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EXECUTIVE SUMMARY 

This risk assessment evaluates the potential human health risks to Native Americans in selected 

areas of the Hanford Site’s Central Plateau from exposure to contaminants formerly used at the 

site that are still present in subsurface soil and groundwater. The specific areas addressed are 

contaminants and radionuclides in the 200-ZP-1 Groundwater Operable Unit (OU) under the 

northern portion of the 200 West Area of the Hanford Site and at two representative soil sites, 

which include the 216-Z-1A Tile Field site located in the 200-PW-1 OU, and the 216-A-8 Crib 

site located in the 200-PW-3 OU. The 216-Z-1A Tile Field is located in the 200 West Area and 

the 216-A-8 Trench is located in the 200 East Area of the Central Plateau. These two soil sites 

were identified in Remedial Investigation Report for the Plutonium/Organic-Rich Process 

Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 

200-PW-6 Operable Units (DOE/RL-2006-51) as two of the five sites representative or unique of 

the 16 individual waste sites in these three OUs. For the other three representative or unique 

sites, there are no complete exposure pathways for Native Americans because impacted soil is 

present only at depths greater than 4.6 m (15 ft), the maximum reasonable depth for human 

health exposure as determined by the U.S. Environmental Protection Agency (EPA) and the 

Washington State Department of Ecology (Ecology). The results of the Native American risk 

assessment will be considered in the feasibility study (FS) during evaluation of the balancing 

criteria (e.g., evaluation of the protectiveness of a particular remedy). 

Previous investigations identified chlorinated solvents, inorganics, and radionuclides above 

regulatory criteria in groundwater and subsurface soil in the 200 West and 200 East Areas from 

past spills, leaks, and work practices associated with the processing of uranium and plutonium to 

make nuclear weapons. This risk assessment evaluated whether potential health risks are present 

if humans encounter these contaminants in their environment. 

Contaminant-impacted areas of the Central Plateau are not accessible, and institutional controls 

are in place that prevent soil disturbance and the use of groundwater. Because stakeholders 

requested an evaluation of risk based on the traditional Native American lifestyle, this risk 

assessment evaluates potential human health risks for Native American populations who might 

reside in the future in selected areas of the Hanford Site’s Central Plateau. This appendix 

addresses those future health risks for the Yakama and the Confederated Tribes of the Umatilla 

Reservation (CTUIR) populations from exposure to contaminants formerly used at the site that 
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are still present in subsurface soil and groundwater. The risk assessment evaluates risks under 

future conditions (unrestricted land use if institutional controls fail in the future). The 

unrestricted Native American land use scenario assumes that land use controls will remain in 

place for 150 years. After that time, a failure of institutional controls is assumed, such that 

exposures to members of the Umatilla and Yakama Nation are hypothetically possible. The site 

is anticipated to remain industrial with existing institutional controls for the foreseeable future. 

SELECTION OF CONTAMINANTS OF POTENTIAL CONCERN 

The first step in a HHRA is an evaluation of the data in order to select contaminants of potential 

concern (COPCs) for human health. For groundwater, the Remedial Investigation Report for the 

200-ZP-1 Groundwater Operable Unit (DOE/RL-2006-24) made a preliminary selection of 

likely contaminants of concern (COCs) after a rigorous and thorough assessment of potential 

sources, the quality of data, and a statistical evaluation of the detected constituents in 

groundwater. Note that in risk assessments, contaminants are referred to as COPCs until health 

risk calculations are complete. Contaminants that exceed target health goals at the end of the risk 

assessment process are referred to as COCs. In the 200-ZP-1 OU remedial investigation (RI) 

report, the term COCs was used to identify contaminants that required further examination and, 

therefore, the RI term is retained when referring to RI findings. 

The risk assessment refined the RI list using only the last 5 years of data (2001 through 2005) to 

represent current conditions. This data set was further evaluated using the target action levels 

from the RI and additional health-based information. Of the RI list of 15 possible COCs, the 

groundwater data evaluation selected the following 12 groundwater COPCs to carry through the 

risk assessment process: 

• Carbon tetrachloride • Nitrate 

• Chloroform • Technetium-99 

• Chromium (total) • Tetrachloroethylene (PCE) 

• Hexavalent chromium • Trichloroethylene (TCE) 

• Iodine-129 • Tritium 

• Methylene chloride • Uranium 
For soil, the risk assessment primarily used the available soil data from the 200-PW-1/3/6 RI 

report (DOE/RL-2006-51) for the 216-Z-1A Tile Field and 216-A-8 French Drain. In addition to 

soil data, screening-level soil gas data collected from the subsurface of the 216-Z-1A Tile Field 
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were evaluated semi-quantitatively to assess whether vapor concentrations intruding into a future 

home basement might be a health concern. The screening-level soil gas evaluation identified 

potentially significant quantities of vapors beginning about 10 m (33 ft) below ground surface 

(bgs), with maximum vapor concentrations at depths of 15.2 to 21.3 m (50 to 70 ft). While the 

data were not compound-specific (only total volatiles were identified), analytical instrumentation 

calibrated to carbon tetrachloride and chloroform indicated that those contaminants likely 

represented the majority of soil gas volatiles. 

Maximum detected concentrations in soil from each of the waste sites were compared to EPA 

Region 6 human health screening levels for residential soil and EPA generic residential 

screening levels for radionuclides to select COPCs in soil. (Note that EPA Region 10 does not 

calculate their own screening levels, but instead mandates the use of Region 6 screening levels 

on EPA projects in Region 10.) Selected soil COPCs are shown in Table ES-1. 

Table ES-1. Selected Soil COPCs. 

Contaminant 
216-Z-1A 
Tile Field 

216-A-8 
Crib 

Americium-241 √  

Carbon-14  √ 

Cesium-137  √ 

Neptunium-237  √ 

Plutonium-239 √ √ 

Plutonium-240 √ √ 

Radium-228  √ 

Technetium-99  √ 

Thallium  √ 

Thorium-228  √ 
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EXPOSURE ASSESSMENT 

Assuming institutional control failure at year 2150, exposure to impacted soil and groundwater 

was assessed for members of the Yakama Nation and CTUIR. At year 2150, it is assumed that 

someone could excavate soil for a house with a basement and bring the excavated soil to the 

surface, where it would be available for direct exposure and used to grow fruits and vegetables in 

a home garden. Native plants and animals were assumed to be minimally exposed, as 

contamination would be centered around a residence or “local” area (i.e., vegetable garden). For 

groundwater exposures, it was assumed that 200-ZP-1 groundwater would be used to irrigate the 

home garden, water domestic livestock, and as the water source in a sweatlodge. 

Note that the risk assessment assumes there will be no reduction in current contaminant levels 

but uses current concentrations to assess risks 150 years in the future. While it is anticipated that 

remedial measures will reduce concentrations in groundwater over time, the extent of this 

reduction is not known. Concentrations in groundwater in the future are uncertain; however, the 

use of current concentrations ensures that estimates of future risks are protective of human 

health. It is important to note that use of current groundwater concentrations provides an 

overestimate of future risks because reductions in groundwater concentrations are anticipated to 

occur through the planned active groundwater treatment program and the natural degradation of 

organic compounds. 

Soil risks were evaluated for the top 4.6 m (15 ft) of soil at the two waste sites, and groundwater 

risks were evaluated for three concentrations for each COPC (the 25th, 50th, and 90th percentile 

concentration of the plume). Thus, soil risks are waste-site-specific, and groundwater risks are 

evaluated for low, medium, and high COPC concentrations independent of location. Because 

a groundwater well could be drilled at any location and plume configurations for the 

12 groundwater COPCs are complex, this approach was selected as providing the best 

information for risk managers regarding the range of possible groundwater risks throughout 

the site. 

Because Native American exposures may be different than exposures that EPA has developed 

for a residential population (e.g., more time spent outdoors and greater consumption of native 

plants and animals), Native American exposure factors developed specifically for the Yakama 

Nation and CTUIR were preferentially used in the exposure assessment (Yakama Nation 
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Exposure Scenario for Hanford Risk Assessment [Ridolfi, 2007]; Exposure Scenario for CTUIR 

Traditional Subsistence Lifeways [Harris and Harper, 2004]). Where parameters were not 

provided by these sources, EPA sources were used. 

RISK ASSESSMENT RESULTS 

Risks (for cancer) and hazards (for non-cancer effects) are calculated for a reasonable maximum 

exposure (RME) scenario for each pathway, which is a calculation that overestimates risks for 

the majority of the population to ensure that public health is protected. Cancer risk estimates 

represent the potential for cancer effects by estimating the probability of developing cancer over 

a lifetime as a result of site exposures (e.g., a risk of 1 x 10-6 indicates a 1 in 1 million chance of 

developing cancer as a result of exposures at the site). Non-cancer hazards assume that there is 

a level of contaminant intake that is not associated with an adverse health effect, even in 

sensitive individuals. The EPA’s target cancer risk range is 10-6 to 10-4, with action usually 

required if risks exceed 10-4. Target health goals for non-cancer contaminants are a hazard index 

(HI) of ≤1, with action usually required if an HI exceeds 1. 

Risks to Native American populations are at the maximum risk possible (approaching 1, or 

100 percent), indicating that exposures to soil at the two waste sites and groundwater beneath the 

waste sites represent a significant risk should they occur in the future. Specifics for soil and 

groundwater are discussed below. 

Risks from Soil Exposure 

Risks from radionuclide soil exposures were modeled up to 1,000 years in the future to evaluate 

radioactive decay and ingrowth of daughter products. There are no significant differences in 

cancer risks between the CTUIR and Yakama Nation exposures. 

• For the 216-Z-1A Tile Field, total cancer risks approach the maximum possible value of 

1 (nearly 100 percent), primarily as a result of ingesting three COPCs in soil 

(plutonium-239, plutonium-240, and americium-241) and ingesting homegrown produce 

grown in the soil. Risks at future time horizons are not significantly different for 

plutonium-239 and plutonium-240 than current risks, because the half-lives of these 

contaminants are long. Risks at 1,000 years in the future still approach 1. Americium-241 

total risks decline from approximately 1 to 4 x 10-2 at 1,000 years. 
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• At the 216-A-8 Crib, total cancer risks are 3 x 10-1, where cesium-137 is the risk driver 

(primarily as a result of external radiation), and total risks at future time horizons are 

lower. Total site risks drop below 10-4 after approximately 350 years because of the 

relatively short half-life of cesium-137 (approximately 30 years), which drops below 

a 10-4 risk level at that time. Beginning approximately 350 years in the future, the risk 

drivers at 216-A-8 become neptunium-237 and plutonium-239, with risks in the upper 

10-5 range. 

Non-cancer hazards at 216-A-8 were from ingestion of thallium-containing soil and 

eating thallium-containing produce (thallium is the only nonradiological COPC in soil). 

Soil ingestion hazards are below 1 for both Native American populations and for 

ingestion of homegrown produce were above 1, with hazard quotients of 30 and 31 for 

the CTUIR and Yakama Nation, respectively.  

Table ES-2 presents soil risk results (CTUIR risks are shown, and Yakama Nation risks are 

essentially the same), and Figure ES-1 shows the contribution of different pathways to total risk 

for both Native American populations and both waste sites. 

Risks from Groundwater Exposure 

As with soil, there are no significant differences in health risks between the CTUIR and Yakama 

Nation for groundwater exposures. Risks from groundwater exposures are assumed to occur 

150 years in the future; however, current concentrations were used to calculate risks and hazards. 

Although not quantified, future concentration reductions will be significant for all contaminants 

due to the planned groundwater remediation activities. Even without remediation, significant 

concentration reductions will likely occur for the chlorinated solvents due to natural degradation 

processes. Therefore, future risks will be lower than those presented here. 

Specifics of the post-2150 unrestricted land use scenario for groundwater exposure are below: 

• At the 90th percentile groundwater concentration, cancer risks exceed 10-4 for all exposure 

pathways, except ingestion of beef for the CTUIR. The tap water and ingestion of 

homegrown produce pathways also exceed 10-4, even at the 25th percentile groundwater 

concentration. The sweatlodge pathway exceeds 10-4 at the 90th and the 50th percentile 

groundwater concentrations. Table ES-3 presents a summary of risks by pathway for both 

the Yakama Nation and CTUIR. Figure ES-2 presents risks by pathway and contaminant 
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for the Yakama Nation (CTUIR are very similar, as shown in Table ES-3). Carbon 

tetrachloride is the risk driver for both the tap water and sweatlodge pathways. Carbon 

tetrachloride is also the risk driver for the ingestion of produce pathway. At 150 years in 

the future, carbon tetrachloride concentrations would be expected to be significantly 

lower than they are today. If that is the case, technetium-99 is the driver for cancer risks 

for all pathways except the sweatlodge. Technetium-99 risks are highest for the produce 

pathway; however, risks are also above 10-4 for the other food chain pathways. 

• Non-cancer hazards from groundwater exposure are driven primarily by carbon 

tetrachloride for tap water and produce ingestion pathways, and by hexavalent chromium 

in the sweatlodge. In addition, nitrate and TCE each have non-cancer hazards above the 

target goal of 1 at the 90th percentile groundwater concentration. Table ES-4 presents 

a summary of non-cancer hazards from exposure to groundwater. 

GROUNDWATER RESIDUAL RISK 

In 150 years, groundwater concentrations are anticipated to be considerably lower than they are 

today due to planned groundwater remediation activities. In order to estimate what potential 

future risks might be for the Native American scenarios if groundwater concentrations met 

proposed cleanup levels, calculations of risks and hazards were estimated for eight of the 

groundwater COPCs: carbon tetrachloride, chromium (total), hexavalent chromium, iodine-129, 

nitrate, TCE, technetium-99, and tritium. If these COPCs were present in groundwater at 

concentrations equal to their proposed cleanup levels, risks would be significantly reduced for 

potential future Native American exposures. For the risk-driver carbon tetrachloride, cancer risks 

would be reduced to within EPA’s acceptable range of 10-6 to 10-4 for all evaluated pathways for 

both the CTUIR and Yakama Nation scenarios, and all non-cancer hazards would also meet EPA 

non-cancer goals (HI <1). However, CTUIR and Yakama Nation non-cancer hazards would 

remain slightly above 1 for the tap water and produce pathways due to hexavalent chromium and 

TCE, and risks would remain above 10-4 for the produce pathway due to technetium-99. 

Reduction of concentrations of the main risk driver, carbon tetrachloride, to proposed cleanup 

levels clearly would significantly reduce potential Native American risks. Risk and hazard 

reduction for the other COPCs would likewise be significantly reduced. 
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UNCERTAINTIES 

Estimating and evaluating health risks from exposure to environmental contaminants is 

a complex process. Uncertainty reflects limitations in knowledge, and when there is uncertainty, 

simplifying assumptions must be made to quantify health risks. Some key areas of uncertainty 

evaluated in the risk assessment are discussed below: 

• Characterization of the top 4.6 m (15 ft) of soil was limited, with few samples 

representing that depth horizon because the shallower soil has not been impacted. 

Therefore, soil concentrations could be overestimated because samples were 

preferentially collected in the areas of the highest contamination. 

• For groundwater, risk assessment guidance generally requires the use of unfiltered (total) 

data in the assessment of risks from human exposures to groundwater, particularly for 

metals, because humans swallow suspended particulate matter as well as the dissolved 

fraction. While both filtered (dissolved) and unfiltered (total) analyses were performed 

for the groundwater data (with the exception of uranium and nitrate), the majority of the 

groundwater data for metals is based on filtered samples. Concentrations are typically 

expected to be higher in unfiltered samples than in filtered samples because an unfiltered 

sample will also account for the contribution from metals suspended in the sample, rather 

than just the concentration measured in the dissolved phase. Therefore, the use of filtered 

data for metals potentially underestimates the concentrations present in groundwater. 

However, the use of filtered data for total chromium and hexavalent chromium does not 

affect the conclusions of the risk assessment, because hexavalent chromium is likely 

present in groundwater, primarily in the dissolved phase, and total chromium hazards are 

too low to be a health concern even if concentrations are underestimated. 

• With regard to produce ingestion, risks and hazards are significantly above target health 

goals due to ingesting homegrown produce grown in impacted soil and watered with 

impacted groundwater. Calculated risks and hazards from ingestion of homegrown 

produce are dependent upon the concentration in the plant tissue and the produce 

ingestion rate. Plant tissue concentrations were estimated using health-protective 

modeling that likely overestimates the amount of a COPC that could be in the plant. 

However, modeling necessarily simplifies complex environmental processes and, 

therefore, concentrations in plants cannot be absolutely determined without field data. 
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While transfer factors (i.e., estimates of how much contaminant gets into foods) are 

generally chosen to overestimate concentrations of contaminants in the food chain, it is 

possible that modeling also might underestimate actual plant concentrations in a future 

garden. With regard to uncertainties surrounding how much homegrown produce 

someone would eat, ingestion rates were obtained from Native American-specific 

information and represent a population that would be expected to receive a significant 

portion of their produce from their own garden. Risks from ingesting homegrown foods 

are overestimated if less produce is eaten, but would be underestimated if more produce 

was eaten. 

• Cancer risk from exposure to volatile contaminants in groundwater in the sweatlodge is 

a primary exposure pathway with risks from exposure to carbon tetrachloride exceeding 

10-3. The major uncertainties for this pathway are related to assumptions regarding two 

components of the risk equations: the exposure factors used (frequency and exposure 

time during sweatlodge use), and the estimation of contaminant concentration within the 

sweatlodge (based primarily on the size of the sweatlodge and the temperature of the 

water). Conservative assumptions were used in the evaluation of exposures during 

sweatlodge activities for both of these components that are more likely to result in an 

overestimation of sweatlodge use and contaminant concentration. Therefore, risks and 

hazards calculated for this pathway result in a compounding of these conservative 

assumptions that could overestimate the risks from this pathway. 

However, risks could also be underestimated for the sweatlodge pathway. The inhalation of non-

volatile contaminants was not included in the quantitative assessment even though inhalation of 

non-volatiles could potentially occur in a sweatlodge and the pathway is complete. As water is 

poured over heated rocks to form steam, a portion of the water might become suspended into the 

air as a mist. Sweatlodge inhalation may be a particular concern for hexavalent chromium, which 

is likely present primarily in the dissolved phase in the water, and some of the soluble hexavalent 

chromium in the water also could become suspended in air (in the mist droplets) and 

subsequently inhaled. However, hexavalent chromium compounds have no vapor pressure and, 

therefore, are unlikely to be present in significant concentrations in saturated water vapor formed 

in the sweatlodge. The existing models used to estimate non-volatile contaminants potentially 

present in saturated water vapor probably overestimate the non-volatile concentrations in air 
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within the confined space of a sweatlodge; however, it is currently difficult to understand the 

potential magnitude of that overestimate. Therefore, potential inhalation exposures to non-

volatiles are very uncertain for the sweatlodge pathway.  

Furthermore, of the non-volatile COPCs in groundwater at 200-ZP-1, three have inhalation 

toxicity criteria and could potentially be assessed for their health risks via inhalation in a 

sweatlodge: hexavalent chromium, iodine-129, and technetium-99. Hexavalent chromium is 

classified by EPA as a known human carcinogen by inhalation. The methods and data used by 

EPA to quantitatively estimate the cancer risk from inhalation of hexavalent chromium create 

uncertainties when applied to the sweatlodge scenario. The cancer slope factor for estimating 

cancer risks from inhalation exposure to hexavalent chromium was developed from the lung 

cancer incidence observed in chromate workers who inhaled a mixture of chromium-containing 

dusts. These workers were exposed to a mixture of both soluble and slightly soluble hexavalent 

chromium compounds. Studies with laboratory animals indicate that slightly soluble hexavalent 

chromium compounds are more potent carcinogens than soluble hexavalent chromium 

compounds. By contrast, hexavalent chromium was released at the Hanford Site in the form of 

soluble sodium dichromate. This is an important distinction, because the lung cancer incidence 

observed in chrome plating workers, who are exposed to entirely soluble hexavalent chromium 

compounds, is lower than the cancer incidence observed in chromate workers. Finally, the 

methods used by EPA to calculate the cancer slope factor introduce uncertainties that could 

either overstate or understate cancer risks. Therefore, while a potential cancer risk might exist for 

the sweatlodge scenario from soluble hexavalent chromium, it is uncertain what the magnitude of 

those risks might be, given the kinds of health effects information available. 

There are also potential non-cancer risks associated with inhalation of hexavalent chromium in 

the sweatlodge scenario. The EPA has estimated a reference concentration (RfC) for non-cancer 

effects, based on respiratory effects (nasal irritation and ulcerations) observed in chrome plating 

workers exposed to soluble hexavalent chromium mists. The EPA used the average 

concentrations in air that the workers were exposed, and applied uncertainty factors to the lowest 

observed-adverse-effect level (LOAEL) to calculate the RfC. More recent reviews of 

occupational exposure data suggest that short-term peak exposures to soluble hexavalent 

chromium in air along with multiple pathways of exposure are key factors in the occurrence of 

adverse non-cancer respiratory effects in workers. These factors were not included as part of the 
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RfC development; EPA’s RfC probably overstates the non-cancer risks from inhalation of 

hexavalent chromium, but the magnitude of overstatement is uncertain.  

Inhalation risks associated with the sweatlodge scenario may be underestimated by not including 

non-volatile contaminants in groundwater. However, DOE proposes to continue to work with the 

Yakama Nation and CTUIR to better understand the uncertainties associated with the inhalation 

exposure pathway in the sweatlodge scenario and to refine the methods used to estimate potential 

exposures through this pathway. 

• Cumulative cancer risks from Native American exposures to soil and groundwater 

approach 1 (i.e., are nearly 100 percent). The Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 (CERCLA) risk estimates are designed to 

support decisions relative to the CERCLA risk range, but risks approaching 1 are subject 

to additional uncertainties and technical limitations. It can generally be assumed that the 

dose-response relationship will be linear in the low-dose portion of the multi-stage model 

dose-response curve. In this case, the slope factor is a constant and risk can be directly 

related to intake. This linear relationship is valid only at relatively low-risk levels 

(i.e., below estimated risks of 0.01). For estimated risks above this level, alternative 

calculations are used. Since risk is generally understood as an estimate of cancer 

probability, and since probabilities are limited to the range between 0 and 1, one of the 

purposes of these alternative calculations is to avoid calculating risks that exceed 1 and, 

therefore, lose meaning (Risk Assessment Guidance for Superfund Volume1 Human 

Health Evaluation Manual (Part A): Interim Final [EPA/540/1-89/002]). The alternative 

formula was used for all the soil risk calculations and a number of the groundwater risk 

calculations because otherwise risks would have been calculated that were in excess of 1. 

Risks calculated based on large cumulative doses should, therefore, be interpreted with 

caution. 

In summary, every aspect of the risk assessment contains multiple sources of uncertainty. 

Simplifying assumptions are often made so health risks can be estimated quantitatively. Because 

the exact amount of uncertainty cannot be quantified, the risk assessment process is designed to 

overestimate rather than underestimate probable risk. The results of this assessment, therefore, 

are likely to be protective of health despite the inherent uncertainties in the process. Because 
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risks and hazards greatly exceeded target health goals, even significant uncertainties in the risk 

assessment calculations are unlikely to lower risks such that target health goals are not exceeded. 
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Figure ES-2. Native American 90th Percentile Groundwater Risks by Contaminant and Pathway. 

 
NOTE: Not all exposure pathways are shown for each contaminant because not all contaminants are evaluated for every 
pathway (e.g., chloroform is not evaluated as a carcinogen in beef or produce because only non-cancer toxicity is a 
concern when the chemical is ingested). 
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Figure ES-3. Native American 90th Percentile Groundwater 
Hazards by Contaminant and Pathway. 

 
NOTE: Not all exposure pathways are shown for each contaminant because not all contaminants are evaluated for every 
pathway (i.e., nitrate is not evaluated for its toxicity via the food chain). 
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Table ES-2. Summary of Cancer Risks for the CTUIR 
Native American Population from Soil. 

Radionuclide or 
Contaminant 

Totala 
Direct-Exposure Pathways 

Food Chain 
Pathway 

Inhalation Ingestion 
External 

Radiation 
Radon Produceb 

216-Z-1A Tile Field 
Am-241 1E+00 4E-04 6E-01 5E-01 -- 3E-01 
Np-237c 2E-03 2E-08 4E-05 1E-03 -- 4E-04 
Pu-239 1E+00 6E-03 1E+00 5E-02 -- 1E+00 
Pu-240 1E+00 1E-03 9E-01 4E-03 -- 6E-01 
U-235c 2E-05 5E-10 1E-06 2E-05 -- 1E-06 
U-236c 1E-05 3E-09 7E-06 4E-08 -- 7E-06 

Totald–150 years 1E+00 7E-03 1E+00 5E-01 9E-14 1E+00 
216-A-8 Crib 
C-14 4E-31 0E+00 0E+00 0E+00 -- 4E-31 
Cs-137 3E-01 7E-09 1E-03 3E-01 -- 2E-02 
Np-237 4E-05 5E-10 8E-07 3E-05 -- 7E-06 
Pu-239 3E-05 1E-08 2E-05 9E-08 -- 9E-06 
Pu-240 6E-06 2E-09 5E-06 7E-09 -- 2E-06 
Ra-228 2E-13 3E-19 7E-15 8E-14 -- 1E-13 
Tc-99 1E-05 8E-14 5E-09 4E-10 -- 1E-05 
Th-228 2E-13 2E-18 3E-15 2E-13 -- 2E-15 

Total–150 years 3E-01 2E-08 1E-03 3E-01 7E-15 2E-02 
Total–500 years 7E-05 1E-08 2E-05 3E-05 5E-18 2E-05 

Total–1,000 years 6E-05 1E-08 2E-05 2E-05 2E-17 2E-05 

NOTES: 

1. Shaded values exceed 1 x 10-4. For those cancer risk values listed as 1, risks do not equal 1, but are approaching 100%. 

2. Yakama Nation cancer risk results from soil are very similar to CTUIR results. 
aTotals are calculated using unrounded values. 
bPlants grown in impacted soil are the only food chain evaluated for soil. For beef and dairy cattle, exposures are from drinking 
impacted water and foraging on plants irrigated with impacted water. Impacted soil is assumed to be limited to the garden area 
of the home. 
cThis radionuclide is a daughter product and was not selected as a contaminant of potential concern. 
dTotals may add to >1, but are only reported to approximately 1, because risk cannot be greater than or equal to 100%. 

-- = indicates incomplete pathway or not applicable (i.e., radon column) 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Table ES-3. Summary of Cancer Risks from Native American Exposures to Groundwater. 

Exposure 
Pathway 

Nonradionuclide COPCs Radionuclide COPCs Cumulative Cancer Risk 

90th 50th 25th 90th 50th 25th 90th 50th 25th 

Yakama Nation 

Tap water 6E-02 1E-02 2E-04 6E-04 7E-05 2E-05 6E-02 1E-02 2E-04 

Sweatlodge 3E-03 6E-04 8E-06 7E-05 7E-06 1E-06 3E-03 6E-04 9E-06 

Beef 1E-05 2E-06 3E-08 2E-04 2E-05 5E-06 2E-04 2E-05 5E-06 
Fruits and 
vegetables 

7E-02 1E-02 2E-04 2E-02 2E-03 6E-04 9E-02 1E-02 8E-04 

Milk 2E-05 3E-06 5E-08 8E-04 9E-05 3E-05 8E-04 1E-04 3E-05 

Total 1E-01 2E-02 3E-04 2E-02 2E-03 7E-04 2E-01 3E-02 1E-03 

CTUIR 

Tap water 6E-02 1E-02 2E-04 6E-04 7E-05 2E-05 6E-02 1E-02 2E-04 

Sweatlodge 3E-03 5E-04 7E-06 6E-05 6E-06 9E-07 3E-03 5E-04 7E-06 

Beef 2E-06 3E-07 6E-09 3E-05 3E-06 9E-07 3E-05 4E-06 9E-07 
Fruits and 
vegetables 

7E-02 1E-02 2E-04 2E-02 2E-03 6E-04 8E-02 1E-02 8E-04 

Milk a a a 

Total 1E-01 2E-02 3E-04 2E-02 2E-03 6E-04 1E-01 2E-02 9E-04 

NOTE: Shaded values exceed 1 x 10-4. 
aThe CTUIR do not have default milk ingestion rates to evaluate risks from exposure by this pathway. 

COPC = contaminant of potential concern 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Table ES-4. Summary of Non-Cancer Hazards 
from Native American Exposures to Groundwater. 

Exposure Pathway 
90th 50th 25th 

Child Adult Child Adult Child Adult 

Yakama Nation 
Tap water 606 279 105 48 3 1 
Sweatlodge a 2 a 0.1 a 0.07 
Beef 1 0.9 0.08 0.06 0.03 0.03 
Fruits and vegetables 802 854 139 148 2 2 

Milk 0.32 0.2 0.05 0.03 0.002 0.001 

Total 1,410 1,136 244 196 5 4 

CTUIR 

Tap water 471 279 81 48 2 1 
Sweatlodge a 1 a 0.09 a 0.05 
Beef a 0.2 a 0.01 a 0.0047 
Fruits and vegetables a 792 a 137 a 2 

Milk b b b 

Total 471 1,072 81 185 2 4 

NOTE: Shaded values exceed 1. 
aChild exposures were not evaluated for this pathway. 
bThe CTUIR do not have default milk ingestion rates to evaluate hazards from exposure by this pathway. 

CTUIR =  Confederated Tribes of the Umatilla Indian Reservation 
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G1.0 INTRODUCTION 

This risk assessment evaluates potential human health risks for Native American populations 
who might reside in the future in selected areas of the Hanford Site’s Central Plateau. Currently, 
contaminant-impacted areas of the Central Plateau are not accessible. Instutitional controls are in 
place that prevent soil disturbance and the use of groundwater. This appendix addresses future 
health risks for the Yakama and the Confederated Tribe of the Umatilla Reservation (CTUIR) 
populations from exposure to contaminants formerly used at the Hanford Site that are still 
present in subsurface soil and groundwater. 

With some exceptions, Native American exposures are similar in type to the residential 
farmer evaluated in the baseline risk assessment (which is included as Appendix A of this 
document) (e.g., both groups could be exposed via direct contact with contaminated materials 
and the food chain). However, exposures may be different in kind (e.g., more time spent 
outdoors and greater consumption of native plants and animals) than the typical default 
exposures that the U.S. Environmental Protection Agency (EPA) has developed for a residential 
population (Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation 
Manual Supplemental Guidance “Standard Default Exposure Factors” Interim Final [OSWER 
Directive 9285.6-03]; Exposure Factors Handbook Volume 1: General Factors 
[EPA 600/P-95-002Fa]; Exposure Scenario for CTUIR Traditional Subsistence Lifeways [Harris 
and Harper, 2004]; Yakama Nation Exposure Scenario for Hanford Site Risk Assessment 
[Ridolfi, 2007]). Therefore, Native American scenarios developed specifically for the Yakama 
Nation and CTUIR are addressed in this appendix. 

Yakama Nation and CTUIR exposures will be evaluated for contaminants in the 200-ZP-1 
Groundwater Operable Unit (OU) under the northern portion of the 200 West Area of the 
Hanford Site and at two representative soil sites located in the 200-PW-1, 200-PW-3, and 
200-PW-6 OUs (hereinafter referred to as the 200-PW-1/3/6 OUs). Representative soil sites were 
selected in the Remedial Investigation Report for the Plutonium/Organic-Rich Process 
Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 
200-PW-6 Operable Units (DOE/RL-2006-51) as representative or unique of the 16 individual 
waste sites in these three OUs.  

The soil sites evaluated in this appendix are the 216-A-8 Crib (a representative waste site in the 
200-PW-3 OU) and the 216-Z-1A Tile Field (a representative waste site in the 200-PW-1 OU) 
because these are the only two representative sites with contamination within 4.6 m (15 ft) of the 
ground surface. This depth interval (0 to 4.6 m [0 to 15 ft]) is the interval where human exposure 
is most likely to occur. Excavation to soils deeper than 4.6 m (15 ft) is unlikely and generally 
does not need to be evaluated for residential populations, according to EPA and state guidelines 
and regulations (Supplemental Guidance for Developing Soil Screening Levels for Superfund 
Sites [OSWER 9355.4-24]; Washington Administrative Code [WAC] 173-340, “Model Toxics 
Control Act – Cleanup”). For the three additional representative sites evaluated in Appendix A 
(216-Z-8 French Drain and 216-Z-10 Injection/Reverse Well in 200-PW-6 OU and 216-Z-9 in 
200-PW-1 OU), the depth to impacted soil is greater than 4.6 m (15 ft). Therefore, exposures at 
these sites for future Native Americans would be incomplete. Figure G1-1 shows the 200 West 
and 200 East Areas of the Hanford Site, and Figures G1-2 and G1-3 show the locations of 216-Z-
1A Tile Field in the 200 West Area and 216-A-8 Crib in the 200 East Area, respectively. 
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Previous investigations have identified chlorinated solvents, inorganics, and radionuclides above 
regulatory criteria in groundwater and subsurface soil in the 200 West and East Areas from past 
spills, leaks, and work practices associated with the processing of uranium to make nuclear 
weapons and related activities (e.g., reprocessing of nuclear fuels and storing spent fuels). 
Industrial activities at Hanford have been ongoing since the 1940s and, while the nuclear 
processing activities are no longer occurring, much of the 200 West and East Areas are still 
being used for industrial purposes (e.g., various storage and waste management activities). This 
appendix evaluates whether potential health risks are present in the unlikely event that humans 
encounter these solvent- and radionuclide-impacted materials in their environment. 

This risk assessment evaluates risks for a hypothetical Native American population under future 
conditions if institutional controls fail and site knowledge is lost (unrestricted land use 
post-2150). The unrestricted land use scenario assumes that exposures to Native Americans 
could occur if soil contamination is present in the top 4.6 m (15 ft) of soil and if groundwater is 
used for domestic purposes, crop irrigation, and stock watering. The intent of including a Native 
American scenario is to provide information on an unrestricted land use scenario for this 
population, fulfilling 40 Code of Federal Regulations (CFR) 300, “National Oil and Hazardous 
Substances Pollution Contingency Plan” (NCP), requirements for a risk evaluation under a 
no action scenario and EPA requirements to address current and future conditions (Risk 
Assessment Guidance for Superfund Volume 1 Human Health Evaluation Manual (Part A): 
Interim Final [EPA/540/1-89/002]). Cleanup concentration goals and decisions will not be based 
on potential Native American future exposures, consistent with the current industrial nature of 
the site. The site is anticipated to remain industrial with existing institutional controls for the 
foreseeable future. The results of the Native American risk assessment will be considered in the 
feasibility study (FS) during evaluation of the balancing criteria (e.g., evaluation of the 
protectiveness of a particular remedy). 

According to EPA, the U.S. Department of Energy (DOE), and Hanford-specific risk guidance, 
human health risk assessments (HHRAs) are composed of four basic steps, which the Native 
American scenarios will also follow. These steps are below: 

1. The sampling data are initially screened to select the applicable data set for humans and, 
within that data set, to select contaminants that could be a health concern. 

2. Contaminant sources, pathways, receptors, exposure duration and frequency, and routes 
of exposure are evaluated to quantitatively assess the amount of exposure to the 
contaminants of potential concern (COPCs). 

3. A toxicity assessment is performed that summarizes the carcinogenic and 
noncarcinogenic effects associated with the COPCs and provides toxicity values that are 
used to estimate the dose-response relationship. 

4. Risk characterization is performed that integrates the quantitative and qualitative results 
of the data evaluation, exposure, and toxicity assessment sections. 

The accuracy of the information presented in this HHRA depends, in part, on the quality and 
representativeness of the available sample, exposure, and toxicological data. Where information 
is incomplete, conservative assumptions were made so that risk to human health was not 
underestimated. A discussion of uncertainties in the HHRA is presented in Section G6.0. 

This appendix was prepared primarily in accordance with the exposure scenarios developed by 
each Nation (Ridolfi, 2007; Harris and Harper, 2004). However, current EPA, Hanford-specific, 
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and DOE guidelines for risk assessment are also included where applicable (EPA/540/1-89/002; 
OSWER Directive 9285.6-03; EPA 600/P-95-002Fa; EPA Region 10 Interim Final Guidance: 
Developing Risk-Based Cleanup Levels at Resource Conservation and Recovery Act Sites in 
Region 10 [EPA 910/R-98-001]; Calculating Upper Confidence Limits for Exposure Point 
Concentrations at Hazardous Waste Sites [OSWER 9285.6-10]; OSWER 9355.4-24; and Risk 
Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, 
Supplemental Guidance for Dermal Risk Assessment): Final [EPA/540/R/99/005]; and Hanford 
Site Risk Assessment Methodology [DOE/RL-91-45]). In the absence of appropriate regulatory 
guidance (e.g., for site-specific conditions), the evaluation followed the available science. 

This appendix is organized as follows: 

• Section G1.0 contains an introduction. 

• Section G2.0 summarizes the data for the risk assessment and the COPCs from the 
discussion in Appendix A, Section A2.0. 

• Section G3.0 describes the exposure assessment, including the conceptual site model 
(CSM), the rationale for the selection/exclusion of exposure pathways, and the 
methodology and inputs that are used to calculate contaminant dose. 

• Section G4.0 presents the toxicity criteria that are used in the risk and hazard 
calculations. 

• Section G5.0 presents the results of the risk calculations for carcinogenic (cancer) risks 
and noncarcinogenic (non-cancer) hazards. 

• Section G6.0 discusses the major uncertainties in the risk assessment. 

• Section G7.0 summarizes the risk assessment and presents the conclusions. 

• Section G8.0 provides the references used in preparing this document. 
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Figure G1-1. Site Vicinity and Location Map. 
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Figure G1-2. Location of 216-Z-1A Tile Field in the 200 West Area. 
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Figure G1-3. Location of 216-A-8 Crib in the 200 East Area. 
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G2.0 DATA EVALUATION AND SELECTION 
OF CONTAMINANTS OF POTENTIAL CONCERN 

The primary objective of the data collection and evaluation process in the HHRA is to develop 
a data set of sufficient quality and quantity to adequately evaluate the potential constituent 
impacts to human receptors. The initial step has two parts: (1) the available sampling data and 
site information are reviewed to select data applicable to human health, and (2) constituent 
concentrations within the data set are evaluated to identify constituents and affected 
environmental media (i.e., soil) that are potential human health concerns requiring a more 
detailed assessment. The data evaluation process and selection of COPCs were completed in the 
baseline HHRA in Appendix A. Only summaries concerning the selection of data for soil and 
groundwater, and the selected COPCs are included here. Details on the sample numbers and 
locations included in the risk assessment and an evaluation of data usability and quality can be 
found in Appendix A (Section A2.1). 

G2.1 SELECTION OF DATA APPLICABLE TO HUMAN HEALTH 

Not all of the data available at a particular site are usually selected for inclusion in the risk 
assessment, because not all are relevant to human health exposures. For example, the quality 
of the data may be insufficient for the needs of the risk assessment, or the soil data may be from 
a depth interval for which there would be no human exposures. This section presents a summary 
of the soil and groundwater data selected for inclusion or exclusion in this risk assessment. 

G2.1.1 Soil 

The baseline HHRA in Appendix A used the available data from the 200-PW-1/3/6 remedial 
investigation (RI) report (DOE/RL-2006-51) for the representative soil sites. The data sources 
for the two sites evaluated in this appendix are below: 

• At the 216-Z-1A Tile Field, the data used for screening are from the cone penetrometer 
rig locations in and around the 216-Z-1A Tile Field (Table 3-9 of the 200-PW-1/3/6 RI 
report [DOE/RL-2006-51], Appendix C of the RI report [circa 1992 to 1993 sampling], 
and Appendix D of the RI report [circa 1979 sampling]). Data are available from depth 
ranges of 1.5 to 46.6 m (5 to 153 ft) below ground surface (bgs). Sampling locations used 
in the screening analysis are tabulated in Table A2-1 of Appendix A. Figure A2-1 of 
Appendix A shows the sampling locations at the 216-Z-1A Tile Field. Table G2-1 and 
Figure G2-1 show those sample locations included in this Native American risk 
assessment for samples from 0 to 4.6 m (15 ft) bgs. 

• At the 216-A-8 Crib, the data used for screening are from Appendix B of the 
200-PW-1/3/6 RI report (DOE/RL-2006-51) (circa 2005 sampling). Data were available 
from a single location, C4545, with sample depths ranging from approximately 5.8 to 
80 m (19 to 264.5 ft) bgs. Figure A2-4 of Appendix A shows the location of the boring. 
Table A2-2 of Appendix A shows the numbers of samples by constituent group available 
for the risk assessment. 

As noted in Section G1.0, of the representative sites, only these two waste sites have 
contaminated soil in the top 4.6 m (15 ft). Therefore, potential Native American exposures are 
complete for soil only at these two sites. 
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G2.1.2 Groundwater 

The groundwater data used in the baseline HHRA in Appendix A were also used in this appendix 
to evaluate potential Native American exposures. Data used for the 200-ZP-1 RI report 
(Remedial Investigation Report for 200-ZP-1 Groundwater Operable Unit [DOE/RL-2006-24]) 
consisted of groundwater monitoring well data from samples collected from 116 wells from 1988 
through 2005. The baseline HHRA in Appendix A for site 200-ZP-1 OU used a subset of the 
RI data set. Specifically, the last 5 years of data were selected as representative of current 
conditions (samples collected from 2001 through 2005), and data prior to 2000 were excluded. In 
addition, of the 116 wells evaluated in the 200-ZP-1 RI report, 107 wells were selected for the 
risk assessment, because their screening intervals were the most applicable for the depth that 
a groundwater-supply well might be screened. These 107 wells include the wells with the highest 
concentrations found for groundwater. The selected wells are listed in Table A2-4 of 
Appendix A, and Table A2-2 of Appendix A shows the numbers of samples available per 
constituent or constituent group. The selected wells included in this Native American risk 
assessment are shown in Table G2-2. 

As discussed in Appendix A, risk assessment guidance (EPA/540/1-89/002) generally requires 
the use of unfiltered (total) data in the assessment of risks from metals and other inorganics in 
groundwater. Unfiltered samples are preferred because metals can be present in groundwater 
dissolved in the water and also attached to suspended particles. If humans swallowed unfiltered 
water, then exposure would be to contaminants present in both the dissolved and the suspended 
particulate portions. Therefore, use of filtered data may underestimate the amount of contaminant 
to which a person might be exposed. Differences in filtered versus unfiltered concentrations do 
not apply to most organic compounds because they are present in groundwater primarily in the 
dissolved state. 

Both filtered (dissolved) and unfiltered (total) analysis was performed for the groundwater data. 
However, the majority of the groundwater data for metals is based on filtered samples, with the 
exception of total uranium. The metals identified as COPCs in groundwater, according to the 
groundwater RI report (DOE/RL-2006-24), are antimony, iron, chromium (total), hexavalent 
chromium, and uranium. For uranium, the majority of the results are based on unfiltered samples. 
Only 39 of 225 results for uranium are based on filtered samples. Therefore, these 39 filtered 
results were removed from the data, and only the unfiltered results were used in the evaluation of 
total uranium in groundwater. 

For the remaining metals in groundwater, the majority of the groundwater data is based on 
filtered samples. Therefore, these filtered concentrations of antimony, iron, chromium (total), 
and hexavalent chromium potentially underestimate the total concentrations present in 
groundwater. Because antimony is present at background concentrations, and iron concentrations 
were orders of magnitude below a health-based level, the exclusion of these chemicals from the 
in-depth risk analysis (see Section G6.1.2) will not affect the conclusions of the risk assessment. 
The uncertainty associated with the use of filtered results for chromium (total) and hexavalent 
chromium is discussed in detail in the uncertainty section of Section G.6.1.2. Because the most 
toxic form of chromium, hexavalent, is expected to be present primarily in the dissolved form, 
the use of filtered data is not expected to impact the evaluation of Native American exposures in 
this appendix (Section G6.1.1.2). 



DOE/RL-2007-27, REV. 0 

G-9 

G2.1.3 Soil Gas 

Because of the high concentrations of carbon tetrachloride and other chlorinated solvents in 
groundwater beneath the 200-PW-1 OU (the location of 216-Z-1A Tile Field), soil gas sampling 
has occurred over a number of years. Soil gas data from the vicinity of the 216-Z-1A Tile Field 
collected in 2005 were reviewed to evaluate their suitability for inclusion in the risk assessment. 
Soil gas was collected from 17 sampling locations (see circled area in Figure G2-2) and analyzed 
for volatile organic compounds (VOCs) using field-screening procedures that measured total 
vapors but not individual compounds. Soil gas samples were screened at intervals ranging from 3 
to 26.36 m (1 to 86.5 ft) bgs. Although the samples were analyzed for VOCs and not individual 
compounds, the samples were calibrated to five specific VOCs, including carbon tetrachloride 
and chloroform. These data are summarized in Carbon Tetrachloride Dense Non-Aqueous Phase 
Liquid (DNAPL) Source Term Interim Characterization Report (DOE/RL-2006-58). Generally, 
detected concentrations in the vicinity of the 216-Z-1A Tile Field ranged from 2 to 512 parts per 
million by volume (ppmv) (or 12.58 to 3,221.5 mg/m3) for carbon tetrachloride and 2 to 27 ppmv 
(or 9.77 to 131.8 mg/m3) for chloroform over all depth intervals1. Maximum concentrations for 
both carbon tetrachloride and chloroform were located at sampling location P30E. Other high 
concentrations were also found at location P29. Both sampling locations P29 and P30 are located 
in the center of the former tile field. Samples collected from these locations in the 15.24- to 
21.34-m (50- to 70-ft) screening interval contain the highest concentrations of carbon 
tetrachloride and chloroform in soil gas. These sampling locations are in the dense nonaqueous 
phase liquid pool that was identified at this location (DOE/RL-2006-58). Therefore, these soil 
gas samples likely represent worst-case conditions for subsurface vapors. 

Because these data were analyzed using field-screening methodology and the soil gas data were 
not analyzed for individual compounds, it cannot be used quantitatively for risk assessment. 
However, because vapors are present at depth in the subsurface, they could potentially migrate to 
a future building (no structures are currently above the 216-Z-1A Tile Field) and vapor intrusion 
is discussed qualitatively in Sections G3.0 and G5.0. 

G2.2 SELECTION OF NATIVE AMERICAN-SPECIFIC COPCS 

The COPCs selected in soil in the baseline HHRA in Appendix A were based on exceedances 
above health-protective residential screening values derived by EPA to protect the general 
U.S. population (see Section A2.2 of Appendix A and Section G2.3). Generic screening levels to 
protect a Native American population are not available. Because Native American exposures are 
higher than general population exposures for soil and groundwater (i.e., Native Americans ingest 
two to four times more soil and groundwater per day than EPA assumes for residential 
exposures), chemicals could be screened out using EPA screening levels, but might be retained if 
Native American exposures were assumed. Because safety factors are already used in the 
residential screening process (see Section G2.3), a separate screening was not done for this 
assessment to select COPCs for Native Americans using lower screening criteria. However, the 
uncertainties surrounding potential additional COPCs for a Native American population based on 
lower screening levels are discussed in Section G6.0. 

                                                 
1 A single chloroform concentration was reported of 234 ppmv at location P38. However, this result was an isolated 

occurrence and appears suspect. The other soil gas samples collected from location P38 in the same general depth 
range were significantly lower and ranged from 3 to 8 ppmv. Therefore, this chloroform result was not considered 
in this evaluation. 
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Groundwater COPCs evaluated in Appendix A were selected in the groundwater RI 
(DOE/RL-2006-24) based on target action levels (TALs) (most of which were risk-based) 
approved by the regulatory agencies, which are discussed further in Section G2.4. The potential 
for additional groundwater COPCs to be selected using lower screening levels is also discussed 
in Section G6.0. 

Note that differences in COPC selection as a result of differences between residential and Native 
American screening levels would not occur if site contaminants were above or well below EPA 
screening levels. For example, if a maximum concentration is larger than an EPA screening 
level, then it does not matter if the contaminant is screened against a lower screening level; it 
would still be selected as a COPC. Therefore, the COPCs selected using EPA screening levels 
in Appendix A would also be selected for a Native American population, and risk drivers 
selected using EPA screening levels would also be risk drivers for a Native American 
population. In addition, if a contaminant is below background, it would not be selected for 
either standard residential or Native American populations; nor would the contaminant be 
selected if it was considerably lower than an EPA screening level. Therefore, the COPC selection 
issue is a potential concern for chemicals that are slightly below EPA screening levels and, 
therefore, would likely represent borderline risks for a Native American population. The issue is 
thus addressed as an uncertainty. 

G2.3 RESULTS OF SCREENING FOR SOIL 

This section summarizes the results of the screening processes for soil conducted in Appendix A. 
Tables A2-7 and A2-11 of Appendix A show data, screening levels, and results of screening. 
These two tables are reproduced here as Tables G2-3 and G2-4 for the 216-Z-1A Tile Field and 
216-A-8 Crib, respectively. The maximum detected contaminant concentrations were compared 
to health-protective screening levels. Specifically, EPA’s Region 6 human health screening 
levels (HHSLs) for residential soil were used as the risk-based screening values for 
nonradionuclides2 (OSWER 9355.4-24), and EPA’s generic residential screening levels for 
radionuclides (Soil Screening Guidance for Radionuclides: Technical Background Document 
[EPA/540-R-00-006]) were selected for the radiological evaluation. If contaminant 
concentrations were above screening values, they were considered for selection as COPCs. 
The COPCs selected for these two soil sites are summarized below. 

• 216-Z-1A Tile Field: 

– Americium-241 
– Plutonium-239/240 

• 216-A-8 Crib: 

– Carbon-14 
– Cesium-137 
– Neptunium-237 
– Plutonium-239/240 
– Radium-228 
– Technetium-99 
– Thallium 

                                                 
2 Where no Region 6 HHSL was available, EPA Region 9 preliminary remediation goals were used (“Region 9 

PRG Table” [EPA, 2004]). 
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– Thorium-228. 

The COPCs were selected based on a screening hazard quotient (HQ) of 0.1 and risk of 1 x 10-6, 
providing a safety factor of 10 for noncarcinogens (HQs must exceed 1 before a health risk is 
present) and 100 for carcinogens (action is not typically taken at a site unless the cancer risk 
exceeds 10-4). Included in Section G6.0 is a discussion of the selection of COPCs if the data were 
screened with lower safety factors: an HQ of 0.01 for noncarcinogens and a 1 x 10-8 risk level for 
carcinogens (obtained by dividing EPA standard residential values by a factor of 100). Also 
included in Section G6.0 is a discussion of contaminants that do not have screening values and 
thus cannot be evaluated in a risk assessment. 

G2.4 RESULTS OF SCREENING FOR GROUNDWATER 

The 200-ZP-1 RI (DOE/RL-2006-24) had identified 55 compounds of possible concern in 
groundwater in the Data Quality Objectives Summary Report Supporting the 200-ZP-1 Operable 
Unit Remedial Investigation/Feasibility Study Process (CP-16151), and the Remedial 
Investigation/Feasibility Study Work Plan for 200-ZP-1 Groundwater Operable Unit, Hanford 
(DOE/RL-2003-55). The data quality objective (DQO) summary report and 200-ZP-1 RI went 
through a rigorous process of identifying potential sources of contaminants and establishing what 
constituents could possibly be present in groundwater due to site activities. The 200-ZP-1 RI 
then further evaluated these contaminants by comparing maximum concentrations to health-
based screening levels. The selected screening levels were either risk-based drinking water 
cleanup levels from the Washington State Department of Ecology’s (Ecology) Model Toxics 
Control Act (MTCA) Method B cleanup levels, or were maximum contaminant levels (MCLs) 
from state and Federal drinking water regulations. Details of these screening levels and how they 
were selected (screening levels are referred to as TALs in the RI) are presented in Table 1-5 of 
the 200-ZP-1 RI report (DOE/RL-2006-24). 

Table A2-14, of Appendix A is reproduced here as Table G2-5 and presents a summary of the 
last 5 years of data for the 15 contaminants identified in the 200-ZP-1 RI as contaminants of 
concern (COCs) (DOE/RL-2006-24). The following 12 COPCs were selected for quantitative 
evaluation in the risk assessment: 

• Carbon tetrachloride 
• Chloroform 
• Chromium (total) 
• Hexavalent chromium 
• Iodine-129 
• Methylene chloride 
• Nitrate 
• Technetium-99 
• Tetrachloroethylene (PCE) 
• Trichloroethylene (TCE) 
• Tritium. 

Uranium is retained as a COPC based on its chemical toxicity, not on its radioactive toxicity. The 
radioactive isotopes of uranium have either not been detected in recent groundwater monitoring 
rounds or have been detected at concentrations well below health-based levels 
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(DOE/RL-2003-55). Thus, only chemical toxicity is a concern for uranium. Uranium is unique in 
that its chemical toxicity occurs at or below levels that are a concern for radioactive toxicity. 

Figure G2-1. 216-Z-1A Tile Field Sampling Locations for Soil  
(0 to 4.6 m). 
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Figure G2-2. 216-Z-1A Tile Field Sampling Locations for Soil Gas. 
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Table G2-1. Summary of Soil Data Sampling Locations Included 

in the Risk Assessment, 216-Z-1A Tile Field. 
299-W18-149 299-W18-164 

299-W18-150 299-W18-165 

299-W18-159 299-W18-166 

 
Table G2-2. Summary of Groundwater Data Sampling Locations 
Included in the Risk Assessment for the 200-ZP-1 Operable Unit. 

299-W10-1 299-W11-7 299-W15-40 299-W7-4 

299-W10-17 299-W12-1 299-W15-41 299-W7-5 

299-W10-19 299-W13-1 299-W15-42 299-W7-6 

299-W10-20 299-W14-13 299-W15-43 299-W7-7 

299-W10-21 299-W14-14 299-W15-44 299-W7-8 

299-W10-22 299-W14-15 299-W15-45 299-W7-9 

299-W10-23 299-W14-16 299-W15-46 299-W8-1 

299-W10-24 299-W14-17 299-W15-47 699-19-88a 

299-W10-26 299-W14-18 299-W15-49 699-26-89 

299-W10-27 299-W14-19 299-W15-50 699-34-88 

299-W10-28 299-W14-5 299-W15-7 699-36-93 

299-W10-4 299-W14-6 299-W15-763 699-39-79 

299-W10-5 299-W15-1 299-W15-765 699-43-89a 

299-W10-8 299-W15-11 299-W17-1 699-44-64 

299-W11-10 299-W15-15 299-W18-1 699-45-69A 

299-W11-12 299-W15-16 299-W18-16 699-47-60 

299-W11-13 299-W15-17 299-W18-23 699-48-71 

299-W11-14 299-W15-2 299-W18-24 699-48-77A 

299-W11-18 299-W15-30 299-W18-27 699-48-77D 

299-W11-24 299-W15-31A 299-W18-4 699-49-100Ca 

299-W11-3 299-W15-32 299-W6-10 699-49-79 

299-W11-37 299-W15-33 299-W6-11 699-50-85 

299-W11-39 299-W15-34 299-W6-12 699-51-75 

299-W11-40 299-W15-35 299-W6-7 699-55-60Aa 

299-W11-41 299-W15-36 299-W7-1 699-55-76 

299-W11-42 299-W15-38 299-W7-11 699-55-89 

299-W11-6 299-W15-39 299-W7-12  
aTotal uranium and technitium-99 data from these wells were excluded from the risk 
assessment, because the presence of total uranium and technitium-99 in these wells is 
associated with another source area, unrelated to the 200-ZP-1 source area. 
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G3.0 EXPOSURE ASSESSMENT 

This section evaluates the sources, pathways, receptors, exposure duration and frequency, and 
routes of exposure to assess total human exposure to the substances of concern in groundwater 
(underlying site 216-Z-1A Tile Field) and soil for sites 216-Z-1A Tile Field and 216-A-8 Crib at 
Hanford. The goal of this section is to calculate the amount of contaminant that each receptor 
would encounter for each COPC and exposure pathway combination. Three elements are 
required to calculate the amount of contaminant (i.e., intake): first, a CSM must be developed 
that identifies complete pathways for the exposure of receptor populations to COPCs; second, 
estimates of media concentrations at the exposure point (the point of contact between the COPC 
and receptor) must be developed; and, third, factors must be selected that quantify the amount of 
exposure. The combination of media concentrations and exposure factors results in the intake3 
estimates for each contaminant. 

G3.1 CONCEPTUAL SITE MODEL 

A CSM portrays the sources of contaminants at a site, their release and transfer through 
environmental media (e.g., soil and air), and the points and means by which human populations 
might contact the contaminants. This section provides a brief description of which environmental 
media have been impacted by contaminant releases, a description of the site’s land uses, and a 
characterization of the CTUIR and Yakama Nation populations under future conditions. Note 
that the detailed information regarding contaminant sources, releases to the environment, and 
contaminant fate and transport information required to fully characterize the sites were 
developed and presented as part of the DQO and RI documents for 200-ZP-1 (CP-16151; 
DOE/RL-2006-24) and the 200-PW OUs (DOE/RL-2006-51). (Table A2-5 in Appendix A 
provides specific information on sources and characterization information.) This section provides 
a general discussion of contaminated media and focuses on human exposure to the media. It is 
not intended to provide a complete picture of characterization. 

The goal of the CSM is to provide an understanding of where the site-related contaminants are 
present and where they may be present in the future in order to identify the populations that 
could encounter the contaminants. The pathways of exposure for these populations can then be 
selected for a quantitative evaluation of health risks. The subsections that follow describe the 
CSM and identify exposure pathways for the Native American exposure scenario. 

G3.1.1 Affected Media and Land Use 

Based on site investigative work, subsurface soil (defined for human health as between 0.6 
and 4.6 m [2 to15 ft]) and groundwater have been identified as containing site-related 
contaminants. Two sites, the 216-Z-1A Tile Field and 216-A-8 Crib, were selected for inclusion 
in this risk assessment out of five sites evaluated in the baseline HHRA (Appendix A) because 
contamination begins at these sites at a depth of less than 4.6 m (15 ft) bgs. 

                                                 
3 Note that, because radionuclides are measured as radiological activity per gram and nonradiological contaminants 

are measured as a weight per weight (e.g., milligrams of contaminant per kilogram of media), the contaminant 
intake or “dose” of a regular contaminant is not equivalent to an absorbed dose of radionuclide. Where there are 
differences in terms and calculations between radiological contaminants and regular contaminants, these are noted 
in the text.  
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Currently, contaminants in the 200-ZP-1 groundwater plume have not reached the nearest 
surface water body (the Columbia River); therefore, surface water is currently not impacted by 
any of the waste sites evaluated in this report. Conservative modeling indicates that the 
groundwater plumes may reach the Columbia River in 75 years or more if no actions are taken. 
Because of the uncertainties in estimating groundwater concentrations at the river boundary 
75 years or more in the future, these potential future pathways are not quantified in the risk 
assessment but are included as an uncertainty in exposure in Section G62.2. 

