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EXECUTIVE SUMMARY 

BACKGROUND 

The Washington State Department of Ecology (Ecology), the U.S. Environmental 
Protection Agency (EPA), and the U.S. Department of Energy (DOE), signatories to the 
Hanford Federal Facility Agreement and Consent Order-(Tri-Party Agreement, Ecology et 
al. 1990) have developed the Hanford Site Past-Practice Strategy (DOE-RL, 1992a) to 
emphasize initiating and completing waste site cleanups with a bias for action. This 
strategy relies, in part, upon the use of a qualitative risk assessment (QRA) to assist in 
decision-making. The QRA is performed using the Hanford Site Baseline Risk Assessment 
Methodology (HSBRAM) as guidance (DOE-RL 1993a). The results will be used, along with 
other considerations, to make a recommendation for or against interim remedial measures 
(IRMs). The objective of conducting IRMs at Hanford is to achieve cleanup and reduce risk 
in the shortest time possible and in a cost effective manner. 

The QRA is an evaluation of risk using a limited amount of data and a predefined 
set of human and environmental exposure scenarios and is not intended to replace or be a 
substitute for a baseline risk assessment. This QRA evaluates the groundwater beneath the 
100-B/C Area as specified in the Remedial Investigation/Feasibility Study Work Plan for the 
100-BC-5 Operable Unit (DOE-RL 1992b). The data used in the 100-BC-5 QRA are from 
three rounds of data collected during recent limited field investigation (LFI) sampling. The 
data collected are evaluated as recommended in the HSBRAM (DOE-RL 1993a). Maximum 
detected concentrations of inorganic analytes are screened by comparison with background 
levels for groundwater established in Hanford Site Groundwater Background (DOE-RL 1992c), 
as agreed by 100 Area Tri-Party unit managers (February 8, 1993). With the exception of 
uranium and gross alpha activity, no organic and radionuclide analytes are screened by 
comparison to background, as there are no background values that have been agreed upon 
for these analytes. All inorganic analytes exceeding background, and organic and 
radionuclide analytes are then screened against appropriate risk-based benchmark 
concentrations. A complete evaluation of the spatial or temporal distribution of the 
contaminants was not performed. 

The QRA also is streamlined to consider only two human health exposure scenarios 
(frequent-use) and (occasional-use) with two pathways (groundwater ingestion and 
inhalation of volatile organics from groundwater use}, and a limited environmental 
evaluation based on agreements by the 100 Area Tri-Party unit managers (December 21, 
1992 and February 8, 1993). For humans, risks that might occur under frequent and 
occasional use were included to provide upperbound and reasonable maximum exposure 
(RME) estimates of risk. In addition, the human health evaluation includes a focused 
analysis of the most probable exposure scenario (occasional use by trespassers near the 
river) by providing a comparison of concentrations in springs and seeps near the river, and 
in the river, to groundwater concentrations. The inhalation pathway is only evaluated in 
the frequent-use scenario because it is assumed that exposures to volatile organic 
compounds would occur during water use such as would occur within the confines of a 
residence, which would not be expected to occur in an occasional-use (e.g. recreational) 
setting. The environmental evaluation concentrates on potential effects of contaminants on 
selected aquatic organisms present in or near the Columbia River. It is the limited scope of 
the evaluation and lack of modeling which make the analysis qualitative. 
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RESULTS 

The results of the human health risk estimations are grouped into high [lifetime 
incremental cancer risk (ICR greater than 1 x 10·2) medium (ICR 1 x 104 to 1 x 10"2), low 
(ICR 1 x 10-6 to 1 x 104 ), and very low (ICR less than 1 x 10-6)] for carcinogenic risks; and 
above a hazard index of one or below a hazard index of one for noncarcinogenic risks. 
The estimated risks for the frequent-use scenario are rated low for carcinogens and below 
the hazard index of one for noncarcinogens. The estimated risks for the occasional-use 
scenario are below the hazard index of one for noncarcinogenic contaminants, and very 
low for nonradioactive carcinogenic contaminants. The estimated risks for radioactive 
contaminants ranged from very low to low. 

For carcinogenic risk, the risk-driving contaminants were four radioactive 
contaminants (carbon-14, strontium-90, technetium-99, and tritium) and two organic 
compounds (trichloroethene and bis(2-ethylhexyl)phthalate). Bis(2-ethylhexyl)phthalate is a 
common laboratory contaminant and may not actually be present in groundwater at the 
100-BC-5 operable unit. 

The environmental evaluation (ecological risk) analyzes the likelihood of an adverse 
effect occurring to wildlife. A computer model was used to develop radiological dose rates 
to selected generic aquatic organisms. In conducting the risk assessment it was assumed 
the organisms are exposed to the maximum concentration of a contaminant, irrespective of 
whether or not the exposure scenario was ecologically precise. The ecological benchmark 
for radionuclides was a total internal dose of 1 rad/day (DOE Order 5400.5). No organisms 
were found to exceed this dose. Acute and chronic lowest observable effect levels (LOELs) 
for non-radiological chemicals for fish were derived. The LOELs were exceeded by 
aluminum, chromium (hexavalent), and iron. 

UNCERTAINTIES 

Uncertainty exists in the human heath and environmental evaluations for the 
following reasons: 

• A considerable amount of conservatism exists (e.g., the use of 
maximum concentrations, and the assumptions of residents as 
receptors could bias results towards a higher risk); 

• The two scenarios evaluated to provide estimates of hazard or risk 
(frequent-use and occasional-use) do not currently occur in the 100-
B/C Area. This results in a bias towards high risks. 

• The dose/response exposures evaluated in the environmental 
evaluation are extrapolated from the individual to the population 
level of ecological organization. This could bias results in either 
direction. 

• The maximum concentrations used in the environmental evaluation 
are assumed to be the source terms and available for uptake. No 
allowance was made for dilution effects or bioavailability. This results 
in a bias towards a higher risk. 

- ' ES-2 
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LIST OF ACRONYMS 

American Conference of Governmental Industrial Hygienists 
Arid Lands Ecological Reserve 
ambient water quality criteria 
bis(2-ethylhexyl)phthalate 
Comprehensive Environmental Response, Compensation and Liability Act 1980 
chronic freshwater quality criteria 
Contact Laboratory Program 
United States Department of Energy 
United States Department of Energy, Richland Operation Office 
Environmental Criteria and Assessment Office 
Washington State Department of Ecology 
Environmental Hazard Quotient 
United States Environmental Protection Agency 
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Health Effects Assessment Summary Tables 
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hazard index 
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Hanford Site Baseline Risk Assessment Methodology 
Hanford Site Past-Practice Strategy 
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lifetime incremental cancer risk 
immediately dangerous to life or health 
Integrated Risk Information System 
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National Council on Radiation Protection 
not detected 
National Institute of Occupational Safety and Health 
National Priorities List 
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1.0 INTRODUCTION 

The 100-BC-5 operable unit is located within the 100-B/C Area of the Hanford Site 
(Figure 1-1). The 100 Area of the Hanford Site was included on the U.S. Environmental 
Protection Agency's (EPA's) National Priority List (NPL) under the Comprehensive 
Environmental Response; Compensation, and Liability Act of 1980 (CERCLA). 

The Washington State Department of Ecology (Ecology), EPA, and the U.S. 
Department of Energy (DOE) are signatories to the Hanford Federal Facility Agreement 
and Consent Order (Tri-Party Agreement, Ecology et al. 1990). The signatories have 
developed a strategy to emphasize initiating and completing waste site cleanups in the 
Hanford Site Past-Practice Strategy (HSPPS, DOE-RL 1992a). The HSPPS identifies three 
paths to support this bias for action. The paths are an Expedited Response Action (ERA), 
and an Interim Remedial Measure (IRM), with or without a Limited Field Investigation 
(LFI). 

The qualitative risk assessment (QRA) is intended to provide information, along 
with other considerations in the LFI report, to justify conducting or not conducting an 
IRM, although it may be used to support the other paths when agreed upon by the Tri­
Party Agreement signatories. An IRM, as defined in the HSPPS, is "an on-site response 
conducted pursuant to CERCLA 40 CFR 300.430 involving interim remedial actions which 
are conducted at a CERCLA past practice operable unit at any time prior to initiation of 
final remedial action. Interim response measures can include Resource Conservation and 
Recovery Act (RCRA) interim measures as deemed appropriate by the parties." It should be 
noted that an IRM is intended to provide remedial measures as needed during the course 
of CERCLA activities, and may not in itself be a final remedy. 

