-d) )( /. 39G:, X ,~-5' ~/ "7- .J 

5c.-.ie."tL-~J,'- --:r, ... ~\ ... 4- i<>«.- o+ Vocr i " Vo. f f' N o1,,,£0.. r C j t,,. 05w ,' <... E-C(Q_d.f 

.L;,._\-. -:; Cw)( ( VI,;)) X (' "L I j X re..>< &TX. £{ X E.D 
')., - Y;x-rr~ f;_ 

.UQ. = _J_ )< I-; .. i,_ 

'cf~i. 

R.n)'° ~ ~+c x 20 ""¼ ~ V70 1t, 

C-"-(.,.roforV'-\ C.1v \{t_ 

f'I<. 4 ,oJ/ I , v,J$' I ~ c~ 
":(.; ... ~ ::: 0, WI 004-3 7 x ,._ ~ 2/} le ffxQ,,.} )( 25'~ )( "I4' tl/y<f )( JC.; y X ~~if 

7o "-<j x (, B)z x 3~5"' Jiy 

:::. /. 'f-'-7 X Hf 5' tv-.j /~1 - J. 

R+Dl, = 0,D'f'3 "":J/~ Y Z- 0 /4 )( Y7() kj 

-2 I / 2. BO ',( 10 ~ k-r J 

t-\Q :::. 1/2, aox1i1 ~\-..t xf ;'l-1,)(l<>s ~~,J 

- 5. J o X fo - 'I- ✓ 
60 

(36) 

(~J 

(Z'I) 

(31} 

(soJ 



) 

ECF-100BC5-1 1-0017, REV. 0 

f G~ - I O<i>(f - It -oo (7 loo-ac-< t-Jo.. t;"e. A-"'u.·cc."' lZ;11<.. l). C11(;"'5' 2/tt,/2,01 <, 8 o.f /2. 

t, h 
l"' 

R;sk'.- = Sf t "< J:;,,_k 

Tr i+; 11.- c--r cJ 1 (2.. 

{32.J 

4 Jt' -~---,'?, r /4 _i_ L:_ /. I( .{,J'~+ I 
Ij"<A :::. 7,230 p<i-,'//'r( -=i""'l< )./¼,d.l+'l<~) )( 1-.; )(' )< 1+ <!VJ"'T' 30>5 7F--. y t,~ 

=- /.7 &5' )( I o 'i p ~ ; 

R,~w... :::> e.$°'0',(1; 1
) u~1(.,/pc:; ')(' 1.7af')(1t 9 pc. ; 

- /,n .. X <o- 4 ./ 

A- r 5 e.~ ; '- C T u I R. 

'""' = 25J.? x 1.4 e.11tJff %5 ii7k toe ii) x o. M2s-s-s L )( i: -11~ ~,.. ~ >< , .• 
( 

hos" .J_ ..t!. )( ~~t ~ ( 

7ok"))(. 7°J(r )( H.r-Jr,., ;7 0,0{.23);5.~}vj')~,;~)C /oOO ~) 

( 
3 e f <e. . 44 j -• ekf IS,3o3<.--~~-'-'---t 

3~-, k - +'·'3 

::::- I. 4 't4> q,i 2. ,4/~-c1 X 0, 0075>'6 ""'j/j 'x ~. ~"1.I 'X /0 M~-~ x E:'x p ($", u--, v-.~) 

=- G,. M, I X /'O - I, ~ /kj - J / 

C~F · L 

; -( -...:..'--c-:--
;; 4,30)1'. (b- (~/~J'J )<' ior/J, )( tC½ )< (oooNll-wj 

-, 
::- / 5, 0~ ( ~/(z..7 ~J) ✓ 
- -1 ~ IS-. or ( ,._,j/ k1-.l) ~li.ob/ x,o~ VVjlk.j-J 

5~=t l,...,"'J'- T,,_~\._,{;o\... of 44.ros.,(;-,,C!..~ ~o..._-VcK.s l\Joir-cc._rc. :(Ao
1

~t\iv ff(e.\,..ts 

1:_ i"'~ :::- ( Jv2.I( Ftx£f.xf.!) ) X (:,Jw X ( "1\'N'-> \ ~ C><? ( \ ~:;03 ~ _ ), tel(\ 4 t \ 04) 
\ Bu~l\,v-,c..)(Cf1 \R,,,Tv pi,J) ~ T - C,,fJ) 

61 



) 

ECF-100BC5-11 -0017, REV. 0 

E,c.f -\Ob ~C..S° ' II -0<01 7 /oo-8c-S-No.f;.1"'-4rnt.r,·c.c." R,·sk. b.€-.1t,.i,,.) 2/fP>hol(,, C/of 12. 

Qfl)t'. 

/.tQ 

(3C..) 