Groundwater ranges from approximately 58 to 80 m (190 to 262 ft) bgs. Groundwater in the 
vicinity of the site is not being used for any purpose, and the current use of groundwater is 
restricted by institutional controls managed by DOE. 

Current land use at the site is industrial and public access to the site is restricted (Hanford Site 
Environmental Report for Calendar Year 2005 [PNNL-15892]). The large overall size of the 
Hanford Site (1,524 km2 [586 mi2]) also provides a buffer around the Central Plateau area that 
contributes to access control. As noted earlier, the Central Plateau contains the 200-PW OU 
waste sites and overlies the groundwater plumes that are evaluated in this report. The 200 West 
and 200 East Areas of the Central Plateau are approximately 8 km (5 mi) from both the nearest 
boundary of the site to the west and the nearest section of the Columbia River to the north 
(Figure A1-1). 

Land use at the 200 West and 200 East Areas is anticipated to remain industrial for the 
foreseeable future. These areas are part of the Central Plateau core zone, which is designated as 
an industrial exclusion zone that will be used for ongoing waste disposal operations and 
infrastructure services (DOE/RL-2006-51). Currently, contaminant-impacted areas of the Central 
Plateau are not accessible. This risk assessment evaluates potential human health risks for Native 
American populations who might reside in the future in selected areas of the Hanford Site’s 
Central Plateau. 

G3.1.2 Selected Populations 

For this assessment, two Native American populations (the CTUIR and the Yakama Nation) 
have been selected to represent the future hypothetical Native American scenario, assuming 
institutional controls failure at year 2150. While land use is anticipated to remain industrial for 
the foreseeable future, because the radionuclides present in soil and groundwater have very long 
half-lives, these populations were evaluated assuming exposure to contaminants in groundwater 
and soil in the 200 West and 200 East Areas and also assuming additional exposures via the food 
chain (i.e., plants, meat, and milk). At year 2150, it is assumed that someone could excavate soil 
for a house with a basement and bring the excavated soil to the surface, where it would be 
available for direct exposure by future CTUIR and Yakama Nation populations. Native plants 
and animals would be expected to be minimally exposed, as contamination would be centered 
around a residence or “local” area (i.e., vegetable garden), and groundwater would be used to 
grow crops, water domestic livestock, and in a sweatlodge. Potential future “broad” area 
exposures (potentially affecting native plants and animals) are not quantified in this risk 
assessment because contamination is currently buried, but are included as an uncertainty in 
exposure (Section G6.2). 
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G3.1.3 Identification of Exposure Pathways 

Several possible pathways of exposure may exist for exposures to soil and groundwater. An 
exposure pathway is the mechanism by which a receptor (human) is exposed to contaminants 
from a source. The following four elements constitute a complete exposure pathway:  

• A source and mechanism of contaminant release 
• A retention or transport medium (e.g., soil) 
• A point of potential human contact with the affected medium 
• A means of entry into the body (e.g., ingestion) at the contact point. 

Only complete pathways containing all four elements result in exposures. However, in some 
circumstances, an exposure pathway may be considered complete (i.e., meet all four of the 
elements) but insignificant. An exposure pathway is considered complete but insignificant if one 
or more of the following three conditions are met (EPA/540/1-89/002): 

• The exposure resulting from the pathway is much less than the exposure resulting from 
another pathway involving the same medium. 

• The potential magnitude of exposure from the pathway is low or of limited toxicological 
importance. 

• The probability of the exposure occurring is very low, and the risks associated with the 
occurrence are not high. 

Only complete and significant pathways of exposure are quantitatively evaluated in this risk 
assessment. Complete but insignificant pathways of exposure generally do not require 
quantitative evaluation but are discussed qualitatively. The CSMs (see Figures G3-1 and G3-2) 
depict the complete pathways for future unrestricted land use and indicate which have been 
selected for quantitative evaluation. Figure G3-1 is a pictorial representation of the complete 
pathways, and Figure G3-2 provides a schematic of the complete pathways. Under a future 
hypothetical Native American scenario (post-2150), soil exposures at two waste sites within the 
study area and groundwater exposures are possible for CTUIR and Yakama Nation populations. 
These future exposure pathways are discussed in more detail below. 

G3.1.3.1 Contact with Soil 

At the two quantitatively evaluated soil sites, impacts to soil do not begin until more than 1 m 
(3 ft) bgs and contamination extends below 4.6 m (15 ft), the maximum depth interval at which 
direct human contact exposure is expected to occur. Specific depth intervals of soil 
contamination as established by the 200-PW-1/3/6 OUs RI report (DOE-RL 2006-51) and the 
216-2-8 French Drain Study (RHO-RE-EV-46P) are below: 

• 216-Z-1A Tile Field: 1.8 to 30.5 m (6 to 100 ft) 
• 216-A-8 Crib: 3.2 to 20 m (10.5 to 70 ft). 

Note that these depths are not identical to the intervals where samples were collected, as 
described in Section G2.1.1. 

Surface soil is defined by EPA as the top 2 cm (0.78 in.) (Soil Screening Guidance: Technical 
Background Document [EPA/540/R-95/128]), although depths of 0 to 0.61 m (0 to 2 ft) and 
0 to 0.91 m (0 to 3 ft) are frequently used as the “surface soil” horizon as a protective measure 
(Final Guidance for Conduct of Deterministic Human Health Risk Assessments [ODEQ 2000]; 
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Draft Risk Assessment Procedures Manual [ADEC 2005]). There is no contaminated surface soil 
at either of the two waste sites available for human contact. Therefore, in order for the CTUIR 
and Yakama Nation populations to come into contact with contamination in soil, the impacted 
materials at depth at the two waste sites must be brought to the surface. This scenario would only 
occur if all knowledge of the site is lost, as are any markers or indicators that could be placed on 
the site, and thus is not considered to be possible in this assessment until at least the year 2150. It 
was assumed for this assessment that the subsurface material will be brought to the surface by 
soil excavation for a home with a basement (4.6 m by 5 m by 10 m [15 ft by 33 ft by 16 ft]), and 
the excavated soil would be spread in the area surrounding a home and within a vegetable 
garden. Then, through daily activities, Native Americans could potentially be exposed to surface 
soil through ingestion, inhalation of fugitive dust and vapors, and external radiation. The dermal 
pathway is not significant for radionuclides or for thallium, the only metal selected as a COPC. 
Therefore, the dermal pathway to soil is incomplete and will not be evaluated. 

The assumption of contamination brought to the surface as excavated soil is consistent with 
other Hanford documents, particularly the recent Risk Assessment Report for the 100 Area and 
300 Area Component of the River Corridor Baseline Risk Assessment (DOE/RL-2007-21). 

G3.1.3.2 Inhalation of Vapors in Indoor Air 

Exposures to VOCs in subsurface soil might be possible for a future Native American population 
through inhalation of vapors emanating from the subsurface into the ambient air. The top 4.6 m 
(15 ft) of soil do not contain significant concentrations of VOCs at either waste site. The only 
detected VOC at 216-Z-1A, methylene chloride, is most likely a lab contaminant (only 4 out of 
23 samples were detected, and data were flagged as chemical also in the trip blank), and 
concentrations were below residential screening levels. All the VOCs detected at 216-A-8 were 
below method detection limits. However, groundwater beneath the 216-Z-1A Tile Field contains 
significant concentrations of VOCs, and a soil vapor extraction (SVE) system has been operating 
in the vicinity of the site for a number of years. 

According to Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from 
Groundwater and Soils (EPA 530-F-02-052,), because the depth to groundwater is greater 
than 30.5 m (100 ft), the movement of vapors from groundwater into indoor air would not be 
a health concern at the 216-Z-1A Tile Field. Therefore, the groundwater to indoor air pathway is 
incomplete. However, there is ongoing vapor extraction in this area, and vapors have been 
detected in soil gas at depths greater than 4.6 m (15 ft) but shallower than 30.5 m (100 ft). 
Consequently, the vapor migration pathway is considered potentially complete for volatile 
contaminants in deep subsurface soil gas. 

The subsurface soil to indoor air pathway is shown as potentially complete and significant in 
Figure G3-2. The pathway is only evaluated qualitatively as a potential health concern in 
Section G5.0 for the following reasons: 

• There are no soil gas data of sufficient quality available to quantify this pathway. 

• In 150 years, volatile concentrations are likely to be significantly lower than they are 
now. 

• Indoor vapor concentrations are affected by the size of building, ventilation, and type 
of building construction, and there are many uncertainties in predicting what those 
parameters might be at a distant future date. 
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G3.1.3.3 Contact with Groundwater 

If a well is drilled under an institutional controls failure scenario, then the water could be used 
for drinking and irrigation of crops and livestock. A future Native American population drinking 
the water would be exposed via ingestion, inhalation of VOCs, and dermal contact during 
domestic use of the water (e.g., showering and cleaning). In addition, there could also be dermal 
and inhalation exposures during sweatlodge use (only an adult population is evaluated for 
sweatlodge exposures). Inhalation of volatile contaminants only was quantified in the assessment 
of sweatlodge exposures. Because of a number of uncertainties, inhalation of non-volatiles in a 
sweatlodge was not quantified but is addressed qualitatively in the uncertainty section 
(Section G6.0). A contaminant was considered volatile if it met EPA’s working definition of a 
volatile: a Henry’s law constant greater than 10-5 and a molecular weight of less than 200 g. 
Using this definition, total chromium, hexavalent chromium, nitrate, technetium-99, iodine-129, 
and uranium are not volatile compounds and were not quantified for the inhalation pathway in 
the sweatlodge scenario. The external radiation pathway is generally only significant for photon 
emitters in soil (DOE/RL-91-45; EPA/540/1-89-002). Therefore, the external radiation pathway 
is considered insignificant for exposures to groundwater via domestic use or in a sweatlodge. 

G3.1.3.4 Food Chain Exposures 

To estimate an upper-bound risk value for the CTUIR and Yakama Nation populations, the risk 
assessment assumes that these populations will be consuming a portion of their diet from 
vegetables and fruit grown in surface soil that is mixed with excavated soil and irrigated with 
groundwater, eating cattle watered by groundwater, and drinking milk from the dairy cattle. 
Quantification of food chain risks from eating beef and drinking milk assume that the cattle are 
not pastured on impacted soil but do eat fodder that has been watered with groundwater. 

G3.2 EXPOSURE POINT CONCENTRATIONS 

To calculate a cancer risk or a non-cancer hazard, an estimate must be made of the contaminant 
concentration to which an individual may be exposed. According to EPA guidance 
(Supplemental Guidance to RAGS: Calculating the Concentration Term [OSWER Publication 
9285.7-081]; OSWER 9285.6-10), the concentration term at the exposure point (the EPC) should 
be an estimate of the average concentration to which an individual would be exposed over a 
significant part of a lifetime. Different approaches were used to estimate the EPCs for soil and 
groundwater, and modeling was required to estimate EPCs in foods. The following subsections 
discuss the calculation of the EPCs for soil, groundwater, and living tissue (i.e., plant, cattle, and 
milk). 

G3.2.1 Exposure Point Concentrations for Soil 

Because of the uncertainty associated with estimating the true average concentration at a site, the 
EPA generally recommends the use of the 95 percent upper confidence limit (UCL) of the 
arithmetic mean as the appropriate estimate of the average site concentration for a RME scenario 
(OSWER Directive 9285.6-03; OSWER 9285.6-10). At the 95 percent UCL, the probability of 
under-estimating the true mean is <5 percent. The 95 percent UCL can address the uncertainties 
surrounding a distribution average because of limited sampling data. 

The formula used to calculate a 95 percent UCL depends on the distribution of the data (i.e., the 
“shape” of the curve) (OSWER Publication 9285.7-081). A statistical test is performed for each 
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COPC data set to determine the best distribution assumption for the data set. The 95 percent 
UCL is then calculated using EPA’s ProUCL software Version 3.00.02 (ProUCL Version 3.0 
User Guide [EPA/600/R-04/079]). ProUCL Version 4 is currently available; however, to remain 
consistent with Appendix A, the older version of ProUCL was used, and an uncertainty 
discussion of how using Version 4 would affect risks is included in Section G6.2.1. The EPA 
previously recommended using one-half of the method reporting limit (MRL) as a surrogate 
concentration for nondetected samples if the contaminant is selected as a COPC 
(EPA/540/1-89/002), and this is the approach taken in ProUCL Version 3.00.02. However, 
ProUCL Version 4 uses a more sophisticated approach in addressing nondetected values. 

The EPA methodology (EPA/540/1-89/002) for calculating the 95 percent UCL was employed 
for estimating the RME EPCs for soil whenever there were sufficient data. For data sets with 
fewer than seven samples, statistical analysis is generally not meaningful, and the maximum 
concentration was used as the RME EPC. Attachment G-1 to this appendix contains the ProUCL 
outputs for the COPCs. A discussion of how the local area EPCs were calculated for the Native 
American scenario is provided below. 

G3.2.1.1 Local Area Soil EPCs for the CTUIR and Yakama Nation 

It was assumed that 150 years in the future, a Native American would construct a home with a 
basement and would be directly exposed to excavated soil brought to the surface and spread over 
the local site area that would include a vegetable/fruit garden (see Figure G3-1). The following 
assumptions were made concerning the basement excavation and the site size: 

• The basement size was assumed to be 4.6 m deep by 10 m wide by 5 m (15 ft by 33 ft 
by 16 ft) long. This corresponds to a small two-story house (approximately 92.9 m2 
[1,000 ft2]), which is EPA’s default residential home size (EPA 530-F-02-052). It is 
also the residential home dimension used in Risk Assessment Report for the 100 Area 
and 300 Area Component for the River Corridor Baseline Risk Assessment 
(DOE/RL-2007-21). 

• The volume of excavated soil is 261 m3 (341 yd3). 

• 4.6 m by 10 m by 5 m (1.7 kg/L/1.5 kg/L) = 261 m3. 

• The term (1.7/1.5) is the change in density of the soil from buried material (1.7 kg/L) to 
material on the surface (1.5 kg/L) (Exposure Scenarios and Unit Dose Factors for the 
Hanford Tank Waste Performance Assessment [HNF-SD-WM-TI-707]). 

• The volume of excavated soil is spread over an area of 1,500 m2 (16,150 ft2). This area 
is slightly smaller than EPA’s default residential lot size of approximately 2,000 m2 
(0.5 acre) (EPA/540/1-89/002). However, it is a large enough size for both a home and 
a substantial home garden. It is large enough that the RESidual RADioactivity 
(RESRAD) modeling program (User’s Manual for RESRAD Version 6 [ANL/EAD-4]) 
will consider 100 percent of the soil intake as from the impacted area, and it was the 
spreading area used in the River Corridor baseline risk assessment (DOE/RL-2007-21). 

• Spreading depth is 0.17 m (6.7 in.), based on the volume of soil spread over 1,500 m2 
(261 m3/1,500 m2 = 0.17 m). 

Concentrations of contaminants in the excavated soil were estimated by calculating 95 percent 
UCLs for the top 4.6 m (15 ft) of soil for the 216-Z-1A Tile Field and were based on the 
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maximum concentration at the shallowest depth where data have been collected (in most cases 
5.8 to 6.6 m [19 to 21.5 ft] bgs) for the 216-A-8 Crib. The 95 percent UCLs calculated for 
current Cwaste concentrations for 216-Z-1A Tile Field are presented in Table G3-1 and 
Attachment G-1. 

The future Native American would not be exposed to contaminants in soil until 150 years in the 
future. Thus, current Cwaste concentrations (see Table G3-1) for radionuclides were entered into 
the RESRAD Version 6.4 dose model (ANL/EAD-4) in order to obtain concentrations 150 years 
in the future taking into consideration radionuclide decay and ingrowth. RESRAD is a computer 
model designed to estimate radiation doses and risks from residual radioactive materials. These 
future Cwaste concentrations were the basis for estimating EPCs for the future CTUIR and 
Yakama Nation EPCs (Clocal). 

The future Cwaste concentrations (Table G3-2) were thus modified to reflect mixing throughout 
the soil column during spreading of the volume of the basement excavation to the area of a home 
and garden. Future soil concentrations for radionuclides and thallium are summarized in Table 
G3-2. After Cwaste concentrations were aged in RESRAD, concentrations in the excavated soil 
(Clocal) were calculated as follows: 

Clocal = (Cwaste x Fc) + (Cb x Fb) 

where: 

Clocal = exposure concentration in the excavated soil (mg/kg) 
Cwaste = concentration in the impacted soil (based on the 95 percent UCL or the shallowest 

maximum) (mg/kg) 
Fc = fraction of the 4.6 m depth interval that is contaminated (i.e., the thickness of 

the waste) derived by dividing the thickness of the contaminated layer (Lwaste) 
by the depth of the excavation (Lexav) (unit-less) 

Cb = concentration in the unimpacted soil—background levels (mg/kg) 
Fb = fraction of the 4.6 m depth interval that is unimpacted (unit-less) derived by 

dividing the thickness of the unimpacted layer (Lback) by (Leav). 

Details are presented in Attachment G-2 of this appendix.  

G3.2.1.2 Estimation of Plutonium-239 and Plutonium-240 

Plutonium-239 and plutonium-240 were analyzed together in the laboratory, and one 95 percent 
UCL was calculated for these radionuclides. To calculate individual radionuclide EPCs for 
plutonium-239 and plutonium-240, a ratio of 4.4:1 (plutonium-239:plutonium-240) was 
assumed. The basis for this ratio is below: 

• In weapons-grade plutonium, 94.2 percent of the weight of a plutonium-239/240 mixture 
is plutonium-239, and 5.8 percent of the weight is plutonium-240. Therefore, 1 g of 
weapons-grade plutonium-239/240 contains 0.942 g of plutonium-239 and 0.058 g of 
plutonium-240. 

• The specific activity of plutonium-239 is 61.5 mCi/g, and the specific activity of 
plutonium-240 is 227 mCi/g. Therefore, the activity of plutonium-239 in 1 g, of weapons-
grade plutonium-239/240 is 61.5 mCi/g x 0.942 g = 57.9 mCi. The activity of plutonium-
240 in 1 g of weapons-grade plutonium-239/240 is 227 mCi/g x 0.058 g = 13.2 mCi. 
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Therefore, the relative activity of plutonium-239 to plutonium-240 in a weapons-grade mixture 
of plutonium-239/240 = 4.4:1 (4.4 times as much plutonium-239 as plutonium-240 in units of 
activity). 

G3.2.1.3 Estimation of Americium-241 Concentrations at 216-Z-1A Tile Field 

There are no available soil data for plutonium-241, which is the parent compound for 
americium-241. Plutonium-241 has a relatively short half-life of 14.5 years. The production of 
plutonium (including plutontium-241) started in 1944 at the Hanford Site. The final waste 
disposals to the major 200-PW-1/3/6 facilities varied and, therefore, some sites are further along 
the americium-241 ingrowth curve than others. Because the americium-241 data at the 216-Z-1A 
Tile Field are from 1979, americium-241 concentrations in the available data set likely do not 
represent the maximum ingrowth concentration of this radionuclide at this site (americium-241 is 
not a COPC at the 216-A-8 Crib). Therefore, maximum concentrations of americium-241 were 
estimated using the disposal date information, the date of the available americium-241 data, and 
RESRAD, which can estimate radiological concentrations in the future, taking into consideration 
radionuclide decay and ingrowth.  

Maximum americium-241 concentrations were estimated below: 

• Liquid waste disposal at the 216-Z-1A Tile Field occurred from 1964 to 1969. The 
“0” year in RESRAD was, therefore, estimated to be 1967. 

• Site-specific information on the vadose zone and the contaminant distribution for each 
site was entered into RESRAD (see Attachment G-3). 

• The known americium-241 concentration was the 95 percent UCL of the available 
historical data. This was 1979 for the 216-Z-1A Tile Field (year 12 in RESRAD). 

• Plutonium-241 concentrations at year 0 were entered into RESRAD until the 
americium-241 concentrations at the applicable year matched the existing data.  

The resulting americium-241 and plutonium-241 ingrowth curves were graphed for shallow soils 
(0 to 4.6 m [0 to 15 ft] bgs) at the 216-Z-1A Tile Field and are presented in Figure G3-3. It 
appears that the maximum americium-241 concentration would occur around 60+ years from 
year 0. Therefore, current americium-241 concentrations are likely 20 to 25 years from their 
maximum values. Because current concentrations are aged to represent 150 years in the future 
for Native American populations, use of the maximum americium-241 concentration as the 
current concentration slightly overestimates americium-241 concentrations in the year 2150. 
Current (year 2005) concentrations are 93 percent of their maximum concentration (occurring 
approximately 73 years from time 0, or year 2040 if time 0 is 1967). Because this analysis is 
meant to be a reasonable approximation of a maximum americium-241 concentration, an 
exhaustive analysis has not been performed over exactly what year should be year 0. The 
maximum concentrations estimated as described above were used as reasonably health-
protective, given the lack of plutonium-241 data and the uncertainties in the estimation process. 
This slight potential over-estimation does not have a significant effect on estimates of health risk 
(see also Section G6.1.1.1). 

G3.2.2 Exposure Point Concentrations for Groundwater 

Impacted groundwater beneath the site is widely dispersed and consists of overlapping 
groundwater plumes (i.e., all the highest concentrations or the lowest concentrations do not occur 
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at the same location). In addition, a large amount of groundwater data has been collected at the 
site and includes samples collected at the water table (as well as samples collected from deeper 
in the aquifer) from over 100 wells. (The available groundwater data and the data selected for 
inclusion in the risk assessment are discussed in Section G2.1.2.) Using a well-by-well approach 
to estimate EPCs would generate a large amount of data of concentrations and health risks per 
well (i.e., risks at the concentrations found in well X, X1, X2, etc.), many of which would be 
similar. Because the purpose of the risk assessment is to provide risk managers with the 
information necessary to make remedial decisions, contaminants in groundwater were evaluated 
for a range of concentrations for each COPC, with the high end of the range sufficient to cover 
the RME to groundwater, rather than on a well-by-well basis. 

The range of concentrations selected for EPCs are the 25th, 50th, and 90th percentile values for 
each COPC from the existing groundwater data set (i.e., from the last 5 years). These EPCs were 
used to evaluate “low,” “medium,” and “high” groundwater concentrations for the groundwater 
exposure routes. As recommended by EPA, one-half of the MRL was used as a surrogate 
concentration for nondetected results in the percentile calculations (EPA/540/1-89/002). Table 
G3-3 summarizes the range of groundwater EPCs for each COPC used in the risk calculations. 
This methodology does not provide risks at a specific location, but instead results in information 
on the range of possible risks for each COPC at the current concentrations. In addition, the 
cumulative risks from the 90th percentile evaluation represent a bounding exposure condition, or 
RME, because not all COPCs are at the 90th percentile concentration at the same location. 
Implications for the risk assessment results on using different groundwater concentrations (e.g., 
the more typical risk assessment methodology of the 95 percent UCL of the mean, or possible 
increase in risks if water were drunk at the location of a maximum concentration) are discussed 
further in the uncertainty section of this appendix (Section G6.2). 

Risks were not calculated for future groundwater concentrations under baseline conditions. 
Future risks from groundwater are assumed to be at least as “risky” as current conditions. This 
approach is standard for nonradiological contaminants, where concentrations are assumed to be 
either staying the same (many inorganics) or reducing over time (mostly organic compounds). 
For the three radionuclides that are COPCs in groundwater, decay curves are provided to support 
the assumption that risks will not be worse in the future because of changes in contaminant 
composition or concentration. The potential lowering of future groundwater concentrations is 
further discussed in Section G5.3.5. 

G3.2.3 Calculation of Tissue Concentrations from Groundwater and Soil Exposure Point 
Concentrations 

The methodology recommended on Oak Ridge National Laboratory’s (ORNL’s) Risk 
Assessment Information System (RAIS) Web site (http://rais.ornl.gov) was applied to estimate 
concentrations in homegrown produce and farm-raised beef and milk for all COPCs in 
groundwater and for nonradionuclides in soil. The ORNL online database is part of the 
Toxicology and Risk Analysis Section in the Life Sciences Division at ORNL. ORNL is a DOE 
multi-program laboratory, and its risk information database is routinely used on a wide variety of 
public and private-sector risk assessment projects. The equations presented in RAIS use site-
specific soil and groundwater concentrations and bio-uptake factors to estimate concentrations in 
plants, beef, and milk, as described below. For the radionuclides in soil, RESRAD Version 6.4 
was used to determine risks from eating produce grown in soil impacted with radionuclides. 
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Because only soil concentrations can be used in the RESRAD model, the radionuclides in 
groundwater were calculated based on the ORNL methodology.  

The baseline HHRA (Section A.3.2.3 in Appendix A) provides a detailed discussion of the 
calculation of tissue EPCs from groundwater and soil EPCs. The same approach was used to 
calculate EPCs for the Native American scenario. Tables G3-4 and G3-5 summarize the EPCs 
for the food chain pathways calculated using ORNL and RESRAD, respectively. Tables G3-6, 
G3-7, and G3-8 summarize the equations and factors used to calculate the EPCs for the food 
chain pathways. 

G3.3 CALCULATION OF CONTAMINANT INTAKE 

This section defines the magnitude, frequency, and duration of exposure for the populations and 
pathways selected for quantitative evaluation. Intakes were calculated only under RME 
conditions, as defined by EPA. The RME incorporates several conservative assumptions in 
estimating the contaminant intake rates and characteristics of the receptor population. The RME 
is, thus, an estimate of the highest exposure that reasonably can be expected to occur at the site. 
It may overestimate the actual risk for most of the population. As stated in Clay, 1991, “Role of 
the Baseline Risk Assessment in Superfund Remedy Selection Decisions” (OSWER Directive 
9355.0-30), “. . . the goal of RME is to combine upper-bound and mid-range exposure factors so 
that the result represents an exposure scenario that is both protective and reasonable; not the 
worst possible case.” The RME is typically defined as a combination of upper-bound and 
average values that reflect exposures somewhere between the 90th and 98th percentile of the range 
of possible exposures that reasonably can be expected to occur at the site for a given population. 

While different methods are used to calculate the dose from radionuclides and nonradionuclides, 
as described by EPA (EPA/540/1-89/002; “Distribution of OSWER Radiation Risk Assessment 
Q&A’s Final Guidance” [Luftig and Page, 1999]), exposure assessment for both nonradionuclide 
and radionuclide contaminants follow the same basic steps. However, in addition to the exposure 
pathways considered for contaminants, external radiation is an important exposure pathway for 
radionuclides in surface soils. The dermal absorption pathway is not a significant exposure 
pathway for radionuclides or thallium in soil and was not considered in this risk assessment (as 
discussed in Section G3.1.3.1).  

Exposure factors and formulas that were used together with the EPCs to quantify doses for 
the CTUIR and Yakama Nation are presented in Table G3-9 (ingestion and inhalation of 
contaminants in soil), Table G3-10 (ingestions, dermal, and inhalation exposure to contaminants 
in tap water), Table G3-11 (calculation of absorbed dose per event for contaminants in tap 
water), Table G3-12 (dermal and inhalation exposures to groundwater in a sweatlodge), Table 
G3-13 (calculation of the vaporization factor for contaminants in a sweatlodge), and Table G3-14 
(food chain exposures). The tables also indicate the sources of the factors. For both soil and 
groundwater, Harris and Harper, 2004 were used as the source for CTUIR exposure factors 
and Ridolfi, 2007 was used as the source for Yakama Nation exposure factors. Both the CTUIR 
and Yakama Nation assume subsistence exposures occur 365 days/year for a 70-year lifetime 
(apportioned out as 64 years [adult] and 6 years [child]). Where parameters were not provided by 
these sources, EPA’s default exposure factors were used (EPA 600/P-95-002Fa; OSWER 
Directive 9285.6-03). Default exposure factors are included in Attachment G-4. The following 
discussions and cited tables are site-specific exposures to COPCs in soil and groundwater. 
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G3.3.1 Site-Specific Exposures to Soil 

Future Native Americans could be exposed to COPCs in excavated soil around a home and in 
a garden. The COPCs at the two soil waste sites are made up of radionuclides and only one 
nonradionuclide contaminant, thallium. The dermal pathway is not significant for radionuclides 
or for thallium; therefore, the dermal pathway to soil is incomplete and will not be evaluated. 
Also, inhalation is not a significant pathway for thallium because there are no toxicity criteria 
available (see Section G4.0). For radionuclide exposures in soil, EPCs and site-specific 
information were entered into RESRAD Version 6.4 to determine risks. The RESRAD model 
can only be used to estimate radionuclide risks to adults based on site-specific soil 
concentrations. A discussion of site-specific values entered into RESRAD for soil is presented 
below (food chain ingestion rates are in Section G3.3.3). Attachment G-3 to this appendix 
contains a summary of the site-specific and default values entered into RESRAD to quantify 
radionuclide exposures in soil. Differences between RESRAD and EPA defaults for Native 
American populations and potential impacts on the risk results are discussed in Section G6.2.6. 

The CTUIR and Yakama Nation have provided most of the exposure factors in Harris and 
Harper, 2004 and Ridolfi, 2007 for soil exposures. If available, Native American-specific factors 
were used rather than EPA residential defaults. The exposure factors used to quantify exposures 
through this pathway are discussed below and are presented in Table G3-9. 

Particulate Emission Factor (PEF). The site-specific PEF calculated for the Hanford Site is 
2.72 x 109 m3/kg and was used in RESRAD. The PEF applies to inhalation of fugitive dust to 
non-volatile contaminants. Table G3-15 summarizes the inputs for the PEF equation.  

Soil Ingestion Rate. The soil ingestion rate used in RESRAD (adults only) and for thallium 
calculations is 400 mg/day for both CTUIR adults and children and 200 mg/day for adults and 
400 mg/day for children for the Yakama Nation. 

Inhalation Rate. The adult inhalation rate used in RESRAD for the CTUIR is 30 m3/day and for 
the Yakama Nation is 26 m3/day, which are based on an active outdoor lifestyle. 

Child Body Weight. The child body weight of 16 kg was used in calculating thallium risks for 
the CTUIR and Yakama Nation, based on the value provided by Ridolfi, 2007. 

G3.3.2 Site-Specific Exposures to Groundwater  

Future Native Americans could drink tap water from a groundwater well and use groundwater 
in a sweatlodge as a part of daily life. For tap water exposures, adults and children were 
evaluated for dermal and inhalation exposures to COPCs in groundwater when showering and 
drinking tap water. Only adults were evaluated for dermal and inhalation exposures to COPCs 
in groundwater while spending time in a sweatlodge. The CTUIR and Yakama Nation have 
provided most of the exposure factors necessary to quantify groundwater health risks in Harris 
and Harper, 2004 and Ridolfi, 2007, and those values were preferentially used, where available, 
rather than EPA residential defaults. Where Native American-specific factors were not provided, 
EPA defaults were used. A comparison table of Native American exposure factors with EPA 
residential default values is included in the uncertainty section (Section G6.0). The exposure 
factors used to quantify exposures through the tap water pathway are presented in Tables G3-10 
and G3-11 and through the sweatlodge pathway in Tables G3-12 and G3-13. These pathways are 
discussed below. 
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Tap Water Ingestion Rate. The tap water ingestion rate for the CTUIR and Yakama Nation is 
4 L/day for adults. Harris and Harper, 2004 estimated an average water ingestion rate of 3 L/day 
for adults for the CTUIR, based on total fluid intake for an arid climate. In addition, 
Ridolfi, 2007 reported a maximum groundwater ingestion rate of 3 L/day for Yakama Nation 
adults. Both the CTUIR and Yakama Nation assume that an additional L/day will be consumed 
during sweatlodge use. Therefore, the adult tap water ingestion rate of 4 L/day was used for both 
the CTUIR and Yakama Nation scenarios. The child tap water ingestion rates, which do not 
include water ingested in a sweatlodge, were 2 L/day and 1.5 L/day, for the Yakama Nation and 
CTUIR scenarios, respectively. 

Inhalation Rate. The inhalation rates of 30 m3/day and 8.2 m3/day were used for the CTUIR 
adult and child, respectively. The inhalation rates of 26 m3/day and 16 m3/day were used for the 
Yakama Nation adult and child, respectively. These inhalation rates are based on an active 
outdoor lifestyle and were used for both the tap water and sweatlodge pathways (adults only). 
Inhalation of chemicals in tap water may occur throughout 70 years while showering, doing 
dishes, etc. Inhalation of chemicals in vapor from sweatlodge use was evaluated for adults over 
68 years (excluding the first 2 years of life). 

Child Body Weight. The child body weight of 16 kg was used in the tap water calculations for 
the CTUIR and Yakama Nation based on the value provided by Ridolfi, 2007. 

Sweatlodge Vaporization Factor. Under typical groundwater exposure scenarios (i.e., domestic 
use of groundwater as tap water), EPA considers the inhalation pathway complete only for 
volatile contaminants, because there is no mechanism for release of non-volatile chemicals into 
the air in significant concentrations. EPA (EPA/540/R/99/005) defines a volatile chemical as 
having a Henry’s Law constant greater than 10-5 and a molecular weight less than 200 g/mole. Of 
the nonradionuclide COPCs in groundwater, chloroform, carbon tetrachloride, methylene 
chloride, PCE, and TCE meet the definition of a volatile chemical. In addition, tritium is the only 
radionuclide COPC that is also considered volatile. Only those chemicals fitting this definition of 
volatility are typically evaluated for inhalation exposures from water pathways. This approach is 
based on Henry’s Law, where equilibrium is established between the aqueous and gaseous 
concentrations. However, the sweatlodge scenario creates a unique environment where both 
volatile and non-volatile chemicals could potentially be present in air and available for inhalation 
exposures. In a sweatlodge, water contacts the hot rocks and becomes airborne not primarily by 
evaporation, but as aerosol particles; therefore, the Henry’s Law approach does not hold true in a 
sweatlodge. A large portion of the humidity is likely due to aerosols. 

The sweatlodge scenario assumes that groundwater will be poured over hot rocks within the 
sweatlodge to create steam. The presence of COPCs is assumed to be introduced into the 
sweatlodge predominantly through the water used to create steam. The airborne concentration 
of COPCs in the sweatlodge is dependant primarily upon the temperature of the sweatlodge, the 
volume of water used during the sweat, and the volume of air space within the sweatlodge. 

Harris and Harper, 2004 describe a method for calculating a vaporization factor for the 
sweatlodge scenario. The vaporization factor is applied to the groundwater concentration to 
estimate the concentration of COPCs in steam in the sweatlodge. The method used to calculate 
the vaporization factor differs for volatile and semi-volatile compounds versus non-volatile 
compounds. For volatile and semi-volatile compounds, it is assumed that a negligible quantity 
will deposit on surfaces or partition into condensed liquid. Thus, the bulk of contaminants added 
in the water will remain in the vapor phase throughout the sweat. For non-volatile chemicals, it is 
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assumed that the COPC becomes airborne as an aerosol as the water it was carried in vaporizes, 
and that once airborne, non-volatile compounds deposit onto solid surfaces with aqueous 
condensation. Thus, the quantity of non-volatile compounds in the air phase is limited to that 
which is carried into the air phase by the volume of liquid water needed to create saturated 
conditions in the lodge. 

Because of a number of uncertainties in the approach used to calculate the vaporization factor 
for non-volatile chemicals, airborne aerosol concentrations were not quantified but potential 
health risks are addressed qualitatively in the uncertainty section, see Section G6.0. Therefore, 
chemical inhalation exposures from total chromium, hexavalent chromium, and uranium were 
not quantified for the sweatlodge pathway. Note that even if airborne aerosol concentrations 
could be estimated, health risks due to inhaling total chromium and uranium cannot be quantified 
because there are no inhalation toxicity criteria available (see Section G4.0). With regard to the 
radionuclides, only tritium is volatile. Iodine in its pure form is a solid or gaseous diatomic 
molecule; however, on contact with water, iodine forms an anion with oxygen and becomes 
non-volatile. It does not convert back to the gaseous form, especially given the very low atom 
concentrations that would be typical for iodine-129 contamination in groundwater. Technetium is 
also known to exist in gaseous form as an impurity in the gaseous uranium enrichment process. 
However, in groundwater, technetium most likely exists as the TcO4 anion and can safely be 
considered non-volatile. Therefore, iodine-129, and technetium-99 were also considered non-
volatile and risks from these radionuclides were not quantified in the sweatlodge scenario. 

Table G3-13 summarizes the equations and assumptions used to calculate the vaporization factor 
for the volatile and semi-volatile COPCs. As shown in Table G3-13, the vaporization factor was 
calculated to be 0.955 L/m3, for volatile and semi-volatile chemicals. As mentioned above, 
because of a number of uncertainties in the approach used to calculate the vaporization factor 
for non-volatile chemicals, risks from inhalation of non-volatiles in a sweatlodge were not 
quantified. Therefore, a vaporization factor for non-volatile compounds was not calculated. 
Not quantifying risks from inhalation of non-volatiles in the sweatlodge could lead to a 
significant underestimation for the sweatlodge pathway. Inhalation of non-volatiles is likely to 
occur in a sweatlodge because even non-volatile contaminants are potentially present in steam as 
aerosols within the confined space of a sweatlodge. This potential underestimation of risks is 
discussed in the uncertainty section (Section G6.0). 

Sweatlodge Exposure Time. An exposure time of 1 hour/event for 365 days/year was used for 
the CTUIR and 2 hours/event for 260 days/year for the Yakama Nation. In the Yakama Nation 
exposure document (Ridolfi, 2007), 7 hours/day in the sweatlodge was recommended for the 
RME exposure. This time represented the maximum value reported from their sample size of 
16 people. In accordance with EPA comments (“Memorandum re: Comments on Yakama Nation 
Exposure Scenario for Hanford Risk Assessment” [Stifelman, 2008]), 7 hours/day does not 
appear to be a reasonable maximum over a 70-year exposure time, but more likely represents 
more of a worst-case value. Therefore, for this assessment, two times the average reported 
Yakama Nation sweatlodge rate of 5 to 10 hours/week, which equates to an exposure time of 
2 hours/day for 5 days/week or 260 days/year, was used as the RME time for the Yakama 
Nation. The uncertainty surrounding sweatlodge time and how changes in sweatlodge exposure 
times could affect the conclusions of the risk assessment are further discussed in Section G6.0. 

Dermal Exposures to Groundwater in the Sweatlodge. As discussed above, exposures to 
groundwater in the sweatlodge can occur through both the inhalation and dermal exposure 
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pathways. For dermal exposures (for nonradionuclides only), the method described in Harris and 
Harper, 2004 was used. The dermal pathway assumes dermal exposure can occur from exposures 
to chemicals both in the vapor as well as in the condensate. For volatile and semi-volatile 
constituents, Harris and Harper, 2004 assume that 100 percent of the constituent is in the vapor 
state within the sweatlodge and the concentration in the condensed water can be neglected. 
Therefore, for volatile and semi-volatile constituents, the concentration in the vapor derived 
using the vaporization factor for volatile and semi-volatile constituents is used to evaluate dermal 
exposures, as shown in Table G3-12. 

For non-volatile constituents, Harris and Harper, 2004 assume that some of the constituent is 
present in the sweatlodge in the vapor state, while some is present in the condensate. The 
concentration of constituents in the sweatlodge vapor is the same as that calculated using the 
non-volatile vaporization factor described above and the concentration in the condensed water 
is assumed to be the same as the concentration in the water poured over the rocks to create the 
steam in the sweatlodge. The dermal exposure assumptions for non-volatile constituents result in 
a concentration that is equal to the sum of the vapor concentration and the condensate, as shown 
in Table G3-12. 

G3.3.3 Exposures through Ingestion of Garden Produce, Beef, and Milk 

Native Americans are assumed to consume homegrown fruits and vegetables from gardens that 
are cultivated in contaminated soils and irrigated with groundwater and to consume beef and 
milk from cattle that drink site groundwater and graze on pastures irrigated with groundwater. 
Table G3-14 presents the exposure factors used to quantify the ingestion of fruits and vegetables, 
beef, and milk. As noted above for soil and groundwater, exposure factors were preferentially 
selected from documents prepared from the potentially affected tribal nations. Discussions 
regarding the selection of the ingestion rates for these pathways are provided below. 

Fruit and Vegetable Ingestion Rate. Both Harris and Harper, 2004 and Ridolfi, 2007 indicated 
that a portion of the Native American diet is composed of domestic fruits and vegetables. Ridolfi 
(2007) reported that one-half of the total vegetable and fruit ingestion rates for the Yakama 
Nation are from domestic rather than wild plants. Harris and Harper, 2004 did not supply 
specific percentages, but indicated that site-specific values should be determined for CTUIR 
exposures. In the absence of more information, 50 percent of the total plant ingestion rate was 
used to represent the homegrown diet fraction for both the CTUIR and Yakama Nation. Adult 
CTUIR and Yakama Nation vegetable ingestion rates of 612.5 and 559 g/day used in the risk 
calculations are thus 50 percent of the total ingestion rate of 1,225 g/day (roots/greens/other) and 
1,118 g/day (vegetable/root), respectively. The child Yakama Nation vegetable ingestion rate of 
93.5 g/day is based on 50 percent of the ingestion rate of 187 g/day (vegetable/root). Adult 
CTUIR and Yakama Nation fruit ingestion rates are based on 50 percent of the total fruit 
ingestion rate of 125 g/day (fruits/berries) and 299 g/day (fruit), respectively. The child Yakama 
Nation fruit ingestion rate is based on 50 percent of the ingestion rate of 127 g/day 
(fruits/berries). Summing these intake rates together results in a total homegrown fruit and 
vegetable intake rate for adult CTUIR of 675 g/day or 9.64 g/kg-day, adult Yakama Nation of 
708.5 g/day or 10.14 g/kg-day, and child Yakama Nation of 157 g/day or 9.8 g/kg-day. Child 
CTUIR ingestion rates were not provided. These ingestion rates are assumed to be constant over 
a lifetime. 

Beef Ingestion Rate. Both Harris and Harper, 2004 and Ridolfi, 2007 indicated that a portion of 
the Native American diet is composed of domestic meat. As discussed above for homegrown 



DOE/RL-2007-27, REV. 0 

G-33 

produce, Ridolfi, 2007 reported that for the Yakama Nation approximate 60 percent of the total 
wild game/fowl ingestion rate is domestic meat rather than wild meat and the CTUIR did not list 
a specific percentage (Harris and Harper, 2004). Therefore, the assumption that 60 percent of the 
total meat/game/fowl ingestion rate was from a domestic, not wild, source was used for both 
CTUIR and Yakama Nation. Adult CTUIR and Yakama Nation meat ingestion rates of 75 g/day 
(1.07 g/kg-day) and 422.4 g/day (7.95 g/kg-day) are based on 60 percent of the ingestion rate of 
125 g/day (game/fowl) and 704 g/day (meat/game), respectively. The CTUIR have a much lower 
total meat ingestion rate because their protein diet is river-based and mainly consists of fish. The 
child Yakama Nation meat ingestion rate of 127.2 g/day (7.95 g/kg-day) is based on 60 percent 
of the ingestion rate of 212 g/day (meat/game). The child CTUIR ingestion rates were not 
provided. These ingestion rates are assumed to be constant over a lifetime.  

Dairy Ingestion Rate. Only the Yakama Nation (Ridolfi, 2007) provided information concerning 
milk ingestion rates and, therefore, only this population was evaluated. The milk ingestion rates 
are 1.2 L/day or 1,239 g/day for adults and 0.5 L/day or 515 g/day for children. The liquid 
measure (L/day) was converted to a weight measure (g/day) by using 1,030 g as equal to 1 L of 
milk. 
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Figure G3-3. Ingrowth of Americium-241 and Plutonium-241 
at 216-Z-1A Tile Field Shallow Soils (0 to 15 ft bgs). 
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Table G3-1. Summary of Exposure Point Concentrations  
for Current Concentration of Waste in Soil (Cwaste). 

COPC Cwaste Unit EPC Rationale 
Number of 

Samples 

216-Z-1A Tile Field 

Am-241a 2,028,358 pCi/g 95% Chebyshev (Mean, Sd) UCL 17 

Pu-239/240 15,509,199 pCi/g 95% Chebyshev (Mean, Sd) UCL 17 

Pu-239 12,637,125 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) -- 

Pu-240 2,872,074 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) -- 

216-A-8 Crib 

C-14 81 pCi/g 
Maximum at depth 5.8 to 6.6 m (19 to 
21.5 ft) bgs 

Shallowest 
maximum 
concentration 

Cs-137 877,000 pCi/g 
Maximum at depth 5.8 to 6.6 m (19 to 
21.5 ft) bgs 

Np-237 3.5 pCi/g 
Maximum at depth 5.8 to 6.6 m (19 to 
21.5 ft) bgs 

Pu-239/240 56 pCi/g 
Maximum at depth 5.8 to 6.6 m (19 to 
21.5 ft) bgs 

Pu-239 45 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) 

Pu-240 10 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) 

Ra-228 1.1 pCi/g 
Maximum at depth 6.8 to 7.6 m (22.5 to  
25 ft bgs) 

Tc-99 80 pCi/g 
Maximum at depth 5.8 to 6.6 m (19 to 
21.5 ft) bgs 

Thallium 2.5 mg/kg 
Maximum at depth 5.8 to 6.6 m (19 to 
21.5 ft) bgs 

Th-228 0.70 pCi/g 
Maximum at depth 6.8 to 7.6 m (22.5 to  
25 ft bgs) 

aAmericium-241 concentrations estimated based on methodology in Section G3.2.1.3. The statistical analysis was done on 
the historical data set. 

bgs = below ground surface 
COPC = contaminant of potential concern 
EPC = exposure point concentration 
UCL = upper confidence limit 
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Table G3-2. Summary of Exposure Point Concentrations  
for Future Local Area Soil (Clocal). 

COPC 
Cwaste 

150 Years 
in the Future 

CTUIR/Yakama Nation 
EPC Clocal 
150 Years 

in the Future 

Unit 

216-Z-1A Tile Field 

Am-241 1,569,000 941,400 pCi/g 

Pu-239 12,940,000 7,764,000 pCi/g 

Pu-240 2,854,000 1,712,400 pCi/g 

216-A-8 Crib 

C-14 3.8E-23 1.3E-23 pCi/g 

Cs-137 27,410 9,137 pCi/g 

Np-237 3.5 1.2 pCi/g 

Pu-239 45 15 pCi/g 

Pu-240 10 3.4 pCi/g 

Ra-228 1.5E-08 5.1E-09 pCi/g 

Tc-99 26 8.6 pCi/g 

Thallium -- 0.83 mg/kg 

Th-228 2.3E-08 7.7E-09 pCi/g 

COPC = contaminant of potential concern 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
EPC = exposure point concentration 

Table G3-3. Summary of Exposure Point Concentrations for Groundwater 
for 200-ZP-1 Operable Unit Source Area. 

COPC 
Percentiles 

Unit 
25th 50th 90th 

Carbon tetrachloride 6.53 505 2,900 µg/L 

Chloroform 0.58 6.40 24 µg/L 

Chromium (total) 3.6 10.3 130 µg/L 

Chromium (VI) 7.00 10.90 203.40 µg/L 

Methylene chloride 0.12 0.185 2.734 µg/L 

Nitrate (analyzed as nitrogen) 14,000 21,900 81,050 µg/L 

PCE 0.18 0.36 2.5 µg/L 

TCE 0.155 1.7 10.9 µg/L 

Uranium 0.808 1.18 8.295 µg/L 

I-129 ND 0.030 1.170 pCi/L 

Tc-99 59 180 1442 pCi/L 

Tritium 513.75 3,605 36,200 pCi/L 

COPC = contaminant of potential concern 
ND = not detected 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G3-4. Summary of Food Chain Pathway Exposure Point Concentrations 
(ORNL Methodology) Groundwater to Plants and Animals, 

Soil to Plants (Nonradionuclides Only). (2 sheets) 

COPC Unit 
200-ZP-1 Groundwater Area Soil Waste Site 

25th a 50th a 90th a 
216-A-8 

Crib 

Homegrown Produce 

Carbon tetrachloride mg/kg 1.26E-01 9.78E+00 5.62E+01 b 

Chloroform mg/kg 1.90E-02 2.10E-01 7.86E-01 b 

Chromium (total) mg/kg 4.66E-02 1.33E-01 1.68E+00 b 

Chromium (VI) mg/kg 9.06E-02 1.41E-01 2.63E+00 b 

Methylene chloride mg/kg 7.77E-03 1.20E-02 1.77E-01 b 

PCE mg/kg 2.86E-03 5.72E-03 3.97E-02 b 

TCE mg/kg 3.69E-03 4.05E-02 2.59E-01 b 

Thalliumc mg/kg b b b 0.83 

Uranium mg/kg 1.10E-02 1.52E-02 1.08E-01 b 

I-129 pCi/g ND 3.93E-04 1.53E-02 b 

Tc-99 pCi/g 8.02E+00 2.45E+01 1.96E+02 d 

Tritiume pCi/g 1.30E+01 9.50E+01 9.50E+02 b 

Meat 

Carbon tetrachloride mg/kg 3.10E-05 2.40E-03 1.38E-02 

Cattle are assumed to be 
directly exposed only to 

groundwater. 

Chloroform mg/kg 5.92E-07 6.54E-06 2.45E-05 

Chromium (total) mg/kg 6.65E-03 1.90E-02 2.40E-01 

Chromium (VI) mg/kg 1.29E-02 2.01E-02 3.76E-01 

Methylene chloride mg/kg 4.35E-08 6.71E-08 9.92E-07 

PCE mg/kg 2.71E-06 5.42E-06 3.77E-05 

TCE mg/kg 3.40E-07 3.73E-06 2.39E-05 

Uranium mg/kg 5.00E-05 7.30E-05 5.13E-04 

I-129 pCi/g ND 2.52E-04 9.82E-03 

Tc-99 pCi/g 9.94E-02 3.03E-01 2.43E+00 

Tritiume pCi/g 5.00E-01 3.60E+00 3.60E+01 

Milk 

Carbon tetrachloride mg/kg 1.46E-05 1.13E-03 6.49E-03 
Cattle are assumed to be 
directly exposed only to 

groundwater. 

Chloroform mg/kg 2.76E-07 3.04E-06 1.14E-05 

Chromium (total) mg/kg 1.12E-05 3.20E-05 4.04E-04 

Chromium (VI) mg/kg 2.18E-05 3.39E-05 6.32E-04 
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Table G3-4. Summary of Food Chain Pathway Exposure Point Concentrations 
(ORNL Methodology) Groundwater to Plants and Animals, 

Soil to Plants (Nonradionuclides Only). (2 sheets) 

COPC Unit 
200-ZP-1 Groundwater Area Soil Waste Site 

25th a 50th a 90th a 
216-A-8 

Crib 

Methylene chloride mg/kg 1.99E-08 3.07E-08 4.54E-07 

Cattle are assumed to be 
directly exposed only to 

groundwater. 

PCE mg/kg 1.28E-06 2.57E-06 1.78E-05 

TCE mg/kg 1.59E-07 1.75E-06 1.12E-05 

Uranium mg/kg 1.00E-04 1.47E-04 1.03E-03 

I-129 pCi/g ND 1.14E-04 4.45E-03 

Tc-99 pCi/g 2.00E-01 6.10E-01 4.89E+00 

Tritiume pCi/g 5.00E-01 3.60E+00 3.60E+01 
aTissue concentrations were calculated using each of the groundwater percentile exposure point concentrations as presented above. 
bContaminant was not selected as a COPC in this source area. 
cThallium is the only nonradionuclide chemical, and the produce exposure point concentration was calculated from a soil 
concentration of 0.83 mg/kg outside of RESRAD using Oak Ridge National Laboratory’s Risk Assessment Information System 
(RAIS) (see Section G3.2.3). 
dTechnetium-99 in soil was evaluated for the food chain pathways through use of the RESRAD dose model. 
eThe uptake of tritium in the food chain is evaluated differently than the other contaminants. Tritium is discussed separately in 
Section G5.3.5 of this appendix. 

COPC = contaminant of potential concern 
ND = not detected 
ORNL = Oak Ridge National Laboratory 
PCE = tetrachloroethylene 
RESRAD = RESidual RADioactivity (dose model) 
TCE = trichloroethylene 



DOE/RL-2007-27, REV. 0 

G-41 

Table G3-5. Summary of Homegrown Produce Exposure Point Concentrations 
Soil to Plant Pathway (RESRAD Methodology) 150 Years from Now. 

Radionuclide 
Homegrown Produce EPCa 

(pCi/g) 

216-Z-1A Tile Field 

Am-241 359 

Np-237b 0.4 

Pu-239 2972 

Pu-240 648 

216-A-8 Crib 

C-14 2E-23 

Cs-137 138 

Np-237 0.009 

Pu-239 0.006 

Pu-240 0.001 

Ra-228 8E-11 

Tc-99 16 

Th-228 3E-12 

NOTE: Concentrations assume that a well is drilled 150 years in the future. Thus, 
there is no erosion or leaching of contaminants prior to the year 2150. 
aThe EPC is the sum of leafy and non-leafy plant concentrations estimated by 
the RESRAD dose model. 
bThis radionuclide is a daughter product and was not selected as a COPC. 

COPC = contaminant of potential concern 
EPC = exposure point concentration 
RESRAD = RESidual RADioactivity (dose model) 
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Table G3-6. Plant Tissue Modeling Calculations for Future Native American, 
200-ZP-1 Operable Unit Groundwater and Soil (Nonradionuclides). 

Calculation of Plant Concentration from Groundwater Used for Irrigation:    

  C =  (Cw × Irr rup × CF) + (Cw × Irr res × CF) + (Cw × Irr dep × CF) Equation 1 

  Irr rup = Ir × F × Bv wet × (1-exp(-Lb × tb))   Equation 2 

   P x Lb    

  Irr res = Ir × F × MLF × (1-exp(-Lb × tb))   Equation 3 

   P x Lb    

  Irr dep = Ir × F × If × T × (1-exp(-LE × tv))   Equation 4 

   Yv x LE    

Calculation of Plant Concentration Grown in Post-2150 Soil:   

  C =  (Cs × Rupv) + (Cs × Res)   Equation 5 

 

Variable 
Variable 

Definition 
Unit Value Source 

Bv wet Soil to plant transfer factor wet weight kg/kg 
Contaminant-

specific 
Table G3-7 

CF Conversion factor kg/g 0.001a Not applicable 

C Contaminant concentration in plant 
mg/kg or 

pCi/g 
Calculated value Equations 1 and 5 

Cw Contaminant concentration in water 
mg/L or 
pCi/L 

Contaminant-
specific 

Table G3-3 

Cs Contaminant concentration in soil mg/kg 
Contaminant-

specific 
Table G3-2 

F Irrigation period unitless 0.25 Default value, ORNL RAIS 
If Interception fraction unitless 0.42 Default value, ORNL RAIS 
Irr rup Root uptake from irrigation multiplier L/kg Calculated value Equation 2 
Irr res Resuspension from irrigation multiplier L/kg Calculated value Equation 3 

Irr dep 
Aerial deposition from irrigation 
multiplier 

L/kg Calculated value Equation 4 

Rupv Wet root uptake for vegetables multiplier unitless Bv wet Default value, ORNL RAIS 
Res Resuspension multiplier unitless MLF Default value, ORNL RAIS 
Ir Irrigation rate L/m2-day 3.62 Default value, ORNL RAIS 
MLF Plant mass loading factor unitless 0.26 Default value, ORNL RAIS 
P Area density for root zone kg/m2 240 Default value, ORNL RAIS 
T Translocation factor unitless 1 Default value, ORNL RAIS 
tb Long-term deposition and buildup day 10950 Default value, ORNL RAIS 
Tr Half-life day Chemical-specifica HNF-SD-WM-TI-707 
tv Aboveground exposure time day 60 Default value, ORNL RAIS 
tw Weathering half-life day 14 Default value, ORNL RAIS 
Yv Plant yield (wet) kg/m2 2 Default value, ORNL RAIS 
Lb Effective rate for removal 1/day Li + Lhl Default value, ORNL RAIS 
LE Decay for removal on produce 1/day Li + (0.693/tw) Default value, ORNL RAIS 
Lhl Soil leaching rate 1/day 0.000027 Default value, ORNL RAIS 
Li Decay  1/day 0.693/Tr* Default value, ORNL RAIS 
aRadionuclides only 

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

ORNL RAIS = Oak Ridge National Laboratory Risk Assessment Information System 



DOE/RL-2007-27, REV. 0 

G-43 

Table G3-7. Summary of Transfer Coefficients Used in Tissue Modeling Calculations. 

COPC 

Fruits and 
Vegetables 

(Bv wet) 
(kg/kg) 

Beef and Dairy
Cattle Fodder 

(Bv wet) 
(kg/kg) 

Beef 
(Fb) 

(day/kg) 

Milk 
(Fm) 

(day/kg) 

I-129 0.00454 a 0.01 c 0.04 d 0.012 d

Tc-99 3.44584 a 39.6 c 1.00E-04 d 1.40E-04 d

Tritium 1 g -- g -- g -- g

Cadmium 0.18 b -- b -- d -- d

Carbon tetrachloride 0.18 b 0.18 b 1.69E-05 d 5.34E-06 d

Chloroform 0.554 b 0.554 b 2.33E-06 d 7.37E-07 d

Chromium 0.0002 b 0.0002 b 9.00E-03 d 1.00E-05 d

Chromium (VI) 0.0002 b 0.0002 b 9.00E-03 d 1.00E-05 d

Manganese 0.055 b -- f -- f -- f

Methylene chloride 1.45 b 1.45 b 4.45E-07 d 1.40E-07 d

Nitrate -- e -- e -- e -- e

PCE 0.0822 b 0.0822 b 6.28E-05 d 1.98E-05 d

TCE 0.304 b 0.304 b 6.58E-06 d 2.08E-06 d

Thallium 0.00012 b -- f -- f -- f

Uranium 0.001888 b 0.001888 b 3.00E-04 d 4.00E-04 d

aThe transfer coefficients used to estimate concentrations in fruits and vegetables for radionuclides are based on the 
weighted average of Bv (dry weight) values presented in HNF-SD-WM-TI-707, Exposure Scenarios and Unit Dose 
Factors for the Hanford Tank Waste Performance Assessment , for leafy vegetables, root vegetables, and fruits 
relative to the consumption rates for a residential farmer. The transfer coefficients were adjusted from dry weight to 
wet weight by applying the dry to wet ratio of 0.2 presented in HNF-SD-WM-TI-707. 
bThe transfer coefficients used to estimate contaminant concentrations in fruits and vegetables and cattle fodder 
were obtained from HNF-SD-WM-TI-707. The transfer coefficients for the organic contaminants are based on the 
organic carbon-water partition coefficient. The transfer coefficients were adjusted from dry weight to wet weight by 
applying the dry to wet ratio of 0.2 presented in HNF-SD-WM-TI-707. 
cThe transfer coefficients used to estimate concentrations in cattle fodder for radionuclides are based on the values 
presented in HNF-SD-WM-TI-707for leafy vegetables. The transfer coefficients were adjusted from dry weight to 
wet weight by applying the dry to wet ratio of 0.22 presented in HNF-SD-WM-TI-707for fodder. 
dThe transfer coefficients used to estimate concentrations in beef tissue and dairy products were obtained from 
HNF-SD-WM-TI-707. 
eContaminant does not bioaccumulate and the food chain pathways are incomplete for this contaminant. 
fValue obtained from Oak Ridge National Laboratory’s Risk Assessment Information System (RAIS) 
(http://rais.ornl.gov).  
gTritium in the food chain is evaluated differently than the other radionuclides. See Section G5.3.5 of this appendix 
for discussion on tritium.  