This report provides the qualitative risk assessment for the 100-BC-5 operable unit. 
This operable unit is ·a groundwater unit. The application of the HSPPS at the 100-BC-5 
operable unit is discussed in detail in the Remedial Investigation/Feasibility Study Work Plan for 
the 100-BC-5 Operable Unit, Hanford Site, Richland, Washington (DOE-RL 1992b). 

1.1 PURPOSE AND SCOPE OF REPORT 

The purpose of the QRA at the 100-BC-5 operable unit is to focus on a limited set of 
human and environmental exposure scenarios in order to provide sufficient information 
that will assist the Tri-Party signatories in making defensible decisions on the necessity of 
IRMs. Frequent- and occasional-use exposure scenarios are evaluated in the human health 
QRA to provide bounding estimates of risk, and are based on the residential and 
recreational exposure factors, respectively, presented in the Hanford Site Baseline Risk 
Assessment Methodology, Rev. 2 (HSBRAM, DOE-RL, 1993a) as agreed by the 100 Area Tri­
Party unit managers. Currently, there are no residential or recreational land uses in the 
100-BC-5 operable unit. Ecological scenarios are evaluated using bi,ological endpoints which 
live in or near the Columbia River. The Hanford Future Site Uses Working Group 
(HFSUWG) recommended the ~00 Area be classified for unrestricted land use and listed 
four options for consideration (HFSUWG 1992). The options are: {l) Native American 
uses; (2) limited recreation, recreation-related commercial uses and wildlife; (3) B-reactor as 
a museum/visitor center; and (4) wildlife and recreation. None of the HFSUWG 
recommendations included residential use. The QRA presents estimates of risk that might 
occur under frequent-use (e.g., residential) or occasional-use (e.g., recreational). 
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The available LFI and historical data are evaluated through the use of deterministic 
exposure and toxicity assessments to characterize the ·risks or hazards associated with the 
100-BC-5 operable unit groundwater. The QRA is conducted using the HSBRAM (DOE-RL 
1993a) as guidance. 

1.2 REPORT ORGANIZATION 

Five chapters, including this introduction, are presented in this QRA. Chapter 2.0 is 
an overview of the QRA evaluation process. Chapter 3.0 provides an evaluation of the 100-
BC-5 operable unit groundwater for both human and environmental receptors. Chapter 4.0 
presents a summary of the major findings of the QRA and includes a matrix table (Table 4-
1) which identifies the key results of the QRA. References cited in this report are provided 
in Chapter 5.0. 

1.3 OPERABLE UNIT BACKGROUND 

The Hanford Site is a 1,434-krn2 (560 mi2) tract of land located in Benton, Franklin, 
and Grant counties in the south-central portion of the state of Washington. The 100-B/C 
Area is situated in the north-central part of the Hanford Site along the southern shoreline 
of the Columbia River, approximately 45 km (28 mi) northwest of the city of Richland, 
Washington, as shown in Figure 1-1. The 100-B/C Area is the Hanford Site production area 
located farthest upstream from Richland and encompasses approximately 3.0 krn2 (1.1 mi2) . 
It lies predominantly within Section 11, the southern portion of Section 2, and the western 
portion of Section 12 of Township 13N, Range 25E. The 100-B/C Area lies approximately 
between the north/south Hanford Plant coordinates N66500 and N73000, and the east/west 
coordinates W76000 and W84500. This area contains the facilities associated with operation 
of the B and C reactors. 

The 100-BC-5 operable unit includes the groundwater below the 100 B/C Area 
source operable units plus the adjacent groundwater, surface water, sediments and aquatic 
biota impacted by 100-B/C Area operations. The 100-B/C Area source operable units are 
100-BC-1 and 100-BC-2. These operable units are being addressed in separate QRAs. This 
QRA only addresses the 100-BC-5 groundwater operable unit. Figure 1-2 shows the 
approximate boundaries of the 100-BC-5 operable unit. 
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2.0 100-BC-5 OPERABLE UNIT EVALUATION OVERVIEW 

This chapter provides an overview of the approach used in evaluating the groundwater for 
the 100-BC-5 operable unit QRA. Section 2.1 is a discussion of the data sources, Section 2 .2 
addresses the use of background data, and Section 2. 3 is an overview of the approach used to · 
evaluate human health and ecological impacts. Uncertainty in the QRA is discussed in Section 
2.3.4. 

2.1 DATA SOURCES 

An overview · of the general sources of information consulted to prepare the QRA are 
discussed in this section. The historical data and LFI data are discussed in Sections 2.1.1 and 
2.1.2, respectively. A more comprehensive discussion of data sources will be provided in the LFI 
report for this operable unit. The data used in the QRA are presented in Chapter 3.0. 

2.1.1 Historical Data 

In the past, groundwater was sampled annually and analyzed for radioactive and inorganic 
contaminants . This sampling occurred from the early 1980's to the present. The exceptions are 
tritium, which was sampled since the early 1960's and gross beta, which was sampled since the late 
1960's . The results of the historical groundwater sampling at the 100-BC Area are summarized in 
the 100-BC-5 operable unit work plan. 

The historical sampling efforts in the 100-B/C Area focused on characterizing radiological 
contamination, with little or no characterization of hazardous chemical contaminants. Some data on 
the general use of inorganic chemicals are available, but quantification of nonradioactive inorganic 
parameters has been minimal . Virtually no historic information is available concerning the use of 
organic compounds or any resulting contamination. 

The historical data are influenced by operations at the 100-BC Area that resulted in 
periodic increases in groundwater volume and contaminant concentrations. Several factors, such as 
disposal operations, contaminant transport and radioactive decay , have affected groundwater 
contaminant concentrations throughout the historical groundwater monitoring period. Due to these 
variables and the lack of characterization of non-radioactive contaminants, the historic groundwater 
data are not considered representative of current groundwater conditions, and are not used in the 
QRA. 

2.1.2 LFI Data for the 100-BC-5 Operable Unit 

An LFI was completed in accordance with the work plan (DOE-RL 1992b) and the 
Description of Work (Roberts 1992a) to provide additional information and characterization needed 
to support selection, design and implementation of IRMs . Monitoring wells were installed during 
the LFI to define groundwater quality in areas of potential exposure (e.g., near seeps and springs 
along the Columbia River shoreline that are downgradient of contamination sources), to define 
groundwater quality immediately downgradient of high-priority waste sites, and to identify potential 
sources of groundwater contamination. A survey and inspection of existing wells was conducted to 
evaluate their "fitness-for-use" for environmental monitoring (Ledgerwood 1991). The survey 
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indicated that all 100-BC-5 wells needed cleaning . By September, 1991, 199-B3-1, 199-B4-1, 199-
B4-2, 199-B4-3 and 199-B9-l were cleaned (Ledgerwood 1991). Additional information indicates 
wells 199-B4-4 and 199-BS-l were cleaned as of July 30, 1991. Figure 2-1 is a map showing the 
locations of new and existing monitoring wells within the 100-BC-5 operable unit. 

The data from three sampling rounds of the LFI are used in the QRA. Samples were 
analyzed for volatile, semi-volatile, pesticide/polychlorinated biphenyls (PCBs), inorganic, 
radionuclide and wet chemistry parameters according to the Description of Work (Roberts 1992a) 
and the Quality Assurance Project Plan (QAPjP) for the 100-BC-5 operable unit work plan (DOE­
RL 1992b). Laboratories performing the analysis were Weston Analytic Laboratory of Lionville, 
Pennsylvania and TMA-Norcal Laboratory of Richmond, California. 

The LFI data collected for 100-BC-5 operable unit were analyzed using methods specified 
in EPA SW-846 with contract laboratory program (CLP) type deliverables . The first round of LFI 
data were 100% validated. The second and third rounds of LFI data were 100% verified and 10% 
validated. Based on the validation activities , data results were assigned qualifiers in accordance 
with criteria specified in the Data Validation Procedures for Chemical Analyses (Bechtold 1992). 
Data that are termed "usable" (detected compounds or estimated "J" values) can be used in the risk 
assessment. Examples of data that are not considered usable are data that were rejected (qualified 
with an "R") by the data validator. 