-:; ( 2 S'~ >< i!; 6 ',( f(S ~\, <.c~ i1\ X D• OOZ.5'S"S ~ X L 18 ,ef/5 ~~ ) 
\ 70"-jx: (Q~;,'x"3G..fJ/y / (o.01on7~e-~n39.">j)( 1o00 ~'" "'" 

••• {;y,_ f (1~.1c.3G.- 3S/i,,l/-4- :'\ 
3-,B.7 k..- 4G> ·l3 J 

""' {. '/-bib Xtti'2,~'-Jx 6 , 0{)2 ~:S'S P, )( ~.51-l'l<(o-
4 ~~-=-~.t x E~?(.>,2.S'"I ~) 

=- e,;zn'( ,<:>-<.. ~/~-J ✓ 

I -, A 1 ""-,, --1-
:; ,5' )(.. 10 'j ~ '< '2.o T ~ 7o k.j 

:: 4-:2.c; )( /6- <,, ~ /~5-J ./ 

- I/ 4,').<il('/t-"' ""'j~-J x ~. 2n ',('/ti(, ~¾--J 
- (, 15 ✓ ( (>"-"'1; "j) -

{~~ 

'S~...\-(,"J.J ~lllc.lo.+ ,01- o{ A,-elfl').50/,'')..c,c( f\j"'"'- Vo(c,. f;(<L lcc_o(;oll'll#.t--(,·J,_.s 

I ;""' =- (t.P..v ET'>( ~)( f..C>) l< (!,dl,J x l ~W w ) )c ex~ {ts,1o}G. _ 3BJfo,4-4-) (37J 
R1cT)(pw ,-"1lo-13 

(38) 

..,...L£ e+ -= (2.r7x H · evy(t- x-3<..s- ~ K<.&'tf J )( 13,'tUq pO. ;J,_ )( ( ('b 81'3~ft. - \)(, .. 
' , o,o<t,2.,7 ~-x'H~.,1£'" /oooff/i.} 

.,. t~f ( IS ,h3<a- )atlo .44 \ 
33S,7 lt..-4<,,/3J 

= 1.,eS-x10+1><~ x/3.4l3~ pC.:(/ x. &.~").1~,0-1 r-i;Jf-!7 '< SxP (5.1. s- o, ~ ) 

.:: S-,<.<o~ ~/ot- fC.; j 

Q,)k. ::. 4-,1D)( (t:,-lo rt',k./,c ; )( ~,r,6fo K104 fC/ 

::::. Z,4+ '< (o-S: I l rev.~; 'j) 

62 



'~ 

t 

) 

ECF-100BC5-11 -0017 , REV. 0 

&f--tao0c..S'"-II-Ot"J( J l lto-r) '--S" IJ..+i'vc. AIVl,.r,~"' ~ ;.,le. I 't>.~s 2/lsh.ott_ Jo 4lf 12. 

$wee. t( ocl7 e., be,{W\C;. ( 6,,.pefiv r C. to V OC,t I;__ Vt\ r O (' C, ._,y C. : f\ 0~ U\ i (..., f='...ff e.c.,h 

IJ.+otd ~ L-dw ">< ( Vw(1_) '< { \If?/, ><'fJ">< r)) J '>c 'SA)( kp X £ IX £,f X ED X:C\'.'."2 ( Y-1) 
fO ~ )C A-,<:(;_"' )( C: f .i 

R1'<:.L '::. ( C'..Sfo /GIA-~)) X rd ~-/-r. l ( 1-fJ) 

C"' IO ('O f-o f """'- C7V I I<... 

~ ~ . ,r ~ V (~ ,w< Ld+.,+ ~' -:: O,oo/ 601-3 k X. 4- X Y3 X '1( xUd X I,~~~ '( D.00'-' v)( I ~yf '( ¾S- i? X ~ B* o, o{ Ce{ 
70 Kj )< 7o y I( 3(,,5" 1/y 

= f,r,q1.." y.. ,o-ci rAo.,lk5 -J ✓ 

g;-,l :::: lo,O'.> { (l'••:/"-'1-Jf/,,o) 1< u~icr x ,o-~ ~lk1-J. 

;.. 5',()r x lo- 11 / 

SV\J¼t ~""lQ... Pe.ir~I C'><fo~u.rt, +,, Vocr ,;. Vo. f r>f No c...C.1\. / C., i fl< 01 Q,°Y\ 1(., t, .(fec..+ s 

I J. -hf~ I -::: C.Jy x(V"'Jl} x-( \ /(2/,drx r;)) >< <;4 \( k-p le liT :x f .{: ~ 8) x Cf 2, 

B w I( 4,hc.. x er 1. 
(39) 

H-Q == CI/R f l>o xG1~S ) x ]: c:l ft>-l·,d (4/J 

c.,l,,. ( o r o f o r VY\ CT u f R... 