COPC = contaminant of potential concern 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G3-8. Beef Tissue and Milk Modeling Calculations, 
200-ZP-1 Operable Unit Groundwater. 

Cb = Fb × [(Cp × Qp × fp × fs) + (Cw × CF × Qw)] Equation 1 

Cm = Fm × [(Cp × Qp × fp × fs) + (Cw × CF × Qw)] Equation 2 

 

Variable 
Variable 

Definition 
Unit Value Source 

Cb Contaminant concentration in beef mg/kg Calculated value Equation 1 
Cm Contaminant concentration in milk mg/kg Calculated value Equation 2 

Cp 
Contaminant concentration in 
fodder 

mg/kg Calculated value Table G3-6 

CF Conversion factor kg/g 0.001a Not applicable 
Cw Contaminant concentration in water mg/L Site-specific Analytical data 

fp Fraction of year animal is on site unitless 1 
Default value, ORNL 
RAIS 

fs Fraction of animal's food from site unitless 1 
Default value, ORNL 
RAIS 

Fb Beef transfer coefficient day/kg Contaminant-specific Table G3-7 
Fm Milk transfer coefficient day/kg Contaminant-specific Table G3-7 

Qp Quantity of pasture ingested kg/day 11.77 
Default value, ORNL 
RAIS 

Qw Quantity of water ingested  L/day 53 
Default value, ORNL 
RAIS 

aRadionuclides only 

ORNL RAIS = Oak Ridge National Laboratory Risk Assessment Information System 
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Table G3-9. Intake Assumptions for Children and Adults—Ingestion and 
Inhalation Exposure to Soil.  

Soil Intake Factors - Nonradioactive COPCs, Non-Cancer (mg/kg-day):   
 Ingestion child =  CS x IRc x EF x EDc x CF1 / ATnc-c x BWc 
 Ingestion adult =  CS x IRs x EF x EDa x CF1 / ATnc-a x BWa 
Soil Intake Factors - Nonradioactive COPCs, Cancer (mg/kg-day):   
 Ingestion child/adult =  (CS x EF x CF1 / ATca) x (IRc x EDc/ BWc + IRa x EDa/ Bwa) 
Soil Intake Factors - Radioactive COPCs (pCi):    
 Ingestion child/adult =  (CS x EF x CF2) x (IRc x EDc + IRa x EDa) 
 Inhalation child/adult = (CS x EF x (1/PEF) x CF3) x (InhRc xEDc + InhRa xEDa) 
 

Intake Parameter CTUIRa Yakama Nationb Unit 

AT   Averaging time       

    Noncarcinogenic (ED x 365 days)     

    ATnc-a: Adult 23,360 23,360 
days 

    ATnc-c: Childc 2,190 2,190 

    Carcinogenic       

    ATca: Lifetime (adult/child) 25,550 25,550 days 

BW   Body weight       

    BWa: Adult 70 70 
kg 

    BWc: Child 16 16 

CF1   Conversion factor 1 1.00E-06 1.00E-06 kg/mg 

CF2   Conversion factor 2 1.00E-03 1.00E-03 g/mg 

CF3   Conversion factor 3 1.00E+03 1.00E+03 g/kg 

CS   Contaminant concentration in soil 
Contaminant-

specific 
Contaminant-

specific mg/kg or pCi/g 

EF   Exposure frequency (adult/child) 365 365 days/year 

ED   Exposure duration       

    EDa: Adult 64 64 
years 

    EDc: Child 6 6 

InhR   Inhalation rate (adult/child)       

    InhRa: Adult 30 26 
m3/day 

    InhRc: Child 8.2 16 

IR   Ingestion rate, soil       

    IRa: Adult 400 200 
mg/day 

    IRc: Child 400 400 

PEF  Particulate emission factord 2.72E+09 2.72E+09 m3/kg 
aSource is Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 
bSource is Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment. 
cThe Yakama Nation (Ridolfi, 2007) child body weight of 16 kg was also used for CTUIR, because Harris and Harper, 2004 did 
not provide a child body weight. 
dA site-specific particulate emission factor and contaminant-specific volatilization factors were calculated using EPA equations in 
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment): Final (see Table G3-15). 

CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
EPA = U.S. Environmental Protection Agency 
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Table G3-10. Intake Assumptions for Children (2 to 6 Years) and Adults—Ingestion, 
Dermal, and Inhalation Exposure to Tap Water. (2 sheets) 

Water Intake Factors - Nonradioactive COPCs, Non-Cancer (mg/kg BW-day)  
 Ingestion child =  Cwx IRc x EF x EDc x CF/ ATc x BWc 

 Dermal absorption child = DAev-c x SAc x EVw x EF x EDc x / ATc x BWc 

 Inhalation child = Cw x InhRc x EF x EDc x VFw x CF / ATc x BWc 

 Ingestion adult =  Cw x IRa x EF x EDa x CF/ ATa x BWa 

 Dermal absorption adult = DAev-a x SAa x EVw x EF x EDa x / ATa x BWa 

 Inhalation adult = Cw x InhRa x EF x EDa x VFw x CFw / ATa x BWa 

Water Intake Factors - Nonradioactive COCs/COPCs, Cancer (mg/kg BW-day):  

 Ingestion child/adult =  (Cw x EF x CF / ATca) x (IRc x EDc/ BWc + IRa x EDa/ Bwa) 

 Dermal absorption child/adult = (DAev-a x EF x EVw / ATca) x (SAc x EDc / BWc + SAa x EDa / BWa) 
 Inhalation child/adult = (Cw x EF x VFw x CFw / ATca) x (InhRc xEDc / BWc + InhRa xEDa / Bwa) 

Water Intake Factors - Radioactive COPCs (pCi):   

 Ingestion child/adult = Cw x IRa x EF x ED  

 Inhalation child/adult = Cw x InhRa x EF x ED x VFrad  

 

Intake Parameter CTUIRa 
Yakama 
Nationb 

Unit 

AT   Averaging time       

    Noncarcinogenic (ED x 365 days)     

    ATnc-a: Adult 23,360 23,360 
days 

    ATnc-c: Child 2,190 2,190 

    Carcinogenic       

    ATca: Lifetime (adult/child) 25,550 25,550 days 

BW   Body weight       

    BWa: Adult 70 70 
kg 

    BWc: Childc 16 16 

CW   Contaminant concentration in water 
Contaminant

-specific 
Contaminant-

specific µg/L or pCi/L 

CF   Conversion factor 1.00E-03 1.00E-03 mg/µg 

DAevent   Absorbed dose per event 
Contaminant

-specific 
Contaminant-

specific 
mg/cm2-event 

EF   Exposure frequency 365 365 days/year 

ED   Exposure duration       

    EDa: Adult 64 64 
years 

    EDc: Child 6 6 

EVw   Event frequency – water contact 1 1 events/day 
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Table G3-10. Intake Assumptions for Children (2 to 6 Years) and Adults—Ingestion, 
Dermal, and Inhalation Exposure to Tap Water. (2 sheets) 

Intake Parameter CTUIRa 
Yakama 
Nationb 

Unit 

InhR   Inhalation rate (adult/child)       

    InhRa: Adult 30 26 
m3/day 

    InhRc: Child 8.2 16 

IR   Ingestion rate, water       

    IRa: Adult 4 4 
L/day 

    IRc: Child 1.5 2 

SA   Skin surface aread       

    SAa: Adult 18,000 18,000 
cm2 

    SAc: Child 6,600 6,600 
aSource is Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 
bSource is Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment. 
cThe Yakama Nation (Ridolfi, 2007) child body weight of 16 kg was also used for CTUIR, because Harris and Harper, 2004 
did not provide a child body weight. 
dEPA's default residential exposure factors (EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human 
Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final) were used for skin surface 
area and the volatilization factor. 

CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
EPA = U.S. Environmental Protection Agency 
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Table G3-11. Absorbed Dose Per Event Dermal Exposure to Tap Water. 
DAevent: 

Organic Contaminants: 
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Inorganic Contaminants: 

CwtPCDAEquation eventevent ××=:3  

 

Intake Parameter Value Source 

DAevent Absorbed dose per event (mg/cm2-event) 
Calculated 

value 
Equation 1, 2, or 3 

FA Fraction absorbed (dimensionless) 
Contaminant-

specific 
Exhibit B-3 of EPA/540/R/99/005 

PC Permeability constant (cm/hr) 
Contaminant-

specific 
Exhibit B-3 of EPA/540/R/99/005 

Cw Contaminant concentration in water (mg/cm3) Site-specific Analytical data 
tevent Event duration (hr/event):   
    Duration for adult showering event 0.17 EPA 600/P-95-002Fa 
    Duration for child bathing event 0.33 EPA 600/P-95-002Fa 

t* Time to reach steady-state (hr) = 2.4 x Tauevent 
Contaminant-

specific 
Exhibit B-3 of EPA Region 9 
preliminary remediation goal 

Tauevent Lag time per event (hr/event) 
Contaminant-

specific 
Exhibit B-3 of EPA/540/R/99/005 

B 

Dimensionless ratio of the permeability 
coefficient of a compound through the stratum 
corneum relative to its permeability coefficient 
across the viable epidermis (dimensionless) 

Contaminant-
specific 

Exhibit B-3 of EPA/540/R/99/005 

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, 
Supplemental Guidance for Dermal Risk Assessment): Final 
EPA 600/P-95/002Fa, Exposure Factors Handbook Volume 1: General Factors 



DOE/RL-2007-27, REV. 0 

G-49 

Table G3-12. Intake Assumptions for Adults—Dermal and Inhalation Exposure 
to Groundwater in Sweatlodge. (2 sheets) 

VOLATILE AND SEMI-VOLATILE COMPOUNDS (including tritium) 
Water Intake Factors - Nonradioactive COPCs, Non-Cancer (mg/kg BW-day)  
Dermal Absorption adult = Cw x VForg x PC x SA x ET x EVw x EF x ED x CF1 / ATnc x BW 
       
Inhalation adult = Cw x VForg x InhR x EF x ED x ET x EVw x CF2 / ATnc x BW 
       
Water Intake Factors - Nonradioactive COPCs, Cancer (mg/kg BW-day)  
Dermal Absorption adult = Cw x VForg x PC x SA x ET x EVw x EF x ED x CF1 / ATca x BW 
       
Inhalation adult = Cw x VForg x InhR x EF x ED x ET x EVw x CF2 / ATca x BW 
       
Water Intake Factors - Tritium (pCi)    
Inhalation adult = Cw x VForg x InhR x EF x ED x ET x EVw x CF2 
 
NON-VOLATILE COMPOUNDS (including metals and radionuclides, except tritium) 
Water Intake Factors - Nonradioactive COPCs, Non-Cancer (mg/kg BW-day)  
Dermal Absorption adult = (Cw x CF3) x PC x SA x ET x EVw x EF x ED / ATnc x BW 
       
Water Intake Factors - Nonradioactive COPCs, Cancer (mg/kg BW-day)  
Dermal Absorption adult = (Cw x CF3) x PC x SA x ET x EVw x EF x ED / ATca x BW 
       
       

 

Intake Parameter CTUIRa Yakama Nationb Unit 

AT   Averaging time       

    ATnc: Noncarcinogenic (ED x 365 days) 24,820 24,820 
days 

    ATca: Lifetime 25,550 25,550 

BW   Body weight 70 70 kg 

CF1   Conversion factor 1 1.00 E-06 1.00 E-06 m3/cm3 

CF2   Conversion factor 2 0.042 0.042 day/hour 

CF3   Conversion factor 3 0.001 0.001 L/cm3 

CW   Contaminant concentration in groundwater 
Contaminant-

specific 
Contaminant-

specific mg/L or pCi/L 

PC   Permeability Constantc 
Contaminant-

specific 
Contaminant-

specific cm/hour 

ED   Exposure duration 68 68 years 

EF   Exposure frequency 365 260d days/year 

ET   Exposure time 1 2d hours/day 

EVw  Event frequency – water contact 1 1 events/day 

InhR   Inhalation rate 30 26 m3/day 

 



DOE/RL-2007-27, REV. 0 

G-50 

Table G3-12. Intake Assumptions for Adults—Dermal and Inhalation Exposure 
to Groundwater in Sweatlodge. (2 sheets) 

Intake Parameter CTUIRa Yakama Nationb Unit 

SA   Skin surface area 18,000 18,000 cm2 

VF   Vaporization factore    

    VForg: Organics (including tritium) 0.955 0.955 L/m3 
aSource: Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 
bSource: Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment. 
cValues obtained from EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation 
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 
dExposure frequency and time for the Yakama Nation is based on 10 hours/week or 2 times the average rate of 5 hours/week, 
which equates to an exposure time of 2 hours/day for 5 days/week, or 260 days/year. 
eSee Table G3-13 for equations and input parameters. 

CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
 

Table G3-13. Calculation of the Vaporization Factor for the Sweatlodge Scenario. 

Formula for Volatile and Semi-Volatile Organic Compounds (including Tritium): 
 Cv = Cw x VForg 

where,   
 VForg = Vw,total  

  2 x 2/3 x pi x r3  

   

 

Parameter Definition (unit) Value 

Cv Concentration in sweatlodge vapor (mg/m3) Chemical – specific 

Cw Concentration in groundwater (mg/L or pCi/L) Chemical – specific 

Vw,total Total volume of water used to create steam (L) 4 
r Radius of sweatlodge (m) 1 

MWw Molecular weight of water (g/gmole) 18 

R Ideal gas law constant (mmHg*m3/gmole*K) 0.06237 
T Temperature of sweatlodge (K) 339 

pw Density of liquid water (g/L) 1000 

p* Partial pressure of water at temp K (mmHg) 194.89 

VForg Vaporization factor, organic chemicals (L/m3) 0.955 

   

Source: Equations and input parameters for the calculation of the vaporization factor for the sweatlodge 
scenario were obtained from Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence 
Lifeways. 



DOE/RL-2007-27, REV. 0 

G-51 

Table G3-14. Intake Assumptions for Child and Adults – Food Chain Pathways. 
Tissue Intake Factors - Nonradioactive COCs, Non-Cancer (mg/kg BW-day): 
 Ingestion child/adult = Cti x IRti x EF x ED x CF / ATnc   
Tissue Intake Factors - Nonradioactive COCs, Cancer (mg/kg BW-day):  
 Ingestion child/adult = Cti x IRti x EF x ED x CF / ATca   
Tissue Intake Factors - Radioactive COCs (pCi):   
 Ingestion adult = Cti x IRti x EF x ED  

 

Intake Parameter CTUIRa Yakama Nationb Unit 

AT   Averaging time       
    Noncarcinogenic (ED x 365 days)     
    ATnc-a: Adult 23,360 23,360 

days 
    ATnc-c: Child 2,190 2,190 
    Carcinogenic       
    ATca: Lifetime (adult/child) 25,550 25,550 days 

Cti   
Contaminant concentration in tissue Contaminant-

specific 
Contaminant-

specific mg/kg or pCi/g 
CF   Conversion factor 1.00 E-03 1.00 E-03 kg/g 
EF   Exposure frequency 365 365 days/year 
ED   Exposure duration       
    EDa: Adult 70 64 

years 
    EDc: Child 6 6 
IRti   Ingestion rate of tissue       

    
IRti-a: Adult plant ingestion ratec 8.75 

(612.5 g/day) 
8 

(559 g/day) 

g/kg-day 

    
IRti-c: Child plant ingestion rated 

NA 
5.8 

(93.5 g/day) 

    
IRti-a: Adult Berry/Fruit ingestion ratee 0.89 

(62.5 g/day) 
2.14 

(149.5 g/day) 

    
IRti-c: Child Berry/Fruit ingestion ratef 

NA 
3.97 

(63.5 g/day) 

    
IRti-a: Adult Beef ingestion rateg 1.07 

(75 g/day) 
6.03 

(422.4 g/day) 

    
IRti-c: Child Beef ingestion rateh 

NA 
7.95 

(127.2 g/day) 

    

IRti-a: Adult Milk ingestion ratei 

NA 

17.66 
(1,236 g/day 
or 1.2 L/day) 

    

IRti-c: Child Milk ingestion ratei 

NA 

32.19 
(515 g/day 

or 0.5 L/day) 
aSource: Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 
bSource: Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment. 
cAdult CTUIR and Yakama Nation rates are based on 50 percent of the ingestion rate of 1,225 g/day (roots/greens/other) and 
1,118 g/day (vegetable/root), respectively. 
dChild Yakama Nation rate is based on 50 percent of the ingestion rate of 187 g/day (vegetable/root). 
eAdult CTUIR and Yakama Nation rates are based on 50 percent of the ingestion rate of 125 g/day (fruits/berries) and 299 g/day 
(fruit), respectively. 
fChild Yakama Nation rate is based on 50 percent of the ingestion rate of 127 g/day (fruits/berries). 
gAdult CTUIR and Yakama Nation rates are based on 60 percent of the ingestion rate of 125 g/day (game/fowl) and 704 g/day 
(meat/game), respectively. CTUIR is a river-based diet mainly consisting of fish. 
hChild Yakama Nation rates are based on 60 percent of the ingestion rate of 212 g/day (meat/game). 
iOne liter of milk is equal to 1,030 g. 

CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
NA  = not available 
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Table G3-15. Summary of Volatilization Factor and Particulate 
Emission Factor Inputs and Equations. 

PEF = [Q/C × 3600] / [0.036 × (1-V) × (Um/Ut)
3 × F(×)] 

 

Parameter Definition (Unit) Value Source 

Q/C 
Dispersion coefficient (g/m2-s per 
kg/m3) 

71.23 
Site-specific. Used Boise, Idaho, defaults from 
OSWER 9355.4-24 

V 
Fraction of vegetative cover (unit-
less) 

0.5 Default value, OSWER 9355.4-24 

Um Mean annual wind speed (m/s) 3.4 Site-specific (HNF-SD-WM-TI-707) 

Ut 
Equivalent threshold value of 
wind speed at 7 m (m/s) 

11.32 Default value, OSWER 9355.4-24 

F(x) Function dependent on Um/Ut  0.194 Default value, OSWER 9355.4-24 
PEF Particulate emission factor (m3/kg) 2.72 E+09 Calculated value 

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

OSWER 9355.4-24, 2002, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites 

EPA = U.S. Environmental Protection Agency 

OSWER = EPA Office of Solid Waste and Emergency Response 
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G4.0 TOXICITY CRITERIA 

The purpose of the toxicity assessment is to weigh the available and relevant evidence regarding 
the potential for contaminants to cause adverse health effects in exposed individuals and to 
provide a quantitative estimate of the relationship between the magnitude of exposure and the 
likelihood of adverse effects (EPA/540/1-89/002). A fundamental principle of toxicology is that 
the dose determines the severity of the effect. Accordingly, the toxicity criteria describe the 
quantitative relationship between the dose of a contaminant and the type and incidence of the 
toxic effect. This relationship is referred to as the dose response. The types of toxicity criteria are 
described in the following subsections. Tables G4-1 and G4-2 present the carcinogenic toxicity 
criteria for the nonradionuclides and the radionuclides, respectively, for the COPCs in this 
assessment. Table G4-3 lists the noncarcinogenic toxicity criteria used for the COPCs in this 
assessment. Attachment G-5 of this appendix contains discussions of the specific criteria and 
associated health effects for each COPC. 

A dose-response evaluation is the process of quantitatively evaluating toxicity information and 
characterizing the relationship between the dose of the contaminant and the incidence of adverse 
health effects in the exposed population. From this quantitative dose-response relationship, 
toxicity criteria are derived that can be used to estimate the potential for adverse health effects as 
a function of exposure to the contaminant. Toxicity values are combined with the summary 
intake factors (SIF) listed in Tables G3-9 through G3-14 to provide estimates of carcinogenic 
risks or indicate the potential for non-cancer health effects for various exposure scenarios. 
Exposure to contaminants can result in cancer or non-cancer effects, which are characterized 
separately. Essential dose-response criteria are the EPA slope factor (SF) values for assessing 
cancer risks and the EPA-verified reference dose (RfD) values for evaluating non-cancer effects. 
The following hierarchy was used to select toxicity criteria for nonradionuclides: 

1. Integrated Risk Information System (IRIS) database 

2. EPA Interim Toxicity Criteria published by the National Center for Environmental 
Assistance (NCEA) 

3. EPA 540-R-97-036, Health Effects Assessment Summary Tables: FY 1997 Update 
(HEAST) 

4. Agency for Toxic Substances and Disease Registry (ATSDR) toxicological profiles. 

G4.1 CANCER EFFECTS 

The cancer SF (expressed as [mg/kg-day]-1) expresses excess cancer risk as a function of dose. 
The dose-response model is based on high- to low-dose extrapolation and assumes there is no 
lower threshold for the initiation of toxic effects. Specifically, cancer effects observed at high 
doses in laboratory animals or from occupational or epidemiological studies are extrapolated 
using mathematical models to low doses common to environmental exposures. These models are 
essentially linear at low doses, so no dose is without some risk of cancer. The cancer SFs for 
each of the nonradionuclide COPCs are presented in Table G4-1. 

The SFs for radionuclides are incremental cancer risks resulting from exposure to radionuclides 
via inhalation, ingestion, and external exposure pathways (the dermal pathway is not significant). 
The SFs represent the probability of cancer incidence as a result of unit exposure to a given 
radionuclide averaged over a lifetime. The cancer SFs for the radionuclide COPCs are presented 
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in Table G4-2. These values are from the HEAST (EPA 540-R-97-036) update on April 16, 
2001, which is based on Federal Guidance Report No. 13 (Cancer Risk Coefficients for 
Environmental Exposure to Radionuclides [EPA 402-R-99-001]). Federal Guidance Report 
No. 13 incorporates state-of-the-art models and methods that take into account age- and gender-
dependence of radionuclide intake, metabolism, dosimetry, radiogenic cancer risk, and 
competing risks. 

The EPA has classified all radionuclides as known human carcinogens based on epidemiological 
studies of radiogenic cancers in humans (EPA 402-R-99-001). Cancer SFs for radionuclides are 
central tendency estimates of the age-averaged increased lifetime cancer risk. This is in contrast 
to the methodology for nonradionuclide SFs, where upper-bound estimates of cancer potency are 
often used. 

G4.2 NON-CANCER EFFECTS 

Chronic RfDs are defined as an estimate of a daily exposure level for the human population 
(including sensitive subpopulations) that are likely to be without appreciable risk of non-cancer 
effects during a lifetime of exposure (EPA 402-R-99-001). Chronic RfDs are specifically 
developed to be protective for long-term exposure to a contaminant and are generally used to 
evaluate the potential non-cancer effects associated with exposure periods of 7 years to 
a lifetime. The RfDs are expressed as mg/kg-day and are calculated using lifetime average body 
weight and intake assumptions. The non-cancer toxicity criteria for nonradionuclide COPCs 
are presented in Table G4-3. 

The RfD values are derived from experimental data on the no-observed-adverse-effect level 
(NOAEL) or the lowest observed-adverse-effect level (LOAEL) in animals or humans. The 
NOAEL is the highest tested contaminant dose given to animals or humans that has not been 
associated with any adverse health effects. The LOAEL is the lowest contaminant dose at which 
health effects have been reported. The RfDs are calculated by the EPA by dividing the NOAEL 
or LOAEL by a total uncertainty factor (UF), which represents a combination of individual 
factors for various sources of uncertainty associated with the database for a particular 
contaminant or with the extrapolation of animal data to humans. The IRIS database also assigns a 
level of confidence in the RfD. The level of confidence is rated as high, medium, or low, based 
on confidence in the study and confidence in the database. 

Chronic RfDs, as discussed above, are used in the evaluation of tribal exposures, because the 
long-term exposure (7 years to a lifetime) to relatively low-contaminant concentrations are of 
greatest concern for that population. In EPA’s methodology used to derive chronic RfDs, UFs 
are applied to the NOAEL or LOAEL of the critical research study. These UFs are used to 
address the uncertainties/variabilities that are present in the data set for each individual 
contaminant (see Section 4.4.5 of A Review of the Reference Dose and Reference Concentration 
Processes, Final Report [EPA/630/P-02/002F]). The UFs (up to 5) are assigned values of either 
10 or 3, the values are multiplied together, and then the critical study NOAEL or LOAEL is 
divided by the total UF (see Section 4.4.5 of EPA/630/P-02/002F). Table G4-3 summarizes the 
chronic RfDs for each nonradionuclide COPC. 
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G4.3 ORAL TOXICITY CRITERIA 

The RfDs for oral/ingestion exposures are expressed as mg/kg-day and are calculated using 
lifetime average body weight and intake assumptions. 

G4.4 INHALATION TOXICITY CRITERIA 

The criteria for inhalation are reference concentrations (RfC) expressed in milligrams of 
contaminant per cubic meter of air (mg/m3) for noncarcinogens and unit risk factors (URF) 
expressed in cubic meters of air per microgram of contaminant (m3/µg) for carcinogenic 
exposures. The RfCs and URFs are developed in the same way as RfDs and SFs, except that they 
include, as part of their development, a default inhalation rate assumption of 20 m3 of air inhaled 
per day. Because the default inhalation rate is not applicable to all the receptors in this risk 
assessment, RfCs and URFs were converted into reference doses for inhalation (RfDi) and 
inhalation slope factors (SFi), according to the protocols presented by EPA (EPA/540/1-89/002; 
“Human Health Toxicity Values in Superfund Risk Assessments” [Cook, 2003, OSWER 
Directive 9285.7-53]). The conversions are below: 

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

SFi (kg-day/mg) = URF (m3/µg) x 1 / 20 (m3/day) x 70 (kg) x 103 (µg/mg) 

Route-to-route extrapolation from the oral route to the inhalation route was not performed 
because of the toxicological uncertainties involved in assuming that contaminants are as toxic 
and have the same toxic endpoint by ingestion as by inhalation. Therefore, contaminants that 
do not have inhalation toxicity criteria were not evaluated by the inhalation route. The impacts of 
not evaluating all COPCs by the inhalation route are discussed in the uncertainty section 
(Section G6.0). 

G4.5 DERMAL TOXICITY CRITERIA 

The dermal toxicity criteria were applied to groundwater only. Most oral RfDs and SFs are 
expressed as an administered dose (i.e., the amount of substance taken into the body by 
swallowing). In contrast, exposure estimates for the dermal route of exposure are expressed as an 
absorbed dose (i.e., the amount of contaminant that is actually absorbed through the skin). 
Because dermal toxicity criteria are not readily available, oral toxicity values are used in 
conjunction with an absorption correction factor to adjust for the difference in administered to 
absorbed dose. The EPA recommends absorption correction factors for a limited amount of 
inorganic contaminants in Exhibit 4-1 of EPA/540/R/99/005. For those contaminants that do not 
appear on the table, the recommendation is to assume 100 percent absorption 
(EPA/540/R/99/005) (i.e., the dermal toxicity criteria would not differ from the oral toxicity 
criteria). 

In this instance, trivalent and hexavalent chromium have recommended absorption correction 
factors. Absorption correction factors of 1.3 and 2.5 percent were used to derive the dermal RfDs 
for trivalent chromium and hexavalent chromium, respectively. The specifics are discussed in the 
toxicity profiles for each contaminant in Attachment G-5. 
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Table G4-1. Carcinogenic Toxicity Criteria for the Nonradionuclide 
Contaminants of Potential Concern. 

Contaminant 
Oral Cancer: 
Slope Factor 
(mg/kg-day)-1 

Inhalation 
Cancer: 

Slope Factor
(mg/kg-day)-1 

Tumor 
Type 

EPA Cancer 
Classificationa Reference 

Carbon tetrachloride 0.13 0.053 Liver (mice) B2 IRIS 
Chloroform — 0.081 Liver (mice) B2 IRIS 
Chromium (total) — — — D IRIS 
Chromium (VI) 
(hexavalent) 

— 290 Lung (human) A IRIS 

Methylene chloride 0.0075 0.0016 Liver (mice) B2 IRIS 
Nitrate — — — D IRIS 
PCE 0.54 0.021 Liver (mice and rats) Not classified CalEPA 
Thallium — — — D IRIS 

TCE 0.013 0.007 
Liver, kidney, lymph, 

cervical, prostate 
B1 CalEPA 

Uranium — — — Not classified IRIS 
aEPA’s weight-of-evidence classification system: 

Group A = human carcinogen (sufficient evidence in humans) 
Group B1 = probable human carcinogen (limited human data available) 
Group B2 = probable human carcinogen (sufficient evidence in animals; inadequate or no evidence in humans) 
Group C = possible human carcinogen (limited evidence in animals) 
Group D = not classifiable as to human carcinogenicity 

CalEPA = California Environmental Protection Agency 
EPA = U.S. Environmental Protection Agency 
IRIS = Integrated Risk Information System - online database (EPA, 2008) 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G4-2. Radionuclide Carcinogenic Toxicity Criteria 
for Contaminants of Potential Concern. 

Radionuclide 

Ingestion 
(Risk/pCi) Inhalation  

(Risk/pCi) 

External  
(Risk/yr per 

pCi/g) Soil Food Water 

Am-241 2.17E-10 1.34E-10 a 2.81E-08 2.76E-08 

C-14 2.79E-12 2.00E-12 a 7.07E-12 7.83E-12 

Cs-137 4.33E-11 3.7E-11 a 1.19E-11 5.32E-10 

I-129 a 3.2E-10b 1.50E-10 6.10E-11 6.10E-09 

Np-237 1.46E-10 8.29E-11 a 1.77E-08 5.36E-08 

Pu-239 2.76E-10 1.74E-10 a 3.33E-08 2.00E-10 

Pu-240 2.77E-10 1.74E-10 a 3.33E-08 6.98E-11 

Ra-228 2.28E-09 1.43E-09 a 5.18E-09 a 

Tc-99 7.66E-12 4.00E-12 2.80E-12 1.41E-11 8.14E-11 

Th-228 2.89E-10 1.48E-10 a 1.32E-07 5.59E-09 

Tritium a 1.40E-13 5.10E-14 5.6E-14c a 

NOTE: The U.S. Environmental Protection Agency classifies all radionuclides as Group A, known human carcinogens. 
Values are from EPA 540-R-97-036, Health Effects Assessment Summary Tables: FY 1997 Update, updated April 16, 
2001, which is based on EPA 402-R-99-001, Cancer Risk Coefficients for Environmental Exposure to Radionuclides 
(Federal Guidance Report No. 13). 
aRadionuclide not evaluated by this pathway.  
bThis value is protective of ingestion of iodine-129 in dairy products. For nondairy products, the criterion is one-half this 
value, or 1.6E-10. 
cThis value is protective of inhalation exposures of tritium vapors. 
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Table G4-3. Noncarcinogenic Toxicity Criteria for Contaminants of Potential Concern. 

Contaminant 
Chronic 

RfD 
(mg/kg-day) 

Toxic 
Endpoint 

Critical 
Study 

Chronic
RfD UFa 

RfD 
Source 

Inhalation      
Carbon tetrachloride Noneb -- -- -- -- 

Chloroform 1.30E-02 
Liver, kidney, and central 
nervous system toxicity 

Subchronic mouse 100 NCEA 

Chromium (total) Noneb -- -- -- -- 
Chromium (VI) (hexavalent) – 
mists and aerosols 

2.3E-06 Nasal septum atrophy 
Subchronic human 
occupational 

90 IRIS 

Methylene chloride 8.6E-01 Hepatotoxicity 2-year chronic rat 100 HEAST 
Nitrate Noneb -- -- -- -- 
PCE 1.1E-01 -- -- -- NCEA 
Thallium Noneb -- -- -- -- 

TCE 1.10E-02 
Central nervous system, 
liver, and endocrine toxicity 

Subchronic human 
occupational 

1,000 EPA/600/P
-01/002A 

Uranium Noneb -- -- -- -- 

Ingestion      
Carbon tetrachloride 7.0E-04 Liver lesions Subchronic rat 1,000 IRIS 

Chloroform 1.0E-02 
Liver, kidney, and central 
nervous system toxicity 

Chronic dog study 100 IRIS 

Chromium (total) – based on 
trivalent chromium 

1.5E+00 None observed Chronic oral rat study 1,000 IRIS 

Chromium (VI) (hexavalent) 3.0E-03 None reported 
One-year rat drinking 
water study 

1,000 IRIS 

Methylene chloride 6.0E-02 Liver toxicity Chronic rat 100 IRIS 

Nitrate 1.6E+00 
Methemoglobinemia in 
infants 

Human 
epidemiological studies 

1 IRIS 

PCE 1.0E-02 Hepatotoxicity 
6-week mouse gavage 
study 

1,000 IRIS 

Thalliumc 6.6E-05 None reported 
Rat oral subchronic 
study 

3,000 IRIS 

TCE 3.0E-04 
Central nervous system, 
liver, and endocrine toxicity 

Subchronic mouse 3,000 EPA/600/P
-01/002A 

Uranium 3.0E-03 Weight loss, nephrotoxicity 30-day rat bioassay 1,000 IRIS 
aEPA indicates there are generally five areas of uncertainty where an application of a UF may be warranted: 

1. Variation between species (applied when extrapolating from animal to human) 
2. Variation within species (applied to account for differences in human response and sensitive subpopulations) 
3. Use of a subchronic study to evaluate chronic exposure 
4. Use of a LOAEL, rather than a NOAEL 
5. Deficiencies in the database 
bThere is no non-cancer toxicity criterion for this contaminant for this pathway. 
cThe oral reference dose (RfD) for thallium was derived from the RfD for thallium sulfate, which was adjusted based on the 
molecular weight of thallium in the thallium salt (EPA, 2004, “Region 9 PRG Table”).  

EPA/600/P-01/002A, Trichloroethylene Health Risk Assessment: Synthesis and Characterization 

EPA = U.S. Environmental Protection Agency  
HEAST = Health Effects Assessment Summary Tables: FY 1997 Update (EPA 540-R-97-036) 
IRIS = EPA’s Integrated Risk Information System (online database) (EPA, 2008) 
NCEA = EPA's National Center for Environmental Assessment 
PCE = tetrachloroethylene 
RfD = reference dose 
TCE = trichloroethylene 
UF = uncertainty factor 
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G5.0 RISK CHARACTERIZATION 

Risk characterization is the summarizing step of a risk assessment. In risk characterization, the 
toxicity values (RfDs and SFs) are applied, in conjunction with the concentrations of COPCs 
and summary intake assumptions, to estimate carcinogenic (cancer) risks and noncarcinogenic 
(non-cancer) health hazards. This section describes the methods that are used to estimate risks 
and hazards, the health threshold levels that are used to evaluate the results of the risk 
calculations for the site, and the results of the risk calculations. 

G5.1 METHODOLOGY FOR EVALUATING NONCARCINOGENIC HAZARDS 

The potential for adverse health effects other than carcinogenic effects (i.e., noncarcinogenic 
effects) is characterized by dividing estimated contaminant intakes by contaminant-specific 
RfDs. The resulting ratio is the HQ, which is derived below: 

day)-(mg/kg RfD

day)-(mg/kg Intake Chemical
HQ =

 

The EPA’s risk assessment guidelines (EPA/540/1-89/002) consider the additive effects 
associated with simultaneous exposure to several contaminants by specifying that all HQs 
initially must be summed across exposure pathways and contaminants to estimate the total 
hazard index (HI). This summation conservatively assumes that the toxic effects of all 
contaminants would be additive, or, in other words, that all contaminants cause the same toxic 
effect and act by the same mechanism. 

If the total HI is ≤1, multiple-pathway exposures to COPCs at the site are considered unlikely to 
result in an adverse effect. If the total HI is >1, further evaluation of exposure assumptions and 
toxicity (including consideration of specific affected target organs and the mechanisms of toxic 
actions of COPCs) is conducted to ascertain whether the cumulative exposure would, in fact, be 
likely to harm exposed individuals. 

G5.2 METHODOLOGY FOR EVALUATING CARCINOGENIC RISKS 

The potential for carcinogenic effects is evaluated by estimating the probability of developing 
cancer over a lifetime, based on exposure assumptions and constituent-specific toxicity criteria. 
The increased likelihood of developing cancer from exposure to a particular contaminant is 
defined as the excess cancer risk. Excess cancer risk is the risk in excess of a background cancer 
risk of one chance in three (0.3, or 3 x 10-1) for every American female and one chance in two 
(0.5, or 5 x 10-1) for every American male of eventually developing cancer (Cancer Facts and 
Figures – 2001 [ACS, 2001]). Cancer risk estimates are the product of exposure assumptions 
(i.e., intake) and the contaminant or radiological-specific SF. Excess lifetime cancer risks were 
estimated by multiplying the estimated contaminant intake or radiological dose by the cancer SF, 
below: 

Cancer risk (nonradionuclides) = contaminant intake (mg/kg-day) x SF (mg/kg-day)–1 

Cancer risk (radionuclides) = radiological dose (piC) x SF (risk/piC) 
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The linear equation is valid only for risks below 1 in 100 (1 x 10-2). For risks above 1 x 10-2, the 
following “one-hit” equation is used4 (EPA/540/1-89/002). The one-hit model is based on the 
concept that a cancer can be induced after a single susceptible target or receptor has been 
exposed to a single effective dose unit of a carcinogen (Proposed Guidelines for Carcinogen 
Risk Assessment [EPA/600/P-92/003C]): 

Cancer risk = 1-{e – (contaminant intake or radiological dose x SF)} 

The risk from exposure to multiple carcinogens is assumed to be additive, but is bounded by 1, 
corresponding to a 100 percent risk or certainty of developing cancer. Because risk is generally 
understood as an estimate of cancer probability, and since probabilities are limited to the range 
between 0 and 1, another purpose of the nonlinear calculation above is to avoid calculating risks 
that are equal to or exceed 1 and, therefore, lose meaning (EPA/540/1-89/002). The total cancer 
risk is estimated by adding together the estimated risk for each COPC and for each exposure 
pathway. 

Because of differences in the methodology used to estimate their SFs, radiological and 
nonradiological cancer risks are tabulated and summed separately on the summary cancer risk 
tables. However, in general EPA does recommend assuming that radiological and 
nonradiological cancer risks are additive (Luftig and Page, 1999). For most contaminant 
(nonradiological) carcinogens, laboratory experiments and animal data are the basis for estimates 
of risk. In the case of radionuclides, however, the data come primarily from epidemiological 
studies of exposure to humans. Another important difference is that the SFs used for contaminant 
carcinogens generally represent an upper-bound or 95 percent UCL of risk, while radionuclide 
SFs are based on the most likely estimates values. At the 216-Z-1A Tile Field and the 216-A-8 
Crib, there were only radionuclide COPCs and no nonradiological carcinogens selected as 
COPCs in soil. For groundwater, there are a number of nonradiological carcinogens, in addition 
to the three radionuclides that are COPCs in groundwater. 

The EPA’s target cancer risk range is 10-6 to 10-4, and EPA considers risk levels as high as 
4 x 10-4 (the upper end of EPA’s target risk range) to be acceptable under some circumstances 
(Clay, 1991 [OSWER Directive 9355.0-30]). 

G5.3 SUMMARY OF RISK RESULTS 

All final risk and hazard estimates up to 9 were presented to one significant figure only, as 
recommended by EPA/540/1-89/002. Therefore, an HQ or HI of 1 could range between 0.95 and 
1.4, and a risk of 2 x 10-5 could range between 1.5 x 10-5 and 2.4 x 10-5. Hazards >9 were shown 
with all positive integers (i.e., an HI of 312 was not rounded to 300). The risk and hazard results, 
presented to one significant figure, are summarized in Tables G5-1 through G5-11. Details of the 
calculations, with risks and hazards presented to at least two significant figures, are included in 
Attachment G-6 of this appendix for all nonradionuclides in soil and the nonradionuclides and 
radionuclides in groundwater. For the radionuclide contaminants in soil, summaries of the 
RESRAD computer model outputs are included in Attachment G-7. 

                                                 
4 RESRAD does not use the adjusted formula in its calculations. Therefore, for both the 216-Z-1A Tile Field and 

the 216-A-8 Crib sites, RESRAD risk outputs showed risks >1. For RESRAD risk outputs greater than 10-2, the 
RESRAD risk results were entered into the EPA “one-hit” formula to calculate a risk <1. 
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In an institutional control failure scenario, a Native American could be exposed to contaminants 
in soil if soil at depth was brought to the surface. As described in earlier sections, the scenario 
selected to evaluate this possibility is through soil excavation and subsequent exposure to 
excavated soil spread over a vegetable garden and near a residential home. In addition to the 
soil exposures, it was assumed that water from a groundwater well would be used for domestic 
supply, sweatlodge, and watering of gardens and livestock. 

G5.3.1 Soil Exposures 

The RESRAD model calculates risks from radionuclides in soil, and calculations take into 
consideration radioactive decay and ingrowth (i.e., increasing concentrations of daughter 
products), leaching, erosion, and mixing (ANL/EAD-4). The change in radionuclide 
concentrations over time as a result of radioactive decay and ingrowth can be a significant factor 
in assessing health risks. RESRAD modeling for the soil sites evaluated in this assessment was 
used to calculate future risks for the following time horizons: 

• 150 years from now 

• 500 years from now 

• 1,000 years from now (maximum required time horizon in 10 CFR 20, “Standards for 
Protection Against Radiation,” Subpart E, “Radiological Criteria for License 
Termination”). 

Because two risk-driver radionuclides at the 216-Z-1A Tile Field are plutonium isotopes with 
extremely long half-lives in soil (24,000+ years for plutonium-239, and 6,500+ years for 
plutonium-240), the future risk calculations are not different than current risks, nor are there 
daughter products that become significant (from a health risk perspective) in the 1,000-year 
timeframe. Risks approach 100 percent (a cancer risk level approaching 1) for 1,000 years. The 
other risk-driver radionuclide, americium-241, has a shorter half-life (432 years) than the 
plutonium isotopes and a significantly toxic daughter product (neptunium-237) with a long 
half-life. Risks from americium-241 (including daughter products) do decrease over the 
1,000-year period5 from nearly 1 to 4 x 10-2. However, the 1,000-year risk is still well above 10-4, 
and cumulative risks do not change within 1,000 years. Therefore, future time-horizon risks and 
additional daughter products not selected as initial COPCs are not included in the risk summary 
Tables G5-1 and G5-2 presented in this section (unless the daughter product had a risk exceeding 
10-6). Current and future risk results, including daughter product risks, are included in the tables 
in Attachment G-7. 

For the 216-A-8 Crib where cesium-137 is the risk-driving radionuclide, risks from future time 
horizons are presented in the summary tables in this section. Cesium-137 has a half-life of 
approximately 30 years. Risks at the 216-A-8 Crib decrease significantly within the 1,000 years 
evaluated in this assessment, dropping below 1 x 10-4 approximately 350 to 400 years in the 
future as the cesium-137 decays. At that point, neptunium-237 and plutonium-239 become 
the risk drivers, with cumulative risks in the upper 10-5 range. Figure G5-1 shows the decrease 
in cancer risks for the future CTUIR population for the 216-A-8 Crib (there are no significant 
differences in cancer risk between the CTUIR and the Yakama Nation). Daughter products never 

                                                 
5 Part of the reason for the decline of americium-241 is not because of decay, but because of leaching from the site. 

The relatively high leaching is a result of the low default distribution coefficient (Kd) value that RESRAD assigns 
the compound, which likely overestimates its leach rate from a future garden. 
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contribute significantly to overall risks at any of the time periods evaluated for the 216-A-8 Crib, 
so daughter risks are included in Attachment G-7 but are not included in the risk summary 
Tables G5-1 and G5-2 in this section (i.e., only the original COPCs are shown).  

Exposures to soil would occur via ingestion, inhalation, and external radiation for the 
radionuclides. In addition, risks from exposure to produce grown in contaminated soil and 
inhaled radon were also evaluated. Radon risks were extremely low at both sites (orders of 
magnitude below the de minimis cancer risk level of 1 x 10-6). Risks for soil exposures to the 
CTUIR and Yakama Nation are presented in Tables G5-1 and G5-2, respectively. The 
non-cancer hazards for both the CTUIR and Yakama Nation at the 216-A-8 Crib site are 
presented in Table G5-3. Overall, there are subtle differences between the risk results of the two 
populations, but these differences do not significantly affect risk totals. The Yakama Nation had 
slightly lower inhalation risks (because of a lower inhalation rate) and slightly higher produce 
risks (because of a higher plant ingestion rate) than the CTUIR. The year 2150 results are below: 

• 216-Z-1A Tile Field: Cancer risks from exposure to all COPCs are well above 1 x 10-4 
for both the CTUIR and Yakama Nation, with a total risk approaching 1, a 100 percent 
chance of contracting cancer from site exposures. Risks are driven by americium-241, 
plutonium-239, and plutonium-240. Cumulative risks are driven by the produce and 
ingestion pathways, with external radiation from americium-241 a distant third risk 
pathway, as shown in Figure G5-2 for both the CTUIR and Yakama Nation.  

• 216-A-8 Crib: Only cesium-137 exposures exceeded 1 x 10-4, with risks of 3 x 10- due 
to external radiation. Three other radionuclides exceed 1 x 10-6, including neptunium-237 
with a risk of 4 x 10-5 (driven by external radiation), plutonium-239 with a risk of 3 x 10-5 
(driven by ingestion and produce), and plutonium-240 with a risk of 6 x 10-6 (driven by 
ingestion and produce). Approximately 350 years in the future, cesium-137 decays to the 
point where risks fall below 1 x 10-4 (cumulative risks at 500 years are 7 x 10-5). 
Figure G5-2 presents the percent contribution by pathway to the cumulative risks 
150 years from now at the 216-A-8 Crib for both Native American scenarios. Health 
hazards due to thallium (the only nonradionuclide COPC) in soil were well below the 
target health goal of 1 for soil ingestion with an HI of 0.3 for CTUIR child exposures, an 
HI of 0.1 for Yakama Nation child exposures, and an HI of 0.07 for CTUIR and Yakama 
Nation adult exposures. However, the HI is 30 for adult CTUIR ingestion of produce, and 
the adult and child ingestion of produce for Yakama Nation HIs are 31 and 30, 
respectively. Non-cancer hazards are summarized in Table G5-3. 

In summary, soil risks at the 216-Z-1A Tile Field are driven by plutonium-239, but risks from all 
COPCs were significantly above 10-4. At the 216-A-8 Crib, only cesium-137 had risks exceeding 
10-4. Risks due to cesium-137 drop below 10-4 around 350 years in the future. Risks are driven 
by the soil ingestion and produce ingestion pathways for 216-Z-1A and by external radiation at 
the 216-Z-8 Crib French Drain (see Figure G5-2). Homegrown produce ingestion risks from 
growing fruits and vegetables in contaminated soil are discussed further in Section G5.3.3. 

G5.3.2 Direct-Contact Groundwater Exposures 

Future Native American children and adults were evaluated for future exposures to groundwater 
used as tap water (i.e., domestic supply) and future adult exposures to groundwater used in 
a sweatlodge. Child and adult residents were evaluated for exposures to groundwater used as 
tap water through the ingestion, dermal (for nonradionuclides), and inhalation of vapors 
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pathways. The primary pathway of exposure to COPCs in groundwater in the sweatlodge is 
through the inhalation of volatile constituents. In the unique environment of a sweatlodge where 
there are hot temperatures producing steam in a small enclosed space, inhalation of non-volatiles 
(including metals, iodine-129, and technetium-99) as aerosolized droplets is also likely 
a complete pathway. However, inhalation of non-volatile constituents in the sweatlodge was not 
quantified due to uncertainties in the estimation of the concentration of non-volatiles in water 
droplets and some toxicity-related issues, see the uncertainty section for a discussion of the 
potential risk underestimation. It was also assumed that the COPCs could deposit onto the skin 
by aqueous condensation. Therefore, dermal exposures to COPCs in groundwater within the 
sweatlodge were also evaluated (for nonradionuclides). In addition to exposures to groundwater 
used as tap water and in the sweatlodge, future Native American populations are assumed to use 
the groundwater as an irrigation source for their crops and livestock. Therefore, exposures to 
groundwater through the food chain pathways were also evaluated for the Native American 
scenario and are discussed in Section G5.3.3. 

Tables G5-4 and G5-5 summarize the cancer risks from exposures to groundwater through use as 
tap water and in the sweatlodge for the low-, medium-, and high-exposure scenarios for the 
CTUIR and Yakama Nation, respectively. Tables G5-6 and G5-7 summarize the non-cancer 
hazards from exposures to groundwater for the CTUIR and Yakama Nation, respectively. These 
tables present the combined risks and hazards from the ingestion, dermal, and inhalation 
pathways under each exposure scenario. For a detailed presentation of the risks and hazards for 
each of the individual pathways, refer to the summary tables in Attachment G-6. Overall, there 
are subtle differences between the risk results of the two populations because of slightly different 
exposure assumptions used in the risk calculations for each population. However, cumulative 
cancer risks for each population are the same to one significant figure. Cumulative adult 
non-cancer hazards are nearly the same for each population. Cumulative child non-cancer 
hazards are lower for CTUIR because of slightly lower tap water ingestion rates and inhalation 
rates for children. Figure G5-3 shows the percent contribution of each pathway to cumulative 
groundwater risks and hazards for both Native American scenarios. Figures G5-4 and G5-5 show 
pathway contributions to total risks and hazards by contaminants, respectively, for the Yakama 
Nation. Pathway contributions for the CTUIR are almost identical to the Yakama Nation. 

The risks and hazards presented in this section are assumed to occur 150 years in the future; 
however, current concentrations were used to calculate risks and hazards. Although not 
quantified, future concentration reductions will be significant for all contaminants due to the 
planned groundwater remediation activities. Even without remediation, significant concentration 
reductions will likely occur for the chlorinated solvents due to natural degradation processes. 
Therefore, future risks will be lower than those presented here. 

G5.3.2.1 Exposures to Groundwater as Tap Water 

The following summarizes the results for the tap water exposure scenario: 

• Cancer risks from radionuclides: As shown in Tables G5-4 and G5-5, under the high-
exposure scenario (90th percentile groundwater concentration), cancer risks from tap 
water for the radionuclides exceed 1 x 10-4 for both the CTUIR and Yakama Nation at 
6 x 10-4 for both Native American populations. Technetium-99 contributes the most to the 
total cancer risk with a risk of 4 x 10-4, followed by tritium and iodine-129 with cancer 
risks of 2 x 10-4 and 2 x 10-5, respectively. Under the medium-exposure scenario 
(50th percentile), total radionuclide cancer risks were approximately one order of 
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magnitude lower, at 7 x 10-5. Under the low-exposure scenario (25th percentile), total 
cancer risks were even lower (2 x 10-5). 

• Cancer risks from nonradionuclides: As shown in Tables G5-4 and G5-5, total 
nonradionuclide cancer risks from tap water exposures significantly exceed 1 x 10-4 under 
the high-exposure (90th percentile) and medium-exposure (50th percentile) scenarios for 
both the CTUIR and Yakama Nation, at 6 x 10-2 and 1 x 10-2 for both Native American 
populations. Total cancer risks under the low (25th percentile) exposure scenario slightly 
exceeded 1 x 10-4 for both the CTUIR and Yakama Nation with total cancer risks of 
2 x 10-4. Carbon tetrachloride contributes the majority of the total cancer risk, followed 
by chloroform and PCE, each with cancer risks more than two orders of magnitude lower 
than for carbon tetrachloride. Carbon tetrachloride is responsible for 99 percent of the 
total nonradionuclide cancer risks under both the high- and medium-exposure scenario, 
but only for 87 percent of the total cancer risks under the low-exposure scenario. As 
detailed in Attachment G-6 of this appendix, total cancer risks from the nonradionuclides 
in tap water are driven by the inhalation and ingestion pathways, which contribute 55 
percent and 40 percent to the total cancer risk, respectively, followed by the dermal 
pathway (5 percent). 

• Non-cancer hazards: As shown in Tables G5-6 and G5-7, total child and adult non-cancer 
hazards significantly exceed 1 under both the high-exposure (90th percentile) and 
medium-exposure (50th percentile) scenarios for both the CTUIR and Yakama Nation. 
The CTUIR child and adult hazards (Table G5-6) under the high-exposure scenario are 
471 and 279, respectively; child and adult hazards under the medium-exposure scenario 
are 81 and 48, respectively; and child and adult hazards under the low-exposure scenario 
are 2 and 1 (equal to the target health goal), respectively. Yakama Nation child and adult 
hazards (Table G5-7) under the high-exposure scenario are 606 and 279, respectively; 
child and adult hazards under the medium-exposure scenario are 105 and 48, 
respectively; and child and adult hazards under the low-exposure scenario are 3 and 1 
(equal to the target health goal), respectively. Carbon tetrachloride is by far the greatest 
contributor to the total non-cancer hazard in tap water exposures and contributes over 96 
percent to the total hazard in the high- and medium-exposure scenarios. Carbon 
tetrachloride is the only COPC that results in an HI >1 in all of the exposure scenarios 
(the high-, medium-, and low-exposure scenarios). However, in the high-exposure 
scenario, hexavalent chromium (child and adult hazards of 9 and 5 for the CTUIR and 
11 and 5 for Yakama Nation, respectively), nitrate (child and adult hazards of 5 and 3 
for the CTUIR and 6 and 3 for Yakama Nation, respectively), and TCE (child and adult 
hazards of 4 and 2 for the CTUIR and 5 and 2 for Yakama Nation, respectively) also 
result in HIs >1. The child non-cancer hazard for nitrate in the medium-exposure scenario 
of 2 for Yakama Nation also exceeded 1. No individual contaminants have HIs >1 in the 
low-exposure scenario. 

In summary, tap water cancer risks and non-cancer hazards are driven by carbon tetrachloride. 
Technetium-99 and tritium also have cancer risks exceeding 1 x 10-4 (however, tritium will 
decay to levels below a 10-4 risk in the near future), and, for non-cancer, hexavalent chromium, 
nitrate, and TCE have HIs >1. 
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G5.3.2.2 Exposures to Groundwater in the Sweatlodge 

As discussed above and in Section G3.0, exposures to groundwater in the sweatlodge were 
evaluated for the inhalation of volatile contaminants and dermal pathways (nonradionuclides 
only). Inhalation of non-volatile contaminants in the sweatlodge was not evaluated because of 
the uncertainties in estimating aerosol concentrations (see uncertainty section). This section 
presents the total risks and hazards for inhalation and dermal exposures combined. 
Attachment G-6 details the cancer risks and non-cancer hazards for the individual exposure 
routes. Risks and hazards for the sweatlodge scenario are driven almost entirely by the inhalation 
pathway. The following summarizes the results from the sweatlodge exposure scenario: 

• Cancer risks from radionuclides: As shown in Tables G5-4 and G5-5, of the radionuclide 
COPCs only tritium was evaluated for the sweatlodge pathway, because it is the only 
radionuclide that is considered volatile. Radionuclide cancer risks from exposures to 
groundwater in the sweatlodge are approximately one order of magnitude lower than tap 
water risks, and are below the maximum acceptable cancer risk of 10-4. Total 
radionuclide cancer risks in the high-exposure scenario (90th percentile) are 6 x 10-5 for 
the CTUIR and 7 x 10-5 for the Yakama Nation. Under the medium-exposure scenario 
(50th percentile), total radionuclide cancer risks were approximately one order of 
magnitude lower at 6 x 10-6 and 7 x 10-6 for the CTUIR and Yakama Nation, respectively. 
Under the low-exposure scenario (25th percentile), total cancer risks were even lower 
(9 x 10-7 and 1 x 10-6 for the CTUIR and Yakama Nation, respectively).  

• Cancer risks from nonradionuclides: As with the radionuclides, nonradionuclide cancer 
risks from exposures to groundwater in the sweatlodge are lower than for tap water 
exposures (see Tables G5-4 and G5-5) but still exceed 10-4 in the high- and medium-
exposure with total cancer risks of 3 x 10-3 and 5 x 10-4, respectively, for the CTUIR and 
total cancer risks of 3 x 10-3 and 6 x 10-4, respectively, for the Yakama Nation. Cancer 
risks for the low-exposure scenario were within EPA’s acceptable cancer risk range of 
10-6 to 10-4 for both the CTUIR and Yakama Nation, with cancer risks of 7 x 10-6 and 
8 x 10-6, respectively. Carbon tetrachloride is by far the greatest cancer risk driver of all 
of the COPCs (including radionuclides) for the sweatlodge pathway, with cancer risks 
exceeding 10-4 in each of the high-, and medium-exposure scenarios at 3 x 10-3 and 
4 x 10-4, respectively, for the CTUIR and 3 x 10-3 and 5 x 10-4, respectively, for the 
Yakama Nation. Carbon tetrachloride contributes approximately 99 percent of the total 
nonradionuclide cancer risks. No other chemicals have cancer risks that exceed 10-4 
under any of the high-, medium-, or low-exposure scenarios. 

• Non-cancer hazards: Non-cancer hazards for the sweatlodge pathway are presented in 
Tables G5-6 and G5-7 for the CTUIR and Yakama Nation, respectively. Non-cancer 
hazards are equal to 1, the non-cancer target health goal, under the high-exposure 
scenario for the CTUIR. For the Yakama Nation, non-cancer hazards under the high-
exposure scenario of 2 slightly exceed the target health goal. Non-cancer hazards are due 
almost entirely to dermal contact with hexavalent chromium in the sweatlodge. No other 
individual COPC had an HI >1. Because non-volatile contaminants were not evaluated 
for inhalation in the sweatlodge, risks and hazards could be underestimated (see the 
uncertainty section). 

In summary, of the radionuclide and nonradionuclide COPCs, sweatlodge cancer risks are driven 
by carbon tetrachloride, the only chemical with risks exceeding 10-4. Hexavalent chromium was 
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the risk driver for non-cancer hazards (however, it barely exceeded an HI of 1) and no other 
non-cancer contaminants were a health concern. Cancer risks because of sweatlodge exposures 
are lower than cancer risks estimated from domestic use of the water in the home (tap water 
exposures [see Figure G5-3]). 

G5.3.3 Food Chain Exposures 

Native Americans are assumed to consume 50 percent of their fruits and vegetables intake from 
homegrown gardens that are cultivated in contaminated soils and irrigated with groundwater and 
to consume beef and milk from cattle that drink site groundwater and graze on pastures irrigated 
with groundwater. For beef and milk, the source of site contaminants is groundwater; for plants, 
the source of contaminants is obtained from both soil (grown in impacted soil from excavation) 
and groundwater (irrigation). The risk and hazard results for food chain pathways for the COPCs 
in soil are presented in Tables G5-1 through G5-3 (soil summary tables). The food chain 
pathway cancer risk results for the COPCs in groundwater are shown in Tables G5-8 and G5-9 
for the CTUIR and Yakama Nation, respectively, and the food chain pathway non-cancer 
hazards are shown in Tables G5-10 and G5-11 for the CTUIR and Yakama Nation, respectively. 
The following subsections summarize the risk and hazard results for the food chain pathways. 