No rejected data were used in the QRA. However, data for hydrazine were rejected for 
administrative reasons (lack of calibration sheets). These data were considered in the QRA, but 
hydrazine was eliminated from further evaluation in the QRA because it is highly reactive and 
unstable in the environment. 

The LFI data were reviewed for consistency. The maximum analyte concentrations were 
compared to duplicate values and concentrations between sampling rounds were compared to 
determine internal consistency. If the concentration is found to be internally inconsistent, it was 
not used in the QRA. The maximum concentration was selected from the remaining data for 
evaluation in the QRA. Additional discussion and information on the data selection process and 
results are provided in Appendix A of the 100-BC-5 LFI report. 

Several of the wells sampled in the LFI are newly-constructed, and exhibit concentrations 
of particulates and colloidal material which tend to exist for a enhanced period of time spanning the 
first several sampling rounds . The unfiltered inorganic concentrations in these wells are higher 
than the filtered results in some of the early sampling rounds. These concentrations decrease and 
are roughly equivalent to the filtered results by the third sampling round. The variation in 
unfiltered sample results indicates that suspended particulate matter or well construction artifacts 
remain, which could continue to affect unfiltered sample results . 

In general, unfiltered groundwater samples from monitoring wells are often not 
representative of true groundwater concentrations extracted from a monitoring well for a variety of 
reasons (e .g., chemical changes to stagnant water in the monitoring well casing, reaction with well 
construction materials , and poor well development). The use of unfiltered monitoring well data for 
evaluating human health risks may result in-overestimation of risk that could hinder effective site 
investigation and remediation efforts . Based on this observation, the data evaluated in the human 
health evaluation are from filtered sample results . 

For the ecological evaluation, unfiltered sample results are used. The unfiltered sample 
data conservatively represent groundwater that potentially flows into the river. 
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The maximum groundwater concentrations of the ...yells in the upper, unconfined aquifer of 
the 100-BC-5 operable unit are likely to be the most representative groundwater concentrations 
potentially available to human receptors . However, exposures of humans to groundwater is most 
likely to occur to site trespassers at the river edge (e.g., contact with groundwater flowing from 
springs and in the river). Therefore, a comparative analysis is included in the QRA to evaluate the 
concentrations of contaminants in the springs and the river relative to the maximum groundwater 
concentrations. 

The maximum groundwater concentrations of the near-river wells in the upper, unconfined 
aquifer are likely to be the most representative groundwater concentrations potentially available to 
ecological receptors. Therefore, the maximum concentrations in the four near-river wells (199-B2-
13, 199-B3-1, 199-B3-46, and 199-B3-47) at the 100-BC-5 operable unit are used in the ecological 
evaluation. 

The maximum contaminant concentrations are derived from the Data Validation Report for 
the 100-BC-5 Operable Unit First Quarter Sampling Report (Roberts 1992b). Data from well 199-
B2-12, completed in the confined aquifer, and from 600 Area wells, are not included because the 
data from these wells are not analogous to the data from the 100 Area unconfined aquifer wells. 

2.1.3 Spring and Seep Data 

Spring and seep samples were collected in the fall of 1991 from the south and west banks 
of the Columbia River during a low-flow period of the river. The most upstream sample location 
was the intake structure at the 100-B/C reactor, and the most downstream sample location was in 
the Hanford Township below the 100 Area boundary. The seep samples were analyzed for 
chemical and radiological parameters (DOE-RL 1992d). Three of the springs sampled in this 
investigation are located at or near the 100-B/C Area (see Figure 2-1), all other springs are located 
downstream of the 100-B/C Area. The river sampling location is adjacent to seep sample 039-2, 
shown in Figure 2-1. 

In order to evaluate potential human health risks associated with the springs and river, the 
spring and river concentrations from samples collected at or near the 100-BC-5 operable unit are 
compared to the maximum gn;mndwater concentrations for the entire operable unit. The risks 
associated with the concentrations identified in the springs and river are qualitatively assessed 
relative to those evaluated for the groundwater. 

2.2 GENERAL HANFORD SITE BACKGROUND DATA SUMMARY 

The natural inorganic groundwater content at the Hanford Site was recently characterized 
(DOE-RL 1992c). The characterization effort identified the types of inorganic analytes that exist 
naturally in the groundwater, and their concentrations. Provisionai' threshold levels for 40 
inorganic analytes were developed, based on the 95th percent upper tolerance limit, to represent 
groundwater background concentrations at the Hanford Site. These site-wide data were used in this 
evaluation to represent background for the 100-BC-5 operable unit, as agreed upon by Tri-Party 
unit managers (February 8, 1993) . 

. Currently , there are no Site-wide background concentrations that have been agreed upon for 
organic or radionuclide analytes except for uranium and gross alpha activity. Detected levels of 
organic and radionuclide analytes (with the exception of total uranium and gross alpha) in LFI data 

2-3 



WHC-SD-EN-RA-006 , Rev . 0 

are assumed to be contaminants and are not compared to background (HSBRAM, DOE-RL 1993a) . 

2.3 QUALITATIVE RISK ASSESSMENT OVERVIEW 

This section provides an overview of the qualitative risk assessment process that is applied 
to the 100-BC-5 operable unit. The procedure for identifying contaminants of potential concern is 
discussed in Section 2.3 .1. The QRA is comprised of three elements: human health evaluation 
(Section 2 .3.2), environmental evaluation (Section 2.3.3), and an uncertainty discussion in Section 
2.3.4. 

2.3.1 Identification of Contaminants of Potential Concern. 

Contaminants with maximum concentrations above the background and risk-based screening 
concentrations are considered contaminants of potential concern. The overall process for the 
identification of contaminants of potential concern is discussed in Section 2.1 of the HSBRAM 
(DOE-RL 1993a). An initial list of chemicals and radionuclides is obtained from a review of 
validated data generated from LFI sampling activities. The Hanford Site-wide background is used 
as the control data for the 100-BC-5 operable unit. To determine if an inorganic analyte is a 
contaminant, the maximum concentration is compared to the Hanford Site-wide provisional 
threshold level for that parameter. Provisional threshold levels are defined in DOE-RL (1992c) . If 
the analyte maximum concentration exceeds the corresponding provisional threshold level, the 
analyte is considered a contaminant and further evaluated in the preliminary risk-based screening. 
All organic and radionuclide analytes that are on the initial list (with the exception of total uranium 
and gross alpha which are compared to background and eliminated) are considered contaminants 
and are evaluated in the preliminary risk-based screening, as recommended in the HSBRAM (DOE­
RL 1993a) . 

Preliminary risk-based screening is conducted for the contaminants using the process 
discussed in Section 2.1 of the HSBRAM (DOE-RL 1993a) . Risk-based screening concentrations 
are defined using contaminant-specific slope factors (SFs) , reference doses (RfDs), residential 
exposure parameters, a lifetime incremental cancer risk (ICR) of lE-07 , and a hazard quotient 
(HQ) of 0.1 [see Section 2.1.4 of the HSBRAM (DOE-RL 1993a)]. 

In addition to screening using risk-based concentrations , the maximum groundwater 
concentrations are also screened against human health water quality criteria for the human }:lealth 
evaluation. Parameters with maximum concentrations exceeding water quality criteria are retained 
for further consideration in the QRA. The water quality criteria used in the screening are as 
follows: 

• Primary maximum contaminant levels (MCLs)(40 CFR 141 and WAC 173-
200-040); 

• Maximum contaminant level goals (MCLGs)(40 CFR 141) ; 

• Human water quality health criteria (HWQHC)(EPA 1986c); 

• Secondary MCLs (40 CFR 143 and WAC 173-200-040); and 
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• Human water quality welfare criteria (HWQWC)(40 CFR 143 and WAC 
173-200-040). 

The ecological evaluation screening is performed as described above, except the chronic 
fresh water quality criteria (CFWQC)(EPA 1986c) are also used . The chronic fresh water quality 
criterion for ammonia is pH and temperature dependent. A pH of 7 and a temperature of 15° C is 
assumed for groundwater at the 100-BC-5 operable unit. 