Tl.fr:.~\ 
~ ~ ------ ~ kt. ~-I -!!L 

=-- 0,00( t> l>t3 ,J( ')( 1. x 2/?>l<1rx6r:\~ '><I.B,?'x0,01>(.~/)Z x'l l!-11iefK %r y:: x-b~l( fH>/ ~ 

4Q 

,o "'-j x &By)( 3~.r cl/y 

:: /.~n x lo-'I ~/1t-1~J 

= (I/ 0 .0( ~h:-ci-J ) x (, G, i? X ,~·9 w:, /'4 -J 

:::: t. <.,e x /o- 7 / 

JtJe.a.t loJ.je.. b ~rr,....,\ C:)(~sv.r-e. +i> Nol,\- V(}C.., ,~ Co.._d~~~ v.Jq_fe.1 ~rci"'°je.l'\ i(. E ffc:.c.fs 

1.ll =- CJw )( ':)l\. >< k p x f.T x E,..F= ',c (..[) x c ( 3 (42.) 
& w )< A -;(~c:; l, \:: C f-1. 

(c ; ~ k. ::: c~ ~ <1> >< :CJ L (4s) 
61 ~ P,S 

4-r>t" ,· ~ C Tv, t 

J:H .::.o..::_002Y51s ~ 

;;.&,'3~c, Xfo
7 "'--j/l-:-'7-J ✓ 63 



b 
~ 
~ 

) 

ECF-100BC5-11 -0017, REV. 0 

[c.F- 1001'C-r - 11 -001 7 100-P.,G- M.../-ire. /lmet i"-Gn Q.-..k \). 6'"\llil\S . -:i../1e/i.olfo II oF 12. 

TJL - c,J~x Si\-")( k~ >< £ T '><- Ef'.= ¥- £,t) x Cf:3 -
.BW )( ATV).,:_.)( c('.:".1 

~q - j:J~ - X 
R+l) 0 ~ ~l_l:\f!>'.) 

-4 t ~e. V\ ·, t. C.Tvlf<. 

h-._s r'.1,,1 Jf_ ... ~ 
= 0.ODH.r, 8 *',( l.81)!,1"),',1' O,~, 7 /1\fX I 1t;;.£ X 31;,5 V y (Q5 ✓ " 

70 ~ X' (p?J'I )< 3~s- JJ':( 

~ {,1J77¥./c_., ~/~1-J ✓ 

_______ ~ l, ,)77-y. l o_-, ~ - J 

0. 0003 "";~.,_ J X l.o 

~ 2.l'f x,o- 1 
/ 

R i s It... .:: c'.! ) f o 'IC'. ::z:.J. -./ 
~11',-P.>":) 

/J,~" ' c_ C-f J I R_ 

~ Jii;_ u~f 7'../ \ -::CJ V =- (I ' e,J >< 0, 00 I hi)( I tVt,ef l( 3i;.s- -q )( (p B 'jh<io ~"-'-"') X CJ, oo'J.Sf '?S t-11.<:;/t.. )( ••• 
7ok1 x 7D{rx 3CP5cl!cxf 

• • • ( . IB _ef(jp'c ) xtXf /l&.31>31P- .3a,i.. ,4+ \ 
{,,-J.:~1 ..,_.,..141 1/ ~~k-Jix l~S,1Jx 1000;6't ~ J3s.71'. - 4.J3 J 

=- ~.-'{If g l( ,;1/Yk.~-J x 0,00l.S-S7e ~~' )( i.~1--1 )(' /a-'&,H1J 1
Jt [)(p (s.~~, ~~ ) 

-11) =- J,047~10 v,.,.jlll'l-1 ✓ 

R;slt... ::o(l,1(¼~-Jr'/1,0) x/.o4-7X/o
I'~1-J 

~ I .5, v.... 10-1~ ✓ 
64 

(_4 1-) 

(41,) 



) 

CF-1 00BC5-11 -0017, REV. 0 

~ u.+ kJ. j e \J Q("Mo. / 

T J ✓ == { SA x k:-p :x £Tx Efx f.D xCF3 ) xC-dwX" (_0Ww ) y ~l{P(/&,~%- 3~/fo,#) (4-Y 
\ 6(.,.) '>< 4 TnG- k" C F 1. RYi>cpw T - '·fl .13 

H--Q 

(4) 

=- /,PJ,yy 0 ,00( ;?:k {~>< %5.t,e'>d,~'1-(YIO ~.,.-c..,.,., x ('.).002,5570 ~/tr •. • 
( 

✓ c,.,.._ .. Kr ~~ ,, Y. ) , J 

7o k~ X ,~ ~ v._ 3<.5 J~'F 

'• • ( /q, y{/4,.Je ) X E")(p { e.~ _ '31,1<,,,, 44- \ 
~-~~/~ -~x:?,S,7)"l< I~ %/y! {&.~ ~ s3S,7 ~- t-~· l3/ 

~ 2.. , n ix ,,t•· L/~-J )( C,002.S"S,~~,t. )(' ~. r2., ~ (,o • 1...._ .... ~ )( Ey p ( ~. '2. r-, ,.,,.,.,.__;1-'J) 

::. /,077 1- ro- 10 ~)~-.I. ✓ 

___ .....:,.---- X {,017 ')( lo- 10 ~ -J 
0 ,0003 ~J X l.O 

65 