G5.3.3.1 Homegrown Produce 

The following summarizes the results for the produce exposure scenario: 

• Cancer risk from radionuclides: The total radionuclide cancer risk from ingestion of 
homegrown produce exceeds 1 x 10-4 for produce grown in soil for the 216-Z-1A Tile 
Field and 216-A-8 Crib (Tables G5-1 and G5-2 for the CTUIR and Yakama Nation, 
respectively) and also under the high-, medium-, and low-exposure scenarios for 
groundwater used for irrigation (Tables G5-8 and G5-9 for CTUIR and Yakama Nation, 
respectively). 

The produce consumption risks for soil were nearly 1 (approaching 100 percent risk) for both 
populations at 216-Z-1A Tile Field and were 2 x 10-2 for the CTUIR and 3 x 10-2 for Yakama 
Nation at 216-A-8 Crib. Risks from produce ingestion because of the contribution from soil at 
216-Z-1A Tile Field are due primarily to americium-241, plutonium-239, and plutonium-240, 
where risks are highest for plutonium-239, followed by plutonium-240 and then americium-241. 
Target risks are exceeded at the 216-A-8 Crib primarily because of cesium-137. 

As shown in Tables G5-8 and G5-9, for produce irrigated with impacted groundwater, total 
radionuclide cancer risks under the high-exposure scenario are 2 x 10-2 for both the CTUIR and 
Yakama Nation. Under the medium-exposure scenario, cancer risks were approximately an order 
of magnitude lower at 2 x 10-3 for the CTUIR and Yakama Nation. Under the low-exposure 
scenario, cancer risks are even lower but still exceed 1 x 10-4 at 6 x 10-4 for both the CTUIR and 
Yakama Nation. Technetium-99 is by far the greatest contributor to total radionuclide cancer risk 
in the plant ingestion pathway for both populations (contributing 85 percent, 88 percent, and 94 
percent under high, medium, and low exposures, respectively). It is the only radionuclide that 
had an individual cancer risk greater than 1 x 10-4 under each of the high-, medium-, and low-
exposure scenarios. Note that current tritium concentrations would result in produce ingestion 
risks greater than 1 x 10-4 under the high- and medium-exposure scenarios (as shown in 
Tables G5-8 and G5-9). However, as shown in Section G5.3.5, tritium concentrations would be 
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below levels of health concern in 150 years because tritium’s half-life is only 12 years, and 
existing institutional controls are assumed to prevent use of groundwater until at least that time. 

• Cancer risk from nonradionuclides: None of the nonradionuclides selected as COPCs at 
either of the two soil sites is associated with carcinogenic effects. Therefore, 
nonradionuclide cancer risks from ingestion of produce grown in impacted soil at the 
216-Z-1A Tile Field and 216-A-8 Crib were not calculated. For produce irrigated with 
groundwater, total nonradionuclide cancer risk from ingestion of homegrown produce 
exceeds 1 x 10-4 under each of the high-, medium-, and low-exposure scenarios 
(Tables G5-8 and G5-9 for CTUIR and Yakama Nation, respectively). Total cancer risks 
are 7 x 10-2, 1 x 10-2, and 2 x 10-4 under the high-, medium-, and low-exposure scenarios, 
respectively, for both the CTUIR and Yakama Nation. Carbon tetrachloride contributes 
the majority of the total cancer risk, contributing more than 99 percent to the total cancer 
risk under the high- and medium-exposure scenarios and more than 90 percent to the total 
cancer risk under the low-exposure scenario. Under the high-exposure scenario, PCE also 
had cancer risks that exceeded 1 x 10-4, with a cancer risk of 2 x 10-4 for both the CTUIR 
and Yakama Nation. However, the cancer risks from PCE are nearly three orders of 
magnitude less than those calculated for carbon tetrachloride. 

• Non-cancer hazards: Health hazards because of thallium in soil for the produce ingestion 
pathway are above 1, where the adult CTUIR HI is 30, and the adult and child Yakama 
Nation HIs are 31 and 30, respectively. 

For the CTUIR (Table G5-10), total adult non-cancer hazards due to ingestion of produce 
irrigated with groundwater significantly exceed 1 under both the high-exposure (90th percentile) 
and medium-exposure (50th percentile) scenarios for the CTUIR, with total hazards of 792 and 
137, respectively. Under the low-exposure scenario, total non-cancer hazards of 2 only slightly 
exceeded 1. (Child fruit and vegetable ingestion rates for the CTUIR are not available. 
Therefore, child non-cancer hazards were not calculated for the CTUIR.) While non-cancer 
hazards for hexavalent chromium and TCE exceeded 1 under the high-exposure scenario (each 
has a hazard of 8), carbon tetrachloride is by far the greatest contributor to total non-cancer 
hazards and is the only contaminant with hazards exceeding 1 under each of the high-, medium-, 
and low-exposure scenarios. Adult non-cancer hazards for carbon tetrachloride are 774, 135, and 
2 for the high-, medium-, and low-exposure scenarios, respectively, and are responsible for 98 
percent, 99 percent, and 79 percent of the total hazards, respectively. 

For the Yakama Nation (Table G5-11), total adult non-cancer hazards significantly exceed 1 
under both the high-exposure (90th percentile) and medium-exposure (50th percentile) scenarios 
for the Yakama Nation, with total hazards of 854 and 148, respectively. Under the low-exposure 
scenario, total non-cancer hazards of 2 only slightly exceeded 1. While non-cancer hazards for 
hexavalent chromium and TCE exceeded 1 under the high-exposure scenario (each has a hazard 
of 9 for adults), carbon tetrachloride is by far the greatest contributor to total non-cancer hazards 
and is the only contaminant with hazards exceeding 1 under each of the high-, medium-, and 
low-exposure scenarios. Adult non-cancer hazards for carbon tetrachloride are 835, 145, and 2 
for the high-, medium-, and low-exposure scenarios, respectively, and are responsible for 
98 percent, 99 percent, and 79 percent of the total hazards, respectively. Child non-cancer 
hazards for carbon tetrachloride are similar to adult non-cancer hazards at 784, 137, and 2. 

In summary, ingestion of produce grown in impacted soil and irrigated with impacted 
groundwater results in risks equal to 100 percent at the 216-Z-1A Tile Field (due primarily to 
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plutonium-239 in soil). At the 216-A-8 Crib, risks were in the 10-2 range from soil and would be 
increased to the 10-1 range if produce was watered with groundwater containing 90th percentile 
contaminants. Risk drivers for the produce pathway from groundwater were carbon tetrachloride 
and technetium-99. 

G5.3.3.2 Ingestion of Beef 

The following summarizes the results for the beef exposure scenario: 

• Cancer risk from radionuclides: As shown in Table G5-8, the total radionuclide cancer 
risk from ingestion of beef is below 1 x 10-4 under each of the high-, medium-, and low-
exposure scenarios for the CTUIR. Total cancer risks under the high-exposure scenario 
are 3 x 10-5, under the medium-exposure scenario are 3 x 10-6, and under the low-
exposure scenario are 9 x 10-7. For the Yakama Nation (Table G5-9), total radionuclide 
cancer risks slightly exceed 1 x 10-4. Under the high-exposure scenario, radionuclide 
cancer risks for ingestion of beef for the Yakama Nation are 2 x 10-4. Under the medium-
exposure scenario, cancer risks are approximately an order of magnitude lower at 
2 x 10-5, and under the low-exposure scenario, risks are even lower at 5 x 10-6. For both 
the CTUIR and Yakama Nation, technetium-99 is the greatest contributor to total 
radionuclide cancer risk in the beef ingestion pathway. Technetium-99 is responsible for 
approximately 59 percent, 68 percent, and 84 percent of the total radionuclide cancer risk 
under the high-, medium-, and low-exposure scenarios, respectively. Tritium is the next 
greatest contributor to total cancer risks, contributing approximately 32 percent, 29 
percent, and 16 percent of the total radionuclide cancer risk under the high-, medium-, 
and low-exposure scenarios, respectively. The contribution from iodine-129 is 
insignificant relative to the cancer risks from technetium-99 and tritium. 

• Cancer risk from nonradionuclides: As shown in Tables G5-8 and G5-9, the total 
nonradionuclide cancer risk from ingestion of beef is also below 1 x 10-4 under each of 
the high-, medium-, and low-exposure scenarios for both the CTUIR and Yakama Nation. 
For the CTUIR (Table G5-8), total cancer risks under the high-exposure scenario are 
2 x 10-6, under the medium-exposure scenario are 3 x 10-7, and under the low-exposure 
scenario are 6 x 10-9. For the Yakama Nation (Table G5-9), total cancer risks under the 
high-exposure scenario are 1 x 10-5, under the medium-exposure scenario are 2 x 10-6, 
and under the low-exposure scenario are 3 x 10-8. Carbon tetrachloride contributes the 
majority of the total cancer risk and is the only single nonradionuclide COPC with 
a cancer risk greater than the de minimis cancer risk level of 1 x 10-6, with a cancer risk 
of 2 x 10-6 in the high-exposure scenario for CTUIR and cancer risks of 1 x 10-5 and 
2 x 10-6 for the high- and medium-exposure scenarios, respectively, for the Yakama 
Nation. Carbon tetrachloride is responsible for 99 percent of the total nonradionuclide 
cancer risks under the high- and medium- exposure scenarios and for 73 percent of the 
total nonradionuclide cancer risks under the low-exposure scenario. 

• Non-cancer hazards from nonradionuclides: As shown in Table G5-10, total adult 
non-cancer hazards for the beef ingestion pathway are below the target health goal of 
1 under each of the high-, medium-, and low-exposure scenarios for the CTUIR. Total 
non-cancer hazards under the high-exposure scenario are 0.2, under the medium-exposure 
scenario are 0.01, and under the low-exposure scenario are 0.005. (Child beef ingestion 
rates for the CTUIR are not available. Therefore, child non-cancer hazards were not 
calculated for the CTUIR.) As shown in Table G5-11, total child non-cancer hazards for 
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the Yakama Nation from ingestion of beef are equal to 1 under the high-exposure 
scenario and are below 1 for the medium- and low-exposure scenarios. Total adult 
non-cancer hazards are below 1 for each of the high-, medium- and low-exposure 
scenarios. For both the CTUIR and Yakama Nation, hexavalent chromium is the greatest 
contributor to total non-cancer hazard in the ingestion of beef pathway and contributes 86 
percent, 66 percent, and 98 percent to the total hazard in the high-, medium-, and low-
exposure scenarios, respectively. 

In summary, cumulative cancer risks barely exceeded 10-4 primarily because of technetium-99, 
orders of magnitude below the cumulative risks due to ingestion of produce. No non-cancer 
contaminant is a concern. 

G5.3.3.3 Ingestion of Milk from Dairy Cattle 

The following summarizes the results for the milk exposure scenario. As indicated in 
Tables G5-8 and G5-10 and discussed in Section G3.0, the CTUIR were not evaluated for risks 
and hazards from ingestion of milk because no milk ingestion rate is available to evaluate 
exposure for the CTUIR (see discussion in Section G6.2). Therefore, the following paragraphs 
refer to risks and hazards for the Yakama Nation. 

• Cancer risk from radionuclides: As shown in Table G5-9, the total radionuclide cancer 
risk from ingestion of milk by the Yakama Nation exceeds 1 x 10-4 under the high-
exposure scenario, with total cancer risks of 8 x 10-4. Total cancer risks under the 
medium-exposure scenario are approximately one order of magnitude lower at 9 x 10-5, 
and total cancer risks under the low-exposure scenario are 3 x 10-5. Technetium-99 is the 
greatest contributor to total radionuclide cancer risk in the milk ingestion pathway, with 
cancer risks under the high-, medium-, and low-exposure scenarios of 6 x 10-4, 8 x 10-5, 
and 3 x 10-5, respectively. Technetium-99 is responsible for approximately 75 percent, 81 
percent, and 92 percent of the total radionuclide cancer risk under the high-, medium-, 
and low-exposure scenarios, respectively. Tritium is the next greatest contributor to total 
cancer risks using current concentrations and results in a cancer risk of 2 x 10-4 under the 
high-exposure scenario. Although as noted for plants, tritium concentrations are unlikely 
to be a risk in 150 years. The contribution from iodine-129 is insignificant relative to the 
cancer risks from technetium-99 and tritium. 

• Cancer risk from nonradionuclides: As shown in Table G5-9, the total nonradionuclide 
cancer risk from ingestion of milk is below 1 x 10-4 under each of the high-, medium-, 
and low-exposure scenarios. Total cancer risks under the high-exposure scenario are 
2 x 10-5, under the medium-exposure scenario are 3 x 10-6, and under the low-exposure 
scenario are 5 x 10-8. Carbon tetrachloride contributes the majority of the total cancer risk 
and is the only single nonradionuclide COPC with a cancer risk greater than the 
de minimis cancer risk level of 1 x 10-6, with a cancer risk of 2 x 10-5 under the high-
exposure scenario and 3 x 10-6 under the medium-exposure scenario. Carbon tetrachloride 
is responsible for 99 percent of the total nonradionuclide cancer risks under the high- and 
medium-exposure scenarios and for 73 percent of the total nonradionuclide cancer risks 
under the low-exposure scenario. 

• Non-cancer hazards from nonradionuclides: As shown in Table G5-11, total child and 
adult non-cancer hazards for the milk pathway are well below the target health goal of 
1 under each of the high-, medium-, and low-exposure scenarios. Total child non-cancer 
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hazards are 0.3, 0.05, and 0.002 under the high-, medium-, and low-exposure scenarios, 
respectively. Total adult non-cancer hazards are 0.2, 0.03, and 0.001 under the high-, 
medium-, and low-exposure scenarios, respectively. Carbon tetrachloride is the greatest 
contributor to total non-cancer hazard in the ingestion of dairy products pathway under 
the high- and medium-exposure scenarios, contributing 94 percent and 96 percent of the 
total hazards of each scenario, respectively. 

In summary, risks from ingesting milk exceeded 10-4 (8 x 10-4) primarily because of 
technetium-99. No non-cancer contaminant is a health concern. 

G5.3.3.4 Total Native American Exposures through Food Chain Pathways 

It is possible for Native American populations to have combined exposures to groundwater 
through ingestion of all three food chain pathways: homegrown produce, beef, and milk. Risks 
and hazards from ingestion of beef and dairy products are much lower (by at least three orders of 
magnitude) than the risks and hazards calculated from ingestion of homegrown produce. 
Therefore, the contributions from the ingestion of beef and dairy products pathways to 
cumulative food chain exposures for the Native American are insignificant relative to the 
ingestion of homegrown produce exposure pathway. Consequently, the cumulative cancer risks 
and hazards from the combined exposures are unchanged from the homegrown produce cancer 
risks to one significant figure. See Figure G5-3 for an illustration of the contribution of the beef 
and milk ingestion pathways to total risks and hazards relative to the contribution from the 
ingestion of fruits and vegetables pathways. 

G5.3.4 Vapor Intrusion Exposures 

Section G2.1 summarized the available soil gas data and noted that its quality was insufficient 
for quantitative risk assessment because data were collected using field-screening methods and 
were analyzed as total volatiles. However, these screening data were calibrated to five specific 
VOCs, including carbon tetrachloride and chloroform, and concentrations are sufficiently high to 
indicate that vapor concentrations in the 216-Z-1A Tile Field are a possible health concern if 
a home were ever built above the impacted soil at this site.  

The soil gas samples collected from the subsurface beneath the 216-Z-1A Tile Field were 
compared to residential screening levels (EPA Region 6 HHSLs) in air (EPA, 2008), calculated 
to be protective of a 1 x 10-6 cancer risk level. Carbon tetrachloride and chloroform both 
exceeded EPA Region 6 HHSLs by many orders of magnitude. If the concentrations of carbon 
tetrachloride and chloroform identified in the soil gas are assumed to be the same concentrations 
as one would find in the basement of a residential home, then these concentrations would 
correspond to cancer risks approaching 1 (or 100 percent) for carbon tetrachloride and 
chloroform, which is significantly greater than the target cancer risk level of 1 x 10-4. 

The concentrations of VOCs that are a possible health concern via this pathway (based on 2006 
data) are declining over time, because of their removal via the active SVE system, and also 
because of their natural decrease in environmental media through volatization and breakdown in 
the environment. Thus, it is not known whether the indoor air pathway would still be a concern 
150 years in the future if institutional controls were to fail. In addition, indoor vapor 
concentrations are affected by the size of building, ventilation, and type of building construction, 
and there are many uncertainties in predicting what those parameters might be at a distant future 
date. Therefore, while this pathway is shown as potentially complete and significant, as shown in 



DOE/RL-2007-27, REV. 0 

G-71 

Figure G3-2, these risks are only considered to be semi-quantitative because of the simplification 
of the evaluation process. Regardless of the semi-quantitative nature of this evaluation, vapor 
concentrations in the 216-Z-1A Tile Field will have to decrease by at least five orders of 
magnitude over the next 150 years before the vapor intrusion pathway is not a concern. 

G5.3.5 Future Groundwater Risks 

Risks for radionuclides were not calculated for future groundwater based on future 
concentrations (150 years from now), as was done for soil. For the VOCs in groundwater, 
particularly the risk-driver carbon tetrachloride, concentrations would be lower. However, the 
methods required to model degradation are complex and require many assumptions. Therefore, it 
can be concluded that carbon tetrachloride risks are overestimated for the Native American, and 
it may be that the 25th percentile concentration risks are more indicative of future groundwater 
risks under an institutional controls failure scenario. 

For the three radionuclides that are COPCs in groundwater, concentration decay curves are 
provided in Figure G5-6 based on the half-lives of the radionuclides. These decay curves are 
based on the 90th percentile groundwater concentrations. Because the half-lives of iodine-129 and 
technetium-99 are so long (16 million and 213,000 years, respectively), no change in 
groundwater concentrations is expected over a 1,000-year period for these radionuclides. 
Therefore, the cancer risks described in the previous sections for iodine-129 and technetium-99 
based on current groundwater concentrations also represent the cancer risks expected up to 
1,000 years in the future. 

Tritium has a half-life of only 12.26 years. Therefore, the concentration of tritium in the 
environment decreases rapidly, relative to the other radionuclide COPCs. Thus, the cancer risks 
described in the previous sections for tritium, based on current groundwater concentrations, 
significantly overestimate the cancer risks from tritium 150 years into the future. Because the 
risk calculation equations are linear, cancer risks from tritium decrease proportionally with 
decreasing groundwater concentrations. Figure G5-7 depicts the decrease in cancer risk based on 
the 90th percentile groundwater concentrations of tritium expected over the next 150 years. As 
shown in Figure G5-7, tritium cancer risks from each exposure scenario decrease below the 
de minimis cancer risk level of 1 x 10-6 before 150 years is reached. Therefore, tritium exposures 
in groundwater are not expected to result in unacceptable cancer risks after 150 years of decay. 
Based on the slope of the decay curve, cancer risks at 150 years can be predicted. The following 
summarizes what cancer risks would be in 150 years for each groundwater pathway based on the 
90th percentile groundwater concentration of tritium: 

• Drinking water: 4 x 10-8 
• Sweatlodge exposures: 2 x 10-8 
• Plant ingestion: 5 x 10-7. 

G5.3.6 Cumulative Risks from Multiple Exposure Pathways 

A Native American could potentially build a house at the 216-Z-1A Tile Field or the 216-A-8 
Crib and be exposed to contaminants in soil, groundwater, and the food chain at the same time. 
Risks and hazards from all media exposures should be combined to fully evaluate total health 
risks. However, as shown in Tables G5-1 and G5-2, cancer risks from soil exposures at the 
216-Z-1A Tile Field approached 100 percent for both the CTUIR and Yakama Nation. 
Therefore, cancer risks cannot increase any higher at the 216-Z-1A Tile Field, and evaluation of 
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combined exposures from multiple media at the 216-Z-A1 Tile Field will not provide any further 
useful information. The groundwater OU evaluated in this assessment, 200-ZP-1, does not 
extend beneath the 216-A-8 Crib. Therefore, a well drilled near that waste site would not have 
the concentrations and contaminants evaluated in this assessment. Because this assessment did 
not evaluate the groundwater beneath the 216-A-8 Crib, it is not known what actual groundwater 
risks would be for someone who lived at that site and drilled a nearby well. If someone lived at 
the 216-A-8 Crib and drank well water from 200-ZP-1 at the 90th percentile, cumulative risks 
would approximately double, to 5 x 10-1, as shown in Table G5-12. 

G5.4 RISK CHARACTERIZATION SUMMARY AND CONCLUSIONS 

Risks were evaluated for the CTUIR and Yakama Nation populations exposed to soil, 
groundwater, homegrown produce, and beef and dairy cattle impacted with site COPCs. Soil 
risks were evaluated at two different waste sites, and groundwater risks were evaluated for 
three concentrations for each COPC, the 25th, 50th, and 90th percentile concentration of the 
plume. Thus, soil risks are waste-site-specific, and groundwater risks are evaluated for low, 
medium, and high concentrations independent of location. Because a groundwater well could 
be drilled at any location and plume configurations for the 12 groundwater COPCs are complex, 
this approach was selected as providing the best information for risk managers regarding the 
range of possible groundwater risks throughout the site. 

Under current industrial land use and institutional controls, there are no exposures to 
contaminants and radionuclides in groundwater and soil. Volatile or radiological emissions 
from the subsurface are insignificant. Institutional controls prevent the use of impacted 
groundwater, and impacted soil is covered by at least 1.8 m (6 ft) of unimpacted soil. However, 
in the event that knowledge of the site is lost and institutional controls fail, a future hypothetical 
Native American scenario was evaluated where humans could come into contact with 
groundwater and subsurface soil brought to the surface as excavated soil from a basement. 
This scenario is assumed to occur 150 years in the future. Therefore, radiological concentrations 
in soil were modeled assuming 150 years of decay (although, as noted above, this assumption 
does not make a difference for the 216-Z-1A Tile Field site). For 200-ZP-1 groundwater, two of 
the three radionuclides selected as COPCs (technetium-99 and iodine-129) have very long 
half-lives, and future concentrations would not be different from current concentrations. 
However, the third radionuclide groundwater COPC, tritium, will be at concentrations that are 
below a health concern within 150 years. Specific risk results of the scenario are listed below: 

• Risks from radionuclide soil exposures were modeled up to 1,000 years in the future to 
evaluate radioactive decay and ingrowth of daughter products. Total risk results for the 
CTUIR and Yakama Nation are very similar at each site. For the 216-Z-1A Tile Field 
site, total risks approach 100 percent for the risk drivers plutonium-239, plutonium-240, 
and americium-241. Risks at future time horizons are not significantly different for 
plutonium-239 and plutonium-240 from current risks because the half-lives of these 
contaminants are long. Americium-241 total risks, decline from nearly 1 to 4 x 10-2 at 
1,000 years. At the 216-A-8 Crib site, total risks are 3 x 10-1 with cesium-137 as the risk 
driver, and total risks at future time horizons are lower (cesium-137 risks drop below 10-4 
after approximately 350 years) because of the relatively short half-life of cesium-137 
(approximately 30 years). Beginning approximately 350 years in the future, the risk 
drivers at the 216-A-8 Crib are neptunium-237 and plutonium-239 and risks are in the 
upper 10-5 range. 
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• Health hazards due to thallium (the only nonradionuclide COPC) in soil were well below 
the target health goal of 1 for soil ingestion with an HI of 0.3 for CTUIR child exposures, 
an HI of 0.1 for Yakama Nation child exposures, and an HI of 0.07 for CTUIR and 
Yakama Nation adult exposures. However, the HI is 30 for adult CTUIR ingestion of 
produce, and the adult and child ingestion of produce for Yakama Nation HIs are 31 and 
30, respectively. Non-cancer hazards are summarized in Table G5-3. 

• Table G5-13 summarizes the cumulative cancer risks calculated for the Native American 
population exposure to groundwater through the tap water, and food chain pathways. 
Cumulative cancer risks were lower than those estimated for soil but are still well above 
10-4 for all three groundwater concentration percentiles evaluated. Future Native 
American populations exposure to groundwater through tap water, and ingestion of fruits 
and vegetables exceeded a risk level of 10-4 under high (90th percentile), medium (50th 

percentile), and low (25th percentile) exposures. Exposures to groundwater in the 
sweatlodge exceeded a risk level of 10-4 under the high- and medium-exposure scenarios 
almost entirely because of carbon tetrachloride. Ingestion of beef and milk cancer risks 
exceed 10-4 only under the high-exposure scenario almost entirely because of 
technetium-99. Figure G5-3 summarizes the relative contribution of each of the pathways 
evaluated for groundwater to the total cancer risks. As indicated in Figure G5-3, the 
tap water pathway contributes nearly 40 percent to total cancer risks. As discussed in 
Section G5.3.3 and as indicated in Figure G5-4, carbon tetrachloride is the greatest risk 
driver for the tap water and ingestion of fruits and vegetables pathways. However, as 
discussed further in the uncertainty section, cancer risks are likely underestimated for 
the sweatlodge pathway, because inhalation exposures of non-volatiles in the sweatlodge 
were not quantified due to the uncertainty associated with estimating concentrations of 
non-volatile chemicals in the steam of a sweatlodge. This may be of particular concern 
for hexavalent chromium, a metal that is generally present in groundwater in the 
dissolved phase and is known to be a potent carcinogen through the inhalation pathway. 
This underestimation of cancer risks for the sweatlodge pathway is discussed in the 
uncertainty section. 

• Table G5-14 summarizes the non-cancer hazards calculated for the Native American 
population exposures to groundwater through the tap water, sweatlodge, and food chain 
pathways. Cumulative hazards exceed 1 under the high-, medium-, and low-exposure 
scenarios. Future Native American population exposure to groundwater through tap 
water, and ingestion of fruits and vegetables exceeded 1 under the high-, medium-, and 
low-exposure scenarios. Non-cancer hazards for the sweatlodge pathway are equal to 
1 under the high-exposure scenario for the CTUIR and exceed 1 under the high-exposure 
scenario for the Yakama Nation. Figure G5-3 summarizes the relative contribution of 
each of the pathways evaluated for groundwater to the total cancer risks and non-cancer 
hazards. As indicated in Figure G5-3, the ingestion of fruits and vegetables pathway 
contributes approximately 60 percent to total non-cancer hazards. As discussed in 
Section G5.3.3 and as indicated in Figure G5-5, carbon tetrachloride is the greatest risk 
driver for the tap water and ingestion of fruits and vegetables pathways. However, as 
discussed above, non-cancer hazards for the sweatlodge scenario are potentially 
underestimated because inhalation exposures of non-volatiles in the sweatlodge was not 
quantified, see uncertainty section (Section G6.0) discussion. 
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• Non-cancer hazards were conservatively summed across contaminants and pathways 
to derive total hazards. However, EPA guidelines allow for contaminant hazards 
associated with different toxic endpoints to be considered individually. Of the nine 
contaminants selected as COPCs in groundwater and evaluated for noncarcinogenic 
effects, carbon tetrachloride, chloroform, methylene chloride, PCE, and TCE all have 
some form of effect on the liver (as indicated in Table G4-3). Chromium, nitrate, and 
uranium do not have toxic endpoints that affect the same organ system. However, carbon 
tetrachloride drives non-cancer hazards for every pathway by a significant margin. 
Hexavalent chromium, nitrate, and TCE hazards marginally exceed 1 for the tap water 
pathway, and hexavalent chromium and TCE hazards marginally exceed 1 for the fruits 
and vegetables pathway, but only under the high-exposure scenario. Therefore, 
non-cancer hazards, excluding the sweatlodge pathway, do not increase significantly over 
hazards calculated for carbon tetrachloride if all contaminant hazards are summed. For 
the sweatlodge pathway, dermal exposures from hexavalent chromium drives non-cancer 
hazards by a significant margin. No other COPCs have hazards >1 for the sweatlodge 
scenario. Therefore, for the sweatlodge pathway, cumulative hazards do not increase 
significantly over hazards calculated for hexavalent chromium if all contaminant hazards 
are summed. 

In summary, risks from exposure to soils for the CTUIR and Yakama Nation at both sites were 
at the maximum risk possible, approaching 1 (100 percent), significantly exceeding the 10-4 
target level, and are a potential health concern should this future scenario ever occur. At the 
216-Z-1A Tile Field, soil risks are still approaching 100 percent at 1,000 years. At the 216-A-8 
Crib, risks drop below 10-4 after 350 years. Non-cancer hazards for thallium in soil exceeded 1 
for ingestion of produce by adult CTUIR and by adult and child Yakama Nation populations. 
Cancer risks from exposures to groundwater through the tap water, sweatlodge, and food chain 
pathways were lower than soil, but risks also exceeded the 10-4 target cancer risk level under the 
high-, medium-, and low-exposure scenarios. Therefore, the groundwater pathways are also a 
potential health concern, should groundwater ever be used. Cancer risk from exposure to 
groundwater for both drinking water and food chain exposures were primarily because of carbon 
tetrachloride, followed by technetium-99. Carbon tetrachloride was also the primary cancer risk 
driver for exposures in the sweatlodge. Non-cancer hazards are also driven by carbon 
tetrachloride, followed by hexavalent chromium. Although reductions in future concentrations 
were not quantified for carbon tetrachloride in groundwater, its concentrations will be decreasing 
relatively rapidly over time in comparison to technetium-99, with a half-life of 213,000 years. 
Therefore, while carbon tetrachloride concentrations represent some of the highest current risks 
in groundwater, in the future, technetium-99 will likely become the groundwater risk driver. 
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Figure G5-1. Decline in Risks over Time for Soil Exposures 
at Site 216-A-8 Crib – CTUIR Exposures. 

 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Figure G5-4. Native American 90th Percentile Groundwater Risks by Contaminant and Pathway. 

 
NOTE: Not all exposure pathways are shown for each contaminant because not all contaminants are evaluated for every 
pathway (e.g., chloroform is not evaluated as a carcinogen in beef or produce because only non-cancer toxicity is a concern 
when the chemical is ingested). 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Figure G5-5. Native American 90th Percentile Groundwater Hazards 
by Contaminant and Pathway. 

 
NOTE: Not all exposure pathways are shown for each contaminant because not all contaminants are evaluated for every 
pathway (i.e., nitrate is not evaluated for its toxicity via the food chain). 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Figure G5-6. Decay of Radionuclide Concentrations in Groundwater. 

 

Figure G5-7. Cancer Risks for Yakama Nation from Tritium in Groundwater over Time. 
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Table G5-1. Summary of Cancer Risks for the Future CTUIR Population 
from Exposures to Soil. 

Radionuclide or 
Contaminant 

Totala 
Direct-Exposure Pathways 

Food 
Chain 

Pathway 

Inhalation Ingestion 
External 

Radiation 
Radon Produceb 

216-Z-1A Tile Field 

Am-241 1E+00 4E-04 6E-01 5E-01 -- 3E-01 

Np-237c 2E-03 2E-08 4E-05 1E-03 -- 4E-04 

Pu-239 1E+00 6E-03 1E+00 5E-02 -- 1E+00 

Pu-240 1E+00 1E-03 9E-01 4E-03 -- 6E-01 

U-235 2E-05 5E-10 1E-06 2E-05 -- 1E-06 

U-236 1E-05 3E-09 7E-06 4E-08 -- 7E-06 

Totald – 150 years 1E+00 7E-03 1E+00 5E-01 9E-14 1E+00 

216-A-8 Crib 

C-14 4E-31 0E+00 0E+00 0E+00 -- 4E-31 

Cs-137 3E-01 7E-09 1E-03 3E-01 -- 2E-02 

Np-237 4E-05 5E-10 8E-07 3E-05 -- 7E-06 

Pu-239 3E-05 1E-08 2E-05 9E-08 -- 9E-06 

Pu-240 6E-06 2E-09 5E-06 7E-09 -- 2E-06 

Ra-228 2E-13 3E-19 7E-15 8E-14 -- 1E-13 

Tc-99 1E-05 8E-14 5E-09 4E-10 -- 1E-05 

Th-228 2E-13 2E-18 3E-15 2E-13 -- 2E-15 

Total – 150 years 3E-01 2E-08 1E-03 3E-01 7E-15 2E-02 

Total – 500 years 7E-05 1E-08 2E-05 3E-05 5E-18 2E-05 

Total – 1,000 years 6E-05 1E-08 2E-05 2E-05 2E-17 2E-05 

NOTES:  

1.  Shaded values exceed 10-4. For those cancer risk values listed as 1, risks do not equal 1, but are approaching 
100 percent. 
2.  Yakama Nation cancer risk results from soil are very similar to CTUIR results. 
aTotals are calculated using unrounded values. 
bPlants grown in impacted soil are the only food chain evaluated for soil. For beef and dairy cattle, exposures are from 
impacted drinking water and foraging on plants irrigated with impacted water. Impacted soil is assumed to be limited to the 
garden area of the home. 
cThis radionuclide is a daughter product and was not selected as a contaminant of potential concern. 
dTotals may add to >1, but are only reported to approximately 1, because risk cannot be greater than or equal to 
100 percent. 

-- = indicates incomplete pathway or not applicable (i.e., radon column) 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Table G5-2. Summary of Cancer Risks for the Future Yakama Nation Population 
from Exposures to Soil. 

Radionuclide or 
Contaminant 

Totala 
Direct-Exposure Pathways 

Food 
Chain 

Pathway 

Inhalation Ingestion 
External 

Radiation 
Radon Produceb 

216-Z-1A Tile Field 

Am-241 1E+00 4E-04 6E-01 5E-01 -- 4E-01 

Np-237c 2E-03 2E-08 4E-05 1E-03 -- 5E-04 

Pu-239 1E+00 5E-03 1E+00 5E-02 -- 1E+00 

Pu-240 1E+00 1E-03 9E-01 4E-03 -- 7E-01 

U-235c 3E-05 4E-10 1E-06 2E-05 -- 1E-06 

U-236c 2E-05 3E-09 7E-06 4E-08 -- 9E-06 

Totald–150 years 1E+00 6E-03 1E+00 5E-01 8E-14 1E+00 
216-A-8 Crib 

C-14 5E-31 0E+00 0E+00 0E+00 -- 5E-31 

Cs-137 3E-01 6E-09 1E-03 3E-01 -- 3E-02 

Np-237 4E-05 4E-10 8E-07 3E-05 -- 9E-06 

Pu-239 3E-05 9E-09 2E-05 9E-08 -- 1E-05 

Pu-240 6E-06 2E-09 5E-06 7E-09 -- 2E-06 

Ra-228 2E-13 3E-19 7E-15 8E-14 -- 1E-13 

Tc-99 1E-05 7E-14 5E-09 4E-10 -- 1E-05 

Th-228 2E-13 1E-18 3E-15 2E-13 -- 2E-15 

Total–150 years 3E-01 2E-08 1E-03 3E-01 7E-15 3E-02 

Total–500 years 7E-05 1E-08 2E-05 3E-05 5E-18 2E-05 

Total–1,000 years 6E-05 1E-08 2E-05 2E-05 2E-17 2E-05 

NOTES: 

1.  Shaded values exceed 10-4. For those cancer risk values listed as 1, risks do not equal 1, but are approaching 
100 percent. 
2.  CTUIR cancer risk results from soil are very similar to Yakama Nation results. 
aTotals are calculated using unrounded values. 
bPlants grown in impacted soil are the only food chain evaluated for soil. For beef and dairy cattle, exposures are from 
impacted drinking water and foraging on plants irrigated with impacted water. Impacted soil is assumed to be limited to the 
garden area of the home. 
cThis radionuclide is a daughter product and was not selected as a contaminant of potential concern. 
dTotals may add to >1, but are only reported to approximately 1, because risk cannot be greater than or equal to 
100 percent. 

--  = indicates incomplete pathway or not applicable (i.e., radon column) 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
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Table G5-3. Summary of Non-Cancer Hazards from Exposures to Soil –  
Future CTUIR and Yakama Nation. 

Contaminant 

Totala Ingestion Produce 

Child 
HI 

Adult 
HI 

Child 
HI 

Adult 
HI 

Child 
HI 

Adult 
HI 

216-A-8 Crib – CTUIR 
Thallium 0.3 30 0.3 0.07 -- 30 

216-A-8 Crib – Yakama Nation 

Thallium 30 31 0.1 0.07 30 31 

NOTE: Shaded values exceed 1. 
aTotals are calculated using unrounded values. 

--  = indicates incomplete pathway or not applicable 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
HI = hazard index 

Table G5-4. Cancer Risks from Exposures to Groundwater Based on the 90th, 50th, 
and 25th Percentile Groundwater Concentrations – Future CTUIR. 

COPC 
Tap Water Sweatlodge 

90th 50th 25th 90th 50th 25th 

Radionuclides 

Iodine-129 2E-05 5E-07 (a) (c) (c) (a) 

Technetium-99 4E-04 5E-05 2E-05 (c) (c) (c) 

Tritium 2E-04 2E-05 3E-06 6E-05 6E-06 9E-07 

Total 6E-04 7E-05 2E-05 6E-05 6E-05 9E-07 

Nonradionuclides 

Carbon tetrachloride 6E-02 1E-02 1E-04 3E-03 4E-04 6E-06 

Chloroform 4E-04 1E-04 1E-05 3E-05 9E-06 8E-07 

Hexavalent chromium (b) (b) (b) (c) (c) (c) 

Methylene chloride 2E-06 1E-07 1E-07 7E-08 5E-09 3E-09 

PCE 1E-04 2E-05 8E-06 9E-07 1E-07 6E-08 

TCE 3E-05 4E-06 4E-07 1E-06 2E-07 2E-08 

Total 6E-02 1E-02 2E-04 3E-03 5E-04 7E-06 

NOTE: Shaded values exceed 1 x 10-4. 

(a) Iodine-129 was not detected in the 25th percentile of the groundwater concentrations. 

(b) Chromium VI is only associated with carcinogenic effects through the inhalation pathway. The inhalation pathway for 
groundwater used as tap water is only complete for volatile contaminants. Therefore, chromium VI was not evaluated for 
carcinogenic effects from exposures to groundwater used as tap water.  

(c) Inhalation of non-volatile contaminants in the sweatlodge scenario were not evaluated due to uncertainties in the 
estimation of non-volatile concentrations in airborne steam. Therefore, because iodine-129 and technetium-99 are non-
volatile and radionuclides are not evaluated for the dermal pathway, exposures to these radionuclide COPCs in the 
sweatlodge were not quantified. The nonradionuclide COPC, hexavalent chromium, is only carcinogenic through the 
inhalation pathway; thus, it was not evaluated in the sweatlodge for the same reasons as noted for iodine-129 and 
technetium-99. See uncertainty section discussion of this issue. 

COPC = contaminant of potential concern 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G5-5. Cancer Risks from Exposures to Groundwater Based on the 90th, 
50th, and 25th Percentile Groundwater Concentrations – Future Yakama Nation. 

COPC 
Tap Water Sweatlodge 

90th 50th 25th 90th 50th  25th 

Radionuclides 

I-129 2E-05 5E-07 (a) (c) (c) (a) 

Tc-99 4E-04 5E-05 2E-05 (c) (c) (c) 

Tritium 2E-04 2E-05 3E-06 7E-05 7E-06 1E-06 

Total 6E-04 7E-05 2E-05 7E-05 7E-06 1E-06 

Nonradionuclides 

Carbon tetrachloride 6E-02 1E-02 1E-04 3E-03 5E-04 7E-06 

Chloroform 4E-04 1E-04 1E-05 4E-05 1E-05 1E-06 

Hexavalent chromium (b) (b) (b) (c) (c) (c) 

Methylene chloride 2E-06 2E-07 1E-07 9E-08 6E-09 4E-09 

PCE 1E-04 2E-05 9E-06 1E-06 2E-07 8E-08 

TCE 3E-05 4E-06 4E-07 2E-06 2E-07 2E-08 

Total 6E-02 1E-02 2E-04 3E-03 6.0E-04 8E-06 

NOTE: Shaded values exceed 1 x 10-4. 

(a) Iodine-129 was not detected in the 25th percentile of the groundwater concentrations. 

(b) Hexavalent chromium is only associated with carcinogenic effects through the inhalation pathway. The 
inhalation pathway for groundwater used as tap water is only complete for volatile contaminants. Therefore, 
hexavalent chromium was not evaluated for carcinogenic effects from exposures to groundwater used as tap water. 

(c) Inhalation of non-volatile contaminants in the sweatlodge scenario were not evaluated due to uncertainties in 
the estimation of non-volatile concentrations in airborne steam. Therefore, because iodine-129 and technetium-99 
are non-volatile and radionuclides are not evaluated for the dermal pathway, exposures to these radionuclide 
COPCs in the sweatlodge were not quantified. The nonradionuclide COPC, hexavalent chromium, is only 
carcinogenic through the inhalation pathway; thus, it was not evaluated in the sweatlodge for the same reasons 
as noted for iodine-129 and technetium-99. See uncertainty section discussion of this issue. 

COPC = contaminant of potential concern 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G5-6. Non-Cancer Hazards from Exposures to Groundwater Based on the 90th, 
50th, and 25th Percentile Groundwater Concentrations – Future CTUIR. 

COPC 

Tap Water Sweatlodge 

90th 50th 25th 90th 50th  25th 

Child Adult Child Adult Child Adult Adult Adult Adult 

Carbon tetrachloride 453 268 79 47 1 0.6 0.02 0.003 0.00004 

Chloroform 0.7 0.5 0.2 0.1 0.02 0.01 0.03 0.008 0.0008 

Chromium 0.01 0.006 0.0009 0.0005 0.0003 0.0002 0.002* 0.0001* 0.00005*
Hexavalent 
chromium 

9 5 0.5 0.3 0.3 0.2 1* 0.07* 0.05* 

Methylene chloride 0.005 0.003 0.0004 0.0002 0.0002 0.0001 0.00005 0.000004 0.000002 

Nitrate 5 3 1 0.8 0.8 0.5 -- -- -- 

PCE 0.04 0.02 0.005 0.003 0.003 0.002 0.0004 0.00006 0.00003 

TCE 4 2 0.6 0.4 0.06 0.04 0.02 0.003 0.0002 

Uranium 0.3 0.2 0.04 0.02 0.03 0.02 0.001* 0.0002* 0.0001* 

Total 471 279 81 48 2 1 1 0.09 0.05 

NOTE: Shaded values exceed 1. 

*Inhalation of non-volatile contaminants in the sweatlodge scenario was not evaluated (see uncertainty section discussion). 
Hazards presented for these chemicals are based only on exposures through the dermal pathway. 

--=No toxicity criteria available for this contaminant to quantify non-cancer hazards through this pathway of exposure. 
COPC = contaminant of potential concern 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
PCE = tetrachloroethylene 
TCE  = trichloroethylene 

 
Table G5-7. Non-Cancer Hazards from Exposures to Groundwater Based on the 90th, 50th, 

and 25th Percentile Groundwater Concentrations – Future Yakama Nation. 

COPC 

Tap Water Sweatlodge 

90th 50th 25th  90th 50th 25th  

Child Adult Child Adult Child Adult Adult Adult Adult 

Carbon 
tetrachloride 

582 268 101 47 1 0.6 0.02 0.004 0.00005 

Chloroform 1 0.5 0.3 0.1 0.03 0.01 0.04 0.01 0.0009 

Chromium 0.01 0.006 0.001 0.0005 0.0004 0.0002 0.002* 0.0002* 0.00007*
Hexavalent 
chromium 

11 5 0.6 0.3 0.4 0.2 2* 0.1* 0.07* 

Methylene 
chloride 

0.007 0.003 0.0005 0.0002 0.0003 0.0001 0.00007 0.000005 0.000003 

Nitrate 6 3 2 0.8 1 0.5 -- -- -- 

PCE 0.05 0.02 0.007 0.003 0.004 0.002 0.0005 0.00007 0.00003 

TCE 5 2 0.8 0.4 0.08 0.03 0.02 0.003 0.0003 

Uranium 0.3 0.2 0.05 0.02 0.03 0.02 0.002* 0.0003* 0.0002* 

Total 606 279 105 48 3 1 2 0.1 0.07 

NOTE: Shaded values exceed 1. 
bInhalation of non-volatile contaminants in the sweatlodge scenario was not evaluated (see uncertainty section discussion). 
Hazards presented for these chemicals are based only on exposures through the dermal pathway. 

--=No toxicity criteria available for this contaminant to quantify non-cancer hazards through this pathway of exposure. 
COPC = contaminant of potential concern 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G5-8. Cancer Risks from Food Chain Pathways Based on the 90th, 50th, 
and 25th Percentile Groundwater Concentrations – Future CTUIR. 

COPC 
Beef Fruits and Vegetables Milka 

90th 50th 25th 90th 50th 25th 90th 50th 25th 

Radionuclides 

I-129b 3E-06 8E-08 -- 4E-05 1E-06 -- 

-- 
Tc-99 2E-05 2E-06 8E-07 1E-02 2E-03 5E-04 

Tritium 1E-05 1E-06 1E-07 2E-03 2E-04 3E-05 

Total 3E-05 3E-06 9E-07 2E-02 2E-03 6E-04 

Nonradionuclides 

Carbon tetrachloride 2E-06 3E-07 4E-09 7E-02 1E-02 2E-04 

-- 

Methylene chloride 8E-12 5E-13 3E-13 1E-05 9E-07 6E-07 

PCE 2E-08 3E-09 2E-09 2E-04 3E-05 1E-05 

TCE 3E-10 5E-11 5E-12 3E-05 5E-06 5E-07 

Total 2E-06 3E-07 6E-09 7E-02 1E-02 2E-04 

NOTE: Shaded values exceed 1 x 10-4. 
aThe CTUIR do not have default milk ingestion rates to evaluate risks from exposure by this pathway. 
bIodine-129 was not detected in the 25th percentile of the groundwater concentrations. 

-- = not applicable 
COPC = contaminant of potential concern 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
PCE = tetrachloroethylene 
TCE = trichloroethylene 

Table G5-9. Cancer Risks from Food Chain Pathways Based on the 90th, 50th, 
and 25th Percentile Groundwater Concentrations—Future Yakama Nation. 

COPC 
Beef Fruits and Vegetables Milk 

90th 50th 25th 90th 50th 25th 90th 50th 25th 

Radionuclides 

I-129* 2E-05 4E-07 -- 4E-05 1E-06 -- 5E-05 1E-06 -- 

Tc-99 1E-04 1E-05 4E-06 1E-02 2E-03 6E-04 6E-04 8E-05 3E-05 

Tritium 6E-05 6E-06 8E-07 2E-03 2E-04 4E-05 2E-04 2E-05 2E-06 

Total 2E-04 2E-05 5E-06 2E-02 2E-03 6E-04 8E-04 9E-05 3E-05 

Nonradionuclides 

Carbon tetrachloride 1E-05 2E-06 2E-08 7E-02 1E-02 2E-04 2E-05 3E-06 4E-08 

Methylene chloride 5E-11 3E-12 2E-12 1E-05 9E-07 6E-07 6E-11 4E-12 3E-12 

PCE 1E-07 2E-08 9E-09 2E-04 3E-05 2E-05 2E-07 3E-08 1E-08 

TCE 2E-09 3E-10 3E-11 3E-05 5E-06 5E-07 3E-09 4E-10 4E-11 

Total 1E-05 2E-06 3E-08 7E-02 1E-02 2E-04 2E-05 3E-06 5E-08 

NOTE: Shaded values exceed 1 x 10-4. 

*Iodine-129 was not detected in the 25th percentile of the groundwater concentrations. 

-- = not detected 
COPC = contaminant of potential concern 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G5-10. Non-Cancer Hazards from Food Chain Pathways Based on the 90th, 50th, 
and 25th Percentile Groundwater Concentrations – Future CTUIR. 

COPC 

Beef Fruits and Vegetables 

Milkb 90th 

Adulta 
50th 

Adulta 
25th 

Adulta 
90th 

Adulta 
50th 

Adulta 
25th 

Adulta 

Carbon tetrachloride 0.02 0.004 0.00005 774 135 2 

-- 

Chloroform 0.000003 0.0000007 0.00000006 0.8 0.2 0.02 

Chromium 0.0002 0.00001 0.000005 0.01 0.0009 0.0003 
Hexavalent 
chromium 

0.1 0.007 0.005 8 0.5 0.3 

Methylene chloride 0.00000002 0.000000001 0.0000000008 0.03 0.002 0.001 

Nitratec -- -- -- -- -- -- 

PCE 0.000004 0.0000006 0.0000003 0.04 0.006 0.003 

TCE 0.00009 0.00001 0.000001 8 1 0.1 

Uranium 0.0002 0.00003 0.00002 0.3 0.05 0.03 

Total 0.2 0.01 0.005 792 137 2 

NOTE: Shaded values exceed 1. 
aThe CTUIR do not provide child ingestion rates for beef or fruits and vegetables. Therefore, only adult exposures were 
evaluated. 
bThe CTUIR do not have default milk ingestion rates to evaluate hazards from exposure by this pathway. 
cTransfer factors are not readily available for nitrate. Therefore, nitrate in the food chain cannot be reliably quantified.  
-- = not applicable 
COPC = contaminant of potential concern 
CTUIR = Confederated Tribes of the Umatilla Indian Reservation 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
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Table G5-12. Cumulative Risks for Future Yakama Nation 
from Exposures to Soil and Groundwater. 

Exposure Pathway Receptor Agea Contaminant Group Risk 

Total Cancer Risks for Soil at 216-A-8 Cribb   

Inhalation  Child/adult 
Radionuclides 2E-08 
Nonradionuclides -- 

Ingestion Child/adult 
Radionuclides 1E-03 
Nonradionuclides -- 

External radiation Child/adult Radionuclides 3E-01 
Radon Child/adult Radionuclides 7E-15 
Ingestion of produce Child/adult Radionuclides 3E-02 
  Cumulative cancer risks for soil 3E-01 
Total Cancer Risks for Groundwater (High)b   

Tap water Child/adult 
Radionuclides 6E-04 
Nonradionuclides 6E-02 

Sweatlodge Adult 
Radionuclides 7E-05 
Nonradionuclides 3E-01 

Meat (beef) Child/adult 
Radionuclides 2E-04 
Nonradionuclides 1E-05 

Ingestion of produce Child/adult 
Radionuclides 2E-02 
Nonradionuclides 7E-02 

Milk Child/adult 
Radionuclides 8E-04 
Nonradionuclides 2E-05 

  Cumulative cancer risks for groundwater 2E-01 
Cumulative risks to Native American at 216-A-8 Crib 5E-01 

NOTE: Shaded values exceed 1 x 10-4. 
aThe child/adult receptor age corresponds to a lifetime of exposure. 
bThe Yakama Nation cancer risks for 216-A-8 Crib in soil and groundwater high were chosen as examples to provide cumulative 
risks. 
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Table G5-13. Summary of Cancer Risks from Native American Exposures to Groundwater. 

Exposure 
Pathway 

Nonradionuclide COPCs Radionuclide COPCs Cumulative Cancer Risk 

90th 50th 25th 90th 50th 25th 90th 50th 25th 

Yakama Nation 

Tap water 6E-02 1E-02 2E-04 6E-04 7E-05 2E-05 6E-02 1E-02 2E-04 

Sweatlodge 3E-03 6E-04 8E-06 7E-05 7E-06 1E-06 3E-03 6E-04 9E-06 

Beef 1E-05 2E-06 3E-08 2E-04 2E-05 5E-06 2E-04 2E-05 5E-06 
Fruits and 
vegetables 

7E-02 1E-02 2E-04 2E-02 2E-03 6E-04 9E-02 1E-02 8E-04 

Milk 2E-05 3E-06 5E-08 8E-04 9E-05 3E-05 8E-04 1E-04 3E-05 

Total 1E-01 2E-02 3E-04 2E-02 2E-03 7E-04 2E-01 3E-02 1E-03 

Confederated Tribes of the Umatilla Indian Reservation (CTUIR) 

Tap water 6E-02 1E-02 2E-04 6E-04 7E-05 2E-05 6E-02 1E-02 2E-04 

Sweatlodge 3E-03 5E-04 7E-06 6E-05 6E-06 9E-07 3E-03 5E-04 7E-06 

Beef 2E-06 3E-07 6E-09 3E-05 3E-06 9E-07 3E-05 4E-06 9E-07 
Fruits and 
vegetables 

7E-02 1E-02 2E-04 2E-02 2E-03 6E-04 8E-02 1E-02 8E-04 

Milk* -- -- -- 

Total 1E-01 2E-02 3E-04 2E-02 2E-03 6E-04 1E-01 2E-02 9E-04 

NOTE: Shaded values exceed 1 x 10-4. 

*The CTUIR do not have default milk ingestion rates to evaluate risks from exposure by this pathway. 

-- = not applicable 
COPC = contaminant of potential concern 

 
Table G5-14. Summary of Non-Cancer Hazards from Native American 

Exposures to Groundwater. 

Exposure  
Pathway 

90th 50th 25th 

Child Adult Child Adult Child Adult 

Yakama Nation 
Tap water 606 279 105 48 3 1 
Sweatlodgea -- 2 -- 0.1 -- 0.07 
Beef 1 0.9 0.08 0.06 0.03 0.03 
Fruits and vegetables 802 854 139 148 2 2 

Milk 0.32 0.2 0.05 0.03 0.002 0.001 

Total 1,410 1,136 244 196 5 4 

Confederated Tribes of the Umatilla Indian Reservation (CTUIR) 

Tap water 471 279 81 48 2 1 
Sweatlodgea -- 1 -- 0.09 -- 0.05 
Beefa -- 0.2 -- 0.01 -- 0.0047 
Fruits and vegetablesa -- 792 -- 137 -- 2 

Milkb -- -- -- 

Total 471 1,072 81 185 2 4 
NOTE: Shaded values exceed 1. 
aChild exposures were not evaluated for these pathways. 
bThe CTUIR do not have default milk ingestion rates to evaluate hazards from exposure by this pathway. 
-- = not applicable 
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G6.0 UNCERTAINTIES IN RISK ASSESSMENT 

The purpose of this risk assessment is to identify potential risks and hazards from exposure to 
contaminants and radionuclides within the overall study area. Estimating and evaluating health 
risk from exposure to environmental contaminants is a complex process with inherent 
uncertainties. Uncertainty reflects limitations in knowledge, and simplifying assumptions must 
be made to quantify health risks. 

In this assessment, uncertainties relate to the selection of COPCs and the development of media 
concentrations to which humans may be exposed, the assumptions about exposure and toxicity, 
and the characterization of health risks. Uncertainty in the development of media concentrations 
results from the inability to sample every square inch of potentially impacted media at a site. 
Instead, a limited number of samples must be obtained to represent the contaminant 
characteristics of a larger area. The sampling strategies for contaminants in this assessment were, 
in general, designed to prevent underestimation of media concentrations, thus avoiding an 
underestimation of the risks to public health. 

There are uncertainties regarding the quantification of health risks in terms of several 
assumptions about exposure and toxicity. Based on the conservative assumptions used because 
of the uncertainty when quantifying exposure and toxicity, the health risks and hazards presented 
in this risk assessment are more likely to overestimate risk. 

Uncertainty in the risk assessment produces the potential for two kinds of errors. A Type I 
error is the identification of a specific contaminant, area, or activity as a health concern when, 
in fact, it is not a concern (i.e., a false-positive conclusion). A Type II error is the elimination of 
a contaminant, area, or activity from further consideration when, in fact, there should be 
a concern (i.e., a false-negative conclusion). In the risk assessment, uncertainties were handled 
conservatively (i.e., a health-protective choices were preferentially made). This strategy is more 
likely to produce false-positive errors than false-negative errors. 

The following sections provide additional detail regarding uncertainties in the estimations of 
health risks. 

G6.1 UNCERTAINTIES RELATED TO DATA EVALUATION AND THE 
SELECTION OF CONTAMINANTS OF POTENTIAL CONCERN 

The data evaluation process addresses whether contaminants may be present in various 
environmental media at levels of health concern, whether site concentrations differ from 
background, and whether sufficient samples have been collected to fully characterize each 
exposure pathway. 

G6.1.1 Soil Data and Selection of Contaminants of Potential Concern 

Soil data were relatively limited in extent at the 216-Z-1A Tile Field, with 17 samples from 
six locations over an area of 2,416 m2 (26,000 ft2) available for selecting COPCs and identifying 
the range of potential concentrations of contaminants. However, at the 216-Z-1A Tile Field, 
sampling locations were biased to identify the maximum concentrations in the vicinity of the 
known sources. Thus, concentrations of the COPCs were likely biased high, and health risks 
have not been underestimated. Data at the 216-Z-1A Tile Field were collected in 1979 and 1992 
through 1993. While these data are not recent, the radionuclides of concern at this site have 



DOE/RL-2007-27, REV. 0 

G-94 

sufficiently long half-lives that concentrations have not been underestimated (with the possible 
exception of americium-241 [see Section G6.1.1.1]). In the 1992 to 1993 sampling event, there 
were no detections of VOCs or SVOCs in the top 4.6 m (15 ft); therefore, the lack of more recent 
data for organic compounds is not a data gap. Because of the large amount of information on 
Hanford’s history and past practices, the available samples were analyzed for contaminants 
based on the known sources of constituents at the various waste sites. Thus, contaminant classes 
have not been left out of the COPC selection process. 

For the 216-A-8 Crib, data were limited and only collected from a single sampling location 
selected in the area expected to have the highest concentrations. The area of the 216-A-8 Crib is 
1,580 m2 (17,000 ft2) and, thus, the single boring provides less certainty on what actual exposure 
concentrations throughout the entire area of the 216-A-8 Crib might be. While the boring 
location was selected because that area had historically contained the highest concentrations, the 
range of concentrations beneath this area has likely not been identified. Therefore, use of the 
shallowest maximum concentration in the Native American calculations has potentially 
overestimated risk, unless the concentrations throughout the area for the depth internal of 0 to 
4.6 m (0 to 15 ft) are similar to the shallowest maximum concentration in the single sampling 
location (C4545). The data are representative of exposure if the soil excavation is done at the 
location of the C4545 boring, but it is not known whether the remainder of the soil beneath this 
site at the depth interval of 0 to 4.6 m (0 to 15 ft) is as impacted. 