2.3.2 Human Health Evaluation 

The human health evaluation consists of the identification of contaminants of potential 
concern provided in Section 2.3 .1, an exposure assessment, toxicity assessment, and 
characterization of risk. The methodology used in the QRA is presented in Appendix C of the 
HSBRAM (DOE-RL 1993a) , 

2.3.2.1 Exposure Assessment. The exposure assessment methodology is presented in Section 2.2 
and Appendices A and C of the HSBRAM (DOE-RL 1993a). The exposure assessment includes 
the determination of exposure scenarios, exposure pathways, exposure parameters, exposure point 
concentrations, and the quantification of exposures . The scenarios and pathways for the QRA have 
been discussed and selected by the 100 Area Tri-Party unit managers (February 8, 1993). The 
components of the exposure assessment methodology are individually discussed in the following 
paragraphs . 

2.3.2.1.1 Exposure scenarios. Two scenarios have been selected to assist the unit 
managers in making decisions regarding the need for an IRM related to the groundwater for the 
100-BC-5 operable unit . For purposes of the QRA for the 100-BC-5 operable unit, a frequent-use 
scenario and an occasional-use scenario are evaluated to provide a bounding estimate of potential 
risk. Currently, there are no groundwater users in the 100-BC-5 operable unit. Thus, the risks 
presented in the QRA are not actual risks but estimates of potential risks under a hypothetical high­
frequency use (e.g., residential) or a hypothetical low-frequency use (e.g., recreational). 
Additional discussion of these scenarios is provided in Section 2.2.4 arid Appendix A of the 
HSBRAM (DOE-RL 1993a). 

In addition to the agreed upon scenarios, an additional scenario was qualitatively evaluated. 
Occasional-use of springs and seeps along the river could occur from trespassers such as 
recreational users of the river that could use springs and seeps as a source of drinking water. 

2.3.2.1.2 Exposure Pathways . The QRA, as agreed upon by the Tri-Party unit 
managers, considers three potential exposure pathways. These pathways are: 

• 
• 
• 

inges_tion of water 
inhalation of volatile contaminants during water use, and 
external exposure from radionuclides 

Ingestion of groundwater is evaluated through the calculation of intakes for both the 
frequent- and occasional-use scenarios. Inhalation of volatile contaminants during water use is 
evaluated through the calculation of intakes for only the frequent-use scenario and not for the 
occasional-use scenario. Only the frequent-use scenario has been evaluated in this manner because 
the factor relating contaminant concentrations in water to contaminant intake from the inhalation of 
volatiles during water use has been developed from the use of water in a home (EPA 1991). This 
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use includes dishwashers, bathrooms, showers, etc . , and resulting volatilization occurring within a 
residence. No similar factor has been developed for occasional-use receptors and these exposures 
are not expected to occur during occasional-uses of groundwater such as recreational activities . 
Consequently, occasional-use exposures to volatile contaminants from groundwater use are only 
discussed qualitatively in Chapter 3. This approach is consistent with HSBRAM (DOE-RL 1993a). 

The most likely exposures are expected to occur to site trespassers at the river edge (e.g. , 
contact with springs and river water affected by groundwater discharges) . In order to focus the 
human health evaluation on the exposures most likely to occur, a comparative analysis of springs 
and river concentrations to groundwater concentrations is included in the human health evaluation. 

Other exposure pathways are possible such as dermal absorption of contaminants during 
water use and exposure to radionuclides through submersion in water. Exposures from absorption 
of nonradioactive contaminants would not be as significant as exposures from ingestion and 
inhalation because the contaminants of potential concern, in general , do not have high dermal 
permeabilities and the duration of exposure is generally shorter. The potential external exposure 
during exposure to radionuclide-contaminated water is also discussed only qualitatively in Chapter 
3. For radionuclides , exposures that occur through water submersion are typically of less 
significance because of the shielding effects of water and the generally short duration of exposure 
(EPA 1989). 

No other pathways are evaluated in the QRA. No modeling of contaminant transport has 
been conducted in the QRA. 

2.3.2.1.3 Exposure Parameters. Scenario-specific exposure parameters are defined in 
Appendix A of the HSBRAM (DOE-RL 1993a). Recreational exposure parameters , provided in 
Tables A-4, A-5, and A-6 of HSBRAM, are used to evaluate the occasional-use scenario and 
residential exposure parameters , provided in Tables A-7 , A-8 , and A-9 of Appendix A of the 
HSBRAM (DOE-RL 1993a) are used to evaluate the frequent-use scenario. These parameters are 
summarized in Appendix B of the QRA. 

2.3.2.1.4 Exposure Point Concentrations. For purposes of the QRA, if contaminant 
concentration data are available, the maximum concentration of a contaminant of potential concern 
detected in groundwater at any well is used as the exposure point concentration. The maximum 
concentration is used, rather than calculating a 95 % upper confidence limit of the mean (UCL), 
because this is a qualitative evaluation of the potential risk. 

In addition, the spatial distribution of the maximum contaminant concentrations is not 
utilized in determining exposure concentrations . The potential receptors are assumed to be exposed 
to all the maximum contaminant concentrations. This assumption is conservative because, as 
indicated in Chapter 3.0, the maximum contaminant concentrations are found in different wells and 
exposure could not occur simultaneously. 

2.3.2.1.5 Quantification of Exposures. The methodology for quantification of exposures 
is presented in Section 2.2 .5 of the HSBRAM (DOE-RL 1993a). Equations used to estimate 
intakes (a measure of exposure expressed as the concentration that is contacted over a period of 
time) are also provided in Section 2.2 .5 of the same document. Standard EPA equations (EPA 
1989, DOE-RL 1993a) are used as the basis for all intake calculations. Example equations and 
calculations are provided in Appendix B. 
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2.3.2.2 Toxicity Assessment. The general procedures for toxicity assessment are presented in 
Section 2.3 of the HSBRAM (DOE-RL 1993a). The toxicity assessment for the QRA identifies 
contaminant-specific toxicity factors and briefly discusses the key toxicities associated with the 
contaminants of potential concern. The intention is to include sufficient information on the 
contaminants of potential concern to assist project managers in reaching decisions on IRMs, but not 
to evaluate all potential toxicities . Toxicity profiles for all contaminants of potential concern in the 
QRA for the 100-BC-5 operable unit are provided in Appendix A. All chromium is assumed to be 
chromium (VI), which is generally the most toxic valence state of chromium. 

2.3.2.3 Risk Characterization. The risk characterization for the QRA is conducted as presented 
in Section 2.4 of the HSBRAM (DOE-RL 1993a). Quantitative data are available for calculating 
ICRs and HQs. Therefore, the risk characterization includes: 

• 

• 

• 

• 

Calculation of contaminant-specific ICRs and HQs; 

Calculation of site-specific risks from contaminant-specific risks; 

Qualitative discussion of the risks with respect to the follo~ing levels: 

Contaminant-specific ICR = lE-06 
Contaminant-specific HQ = 1 
Site total ICR = lE-06 
Site total hazard index (HI)(i.e., sum of hazard quotients) = 1; 

Qualitative discussion of the uncertainty associated with the risk estimates; 
and 

• Qualitative discussion of the threat posed by the groundwater. 

For noncarcinogenic contaminants , the HQ is : 

HQ = Daily Intake / RID 

where: the RID is the contaminant-specific chronic reference dose. 

For carcinogenic contaminants, the equation used to estimate the ICR is: 

ICR = Intake x SF 

where: the SF is the contaminant-specific slope factor. 

2.3.2.4 Evaluation of Uncertainty. The evaluation of uncertainty in the characterization of risks 
is an integral part of the QRA. The risks, both carcinogenic and noncarcinogenic, presented in the 
QRA are conditional estimates given multiple assumptions about exposures, toxicity, and other 
variables. The uncertainty in the QRA risk characterization focuses on specific uncertainties 
related to the waste site (e.g., data evaluation) ·and to the risk assessment process (e.g., toxicity 
information, exposure assumptions , etc.). 

Uncertainty can be related to the characterization of the waste site due to the quality of data 
used in the QRA. Confidence in the identification of contaminants and concentrations is rated 
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high, because the data collected during the LFI was conducted according to all applicable quality 
assurance/quality coJJ,trol (QA/QC) standards required by HSBRAM. 

Data used in this QRA are of high, known quality. LFI data are analyzed following 
specific EPA methods , have been validated following EPA functional guidelines, and are of known 
quality. Specific uncertainty considerations are discussed in Chapter 3. 0. An overall uncertainty 
discussion is presented in Chapter 4.0. 

The uncertainties related to the risk assessment process are due to the appropriateness of 
the toxicity information, the interpretation of toxicity data, the exposure assumptions, and the risk 
characterization. The primary source of uncertainties related to the toxicity of the contaminants 
include the following : 

• Using information on dose-response effects from high-dose exposure 
scenarios to predict effect at low-dose exposure scenarios . 

• 

• 

• 

Using animal dose-response data to predict effects in humans . 

Using short-term exposure data to extrapolate to long-term, or vice versa . 

Using dose-response information from a homogeneous animal or healthy 
human population to predict the effects that may occur in the general 
population where there are varying sensitivities to different contaminants. 

Uncertainty in the exposure assessment occurs because of the limited amount of data used 
in characterizing the exposure concentration. The use of maximum concentrations for water 
exposures and assumed concentrations for air exposures may over- or under-estimate exposures. 

Uncertainty in the risk characterization is the result of adding multiple contaminant 
exposures over several pathways . The summation of cancer risks across pathways or for multiple 
pathways may make the total cancer risk estimate more conservative. In addition, some 
contaminants may not have been evaluated because of the lack of slope factors or reference doses 
or because analytical data were not available. 

2.3.3 Ecological Evaluation 

The environmental qualitative risk assessment is comprised of an ecological evaluation of 
the potential risks to selected receptors associated with discharge of groundwater from the 100-BC-
5 operable unit into the Columbia River. In order to address the potential effects of 100-BC-5 
groundwater on ecosystems associated with the Columbia River, the near-river portions of the 100-
BC-5 operable unit and 100 B/C Area were evaluated. Additionally, the springs flowing into the 
Columbia River from the 100-BC-5 operable unit and the water of the Columbia River near the 
100 B/C Area are evaluated. It is known that the springs and seeps are the communication route to 
the Columbia River. No allowance was made for environmental fate that would reduce 
contaminant bioavailability or dilution effects in the Columbia River. The ecosystems evaluated in 
the Ecological QRA are the riparian ecosystems (represented by the near-river and springs data) , 
and the aquatic ecosystems (represented by the Columbia River water data) . 
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The ecological evaluation is conducted in three phases : problem formulation, analysis and 
risk characterization. The basic steps in the evaluation of ecological risk for an aquatic waste site 
are: 

1. Identification of the contaminants of potential concern that occur in concentrations 
greater than background 

2. Characterization of the primary pathways of biological exposure 

3. Identification of key biological receptors and their natural histories 

4. Definition of a conceptual ecological model for key receptors 

5. Estimation of transfer of contaminant movement between components of the 
conceptual model 

6. Comparison of doses , daily intake rates , toxicity or body burdens to established 
benchmarks. 

2.3.3.1 Problem Formulation. The problem formulation phase defines the stressors and their 
environmental characteristics, ecosystems potentially at risk, potential ecological effects, endpoints 
and development of a conceptual model. The major purpose of the problem formulation phase is to 
demonstrate an understanding of the movement of stressors , and receptors likely to be impacted. 

2.3.3.2 Analysis. The analysis phase consists of a technical evaluation of data on the potential 
effects and exposure of stressors. The product of the analysis phase are summary profiles of the 
exposure characterization and effect characterization. 

2.3.3.3 Risk Characterization. The final phase of the ecological evaluation is the risk 
characterization. The risk characterization consists of two major steps, risk estimation and risk 
description. Risk estimation is where exposure and toxicity profiles/benchmarks are integrated and 
uncertainties discussed. The risk description consists of an ecological risk summary and 
interpretation of the ecological significance. 

2.3.4 Evaluation of Uncertainty 

The evaluation of uncertainty in the characterization of risks is an integral part of the QRA. 
The human health risks , both carcinogenic and noncarcinogenic , presented in the QRA are 
conditional estimates given multiple assumptions about exposures , toxicity, and other variables . 
The uncertainty in the QRA risk characterization focuses on specific uncertainties related to the 
operable unit (e.g. , data evaluation) and to the risk assessment process (e.g., toxicity information, 
exposure assumptions, etc.). Uncertainty is discussed in both Chapter 3.0 and Chapter 4.0. 

The ecological evaluation includes assumptions about populations and uptake of 
contaminants that incorporate many variables. The uncertainty in the ecological risk 
characterization focuses on the assumptions used in the evaluation. 
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Regulatory Draft 

In the absence of specific data, the removal constants, li c, and uptake fractions, f1 i' 

are taken to be that of Standard Man as derived from Publication 2 of the International ' 
Commission on Radiological Protection (ICRP 1959). The values of effective energy, ei,c, 

were determined knowing the effective radius of the organism. The exposure time, Te, is 
usually assumed to be one year for regulatory purposes, and the concentration is averaged 
over one year. 
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3.0 HIGH-PRIORITY WASTE SITE QUALITATIVE RISK ASSESSMENT 

The human health and ecological evaluations for the 100-BC-5 operable unit QRA 
are presented below. The sources of contamination are discussed in Section 3.1, and a 
summary of the data used in the QRA is presented in Section 3.2. 

3.1 SOURCES OF CONTAMINATION 

Sources of contamination for the 100-BC-5 operable unit can be separated into two 
groups: (1) sources located within the geographical boundaries of the 100-B/C Area, and 
(2) sources that lie outside the 100-B/C Area but may contribute contamination to the 
operable unit through groundwater transport. Sources within the 100-B/C Area, primarily 
waste disposal units, are expected to represent the greatest potential for contributing 
contamination to 100-BC-5, due to their proximity. A full discussion focusing on the 
construction of the waste disposal units and contamination present at these individual 
sources .is presented in the 100-BC-5 operable unit work plan (DOE-RL 1992b). 

The sources in the 100-B/C Area are divided into the 100-BC-1 and 100-BC-2 source 
operable units. The Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1990) 
lists 27 source units in 100-BC-1, 13 source units in 100-BC-2. In addition, structures such as 
the B and C reactors and the reactor exhaust stacks, although not themselves part of the 
operable units, contain waste inventories or waste residues that may be present or future 
contaminant sources to the environment. 

The sources of most significance in terms of potential groundwater contamination 
are considered to be the radioactive/mixed liquid waste disposal sites and effluent leak 
areas. This assumption is made because of the tens of millions of liters of waste associated 
with these sources, the mobility of the liquid medium (and potentially the contaminants), 
and the fact that these sources released the wastes directly to the soil because they were 
unlined. These liquid waste release areas can be grouped as follows: 

• The retention basin area, including the 116-B-11 and 116-C-5 retention 
basins, the 116-B-1 and 116-C-1 overflow trenches, and the 116-B-13 
and 116-B-14 sludge disposal trenches 

• The group of cribs east of the B reactor, including the 116-B-3 pluto 
crib and several decontamination cribs 

• The 116-B-5 crib, which received waste from the tritium recovery 
process 

• The 116-C-2 pluto crib system, east of the C reactor. 

A primary reference for radiological characterization at the 100-B/C Area sources is a 
study performed by Dorian and Richards (1978) during 1975 and 1976 in which the sources 
in the 100 Areas were sampled. These data address most of the radionuclide contaminants 
of concern. Much of the available data on source units in the 100-B/C Area are 
summarized in this document and it has served as a reference document for the hazard 
ranking system evaluation of the Hanfortj Site, the waste information data system 
maintained by Westinghouse Hanford, and the 100-BC-5 operable unit work plan. It 
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should be noted, however, that only concentrations and inventories of selected 
radionuclides were reported in that study. 

Discussions on the potential impacts to groundwater resulting from operations at 
the 100-BC-1 source operable unit have been included in the 100-BC-1 QRA, and will be 
addressed in the 100-BC-1 LFI report. Further information on potential impacts to 
groundwater from the source operable units unit will be included in the LFis for the 100-
B/C Area source operable units, as they progress. There have been no LFI activities at the 
remaining source operable units to date. 

3.2 SUMMARY OF DATA USED 

The data used in the QRA consist of three rounds of LFI groundwater sampling 
data analyzed for target analyte list (TAL) and target compound list (TCL) parameters, 
water quality parameters, and radiortuclides. These rounds of data include wells 
completed in the upper, unconfined aquifer in the 100 B/C Area, as well as one well 
completed in the lower, confined aquifer \well 199-B2-12), and several 600 Area wells. For 
the purposes of the QRA, only the data from the 100 B/C Area wells completed in the 
upper, unconfined aquifer are used, as discussed in Section 2.1.2. Table 3-la presents a 
summary of the LFI data and rationale for the elimination of analytes from further QRA 
evaluations. 