The COPCs selected in soil in the baseline HHRA in Appendix A were based on exceedances 
above health-protective residential screening values derived by EPA to protect the general 
U.S. population (see Section A2.2 of Appendix A and Section G2.3). Generic screening levels to 
protect a Native American population are not available. Because Native American exposures are 
higher than general population exposures for soil and groundwater (i.e., Native Americans ingest 
two to four times more soil and groundwater per day than EPA assumes for residential 
exposures), chemicals could be screened out using EPA screening levels, but might be retained 
if Native American exposures were assumed. Tables G6-1 and G6-2 provide information on 
potential COPCs if the maximum concentrations in soil were compared to EPA Region 6 
residential soil HHSLs at an HI of 0.01 and risk level of 10-8, or to EPA SSLs for radionuclides 
at a risk level of 10-8 (in Section A2.2 of Appendix A, COPCs were selected using residential 
soil HHSLs at an HI of 0.1 and risk level of 10-6, or EPA SSLs for radionuclides at a risk level 
of 10-6). For the 216-Z-1A Tile Field (Table G6-1), no additional chemicals would be selected as 
COPCs in soil, because the additional chemicals that exceeded the more conservative screening 
values in Table G6-1 are at background levels. For the 216-A-8 Crib (Table G6-2), the following 
additional chemicals might be selected as COPCs in soil: 

• Antimony (non-cancer hazard) 
• Chromium (non-cancer hazard in soil) 
• Uranium (non-cancer hazard) 
• Aroclor-1254 (cancer risk and non-cancer hazard) 
• Thorium-230 (cancer risk) 
• Tritium (cancer risk). 

Because risks and hazards for soil at the 216-A-8 Crib are greater than 10-4 and 1 for Native 
Americans, adding incremental additional contaminants (i.e., Aroclor-1254 or tritium) would 
not change risk assessment conclusions or identification of risk drivers at the site. Risks for the 
risk driver at this site, cesium-137, were in the 10-1 range for both Native American scenarios. 
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The addition of low risks from tritium, Aroclor-1254, and thorium-230 would not significantly 
change the cumulative risk totals. In addition, for Aroclor-1254 and thorium-230, there was only 
one detected value (although the total sample numbers are only 10 and 4, respectively), and 
tritium concentrations will be decreasing relatively rapidly because the half-life for tritium is 
only 12 years. The only non-cancer hazard chemical evaluated at 216-A-8 Crib was thallium, 
with maximum hazards of around 30 (HI = 31 for Yakama Nation child). The low concentrations 
of antimony, chromium, uranium, and Aroclor-1254 present in the 216-A-8 Crib soil are unlikely 
to significantly affect non-cancer HI totals, and those totals already exceed the target health goal 
of an HI >1. 

These results indicate that contaminants that were screened out would not have added 
significantly to risk or hazard totals (risk drivers have been appropriately selected, and risk 
assessment conclusions would not change), and health risks have not been significantly 
underestimated by using standard residential screening procedures for Native American 
exposures. However, non-cancer HI values would slightly increase if the additional chemicals 
were added to the risk assessment. 

G6.1.1.1 Plutonium-241 Decay to Americium-241 

Americium-241 is a risk driver at the 216-Z-1A Tile Field. The measured concentrations of 
americium-241 are the result of ingrowth from decay of plutonium-241 released from the 
plutonium-production process at the Z Plant sites. Because laboratory analysis for plutonium-241 
is difficult, plutonium-241 has not been analyzed at any of the Z Plant sites. Therefore, the 
americium-241 concentrations measured in 1979 at the 216-Z-1A Tile Field may not be at their 
maximum concentration, depending on how much plutonium-241 was present and how much has 
decayed. In Section G.3.2.1.3, maximum americium-241 concentrations were estimated using 
RESRAD. The resulting plutonium-241 decrease and americium-241 increase were graphed, and 
estimated maximum americium-241 concentrations from the graphs were used in the risk 
equations for the 216-Z-1A Tile Field. Different concentration estimates are possible if a 
different year zero were to be selected, either closer to or further away from the date of the 
known concentrations. If there is a larger length of time between time zero and the known 
concentration, the known concentration is closer to maximum and vice versa. For example, if 
there were 20 years between time zero and the known concentration of americium-241 at the 
216-Z-1A Tile Field instead of the 12 years assumed in Section G3.2.1.3, the maximum 
concentration is only around 40 percent of the known concentration, instead of double the known 
concentration. Therefore, maximum americium-241 concentrations would only be 
underestimated if there were actually less time between time zero and the known concentration. 
Liquid waste disposal at the 216-Z-1A Tile Field occurred from 1964 to 1969. The year zero in 
RESRAD was estimated to be 1967 for the 216-Z-1A Tile Field. The year zero was close to the 
end of the disposal period, and, thus, changing year zero to the end of the disposal period (i.e., 
shortening the time between year zero and the known concentration date) would not result in a 
significant increase in americium-241 concentrations. The year of the known americium-241 
concentration was 1979 for the 216-Z-1A Tile Field (year 12 in RESRAD). 

G6.1.1.2 Method Reporting Limits 

As shown in Table G6-3, laboratory MRLs exceeded screening values for Aroclor-1254 and 
several radionuclides in soil at the 216-A-8 Crib. The majority of contaminants with this issue 
were either selected as COPCs and, thus, included in the exposure and risk calculations, or 
detected concentrations were at background levels. Because maximum concentrations were used 
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instead of 95 percent UCLs to calculate the exposure concentration, this uncertainty is unlikely 
to affect the conclusions of the risk assessment.  

The contaminants listed in Table G6-3 were never detected and, thus, were not carried through 
the risk assessment, but all had at least some MRLs above generic residential health-based 
screening levels. Thus, there is some uncertainty regarding whether these contaminants are 
actually present at concentrations above a screening level, and there might be additional 
contaminants on this list if lower health-based screening levels were used in the evaluation. 
While it is likely that the risk-driver contaminants have been appropriately identified because of 
their high concentrations and association with a known source, these nondetected constituents 
remain an area of uncertainty in the risk assessment. However, risks already exceed target health 
goals. 

G6.1.2 Groundwater Data and Selection of Contaminants of Potential Concern 

With the exception of hexavalent chromium, the groundwater data set for the COPCs is robust, 
with 100+ to 800+ samples (depending on the contaminant) available from 107 wells of which 
more than 40 have been routinely sampled over many years. Therefore, the groundwater data set 
is adequate for risk assessment. For hexavalent chromium, there were analytical issues 
(discussed in the 200-ZP-1 Groundwater OU RI report [DOE/RL-2006-24]) that resulted in only 
29 valid results available for the risk assessment, compared to 835 samples for total chromium. 
This amount of information for hexavalent chromium is likely still sufficient for the purposes of 
risk assessment. It should be noted that although hexavalent chromium and total chromium have 
been evaluated separately, a significant portion of the chromium present in groundwater is 
potentially in the hexavalent state. Unlike hexavalent chromium in surface materials (where it 
typically rapidly reduces to trivalent chromium), chromium in groundwater can be stable in the 
hexavalent form under certain aquifer conditions (EPA 910/R-98-001; Laboratory Receive Latest 
Data on Chromium in Regional Aquifer [LANL 2006]; Human Health Fact Sheet for Chromium 
[ANL 2005]). As shown in the groundwater percentile table (Table G3-3), the concentrations of 
hexavalent chromium and total chromium are very similar (see also the groundwater EPC 
discussion in Appendix A, Section A6.2.3 and Table A6-4). The similarity of the concentrations 
provides some indication that the majority of the chromium in groundwater at the 200-ZP-1 OU 
is likely in hexavalent form. Evaluating chromium (total) as hexavalent chromium does not 
change the results of the risk analysis, because the concentrations appear to be almost the same, 
with hexavalent chromium concentrations slightly higher. If chromium (total) is mostly in the 
hexavalent form, it could possibly change the extent of the hexavalent chromium plume. 
Hexavalent chromium in drinking water exceeded an HI of 1 (HI = 11 for child Yakama Nation 
tap water exposures and similar for CTUIR) only at the 90th percentile concentration, which 
makes hexavalent chromium a very minor contaminant when compared to the child HI of 582 for 
carbon tetrachloride at the 90th percentile concentration (Table G5-7). 

G6.1.2.1 Use of Filtered Versus Unfiltered Data 

Risk assessment guidance (EPA/540/1-89/002) generally requires the use of unfiltered (total) 
data in the assessment of risks from human exposures to groundwater, particularly for metals, 
where humans swallow suspended particulate matter as well as the dissolved fraction. While 
both filtered (dissolved) and unfiltered (total) analyses were performed for the groundwater data, 
the majority of the groundwater data for metals is based on filtered samples, with the exception 
of uranium and nitrate. Concentrations are typically expected to be higher in unfiltered samples 
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than in filtered samples, because an unfiltered sample will also account for the contribution from 
metals suspended in the sample, rather than just the concentration measured in the dissolved 
phase. Therefore, the use of filtered data for metals potentially underestimates the concentrations 
present in groundwater. Of the 15 contaminants identified in the groundwater RI as potentially 
a health concern (DOE/RL- 2006-24), six are metals/inorganics: antimony, chromium (total), 
hexavalent chromium, lead, uranium, and nitrate. For uranium and nitrate, the unfiltered data sets 
were sufficient for risk assessment, and non-cancer hazards were calculated based on unfiltered 
data. Antimony was excluded as a COPC because concentrations in groundwater do not exceed 
background, and the background level was also a dissolved value. Iron’s maximum concentration 
was several orders of magnitude below a health-based screening value. Therefore, even if iron 
concentrations are underestimated (i.e., iron concentrations would probably be higher if 
unfiltered data were available), concentrations are unlikely to be orders of magnitude higher, and 
the contaminant was thus appropriately excluded as a health concern. 

Although unfiltered data are available only for two or three samples for hexavalent chromium, 
research conducted on this issue has identified that dissolved data are more representative of the 
concentrations actually present in groundwater. Analyses for chromium and other metals in 
unfiltered samples are believed to be biased because of the stainless-steel casing, screen, and 
pump materials. Filtered samples best indicate the chromium levels in the groundwater (likely 
dominantly hexavalent chromium). Stainless-steel well screens have been shown to significantly 
affect metal concentrations in laboratory studies (e.g. “Dynamic Study of Common Well Screen 
Materials” [Hewitt, 1994]). The latest groundwater monitoring report for Hanford (Hanford Site 
Groundwater Monitoring for Fiscal Year 2007 [DOE/RL-2008-01]) states the following: 

• Erratic, high levels of chromium are seen in unfiltered samples. This is consistent with 
relatively coarse (>0.45 µm) particulate matter from the well construction. Unfiltered 
samples are highly variable and do not show a consistent trend. See Figure G6-1 for 
filtered versus unfiltered total chromium data for two of the 200-ZP-1 OU wells used in 
the risk assessment data set. 

• Hexavalent chromium (the species of concern from a risk perspective) is highly soluble 
in groundwater, but trivalent chromium is not. Hexavalent chromium will pass through 
the filters. Trivalent chromium will be immobile in groundwater, but may be present 
in particles in unfiltered samples. For the majority of the data set there is a strong 1:1 
correlation between filtered chromium measurements and hexavalent chromium, showing 
that the hexavalent chromium contamination is effectively detected by measuring filtered 
chromium. 

The 90th percentile concentration for hexavalent chromium used in the risk calculations of 
203 µg/L is higher than the total chromium 90th percentile value of 130 µg/L. If all the filtered 
total chromium data were assumed to be hexavalent chromium, the concentrations of hexavalent 
chromium used in the risk calculations would be lower. Therefore, health risks for hexavalent 
chromium have not been underestimated. Non-cancer hazards from chromium have probably 
been underestimated by the use of the filtered data. However, chromium health hazards (see 
Table G5-6 in Section G5.0) are several orders of magnitude below an HI of 1. Consequently, an 
increase in chromium concentrations because of using filtered samples would probably not 
impact the risk assessment conclusions. For the limited paired data available, chromium (total) 
appears to be about 30 percent higher in unfiltered versus filtered samples. 
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G6.1.2.2 COPC Selection for Native American Populations 

The HHRA typically selects COPCs in water for nonradionuclides by comparing maximum 
concentrations to screening values based on EPA tap water levels, not MCLs or the other levels 
used in the groundwater RI to select RI COCs. As shown in Table G6-4, if the maximum 
concentrations in groundwater for nonradionuclides were compared to EPA Region 6 HHSLs for 
tap water at an HI of 0.01 and risk level of 10-8, the following additional contaminants might be 
selected as COPCs: 

• Barium (non-cancer hazard) 
• Manganese (non-cancer hazard) 
• Nickel (cancer risk by inhalation, non-cancer hazard by ingestion) 
• Strontium (non-cancer hazard) 
• Thallium (non-cancer hazard) 
• Vanadium (non-cancer hazard) 
• Fluoride (non-cancer hazard). 

However, adding these contaminants to the risk assessment would not significantly affect the 
total risks or the conclusions of the report, because risks are already well above target health 
goals (risks exceed 10-2 and HIs exceed 1,000). Non-cancer hazards, however, would potentially 
increase approximately 5 percent to 10 percent by adding the additional chemicals. The increases 
would be primarily from thallium, which was only detected in nine of 38 samples. 

For radionuclides, there are no generic risk-based levels as there are for nonradionuclides. 
Radionuclide COPC selection in the groundwater RI was based on exceedances above primary 
MCLs. 

G6.2 UNCERTAINTIES RELATED TO EXPOSURE 

For estimating the RME, 95 percent UCL values (or upper-bound estimates of national averages) 
are generally used for exposure assumptions, and exposed populations and exposure scenarios 
are also selected to represent upper-bound exposures. The intent of the RME, as discussed by the 
EPA Deputy Administrator and the Risk Assessment Council (“Guidance on Risk 
Characterization for Risk Managers and Risk Assessors” [Habicht, 1992]), is to present risks as 
a range from central tendency to high-end risk (i.e., above the 90th percentile of the population 
distribution). This descriptor is intended to estimate the risks that are expected to occur in small 
but definable “high-end” segments of the subject population (Habicht, 1992). The EPA 
distinguishes between those scenarios that are possible but highly improbable and those that are 
conservative but more likely to occur within a population, with the latter being favored in risk 
assessment. The RME calculations, thus, overestimate risk for most of a hypothetical population, 
even though all assumptions may not be at their maximum. 

An analysis of RME for Native American populations cannot be thoroughly conducted because 
the underlying data used to select the exposure factors in the Yakama Nation and CTUIR 
scenarios are not publicly available. Thus, the uncertainties with regard to the exposure factors 
used in this appendix cannot be assessed as to their likelihood to underestimate or overestimate 
exposures, or whether their exposures represent a “reasonable maximum,” except in comparison 
to regular EPA residential exposure factors for a different human population. Information on 
some of the uncertainties associated with the residential farmer population and a brief 
comparison between residential farmer and Native American risks and hazards is included in the 
baseline HHRA (Appendix A, Section A6.2). Note that Native American risks were 
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approximately one order of magnitude higher than those for residential farmer in Appendix A, 
primarily because of the sweatlodge and increased produce and soil ingestion rates for Native 
Americans. Native American risks were truncated at approximately 100 percent because risks 
greater than that are not possible. Therefore, in an assessment with lower risks, the differences 
between Native American and residential farmer scenarios could be greater than one order of 
magnitude. Table G6-5 presents the differences in exposure factors for the Yakama Nation and 
CTUIR, as well as the residential farmer inputs used in the baseline HHRA (Appendix A). The 
soil risk results shown in this table are based on spreading excavated soil from excavating 
a basement rather than from spreading drill cuttings on the ground surface. 

The following subsections address exposure uncertainties that can be evaluated: use of different 
ProUCL versions in calculating EPCs, food chain exposures not quantified, and the exposure 
concentrations to qualitatively evaluate where exposures (and, thus, risks) might be 
overestimated or underestimated. 

G6.2.1 Calculation of Exposure Point Concentrations Using Different ProUCL Versions 

The 95 percent UCLs used as EPCs in the risk calculations for the baseline HHRA in 
Appendix A were calculated using ProUCL Version 3. By the time the Native American analysis 
was conducted, ProUCL Version 4 was available. However, Version 3 was used for the Native 
American HHRA to maintain consistency with the baseline HHRA. If Version 4 were used 
to calculate the 95 percent UCLs for the 216-Z-1A Tile Field, the new calculated 95 percent 
UCLS for site COPCs would be approximately half of 95 percent UCLs calculated using 
Version 3 (e.g., plutonium-239/240 is 9,166,806, instead of 15,509,199). This large difference in 
concentrations is because the latest version of ProUCL uses the Kaplan-Meier (KM) method to 
deal with nondetected samples. This newer methodology has been incorporated into Version 4 
because the EPA no longer recommends the former default assumption of using half of the MRL 
as a surrogate for nondetected samples (ProUCL Version 4 User Guide [EPA/600/R-07/038]). 
Therefore, a different test is selected (in this case, the 95 percent KM Percent Bootstrap instead 
of 95 percent Chebychev [mean, standard deviation]) and results in a more refined 95 percent 
UCL. However, because the Native American total risks at the 216-Z-1A Tile Field add up to 
more than 100 percent, even if the lower 95 percent UCLs were used, risks would still add up to 
more than 1 (driven by exposure to plutonium-239, soil ingestion). 

G6.2.2 Food Chain Exposures Not Quantified 

This appendix evaluated food chain exposures only for the portion of the diet that would be 
homegrown, because the selected waste sites were both too small to support significant amounts 
of wild game or plants. Therefore, the food chain pathways were assessed using the waste site 
concentrations, which are local area concentration values. Both the CTUIR and Yakama Nation 
indicated that a large proportion of their diets could be obtained from “wild” sources. Under a no 
action scenario, it might be possible for a Native American to live at a waste site (or offsite) and 
collect wild food over a much larger area of the Hanford Site. Exposures would be evaluated 
using a broad area concentration value. However, broad-area EPCs have not yet been derived. 
Therefore, risks due to the potential for wild-caught food to come from a contaminated source 
cannot be quantified. If wild-caught food were to come from a contaminated area, the food chain 
risks presented in this appendix would be underestimated. If the proportion of wild-caught food 
to homegrown food were different than assumed for this appendix (60 percent of meat and milk 
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homegrown and 50 percent of fruits and vegetables homegrown), then risks could be either 
overestimated or underestimated depending on the proportion of the diet that is homegrown. 

Another potential food chain underestimation is the lack of an evaluation of any dairy products, 
except milk (e.g., butter and cheese). The Yakama Nation provided Tribal-specific ingestion 
rates for milk consumption, but not other dairy products. The CTUIR noted that milk was not 
a significant portion of the Native American diet, except for children, and did not provide milk 
ingestion rates. If Tribal members will be using the milk from their home dairy cow in other 
dairy products, the risks from milk ingestion calculated in this assessment could be 
underestimated. Yakama Nation risks from milk ingestion were driven by carbon tetrachloride 
and were 2 x 10-5, an order of magnitude below the target risk level of 10-4. Therefore, milk 
consumption would have to increase an order of magnitude before health risks would 
exceed 10-4. 

G6.2.3 Sweatlodge Exposure Pathway 

As discussed in Section G.5.3 and shown in Figure G5-3, cancer risks from exposure to 
groundwater in the sweatlodge are the greatest risk driver for total cancer risks from groundwater 
exposures. However, many uncertainties are associated with quantitative evaluation of this 
pathway, and although this pathway was quantitatively evaluated, the results should be 
interpreted with caution. The uncertainties for this pathway are related to assumptions regarding 
two components of the risk equations: the exposure factors used (frequency and exposure time 
during sweatlodge use) and the estimation of contaminant concentrations within the sweatlodge. 
Conservative assumptions were used in the evaluation of exposures during sweatlodge activities 
for both of these components. Therefore, risks and hazards calculated for this pathway result in 
a compounding of these conservative assumptions that likely greatly overestimate the actual risks 
from this pathway. The uncertainties regarding each of these components are discussed in this 
section. 

For the CTUIR, it was assumed that a person at the age of 2 would begin participating in 
sweatlodge activities and would do so 1 hour/day, every day, for a lifetime. This value was 
obtained from Harris and Harper, 2004. For the Yakama Nation, it was assumed that a person 
would spend 2 hours/day in a sweatlodge, 5 days per week, for a lifetime. This 10 hours/week 
value is twice the average time spent in a sweatlodge of 5 hours/week reported in Ridolfi, 2007. 
Ridolfi, 2007 reports that the Yakama Nation individuals spend varying amounts of time inside a 
sweatlodge, and times ranged from a total of 90 minutes/year to as much as 7 hours/sweat. This 
variation is likely also true for the CTUIR, although Harris and Harper, 2004 did not provide 
such detail. Therefore, there is a wide range of exposure assumptions that are possible for the 
sweatlodge scenario. The risk assessment selected the best approximation of what would be 
expected of an RME. Although there is a great deal of variability associated with the exposure 
assumptions that could be used in the risk calculations for the sweatlodge scenario, the 
conclusions of the risk assessment are not likely to change. Table G6-6 summarizes the cancer 
risks calculated using various exposure assumptions in the sweatlodge scenario. Cancer risks are 
still above 10-4, until it is assumed that a Native American only spent 15 minutes twice per week 
in the sweatlodge. 

The fundamental assumption surrounding evaluation of the sweatlodge pathway is that COPCs 
are introduced into the sweatlodge predominantly through the use of groundwater to create 
steam. The primary pathway of exposure to COPCs in groundwater in the sweatlodge is through 
the inhalation pathway. However, it was also assumed that the COPCs could deposit onto the 
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skin with aqueous condensation. Regardless of the pathway, the concentration of COPCs in the 
steam is the same. The method described by Harris and Harper, 2004 was used to calculate the 
vapor concentration within the sweatlodge for the groundwater COPCs for the volatile 
contaminants. The airborne concentration of volatile COPCs in the sweatlodge is dependent 
primarily upon the temperature of the sweatlodge, the volume of water used during the sweat, 
and the volume of air space within the sweatlodge. The method and assumptions described by 
Harris and Harper, 2004 were used to calculate the volatile vaporization factors for the 
sweatlodge scenario. The vaporization factor is applied to the groundwater concentration to 
estimate the concentration of COPCs in steam in the sweatlodge. Harris and Harper, 2004 
assumed that the sweatlodge temperature would be maintained at 150°F (or 339°K) for the 
duration of the sweat, the volume of water used would be 4 L (1.1 gal), and the volume of air 
space within the sweatlodge would be based on an internal diameter of 1.8 m (6 ft), which 
equates to a radius of 1 m (3.28 ft). The risk assessment selected the best approximation of what 
would be expected of an RME scenario. Although there is a great deal of variability associated 
with the assumptions that could be used to calculate the vaporization factor for volatiles, the 
conclusions of the risk assessment are not likely to change. Table G6-6 summarizes the cancer 
risks calculated using various exposure assumptions in the sweatlodge scenario. Cancer risks in 
the sweatlodge decrease to 1 x 10-4 when it is assumed that the radius of the sweatlodge is 
increased to 1.25 m (4.1 ft) and the exposure frequency is decreased to 15 minutes twice per 
week. 

The method described by Harris and Harper, 2004 for estimating concentrations in sweatlodge of 
non-volatile compounds are based on the following assumptions: 

• Non-volatile compounds become airborne as an aerosol as the water they were carried 
in vaporizes. 

• Once airborne, non-volatile compounds deposit onto solid surfaces with aqueous 
condensation. 

• The ideal gas law can be applied to air and water vapor at the temperature and pressure 
of the sweatlodge (this assumption does not imply that the non-volatile contaminants are 
vaporizing). 

With these assumptions, the quantity of non-volatile constituents in the air phase is assumed to 
be limited to that which is carried into the air phase by the volume of liquid water needed to 
create saturated conditions in the lodge (Harris and Harper, 2004).  

The assumption that non-volatile compounds could become airborne as an aerosol is plausible 
and could result in a potentially complete exposure pathway in the sweatlodge scenario. 
However, the model used to calculate concentrations of non-volatile contaminants in sweatlodge 
air does not include any formulation for aerosol resuspension. The Harris and Harper, 2004 
model applies the Ideal Gas Law to calculate the quantity of water vapor occupying the volume 
of the sweatlodge, then multiplies that term by the concentration of the non-volatile contaminant 
in groundwater. This calculation does not reflect the previously stated conceptual model, 
“non-volatile compounds become airborne as an aerosol as the water they were carried in 
vaporizes.” No terms are included in the equation that reflects the physical properties associated 
with entrainment of liquid droplets into the air.  

A review of the literature of airborne release fractions associated with different types of releases 
of hazardous substances (Airborne Release Fractions/Rates and Respirable Fractions for 
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Nonreactor Nuclear Facilities. Volume 1 – Analysis of Experimental Data 
[DOE-HDBK-3010-94]) provides alternate conceptual models for estimating concentrations 
of non-volatiles in air from resuspension of water droplets. As described in this review, liquid 
droplets become entrained into the air generated from boiling aqueous solutions by bubbles 
bursting, splashing, or foaming. The conceptual model for entrainment of water droplets from 
boiling aqueous solutions includes factors such as liquid and gas surface tensions, density 
differences between gas and liquid, gas viscosity, and height above the surface of the liquid, 
which are factors not reflected in the existing sweatlodge model. Several studies are summarized 
in DOE-HDBK-3010-94 that describe the entrainment of water droplets during the heating of 
aqueous solutions. These studies subsequently provide a range of airborne resuspension factors. 
Further evaluation of these studies may provide the basis for a more refined model of 
non-volatile contaminant concentrations in air from use of contaminated groundwater in 
sweatlodges.  

Therefore, while the airborne concentration is uncertain, it is likely that some non-volatiles will 
be present in sweatlodge steam (though likely at lower concentrations than the source water) and 
the sweatlodge risks are potentially underestimated. Sweatlodge inhalation may be a particular 
concern for hexavalent chromium, which is likely present primarily in the dissolved phase in the 
water and is thus more likely to be carried into the air in airborne water droplets. 

G6.2.4 Potential Exposures to Groundwater During Irrigation 

Because it was assumed that groundwater could be used as an irrigation source for homegrown 
fruits and vegetables and to water cattle, exposures to groundwater during irrigation activities 
could be possible. However, this pathway was not quantitatively evaluated for this risk 
assessment for Native American exposures. Although this pathway is potentially complete, it is 
considered to be insignificant relative to the other pathways evaluated for Native American 
populations. Exposures during irrigation would be limited to potential dermal exposures and 
inhalation exposures. The irrigation pathway was evaluated for the residential farmer scenario 
presented in Appendix A and was found to result in risks and hazards significantly lower than the 
tap water and food chain pathways, and irrigation exposures were below target health goals for 
the residential farmer. Exposures to groundwater during irrigation activities for a Native 
American population are not likely to be significantly different than those assumed for the 
residential farmer scenario. In addition, Native American risks and hazards from exposures to 
groundwater through domestic use and in the sweatlodge were significantly high, such that the 
additional risks and hazards that could be attributed from exposures during irrigation would not 
significantly increase the total risks and hazards for the Native American populations and the 
conclusions of the risk assessment would not change. 

G6.2.5 Media Not Evaluated 

As noted in Section G3.1.1, groundwater plumes from the 200-ZP-1 OU have not reached the 
nearest surface water body (i.e., the Columbia River), but may reach the river in 75 years or 
more if actions are not taken. Because of the uncertainties in estimating groundwater 
concentrations at the river boundary 75 years or more in the future, these potential future 
pathways were not quantified in the risk assessment, but represent an area of future uncertainty. 
Active groundwater remediation is occurring and every effort is being made to ensure 
contaminants do not reach the Columbia River. However, if some contaminant concentrations 
did reach the river at some point in the future, depending on the concentrations reaching the 
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river, there could be a human health concern via contact with contaminants in sediment or 
surface water during gathering activities, or through ingestion of impacted fish. 

G6.2.6 Exposure Point Concentrations 

Uncertainties in calculating EPCs for groundwater and soil are discussed in the following 
subsections. 

G6.2.6.1 Groundwater EPCs 

The EPCs for groundwater were the 25th, 50th, and 90th percentile concentrations, selected to 
evaluate low, medium, and high groundwater concentrations for the groundwater exposure 
routes. This methodology does not provide risks at a specific location, but results in information 
on the range of possible risks for each COPC at the current concentrations. Typical risk 
assessment methodology is to calculate a 95 percent UCL on the mean as the EPC (OSWER 
9285.6-10) using data from within the exposure area or, in the case of groundwater, data from 
one well location. To provide additional information on possible ranges of concentrations in 
groundwater EPCs for the COPCs, Table G6-7 shows the percentile concentrations used in the 
risk calculations, as well as the maximum concentrations, average concentrations, and 95 percent 
UCL concentrations using all of the data. For the risk-driving contaminants in groundwater 
(carbon tetrachloride and technetium-99), the 90th percentile values are above the 95 percent 
UCL values because the data set is robust. Generally the larger the data set, the closer the 95 
percent UCL is to the arithmetic mean concentration. For example, carbon tetrachloride’s 95 
percent UCL is 1,491 µg/L and the arithmetic mean is 1,009 µg/L. In contrast, the 90th percentile 
is 2,900 µg/L. Therefore, 90th percentile values are reasonable upper bounds of concentrations for 
the purposes of the risk assessment. However, if a well was drilled at the location of the 
maximum concentration, risks would be significantly underestimated for the COPCs where the 
maximum concentration is considerably larger than the 90th percentile value (true for eight of the 
12 COPCs where the maximum concentration is more than one order of magnitude larger than 
the 90th percentile). Because only 10 percent of the data exceed the 90th percentile values, these 
very high concentrations are few and represent a very limited areal extent. In Appendix A, 
Figures A6-2 and A6-3 present histograms of the carbon tetrachloride and technetium-99 
groundwater concentrations. These two figures demonstrate that a large majority of the 
groundwater concentrations are lower than the 90th percentile values. 

G6.2.6.2 Soil EPCs 

The EPCs for soil were calculated based on a basement size of 5 m by 10 m, a spreading area of 
1,500 m2, and thickness of 0.17 m. If the spreading area increased, the thickness of the 
contaminated layer would decrease, and soil concentrations would decrease. If the amount of 
excavated material were increased, spread in a smaller but thicker layer, then concentrations 
could potentially increase (but overall exposure could decrease, because there could be less 
exposure if the area was smaller). However, no matter which of these assumptions were adjusted, 
even those that could significantly reduce soil concentrations, there would still be unacceptable 
risks at the soil sites because concentrations are so high. For example, at 216-Z-1A Tile Field, if 
the RESRAD inputs for area were increased to 15,000 m2 (10 times the area used in the risk 
assessment), the thickness input was decreased to 0.017 m (one-tenth the thickness used in the 
risk assessment), and using the original Clocal EPCs, total risks would still add up to >1. 
Therefore, the selection of a larger spreading area, basement size, or thickness would not 
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significantly decrease EPCs to the point that risks would be within the acceptable risk range of 
10-6 to 10-4. 

G6.2.7 Uncertainties in Other Exposure Factors 

Soil exposures for the radionuclides used the default exposure assumptions in RESRAD for the 
Native American risks for some exposure parameters. The RESRAD default assumptions could 
underestimate or overestimate risk as below: 

• RESRAD assumes that only 75 percent of a person’s time will be spent onsite. Thus, if 
a Native American spent more or less time on the 1,500-m2 site, risks would be either 
underestimate or overestimated for soil ingestion, dust inhalation, and external radiation. 

• RESRAD also adjusts the annual inhalation rate by time indoors and adjusts dust 
inhalation accordingly. In this appendix, the annual inhalation rates entered into 
RESRAD were 10,950 or 9,940 m3/yr for the CTUIR and Yakama Nation, respectively. 
RESRAD calculated risks with the inhalation rate adjusted to account for time spent 
offsite, time indoors (50 percent), and an indoor dust reduction factor (0.4), resulting in 
inhalation rates of 4,928 and 4,473 m3/yr for the CTUIR and Yakama Nation, 
respectively (a 45 percent reduction of annual inhalation rate because of site exposures). 
This is equivalent to a daily onsite inhalation rate for 365 days/yr of 13.5 m3/day and 
12.3 m3/yr for the CTUIR and Yakama Nation, respectively. More time spent outdoors 
versus indoors would increase dust inhalation and thus health risks, and more time 
indoors would decrease dust inhalation. However, the dust inhalation pathway for 
radionuclides at these sites is not significant in comparison to soil ingestion, homegrown 
produce ingestion, and external radiation, with inhalation risks several orders of 
magnitude below these risk-driving pathways. 

G6.3 UNCERTAINTIES IN ASSESSMENT OF TOXICITY 

Toxicity values have been developed by EPA from the available toxicological data. These values 
frequently involve high- to low-dose extrapolations and are often derived from animal rather 
than human data. In addition, few studies may be available for a particular contaminant. As the 
unknowns increase, the uncertainty of the value increases. Uncertainty is addressed by reducing 
RfDs using UFs and by deriving SFs using a conservative model. The greater the uncertainty, the 
greater the UFs and tendency to overestimate the toxicity to ensure health-protective analyses. 

G6.3.1 Cancer Toxicity Criteria 

Traditionally, EPA has developed toxicity criteria for carcinogens by assuming that all 
carcinogens are nonthreshold contaminants. However, EPA has recently published revised 
cancer guidelines (Guidelines for Carcinogen Risk Assessment [EPA/630/P-03/001F]) where 
they have modified their former position of assuming nonthreshold action for all carcinogens. 
This new guidance emphasizes establishing the specific toxicokinetic mode of action that leads 
to development of cancer. Toxicity criteria for carcinogens in the U.S. will be developed in the 
future assuming no threshold only for contaminants that exhibit genotoxic modes of action, or 
where the mode of action is not known. However, currently available EPA toxicity criteria for 
carcinogens were all derived assuming a no-threshold model. 
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In most of the world, nonthreshold toxicity criteria are developed only for those carcinogens that 
appear to cause cancer through a genotoxic mechanism (e.g., Health Canada and the 
Netherlands). Specifically, for genotoxic contaminants, the cancer dose-response model is based 
on high- to low-dose extrapolation and assumes that there is no lower threshold for the initiation 
of toxic effects. Cancer effects observed at high doses in laboratory animals or from occupational 
or epidemiological studies are extrapolated, using mathematical models, to low doses common to 
environmental exposures. These models are essentially linear at low doses, so no dose is without 
some risk of cancer. 

The linear low-dose model and genotoxicity are likely an appropriate model for the 
radionuclides, as radiation can alter deoxyribonucleic acid (DNA). Therefore, all radionuclides 
have been classified as known human carcinogens (EPA 402-R-99-001). On the other hand, 
scientific evidence does not rule out the possibility that the risk per unit dose is effectively zero 
at environmental exposure levels, or that there may be a net beneficial effect of low-dose 
radiation (i.e., hormesis). Radiation-induced genetic effects have not been observed in human 
populations, and extrapolation from animal data reveals risks per unit exposure that are smaller 
than, or comparable to, the risk of cancer (EPA/540/1-89/002). The equations used to estimate 
risk from radiation exposure assume that at low levels of exposure, the probability of incurring 
cancer increases linearly with dose and without a threshold (EPA 402-R-99-001). 

All of the epidemiological studies used in the development of radiation risk models involve high 
radiation doses delivered over relatively short periods of time. Evidence indicates the response 
per unit dose at low doses and dose rates from low linear-energy transfer radiation (primarily 
gamma rays) may be overestimated if extrapolations are made from high doses acutely delivered. 
The degree of overestimation is often expressed in terms of a dose, and a dose-rate effectiveness 
factor is used to adjust risks observed from high doses and dose rates for the purpose of 
estimating risks from exposures at environmental levels. The EPA models for radiation risk 
include a dose and dose-rate effectiveness factor of 2, applicable to most low linear-energy 
transfer radiation exposure. For high linear-energy transfer radiation (e.g., alpha particles), the 
differences in relative biological effect are accounted for in weighting factors applied in the 
calculation of dose and risk. 

The SFs used in this risk assessment for the radionuclides are morbidity SFs. For a given 
radionuclide and exposure mode, they represent an estimate of the average total risk of 
experiencing a radiogenic cancer, whether or not the cancer is fatal. They are derived using 
age-specific models and are age averaged. These SFs are appropriate for use in estimating 
exposure over a lifetime, because they are derived by taking into account the different 
sensitivities to radiation as a function of age. The SFs in this assessment were used to assess 
the risk from chronic lifetime exposure of an average individual to a constant environmental 
concentration. The risk estimates in this report are intended to be prospective assessments of 
estimated cancer risks from long-term exposure to radionuclides in the environment. The use 
of the SFs listed for retrospective analyses of radiation exposures to populations should be 
limited to estimation of total or average risks in large populations. Because the SFs were 
averaged from large study populations, they may not be predictive for specific individuals or 
small groups. 

The cancer SF values for TCE used in this assessment were those established by the California 
EPA (CalEPA) Office of Environmental Health Hazard Assessment (OEHHA) and are generally 
being recommended for use in risk assessment. The SFs derived by OEHHA are an SFi of 
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0.007 (mg/kg-day)-1 (as presented in Air Toxics Hot Spots Program Risk Assessment Guidelines: 
Part II Technical Support Document for Describing Available Cancer Potency Factors 
[OEHHA, 2002]) and an oral SF of 0.013 (mg/kg-day)-1 (as presented in Public Health Goal for 
Trichloroethylene in Drinking Water [OEHHA, 1999]).  

The OEHHA values are considerably lower than EPA’s selection of 0.4 (mg/kg-day)-1 for both 
oral and inhalation exposures from EPA’s Trichloroethylene Health Risk Assessment: Synthesis 
and Characterization (EPA/600/P-01/002A). This document is an external review draft to which 
EPA is soliciting comments, and the findings are subject to change. However, the findings have 
sparked controversy in the regulatory and scientific community and have been the subject of 
a National Academy of Sciences (NAS) review. Until EPA addresses the NAS findings and 
revises their TCE risk assessment, most jurisdictions in the U.S. are recommending use of the 
CalEPA values. However, Ecology is currently recommending use of the 
0.4 (mg/kg-day)-1 value. 

The U.S. Department of Defense (DOD) has published a critique of EPA’s proposed SF range 
for TCE (Critique of the U.S. Environmental Protection Agency’s Draft Trichloroethylene 
Health Risk Assessment [EPA/600/P-01/002A] [AFIERA, 2001]). In particular, they note that the 
upper end of the proposed recommended range, 0.4 (mg/kg-day)-1, is based on a residential 
drinking water study where the confidence interval around the calculated relative risk included 
one. The relative risk is defined as the cancer incidence rate in the exposed population relative to 
an unexposed population. If the relative risk is one, cancer incidence rates are equal for the 
exposed and unexposed populations, and the study cannot conclude that there is an increased 
association between cancer and site exposures relative to an unexposed population. Generally, 
if the confidence interval around the relative risk includes one, then cancer incidence rates for 
the two populations (exposed and unexposed) are not significantly different. Therefore, the 
DOD review concluded there was insufficient evidence to conclude that TCE exposures in 
drinking water were associated with an increase in non-Hodgkins lymphoma. Thus, no SF should 
be calculated based on that study. Only one study has associated non-Hodgkins lymphoma with 
TCE exposure. 

Because of the uncertainty surrounding EPA’s new proposed SF and because of the criticisms 
that the health assessment document has received, this risk assessment has selected the CalEPA 
SF values as more appropriate at this time. If the EPA provisional value were used to estimate 
TCE risks in groundwater, risks at the 90th percentile go from being within EPA’s target risk 
range of 6 x 10-5 to 2 x 10-3, which is greater than the upper-bound target risk goal. TCE is 
currently also identified as a potential hazard in groundwater at the 90th percentile concentration, 
with a child HI of 14. Thus, there is some uncertainty regarding whether exposure to 
90th percentile TCE concentrations in groundwater represents a potential cancer risk in excess of 
target health goals. If the OEHHA SFs are revised upward and/or the higher EPA SFs are 
validated, cancer risks from TCE might have been underestimated. However, risks from 
domestic use of groundwater at 90th percentile concentrations are driven by carbon tetrachloride, 
with risks of 1 x 10-1. Increasing TCE risks even to 2 x 10-3 does not make a significant 
difference in the overall cumulative cancer risks from groundwater. 

G6.3.2 Sweatlodge Toxicity 

Also potentially contributing to the uncertainty in the hazard/risk calculations for the sweatlodge 
scenario is the assumption that that COPCs inhaled in steam can result in noncarcinogenic and 
carcinogenic health effects similar to those associated with inhalation of COPCs in studies cited 
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in the IRIS database for the derivation of RfDi and SFs. For carbon tetrachloride (the only 
groundwater COPC to exceed a 10-4 risk level in the sweatlodge) the inhalation SF (there is no 
RfC) is derived from studies where the chemical was injected or swallowed by various rodent 
species, which is a very different exposure scenario than a sweatlodge. 

Non-volatile chemicals were not quantitatively evaluated in the sweatlodge. Three of the 
non-volatiles (hexavalent chromium, iodine-129, and technetium-99) have inhalation toxicity 
criteria and could potentially be evaluated in sweatlodge steam if an airborne concentration could 
be estimated. Of these three contaminants, the largest potential risk underestimation is likely 
hexavalent chromium. Hexavalent chromium compounds are known to be human carcinogens 
through inhalation based on sufficient evidence of carcinogenicity in humans. Several 
epidemiological studies have consistently reported an increased risk of lung cancer among 
chromate production workers, chromate pigment production workers, and chrome plating 
workers (Report on Carcinogens [NTP, 2005]); however, carcinogenic potency can vary 
depending on the solubility of the hexavalent chromium compound and whether the compound is 
inhaled in the form of a dust or as a mist/aerosol. The EPA’s inhalation SF for hexavalent 
chromium is derived from a study of chromate production workers, who were exposed primarily 
to dusts that contained a mixture of soluble and sparingly soluble forms of hexavalent chromium 
compounds (EPA IRIS database [EPA, 2008]; Toxicological Review of Hexavalent Chromium in 
Support of Summary Information on the Integrated Risk Information System [EPA, 1998]; Health 
Assessment Document for Chromium [EPA-600/8-83-014F]). 

Studies with laboratory animals have shown that the sparingly soluble forms of hexavalent 
chromium (such as calcium or zinc chromate) have greater carcinogenic potency compared with 
soluble hexavalent chromium compounds (“Occupational Exposure to Hexavalent Chromium” 
[71 FR 10100]). Potential exposures to hexavalent chromium in groundwater at the Hanford Site 
are likely to consist entirely of soluble hexavalent chromium. Hexavalent chromium in 
groundwater originated from the use of sodium dichromate (a soluble form of hexavalent 
chromium) as an anticorrosion agent in cooling water (Williams et al., 2000). Therefore, the 
EPA’s inhalation SF is based on an exposure (i.e., dusts and a mixture of hexavalent chromium 
compounds of varying solubility) that is different from the sweatlodge scenario (aerosols and 
only a soluble hexavalent chromium compound), which creates uncertainties that may affect the 
characterization of risks from the potential inhalation exposure to hexavalent chromium.  

In particular, exposures to slightly soluble hexavalent chromium compounds in dusts appear to 
result in a stronger carcinogenic response than exposures to soluble hexavalent chromium 
compounds in mists/aerosols. Epidemiological and industrial hygiene studies show that chromate 
workers are exposed to soluble sodium dichromate dusts and are also exposed to several slightly 
soluble chromate compounds in dusts such as calcium chromate (chromate workers) and zinc 
and strontium chromate (chromate pigment workers). In contrast, chrome plating workers are 
exposed to soluble dichromates in mists. Studies of the mechanisms of hexavalent chromium 
toxicity indicate that slightly soluble chromate compounds produce higher concentrations of 
hexavalent chromium near target cells in the lung, than compared to soluble chromates and this 
greater concentration likely is the mechanism explaining the stronger carcinogenic effect 
(71 FR 10100). Exposures of chrome plating workers, who are exposed to soluble chromates in 
mists, resulted in lower numbers of workers with lung cancer than in the chromate industry for 
similar levels of exposure (71 FR 10100). The chrome plating exposure setting is probably a 
better representation of the potential risks associated with inhalation in the sweatlodge scenario; 
however, a quantitative risk assessment of the risks is not available for chrome plating workers.  
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The comparison of exposure settings between chromate workers (the basis for EPA’s inhalation 
SF) and the potential exposure pathway in the sweatlodge suggests that the inhalation SF would 
overstate cancer risks from hexavalent chromium in the sweatlodge scenario. A direct 
comparison of risks is not available between chromate workers and chrome plating workers, and 
this statement of the uncertainty in estimating hexavalent chromium risks is indirectly supported 
by the comparative toxicology of soluble and slightly soluble hexavalent chromium compounds, 
coupled with the observation that chromate workers are exposed to both soluble chromates and 
the more potent slightly soluble chromate compounds.  

There may also be potential non-cancer health risks associated with inhalation of hexavalent 
chromium in the sweatlodge scenario. Assessment of these potential non-cancer risks would 
involve comparison of estimated concentrations in air with a RfC. The EPA has estimated an 
RfC for non-cancer effects, based on respiratory effects (nasal irritation and ulcerations) 
observed in chrome plating workers exposed to soluble hexavalent chromium mists, an exposure 
setting more similar to the sweatlodge than EPA’s SF exposure setting (EPA, 2008). However, 
the basis of EPA’s RfC is derived from a study conducted in 1983 (cited in EPA, 2008) where 
the toxic endpoint (nasal tissue atrophy) was derived based on an estimate of average exposure 
concentrations over time. More recent reviews of occupational exposure data conducted by the 
Occupational Safety and Health Administration (OSHA) (71 FR 10100) concluded that exposure 
to hexavalent chromium mists is likely associated with nasal damage and asthma; however, they 
found insufficient data available to support quantitative risk assessment. OSHA indicated the 
available studies, including the one used by EPA to derive the RfC, were lacking because they 
did not include an assessment of short-term peak exposures (potentially a key factor in the toxic 
response), did not account for other potentially important pathways of exposure (i.e., hand-to-
nose transfer of hexavalent chromium), or had a cross-sectional study design such that cause and 
effect relationships between exposure and toxic outcome were difficult to determine 
(71 FR 10100).  

Short-term peak exposures are not included in the sweatlodge modeling equations in Harris 
and Harper, 2004, which would provide an estimate of the average concentration in sweatlodge 
air. Nor are short-term peaks included in EPA’s RfC, which was based on estimated average 
concentrations in the workplace. Short-term peak concentrations in air might occur in 
a sweatlodge. Therefore, while use of groundwater with hexavalent chromium in a sweatlodge 
scenario might result in potential inhalation exposures, there are uncertainties in what the 
magnitude of potential inhalation effects might be. 

G6.4 UNCERTAINTIES IN RISK CHARACTERIZATION 

Radiation is naturally present in the environment, and the radionuclide risks estimated in this 
assessment have not been corrected to account for natural background radiation. The impacts of 
background are typically described in terms of radiation dose (millirem, or mrem). For the U.S. 
as a whole, the average radiation dose from background sources is approximately 300 mrem/yr, 
and approximately 200 mrem/yr is from radon inhalation. Radon emanates from the uranium 
decay series naturally present in soil and rock. (Note that the radon risk levels at all of the waste 
sites evaluated in this assessment were insignificant [see Attachment G-7]). The remaining 
100 mrem of radiation from background sources is from radioactive potassium-40 (present on 
the Hanford Site), cosmic rays, and direct exposure from radioactive sources in soils and rocks. 
The background total varies with altitude (cosmic radiation increases with altitude) and geology 
(determines radon and gamma sources at the ground surface). A general estimate of the range of 
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variability in background radiation dose in the U.S. is from 100 to 1,000 mrem/yr. For 
comparison, the upper end of the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) risk range, which represents the level below which CERCLA 
decisions are typically made, generally corresponds to dose rates that are less than 15 mrem/yr. 
Because the radiation health risks in soil at this site are so high for the risk drivers (and this 
would also be true if dose estimates were calculated), the contribution of background to overall 
dose for cesium-137, americium-241, plutonium-239, and plutonium-240 in soil is insignificant 
at both sites. 

Studies have not been able to relate variations in health effects to variation in background 
radiation doses. Based on international studies, the National Research Council reports that in 
areas of high natural background radiation, an increased frequency of chromosome aberrations 
has been noted. However, no increase in the frequency of cancer has been documented in 
populations residing in areas of high natural background radiation (Health Effects of Exposure to 
Low Levels of Ionizing Radiation, Committee on the Biological Effects of Ionizing Radiation 
[BEIR V] [BRER-K-97-01-A,]). 

G6.4.1 Uncertainties Associated with Large Estimates of Risk 

The CERCLA risk estimates are designed to support decisions relative to the CERCLA risk 
range, but risks approaching 1 are subject to additional uncertainties and technical limitations. 
Because relatively low intakes are most likely from environmental exposures at Superfund sites, 
it can generally be assumed that the dose-response relationship will be linear in the low-dose 
portion of the multistage model dose-response curve. In this case, the SF is a constant and risk 
can be directly related to intake. This linear relationship is valid only at relatively low-risk 
levels (i.e., below estimated risks of 0.01). For estimated risks above this level, alternative 
calculations are used. Since risk is generally understood as an estimate of cancer probability, and 
since probabilities are limited to the range between 0 and 1, one of the purposes of these 
alternative calculations is to avoid calculating risks that exceed 1 and, therefore, lose meaning 
(EPA/540/1-89/002). The alternative formula was used for all the soil risk calculations because, 
otherwise, risks would have been calculated that were equal to or in excess of 1. 

In addition to the assumption of dose-response linearity, risks based on high doses should be 
considered with caution, because the SFs are based on radiation risk models developed for 
application to low doses or dose rates. The assumption is made that doses are sufficiently low 
and that the survival function is not significantly altered by the number of radiogenic cancer 
deaths at any age (EPA 402-R-99-001). Risks calculated based on large cumulative doses should, 
therefore, be considered with caution. 

A third consideration regarding large dose estimates is the effect of multiple contaminants. 
Standard risk assessment practice is to add the estimated risks from contaminants. These risk-
summation techniques assume intakes of individual substances are small, there are no synergistic 
or antagonistic interactions among contaminants, and all contaminants have the same effect (i.e., 
cancer). This is an approximation that is useful when the total estimated cancer risk is <0.1. 
However, because SFs are often 95th percentile estimates of potency, and because upper 95th 

percentiles of probability distributions are not strictly additive, the total cancer risk estimate may 
become more of an artificial overestimate as risks from a number of different carcinogens are 
summed. If the individual contaminant risks are themselves large, or if the number of 
contaminants is large, or if the assumptions applied are otherwise incorrect, simple risk 
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summation may result in large estimates of cumulative cancer risk that lose some usefulness 
(EPA/540/1-89/002). 

G6.4.2 Uncertainties in Radiation Risk Assessment 

The uncertainties associated with the SFs are likely to be larger than those due to analytical 
uncertainties. EPA’s Federal Guidance Report No. 13 (EPA 402-R-99-001) does not provide 
specific quantitative uncertainty estimates of the cancer SFs. NCRP Report No. 126, 
Uncertainties in Fatal Cancer Risk Estimates Used in Radiation Protection, examined the 
question of uncertainties in SFs for the relatively simple case of external radiation exposure to 
low linear-energy transfer radiation (primarily gamma). The conclusion was that the 90 percent 
confidence interval was approximately three times higher or lower than the central risk estimate. 
Since estimates of risk from ingestion of soil and food necessarily involve the added complexity 
of modeling of physiological processes to determine dose and risk, the uncertainties in this 
context are likely to be even greater. 

The BEIR V report (BRER-K-97-01-A) addressed the issue of uncertainty in risk estimates for 
low doses from low linear-energy transfer radiation. The report considered the assumptions 
inherent in modeling such risks and concluded that at low doses and dose rates, it must be 
acknowledged that the lower limit of the range of uncertainty in the risk estimates includes zero 
(i.e., zero risk for cancer). 

G6.5 SUMMARY OF UNCERTAINTY 

Every aspect of the risk assessment contains multiple sources of uncertainty. Simplifying 
assumptions are often made so health risks can be estimated quantitatively. Because the exact 
amount of uncertainty cannot be quantified, the risk assessment is intended to overestimate rather 
than underestimate probable risk. The results of this assessment, therefore, are likely to be 
protective of health despite the inherent uncertainties in the process. 
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Figure G6-1. Filtered Versus Unfiltered Chromium in Two 200-ZP-1 Groundwater Wells. 
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Table G6-3. Contaminants Analyzed in Soil but Never Detected 
with Method Detection Limits Exceeding Screening Values. 

Contaminant 
Range of 
Detection 

Limits 

Risk 
Assessment 
Screening 

Value* 

Total Number 
of Samples 

(All 
Nondetect) 

Number of 
Samples 

Exceeding 
Screening 

Value 

Frequency 
of 

Exceedance
(%) 

216-A-8 Crib 

Am-241 -0.054 to 1,300 3.66 20 2 10 

Sb-125 -0.418 to 1,800 0.0617 12 10 83 

Benzo(a)anthracene 0.036 to 0.19 0.15 10 4 40 

Benzo(a)pyrene 0.032 to 0.14 0.015 10 10 100 

Benzo(b)fluoranthene 0.037 to 0.17 0.15 10 4 40 

Cs-134 0.026 to 340 0.0157 12 12 100 

Co-60 -0.005 to 170 0.009 18 10 56 

Dibenz(a,h)anthracene 0.035 to 0.25 0.015 10 10 100 

Eu-152 -0.011 to 1,500 0.0211 18 12 67 

Eu-154 -0.03 to 520 0.0191 18 10 56 

Indeno(1,2,3-cd)pyrene 0.017 to 0.19 0.15 10 4 40 

I-129 -2.39 to 1.13 0.219 10 1 10 

n-Nitrosodi-n-dipropylamine 0.039 to 0.26 0.069 10 7 70 

*See Section G2.3 
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Table G6-6. Matrix of Cancer Risks for Sweatlodge Scenario 
Using Various Sweatlodge and Exposure Assumptions. 

Various Sweatlodge 
Assumptions 

Various Exposure Assumptions 

1 Hour/Day 
2 Hours, 

Twice Per 
Week 

15 
Minutes/Day 

15 Minutes, 
Twice Per 

Week 

1-m radius, temperature of 339°K 3E-03 2E-03 7E-04 3E-04 
1.25-m radius, temperature of 339°K 1E-03 8E-04 4E-04 1E-04 
1-m radius, temperature of 325°K 3E-03 2E-03 7E-04 3E-04 

1.25-m radius, temperature of 325°K 1E-03 8E-04 4E-04 1E-04 

NOTE: Italicized text identifies assumptions used in the risk calculations. 

Table G6-7. Groundwater Percentile Concentrations and Summary Statistics. 

COPC Unit 
Percentile Concentrations Summary Statistics 

5th 25th 50th 90th 95th Max. Mean 
95% 
UCL 

Groundwater 
Carbon 
tetrachloride 

µg/L 0.08 6.53 505 2,900 3,300 5,200 1,009 1,491 

Chloroform µg/L 0.04 0.58 6.40 24.00 28.00 420 10 19 
Chromium (total) µg/L 1.7 3.6 10.3 130 235.2 769 50 74 
Hexavalent 
chromium 
(chromium [VI]) 

µg/L 2.1 7.00 10.90 203.40 311.00 730 74.9 176 

Methylene 
chloride 

µg/L 0.06 0.12 0.185 2.734 25 740.52 8 20 

Nitrate µg/L 326 14,000 21,900 81,050 156,000 1,720,000 44,750 63,187 
PCE µg/L 0.05 0.18 0.36 2.5 12.375 60 2.5 4 
TCE µg/L 0.07 0.155 1.7 10.9 15 60 4.7 7 
Uranium µg/L 0.1545 0.808 1.18 8.295 33.1 367 10.14 29.45 
I -129 pCi/L -0.05 -0.004 0.030 1.170 11.298 36.7 1.3 2.4 
Tc-99 pCi/L 4.96 59 180 1442 3913 27400 793 1160 
Tritium pCi/L 4.3375 513.75 3,605 36,200 98,750 2,170,000 51,030 87,345 

COPC = contaminant of potential concern 
PCE = tetrachloroethylene 
TCE = trichloroethylene 
UCL = upper confidence limit 
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G7.0 GROUNDWATER RESIDUAL RISK 

In 150 years, groundwater concentrations are anticipated to be considerably lower than they are 
today due to planned groundwater remediation activities. In order to estimate what potential 
future risks might be for the Native American scenarios if groundwater concentrations met the 
proposed cleanup levels presented in the FS report, calculations of risks and hazards were 
estimated for the following eight COPCs: carbon tetrachloride, chromium (total), hexavalent 
chromium, iodine-129, nitrate, TCE, technetium-99, and tritium.  

The risk results presented in Section G5.0 indicated the highest cancer risks based on current 
concentrations were due to carbon tetrachloride and technetium-99 and, other than carbon 
tetrachloride, hexavalent chromium had the highest non-cancer hazards. Figures G7-1 and G7-2 
show a comparison between the 90th percentile risks and hazards derived from current site 
groundwater concentrations, and the residual risks and hazards calculated for proposed cleanup 
levels for both the CTUIR and Yakama Nation to assess potential risk reductions from current 
concentrations (total values inclusive of the eight COPCs). Tables G7-1 and G7-2 provide 
summaries of the residual risks and hazards calculated at the proposed cleanup levels. If 
groundwater concentrations were at the proposed cleanup level for carbon tetrachloride, risks 
would be reduced to within EPA’s acceptable range of 10-6 to 10-4 for all evaluated pathways for 
both the CTUIR and Yakama Nation scenarios. However, the CTUIR and Yakama Nation 
non-cancer hazards would remain slightly above 1 for the tap water and produce pathways due to 
hexavalent chromium and TCE. If groundwater concentrations were at the proposed cleanup 
level for technetium-99, risks exceed 10-4 for tap water and produce for both the CTUIR and 
Yakama Nation scenarios, and cancer risks also exceed 10-4 for the Yakama Nation milk 
pathway (due to technetium-99). Also, tritium risks exceed 10-4 for produce for both the CTUIR 
and Yakama Nation scenarios; however, as noted in Section G5.0, tritium risks will be 
acceptable in 150 years due to tritium decay (half-life of 12 years). Detailed proposed cleanup 
level concentration risk and hazards for both scenarios and the eight COPCs are included in 
Attachment G8. Reduction of concentrations of the main risk driver, carbon tetrachloride, to 
proposed cleanup levels clearly would significantly reduce potential Native American risks. Risk 
and hazard reduction for the other groundwater COPCs would likewise be significantly reduced. 

At this point, residual risks for soil COPCs were not calculated because proposed cleanup 
plans for the soil sites are still in progress. As with groundwater, it is anticipated that soil 
concentrations would be lower, at least for the nonradionuclides, and therefore risks would be 
lower in 150 years. Radionuclide concentrations are likely to also be lower depending on the 
final determination of soil remedies and cleanup levels.  
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Figure G7-1. Summary of CTUIR Risks and Hazards for the 90th Percentile and Proposed 
Cleanup Level Groundwater Concentrations. 
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Figure G7-2. Summary of Yakama Nation Risks and Hazards for the 90th Percentile and 
Proposed Cleanup Level Groundwater Concentrations.  
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G8.0 SUMMARY AND CONCLUSIONS 

This section provides a summary of the Native American HHRA that was conducted for selected 
areas in the Hanford Site’s Central Plateau. This risk assessment evaluated potential human 
health risks from exposure to contaminants formerly used at the site that are still present in 
subsurface soil and groundwater. Specifically, this risk assessment addressed contaminants in the 
200-ZP-1 Groundwater OU and at two soil sites, one in the 200-PW-1 OU (216-Z-1A Tile Field) 
and one in the 200-PW-3 OU (216-A-8 Crib). This risk assessment evaluates potential human 
health risks for two Native American populations (the CTUIR and Yakama Nation) who might 
reside in the future in these areas of the Hanford Site’s Central Plateau. 