The maximum groundwater concentrations for each inorganic parameter evaluated 
in all three rounds of the LFI are compared to the Hanford Site provisional threshold 
values established in Hanford Site Groundwater Background (DOE-RL 1992c), as discussed in 
Section 2.2, to determine if background levels are exceeded. Parameters with 
concentrations exceeding background are retained for evaluation in the QRA. All organic 
and radionuclide parameters detected during the LFI sampling are evaluated in the QRA. 
The background and maximum concentrations reported for LFI well samples are 
summarized in Table 3-la. A comparison of maximum surface water (seeps and river) 
concentrations in groundwater is provided in Table 3-2. 

Data from all wells ·sampled were used in the human health evaluation; however, 
only data from wells near the river (199-B2-13, 199-B3-1, 199-B3-46 and 199-B3-47) were used 
for the ecological evaluation. The background and maximum concentrations for the near­
river wells are summarized in Table 3-3a. 

3.3 QUALITATIVE RISK ASSESSMENT - HUMAN HEALTH 

This section presents a summary of the parameters identified in the groundwater at 
the 100-BC-5 operable unit, the screening of contaminants for evaluation in the QRA, the 
contaminants of potential concern, the exposure and toxicity assessment and the risk 
characterization for the 100-BC-5 operable unit. 

3.3.1 Identification of Contaminants of Potential Concern 

Contaminants of potential concern are selected from an initial list of contaminants 
with maximum concentrations exceeding background, and other criteria, as discussed in 
Section 2.3.1. The rationale for eliminating or retaining parameters are presented in Table 
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3-la. PCBs and pesticides are not included in the table since they were not dete~ed in any 
of the analyses. The fo_llowing items are noted in the selection of contaminants: 

• Antimony, arsenic, beryllium, cadmium, cobalt, copper, hydrazine, 
lead, mercury, selenium, silver, and thallium are not detected in the 
LFI data, and are not evaluated in the QRA. Sulfide is eliminated 
from the QRA because it was detected in only one sample. 

• Alkalinity, barium, conductivity, chromium, fluoride, magnesium, 
manganese, nickel, nitrate/nitrite, pH, phosphate, potassium, sodium, 
sulfate, total organic halides, and zinc are detected in the LFI data at 
concentrations less than background and are not evaluated in the 

• 

• 

QRA. 

Aluminum, calcium, and iron concentrations exceed background 
concentrations, however these parameters are eliminated from further 
consideration in the human health evaluation based on evaluation as 
recommended in the HSBRAM (DOE-RL 1993a) for contaminants that 
are essentially non-toxic under typical environmental exposure 
scenarios. Aluminum and iron are retained for the ecological 
evaluation. 

Chemical oxygen demand and total organic carbon are general 
parameters eliminated from further evaluation. Although indicators 
of water quality, they are not associated with specific toxic effects. 

• Organic compounds that are detected (acetone, bis(2-
ethylhexyl)phthalate, and trichloroethene), are retained for the 
preliminary risk-based screening. 

• Total organic halides (TOX) are not retained because the specific 
compounds contributing to the TOX result are quantified by the 
volatile organic analyses. Trichloroethene was the only organic halide 
detected. 

• Hydrazine is not retained because it is highly reactive and unstable in 
the environment. 

• The maximum concentration of total uranium is less than background 
and is eliminated from further consideration in the QRA. All other 
radionuclides that are detected (americium-241, carbon-14, gross beta, 
strontium-90, technetium-99, and tritium) are evaluated in the 
preliminary risk-based screening. 

The maximum concentration of bis(2-ethylhexyl)phthalate is evaluated in the QRA. 
However, this compound is considered a common laboratory contaminant, and it is likely 
that the concentration reported for this compound is not representative for 100-BC-5 
groundwater. Additionally, the QRA for the 100-BC-1 source operable unit did not identify 
this compound as a contaminant. However, data were insufficient to eliminate this 
compound from evaluation in the QRA. 
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The inorganic parameters shown in Table 3-la that exceed background (ammonia, 
chloride, and vanadium), and all of the detected organic and radionuclide parameters, are 
carried through the preliminary risk-based screening. Results of the preliminary risk-based 
screening for the human health evaluation are summarized in Tables 3-lb, 3-lc, and 3-ld 
for ingestion of nonradioactive parameters, inhalation of nonradioactive volatile parameters, 
and ingestion of radioactive parameters, respectively. All of the parameters that exceed the 
screening criteria are indicated by shading on the tables. Those parameters exceeding the 
preliminary risk-based screening criteria are considered contaminants of potential concern 
for the 100-BC-5 operable unit. 

3.3.2 Exposure Assessment 

The exposure assessment is conducted as described in Section 2.3. The estimated 
intakes of contaminants of potential concern for the frequent-use and occasional-use 
stenarios are presented in Tables 3-le and 3-lf. Intakes are provided for both 
noncarcinogenic and carcinogenic effects. Example calculations are provided in 
Appendix B. There is no SF available to evaluate gross beta, a general radiological 
parameter, and therefore, specific intakes and _risks cannot be evaluated for gross beta. 

A qualitative evaluation of potential exposure to drinking water obtained from 100-
BC area seeps was conducted in order to evaluate the percentage of the year the seeps are 
above the level of the Columbia River and available as a potential source of drinking water 
to recreational users of the river. Although boaters will normally not use Hanford Site 
(seeps and s.prings) as a source drinking water, it is considered a possible exposure route. 

The qualitative evaluation compared levels of the Columbia River observed at the 
United States Geological Survey (USGS) gaging station location below Priest Rapids Darn to 
estimated elevations required to submerge the seeps, made by the LFI field team leader 
that managed the seep sampling (USGS 1993). It was determined that potential exposures 
through use of seeps and springs can only occur, on an average nine months per year, or 
roughly 75% of the year because the seeps are covered by the river approximately 25% of 
the year. Therefore, any exposure that would be calculated for ingestion of seep water in 
the occasional-use scenario would be approximately 25% less than what would be 
predicted using the standard exposure frequency value established in HSBRAM (DOE-RL 
1993a). 

3.3.3 Toxicity Assessment 

The toxicity assessment is conducted as described in Section 2.3. The toxicity values 
and supporting information for both noncarcinogenic and carcinogenic substances carried 
through the risk assessment are summarized in Tables A-1 and A-2-in Appendix A. A brief 
discussion of the primary toxic effects for each contaminant of potential concern is 
provided in Appendix A. 

Several contaminants of potential concern do not have listed scope factors (SFs) or 
reference doses (Rills). Because of the qualitative nature of this report, it is not appropriate 
to use surrogate factors or develop toxicity values in consultation with the Superfund 
Technical Support Center (STSC) at the Environmental Criteria and Assessment Office 
(ECAO) office in Cincinnati, Ohio, as discussed in HSBRAM (DOE-RL, 1993a). 
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3.3.4 Risk Characterization 

The risk characterization for the QRA is conducted as presented in Section 2.4 of the 
HSBRAM (DOE-RL 1993a) based on the information from the exposure assessment and toxicity 
assessment. It forms the basis for characterizing risks and human health hazards from potential 
exposures to contaminants of potential concern detected at the 100-BC-5 operable unit. Calculated 
ICRs for the 100-BC-5 operable unit are compared to an ICR of lE-06, and an HQ or HI of unity. 
All ICRs exceeding lE-06 and all HQs or His exceeding unity are highlighted in Table 3-lg for 
nonradioactive parameters; and all ICRs exceedirig lE-06 are highlighted in Table 3-lh for 
radioactive parameters. 

As presented in Table 3-lg, the total frequent-use scenario ICR is 3E-06 for nonradioactive 
contaminants with bis(2-ethylhexyl)phthalate, trichloroethene, and vanadium as the primary 
contaminants of potential concern. It should be noted, however, that bis(2-ethylhexyl)-phthalate is 
considered a common laboratory contaminant and the concentration used to define the ICR may not 
be representative of actual groundwater quality. Bis(2-ethylhexyl)phthalate and' vanadium are 
associated with a HI of 0.2 for the frequent-use scenario. The total occasional-use scenario ICR 
for nonradioactive contaminants is estimated to be 5E-08. The occasional-use scenario HI is 
estimated to be O. 004. 