Previous investigations have identified chlorinated solvents, inorganics, and radionuclides above 
regulatory criteria in groundwater and subsurface soil in the 200 West and East Areas from past 
spills, leaks, and work practices associated with the processing of uranium to make nuclear 
weapons and related activities (e.g., reprocessing of nuclear fuels and storing spent fuels). 
Industrial activities at Hanford have been ongoing since the 1940s and, while the nuclear 
processing activities are no longer occurring, much of the 200 West and 200 East Areas are still 
being used for industrial purposes (e.g., various storage and waste management activities). 

This risk assessment evaluates risks for hypothetical Native American populations under future 
conditions if institutional controls fail and site knowledge is lost (unrestricted land use 
post-2150). The unrestricted land use scenario assumes that exposures to Native Americans 
could occur if soil contamination is present in the top 4.6 m (15 ft) of soil and if groundwater is 
used for domestic purposes, crop irrigation, and watering livestock. The intent of including 
a Native American scenario is to provide information on an unrestricted land use scenario for 
this population to site managers and the public. Cleanup concentration goals and decisions will 
not be based on potential Native American future exposures, consistent with the current 
industrial nature of the site. The site is anticipated to remain industrial with existing institutional 
controls for the foreseeable future.  

The results and conclusions of risk assessment are summarized in the following sections. 

G8.1 DATA EVALUATION 

The first step in an HHRA is an evaluation of the data to select COPCs for human health. For 
groundwater, the 200-ZP-1 RI report (DOE/RL-2006-24) made a preliminary selection of likely 
COPCs after a rigorous and thorough assessment of potential sources, quality of data, and 
a statistical evaluation of the detected contaminants in groundwater. The risk assessment refined 
the RI list using only the last 5 years of data (2001 through 2005) to represent current conditions, 
the TALs for groundwater from the RI, and additional health-based information. Of the RI list 
of 15 possible COCs, the groundwater data evaluation selected 12 COPCs to carry through the 
risk assessment process: 

• Carbon tetrachloride 
• Chloroform 
• Chromium (total) 
• Hexavalent chromium 
• Iodine-129 
• Methylene chloride 
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• Nitrate 
• PCE 
• TCE 
• Technetium-99 
• Tritium 
• Uranium (contaminant toxicity only). 

The risk assessment primarily used the available soil data from the 200-PW-1/3/6 RI report 
(DOE/RL-2006-51) for the representative soil sites, supplemented by additional historical data 
reports. In addition to soil data, soil gas data collected in the vicinity of the 216-Z-1A Tile Field 
were also reviewed to evaluate its suitability for inclusion in the risk assessment. 

Typically, not all contaminants present at a site pose health risks or contribute significantly to 
overall site risks. The EPA guidelines (EPA/540/1-89/002) recommend focusing on a group of 
COPCs based on inherent toxicity, site concentration, and the behavior of the contaminants in 
the environment. To identify these COPCs, health-protective, risk-based screening values are 
compared to site concentrations of detected contaminants to select COPCs for soil. 

Maximum detected concentrations in soil from each of the waste sites were compared to EPA 
Region 6 HHSLs for residential soil and EPA generic residential screening levels for 
radionuclides (EPA/540-R-00-006) to select COPCs in soil. The selected COPCs are as follows: 

Contaminant 
216-Z-1A 
Tile Field 

216-A-8 
Crib 

Americium-241 √  

Carbon-14  √ 

Cesium-137  √ 

Neptunium-237  √ 

Plutonium-239 √ √ 

Plutonium -240 √ √ 

Radium-228  √ 

Technetium-99  √ 

Thallium  √ 

Thorium-228  √ 

G8.2 EXPOSURE ASSESSMENT 

After the COPCs have been selected, the second step in risk assessment is an evaluation of the 
exposure pathways by which humans could encounter contaminants. The exposure assessment 
identifies the populations potentially exposed to contaminants at the site, the means by which 
exposure occurs, and the amount of contaminant received from each exposure medium (i.e., the 
contaminant intake). Only complete exposure pathways are quantitatively evaluated. Complete 
pathways consist of four elements: (1) a source and mechanism of contaminant release, 
(2) a retention or transport medium (e.g., groundwater), (3) a point of potential human contact 
with the affected medium, and (4) a means of entry into the body at the contact point. The CSMs 
(see Figures G3-1 and G3-2) depict the complete pathways for future unrestricted land use and 
indicate which have been selected for quantitative evaluation. Figure G3-1 is a pictorial 
representation of the complete pathways and Figure G3-2 provides a schematic of the complete 
pathways. 
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The risk assessment evaluated risks from exposures to contaminants in groundwater and soil 
and additional exposures via the food chain (i.e., fruits and vegetables, meat, and milk) for 
a hypothetical Native American scenario under future conditions if institutional controls fail and 
site knowledge is lost (unrestricted land use post-2150). While land use is anticipated to remain 
industrial for the foreseeable future, because the majority of the radionuclides present in soil and 
groundwater have very long half-lives, a future Native American population was selected for 
evaluation. At year 2150, it is assumed that someone could excavate a basement for a home and 
spread the excavated soil on the surface, where it would be available for direct exposure by 
future Native Americans. Child and adult future Native American populations were evaluated for 
the following exposures: 

• Direct contact with impacted soil brought to the surface 

• Exposures to groundwater as drinking water  

• Inhalation of water vapor and dermal contact with water in a sweatlodge (inhalation 
evaluated for volatile contaminants only6) 

• Ingestion of homegrown produce cultivated in contaminated soil and irrigated with 
groundwater 

• Ingestion of beef and milk from cattle watered with groundwater and grazing in pastures 
irrigated with groundwater 

• Inhalation of vapors emanating from the subsurface into the ambient air (assessed 
qualitatively because of data quality issues and uncertainties regarding future building 
construction). 

For the quantification of exposures to COPCs in soil, either 95 percent UCL or maximum 
concentrations were used as reasonable maximum EPCs. Impacted groundwater beneath the 
site is widely dispersed and consists of overlapping groundwater plumes (i.e., all the highest 
concentrations or the lowest concentrations do not occur at the same location). Therefore, a range 
of concentrations was selected for EPCs to evaluate “low,” “medium,” and “high” groundwater 
concentrations for the groundwater exposure routes. These EPCs are the 25th, 50th, and 90th 

percentile values for each COPC from the existing groundwater data set. Use of the existing data 
set (rather than modeling future concentrations) likely overestimates future concentrations, 
particularly for tritium and the VOCs. 

G8.3 TOXICITY ASSESSMENT 

The third step in risk assessment is an evaluation of the toxicity of the COPCs by an assessment 
of the relationship between the dose of a contaminant and the occurrence of toxic effects. 
Contaminant toxicity criteria, which are based on this relationship, consider both cancer effects 
and effects other than cancer (non-cancer effects). The toxicity criteria are required in order to 
quantify the potential health risks from the COPCs. Only cancer effects are of concern for the 

                                                 
6 Because of a number of uncertainties, risks from inhalation of non-volatiles in a sweatlodge were not quantified 

but are addressed qualitatively in the uncertainty section, see Section J6.0. A contaminant was considered volatile 
if it met EPA’s working definition of a volatile: a Henry’s law constant greater than 10-5 and a molecular weight 
of less than 200 g. Using this definition, total chromium, hexavalent chromium, nitrate, technetium-99, iodint-129, 
and uranium are not volatile compounds. 
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radionuclides (except for uranium). However, a number of the nonradionuclide COPCs are 
considered toxic for both their potential to induce cancer and to cause non-cancer toxic effects. 

G8.4 RISK CHARACTERIZATION 

The last step in HHRA is a characterization of the health risks. The exposure factors, media 
concentrations, and toxicity criteria are combined to calculate health risks. Health risks are 
calculated differently for contaminants that cause cancer and for contaminants that cause 
non-cancer effects. The calculation of cancer risk assumes that no level of the contaminant is 
without some risk, whereas for contaminants with non-cancer effects, a “threshold” dose exists. 
Risks (for cancer) and hazards (for non-cancer effects) are calculated for an RME scenario for 
each pathway, a calculation that overestimates risks for the majority of the population to ensure 
public health is protected. Cancer risk estimates represent the potential for cancer effects by 
estimating the probability over a lifetime of developing cancer because of site exposures. 
Non-cancer hazards assume there is a level of contaminant intake that is not associated with an 
adverse health effect even in sensitive individuals. Target health goals for carcinogens are 10-4 to 
10-6 (EPA’s acceptable risk range) and target health goals for non-cancer hazards are an HI >1. 

While different methods are used to calculate the dose from radionuclides and nonradionuclides 
(as described in EPA/540/1-89/002), exposure assessment for both nonradionuclide contaminants 
and radionuclides follow the same basic steps. However, in addition to the exposure pathways 
considered for contaminants, external radiation is an important exposure pathway for 
radionuclides in surface soils. The dermal absorption pathway is typically not a significant 
exposure pathway for radionuclides and was not considered in this risk assessment, as discussed 
in Section G3.0. For radionuclide exposures in soil, the EPCs for radionuclides and site-specific 
information were entered into RESRAD Version 6.4 to determine risks. RESRAD is a computer 
model designed to estimate radiation doses and risks from residual radioactive materials 
(ANL/EAD-4). The RESRAD model requires site-specific soil concentrations and other 
site-specific data to estimate radionuclide risk.  

Soil risks were evaluated at two different waste sites, and groundwater risks were evaluated for 
three concentrations for each COPC based on concentration ranges throughout the groundwater 
plumes. Thus, soil risks are waste site specific, and groundwater risks are specific to 
concentration ranges but independent of location. Because a groundwater well could be drilled at 
any location and plume configurations for the 12 groundwater COPCs are complex, this 
approach was selected as providing the best information for risk managers regarding the range of 
possible groundwater risks throughout the site. The soil, groundwater, and food chain pathway 
risks are summarized in the sections below. 

These risks are assumed to occur 150 years in the future; however, current concentrations were 
used to calculate risks and hazards. Although not quantified, future concentration reductions will 
be significant for all contaminants due to the planned groundwater remediation activities. Even 
without remediation, significant concentration reductions will likely occur for the chlorinated 
solvents due to natural degradation processes. Tritium cancer risks are likely to be below target 
health goals in 150 years. Therefore, future risks will be lower than those presented here. 

G8.4.1 Soil Risk Summary 

Impacted soil is covered by at least 1.8 m (6 ft) of unimpacted soil, and regular human contact is 
typically only to the top few centimeters (EPA/540/R-95/128). However, if Native Americans 



DOE/RL-2007-27, REV. 0 

G-133 

disturbed soil in the future at depth at the 216-Z-1A Tile Field or 216-A-8 Crib by excavating 
soil for a home basement, they could come into contact with COPCs. EPA considers a depth of 
4.6 m (15 ft) to be the deepest level at which human contact is likely to occur. Therefore, soil 
risks are based on contamination in the top 4.6 m (15 ft) of soil. Radiological concentrations in 
this depth interval of soil were modeled assuming 150 years of decay before contaminants would 
be excavated. Under that unlikely scenario (existing institutional control programs at Hanford are 
designed to prevent digging in impacted soil), health risks would significantly exceed 10-4 at the 
216-Z-1A Tile Field and 216-A-8 Crib, indicating that radionuclide contamination may be 
a health concern for future Native American populations. Risks from subsurface soil exposures at 
the 216-Z-1A Tile Field were driven by plutonium-239, followed by plutonium-240 and then 
americium-241. Risks from subsurface soil at the 216-A-8 Crib were driven by cesium-137. In 
addition, the non-cancer hazard for ingesting soil containing thallium (the only nonradionuclide 
in soil is at the 216-A-8 Crib) were below 1. However, for ingestion of produce containing 
thallium, the hazard exceeded 1 and may be a health concern for future Native Americans. 
Specifics of the post-2150 unrestricted land use scenario for soil exposure are below: 

• For both the CTUIR and Yakama Nation populations, total direct soil contact risks were 
well above 10-4 for both soil sites: 216-Z-1A Tile Field risks were approximately 1 
(i.e., nearly 100 percent), which is the maximum possible risk (driven by plutonium-239 
ingestion), and 216-A-8 Crib risks were 3 x 10-1 (driven by cesium-137 external 
radiation). 

• The CTUIR and Yakama Nation population risks from ingestion of homegrown produce 
cultivated in contaminated soil were similar to soil, well above 10-4 for both soil sites: 
216-Z-1A Tile Field risks were also approaching the maximum possible (nearly 100 
percent), and risks at 216-A-8 Crib were 3 x 10-2 (Yakama Nation) and 2 x 10-2 (CTUIR).  

• Non-cancer hazards at the 216-A-8 Crib were from ingestion of thallium-containing soil 
and eating thallium-containing produce. Soil ingestion hazards were below 1 for both 
Native American populations and for ingestion of homegrown produce, were above 1, 
with HQs of 30 and 31 for the CTUIR and Yakama Nation, respectively.  

Risks from radionuclide soil exposures were modeled up to 1,000 years in the future to evaluate 
radioactive decay and ingrowth of daughter products. For the 216-Z-1A Tile Field where risks 
are driven by plutonium-239, plutonium-240, and americium-241, cumulative risks at future time 
horizons are not significantly different than current risks because the half-lives of the plutonium 
contaminants are long (cumulative risks at 1,000 years still approach the maximum risk, nearly 
100 percent). However, americium-241 risks do decline significantly over 1,000 years, but at 
1,000 years risks are still above 10-4. At the 216-A-8 Crib where cesium-137 is the risk driver, 
risks are significantly lower at future time horizons because of the relatively short half-life of 
cesium-137 (approximately 30 years), and risks drop below 10-4 approximately 350 years in 
the future. 

G8.4.2 Groundwater Risk Summary 

Institutional controls currently prevent the use of impacted groundwater. However, for the future 
Native American, groundwater exposures are assumed not to occur until at least the year 2150. 
Two of the three radionuclides selected as COPCs in groundwater, technetium-99 and 
iodine-129, have very long half-lives (213,000 and 16 million years, respectively), and future 
concentrations would not be different than current concentrations. However, the third 



DOE/RL-2007-27, REV. 0 

G-134 

radionuclide COPC, tritium, has a short half-life (12 years) and will be at concentrations that are 
below a health concern (<1 x 10-6) within 150 years. Current concentrations of radionuclides and 
nonradionuclides in groundwater were used to access hazard/risk. Specifics of the post-2150 
unrestricted land use scenario for groundwater exposure are below: 

• Both the CTUIR and Yakama Nation risks from exposure to chemicals while drinking 
groundwater exceeded a risk level of 1 x 10-4 for carbon tetrachloride, chloroform, and 
PCE at the 90th percentile concentrations and for carbon tetrachloride at the 50th percentile 
concentrations. Non-cancer hazards are significant for carbon tetrachloride at both the 
90th and 50th percentile concentrations. In addition, hexavalent chromium, nitrate, and 
TCE all have non-cancer hazards above the target goal of 1 at the 90th percentile 
groundwater concentrations. 

• Both the CTUIR and Yakama Nation risks from exposure to current concentrations of 
radionuclides while drinking groundwater were highest for technetium-99 (4 x 10-4), 
followed by tritium at 2 x 10-4 for the 90th percentile concentrations. The 25th and 
50th percentile concentrations were below 1 x 10-4 for radionuclides. 

• Both the CTUIR and Yakama Nation risks from exposure to chemicals during 
sweatlodge use exceeded a risk level of 1 x 10-4 from inhalation of carbon tetrachloride 
at the 90th and 50th percentile concentrations. Non-cancer hazards for the Yakama Nation 
are also significant (HQ >1) for dermal exposures to hexavalent chromium at the 
90th percentile concentrations. Only inhalation of volatile contaminants was evaluated for 
the sweatlodge scenario due to the uncertainties associated with calculating 
concentrations of non-volatiles in the steam of the sweatlodge. Therefore, risks and 
hazards for the sweatlodge pathway could be underestimated. 

• Both the CTUIR and Yakama Nation risks from exposure to radionuclides during 
sweatlodge use at the 90th, 50th, and 25th percentile concentrations were below 1 x 10-4. 
Of the three radionuclide COPCs, only tritium is considered volatile and was 
quantitatively evaluated in the sweatlodge scenario.  

• Both the CTUIR and Yakama Nation risks from ingestion of homegrown produce 
irrigated with chemicals in groundwater exceeded a risk level of 1 x 10-4 for carbon 
tetrachloride and PCE at the 90th percentile concentrations and for carbon tetrachloride at 
the 50th and 25th percentile concentrations. Non-cancer hazards were significant for 
carbon tetrachloride at the 90th, 50th, and 25th percentile concentrations. In addition, 
hexavalent chromium and TCE both had non-cancer hazards above the target goal of 1 at 
the 90th percentile groundwater concentrations. 

• Both the CTUIR and Yakama Nation risks from ingestion of homegrown produce 
irrigated with radionuclides in groundwater were highest for technetium-99 (1 x 10-2), 
followed by tritium at 2 x 10-3 (CTUIR) and 3 x 10-3 (Yakama Nation) each for the 
90th percentile concentrations. The risks for the 50th percentile concentration was 2 x 10-3 
for technetium-99, and the risk for tritium was 2 x 10-4 (CTUIR) and 3 x 10-4 (Yakama 
Nation). The risks for the 25th percentile concentration were 6 x 10-4 for technetium-99 
and below 1 x 10-4 for tritium. 

• Only the Yakama Nation risks from ingestion of milk were above the 1 x 10-4 risk goal at 
6 x 10-4 for technetium-99. No other hazard or risk was above target goals from the 
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ingestion of beef and milk from cattle watered with groundwater and grazing in pastures 
irrigated with groundwater. 

The risk drivers, chemicals or radionuclides above target goals of 1 or 1 x 10-4, associated with 
each exposure pathway for each soil site and for groundwater (90th percentile concentrations) are 
summarized in Table G7-1. 

G8.5 UNCERTAINTIES IN RISK ASSESSMENT 

Estimating and evaluating health risk from exposure to environmental contaminants is a complex 
process with inherent uncertainties. Uncertainty reflects limitations in knowledge, and where 
there is uncertainty, simplifying assumptions must be made to quantify health risks.  

In this assessment, uncertainties relate to the selection of COPCs and the development of 
media concentrations to which humans may be exposed, the assumptions about exposure and 
toxicity, and the characterization of health risks. Uncertainty in the development of media 
concentrations results from the inability to sample every square inch of potentially impacted 
media at a site. Instead, a limited number of samples must be obtained to represent the 
contaminant characteristics of a larger area. The sampling strategies for contaminants in this 
assessment were, in general, designed to prevent underestimation of media concentrations, thus 
avoiding underestimation of the risks to public health. 

There are uncertainties regarding the quantification of health risks in terms of several 
assumptions about exposure and toxicity, including site-specific and general uncertainties, 
particularly for the food chain pathways. Based on the conservative assumptions used because of 
the uncertainty when quantifying exposure and toxicity, the health risks and hazards presented in 
this risk assessment are more likely to overestimate risk. However, for the sweatlodge pathway, 
inhalation risks associated with the sweatlodge scenario may be underestimated by not including 
non-volatile contaminants in groundwater. However, DOE proposes to continue to work with the 
Yakama Nation and CTUIR to better understand the uncertainties associated with the inhalation 
exposure pathway in the sweatlodge scenario and to refine the methods used to estimate potential 
exposures through this pathway. 

Section G6.0 provides a detailed assessment of the uncertainties inherent in the risk assessment 
process, as well as the uncertainties that are specific to this risk assessment. 

G8.6 GROUNDWATER RESIDUAL RISK 

In 150 years, groundwater concentrations are anticipated to be considerably lower than they are 
today due to planned groundwater remediation activities. In order to estimate what potential 
future risks might be for the Native American scenarios if groundwater concentrations met the 
proposed cleanup levels presented in the FS report, calculations of risks and hazards were 
estimated for the following eight COPCs: carbon tetrachloride, chromium (total), hexavalent 
chromium, iodine-129, nitrate, TCE, technetium-99, and tritium. If groundwater concentrations 
were at the proposed cleanup level for carbon tetrachloride, risks would be reduced to within 
EPA’s acceptable range of 10-6 to 10-4 for all evaluated pathways for both the CTUIR and 
Yakama Nation scenarios. However, CTUIR and Yakama Nation non-cancer hazards would 
remain slightly above 1 for the tap water and produce pathways due to hexavalent chromium and 
TCE. If groundwater concentrations were at the proposed cleanup level for technetium-99, risks 
exceed 10-4 for tap water and produce for both the CTUIR and Yakama Nation scenarios, and 
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risks exceed for the Yakama Nation milk pathway. Also, tritium risks exceed 10-4 for produce for 
both the CTUIR and Yakama Nation scenarios; however, as noted in Section G5.0, tritium risks 
will be acceptable in 150 years due to tritium decay (half-life of 12 years). Reduction of 
concentrations of the main risk driver, carbon tetrachloride, to proposed cleanup levels clearly 
would significantly reduce potential Native American risks. Risk and hazard reduction for the 
other COPCs would likewise be significantly reduced. 
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Table G8-1. Summary of Risk Drivers (Above an HI of 1 or a Cancer Risk of 1 x 10-4) 
for Soil and Groundwater (90th Percentile Concentrations). 

Soil Groundwater 

COPC 
Direct 

Contact/Produce 
COPC 

Drinking 
Groundwater 

Sweatlodge Produce Meat Milk 

216-Z-1A Tile Field 
Carbon 
tetrachloride    

 
 

Am-241  Chloroform      

Np-237a  Chromium 
(total) 

     

Pu-239  Hexavalent 
chromium      

Pu-240  Iodine-129      

216-A-8 Crib PCE      

C-14  
Methylene 
chloride 

     

Cs-137  Nitrate      

Np-237  Technetium-99      
Pu-239  TCE      

Pu-240  Tritium      
Ra-228  Uranium      
Tc-99        

Thallium        
Th-228        

NOTES: 

 - cancer risk exceeds 1 x 10-4 

 - HI exceeds 1 

 - cancer risk exceeds 1 x 10-4 and HI exceeds 1 
aNeptunium-237 was not selected as a COPC at 216-Z-1A Tile Field but is a daughter product as a result of americium decay. 

COPC = contaminant of potential concern 
HI = hazard index 
PCE = tetrachloroethylene 
TCE = trichloroethylene 



DOE/RL-2007-27, REV. 0 

G-138 

This page intentionally left blank. 



DOE/RL-2007-27, REV. 0 

G-139 

G9.0 REFERENCES 

10 CFR 20, “Standards for Protection Against Radiation,” Subpart E, “Radiological Criteria for 
License Termination” (20.1401-1406), Code of Federal Regulations. Available at: 
http://www.access.gpo.gov/nara/cfr/waisidx_09/10cfr20_09.html. 

40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of 
Federal Regulations. Available at: 
http://www.access.gpo.gov/nara/cfr/waisidx_09/40cfr300_09.html. 

71 FR 10100, “Occupational Exposure to Hexavalent Chromium,” Federal Register, Vol. 71, No. 39, 
pp. 10100-10385, February 28, 2006. 

ACS, 2001, Cancer Facts and Figures – 2001, American Cancer Society, Atlanta, Georgia. 

ADEC, 2005, Draft Risk Assessment Procedures Manual, Alaska Department of Environmental 
Conservation, Juneau, Alaska. 

AFIERA, 2001, Critique of the U.S. Environmental Protection Agency’s Draft Trichloroethylene 
Health Risk Assessment (EPA/600/P-01/002A), dated December 2001, Air Force Institute 
for Environment, Safety, and Occupational Health Risk Analysis, Brooks Air Force Base, 
Texas. 

ANL/EAD-4, 2001, User’s Manual for RESRAD Version 6, Environmental Assessment 
Division, Argonne National Laboratory, Argonne, Illinois. Available at: 
http://web.ead.anl.gov/resrad/documents/resrad6.pdf. 

ANL, 2005, Human Health Fact Sheet for Chromium, dated August 2005, Argonne National 
Laboratory, Argonne, Illinois. 

BRER-K-97-01-A, 1990, Health Effects of Exposure to Low Levels of Ionizing Radiation, 
Committee on the Biological Effects of Ionizing Radiation (BEIR V), National Academy 
of Sciences, Washington, D.C. 

Clay, Don R., 1991, “Role of Baseline Risk Assessment in Superfund Remedy Selection Decisions” 
(memorandum to Regions I – X Directors), OSWER Directive 9355.0-30, Office of Solid 
Waste and Emergency Response, U.S. Environmental Protection Agency, Washington, D.C., 
April 22. Available at: http://www.epa.gov/oswer/riskassessment/pdf/baseline.pdf. 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 103, 
et seq. Available at: http://uscode.house.gov/download/pls/42C103.txt. 

Cook, Michael B., 2003, “Human Health Toxicity Values in Superfund Risk Assessments” 
(memorandum to Superfund National Policy Managers, Regions 1 – 10), OSWER Directive 
9285.7-53, Office of Superfund Remediation and Technology Innovation, Office of Solid 
Waste and Emergency Response, U.S. Environmental Protection Agency, Washington, D.C., 
December 5. Available at: http://www.epa.gov/oswer/riskassessment/pdf/hhmemo.pdf. 

CP-16151, 2007, Data Quality Objectives Summary Report Supporting the 200-ZP-1 Operable 
Unit Remedial Investigation/Feasibility Study Process, Rev. 0, Fluor Hanford, Inc., 
Richland, Washington. 



DOE/RL-2007-27, REV. 0 

G-140 

DOE-HDBK-3010-94, 1994, Airborne Release Fractions/Rates and Respirable Fractions for 
Nonreactor Nuclear Facilities. Volume 1 – Analysis of Experimental Data, 
U.S. Department of Energy, Washington, D.C. 

DOE/RL-91-45, 1995, Hanford Site Risk Assessment Methodology, Rev. 3, U.S. Department of 
Energy, Richland Operations Office, Richland, Washington. Available at: 
http://www5.hanford.gov/arpir/?content=findpage&AKey=D196012950. 

DOE/RL-92-24, 2001, Hanford Site Background: Part 1, Soil Background for Nonradioactive 
Analytes, Rev. 4, 2 vols., U.S. Department of Energy, Richland Operations Office, 
Richland, Washington. Available at: 
http://www2.hanford.gov/arpir/?content=findpage&AKey=0096062. 
http://www2.hanford.gov/arpir/?content=findpage&AKey=0096061. 

DOE/RL-96-12, 1996, Hanford Site Background: Part 2, Soil Background for Radionuclides, 
Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
Available at: http://www2.hanford.gov/arpir/?content=findpage&AKey=D1808987. 

DOE/RL-96-61, 1997, Hanford Site Background: Part 3, Groundwater Background, Rev. 0, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
Available at: http://www5.hanford.gov/arpir/?content=findpage&AKey=D197226378. 

DOE/RL-2003-55, 2004, Remedial Investigation/Feasibility Study Work Plan for 200-ZP-1 
Groundwater Operable Unit, Hanford, Rev. 0, U.S. Department of Energy, Richland 
Operations Office, Richland, Washington. Available at: 
http://www5.hanford.gov/arpir/?content=findpage&AKey=D6195023. 

DOE/RL-2006-24, 2006, Remedial Investigation Report for 200-ZP-1 Groundwater Operable 
Unit, Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland, 
Washington. 

DOE/RL-2006-51, 2007, Remedial Investigation Report for the Plutonium/Organic-Rich Process 
Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, 
and 200-PW-6 Operable Units, Rev. 0, U.S. Department of Energy, Richland Operations 
Office, Richland, Washington. Available at: 
http://www2.hanford.gov/arpir/?content=findpage&AKey=DA05807591. 
http://www2.hanford.gov/arpir/?content=findpage&AKey=DA05807868. 
http://www2.hanford.gov/arpir/?content=findpage&AKey=0805130070. 
http://www2.hanford.gov/arpir/?content=findpage&AKey=0805130071. 
http://www2.hanford.gov/arpir/?content=findpage&AKey=DA05807588. 

DOE/RL-2006-58, 2006, Carbon Tetrachloride Dense Non-Aqueous Phase Liquid (DNAPL) 
Source Term Interim Characterization Report, Rev. 0, U.S. Department of Energy, 
Richland Operations Office, Richland, Washington. Available at: 
http://www5.hanford.gov/arpir/?content=findpage&AKey=DA04193109. 

DOE/RL-2007-21, 2007, Risk Assessment Report for the 100 Area and 300 Area Component of 
the River Corridor Baseline Risk Assessment, Draft A, U.S. Department of Energy, 
Richland Operations Office, Richland, Washington. Available at: 
http://www5.hanford.gov/arpir/?content=findpage&AKey=0811240459. 
http://www5.hanford.gov/arpir/?content=findpage&AKey=0811240460. 
http://www5.hanford.gov/arpir/?content=findpage&AKey=0811240461. 



DOE/RL-2007-27, REV. 0 

G-141 

DOE/RL-2008-01, 2008, Hanford Site Groundwater Monitoring for Fiscal Year 2007, Rev. 0, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
Available at: http://www5.hanford.gov/arpir/?content=findpage&AKey=00098824. 

EPA, 1998, Toxicological Review of Hexavalent Chromium in Support of Summary Information 
on the Integrated Risk Information System (IRIS), U.S. Environmental Protection 
Agency, Washington, D.C. 

EPA, 2001, Health Effects Assessment Summary Tables database, “April 16, 2001 Update: 
Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope 
Factors,” Office of Radiation and Indoor Air, U.S. Environmental Protection Agency, 
Washington, D.C. Available at: http://www.epa.gov/radiation/heast/index.html. 

EPA, 2005, EPA Region III Risk-Based Concentration Tables, April 2005 Update, 
U.S. Environmental Protection Agency, Office of RCRA Technical Program and Support 
Branch, Washington, D.C. Available at: www.epa.gov/reg3hwmd/risk/human/index.htm. 

EPA, 2008, Integrated Risk Information System (IRIS) Online Database, U.S. Environmental 
Protection Agency, Washington, D.C. Accessed in January and February 2008 at: 
http://www.epa.gov/iris/index.html. 

EPA 402-R-99-001, 1999, Cancer Risk Coefficients for Environmental Exposure to 
Radionuclides, Federal Guidance Report No. 13, Office of Radiation and Indoor Air, 
U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://www.epa.gov/radiation/docs/federal/402-r-99-001.pdf. 

EPA 530-F-02-052, 2002, Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air 
Pathway from Groundwater and Soils, U.S. Environmental Protection Agency, 
Washington, D.C. 

EPA/540/1-89/002, 1989, Risk Assessment Guidance for Superfund Volume 1 Human Health 
Evaluation Manual (Part A): Interim Final, U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response, Washington, D.C. Available at: 
http://epa.gov/swerrims/riskassessment/ragsa/pdf/rags-vol1-pta_complete.pdf. 

EPA/540-R-00-006, 2000, Soil Screening Guidance for Radionuclides: Technical Background 
Document, OSWER Publication 9355.4-16, Office of Radiation and Indoor Air, Office of 
Solid Waste and Emergency Response, U.S. Environmental Protection Agency, 
Washington, D.C. Available at: 
http://www.epa.gov/superfund/health/contaminants/radiation/pdfs/sstbd.pdf. 

EPA/540/R-95/128, 1996, Soil Screening Guidance: Technical Background Document, OSWER 
Publication 9355.4-17A, Office of Solid Waste and Emergency Response, 
U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://www.epa.gov/superfund/health/conmedia/soil/toc.htm. 

EPA 540-R-97-036, 2001, Health Effects Assessment Summary Tables: FY 1997 Update, April 
16, 2001 Update: Radionuclide Toxicity (update of former Table 4), Office of Emergency 
and Remedial Response, U.S. Environmental Protection Agency, Washington, D.C. 
Available at: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877. 



DOE/RL-2007-27, REV. 0 

G-142 

EPA/540/R/99/005, 2004, Risk Assessment Guidance for Superfund Volume I: Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final, 
OSWER 9285.7-02EP, Office of Superfund Remediation and Technology Innovation, 
U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://www.semarnat.gob.mx/gestionambiental/Materiales%20y%20Actividades%20Ries
gosas/sitioscontaminados/EPA/F-%20RAGS-E-Manual.pdf. 

EPA-600/8-83-014F, 1984, Health Assessment Document for Chromium: Final Report, 
Environmental Criteria and Assessment Office, U.S. Environmental Protection Agency, 
Research Triangle Park, North Carolina. Available at: 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=44550. 

EPA/600/P-01/002A, 2001, Trichloroethylene Health Risk Assessment: Synthesis and 
Characterization, External Review Preliminary Draft, U.S. Environmental Protection 
Agency, Washington, D.C. Available at: 
http://cfpub.epa.gov/ncea/CFM/recordisplay.cfm?deid=23249. 

EPA/600/P-92/003C, 1996, Proposed Guidelines for Carcinogen Risk Assessment, Office of 
Research and Development, U.S. Environmental Protection Agency, Washington, D.C. 
Available at: http://www.epa.gov/raf/publications/pdfs/propcra_1996.pdf. 

EPA 600/P-95-002Fa, 1997, Exposure Factors Handbook Volume 1: General Factors, Office of 
Research and Development, U.S. Environmental Protection Agency, Washington, D.C. 
Available at: http://www.epa.gov/agriculture/arisk.html. 

EPA/600/R-04/079, 2004, ProUCL Version 3.0 User Guide, Office of Research and 
Development, U.S. Environmental Protection Agency, Washington, D.C. 

EPA/600/R-07/038, 2007, ProUCL Version 4.0 User Guide, Office of Research and 
Development, U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://www.epa.gov/esd/tsc/images/proucl4user.pdf. 

EPA/600/R-05/062F, 2007, Analysis of Total Food Intake and Composition of Individual’s Diet 
Based on USDA’s 1994-1996, 1998 Continuing Survey of Food Intake by Individuals 
(CSFII), U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=132173. 

EPA/630/P-02/002F, 2002, A Review of the Reference Dose and Reference Concentration 
Processes, Final Report, Risk Assessment Forum, U.S. Environmental Protection 
Agency, Washington, D.C. Available at: 
http://www.epa.gov/NCEA/iris/RFD_FINAL1.pdf. 

EPA/630/P-03/001F, 2005, Guidelines for Carcinogen Risk Assessment, Risk Assessment 
Forum, U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=116283. 

EPA 910/R-98-001, 1998, EPA Region 10 Interim Final Guidance: Developing Risk-Based 
Cleanup Levels at Resource Conservation and Recovery Act Sites in Region 10, 
U.S. Environmental Protection Agency, Washington, D.C. 



DOE/RL-2007-27, REV. 0 

G-143 

EPA, 2006, EPA Region 6 Human Health Medium-Specific Screening Levels 2007 and 
Supplemental Information, December 14, U.S. Environmental Protection Agency, Region 
6, Dallas, Texas. 

EPA, 2004, “Region 9 PRG Table,” October 2004 Update, including supplemental information, 
U.S. Environmental Protection Agency, Region 9, San Francisco, California. Available 
at: http://www.epa.gov/region09/superfund/prg/. 

Habicht, F. Henry II, 1992, “Guidance on Risk Characterization for Risk Managers and Risk 
Assessors” (memorandum to Assistant Administrators, Regional Administrators), with 
attachment, Guidance for Risk Assessment, Office of the Administrator, U.S. 
Environmental Protection Agency, Washington, D.C., February 26. Available at: 
http://www.epa.gov/oswer/riskassessment/habicht.htm. 

Harris, S., and B. Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways, 
Confederated Tribes of the Umatilla Indian Reservation, Department of Science and 
Engineering, Pendleton, Oregon. 

Hewitt, Alan D., 1994, “Dynamic Study of Common Well Screen Materials,” in Ground Water 
Monitoring Review, Winter, pp. 87–94. Available at: 
http://info.ngwa.org/GWOL/pdf/940259712.PDF. 

HNF-SD-WM-TI-707, 2004, Exposure Scenarios and Unit Dose Factors for the Hanford Tank 
Waste Performance Assessment, Rev. 4, CH2M HILL Hanford Group, Inc., Richland 
Washington. 

LANL, 2006, Laboratory Receive Latest Data on Chromium in Regional Aquifer, Los Alamos 
National Laboratory, Los Alamos, New Mexico, March 17. Available at: 
www.lanl.gov/news/index.php/fuseaction/home.story/story_id/8097. 

Luftig, Stephen D. and Stephen D. Page, 1999, “Distribution of OSWER Radiation Risk 
Assessment Q&A’s Final Guidance” (memorandum to Addressees), Office of Emergency 
and Remedial Response and Office of Radiation and Indoor Air, U.S. Environmental 
Protection Agency, Washington, D.C., December 17. Available at: 
http://epa.gov/superfund/health/contaminants/radiation/pdfs/riskqa.pdf. 

NCRP Report No. 126, 1997, Uncertainties in Fatal Cancer Risk Estimates Used in Radiation 
Protection, National Council on Radiation Protection and Measurements, Bethesda, 
Maryland. 

NTP, 2005, Report on Carcinogens, 11th edition, U.S. Department of Health and Human 
Services, National Toxicology Program, Research Triangle Park, North Carolina. 
Available at: http://ntp.niehs.nih.gov/index.cfm?objectid=32BA9724-F1F6-975E-
7FCE50709CB4C932. 

ODEQ, 2000, Final Guidance for Conduct of Deterministic Human Health Risk Assessments, 
Oregon State Department of Environmental Quality, Portland, Oregon. 

OEHHA, 1999, Public Health Goal for Trichloroethylene in Drinking Water, Office of 
Environmental Health Hazard Assessment, California Environmental Protection Agency, 
Sacramento, California. Available at: http://www.clu-
in.org/download/contaminantfocus/dnapl/Toxicology/Caltce_f.pdf. 



DOE/RL-2007-27, REV. 0 

G-144 

OEHHA, 2002, Air Toxics Hot Spots Program Risk Assessment Guidelines: Part II Technical 
Support Document for Describing Available Cancer Potency Factors, Office of 
Environmental Health Hazard Assessment, California Environmental Protection Agency, 
Sacramento, California. Available at: 
http://www.oehha.ca.gov/air/hot_spots/pdf/TSDNov2002.pdf. 

OSWER 9285.6-10, 2002, Calculating Upper Confidence Limits for Exposure Point 
Concentrations at Hazardous Waste Sites, Office of Emergency and Remedial Response, 
U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://epa.gov/oswer/riskassessment/pdf/ucl.pdf. 

OSWER 9355.4-24, 2002, Supplemental Guidance for Developing Soil Screening Levels for 
Superfund Sites, Office of Solid Waste and Emergency Response, U.S. Environmental 
Protection Agency, Washington, D.C. Available at: 
http://www.epa.gov/superfund/health/conmedia/soil/index.htm. 

OSWER Directive 9285.6-03, 1991, Risk Assessment Guidance for Superfund Volume 1: Human 
Health Evaluation Manual Supplemental Guidance “Standard Default Exposure 
Factors” Interim Final, Office of Emergency and Remedial Response, Toxics Integration 
Branch, U.S. Environmental Agency, Washington, D.C. Available at: 
http://www.epa.gov/oswer/riskassessment/pdf/OSWERdirective9285.6-03.pdf. 

OSWER Publication 9285.7-081, 1992, Supplemental Guidance to RAGS: Calculating the 
Concentration Term, Office of Solid Waste and Emergency Response, 
U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://www.deq.state.or.us/lq/pubs/forms/tanks/UCLsEPASupGuidance.pdf. 

PNNL-15892, 2006, Hanford Site Environmental Report for Calendar Year 2005, Pacific 
Northwest National Laboratory, Richland, Washington. Available at: 
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-15892.pdf. 

RHO-RE-EV-46P, 1984, 216-2-8 French Drain Study, Rockwell Hanford Operations, Richland, 
Washington. 

Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment, prepared for 
the Yakama Nation, Ridolfi Inc., Richland, Washington. Available at: 
http://www5.hanford.gov/arpir/?content=findpage&AKey=DA06587583. 

Stifelman, M., 2008, “Memorandum re: Comments on Yakama Nation Exposure Scenario for 
Hanford Risk Assessment” (dated September 27, 2007), Office of Environmental 
Assessment, U.S. Environmental Protection Agency, Washington, D.C., January 3. 

WAC 173-340, “Model Toxics Control Act – Cleanup,” Washington Administrative Code, 
Olympia, Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-
340. 



DOE/RL-2007-27, REV. 0 

G-145 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 

 

ATTACHMENT 1 

PROUCL OUTPUTS FOR CONTAMINANTS 
OF POTENTIAL CONCERN IN SOIL 
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APPENDIX G 

 

ATTACHMENT 1 

TABLE OF CONTENTS 

 
216-Z-1A TILE FIELD 

 Table 1-1 ProUCL Output Summary for 216-Z-1A Tile Field – Tribal Concentration in 
Waste 
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Date File    Variable: Am-241 0to15  
 
        Raw Statistics       Normal Distribution Test    
Number of Valid Samples 17 Shapiro-Wilk Test Statistic      0.517712 
Number of Unique Samples 17 Shapiro-Wilk 5% Critical Value     0.892 
Minimum 0 Data not normal at 5% significance level  
Maximum 5180000                                       
Mean 596009.2 95% UCL (Assuming Normal Distribution) 
Median 14500 Student's-t UCL                1169712 
Standard Deviation 1354866  
Variance 1.84E+12      
Coefficient of Variation 2.27323      
Skewness  2.916279      
      
   Gamma Statistics Not Available         
     
     
   Lognormal Statistics Not Available         
  
    95% Non-parametric UCLs 
    CLT UCL                    1136513 
    Adj-CLT UCL (Adjusted for skewness) 1384859 
    Mod-t UCL (Adjusted for skewness) 1208449 
    Jackknife UCL                 1169712 
    Standard Bootstrap UCL         1115963 
    Bootstrap-t UCL                2711884 
        RECOMMENDATION           Hall's Bootstrap UCL          3256298 
     Data are Non-parametric (0.05)         Percentile Bootstrap UCL        1197557 
                             BCA Bootstrap UCL           1374380 
   Use 95% Chebyshev (Mean, Sd) UCL             95% Chebyshev (Mean, Sd) UCL   2028358 
    97.5% Chebyshev (Mean, Sd) UCL  2648136 
    99% Chebyshev (Mean, Sd) UCL 3865571 
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Data File 

Z:\Hanford\Soil Data\Z_1A\ 
Copy of SoiltoLoadZ-
1A_NBR_02.20.06- hak.xls Variable: Pu-239-240  

 
Raw Statistics   Normal Distribution Test    
Number of Valid 
Samples  17 Shapiro-Wilk Test Statistic      0.557117 
Number of Unique 
Samples 17 Shapiro-Wilk 5% Critical Value     0.892 
Minimum -0.185 Data not normal at 5% significance level  
Maximum 38200000                                       
Mean 4838800 95% UCL (Assuming Normal Distribution) 
Median 305000 Student's-t UCL                9112648 
Standard Deviation 10093187                                       
Variance 1.02E+14      
Coefficient of 
Variation 2.085886      
Skewness 2.762745      
      
   Gamma Statistics Not Available      
     
                                          
   Lognormal Statistics Not Available      
                                       
    95% Non-parametric UCLs 
    CLT UCL                    8865331 
    Adj-CLT UCL (Adjusted for skewness) 10618003 
    Mod-t UCL (Adjusted for skewness) 9386030 
    Jackknife UCL  9112648 
    Standard Bootstrap UCL         8892804 
    Bootstrap-t UCL                18764160 
        RECOMMENDATION           Hall's Bootstrap UCL          25118717 
     Data are Non-parametric (0.05)         Percentile Bootstrap UCL        9089027 
                             BCA Bootstrap UCL           10787012 
   Use 95% Chebyshev (Mean, Sd) UCL                 95% Chebyshev (Mean, Sd) UCL   15509199 
    97.5% Chebyshev (Mean, Sd) UCL  20126289 
    99% Chebyshev (Mean, Sd) UCL 29195668 
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APPENDIX G 

 

ATTACHMENT 2 

CWASTE DETAILS AND EXPOSURE POINT 
CONCENTRATION CALCULATIONS FOR UMATILLA AND  

YAKAMA NATION SCENARIOS 



DOE/RL-2007-27, REV. 0 

G-152 

 

This page intentionally left blank. 



  

DOE/RL-2007-27, REV. 0 

G-153 

A
tt

ac
hm

en
t 2

-1
. E

xp
os

ur
e 

P
oi

nt
 C

on
ce

nt
ra

ti
on

 C
al

cu
la

ti
on

s 
fo

r 
U

m
at

il
la

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

2 
sh

ee
ts

) 

B
as

em
en

t 
E

xc
av

at
io

n
 

 
 

 
 

 
 

S
it

e 
N

am
e 

C
Z

th
ic

k
 (

m
) 

C
Z

ar
ea

 (
m

2 ) 
V

ex
ca

  
(m

3 ) 
L

en
gt

h
 (

m
) 

W
id

th
 (

m
) 

H
ei

gh
t 

(m
) 

C
ha

ng
e 

in
 D

en
si

ty

21
6-

Z
-1

A
 T

il
e 

F
ie

ld
/ 

21
6-

A
-8

 C
ri

b 
0.

17
 

1,
50

0 
26

1 
5 

10
 

4.
6 

1.
13

 

 
 

 
 

 
 

 
 

V
ex

ca
v 

=
 l 

x 
w

 x
 h

 x
 (

D
in

it
ia

l/
D

fi
na

l)
 

  
  

D
fi

na
l =

 d
en

si
ty

 o
f 

ex
ca

va
te

d 
so

il
 o

n 
su

rf
ac

e 
(1

.5
 k

g/
L

) 
 

  
 

 
 

D
in

it
ia

l =
 d

en
si

ty
 o

f 
un

di
st

ur
be

d 
so

il
 (

1.
7 

kg
/L

) 
 

V
ex

ca
v 

=
 v

ol
um

e 
of

 e
xc

av
at

ed
 s

oi
l f

or
 a

 b
as

em
en

t (
m

3 ) 
l =

 le
ng

th
 (

5 
m

) 
pg

 7
 o

f t
an

k 
re

po
rt

 R
it

tm
an

, P
.D

. (
20

04
) 

 
h 

=
 h

ei
gh

t (
4.

6 
m

) 
  

  
w

 =
 w

id
th

 (
10

 m
) 

 
  

  
  

 

 
 

 
 

 
 

 
 

C
Z

th
ic

k 
=

 V
ex

ca
v/

C
Z

ar
ea

 
  

  
 

 
 

 
  

 
 

  
 

 
 

 
C

Z
th

ic
k 

=
 th

ic
kn

es
s 

of
 c

on
ta

m
in

at
io

n 
sp

re
ad

 o
ve

r 
co

nt
am

in
at

io
n 

zo
ne

 a
re

a 
(m

) 
 

 
 

 
V

ex
ca

v 
=

 v
ol

um
e 

of
 e

xc
av

at
ed

 s
oi

l f
or

 a
 b

as
em

en
t (

m
3 ) 

 
  

 
 

 
C

Z
ar

ea
 =

 c
on

ta
m

in
at

ed
 z

on
e 

ar
ea

 (
m

2 ) 
 

 
  

 
 

 
  

  
  

  
 

 
 

 
 

 
 

 
 

 
 

 
D

il
u

ti
on

 o
f 

C
on

ta
m

in
at

io
n

 f
ro

m
 E

xc
av

at
io

n
 

 
 

 
 

 
 

S
it

e 
N

am
e 

C
on

ta
m

in
at

ed
 %

 
B

ac
k

gr
ou

n
d

 %
 

L
w

as
te

 (
ft

) 
L

fi
ll

 (
ft

 b
gs

) 
L

ex
av

 (
ft

 b
gs

) 
 

 

21
6-

Z
-1

A
 T

il
e 

F
ie

ld
 

0.
6 

0.
4 

9 
6 

15
 

 
 

21
6-

A
-8

 C
ri

b 
0.

33
 

0.
67

 
5 

10
 

15
 

 
 

 
 

 
 

 
 

 
 

C
lo

ca
l =

 (
L

ba
ck

/L
ex

av
 x

 C
ba

ck
) 

+
 (

L
w

as
te

/L
ex

av
 x

 C
w

as
te

) 
  

 
 

 
 

C
lo

ca
l –

 c
on

ce
nt

ra
ti

on
 o

f 
lo

ca
l s

it
e 

su
rf

ac
e 

so
il

 p
os

t e
xc

av
at

io
n 

an
d 

sp
re

ad
 o

ve
r 

1,
50

0 
m

2  
 

 
 

 
L

ba
ck

 –
 d

ep
th

 th
ic

kn
es

s 
fr

om
 g

ro
un

d 
su

rf
ac

e 
to

 to
p 

of
 c

on
ta

m
in

at
ed

 s
oi

l (
co

nc
en

tr
at

io
ns

 a
ss

um
ed

 a
t 

ba
ck

gr
ou

nd
) 

 
 

 
 

L
ex

av
 –

 d
ep

th
 o

f 
ba

se
m

en
t e

xc
av

at
io

n 
fr

om
 g

ro
un

d 
su

rf
ac

e 
  

 
 

 
 

C
ba

ck
 –

 b
ac

kg
ro

un
d 

va
lu

es
 ta

ke
n 

fr
om

 D
O

E
/R

L
-9

6-
12

 
  

 
 

 
 

L
w

as
te

 –
 c

on
ta

m
in

at
ed

 d
ep

th
 th

ic
kn

es
s 

  
 

 
 

 

C
w

as
te

 –
 c

on
ce

nt
ra

ti
on

 o
f 

w
as

te
 u

si
ng

 a
va

il
ab

le
 d

at
a 

  
 

 
 

 



  

DOE/RL-2007-27, REV. 0 

G-154 

 

A
tt

ac
hm

en
t 2

-1
. E

xp
os

ur
e 

P
oi

nt
 C

on
ce

nt
ra

ti
on

 C
al

cu
la

ti
on

s 
fo

r 
U

m
at

il
la

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

2 
sh

ee
ts

) 

E
xp

os
u

re
 P

oi
n

t 
C

on
ce

nt
ra

ti
on

 C
al

cu
la

ti
on

s 
  

  
  

 

S
it

e 
N

am
e 

C
h

em
ic

al
 

N
am

e 
C

w
as

te
 -

 N
ow

 
(p

C
i/g

 o
r 

m
g/

k
g)

 

N
ot

e 
C

on
ce

rn
in

g 
C

w
as

te
 -

 N
ow

 
D

er
iv

at
io

n
 

F
ro

m
 R

E
SR

A
D

 
C

w
as

te
 -

 1
50

 
ye

ar
s 

(p
C

i/g
 o

r 
m

g/
k

g)
 

 

B
ac

kg
ro

u
n

d 

U
m

at
ill

a/
 

Y
ak

am
a 

N
at

io
n

 E
P

C
C

lo
ca

l -
 1

50
 y

ea
rs

 
(p

C
i/g

 o
r 

m
g/

k
g)

 

21
6-

Z
-1

A
 T

il
e 

F
ie

ld
 

  

A
m

er
ic

iu
m

-2
41

 
2,

02
8,

35
8 

95
%

 C
he

by
ch

ev
 (

M
ea

n,
 S

d)
 U

C
L

 
1,

56
9,

00
0 

N
E

 
94

1,
40

0 

N
ep

tu
ni

um
-2

37
 

--
 

--
 

86
 

N
E

 
52

 

  
P

lu
to

ni
um

-2
39

/2
40

 
15

,5
09

,1
99

 
95

%
 C

he
by

ch
ev

 (
M

ea
n,

 S
d)

 U
C

L
 

--
 

0.
02

48
 

--
 

  
P

lu
to

ni
um

-2
39

* 
12

,6
37

,1
25

 
--

 
12

,9
40

,0
00

 
0.

02
02

 
7,

76
4,

00
0 

  
P

lu
to

ni
um

-2
40

* 
2,

87
2,

07
4 

--
 

2,
85

4,
00

0 
0.

00
46

 
1,

71
2,

40
0 

  
U

ra
ni

um
-2

35
 

--
 

--
 

1.
9 

0.
10

9 
1.

19
 

  
U

ra
ni

um
-2

36
 

--
 

--
 

12
.8

 
1.

06
 

8.
1 

21
6-

A
-8

 C
ri

b 
C

ar
bo

n-
14

 
81

 
M

ax
im

um
 (

19
 to

 2
1.

5 
ft

 b
gs

) 
3.

8E
-2

3 
N

E
 

1.
3E

-2
3 

  
C

es
iu

m
-1

37
 

87
7,

00
0 

M
ax

im
um

 (
19

 to
 2

1.
5 

ft
 b

gs
) 

27
,4

10
 

1.
05

 
9,

13
7 

  
N

ep
tu

ni
um

-2
37

 
3.

5 
M

ax
im

um
 (

19
 to

 2
1.

5 
ft

 b
gs

) 
3.

5 
N

E
 

1.
2 

  
P

lu
to

ni
um

-2
39

/2
40

 
56

 
M

ax
im

um
 (

19
 to

 2
1.

5 
ft

 b
gs

) 
--

 
0.

02
48

 
--

 

  
P

lu
to

ni
um

-2
39

* 
45

 
M

ax
im

um
 (

19
 to

 2
1.

5 
ft

 b
gs

) 
45

 
0.

02
02

 
15

 

  
P

lu
to

ni
um

-2
40

* 
10

 
M

ax
im

um
 (

19
 to

 2
1.

5 
ft

 b
gs

) 
10

 
0.

00
46

 
3.

4 

  
R

ad
iu

m
-2

28
 

1.
1 

M
ax

im
um

 (
22

.5
 to

 2
5 

ft
 b

gs
) 

1.
5E

-0
8 

N
E

 
5.

1E
-0

9 

  
T

ec
hn

et
iu

m
-9

9 
80

 
M

ax
im

um
 (

19
 to

 2
1.

5 
ft

 b
gs

) 
26

 
N

E
 

8.
6 

  
T

ha
ll

iu
m

 
2.

5 
M

ax
im

um
 (

19
 to

 2
1.

5 
ft

 b
gs

) 
--

 
N

E
 

0.
83

 

  
T

ho
ri

um
-2

28
 

0.
70

 
M

ax
im

um
 (

22
.5

 to
 2

5 
ft

 b
gs

) 
2.

3E
-0

8 
N

E
 

7.
7E

-0
9 

* 
R

at
io

 o
f 

4.
4:

1 
(P

u 
23

9:
Pu

 2
40

).
 

 



DOE/RL-2007-27, REV. 0 

G-155 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 

 

ATTACHMENT 3 

RESRAD INPUT PARAMETERS AND VALUES FOR CTUIR AND  
YAKAMA NATION SCENARIOS 



DOE/RL-2007-27, REV. 0 

G-156 

 
 

 

This page intentionally left blank.



DOE/RL-2007-27, REV. 0 

G-157 

APPENDIX G 

 

ATTACHMENT 3 

TABLE OF CONTENTS 

 
 Table 3-1 RESRAD Key Input Parameters and Values for CTUIR and Yakama Nation 

Scenarios 



DOE/RL-2007-27, REV. 0 

G-158 

 

This page intentionally left blank. 



  

DOE/RL-2007-27, REV. 0 

G-159 

T
ab

le
 3

-1
. R

E
S

R
A

D
 K

ey
 I

np
ut

 P
ar

am
et

er
s 

an
d 

V
al

ue
s 

fo
r 

C
T

U
IR

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

6 
sh

ee
ts

) 
R

E
S

R
A

D
 v

 6
.4

; 
P

at
h

w
ay

s 
=

 p
la

n
t a

n
d 

so
il

 in
ge

st
io

n
, e

xt
er

n
al

 r
ad

ia
ti

on
, i

n
h

al
at

io
n

 o
f 

pa
rt

ic
u

la
te

s,
 a

n
d 

in
h

al
at

io
n

 o
f 

ra
do

n
 

 
U

n
it

s 
C

T
U

IR
 

V
al

u
e 

Y
ak

am
a 

N
at

io
n 

V
al

u
e 

C
om

m
en

ts
 

S
oi

l C
on

ce
n

tr
at

io
n

s 
 

 
 

B
as

ic
 R

ad
ia

ti
on

 D
os

e 
L

im
it

 
m

re
m

/y
r 

15
 

40
 C

F
R

 P
ar

t 1
41

; O
S

W
E

R
 D

ir
ec

ti
ve

 9
20

0.
4-

31
P

 
N

um
be

r 
of

 n
uc

li
de

s 
  

va
ri

es
 

D
ep

en
ds

 o
n 

th
e 

si
te

 

N
uc

li
de

 (
#1

) 
  

va
ri

es
 

  
D

ep
en

ds
 o

n 
th

e 
si

te
 

N
uc

li
de

 (
#1

) 
C

on
ce

nt
ra

ti
on

 
pC

i/
g 

  
S

it
e-

sp
ec

if
ic

 c
on

ce
nt

ra
ti

on
 s

et
 m

an
ua

ll
y 

   
T

ra
ns

po
rt

 F
ac

to
rs

 (
fo

r 
nu

cl
id

e 
#1

):
 

 -
--

--
 

 -
--

--
 

  
 -

--
--

 
   

C
on

ta
m

in
at

ed
 Z

on
e 

D
is

tr
ib

ut
io

n 
C

oe
ff

ic
ie

nt
 

cm
3 /g

 
va

ri
es

 
ch

em
ic

al
-s

pe
ci

fi
c 

   
S

at
ur

at
ed

 Z
on

e 
D

is
tr

ib
ut

io
n 

C
oe

ff
ic

ie
nt

 
cm

3 /g
 

va
ri

es
 

ch
em

ic
al

-s
pe

ci
fi

c 
   

N
u

m
be

r 
of

 U
n

sa
tu

ra
te

d 
Z

on
es

 =
 3

 
 -

--
--

 
 -

--
--

 
  

 -
--

--
 

   
U

ns
at

ur
at

ed
 Z

on
e 

1 
D

is
tr

ib
ut

io
n 

C
oe

ff
ic

ie
nt

 
cm

3 /g
 

va
ri

es
 

ch
em

ic
al

-s
pe

ci
fi

c 
   

U
ns

at
ur

at
ed

 Z
on

e 
2 

D
is

tr
ib

ut
io

n 
C

oe
ff

ic
ie

nt
 

cm
3 /g

 
va

ri
es

 
ch

em
ic

al
-s

pe
ci

fi
c 

   
U

ns
at

ur
at

ed
 Z

on
e 

3 
D

is
tr

ib
ut

io
n 

C
oe

ff
ic

ie
nt

 
cm

3 /g
 

va
ri

es
 

ch
em

ic
al

-s
pe

ci
fi

c 
O

pt
io

ns
: 

 -
--

--
 

 -
--

--
 

  
 -

--
--

 
W

at
er

 C
on

ce
nt

ra
ti

on
: T

im
e 

si
nc

e 
m

at
er

ia
l p

la
ce

m
en

t 
ye

ar
 

0 
de

fa
ul

t v
al

ue
 

W
at

er
 C

on
ce

nt
ra

ti
on

: G
ro

un
dw

at
er

 C
on

ce
nt

ra
ti

on
 

pC
i/

L
 

gr
ey

ed
 o

ut
 (

t=
0)

 
de

fa
ul

t v
al

ue
 

S
ol

ub
il

it
y 

L
im

it
 

M
ol

/L
 

0 
de

fa
ul

t v
al

ue
 

L
ea

ch
 R

at
e 

/y
ea

r 
0 

de
fa

ul
t v

al
ue

 
U

se
 P

la
nt

/S
oi

l r
at

io
? 

ye
s/

no
 

no
 

de
fa

ul
t v

al
ue

 

N
uc

li
de

 (
#2

) 
 

  
va

ri
es

 
  

D
ep

en
ds

 o
n 

th
e 

si
te

 

N
uc

li
de

 (
#2

) 
C

on
ce

nt
ra

ti
on

 
pC

i/
g 

  
S

it
e-

sp
ec

if
ic

 c
on

ce
nt

ra
ti

on
 s

et
 m

an
ua

ll
y 

   
T

ra
ns

po
rt

 F
ac

to
rs

 (
fo

r 
nu

cl
id

e 
#2

):
 

 -
--

--
 

 -
--

--
 

  
 -

--
--

 
   

C
on

ta
m

in
at

ed
 Z

on
e 

D
is

tr
ib

ut
io

n 
C

oe
ff

ic
ie

nt
 

cm
3 /g

 
va

ri
es

 
ch

em
ic

al
-s

pe
ci

fi
c 

   
S

at
ur

at
ed

 Z
on

e 
D

is
tr

ib
ut

io
n 

C
oe

ff
ic

ie
nt

 
cm

3 /g
 

va
ri

es
 

ch
em

ic
al

-s
pe

ci
fi

c 
   

N
u

m
be

r 
of

 U
n

sa
tu

ra
te

d 
Z

on
es

 =
 3

 
 -

--
--

 
 -

--
--

 
  

 -
--

--
 

   
U

ns
at

ur
at

ed
 Z

on
e 

1 
D

is
tr

ib
ut

io
n 

C
oe

ff
ic

ie
nt

 
cm

3 /g
 

va
ri

es
 

ch
em

ic
al

-s
pe

ci
fi

c 
   

U
ns

at
ur

at
ed

 Z
on

e 
2 

D
is

tr
ib

ut
io

n 
C

oe
ff

ic
ie

nt
 

cm
3 /g

 
va

ri
es

 
ch

em
ic

al
-s

pe
ci

fi
c 

   
U

ns
at

ur
at

ed
 Z

on
e 

3 
D

is
tr

ib
ut

io
n 

C
oe

ff
ic

ie
nt

 
cm

3 /g
 

va
ri

es
 

ch
em

ic
al

-s
pe

ci
fi

c 
O

pt
io

ns
: 

 -
--

--
 

 -
--

--
 

  
 -

--
--

 
W

at
er

 C
on

ce
nt

ra
ti

on
: T

im
e 

si
nc

e 
m

at
er

ia
l p

la
ce

m
en

t 
ye

ar
 

0 
de

fa
ul

t v
al

ue
 

W
at

er
 C

on
ce

nt
ra

ti
on

: G
ro

un
dw

at
er

 C
on

ce
nt

ra
ti

on
 

pC
i/

L
 

gr
ey

ed
 o

ut
 (

t=
0)

 
de

fa
ul

t v
al

ue
 

S
ol

ub
il

it
y 

L
im

it
 

M
ol

/L
 

0 
de

fa
ul

t v
al

ue
 

L
ea

ch
 R

at
e 

/y
ea

r 
0 

de
fa

ul
t v

al
ue

 
U

se
 P

la
nt

/S
oi

l r
at

io
? 

Y
es

/n
o 

no
 

de
fa

ul
t v

al
ue

 



  

DOE/RL-2007-27, REV. 0 

G-160 

T
ab

le
 3

-1
. R

E
S

R
A

D
 K

ey
 I

np
ut

 P
ar

am
et

er
s 

an
d 

V
al

ue
s 

fo
r 

C
T

U
IR

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

6 
sh

ee
ts

) 
R

E
S

R
A

D
 v

 6
.4

; 
P

at
h

w
ay

s 
=

 p
la

n
t a

n
d 

so
il

 in
ge

st
io

n
, e

xt
er

n
al

 r
ad

ia
ti

on
, i

n
h

al
at

io
n

 o
f 

pa
rt

ic
u

la
te

s,
 a

n
d 

in
h

al
at

io
n

 o
f 

ra
do

n
 

 
U

n
it

s 
C

T
U

IR
 

V
al

u
e 

Y
ak

am
a 

N
at

io
n 

V
al

u
e 

C
om

m
en

ts
 

C
al

cu
la

ti
on

 T
im

es
 

  
  

  
1 

ye
ar

s 
0 

si
te

-s
pe

ci
fi

c 
2 

ye
ar

s 
50

 
si

te
-s

pe
ci

fi
c 

3 
ye

ar
s 

15
0 

si
te

-s
pe

ci
fi

c 
4 

ye
ar

s 
50

0 
si

te
-s

pe
ci

fi
c 

5 
ye

ar
s 

10
00

 
si

te
-s

pe
ci

fi
c 

C
on

ta
m

in
at

ed
 z

on
e 

p
ar

am
et

er
s 

  
  

  
A

re
a 

of
 c

on
ta

m
in

at
ed

 z
on

e 
m

2  
1,

50
0 

D
O

E
/R

L
-2

00
7-

21
 

T
hi

ck
ne

ss
 o

f 
co

nt
am

in
at

ed
 z

on
e 

m
 

0.
17

 
B

as
ed

 o
n 

vo
lu

m
e 

of
 e

xc
av

at
ed

 s
oi

l s
pr

ea
d 

ov
er

 1
,5

00
 m

2  
L

en
gt

h 
pa

ra
ll

el
 to

 a
qu

if
er

 f
lo

w
 

m
 

9.
1 

S
it

e-
sp

ec
if

ic
 in

fo
rm

at
io

n 
us

ed
 f

or
 a

ll
 s

it
es

 (
9.

1 
m

 [
30

 f
t]

) 
C

o-
ve

r/
h

yd
ro

l 
  

  
C

on
ta

m
in

at
ed

 Z
on

e 
=

 H
an

fo
rd

 S
an

d
s 

C
ov

er
 D

ep
th

 
m

 
0 

de
fa

ul
t v

al
ue

 (
as

su
m

es
 c

on
ta

m
in

at
ed

 s
oi

l i
s 

at
 th

e 
su

rf
ac

e)
 

D
en

si
ty

 o
f 

co
ve

r 
m

at
er

ia
l 

g/
cm

3  
gr

ey
ed

 o
ut

 
de

fa
ul

t v
al

ue
 =

 1
.5

 
C

ov
er

 E
ro

si
on

 R
at

e 
m

/y
ea

r 
gr

ey
ed

 o
ut

 
de

fa
ul

t v
al

ue
 =

 0
.0

01
 

D
en

si
ty

 o
f 

co
nt

am
in

at
ed

 z
on

e 
g/

cm
3  

1.
85

 
H

an
fo

rd
 S

an
ds

 =
 1

.4
 -

 2
.3

 
C

on
ta

m
in

at
ed

 z
on

e 
er

os
io

n 
ra

te
 

m
/y

ea
r 

0 
S

et
 to

 z
er

o 
(a

ss
um

es
 n

o 
er

os
io

n 
ov

er
 ti

m
e)

 
C

on
ta

m
in

at
ed

 z
on

e 
to

ta
l p

or
os

it
y 

  
0.

3 
H

an
fo

rd
 S

an
ds

 v
al

ue
 

C
on

ta
m

in
at

ed
 z

on
e 

fi
el

d 
ca

pa
ci

ty
 

  
0.

1 
H

an
fo

rd
 S

an
ds

 v
al

ue
 

C
on

ta
m

in
at

ed
 z

on
e 

hy
dr

au
li

c 
co

nd
uc

ti
vi

ty
 

m
/y

ea
r 

15
77

 
H

an
fo

rd
 S

an
ds

 =
 0

.0
05

 c
m

/s
; 1

57
7 

m
/y

r 
C

on
ta

m
in

at
ed

 z
on

e 
b 

pa
ra

m
et

er
 

  
4.

05
 

R
E

S
R

A
D

 v
al

ue
 f

or
 s

an
d 

fr
om

 A
pp

en
di

x 
E

 
H

um
id

it
y 

in
 a

ir
 

g/
cm

3  
gr

ey
ed

 o
ut

 
de

fa
ul

t v
al

ue
 =

 8
 

E
va

po
tr

an
sp

ir
at

io
n 

co
ef

fi
ci

en
t 

  
0.

91
 

W
D

O
H

/3
20

-0
15

 
W

in
d 

S
pe

ed
 

m
/s

 
3.

4 
H

an
fo

rd
 s

it
e 

av
er

ag
e;

 P
N

N
L

-1
20

87
 

P
re

ci
pi

ta
ti

on
 

m
/y

ea
r 

0.
16

 
B

as
ed

 o
n 

16
 c

m
 (

6.
3 

in
.)

 a
nn

ua
l r

ai
nf

al
l;

 D
O

E
/R

L
-9

0-
07

 
Ir

ri
ga

ti
on

 
m

/y
ea

r 
0 

as
su

m
e 

fo
r 

H
an

fo
rd

 S
an

ds
 (

de
fa

ul
t w

as
 0

.2
) 

Ir
ri

ga
ti

on
 m

od
e 

(o
ve

rh
ea

d 
or

 d
it

ch
?)

 
  

ov
er

he
ad

 
de

fa
ul

t v
al

ue
 

R
un

of
f 

co
ef

fi
ci

en
t 

  
0 

as
su

m
e 

fo
r 

H
an

fo
rd

 S
an

ds
 (

de
fa

ul
t w

as
 0

.2
) 

W
at

er
sh

ed
 a

re
a 

fo
r 

ne
ar

by
 s

tr
ea

m
 o

r 
po

nd
 

m
2  

10
00

00
0 

de
fa

ul
t v

al
ue

 
A

cc
ur

ac
y 

fo
r 

w
at

er
/s

oi
l c

om
pu

ta
ti

on
s 

  
0.

00
1 

de
fa

ul
t v

al
ue

 
S

at
u

ra
te

d
 Z

on
e 

  
  

S
at

u
ra

te
d

 Z
on

e 
=

 R
in

go
ld

 
D

en
si

ty
 o

f 
sa

tu
ra

te
d 

zo
ne

 
g/

cm
3  

1.
5 

de
fa

ul
t v

al
ue

 
S

at
ur

at
ed

 z
on

e 
to

ta
l p

or
os

it
y 

  
0.

33
 

R
in

go
ld

 v
al

ue
 

S
at

ur
at

ed
 z

on
e 

ef
fe

ct
iv

e 
po

ro
si

ty
 

  
0.

18
 

R
in

go
ld

 v
al

ue
 

S
at

ur
at

ed
 z

on
e 

fi
el

d 
ca

pa
ci

ty
 

  
0.

21
 

R
in

go
ld

 v
al

ue
 



  

DOE/RL-2007-27, REV. 0 

G-161 

T
ab

le
 3

-1
. R

E
S

R
A

D
 K

ey
 I

np
ut

 P
ar

am
et

er
s 

an
d 

V
al

ue
s 

fo
r 

C
T

U
IR

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

6 
sh

ee
ts

) 
R

E
S

R
A

D
 v

 6
.4

; 
P

at
h

w
ay

s 
=

 p
la

n
t a

n
d 

so
il

 in
ge

st
io

n
, e

xt
er

n
al

 r
ad

ia
ti

on
, i

n
h

al
at

io
n

 o
f 

pa
rt

ic
u

la
te

s,
 a

n
d 

in
h

al
at

io
n

 o
f 

ra
do

n
 

 
U

n
it

s 
C

T
U

IR
 

V
al

u
e 

Y
ak

am
a 

N
at

io
n 

V
al

u
e 

C
om

m
en

ts
 

S
at

ur
at

ed
 z

on
e 

hy
dr

au
li

c 
co

nd
uc

ti
vi

ty
 

m
/y

ea
r 

7,
30

0 
R

in
go

ld
 v

al
ue

 =
 7

,3
00

 m
/y

r 
S

at
ur

at
ed

 z
on

e 
hy

dr
au

li
c 

gr
ad

ie
nt

 
  

0.
00

2 
R

in
go

ld
 v

al
ue

 
S

at
ur

at
ed

 z
on

e 
b 

pa
ra

m
et

er
 

  
4.

05
 

R
E

S
R

A
D

 v
al

ue
 f

or
 s

an
d 

fr
om

 A
pp

en
di

x 
E

 
W

at
er

 ta
bl

e 
dr

op
 r

at
e 

m
/y

ea
r 

0.
2 

R
in

go
ld

 v
al

ue
 

W
el

l p
um

p 
in

ta
ke

 d
ep

th
 

m
 b

el
ow

 
w

at
er

 ta
bl

e 
4.

6 
T

yp
ic

al
 R

C
R

A
 w

el
l s

cr
ee

n 
le

ng
th

 

M
od

el
 f

or
 W

at
er

 T
ra

ns
po

rt
 P

ar
am

et
er

s 
(n

on
di

sp
er

si
on

 
or

 m
as

s-
B

al
an

ce
) 

 
no

nd
is

pe
rs

io
n 

de
fa

ul
t v

al
ue

 

W
el

l p
um

pi
ng

 r
at

e 
m

3 /y
ea

r 
25

0 
de

fa
ul

t v
al

ue
 

U
n

sa
tu

ra
te

d
 

U
n

sa
tu

ra
te

d
 Z

on
es

 =
 H

an
fo

rd
 S

an
d

s,
 C

C
U

, a
n

d
 R

in
go

ld
 

N
um

be
r 

of
 U

ns
at

ur
at

ed
 Z

on
es

 
3 

  
nu

m
be

r 
of

 z
on

es
 s

et
 m

an
ua

ll
y 

 

U
n

sa
tu

ra
te

d 
Z

on
e 

#1
  

H
an

fo
rd

 S
an

ds
  

  T
hi

ck
ne

ss
  

m
 

33
.5

 
33

.5
 m

 (
11

0 
ft

) 
  D

en
si

ty
 

g/
cm

3  
1.

85
 

H
an

fo
rd

 S
an

ds
 =

 1
.4

 –
 2

.3
; W

H
C

-E
P

-0
88

3,
 A

pp
en

di
x 

A
 

  T
ot

al
 P

or
os

it
y 

  
0.

3 
H

an
fo

rd
 S

an
ds

 v
al

ue
; W

H
C

-E
P

-0
88

3,
 A

pp
en

di
x 

A
 

  E
ff

ec
ti

ve
 P

or
os

it
y 

  
0.

25
 

H
an

fo
rd

 S
an

ds
 v

al
ue

; W
H

C
-E

P
-0

88
3,

 A
pp

en
di

x 
A

 
  F

ie
ld

 C
ap

ac
it

y 
  

0.
25

 
H

an
fo

rd
 S

an
ds

 v
al

ue
; W

H
C

-E
P

-0
88

3,
 A

pp
en

di
x 

A
 

  H
yd

ra
ul

ic
 C

on
du

ct
iv

it
y 

m
/y

ea
r 

15
77

 
H

an
fo

rd
 S

an
ds

 =
 0

.0
05

 c
m

/s
; 1

57
7 

m
/y

r;
 W

H
C

-E
P

-0
88

3,
 

A
pp

en
di

x 
A

 
  b

 p
ar

am
et

er
 

  
4.

05
 

R
E

S
R

A
D

 v
al

ue
 f

or
 s

an
d 

fr
om

 A
pp

en
di

x 
E

; T
ab

le
 E

.2
 

U
n

sa
tu

ra
te

d 
Z

on
e 

#2
 

C
C

U
 (

si
lt

 v
al

ue
s;

 ig
no

re
d 

ca
li

ch
e 

fo
r 

m
od

el
) 

  T
hi

ck
ne

ss
  

m
 

3.
1 

3.
1 

m
 (

10
 f

t)
 

  D
en

si
ty

 
g/

cm
3  

2.
0 

C
C

U
 (

si
lt

) 
va

lu
e;

 W
H

C
-E

P
-0

88
3,

 A
pp

en
di

x 
A

 
  T

ot
al

 P
or

os
it

y 
  

0.
37

 
C

C
U

 (
si

lt
) 

va
lu

e;
 W

H
C

-E
P

-0
88

3,
 A

pp
en

di
x 

A
 

  E
ff

ec
ti

ve
 P

or
os

it
y 

  
0.

29
 

C
C

U
 (

si
lt

) 
va

lu
e;

 W
H

C
-E

P
-0

88
3,

 A
pp

en
di

x 
A

 
  F

ie
ld

 C
ap

ac
it

y 
  

0.
29

 
C

C
U

 (
si

lt
) 

va
lu

e;
 W

H
C

-E
P

-0
88

3,
 A

pp
en

di
x 

A
 

  H
yd

ra
ul

ic
 C

on
du

ct
iv

it
y 

m
/y

ea
r 

27
40

 
C

C
U

 v
al

ue
 =

 8
.6

9E
-0

3 
cm

/s
ec

; 2
74

0 
m

/y
ea

r;
 W

H
C

-E
P

-0
88

3,
 

A
pp

en
di

x 
A

 
  b

 p
ar

am
et

er
 

  
5.

3 
R

E
S

R
A

D
 v

al
ue

 f
or

 s
il

ty
 lo

am
 f

ro
m

 A
pp

en
di

x 
E

; T
ab

le
 E

.2
 

U
n

sa
tu

ra
te

d 
Z

on
e 

#3
 

R
in

go
ld

 
  

  
  

  T
hi

ck
ne

ss
  

m
 

32
.3

 
32

.3
 m

 (
10

6 
ft

) 
  D

en
si

ty
 

g/
cm

3  
1.

85
 

R
in

go
ld

 =
 1

.4
 -

 2
.3

; W
H

C
-E

P
-0

88
3,

 A
pp

en
di

x 
A

 
  T

ot
al

 P
or

os
it

y 
  

0.
22

 
R

in
go

ld
 v

al
ue

; W
H

C
-E

P
-0

88
3,

 A
pp

en
di

x 
A

 



  

DOE/RL-2007-27, REV. 0 

G-162 

T
ab

le
 3

-1
. R

E
S

R
A

D
 K

ey
 I

np
ut

 P
ar

am
et

er
s 

an
d 

V
al

ue
s 

fo
r 

C
T

U
IR

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

6 
sh

ee
ts

) 
R

E
S

R
A

D
 v

 6
.4

; 
P

at
h

w
ay

s 
=

 p
la

n
t a

n
d 

so
il

 in
ge

st
io

n
, e

xt
er

n
al

 r
ad

ia
ti

on
, i

n
h

al
at

io
n

 o
f 

pa
rt

ic
u

la
te

s,
 a

n
d 

in
h

al
at

io
n

 o
f 

ra
do

n
 

 
U

n
it

s 
C

T
U

IR
 

V
al

u
e 

Y
ak

am
a 

N
at

io
n 

V
al

u
e 

C
om

m
en

ts
 

  E
ff

ec
ti

ve
 P

or
os

it
y 

  
0.

13
 

R
in

go
ld

 v
al

ue
; W

H
C

-E
P

-0
88

3,
 A

pp
en

di
x 

A
 

  F
ie

ld
 C

ap
ac

it
y 

  
0.

13
 

R
in

go
ld

 v
al

ue
; W

H
C

-E
P

-0
88

3,
 A

pp
en

di
x 

A
 

  H
yd

ra
ul

ic
 C

on
du

ct
iv

it
y 

m
/y

ea
r 

73
00

 
R

in
go

ld
 =

 7
30

0 
m

/y
r;

 W
H

C
-E

P
-0

88
3,

 A
pp

en
di

x 
A

 
  b

 p
ar

am
et

er
 

  
4.

05
 

R
E

S
R

A
D

 v
al

ue
 f

or
 s

an
d 

fr
om

 A
pp

en
di

x 
E

; T
ab

le
 E

.2
 

O
cc

u
p

an
cy

 
  

  
  

In
ha

la
ti

on
 R

at
e 

– 
ad

ul
t 

m
3 /y

ea
r 

10
,9

50
 

9,
49

0 
U

m
at

il
la

 a
ss

um
es

 3
0 

m
3 /d

ay
 a

nd
 Y

ak
am

a 
as

su
m

es
 2

6 
m

3 /d
ay

 f
or

 
36

5 
da

ys
/y

ea
r 

M
as

s 
L

oa
di

ng
 f

or
 I

nh
al

at
io

n 
g/

m
3  

3.
70

E
-0

7 
S

it
e-

sp
ec

if
ic

 b
as

ed
 o

n 
a 

P
E

F
 o

f 
2.

72
E

+
09

 m
3 /k

g 
E

xp
os

ur
e 

du
ra

ti
on

 
ye

ar
s 

70
 

S
ub

si
st

en
ce

 e
xp

os
ur

e 
du

ra
ti

on
 

In
do

or
 D

us
t F

il
tr

at
io

n 
F

ac
to

r 
  

0.
4 

de
fa

ul
t v

al
ue

 
E

xt
er

na
l g

am
m

a 
sh

ie
ld

in
g 

fa
ct

or
 

  
0.

4 
E

P
A

/5
40

-R
-0

0-
00

7,
 (

E
qu

at
io

n 
4)

 
In

do
or

 ti
m

e 
fr

ac
ti

on
 

  
0.

5 
de

fa
ul

t v
al

ue
 

O
ut

do
or

 ti
m

e 
fr

ac
ti

on
 

  
0.

25
 

de
fa

ul
t v

al
ue

 
S

ha
pe

 o
f 

co
nt

am
in

at
ed

 z
on

e 
  

ci
rc

ul
ar

 
de

fa
ul

t v
al

ue
 

In
ge

st
io

n
 -

 D
ie

ta
ry

 
  

  
  

F
ru

it
s,

 v
eg

et
ab

le
s,

 a
nd

 g
ra

in
 

kg
/y

ea
r 

16
9 

20
9 

C
T

U
IR

 is
 5

0 
pe

rc
en

t o
f 

co
m

bi
ne

d 
ro

ot
s 

80
0 

g/
d 

an
d 

be
rr

ie
s/

fr
ui

ts
 

12
5 

g/
d;

 Y
ak

am
a 

N
at

io
n 

is
 5

0 
pe

rc
en

t c
om

bi
ne

d 
ve

g.
/r

oo
t 1

,1
18

 g
/d

 
m

in
us

 2
74

 g
/d

 le
af

y 
(a

ss
um

e 
up

pe
r 

bo
un

d 
de

fa
ul

t o
f 

10
0 

kg
/y

ea
r)

 
an

d 
fr

ui
t/

be
rr

y 
29

9 
g/

d.
 

L
ea

fy
 v

eg
et

ab
le

 
kg

/y
ea

r 
78

 
10

0 
C

T
U

IR
 is

 5
0 

pe
rc

en
t o

f 
co

m
bi

ne
d 

gr
ee

ns
 3

00
 g

/d
 a

nd
 o

th
er

 1
25

 g
/d

; 
Y

ak
am

a 
N

at
io

n 
is

 u
pp

er
 b

ou
nd

 R
E

S
R

A
D

 d
ef

au
lt

 1
00

 k
g/

ye
ar

 
M

il
k 

L
/y

ea
r 

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 9

2)
 

M
ea

t a
nd

 p
ou

lt
ry

 
kg

/y
ea

r 
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 2
3)

 
S

oi
l I

ng
es

ti
on

 
g/

ye
ar

 
14

6 
40

0 
m

g/
da

y 
ov

er
 3

65
 d

ay
s/

ye
ar

 
C

on
ta

m
in

at
io

n 
fr

ac
ti

on
 -

 D
ri

nk
in

g 
w

at
er

 
  

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 1

) 
C

on
ta

m
in

at
io

n 
fr

ac
ti

on
 -

 H
ou

se
ho

ld
 w

at
er

 
  

1 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
C

on
ta

m
in

at
io

n 
fr

ac
ti

on
 -

 L
iv

es
to

ck
 w

at
er

 
  

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 1

) 
C

on
ta

m
in

at
io

n 
fr

ac
ti

on
 -

 I
rr

ig
at

io
n 

w
at

er
 

  
1 

de
fa

ul
t v

al
ue

 
C

on
ta

m
in

at
io

n 
fr

ac
ti

on
 -

 P
la

nt
 f

oo
d 

  
1 

A
ss

um
es

 1
00

%
 c

on
ta

m
in

at
ed

 f
ra

ct
io

n 
C

on
ta

m
in

at
io

n 
fr

ac
ti

on
 -

 M
ea

t 
  

0 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
C

on
ta

m
in

at
io

n 
fr

ac
ti

on
 -

 M
il

k 
  

0 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
In

ge
st

io
n

 -
 N

on
-D

ie
ta

ry
 

  
  

  
L

iv
es

to
ck

 f
od

de
r 

in
ta

ke
 f

ro
m

 m
ea

t 
kg

/d
ay

 
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 6
8)

 
F

od
de

r 
in

ta
ke

 f
ro

m
 m

il
k 

kg
/d

ay
 

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 5

5)
 



  

DOE/RL-2007-27, REV. 0 

G-163 

T
ab

le
 3

-1
. R

E
S

R
A

D
 K

ey
 I

np
ut

 P
ar

am
et

er
s 

an
d 

V
al

ue
s 

fo
r 

C
T

U
IR

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

6 
sh

ee
ts

) 
R

E
S

R
A

D
 v

 6
.4

; 
P

at
h

w
ay

s 
=

 p
la

n
t a

n
d 

so
il

 in
ge

st
io

n
, e

xt
er

n
al

 r
ad

ia
ti

on
, i

n
h

al
at

io
n

 o
f 

pa
rt

ic
u

la
te

s,
 a

n
d 

in
h

al
at

io
n

 o
f 

ra
do

n
 

 
U

n
it

s 
C

T
U

IR
 

V
al

u
e 

Y
ak

am
a 

N
at

io
n 

V
al

u
e 

C
om

m
en

ts
 

L
iv

es
to

ck
 w

at
er

 in
ta

ke
 f

or
 m

ea
t 

L
/d

ay
 

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 5

0)
 

L
iv

es
to

ck
 w

at
er

 in
ta

ke
 f

or
 m

il
k 

L
/d

ay
 

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 1

60
) 

L
iv

es
to

ck
 w

at
er

 in
ta

ke
 o

f 
so

il
 

  
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 0
.5

) 
D

ri
nk

in
g 

w
at

er
 f

ra
ct

io
n 

fr
om

 g
ro

un
dw

at
er

 
  

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 1

) 
H

ou
se

ho
ld

 w
at

er
 f

ra
ct

io
n 

fr
om

 g
ro

un
dw

at
er

 
  

1 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
L

iv
es

to
ck

 w
at

er
 f

ra
ct

io
n 

fr
om

 g
ro

un
dw

at
er

 
  

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 1

) 
Ir

ri
ga

ti
on

 f
ra

ct
io

n 
fr

om
 g

ro
un

dw
at

er
 

  
1 

de
fa

ul
t v

al
ue

 
M

as
s 

lo
ad

in
g 

fo
r 

fo
li

ar
 d

ep
os

it
io

n 
g/

m
3  

0.
00

01
 

de
fa

ul
t v

al
ue

 
D

ep
th

 o
f 

so
il

 m
ix

in
g 

la
ye

r 
m

 
0.

15
 

de
fa

ul
t v

al
ue

 
D

ep
th

 o
f 

ro
ot

s 
m

 
0.

9 
de

fa
ul

t v
al

ue
 

P
la

n
t 

F
ac

to
rs

 
  

  
  

  
W

et
 w

ei
gh

t c
ro

p 
yi

el
d 

fo
r 

N
on

-L
ea

fy
 

kg
/m

2  
0.

7 
de

fa
ul

t v
al

ue
 

W
et

 w
ei

gh
t c

ro
p 

yi
el

d 
fo

r 
L

ea
fy

 
kg

/m
2  

1.
5 

de
fa

ul
t v

al
ue

 
W

et
 w

ei
gh

t c
ro

p 
yi

el
d 

fo
r 

F
od

de
r 

kg
/m

2  
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 1
.1

) 
G

ro
w

in
g 

se
as

on
 f

or
 N

on
-L

ea
fy

 
ye

ar
s 

0.
17

 
de

fa
ul

t v
al

ue
 

G
ro

w
in

g 
se

as
on

 f
or

 L
ea

fy
 

ye
ar

s 
0.

25
 

de
fa

ul
t v

al
ue

 
G

ro
w

in
g 

se
as

on
 f

or
 F

od
de

r 
ye

ar
s 

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
0.

08
) 

T
ra

ns
lo

ca
ti

on
 F

ac
to

r 
fo

r 
N

on
-L

ea
fy

 
  

0.
1 

de
fa

ul
t v

al
ue

 
T

ra
ns

lo
ca

ti
on

 F
ac

to
r 

fo
r 

L
ea

fy
 

  
1 

de
fa

ul
t v

al
ue

 
T

ra
ns

lo
ca

ti
on

 F
ac

to
r 

fo
r 

F
od

de
r 

  
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 1
) 

D
ry

 F
ol

ia
r 

In
te

rc
ep

ti
on

 F
ra

ct
io

n 
fo

r 
N

on
-L

ea
fy

 
  

0.
25

 
de

fa
ul

t v
al

ue
 

D
ry

 F
ol

ia
r 

In
te

rc
ep

ti
on

 F
ra

ct
io

n 
fo

r 
L

ea
fy

 
  

0.
25

 
de

fa
ul

t v
al

ue
 

D
ry

 F
ol

ia
r 

In
te

rc
ep

ti
on

 F
ra

ct
io

n 
fo

r 
F

od
de

r 
  

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 0

.2
5)

 
W

et
 F

ol
ia

r 
In

te
rc

ep
ti

on
 F

ra
ct

io
n 

fo
r 

N
on

-L
ea

fy
 

  
0.

25
 

de
fa

ul
t v

al
ue

 
W

et
 F

ol
ia

r 
In

te
rc

ep
ti

on
 F

ra
ct

io
n 

fo
r 

L
ea

fy
 

  
0.

25
 

de
fa

ul
t v

al
ue

 
W

et
 F

ol
ia

r 
In

te
rc

ep
ti

on
 F

ra
ct

io
n 

fo
r 

F
od

de
r 

  
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 0
.2

5)
 

W
ea

th
er

in
g 

R
em

ov
al

 C
on

st
an

t f
or

 V
eg

et
at

io
n 

1/
ye

ar
 

20
 

de
fa

ul
t v

al
ue

 
R

ad
on

 D
at

a 
  

  
  

C
ov

er
 T

ot
al

 P
or

os
it

y 
  

0.
4 

de
fa

ul
t v

al
ue

 
C

ov
er

 V
ol

um
et

ri
c 

W
at

er
 C

on
te

nt
 

  
0.

05
 

de
fa

ul
t v

al
ue

 
C

ov
er

 R
ad

on
 D

if
fu

si
on

 C
oe

ff
ic

ie
nt

 
m

2 /s
ec

 
0.

00
00

02
 

de
fa

ul
t v

al
ue

 
B

ld
g 

F
ou

nd
at

io
n 

T
hi

ck
ne

ss
 

m
 

0.
15

 
de

fa
ul

t v
al

ue
 

B
ld

g 
F

ou
nd

at
io

n 
D

en
si

ty
 

g/
cm

3  
2.

4 
de

fa
ul

t v
al

ue
 

B
ld

g 
F

ou
nd

at
io

n 
T

ot
al

 P
or

os
it

y 
  

0.
1 

de
fa

ul
t v

al
ue

 



  

DOE/RL-2007-27, REV. 0 

G-164 

T
ab

le
 3

-1
. R

E
S

R
A

D
 K

ey
 I

np
ut

 P
ar

am
et

er
s 

an
d 

V
al

ue
s 

fo
r 

C
T

U
IR

 a
nd

 Y
ak

am
a 

N
at

io
n 

S
ce

na
ri

os
. (

6 
sh

ee
ts

) 
R

E
S

R
A

D
 v

 6
.4

; 
P

at
h

w
ay

s 
=

 p
la

n
t a

n
d 

so
il

 in
ge

st
io

n
, e

xt
er

n
al

 r
ad

ia
ti

on
, i

n
h

al
at

io
n

 o
f 

pa
rt

ic
u

la
te

s,
 a

n
d 

in
h

al
at

io
n

 o
f 

ra
do

n
 

 
U

n
it

s 
C

T
U

IR
 

V
al

u
e 

Y
ak

am
a 

N
at

io
n 

V
al

u
e 

C
om

m
en

ts
 

B
ld

g 
F

ou
nd

at
io

n 
V

ol
um

et
ri

c 
W

at
er

 C
on

te
nt

 
  

0.
03

 
de

fa
ul

t v
al

ue
 

B
ld

g 
F

ou
nd

at
io

n 
R

ad
on

 D
if

fu
si

on
 C

oe
ff

ic
ie

nt
 

m
2 /s

ec
 

0.
00

00
00

3 
de

fa
ul

t v
al

ue
 

C
on

ta
m

in
at

ed
 R

ad
on

 D
if

fu
si

on
 C

oe
ff

ic
ie

nt
 

m
2 /s

ec
 

0.
00

00
02

 
de

fa
ul

t v
al

ue
 

R
ad

on
 V

er
ti

ca
l D

im
en

si
on

 o
f 

M
ix

in
g 

m
 

2 
de

fa
ul

t v
al

ue
 

B
ui

ld
in

g 
A

ir
 E

xc
ha

ng
e 

R
at

e 
1/

hr
 

0.
5 

de
fa

ul
t v

al
ue

 
H

ei
gh

t o
f 

B
ld

g.
 (

ro
om

) 
m

 
2.

5 
de

fa
ul

t v
al

ue
 

B
ui

ld
in

g 
In

do
or

 A
re

a 
F

ac
to

r 
  

0 
de

fa
ul

t v
al

ue
 

F
ou

nd
at

io
n 

D
ep

th
 B

el
ow

 G
ro

un
d 

S
ur

fa
ce

 
m

 
-1

 
de

fa
ul

t v
al

ue
 

R
a-

22
2 

em
an

at
io

n 
co

ef
fi

ci
en

t 
  

0.
25

 
de

fa
ul

t v
al

ue
 

R
a-

22
0 

em
an

at
io

n 
co

ef
fi

ci
en

t 
  

0.
15

 
de

fa
ul

t v
al

ue
 

S
to

ra
ge

 T
im

es
 

  
  

  
F

ru
it

s,
 n

on
-l

ea
fy

 v
eg

et
ab

le
s,

 a
nd

 g
ra

in
 

da
ys

 
14

 
de

fa
ul

t v
al

ue
 

L
ea

fy
 v

eg
et

ab
le

s 
da

ys
 

1 
de

fa
ul

t v
al

ue
 

M
il

k 
da

ys
 

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 1

) 
M

ea
t a

nd
 p

ou
lt

ry
 

da
ys

 
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 2
0)

 
F

is
h 

da
ys

 
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 7
) 

C
ru

st
ac

ea
 a

nd
 m

ol
lu

sk
s 

da
ys

 
gr

ey
ed

 o
ut

 
T

hi
s 

pa
th

w
ay

 w
as

 n
ot

 u
se

d 
(d

ef
au

lt
 =

 7
) 

W
el

l w
at

er
 

da
ys

 
1 

de
fa

ul
t v

al
ue

 
S

ur
fa

ce
 w

at
er

 
da

ys
 

1 
de

fa
ul

t v
al

ue
 

L
iv

es
to

ck
 f

od
de

r 
da

ys
 

gr
ey

ed
 o

ut
 

T
hi

s 
pa

th
w

ay
 w

as
 n

ot
 u

se
d 

(d
ef

au
lt

 =
 4

5)
 

C
-1

4 
  

  
F

or
 S

it
e 

A
-8

 o
n

ly
 

C
on

ce
nt

ra
ti

on
 in

 lo
ca

l w
at

er
 

g/
cm

3  
0.

00
00

2 
de

fa
ul

t v
al

ue
 

C
on

ce
nt

ra
ti

on
 in

 c
on

ta
m

in
at

ed
 s

oi
l 

g/
g 

0.
03

 
de

fa
ul

t v
al

ue
 

F
ra

ct
io

n 
of

 v
eg

et
at

io
n 

in
 c

ar
bo

n 
ab

so
rb

ed
 f

ro
m

 s
oi

l 
  

0.
02

 
de

fa
ul

t v
al

ue
 

F
ra

ct
io

n 
of

 v
eg

et
at

io
n 

in
 c

ar
bo

n 
ab

so
rb

ed
 f

ro
m

 a
ir

 
  

0.
98

 
de

fa
ul

t v
al

ue
 

T
hi

ck
ne

ss
 o

f 
ev

as
io

n 
la

ye
r 

of
 C

-1
4 

in
 s

oi
l 

m
 

0.
3 

de
fa

ul
t v

al
ue

 
C

-1
4 

ev
as

io
n 

fl
ux

 r
at

e 
fr

om
 s

oi
l 

1/
se

c 
0.

00
00

00
7 

de
fa

ul
t v

al
ue

 
C

-1
2 

ev
as

io
n 

fl
ux

 r
at

e 
fr

om
 s

oi
l 

1/
se

c 
1.

00
E

-1
0 

de
fa

ul
t v

al
ue

 
G

ra
in

 f
ra

ct
io

n 
in

 li
ve

st
oc

k 
fe

ed
 (

ba
la

nc
e 

is
 h

ay
/f

od
de

r)
 

  
  

de
fa

ul
t v

al
ue

 
   

B
ee

f 
ca

tt
le

 
  

0.
8 

de
fa

ul
t v

al
ue

 
   

M
il

k 
co

w
 

  
0.

2 
de

fa
ul

t v
al

ue
 



DOE/RL-2007-27, REV. 0 

G-165 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 

 

ATTACHMENT 4 

DEFAULT EXPOSURE FACTORS 



DOE/RL-2007-27, REV. 0 

G-166 

 

This page intentionally left blank. 



DOE/RL-2007-27, REV. 0 

G-167 

The following default exposure factors were used in the risk assessment for the 200-ZP-1 
Groundwater Operable Unit and the representative soil waste sites. Site-specific exposure factors 
are discussed in Section G3.3 of the human health risk assessment (Appendix G). 

NATIVE AMERICAN EXPOSURE FACTORS 

(Exposures to Soil, Tap Water, Sweatlodge, Homegrown Produce, and Livestock) 

Averaging Time. For carcinogens, an averaging time of 70 years (equivalent to a lifetime), or 
25,550 days, was used (EPA 540/1-89-002). For noncarcinogens, an averaging time is equal to 
the exposure duration multiplied by 365 days, or 2,190 days for children and 23,360 days for 
adults (EPA 540/1-89-002). 

Adult Body Weight. An adult body weight of 70 kg was assumed. This is the average body 
weight for adult men and women combined, rounded to 70 kg (OSWER Directive 9285.6-03).  

Skin Surface Area. For Native American exposures to tap water, surface area values for 
children and adults represent the median (50th percentile) values from the Exposure Factors 
Handbook (EPA/600/P-95-002Fa). Children have 6,600 cm2

 and adults have 18,000 cm2
 of 

exposed total skin surface area (EPA, 2004). The Native American tap water scenario assumes 
dermal contact while bathing or showering, thus, total skin surface values are used. In addition, 
the default total adult skin surface area of 18,000 cm2 was used for the sweatlodge scenario. 

Volatilization Factor for Water. The volatilization factor is 0.5 L/m3 for volatile chemicals 
only. The number was derived by Andelman (1990), as cited in Supplemental Risk Assessment 
Guidance for Superfund (EPA, 1991). It is assumed that the transfer efficiency weighted by 
water use is 50 percent (i.e., half of the concentration of each chemical in water will be 
transferred into air by all water uses). 

REFERENCES 
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AMERICIUM-241 

Americium is a human-made radioactive element. There are no naturally occurring or stable 
isotopes of americium. The two major isotopes of americium are americium-241 and 
americium-243, both of which have the same chemical behavior in the environment. These two 
isotopes emit alpha particles and gamma rays to decay into neptunium isotopes, neptunium-237 
and neptunium-239, which are also radioactive isotopes. The half-life of americium-241 is 
432 years, and the half-life of americium-243 is 7,370 years (ATSDR, 2004). 

The primary concern for exposure to americium is the risk of exposure to ionizing alpha and 
gamma radiation. Ionizing radiation has been shown to be a human carcinogen, and EPA 
classifies all radionuclides as Group A carcinogens (EPA, 2001). Based on the carcinogenicity of 
ionizing radiation, cancer slope factors have been derived for americium isotopes. The oral slope 
factor for americium-241 is 2.17 x 10-10 risk per pCi for soil ingestion, 2.81 x 10-8 risk per pCi 
for inhalation, and 2.76 x 10-8 risk per pCi for external effects.  

Information on adverse human health effects is mainly limited to a single case report of an 
individual accidentally exposed to high levels of americium that resulted in a significant internal 
dose. In this case, adverse effects of lymphopenia, thrombocytopenia, and histological signs of 
bone marrow peritrabecular fibrosis, bone cell depletion, and bone marrow atrophy were noted. 
These data are supported by findings in laboratory animals exposed to large doses of americium 
in which degenerative changes in bone, liver, kidneys, and thyroid have been observed following 
ingestion and inhalation exposure. Increases in bone cancer have been observed in animal 
studies. Information on the dermal absorption of americium in humans or animals is extremely 
limited. At very high doses of americium, there is an increased risk for gamma radiation to cause 
dermal and subdermal effects such as erythema, ulceration, or even tissue necrosis. All these 
adverse effects have been attributed to the ionizing radiation of americium. No non-ionizing 
radiation effects of americium were identified (ATSDR, 2004). In the absence of relevant data, 
provisional non-cancer risk assessment values based on americium-induced effects that are not 
attributable to ionizing radiation have not been derived. 

 
REFERENCES 
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Services, Agency for Toxic Substances and Disease Registry, Washington, D.C. 
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CARBON-14 

A naturally occurring radioactive isotope of carbon, carbon-14 is found at low concentrations in 
all carbon. Carbon-14 emits beta particles as it decays and has a half-life of 5,700 years 
(ANL, 2007). 

The primary concern for exposure to carbon-14 is the risk of exposure to ionizing radiation from 
beta particles. Ionizing radiation has been shown to be a human carcinogen, and EPA classifies 
all radionuclides as Group A carcinogens (EPA, 2001). Based on the carcinogenicity of ionizing 
radiation, cancer slope factors have been derived for carbon isotope 14. The oral slope factor for 
carbon-14 is 2.79 x 10-12 risk per pCi for soil ingestion, 7.07 x 10-12 risk per pCi for inhalation, 
and 7.83 x 10-12 risk per pCi for external effects.  

Although the radiation energy of carbon-14 is quite low, this isotope does have the potential to 
induce cancer through radiation. Since carbon-14 does not emit gamma rays and the beta particle 
that it does emit cannot penetrate tissue deeply or travel far in air, the primary pathway of 
concern is ingestion. Once taken into the body, carbon may travel to any organ and has the 
potential to induce cancer. Carbon is an essential component of living tissue and no non-ionizing 
radiation effects of carbon-14 were identified. In the absence of relevant data, provisional 
non-cancer risk assessment values based on carbon-induced effects that are not attributable to 
ionizing radiation have not been derived. 
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CARBON TETRACHLORIDE 

Carbon tetrachloride is a solvent that has been used in the past as a cleaning fluid or degreasing 
agent in industrial applications. Although most uses have been discontinued, the possibility still 
exists for carbon tetrachloride to be released to the environment, primarily through industrial 
processes. Degradation of carbon tetrachloride occurs slowly in the environment, which 
contributes to the accumulation of the chemical in the atmosphere, as well as the groundwater. 
Carbon tetrachloride is widely dispersed and persistent in the environment but is not detected 
frequently in foods. 

Because of carbon tetrachloride’s widespread use in medical, industrial, and residential 
applications, there is a reasonable amount of toxicity information available. The principal toxic 
effects are on the liver, kidneys, and the central nervous system (ATSDR, 2005). Studies in 
animals, combined with limited observations in humans, indicate that the principal adverse 
health effects associated with inhalation exposure to carbon tetrachloride are central nervous 
system depression, liver damage, and kidney damage. Case reports in humans and studies in 
animals indicate that the liver, kidney, and central nervous system are also the primary targets of 
toxicity following oral exposure to carbon tetrachloride.  

A number of well-conducted animal studies indicate that exposure to carbon tetrachloride 
produces liver tumors; however, data for humans is limited (EPA, 2007). Two kinds of processes 
appear to contribute to the carcinogenicity of carbon tetrachloride (EPA, 2005). Genotoxicity, 
primarily covalent binding to DNA in the liver, results from the direct binding of reactive carbon 
tetrachloride metabolites or lipid peroxidation products in animals exposed orally or by 
intraperitoneal injection. There is some evidence that carbon tetrachloride may also cause 
cancer by a nongenotoxic mechanism involving cellular regeneration (EPA, 2005). The 
U.S. Department of Health and Human Services has determined that carbon tetrachloride may 
reasonably be anticipated to be a carcinogen. International Agency for Research on Cancer 
(IARC) has classified carbon tetrachloride in Group 2B, possibly carcinogenic to humans. The 
EPA has determined that carbon tetrachloride is a probable human carcinogen (EPA, 2005). 

The EPA has derived an oral slope factor for carbon tetrachloride of 0.13 (mg/kg-day)-1 based on 
studies in rats, mice, and hamsters that exhibited increased incidence of liver tumors upon higher 
dose exposures (EPA, 2007). The geometric mean of the unit risks derived from four studies was 
used as the basis for the oral slope factor. According to EPA (2007), all four of the studies used 
were all deficient in some respect, precluding the choice of any one study as most appropriate. 
The EPA did not assign a confidence level to the derived slope factor. From these studies, EPA 
(2007) has also derived an inhalation slope factor for this chemical of 0.0525 (mg/kg-day)-1. The 
EPA is currently working to revise the carcinogenicity assessment for carbon tetrachloride 
(ATSDR, 2005). 

The EPA has established an oral RfD of 0.0007 mg/kg-day. The RfD is based on liver lesions in 
rats from a subchronic study and EPA has assigned an uncertainty factor of 1,000 to the RfD and 
listed their confidence in the value as medium. There is no RfC for this chemical; therefore, 
non-cancer inhalation effects were not evaluated in this assessment. 
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CESIUM-137 

Cesium is a naturally occurring element that is typically found in rocks, soil, and dust at low 
concentrations. Natural cesium is present in the environment in only one stable form, 
cesium-133. The two most important radioactive isotopes of cesium are cesium-134 and 
cesium-137. Each atom of cesium-137 decays into the stable isotope, barium-137, by emitting 
beta particles and gamma radiation (ATSDR, 2004). The half-life of cesium-137 is 
approximately 30 years. 

Although inhalation exposure is possible, the most important exposure routes for radioisotopes 
of cesium are external exposure to the radiation released by the radioisotopes and ingestion of 
radioactive cesium-contaminated food sources. The primary concern for exposure to cesium is 
the risk of exposure to ionizing radiation from beta particles and gamma rays. Ionizing radiation 
has been shown to be a human carcinogen, and EPA classifies all radionuclides as Group A 
carcinogens (EPA, 2001). Based on the carcinogenicity of ionizing radiation, cancer slope 
factors have been derived for cesium-137. The oral slope factor for cesium-137 is 4.33 x 10-11 
risk per pCi for soil ingestion, 1.19 x 10-11 risk per pCi for inhalation, and 5.32 x 10-10 risk per 
pCi for external effects. 

Typical signs and symptoms of acute toxicity to cesium-137 are similar to those of exposure to 
ionizing radiation in general. These symptoms include vomiting, nausea, diarrhea, skin and 
ocular lesions, neurological signs, chromosomal abnormalities, compromised immune function, 
and death. Repeated exposures may cause reduced male fertility, abnormal neurological 
development following exposure during critical stages of fetal development, and genotoxic 
effects. Long-term cancer studies on exposed individuals have not been completed to date, and 
no studies were available that specifically address cesium-137 cancer effects on humans. Animal 
studies, however, indicate an increased risk of cancer from external or internal exposure to 
relatively high doses of cesium-137 radiation. No non-ionizing radiation effects of cesium were 
identified (ATSDR, 2004). In the absence of relevant data, provisional non-cancer risk 
assessment values based on cesium-induced effects that are not attributable to ionizing radiation 
have not been derived. 
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CHLOROFORM 

Chloroform is primarily used to produce the refrigerant chlorodifluoromethane, which is used 
in home air conditioners and large grocery store freezers. Other past uses of this chemical 
include its use as a solvent, a medium in fire extinguishers, an intermediate in dyes and 
pesticides, and as an anesthetic. However, it currently has limited medical uses in dental 
procedures and medications (ATSDR 1997). Chloroform is also a common disinfection 
byproduct of chlorinated drinking water. The potential for human exposure is generally through 
exposure to drinking water via the oral, dermal, and inhalation routes (EPA, 2006, ATSDR, 
1997). 

The effects of chloroform on human health were observed when inhaled (used as an anesthetic) 
and ingested (EPA/635/R-01/001). In addition, several studies have been performed on animals 
that support the human data (EPA/635/R-01/001). The major effects observed when chloroform 
was inhaled as an anesthetic include liver, kidney, and central nervous system toxicity 
(ATSDR, 1997; EPA/635/R-01/001). The minor effects noted when chloroform was inhaled as 
an anesthetic (less than 22,500 ppm), include increase respiratory rates, cardiac hypotension and 
arrhythmia, and nausea and vomiting (ATSDR, 1997). Phoon et al. (1983) reported workers 
exposed to chloroform concentrations ranging from 14 to 400 ppm for 1 to 6 months developed 
toxic hepatitis and other effects including jaundice, nausea, and vomiting (ATSDR, 1997). 

Similar major and minor health effects that occur from inhalation also occur after oral exposure 
to chloroform but at lower concentrations (less than 2,000 ppm) (EPA/635/R-01/001). Several 
studies (Piersol et al., 1933, Schroeder, 1965; Storms, 1973) reported that deep coma occurred 
immediately after intentional or accidental ingestion of 2,410 or 3,755 ppm (ATSDR, 1997). 
ATSDR (1997) reported that the overall human data are insufficient to conclude carcinogenicity 
from oral consumption; however, several animal studies found oral consumption to be 
carcinogenic. Chloroform has been shown to cause increased incidence of liver and kidney 
tumors in several species by several exposure routes (EPA/635/R-01/001).  

EPA reports an oral RfD for chloroform of 0.01 mg/kg-day, based on a study of eight male and 
eight female dogs that were fed 15 or 30 mg chloroform/kg-day, 6 days/week for 7.5 years. 
The observed effects were fatty cysts forming on the liver. The RfD is based on a benchmark 
dose approach (coincidentally the same value as that obtained using the traditional 
NOAEL/LOAEL methodology) yielding a BMDL10 (benchmark dose limit associated with a 
10 percent risk) of 1.2 mg/kg-day, an uncertainty factor of 100, and a modifying factor of 1. The 
EPA’s overall confidence in the RfD is rated medium, based on the sufficiency of animal data; 
a higher rating is not given due to the limited human data (EPA, 2007).  

The NCEA has derived a provisional inhalation reference concentration for chloroform of 
0.05 mg/m3 (0.014 mg/kg-day) (NCEA, 2002). The studies considered in the derivation of the 
inhalation reference concentration include studies in humans exposed to chloroform in the 
workplace, as well as inhalation studies of systemic and reproductive effects in animals 
(NCEA, 2002). Effects on liver and kidney have been observed following inhalation exposures 
in both humans and animals, and these effects are the most sensitive and characteristic indicators 
of toxicity following oral exposure. For these reasons, toxicity to liver and/or kidney was 
identified as the most appropriate effects for derivation of inhalation reference concentrations for 
chloroform. The critical studies selected for the derivation of the inhalation reference 
concentration were two subchronic studies in mice that measured histological and labeling index 
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changes in liver and kidney following exposure for 6 hr/day, 5 to 7 days/week, for 90 days. 
The reference concentration was calculated from the NOAEL (adjusted to the human equivalent 
concentration) of 4.5 mg/m3. An uncertainty factor of 100 was assigned, of which a factor of 10 
was employed to account for protection of sensitive human subpopulations, a factor of 3 for 
potential interspecies variability, and a factor of 3 to account for uncertainties in the database. An 
added uncertainty factor was not used to account for use of a subchronic study since the available 
data indicate that effects following inhalation exposure are not strongly duration-dependent 
(NCEA, 2002).  

According to the IRIS database (EPA, 2007), chloroform is classified as a probable human 
carcinogen (B2) based on increased incidence of tumors in rats, mice, and dogs from ingesting 
chloroform in food and water. However, as reported in the recent toxicological review of 
chloroform (EPA/635/R-01/001), under the EPA’s guidelines for carcinogen risk assessment 
(EPA/630/P-03/001F), chloroform is likely to be carcinogenic to humans by all routes of 
exposure under high-dose conditions that lead to cytotoxicity and cell regeneration; and 
chloroform is not likely to be carcinogenic to humans by any routes of exposure at a dose level 
that does not cause cytotoxicity and cell regeneration. This weight-of-evidence conclusion 
indicates that noncarcinogenic effects from exposure to chloroform are the primary concern for 
human health, while carcinogenicity is secondary. This conclusion is supported by the finding 
that chloroform is not a strong mutagen and is not likely to cause cancer through a genotoxic 
mode of action (EPA/635/R-01/001). Thus, an oral slope factor has not been derived for 
chloroform and exposures that occur at or below the RfD will not result in cancer incidence at 
levels in excess of target health goals.  

The IRIS database (EPA, 2007) reports an inhalation unit risk for chloroform of 2.3 x 10-5 
(µg/m3)-1, which is equivalent to an inhalation slope factor of 0.081(mg/kg-day)-1. This 
inhalation slope factor is based on increased incidence of hepatocellular carcinomas in female 
mice dosed with chloroform by oral gavage. However, EPA cautions the use of this slope factor 
in the evaluation of the carcinogenicity of chloroform through the inhalation pathway, because 
this value was derived in 1987 and does not incorporate newer data or the EPA’s guidelines for 
carcinogen risk assessment (EPA/630/P-03/001F). The EPA is currently working to revise the 
assessment for inhalation exposure. 
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CHROMIUM (TOTAL, HEXAVALENT) 

Chromium is a naturally occurring element found in rocks, soil, plants, animals, and in volcanic 
dust and gases. The most common environmental forms are chromium (0), chromium (III), and 
chromium (VI). Chromium (0), the metal chromium, is a gray solid and has a high melting point. 
This form is primarily used to make steel and other alloys. Chromium (III) is used to line high-
temperature industrial furnaces. Chromium-containing compounds are used in many industrial 
processes, such as stainless-steel welding, chrome plating, and leather tanning (ATSDR, 2002). 

Chromium (III) is considered an essential nutrient that helps to maintain normal metabolism 
of glucose, cholesterol, and fat in humans. The minimum human daily requirement of chromium 
for optimal health is not known, but a daily ingestion of 50 to 200 µg/day (0.0007 to 
0.003 mg/kg bw/day) has been estimated to be safe and adequate. The long-term effects of eating 
diets low in chromium are difficult to evaluate (ATSDR, 2002). 

The three major forms differ in their effects on health. Chromium (VI) is irritating, and short-
term, high-level exposure can result in adverse effects at the site of contact, such as ulcers of the 
skin, irritation of the nasal mucosa and perforation of the nasal septum, and irritation of the 
gastrointestinal tract. Chromium (VI) may also cause adverse effects in the kidney and liver. 
Chromium (III) does not result in these effects and is the form that is an essential food nutrient 
when ingested in small amounts, although very large doses may be harmful. For example, 
ingesting large amounts can cause stomach upset and ulcers, convulsions, kidney and liver 
damage. Very limited data suggest that chromium (III) may have respiratory effects on humans. 
No data on chronic or subchronic effects of inhaled chromium (III) in animals can be found. 
Adequate reproductive and developmental toxicity data do not exist. Information on 
chromium (0) health effects is limited. Animal studies have found that inhalation exposure had 
increased frequencies of chromosomal aberrations and sister chromatid exchanges in peripheral 
lymphocytes (ATSDR, 2002). 

The oral RfD for chromium (III) is 1.5 mg/kg-day based on a chronic rat feeding study and 
a NOAEL of 1,468 mg/kg-day. The uncertainty factor of 100 represents two 10-fold decreases in 
mg/kg bw-day dose that account for both the expected interhuman and interspecies variability to 
the toxicity of the chemical in lieu of specific data. An additional 10-fold modifying factor is 
applied to reflect database deficiencies. The overall confidence in this RfD assessment was rated 
low because of the lack of explicit detail on study protocol and results, the lack of high-dose 
supporting data, and the lack of an observed effect level. Thus, the RfD as given should be 
considered conservative (EPA, 2007). 

Data are considered to be inadequate for development of an inhalation RfD for chromium (III) 
due to the lack of a relevant toxicity study addressing respiratory effects of chromium (III) 
(EPA, 2007). Data from animal studies have identified the respiratory tract as the primary target 
of chromium toxicity following inhalation of hexavalent chromium and these data have been 
used for development of an RfC for hexavalent chromium particulates. However, these data do 
not demonstrate that the effects observed following inhalation of hexavalent chromium 
particulates are relevant to inhalation of trivalent chromium, and these data are considered to be 
inappropriate for development of an RfC for trivalent chromium (EPA, 2007). 

The oral RfD for chromium (VI) is 0.003 mg/kg-day based on a 1-year rat drinking water study 
and a NOAEL of 2.5 mg/kg-day. The uncertainty factor is 300. A factor of 10 each accounts for 
inter- and intra-species variability. An additional uncertainty factor of 3 was applied to 
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compensate for the less-than-lifetime exposure duration of the principal study. A modifying 
factor of 3 was also applied to account for concerns raised by other studies. The overall 
confidence in this RfD assessment was rated low because of the lack of explicit detail on study 
protocol and results, the lack of high-dose supporting data, and the lack of an observed effect 
level. Thus, the RfD as given should be considered conservative (EPA, 2006). 

The oral toxicity factor is adjusted to characterize risk from the dermal exposure pathway. This 
adjustment is made to estimate the absorbed dose from the toxicity indices that are based on 
administered dose. The percent gastrointestinal absorption for chromium (VI) is 2.5 percent of 
the oral RfD as recommended in the Supplemental Guidance for Dermal Risk Assessment, 
resulting in a dermal RfD of 0.000075 mg/kg/day (EPA, 2004). 