For radioactive contaminants, presented in Table 3-lh, carbon-14 (a naturally-occurring 
radionuclide), strontium-90, technetium-99, and tritium are all associated with individual ICRs 
exceeding lE-06 for the frequent-use scenario. The total ICR for the frequent-use scenario 
estimated for radionuclides is lE-04. The occasional-use scenario is estimated to have a total ICR 
of 3E-06. Radioactive contaminants are only evaluated for groundwater ingestion. Although a 
receptor may be exposed to tritium through the inhalation pathway by inhaling water vapor (tritium 
itself does not volatilize), the amount of water vapor available for exposures is proportionally less 
than the exposure concentrations associated with ingestion of water. Therefore, it is likely that 
tritium ingestion exposures are greater than tritium inhalation exposures. Inhalation of tritium is 
not evaluated quantitatively for this reason. 

Other pathways that have not been quantitatively evaluated include dermal exposure to 
contaminants in the groundwater or external exposure occurring from submersion in radionuclide 
contaminated water. Consequently, the overall risk estimates do not include a contribution from 
these pathways. In general, these pathways would not contribute significantly to the overall risk 
when compared to the ingestion pathway because of the low dermal permeabilities for the 
contaminants of potential concern and the short duration of exposures for dermal or submersion. 

3.3.S Comparative Analysis of Maximwn Concentrations of Contaminants Detected in 
Surface Water and Groundwater at 100-BC-S. 

In order to provide information on potential exposure to 100-BC area spring (seep) water 
through ingestion, analytical data on spring (seep) water collected during the first round of LFl 
sampling were compared to maximum concentrations in groundwater collected during three rounds 
of LFI sampling. Table 3-2 presents a comparison of these data. All spring and river 
concentrations were below groundwater concentrations except for barium, chromium, iron, 
manganese, nickel, silver, and gross alpha . Barium, silver, and gross alpha were below 
background concentrations and , therefore, are not of concern. Although iron, manganese and 
nickel were detected above background concentrations, these constituents are not carcinogenic 
through oral exposures. All were detected at concentrations below human health risk-based 
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screening concentrations or water-quality parameters , except nickel which is present in the springs 
at a concentration exceeding the MCL for nickel (1 mg/L). 

Chromium exceeded the background concentration and the screening criteria. However, 
the frequency of occasional-use ingestion of spring (seep) water will most likely be less than the 
frequency evaluated for occasional-use ingestion of area groundwater because fluctuating river 
levels often submerge the seeps during the wet season, making them inaccessible. 

In addition to seasonal fluctuations in Columbia River elevation there are daily fluctuations 
due to increased or decreased flow through the Priest Rapids Dam because of changing electrical 
energy demands. The flow often increases during daylight hours due to higher demand. It has 
been observed that the river's level rises in mid-morning hours to levels which can submerge the 
seeps. This daily variation in river elevation also decreases the exposure frequency rate for this 
route. 

As discussed in Section 3.3.2, any calculated exposures and risks for ingestion of spring 
(seep) water by recreational trespassers would be less . The concentration of chromium detected on 
the springs would result in exposures associated with hazard quotients less than one for this type of 
exposure . • However, the concentrations exceed some water quality criteria. 

3.4 QUALITATIVE RISK ASSESSMENT -ENVIRONMENTAL 

3.4.1 Identification of Contaminants of Potential Concern 

Contaminants of potential concern are selected from an initial list of contaminants with 
maximum concentrations exceeding background, and other criteria, as discussed in Section 2.3.1. 
The rationale for eliminating or retaining parameters are presented in Table 3-3a. The following 
items are noted in the selection of contaminants: 

• Antimony, arsenic, beryllium, cadmium, chemical oxygen demand, cobalt, 
copper, hydrazine, lead, mercury , nickel , phosphate, selenium, silver, 
sulfide, thallium, vanadium, and zinc are not detected in the near-river 
wells , and are not retained for the ecological evaluation because they are 
not from the source term. 

• Alkalinity, barium, calcium, conductivity , fluoride, magnesium, 
manganese, nitrate/nitrite , pH, potassium, sodium, sulfate, total organic 
carbon, and total organic halides (TOX) are detected in the near-river wells 
at concentrations less than background and are not retained for the 
ecological evaluation. 

• Aluminum, ammonia, chloride, chromium, and iron concentrations exceed 
background concentrations and are retained for the preliminary risk-based 
screening . 
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• Trichloroethene is the only organic compound detected and is 
retained for the preliminary risk-based screening. 

• The maximum concentration of total uranium is less than background 
but is retained and considered in the total dose in the ecological 
evaluation. All other radionuclides detected (carbon-14, gross beta, 
strontium-90, and tritium) are retained for the preliminary risk-based 
screening. In addition, because the computer code and regulatory 
benchmark for radionuclides is based on total dose, U-238 is retained 
as a contaminant of concern because of its contribution to total dose. 

The inorganic pa.rameters shown in Table 3-3a that exceed background (aluminum, 
ammonia, chloride, chromium, and iron) and all of the detected organic and radionuclide 
parameters, are carried through the preliminary risk-based screening and comparison to 
water quality criteria. Although this is an ecological risk assessment, human health risk­
based concentrations are also used for -screening criteria consistent with HSBRAM 
(DOE-RL, 1993a). Results of the preliminary risk-based screening are summarized in 
Tables 3-3b, 3-3c, and 3-3d for ingestion of nonradioactive parameters, inhalation of 
nonradioactive volatile parameters, and ingestion of radioactive parameters, respectively. 
All of the parameters that exceed the screening criteria are indicated by shading on 'the 
tables. Those parameters exceeding the preliminary risk-based screening criteria are 
considered contaminants of potential concern for the 100-BC-5 operable unit and retained 
for the ecological evaluation. 

An additional ecological evaluation was als_o conducted using the spring and 
Columbia river data presented in Table 3-2 and summarized in Table 3-4. The rationale for 
eliminating or retaining parameters are presented in Table 3-4. The following items are 
noted in the selection of contaminants: 

• 

• 

• 

• 

• 

Barium, magnesium, manganese, nickel, vanadium and gross alpha are not 
retained in the ecological evaluation because they are below background ( or 
not detected) in the near-river wells and are not considered to be 
contributors to the springs and river from the source term. It is known that 
water migrates from the near-river wells to the springs and river, therefore, 
if the contaminant is below background levels or not detected in these wells, 
then it is not known to be from the source terms and is not carried through 
the risk evaluation. 

Calcium, potassium and sodium were eliminated from the ecological 
evaluation because they are nutrients. 

Aluminum, chromium and iron exceed background concentrations in the 
near-river wells and are retained for the ecological evaluation. 

Gross beta, strontium-90, tritium, and uranium are retained for the ecological 
evaluation. 

The maximum concentration of total uranium is less than the background 
concentration but is retained and its contribution is considered in the total 
dose calculation for the ecological evaluation because the computer code and 
regulatory benchmark for radionuclides is based on total dose. 
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3.4.2 Problem Formulation 

The release of contaminated groundwater to the Columbia River has the potential of 
adversely affecting aquatic and riparian ·ecosystems. The assessment of these potential 
effects is completed in the risk characterization. The components of the ecological 
evaluation are presented in this section. Characteristics of the contaminants identified for 
evaluation are discussed in Section 3.4.2.1, the ecosystems/components that are potentially 
at risk are discussed in Section 3.4.2.2, the ecological effects are discussed in Section 3.4.23, 
the selection of endpoints are discussed in Section 3.4.2.4, and a conceptual model is 
discussed in Section 3.4.25. 

3.4.2.1 Stressor Characteristics. The characterization of stressors begins with the 
identification of radioactive and chemical contaminants of potential concern in the 
ecological evaluation. Chemical stressors include inorganic and organic substances. 

3.4.2.2 Ecosy~tem/Components Potentially at Risk. The stressors (contaminants of 
potential concern) migrate through the groundwater and springs of the 100-BC-5 operable 
unit and ultimately enter the Columbia River. Components of the environment potentially 
affected by the 100-BC-5 operable unit are the riparian and Columbia River ecosystems. A 
discussion of the potentially-effected ecosystems is given in Section 3.4.3.2. 