As described in EPA (2007) two inhalation RfCs have been derived for chromium (VI), one 
based on nasal mucosal atrophy following occupational exposures to chromic acid mists and 
dissolved hexavalent chromium aerosols, and a second based on lower respiratory effects 
following inhalation of chromium (VI) particulates in rats. For inhalation exposures to chromium 
(VI) in mists and aerosols, the RfC of 8 x 10-6 mg/m3 is based on a human subchronic 
occupational study for upper respiratory effects caused by chromic acid mists and dissolved 
hexavalent chromium aerosols. The study LOAEL based on a TWA exposure to chromic acid 
was adjusted to account for continuous exposure and uncertainty factors of 3, 3, and 10 were 
applied to extrapolate from a subchronic to a chronic exposure, to account for extrapolation from 
a LOAEL to a NOAEL, and to account for interhuman variation, respectively. The total 
uncertainty factor applied to the LOAEL is 90. Inhalation of non-volatiles in the sweatlodge 
scenario was not quantitatively evaluated because of the uncertainties associated with calculating 
the concentrations of non-volatiles in the steam of a sweatlodge. However, if the pathway had 
been quantified, the inhalation RfC of 8 x 10-6 mg/m3 could be used in this risk assessment to 
evaluate inhalation exposures to chromium (VI) in sweatlodge vapors.  

EPA (2007) has also derived an inhalation RfC for chromium (VI) of 1 x 10-4 mg/m3 to evaluate 
exposures to chromium (VI) in particulates and dusts. This value is based on a subchronic rat 
study that showed increased incidences of adverse effects on lung function. The inhalation RfC 
was calculated using the benchmark dose approach. An uncertainty factor of 300 was applied to 
the benchmark dose to account for pharmacodynamic differences, less-than-lifetime exposure, 
and variation in the human population. This RfC was not used in this risk assessment, because 
chromium (VI) was not selected as a COPC in soil and inhalation exposures to chromium (VI) in 
particulates and dusts were not evaluated. 

Of the three forms of chromium of toxicological importance, chromium (VI) is the most toxic. 
Chromium (VI) is classified by the EPA as a Group A, human carcinogen by inhalation, based 
on evidence that indicates sufficient cancer data in both animals and humans. Several 
epidemiological studies found an association between chromium exposure and lung cancer. 
The inhalation cancer SF for total chromium (one-sixth ratio of chromium VI:III) is 
42 (mg/kg-day)-1 and is based on benign and malignant stomach tumor data in female mice 
(EPA, 2007). The inhalation SF for chromium (VI) was derived by multiplying the total 
chromium value by 7, yielding a inhalation slope factor of 290 (mg/kg-day)-1.  

Hexavalent chromium is a carcinogen by inhalation, but not by ingestion. Hexavalent chromium 
was not selected as a COPC in soil and was not evaluated for noncarcinogenic or carcinogenic 
effects in soil. During regular domestic water use, inhalation of non-volatiles is insignificant and 
hexavalent chromium was evaluated only for its non-cancer hazards via ingestion. However, for 
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the sweatlodge scenario evaluated for Native American populations, even nonvolatile 
contaminants could be suspended in the steam created within the sweatlodge. However 
inhalation of non-volatiles in the sweatlodge scenario was not quantitatively evaluated because 
of the uncertainties associated with calculating the concentrations of non-volatiles in the steam of 
a sweatlodge. If the pathway had been quantified hexavalent chromium could be evaluated for 
carcinogenic effects using this slope factor. 
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IODINE-129 

Iodine is a naturally occurring element primarily found as iodine-127, its most stable form. 
Iodine-129 is one of two radioactive isotopes that form naturally in the upper atmosphere 
(EPA, 2002). Iodine-129 and iodine-131 are emitted as beta and gamma radiation during iodine’s 
decay process. Iodine-129 can be found in wastes from nuclear power facilities and defense-
related government facilities (EPA, 2002; ANL, 2005). Both iodine nuclide forms have also been 
produced during nuclear weapons testing. However, the amount of anthropogenic iodine-129 is 
still less than naturally occurring levels. Of the two types, iodine-129 is the form with a long 
enough half-life to warrant long-term concern. The radiation and half-life information for 
iodine-129 and iodine-131 are presented in the table below. Iodine-129 has a half-life of 
16 million years compared to approximately 8 days for iodine-131 (ANL, 2005). 

 

Isotope Half-Life 
Specific 
Activity 
(Ci/g) 

Decay 
Mode 

Radiation Energy (MeV) 

Alpha (α) Beta (β) Gamma (γ) 

Iodine-
129 

16 million 
years 

0.00018 β - 0.064 0.025 

Iodine-
131 

8.0 days 130,000 β - 0.19 0.38 

NOTE: Values from (ANL, 2005). 

 
Iodine is a basic component of the human diet and is taken into the human body through all 
exposure pathways. Historically, a significant pathway for iodine-129 and iodine-131 ingestion 
has been the consumption of fruits and vegetables or milk from an iodine-contaminated area. 
Incidents such as Chernobyl can expose populations in the fallout area to high concentrations of 
both types of iodine, as well as long-term exposure to iodine-129 through all pathways. 
Following ingestion and inhalation, iodine is readily absorbed by the bloodstream from both the 
gastrointestinal tract and lungs. Approximately 30 percent of iodine in the human body ends up 
in the thyroid gland where it is used in hormone production (ANL, 2005). The primary 
radiological concern related to iodine-129 is the risk associated with exposure to beta radiation, 
which varies based on the dose of iodine isotopes (EPA, 2002). As a result, the main health 
concerns from iodine-129 and iodine-131 radiation are the development of thyroid tumors. In 
addition, the uptake of radioactive iodine by the thyroid gland is inversely related to the amount 
of stable iodine available (EPA, 2002); thus, exposures to accidental releases of iodine isotopes 
are often treated by the ingestion of large doses of stable iodine. Stable iodine has its own health 
effects related to large doses that must also be considered in this treatment.  

Iodine-129 is a Group A radionuclide, which are classified by the EPA as known human 
carcinogens. The lifetime cancer mortality risk coefficients for iodine-129 are presented in the 
previous table. Epidemiological studies for iodine-129 have shown children to be the group most 
susceptible to thyroid cancer. Cancer treatment from radioactive iodine exposure must be 
evaluated on a case-by-case basis. Treatment concerns center around the use of radiation to treat 
tumors caused by radioactive isotopes. Treatments are typically only initiated when the benefits 
outweigh the risks.  
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Based on the carcinogenicity of ionizing radiation, cancer slope factors have been derived for 
iodine-129. The slope factors for iodine-129 is 3.2 x 10-10 risk per pCi for food ingestion, 
1.5 x 10-10 risk per pCi for water ingestion, 6.1 x 10-11 risk per pCi for inhalation, and 6.1 x 10-9 
risk per pCi for external effects (EPA, 2001). 
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METHYLENE CHLORIDE 

Methylene chloride, also known as dichloromethane, is a colorless liquid that has a mild sweet 
odor, evaporates easily, and does not easily burn. The odor threshold for methylene chloride in 
air is approximately 200 ppm. Methylene chloride is primarily used as an industrial solvent and 
paint stripper. It can be found in certain aerosol and pesticide products and is used in the 
manufacture of photographic film. The chemical may be found in some spray paints, automotive 
cleaners, and other household products. Methylene chloride does not appear to occur naturally in 
the environment. Most of the methylene chloride released to the environment results from its use 
as an end product by various industries and the use of aerosol products and paint removers in the 
home (ATSDR, 2000). 

In humans, acute inhalation exposure to methylene chloride at concentrations of 300 ppm or 
greater is known to impair hearing and vision (Winneke, 1974). Exposure to 800 ppm or greater 
methylene chloride can slow reaction time, impair motor skills, and cause dizziness, nausea, and 
drunkenness (Stewart et al., 1972; Winneke, 1974). Dermal exposure to methylene chloride 
causes intense burning and mild redness of the skin. Methylene chloride has not been shown to 
cause cancer in humans with chronic inhalation exposures to vapors in the workplace. In 
animals, inhalation of methylene chloride has been shown to adversely affect the liver and 
kidneys of rats (Stewart et al., 1974), and the corneas of rabbits (Ballantyne et al., 1976). 

The EPA has established an oral RfD for methylene chloride of 0.06 mg/kg-day, based on 
a study reporting histological alterations of the liver in rats exposed to 50, 125, and 
250 mg/kg-day methylene chloride for 2 years (NCA, 1982). The oral RfD was calculated by 
applying an uncertainty factor of 100 (to account for interspecies extrapolation and intraspecies 
extrapolation to protect sensitive human populations) and a modifying factor of 1 to the reported 
NOAEL of 5.85 mg/kg-day. Although the study used to derive the RfD was given a high 
confidence rating, the overall confidence in the RfD is rated medium because only a few studies 
support the NOAEL (EPA, 2007). 

The EPA has established an inhalation RfC for methylene chloride of 3.0 mg/m3, based on a 
2-year chronic exposure study reporting hepatic toxicity in rats exposed to methylene chloride 
(Nitschke et al., 1988). The inhalation RfC was calculated by applying an uncertainty factor of 
100 (to account for interspecies extrapolation and intraspecies extrapolation to protect sensitive 
individuals) to the reported NOAEL of 694.8 mg/m3. 

The EPA has classified methylene chloride as a probable human carcinogen (Group B2) based 
on increased incidence of tumors in several organs of rats and mice, including the liver 
(NCA 1982; 1983), lung (NTP, 1986), mammary and salivary glands (Burek et al., 1984; 
NTP, 1986), and blood (NTP, 1986). This classification is supported by some positive 
genotoxicity data, although results in mammalian systems are generally negative. The oral slope 
factor for methylene chloride (calculated using data from the NCA and NTP studies) is 
0.0075 (mg/kg-day)-1. The inhalation slope factor for methylene chloride (calculated using data 
from the NTP study) is 4.7E-07 (µg/cm3)-1. 
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NEPTUNIUM-237 

Roughly twice as dense as lead, neptunium is an artificially produced metal created through 
neutron capture reactions by uranium. All 17 known isotopes are radioactive. Neptunium-237 
has a half-life of 2.1 million years and releases alpha, beta, and gamma radiation as it decays 
(ANL, 2007). 

The primary concern for exposure to neptunium-237 is the risk of exposure to ionizing alpha, 
beta, and gamma radiation. Based on the carcinogenicity of ionizing radiation, cancer slope 
factors have been derived for neptunium-237. The oral slope factor for neptunium-237 is 
1.46 x 10-10 risk per pCi for soil ingestion, 1.77 x 10-8 risk per pCi for inhalation, and 5.36 x 10-8 
risk per pCi for external effects (EPA, 2001).  

Neptunium entering the bloodstream tends to be deposited in the skeleton but is also 
preferentially deposited in the liver and other soft tissues. Cancer may result from ionizing 
radiation emitted by neptunium deposits on the bone surfaces, liver, and soft tissues. The 
external risk posed by neptunium is predominantly due to its gamma radiation emissions and the 
radiation released by its short-lived decay product, protactinium-233. No non-ionizing radiation 
effects of neptunium were identified. In the absence of relevant data, provisional non-cancer risk 
assessment values based on neptunium-induced effects that are not attributable to ionizing 
radiation have not been derived. 
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NITRATE 

Nitrate (NO3 –) and nitrite (NO2–) are part of the naturally occurring nitrogen cycle. Microbial 
activity in soil or water breaks down wastes that contain organic nitrogen into ammonia, which 
are later oxidized to nitrate and nitrite. Nitrogen-containing compounds are generally soluble in 
soil and quickly enter the groundwater. Nitrite is then readily oxidized to its more toxic form of 
nitrate. Nitrate is naturally occurring in groundwater and surface waters; however, these levels 
can be raised significantly by contamination with nitrogen-containing fertilizers (including 
animal or human natural organic wastes or anhydrous ammonia). The use of shallow 
groundwater wells in the U.S. means that many humans have the potential to consume drinking 
water contaminated by nitrates. Nitrates are also naturally occurring in various foods including 
meats, vegetables, and prepared foods (e.g., sausages). 

A condition known as “blue baby syndrome.” which leads to bluish lips and sometimes death, 
affects infants less than 3 months old (ATSDR, 2001). This condition is often caused by formula 
that has been diluted with water from a water source with high nitrate levels. Since infants often 
have a higher gut pH, it enhances the conversion of ingested nitrate to the more toxic nitrite. It 
has been shown that the incidence of gastroenteritis with vomiting and diarrhea can exacerbate 
nitrite formation. 

The toxicity associated with nitrate is the result of its conversion to nitrite. Nitrite in the 
bloodstream oxidizes the iron in hemoglobin from Fe(+2) to Fe(+3), resulting in methemoglobin 
(ATSDR, 2001). Methoglobin leads to reduced oxygen transport from the lungs to tissues 
because it does not bind with oxygen. It is not uncommon for individuals to have low levels of 
methemoglobin from 0.5 percent to 2.0 percent because blood has a large capacity to carry 
oxygen (ATSDR, 2001). As a result, even levels under 10 percent are not associated with any 
significant clinical signs (ATSDR, 2001). Concentrations that exceed 10 percent can lead to 
cyanosis (a bluish color to skin and lips), and concentrations that exceed 25 percent can lead to 
weakness, rapid pulse, and tachypnea (ATSDR, 2001). Methoglobin levels that exceed 
50 percent to 60 percent may lead to death. 

The NOAEL oral RfD of 1.6 mg/kg/day for nitrate was derived based on two studies in the 
1950s, which determined that infantile methemoglobinemia only occurs at concentrations in 
water greater than 10 mg nitrate-nitrogen/L (EPA, 2007). The typical daily intake of an adult in 
the U.S. is about 75 mg/day (about 0.2 to 0.3 mg nitrate- nitrogen/kg/day) (ATSDR, 2001). The 
assigned uncertainty factor for nitrate is 1 because of the NOAEL value for humans is based on 
the most sensitive case (EPA, 2007). 

A RfC for chronic inhalation exposure is not available at this time. 

Carcinogenicity 
The carcinogenicity of nitrate is not available at this time. 
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PLUTONIUM 

Plutonium is a radioactive metal that is produced when uranium absorbs an atomic particle. 
Small amounts of plutonium occur naturally, but large amounts have been produced in nuclear 
reactors. All plutonium isotopes are radioactive, and three common plutonium isotopes are 
plutonium-238, -239, and -240. Alpha, beta, and gamma radiation are released as plutonium 
decays (ATSDR, 1990; ANL, 2007). The half-lives of plutonium-238, plutonium-239, and 
plutonium-240 are 86 years, 24,000 years, and 6,500 years, respectively. 

The primary concern for exposure to plutonium is the risk of exposure to ionizing alpha, beta, 
and gamma radiation. Ionizing radiation has been shown to be a human carcinogen, and the EPA 
classifies all radionuclides as Group A carcinogens (EPA, 2001). Based on the carcinogenicity 
of ionizing radiation, cancer slope factors have been derived for plutonium isotopes -238, -239, 
and -240. The oral slope factors for plutonium-238, plutonium-239, and plutonium-240 are 
2.72 x 10-10, 2.76 x 10-10, and 2.77 x 10-10 risk per pCi. For inhalation, the slope factors for 
plutonium-238, plutonium-239, and plutonium-240 are 3.36 x 10-8, 3.33 x 10-8, and 3.33 x 10-8 
risk per pCi, respectively. For external effects, slope factors for these isotopes are 7.22 x 10-11, 
2.00 x 10-10, and 6.98 x 10-11 risk per pCi, respectively. 

Although plutonium has not definitively been shown to cause adverse health effects in humans, 
animal studies have reported increased lung, liver, and bone cancers, as well as adverse effects 
on the blood and immune system from plutonium exposure. Animal studies have also found lung 
diseases from short-term exposure to high concentrations of plutonium. No non-ionizing 
radiation effects of plutonium were identified (ATSDR, 1990). In the absence of relevant data, 
provisional non-cancer risk assessment values based on plutonium-induced effects that are not 
attributable to ionizing radiation have not been derived. 
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RADIUM 

Radium is an alkaline earth metal that has 25 isotopes with atomic weights ranging from -206 to 
-230; all of the radium isotopes are radioactive. The four naturally occurring radium isotopes are 
radium-223, radium-224, radium-226, and radium-228. Radium-223 and radium-224 are alpha 
emitters with relatively short half-lives of 11.4 and 3.6 days, respectively (ATSDR, 1990). 
Radium-226 is also an alpha emitter but has a very long half-life (1,600 years). Radium-228 is 
a beta emitter with a half-life of 5.7 years. 

The primary concern for exposure to radium is the risk of exposure to ionizing radiation from 
alpha or beta particles. Ionizing radiation has been shown to be a human carcinogen, and the 
EPA classifies all radionuclides as Group A carcinogens (EPA, 2001). Based on the 
carcinogenicity of ionizing radiation, cancer slope factors have been derived for radium isotopes. 
The oral slope factors for radium-223, radium-224, radium-226, and radium-228 are 2.34 x 10-10, 
1.49 x 10-10, 2.95 x 10-10, and 2.46 x 10-10 risk per pCi, respectively, and the inhalation slope 
factors are 3.60 x 10-9, 2.25 x 10-9, 2.72 x 10-9, and 9.61 x 10-10 risk per pCi, respectively 
(EPA, 2001). 

A number of adverse effects (including death, anemia, leukemia, and osteosarcomas) were 
observed in humans and animals following oral, inhalation, and/or dermal exposure to radium 
isotopes. These effects have been attributed to the ionizing radiation. No studies examining non-
ionizing radiation effects of radium were identified (ATSDR, 1990;, EPA, 1988). In the absence 
of relevant data, provisional non-cancer and cancer risk assessment values based on radium-
induced effects that are not attributable to ionizing radiation have not been derived. 
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TECHNETIUM-99 

Essentially all of technetium found on earth is present as a result of human action. All isotopes of 
this silver-gray metal are radioactive and of its 10 major isotopes, only three are long-lived. The 
most important of these isotopes is technetium-99, with a half-life of 213,000 years. This isotope 
decays to the stable isotope ruthenium-99 by emitting a beta particle. With its long half-life, the 
radiation produced by this isotope is somewhat of less concern than other radioactive materials.  

The primary concern for exposure to technetium is the risk of exposure to ionizing radiation 
from beta particles. Based on the carcinogenicity of ionizing radiation, cancer slope factors have 
been derived for technetium-99. The oral slope factor for technetium-99 is 7.66 x 10-12 risk per 
pCi for soil ingestion, 1.41 x 10-11 risk per pCi for inhalation, and 8.14 x 10-11 risk per pCi for 
external effects (EPA, 2001). 

Technetium pertechnetate (TcO4) is well absorbed by the intestines and lungs following 
ingestion or inhalation. After reaching the bloodstream, technetium pertechnetate preferentially 
deposits in the thyroid, stomach wall, and the liver (ANL, 2007). Specific target organs for 
technetium deposits vary depending on the chemical form of technetium. With no associated 
gamma radiation, technetium poses little external harm. No non-ionizing radiation effects of 
technetium-99 were identified. In the absence of relevant data, provisional non-cancer risk 
assessment values based on technetium-induced effects that are not attributable to ionizing 
radiation have not been derived. 
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TETRACHLOROETHYLENE 

Tetrachloroethylene (PCE) is a synthetic chlorinated hydrocarbon used as an industrial solvent 
and degreaser. It is also extensively used in the dry cleaning and textile industries and as an 
intermediate in the manufacture of other chemicals (ATSDR, 1997). Chronic inhalation exposure 
of mice and rats to concentration of PCE resulted in liver cell carcinomas in male and female 
mice, an increased incidence of mononuclear cell leukemia in male and female rats, and an 
increase of renal tubular cell tumors in male rats (ATSDR, 1997). 

The slope factors for PCE are not available on the IRIS database, although they are reported in 
the risk assessment issue paper for carcinogenicity information for tetrachloroethylene (NCEA in 
EPA, 1998) and in EPA Region 6’s human health screening level tables (EPA, 2006). The oral 
slope factor as listed was 0.54 (mg/kg-d)-1 and the inhalation SF was 0.021 (mg/kg-d)-1 for PCE. 

The chronic oral RfD of 1.0 x 10-2 mg/kg-day for PCE was derived based on a 6-week gavage 
study in mice that resulted in liver toxicity (EPA, 1998). The assigned uncertainty factor of 
1,000 for PCE accounts for intraspecies variability and extrapolation of a subchronic effect level 
to its chronic equivalent. The RfD confidence level is considered medium (EPA, 1998). The 
inhalation RfD of 0.114 mg/kg-day used in the risk assessment was reported in the EPA 
Region 6 human health screening level tables (EPA, 2006). 
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THALLIUM 

Thallium is one of the more toxic metals. At varying concentrations, thallium affects the 
neurological, hepatic, and renal systems. Temporary hair loss and decreased visual abilities have 
occurred in the occupational setting after ingestion of thallium. Chronic effects from ingestion in 
humans have been reported (as case studies) to produce gastrointestinal effects, liver, and kidney 
damage, although the kidney evidence is weak (ATSDR, 1992). 

Toxic Effects 

The oral RfD of 6.6 x 10-5 mg/kg-day for thallium and compounds is reported by EPA (2006). 
An IRIS record is available for thallium sulfate (EPA, 2007). This compound was used by EPA 
(2006) to derive RfDs for thallium compounds. The RfD reported in IRIS for thallium sulfate is 
8 x 10-5 mg/kg-day and is based on NOAEL from a 90-day study in rats by EPA (1986). The 
IRIS record notes that no histopathological effects were observed, nor were there any differences 
between control and experimental groups in body weight, weight gain, food consumption, or 
absolute and relative organ weights. Dose-related increases were reported for alopecia (hair loss), 
lacrimation (tearing), and exophthalmos (bulging of eyes). Possible subtle changes in blood 
chemistry were also reported including increased enzyme levels of serum glutamic oxaloacetic 
transaminase (SGOT) and lactate dehydrogenase (LDH), increased sodium, and decreased 
glucose (EPA, 1986). Not all changes were significantly different from controls for both sexes. 
EPA (1986) also concluded that liver function was probably not affected because of lack of 
changes in serum glutamic pyruvic transaminase (SGPT) levels, and none of the blood chemistry 
changes observed significantly affected the health of the animals. In addition, differences in 
blood chemistry parameters were greatest between treated animals receiving thallium sulfate and 
non-treated controls. Differences between animals receiving thallium sulfate and vehicle controls 
receiving water were more subtle. 

The uncertainty factor is relatively high (3,000) and likely incorporates factors of 10 to account 
for interspecies conversion, extrapolation from a subchronic study, variation in individual 
sensitivity, and an additional modifying factor of 1. The chronic RfD was withdrawn from the 
IRIS database and is currently under review by the EPA. ATSDR (1992) reports general lack of 
animal and human data by all routes of exposure for thallium. 

Carcinogenicity 

Thallium is listed as a Class D carcinogen (EPA, 2003). The basis for the classification is a lack 
of carcinogenicity data available for either humans or animals. The two human studies reviewed 
by the EPA were judged inadequate to determine carcinogenic effects because one study had no 
exposure quantification data, a small sample size, and an unknown length of observation period, 
and the other study’s evaluation of exposure did not include a measure of carcinogenic response. 

 



DOE/RL-2007-27, REV. 0 

G-196 

REFERENCES 

ATSDR, 1992, Toxicological Profile for Thallium, dated July 1992, U.S. Department of Health 
and Human Services, Agency for Toxic Substances and Disease Registry, 
Washington, D.C. 

EPA, 2006, U.S. EPA Region 6 Human Health Medium-Specific Screening Levels 2007 and 
Supplemental Information, dated December 14, 2006, U.S. Environmental Protection 
Agency, Dallas, Texas. 

EPA, 2007, Integrated Risk Information System (IRIS) Online Database, accessed in April 2007, 
http://www.epa.gov/iris/index.html, U.S. Environmental Protection Agency, 
Washington, D.C. 



DOE/RL-2007-27, REV. 0 

G-197 

THORIUM 

Thorium is a metallic element in the actinide series; the atomic weight of the 12 thorium isotopes 
range from -223 to -234; all of the isotopes are radioactive. The predominant thorium isotope 
found in the environment is thorium-232; this isotope makes up 99.99 percent of the naturally 
occurring thorium. The other two thorium isotopes found in the environment are thorium-228 
and thorium-230. Thorium-232, -228, and -230 are alpha emitters with half-lives of 
1.4 x 1010 years, 1.91 years, and 7.54 x 104 years, respectively. 

The primary concern for exposure to thorium is the risk of exposure to ionizing radiation from 
alpha particles. Ionizing radiation has been shown to be a human carcinogen, and the EPA 
classifies all radionuclides as Group A carcinogens (EPA, 2001). Based on the carcinogenicity of 
ionizing radiation, cancer slopes factors have been derived for thorium isotopes. The oral slope 
factors for thorium-228, thorium-230, and thorium-232 are 6.29 x 10-11, 3.75 x 10-11, and 
3.28 x 10-11 risk per pCi, respectively and the inhalation slope factors are 9.45 x 10-8, 1.72 x 10-8, 
and 1.93 x 10-8 risk per pCi, respectively (EPA, 2001). 

Most of the available data on the toxicity and carcinogenicity of thorium in humans are derived 
from individuals exposed to thorotrast (colloidal thorium-232 dioxide) administered 
intravenously as a radiological contrast medium. The most common adverse effects associated 
with thorotrast exposure are cirrhosis of the liver, hepatic tumors, and blood dyscrasias; these 
effects have been attributed to the alpha radiation (ATSDR, 1990). Respiratory effects and 
increased incidences of pancreatic, lung, and hematopoietic cancers have been reported in 
humans and animals following inhalation exposure to thorium (ATSDR, 1990); these effects 
have also been attributed to alpha radiation. No non-ionizing radiation effects of thorium were 
identified (ATSDR, 1990). In the absence of relevant data, provisional non-cancer and cancer 
risk assessment values were not derived for thorium-induced effects not attributable to ionizing 
radiation. 
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TRICHLOROETHYLENE 

Trichloroethylene (TCE) has been in commercial production for more than 75 years in the U.S.. 
TCE has been extensively used for degreasing of fabricated metal parts, in dry cleaning, and as a 
solvent for oils, resins, waxes, paints, lacquers, printing inks, fabric dyes, disinfectants, and as an 
intermediate in the manufacture of other chemicals. 

The EPA recently evaluated health risks from exposure to TCE in a document titled 
Trichloroethylene Health Risk Assessment: Synthesis and Characterization 
(EPA/600/P-01/002A). This document is an external review draft to which EPA is soliciting 
comments and its findings are subject to change; however, its findings are used in this report 
as the latest available information for TCE. 

Previous investigations suggested that TCE’s cancer classification be on a B2 to C continuum, 
indicating that there was some evidence for its carcinogenicity in animals and no evidence in 
humans. However, EPA’s recent review of the literature recommended that TCE be considered 
“highly likely” to produce cancer in humans and has proposed that TCE be classified as a 
B1 carcinogen – a probable human carcinogen with sufficient evidence in animals and limited 
evidence in humans. The reasons for the increased certainty in the chemical’s ability to cause 
cancer in humans are due to new epidemiological evidence and new information on the ways in 
which TCE could be inducing cancer (modes of action). The information on TCE carcinogenicity 
is complex and consistent responses are not seen across species. The metabolism of TCE is also 
complex and various metabolites are likely involved in the carcinogenic process. In addition, 
humans are exposed to TCE metabolites from other sources than just TCE, and some researchers 
consider that background exposures to these metabolites may affect a person’s response to TCE. 
There is also some evidence that the human population could have subpopulations that are 
particularly sensitive to TCE because of (1) genetic predisposition, (2) environmental factors such 
as the consumption of alcohol, and (3) age (i.e., children may be more sensitive than adults). 

Five types of cancer in humans are potentially linked with TCE exposure: liver, kidney, lymph-
hematopoietic, cervical, and prostate. Given the complexity of the cancer data, several studies 
with liver, kidney, and lymphoma cancer data (for which there is supporting animal information) 
were used to derive a range of slope factors from 0.02 (mg/kg-day)-1 to 0.4 (mg/kg-day)-1. The 
EPA considers that these slope factors represent “a middle range of risk estimates where 
confidence is greatest.” The lower end of this range, 0.02 (mg/kg-day)-1 is based on the incidence 
of kidney cancer in German cardboard workers exposed to TCE in the workplace, while the 
higher end is based on the incidence of non-Hodgkin’s lymphoma in females exposed to TCE in 
their drinking water.  

The external review draft also evaluated the non-cancer effects associated with TCE exposures. An 
inhalation RfD of 0.011 mg/kg-day was derived from five studies (four in humans and one in 
rodents) based on effects in the central nervous system, liver, and endocrine system 
(EPA/600/P-01/002A). The EPA has selected an uncertainty factor of 1,000 for this RfD to 
account for subchronic to chronic extrapolation, interspecies variability and intraspecies variability. 

The EPA recommends an oral RfD of 0.0003 mg/kg-day based on central nervous system, liver, 
and endocrine effects in a subchronic mouse study. The NCEA used EPA’s maximum 
uncertainty factor of 3,000 to adjust the study NOAEL to an oral RfD, by NCEA considered the 
data sufficiently equivocal that even an uncertainty factor of 5,000 might be appropriate 
(EPA/600/P-01/002A).  
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The U.S. Department of Defense (DOD) has published a critique of EPA’s proposed slope factor 
range for TCE (AFIERA, 2001). In particular, they note that the upper end of the proposed 
recommended range, 0.4 (mg/kg-day)-1, is based on a residential drinking water study where the 
confidence interval around the calculated relative risk included one. The relative risk is defined 
as the cancer incidence rate in the exposed population relative to an unexposed population. If the 
relative risk is one, cancer incidence rates are equal for the exposed and unexposed populations 
and the study cannot conclude that there is an increased association between cancer and site 
exposures relative to an unexposed population. Generally, if the confidence interval around the 
relative risk includes one, cancer incidence rates for the two populations (exposed and 
unexposed) are not significantly different. Therefore, the DOD review concluded there was 
insufficient evidence to conclude that TCE exposures in drinking water were associated with an 
increase in non-Hodgkins lymphoma and thus, no slope factor should be calculated based on that 
study. Only one study had non-Hodgkins lymphoma associated with TCE exposure. 

The DOD review also criticized the study on which the low end of EPA’s proposed slope factor 
range was based, which was an inhalation study where TCE exposures were associated with an 
increase in kidney cancer. The DOD noted that the particular study has been highly criticized in 
the open literature and concluded that without that study, the remaining data do not confirm an 
increased relative risk of kidney cancer from TCE exposure (AFIERA, 2001). 

Because of the uncertainty surrounding the new proposed slope factor range, and because of the 
criticisms the health assessment document has received, currently the oral and inhalation slope 
factors derived by the California EPA (CalEPA) Office of Environmental Health Hazard 
Assessment (OEHHA) for are generally being recommended for use in risk assessment. The 
slope factors derived by OEHHA are an inhalation slope factor of 0.007 (mg/kg-day)-1, as 
presented in OEHHA (2002) and an oral slope factor of 0.013 (mg/kg-day)-1, as presented in 
OEHHA (1999). 
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TRITIUM 

Tritium (H-3) is the only radioactive isotope of hydrogen. The most common forms are tritium 
gas and tritium oxide or “tritiated water.” Tritium has a high specific activity and is produced 
both naturally and artificially. Tritium emits low-energy beta particles as it decays and has a half-
life of 12 years (ANL, 2007). 

The primary concern for tritium exposure is only if it ingested (especially in the form of tritiated 
water) because it cannot penetrate deeply into tissue or travel far in air. Once ingested, tritium 
may cause cell damage and lead to cancer. Ionizing radiation has been shown to be a human 
carcinogen, and the EPA classifies all radionuclides as Group A carcinogens (EPA, 2001). Based 
on the carcinogenicity of ionizing radiation, cancer slope factors have been derived for tritium. 
The slope factor s for tritium are 5.1 x 10-14 risk per pCi for water ingestion, 1.4 x 10-13 risk per 
pCi for food ingestion, 2.2 x 10-13 risk per pCi for soil ingestion, 5.6 x 10-14 risk per pCi for 
vapor inhalation, and 2 x 10-13 risk per pCi for particulate inhalation (EPA, 2001). 
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URANIUM 

Uranium is an actinide element that occurs naturally as one of three radioactive isotopes: 
uranium-238, uranium-235, and uranium-234. All three natural uranium isotopes decay by alpha 
particle emission. The term “natural uranium” refers to uranium that has a uranium isotopic 
composition reflecting the natural abundance of uranium-238, uranium-235, and uranium-234, 
as presented in the table below. This distinguishes natural uranium from other anthropogenic 
uranium isotope mixtures. The term “enriched uranium” refers to isotope mixtures that contain 
a higher percentage of the fissionable isotope, uranium-235 (and also uranium-234, a byproduct 
of the enrichment process), and a lower percentage of uranium-238 than natural uranium. 
Enriched uranium is produced as fuel for reactors and nuclear fission weapons. Other isotopes of 
uranium are produced by humans in controlled or uncontrolled (explosive) nuclear reactions 
(e.g., uranium isotopes -227 through -240).  

Natural Abundances and Radioactive Half-Lives of Uranium Isotopes 

Uranium 
Isotope 

Natural 
Abundance 

Radioactive 
Half-Life 
(years) 

Uranium-238 99.27% 4.46 x 109 
Uranium-235 0.72% 7.04 x 108 
Uranium-234 0.0055% 2.45 x 105 

NOTE: Values from (EPA/600/P-95-002FA). 

 
The primary radiological concern related to uranium is the risk associated with exposure to 
ionizing radiation, which will vary with the dose of uranium, the isotopic form, and other factors 
that affect uranium bioavailability, tissue distribution, and retention. Ionizing radiation has been 
shown to be a carcinogen in humans, and the EPA classifies all radionuclides as Group A 
carcinogens (EPA, 1997). Based on the carcinogenicity of ionizing radiation, cancer slope 
factors have been derived for the naturally occurring isotopes of uranium (EPA, 1997). Natural 
uranium has a relatively low radioactivity (less than 1 μCi/g) compared to enriched uranium, 
which has a higher abundance of the more highly radioactive isotopes uranium-235 and 
uranium-234 and can have a radioactivity that is approximately 100 times that of natural 
uranium. Therefore, the radiological hazard of enriched uranium can be considerably greater than 
that of natural uranium.  

Uranium occurs naturally predominantly in valence states +4 and +6, although valence states +2, 
+3, and +5 can also occur naturally or be produced by humans (EPA, 1988). Uranium 
compounds vary widely in their water solubility. Uranium oxides are practically soluble in water 
while salts of tetravalent (+4) and hexavalent (+6) uranium can be highly water soluble 
(Gindler, 1973). Differences in water solubility and other chemical properties can be expected to 
give rise to differences in bioavailability and dose-response relationships when intakes occur 
through either the inhalation or oral routes (EPA, 1988).  
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Non-cancer (RfD and RfC) and cancer risk values for natural uranium are not listed in the IRIS 
database (EPA, 1998) or in the Health Effects Assessment Summary Tables (HEAST) 
(EPA, 1997). Based on the NOAEL of 0.2 mg U/kg-day (Gilman et al., 1998a; 1998b; and 
1998c), a provisional chronic oral RfD of 2 x 10-4 mg/kg-day was estimated by the Superfund 
Technical Support Center (2001). A chronic oral RfD of 3 x 10-3 mg U/kg-day for soluble 
uranium salts is in found in the IRIS database (EPA, 2007).  

The EPA developed a health effects assessment for natural uranium (EPA, 1988) and drinking 
water standards for uranium (EPA, 2000). The ATSDR (1997) derived a chronic-duration 
inhalation minimum risk level (MRL) for uranium of 1.0 x 10-3 mg U/m3 and an intermediate-
duration oral MRL of 1.0 x 10-3 mg U/kg-day. 

Derivation of a Provisional Oral RfD for Soluble Uranium Salts 

Non-cancer (RfD and RfC) and cancer risk values for natural uranium are not listed on IRIS or in 
HEAST (EPA, 2007; 1997; 2001). A chronic oral RfD of 3 x 10-3 mg U/kg-day for soluble 
uranium salts is on IRIS (EPA, 2007). The available data on the inhalation toxicology of natural 
uranium compounds do not provide an adequate basis for deriving inhalation RfCs (EPA, 2007). 
The most substantial gap in the data are the lack of chronic inhalation studies of adequate quality 
that examine the respiratory tract as well as other suspected target organs such as the kidney. 
Based on chronic studies of natural uranium dioxide, it is possible that chronic exposures to 
5 mg U/m3 may have yielded either a chemical and/or radiological dose to the lung that was 
sufficient to induce injury to the respiratory tract. 

Derivation of Provisional Cancer Risk Values for Inhalation of Soluble Uranium Salts 

An increase risk of lung cancer has been observed in populations of uranium miners and uranium 
processing workers. However, this excess risk is thought to result, at least in part, if not 
primarily, from radiological exposures. Data are not adequate to assess the nonradiological 
carcinogenicity of natural uranium. The EPA classifies all radionuclides, including uranium, as 
Group A carcinogens (EPA, 1997). Based on the carcinogenicity of ionizing radiation, cancer 
slope factors have been derived for the naturally occurring isotopes of uranium. 
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DOE/RL-2007-27, REV. 0 

G-215 

Table 6-4a. Native American Exposures (Nonradioactive Chemicals) 
Intermediate Sweatlodge Spreadsheet. 

   
Exposure Medium: Groundwater       
Exposure Point: Sweatlodge Vapor       
Receptor Population: Native American Subsistence     
Receptor Age: Adults          
      
      

Formula for Volatile and Semi-volatile Organic Compounds:   
        

  Cv =  Cw * VForg     
        
where,       

  VForg =  Vw,total     

   2 * 2/3 * pi * r3     
        
        
Formula for Nonvolatile and Chemicals and Radionuclides (except Tritium): 
        

  Cv =  Cw * VFm,r     
        
where,       

  VFm,r =  MWw * p*     

   R * T * pw     
        
and,       

  p* = EXP(18.3036-3816.44/(T-46.13))    
        

Parameter Definition (units) Value 

Cv Concentration in sweatlodge vapor (mg/m3) chem.-specific 

Cw Concentration in groundwater (mg/L or pCi/L) chem.-specific 

 Vw,total total volume of water used to create steam (L) 4 
r radius of sweatlodge (m)     1 

MWw molecular weight of water (g/gmole)   18 

R ideal gas law constant (mmHg*m3/gmole*K) 0.06237 
T temperature of sweatlodge (K)   339 

pw density of liquid water (g/L)     1,000 

p* partial pressure of water at temp K (mmHg) 194.89 

VForg Vaporization factor, organic chemicals (L/m3) 0.955 
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Table 6-14a. Native American Exposures (Radioactive Chemicals) 
Intermediate Sweatlodge Spreadsheet. 

    

Exposure Medium: Groundwater         
Exposure Point: Sweatlodge Vapor         
Receptor Population: Native American       
Receptor Age: Adults            

       

       

Formula for Volatile and Semi-volatile Organic Compounds:    
         

  Cv =  Cw * VForg      
         
where,        

  VForg =  Vw,total      

   2 * 2/3 * pi * r3      
         
         
Formula for Nonvolatile and Chemicals and Radionuclides (except Tritium):  
         

  Cv =  Cw * VFm,r      
         
where,        

  VFm,r =  MWw * p*      

   R * T * pw      
         
and,        

  p* = EXP(18.3036-3816.44/(T-46.13))     

         

Parameter Definition (units) Value  

Cv Concentration in sweatlodge vapor (mg/m3) chem -specific  

Cw Concentration in groundwater (mg/L or pCi/L) chem -specific  

 Vw,total total volume of water used to create steam (L) 4  

r radius of sweatlodge (m)     1  

MWw molecular weight of water (g/gmole)   18  

R ideal gas law constant (mmHg*m3/gmole*K) 0.06237  

T temperature of sweatlodge (K)   339  

pw density of liquid water (g/L)     1,000  

p* partial pressure of water at temp K (mmHg) 194.89  

VForg Vaporization factor, organic chemicals (L/m3) 0.955  

VFm,r Vaporization factor, metals and radionuclides (L/m3) 0.166  
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Table 7-1. Summary of Risks for the Umatilla from Soil – 150 Years, 216-Z-1A Tile Field. 
Radionuclide  

(Parent and Decay) 
Total External Radiation Inhalation Produce Ingestion 

Ac-227 2E-08 2E-08 1E-12 2E-09 2E-09 
Am-241 1E+00 5E-01 4E-04 3E-01 6E-01 
Np-237 2E-03 1E-03 2E-08 4E-04 4E-05 
Pa-231 1E-08 4E-09 1E-12 7E-09 2E-09 
Pu-239 1E+00 5E-02 6E-03 1E+00 1E+00 
Pu-240 1E+00 4E-03 1E-03 6E-01 9E-01 
Ra-228 4E-12 2E-12 7E-18 2E-12 1E-13 
Th-228 2E-12 2E-12 2E-17 2E-14 4E-14 
Th-229 8E-10 6E-10 6E-14 4E-11 1E-10 
Th-232 2E-14 2E-16 9E-18 7E-15 2E-14 
U-233 1E-08 3E-10 3E-12 7E-09 7E-09 
U-235 2E-05 2E-05 5E-10 1E-06 1E-06 
U-236 1E-05 4E-08 3E-09 7E-06 7E-06 
Total 1E+00 5E-01 7E-03 1E+00 1E+00 

      
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A (EPA, 1989) 
was used: risk = 1 - exp ( - reported RESRAD risk). The shaded total values sum greater than 1, but risks are reported only to 1. 

 

Table 7-2. Summary of Risks for the Umatilla from Soil – 500 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) 

Total External Radiation Inhalation Produce Ingestion 

Ac-227 1E-06 9E-07 6E-11 1E-07 1E-07 
Am-241 3E-01 9E-02 6E-05 5E-02 1E-01 
Np-237 3E-03 3E-03 4E-08 7E-04 8E-05 
Pa-231 3E-07 1E-07 2E-11 2E-07 4E-08 
Pu-239 1E+00 4E-02 6E-03 1E+00 1E+00 
Pu-240 1E+00 3E-03 1E-03 6E-01 9E-01 
Ra-228 1E-10 6E-11 3E-16 8E-11 5E-12 
Th-228 9E-11 9E-11 9E-16 9E-13 1E-12 
Th-229 2E-07 1E-07 1E-11 1E-08 2E-08 
Th-232 7E-13 5E-15 3E-16 2E-13 5E-13 
U-233 3E-07 5E-09 7E-11 1E-07 1E-07 
U-235 7E-05 6E-05 1E-09 3E-06 3E-06 
U-236 4E-05 1E-07 9E-09 2E-05 2E-05 
Total 1E+00 1E-01 7E-03 1E+00 1E+00 

   
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A (EPA, 1989) 
was used: risk = 1 - exp ( - reported RESRAD risk). The shaded total values sum greater than 1, but risks are reported only to 1. 
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Table 7-3. Summary of Risks for the Umatilla from Soil - 1,000 Years, 216-Z-1A Tile Field. 
Radionuclide  

(Parent and Decay) 
Total External Radiation Inhalation Produce Ingestion 

Ac-227 3E-06 2E-06 1E-10 3E-07 3E-07 
Am-241 4E-02 1E-02 8E-06 7E-03 2E-02 
Np-237 3E-03 3E-03 4E-08 7E-04 8E-05 
Pa-231 7E-07 2E-07 6E-11 4E-07 1E-07 
Pu-239 1E+00 4E-02 5E-03 1E+00 1E+00 
Pu-240 1E+00 3E-03 1E-03 6E-01 9E-01 
Ra-228 4E-10 1E-10 7E-16 2E-10 1E-11 
Th-228 2E-10 2E-10 2E-15 2E-12 4E-12 
Th-229 6E-07 5E-07 5E-11 4E-08 9E-08 
Th-232 2E-12 1E-14 7E-16 5E-13 1E-12 
U-233 5E-07 9E-09 1E-10 2E-07 2E-07 
U-235 1E-04 9E-05 2E-09 4E-06 4E-06 
U-236 5E-05 1E-07 1E-08 3E-05 2E-05 
Total 1E+00 6E-02 6E-03 1E+00 1E+00 

 
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A (EPA, 1989) 
was used: risk = 1 - exp ( - reported RESRAD risk). The shaded total values sum greater than 1, but risks are reported only to 1. 

 

Table 7-4. Summary of Risks for the Umatilla from 
Radon – 150 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 5E-14 
Po-216 8E-16 
Pb-212 3E-14 

Bi-212 1E-14 

Total 9E-14 

 

Table 7-5. Summary of Risks for the Umatilla from 
Radon – 500 Years. 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 2E-12 
Po-216 3E-14 
Pb-212 1E-12 

Bi-212 6E-13 

Total 4E-12 
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Table 7-6. Summary of Risks for the Umatilla from 
Radon –1,000 Year, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 5E-12 
Po-216 8E-14 
Pb-212 3E-12 

Bi-212 2E-12 

Total 1E-11 

 

Table 7-7. Summary of Risks for the Yakama Nation from Soil –  
150 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 2E-08 2E-08 1E-12 3E-09 2E-09 
Am-241 1E+00 5E-01 4E-04 4E-01 6E-01 
Np-237 2E-03 1E-03 2E-08 5E-04 4E-05 
Pa-231 1E-08 4E-09 8E-13 9E-09 2E-09 
Pu-239 1E+00 5E-02 5E-03 1E+00 1E+00 
Pu-240 1E+00 4E-03 1E-03 7E-01 9E-01 
Ra-228 5E-12 2E-12 6E-18 3E-12 1E-13 
Th-228 2E-12 2E-12 2E-17 3E-14 4E-14 
Th-229 8E-10 6E-10 5E-14 6E-11 1E-10 
Th-232 2E-14 2E-16 8E-18 9E-15 2E-14 
U-233 2E-08 3E-10 3E-12 9E-09 7E-09 
U-235 3E-05 2E-05 4E-10 1E-06 1E-06 

U-236 2E-05 4E-08 3E-09 9E-06 7E-06 

Total 1E+00 5E-01 6E-03 1E+00 1E+00 
 
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A (EPA, 1989) 
was used: risk = 1 - exp ( - reported RESRAD risk). The shaded total values sum greater than 1, but risks are reported only to 1. 
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Table 7-8. Summary of Risks for the Yakama Nation from Soil –  
500 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 1E-06 9E-07 5E-11 1E-07 1E-07 
Am-241 3E-01 9E-02 5E-05 7E-02 1E-01 
Np-237 4E-03 3E-03 4E-08 8E-04 8E-05 
Pa-231 4E-07 1E-07 2E-11 2E-07 4E-08 
Pu-239 1E+00 4E-02 5E-03 1E+00 1E+00 
Pu-240 1E+00 3E-03 1E-03 7E-01 9E-01 
Ra-228 2E-10 6E-11 2E-16 1E-10 5E-12 
Th-228 9E-11 9E-11 7E-16 1E-12 1E-12 
Th-229 2E-07 1E-07 1E-11 1E-08 2E-08 
Th-232 7E-13 5E-15 2E-16 3E-13 5E-13 
U-233 3E-07 5E-09 6E-11 2E-07 1E-07 
U-235 7E-05 6E-05 1E-09 4E-06 3E-06 

U-236 4E-05 1E-07 7E-09 2E-05 2E-05 

Total 1E+00 1E-01 6E-03 1E+00 1E+00 
 
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A (EPA, 1989) 
was used: risk = 1 - exp ( - reported RESRAD risk). The shaded total values sum greater than 1, but risks are reported only to 1. 

 

Table 7-9. Summary of Risks for the Yakama Nation from Soil –  
1,000 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 3E-06 2E-06 1E-10 3E-07 3E-07 
Am-241 4E-02 1E-02 7E-06 9E-03 2E-02 
Np-237 3E-03 3E-03 4E-08 8E-04 8E-05 
Pa-231 8E-07 2E-07 5E-11 5E-07 1E-07 
Pu-239 1E+00 4E-02 5E-03 1E+00 1E+00 
Pu-240 1E+00 3E-03 9E-04 7E-01 9E-01 
Ra-228 4E-10 1E-10 6E-16 3E-10 1E-11 
Th-228 3E-10 2E-10 2E-15 3E-12 4E-12 
Th-229 6E-07 5E-07 4E-11 5E-08 9E-08 
Th-232 2E-12 1E-14 6E-16 7E-13 1E-12 
U-233 5E-07 9E-09 1E-10 3E-07 2E-07 
U-235 1E-04 9E-05 2E-09 5E-06 4E-06 

U-236 6E-05 1E-07 1E-08 3E-05 2E-05 

Total 1E+00 6E-02 6E-03 1E+00 1E+00 
 
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A (EPA, 1989) 
was used: risk = 1 - exp ( - reported RESRAD risk). The shaded total values sum greater than 1, but risks are reported only to 1. 

 
Table 7-10. Summary of Risks for the Yakama Nation 

from Radon – 150 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Inhalation 
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Rn-220 4E-14 
Po-216 7E-16 
Pb-212 2E-14 

Bi-212 1E-14 

Total 8E-14 

 

Table 7-11. Summary of Risks for the Yakama Nation 
from Radon – 500 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 2E-12 
Po-216 3E-14 
Pb-212 9E-13 

Bi-212 5E-13 

Total 3E-12 

 

Table 7-12. Summary of Risks for the Yakama Nation from Radon 
– 1,000 Years, 216-Z-1A Tile Field. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 5E-12 
Po-216 7E-14 
Pb-212 2E-12 

Bi-212 1E-12 

Total 9E-12 
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Table 7-13. Summary of Risks for the Umatilla from Soil – 150 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 5E-15 4E-15 3E-19 5E-16 5E-16 
C-14 4E-31 0E+00 0E+00 4E-31 0E+00 

Cs-137 3E-01 3E-01 7E-09 2E-02 1E-03 
Np-237 4E-05 3E-05 5E-10 7E-06 8E-07 
Pa-231 3E-15 1E-15 2E-19 2E-15 4E-16 
Pu-239 3E-05 9E-08 1E-08 9E-06 2E-05 
Pu-240 6E-06 7E-09 2E-09 2E-06 5E-06 
Ra-228 2E-13 8E-14 3E-19 1E-13 7E-15 
Tc-99 1E-05 4E-10 8E-14 1E-05 5E-09 

Th-228 2E-13 2E-13 2E-18 2E-15 3E-15 
Th-229 2E-11 1E-11 1E-15 9E-13 2E-12 
Th-232 6E-21 4E-23 2E-24 2E-21 4E-21 
U-233 3E-10 5E-12 7E-14 1E-10 1E-10 
U-235 9E-12 8E-12 2E-16 4E-13 4E-13 

U-236 5E-12 1E-14 1E-15 3E-12 2E-12 

Total 3E-01 3E-01 2E-08 2E-02 1E-03 
 
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A 
(EPA, 1989) was used: risk = 1 - exp ( - reported RESRAD risk).  

 

Table 7-14. Summary of Risks for the Umatilla from Soil – 500 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 1E-12 1E-12 8E-17 1E-13 1E-13 
C-14 0E+00 0E+00 0E+00 0E+00 0E+00 

Cs-137 3E-06 3E-06 6E-14 2E-07 1E-08 
Np-237 3E-05 3E-05 4E-10 6E-06 8E-07 
Pa-231 4E-13 1E-13 3E-17 2E-13 6E-14 
Pu-239 3E-05 9E-08 1E-08 8E-06 2E-05 
Pu-240 6E-06 7E-09 2E-09 2E-06 4E-06 
Ra-228 2E-16 7E-17 3E-22 1E-16 6E-18 
Tc-99 0E+00 0E+00 0E+00 0E+00 0E+00 

Th-228 1E-16 1E-16 1E-21 1E-18 2E-18 
Th-229 2E-09 2E-09 2E-13 1E-10 3E-10 
Th-232 9E-19 6E-21 3E-22 3E-19 6E-19 
U-233 3E-09 6E-11 8E-13 2E-09 2E-09 
U-235 1E-10 1E-10 2E-15 5E-12 5E-12 

U-236 6E-11 2E-13 1E-14 3E-11 3E-11 

Total 7E-05 3E-05 1E-08 2E-05 2E-05 
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Table 7-15. Summary of Risks for the Umatilla from Soil – 1,000 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 4E-12 3E-12 2E-16 4E-13 4E-13 
C-14 0E+00 0E+00 0E+00 0E+00 0E+00 

Cs-137 3E-11 3E-11 6E-19 2E-12 1E-13 
Np-237 3E-05 2E-05 4E-10 6E-06 7E-07 
Pa-231 1E-12 4E-13 9E-17 7E-13 2E-13 
Pu-239 3E-05 8E-08 1E-08 8E-06 2E-05 
Pu-240 6E-06 6E-09 2E-09 2E-06 4E-06 
Ra-228 6E-16 2E-16 1E-21 3E-16 2E-17 
Tc-99 0E+00 0E+00 0E+00 0E+00 0E+00 

Th-228 4E-16 4E-16 4E-21 4E-18 6E-18 
Th-229 7E-09 6E-09 5E-13 4E-10 1E-09 
Th-232 3E-18 2E-20 1E-21 8E-19 2E-18 
U-233 5E-09 9E-11 1E-12 3E-09 2E-09 
U-235 2E-10 2E-10 3E-15 8E-12 7E-12 

U-236 9E-11 2E-13 2E-14 5E-11 4E-11 

Total 6E-05 2E-05 1E-08 2E-05 2E-05 

 

Table 7-16. Summary of Risks for the Umatilla 
from Radon – 150 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 4E-15 
Po-216 6E-17 
Pb-212 2E-15 

Bi-212 1E-15 

Total 7E-15 

 

Table 7-17. Summary of Risks for the Umatilla 
from Radon – 500 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 3E-18 
Po-216 4E-20 
Pb-212 1E-18 

Bi-212 7E-19 

Total 5E-18 
  

 
Table 7-18. Summary of Risks for the Umatilla 

from Radon – 1,000 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Inhalation 
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Rn-220 8E-18 
Po-216 1E-19 
Pb-212 4E-18 

Bi-212 2E-18 

Total 2E-17 

 

Table 7-19. Summary of Risks for the Yakama Nation from Soil – 150 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 5E-15 4E-15 2E-19 6E-16 5E-16 
C-14 5E-31 0E+00 0E+00 5E-31 0E+00 

Cs-137 3E-01 3E-01 6E-09 3E-02 1E-03 
Np-237 4E-05 3E-05 4E-10 9E-06 8E-07 
Pa-231 4E-15 1E-15 2E-19 2E-15 4E-16 
Pu-239 3E-05 9E-08 9E-09 1E-05 2E-05 
Pu-240 7E-06 7E-09 2E-09 2E-06 5E-06 
Ra-228 2E-13 8E-14 3E-19 1E-13 7E-15 
Tc-99 1E-05 4E-10 7E-14 1E-05 5E-09 

Th-228 2E-13 2E-13 1E-18 2E-15 3E-15 
Th-229 2E-11 1E-11 1E-15 1E-12 2E-12 
Th-232 6E-21 4E-23 2E-24 2E-21 4E-21 
U-233 3E-10 5E-12 6E-14 2E-10 1E-10 
U-235 9E-12 8E-12 1E-16 5E-13 4E-13 

U-236 6E-12 1E-14 1E-15 3E-12 2E-12 

Total 3E-01 3E-01 2E-08 3E-02 1E-03 
 
Note: Shaded values exceed 1 x 10-1 and the following equation for high carcinogenic risk levels from RAGS Part A 
(EPA, 1989) was used: risk = 1 - exp ( - reported RESRAD risk). 
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Table 7-20. Summary of Risks for the Yakama Nation from Soil - 500 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 1E-12 1E-12 7E-17 2E-13 1E-13 
C-14 0E+00 0E+00 0E+00 0E+00 0E+00 

Cs-137 3E-06 3E-06 6E-14 3E-07 1E-08 
Np-237 3E-05 3E-05 4E-10 8E-06 8E-07 
Pa-231 5E-13 1E-13 3E-17 3E-13 6E-14 
Pu-239 3E-05 9E-08 9E-09 1E-05 2E-05 
Pu-240 7E-06 7E-09 2E-09 2E-06 4E-06 
Ra-228 2E-16 7E-17 3E-22 1E-16 6E-18 
Tc-99 0E+00 0E+00 0E+00 0E+00 0E+00 

Th-228 1E-16 1E-16 9E-22 1E-18 2E-18 
Th-229 2E-09 2E-09 2E-13 2E-10 3E-10 
Th-232 9E-19 6E-21 3E-22 3E-19 6E-19 
U-233 4E-09 6E-11 7E-13 2E-09 2E-09 
U-235 1E-10 1E-10 2E-15 6E-12 5E-12 

U-236 7E-11 2E-13 1E-14 4E-11 3E-11 

Total 7E-05 3E-05 1E-08 2E-05 2E-05 

 
Table 7-21. Summary of Risks for the Yakama Nation from Soil – 1,000 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Total External Radiation Inhalation Produce Ingestion 

Ac-227 4E-12 3E-12 2E-16 5E-13 4E-13 
C-14 0E+00 0E+00 0E+00 0E+00 0E+00 

Cs-137 3E-11 3E-11 5E-19 3E-12 1E-13 
Np-237 3E-05 2E-05 3E-10 7E-06 7E-07 
Pa-231 1E-12 4E-13 8E-17 8E-13 2E-13 
Pu-239 3E-05 8E-08 9E-09 1E-05 2E-05 
Pu-240 6E-06 6E-09 2E-09 2E-06 4E-06 
Ra-228 7E-16 2E-16 9E-22 4E-16 2E-17 
Tc-99 0E+00 0E+00 0E+00 0E+00 0E+00 

Th-228 4E-16 4E-16 3E-21 4E-18 6E-18 
Th-229 8E-09 6E-09 5E-13 5E-10 1E-09 
Th-232 3E-18 2E-20 9E-22 1E-18 2E-18 
U-233 6E-09 9E-11 1E-12 3E-09 2E-09 
U-235 2E-10 2E-10 3E-15 1E-11 7E-12 

U-236 1E-10 2E-13 2E-14 6E-11 4E-11 

Total 7E-05 2E-05 1E-08 2E-05 2E-05 
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Table 7-22. Summary of Risks for the Yakama Nation from 
Radon – 150 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 4E-15 
Po-216 5E-17 
Pb-212 2E-15 

Bi-212 1E-15 

Total 6E-15 

 

Table 7-23. Summary of Risks for the Yakama Nation from 
Radon – 500 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 2E-18 
Po-216 3E-20 
Pb-212 1E-18 

Bi-212 6E-19 

Total 4E-18 

 
Table 7-24. Summary of Risks for the Yakama Nation from 

Radon – 1,000 Years, 216-A-8 Crib. 

Radionuclide  
(Parent and Decay) Inhalation 

Rn-220 7E-18 
Po-216 1E-19 
Pb-212 4E-18 

Bi-212 2E-18 

Total 1E-17 
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