3.4.2.3 Ecological Effects. Ionizing radiation and other contaminants can impact wildlife 
and aquatic organisms depending upon the level of exposure. Exposure can be either 
acute or chronic. Acute exposures can result in organism mortality, generally characterized 
as the LC50 (lethal concentration to cause 50% mortality in some specified period of time). 
Other possible effects from acute exposure are physiological and pathological changes, 
developmental and reproductive effects. Effects from chronic exposure include mortality, 
physiological, reproductive, growth, and developmental effects. 

For radiological stressors, the radiological dose an organism receives is usually 
expressed as rad/day. Exposure can result from both external environmental radiation and 
internal radiation from body burden dose. Both exposure pathways are added in 
determining total organism dose. Internal exposure includes both body burden and dose 
from foodstuff in the gut. 

Unfortunately, most of the available information concerning ionization radiation is 
for acute dose and not for low dose exposure and chronic effects (Rose 1992). The use of 
acute data extrapolated to chronic levels is not in all cases appropriate and must be viewed 
with caution. For example, during chronic exposure there is a point where competition 
between injury and natural organism repair mechanisms are balanced resulting in no effect 
(Ophel et al. 1976). Total daily doses to an organism can be estimated as the sum of doses 
(weighted by energy of radiation) received from all radioactive elements ingested, residing 
in the body, and available in the organism's environment. 

For ionizing radiation, the sensitivities of aquatic organisms to acute exposure 
during early developmental life stages has a threshold of about 3 rad for the one-cell stage 
of development. However, radiosensitivity has been reported to decrease with increasing 
level of embryo development (Frank 1971). From laboratory studies, early life stages of 
Chinook salmon appear to be the most sensitive for fish. Damage has been reported to 
occur when the dose reached 9.64 rad/day over a 81-day development period (Hyodo­
Taguchi 1980). Studies have shown that 224 rad reduced female germ cells in Chinook 
salmon and a dose of 600 rad in rainbow trout. Other laboratory research (Erickson 1973) 
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has shown exposure of 41 rad/day reduced courting activity for male Poecilia reticulata 
exposed as embryos. 

Few studies have evaluated the effects of chronic exposure to ionizing radiation. In 
a summary, the report by the National Council on Radiation Protection (NCRP 1991) stated 
that chinook salmon chronically exposed as embryos and alevins up to release as smolts to 
5.1 rad/day for up to 69 days produced no increase in mortality. Hershberger et al. (1978) 
reported lower return of spawning adult chinook salmon after exposure of eggs and 
alevins at approximately 10 rad/day of gamma radiation. Gonadal development was 
retarded in Chinook salmon on exposure to 10 rad/day (Bonham and Donaldson 1972). It 
appears that development stages of chinook salmon are the most sensitive to ionizing 
radiation. The chronic effect of gamma radiation to adult Ameca splendens was shown to 
disrupt spermatogenesis at an accumulated dose of 95 rad after 5 days. 

For radionuclides, effects are assessed based upon DOE Order 5400.5, which states 
that dose to aquatic animals should not exceed 1 rad/day. Based upon available literature, 
it would appear that the DOE Order 5400.5 is sufficiently conservative with regards to 
dose, to protect most aquatic organisms. Because of its conservative nature it should offer 
protection to populations and the ecosystem in general, until additional data is available to 
indicate otherwise. One qualifier to this is the work of Erickson (1973) who reported 
reduced male guppy courting activity when exposed to 0.4 rad/day. However, little 
information exists with regards to behavioral changes in fish from exposure to ionizing 
radiation. 

For hazardous chemicals, the regulatory driver is the ambient water quality criteria 
(AWQC, EPA 1986c) for both acute and chronic lowest observable effect levels (LOELs) for 
the protection of aquatic life. The AWQC were developed by EPA after their review of 
numerous toxicity tests that evaluated metal and organic toxicity under various test 
conditions over several decades. These criteria are protective of all aquatic life and consider 
the effects of bioaccumulation. In general, toxicity, typically expressed as an LC_50, follows 
a dose/response relationship similar to radionuclides for a variety of aquatic organisms. 

3.4.2.4 Endpoint Selection. The "bias for action" strategy of the QRA directs the selection 
of risk endpoints. The assessment endpoint has little value in the Ecological QRA since the 
objective is not to assess absolute site risk and the relationship to the ecosystem, but 
provide a measure of risk within an operable unit to assist in decision making concerning 
possible expedited cleanup. 

The measurement endpoints for the 100-BC-5 operable unit are radiological dose to 
aquatic organisms and the systemic toxicity of non-radiological contaminants to aquatic 
organisms. The regulatory driver for radionuclides is DOE Order 5400.5, which requires 
the dose to aquatic animals to be less than one rad/day. For hazardous chemicals the 
regulatory driver is the AWQC (EPA 1986c) for both acute and chronic LOEL for the 
protection of aquatic life. Both measurement endpoints are generic or non-organism 
specific. The DOE Order requires protection of all aquatic animals, from radionuclides, 
while AWQC are to protect all aquatic life from hazardous chemicals. 

3.4.2.5 Conceptual Model. In the ecological evaluation the potentially-effected ecosystem 
is identified by the type of operable unit. Since the 100-BC-5 operable unit is a 
groundwater unit, the ecosystems potentially effected include riparian and the Columbia 
River. A summary of these ecosystems is shown in a conceptual model along with the key 
ecological resources (Figure 3-1). In this model, contaminant transport is from springs into 
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the Columbia River. Uptake of contaminants into the aquatic foodweb is assumed by algae 
and macrophytes. Organism exposure will result from both foodchain uptake and direct 
exposure in the river. Potentially-effected organisms in the Columbia River and riparian 
zone are fish, crustaceans, ducks, heron and raccoon. 

3.4.3 Analysis 

The analysis phase of ecological risk assessment consists of the technical evaluation 
of data on the potential exposure and effects of the stressors on receptor organisms. The 
major product of the analysis phase is the toxicity profile which combines potential 
exposure and receptor response. 

3.4.3.1 Characterization of Exposure. Two exposure scenarios are evaluated in the risk 
characterization. The first is the near-river well maximum concentrations in the 100-BC-5 
operable unit. The second is the Columbia River, river springs and seep maximum 
concentrations measured near the 100-B/C Area, as they are concentrations most likely 
entering the river from springs. The near-river well maximum contaminant concentrations 
are assumed to be uniformly distributed in the river, biologically active, and available for 
transport into the biosphere. The maximum reported concentrations were used as agreed 
upon by the Tri-Party Unit Managers. The use of maximum contaminant concentrations 
with no dilution establishes an upper bound exposure scenario. 

Radiological dose is estimated by computer modeling (CRITR2) of the source term to 
aquatic receptors. Dose is calculated for biological uptake, direct exposure from water, and 
from exposure to emersion and sediments. The CRITR2 computer model uses generic 
aquatic and riparian plants and animals. Multiple receptors were evaluated at various 
levels of the aquatic foodchain. The organisms evaluated using CRITR2 are aquatic plants, 
fish, crustacean, a plant-eating duck, a fish-eating duck, a heron, and a crustacean-eating 
raccoon and a fish-eating raccoon. All of these organisms are at the Hanford Site. The 
transfer of contaminants to aquatic plants is evaluated via Hanford Site-specific 
bioconcentration factors or transfer ratios from water to plant (Baker and Soldat 1992). 
Animal uptake on the basis of ingestion of contaminants in food stuffs is evaluated using 
both transfer ratios, biological half-lives, and food intake rates. 

Hazardous chemical effects are evaluated using the acute and chronic toxicity 
criteria, which are protective of all aquatic organisms. The hazardous chemical assessment 
uses maximum groundwater concentrations from near-river wells as river source terms. 

3.4.3.2 Ecosystem Characterization. Figure 3-2 illustrates a conceptual model of the 
foodweb relationship in Columbia River biota. The base of the Columbia River ecosystem 
consists of the water and dissolved nutrients which nourish the primary producers, or 
photosynthetic organisms, in the river. Part of this base are the sediments, which provide 
both a physical substratum for rooting as well as a source of chemical nutrients for the 
rooted aquatics, and the heterotrophic bacteria which play a major role in recycling 
nutrients (tied up in dead organisms) into a dissolved state that can be utilized by plants. 
Bacteria also serve as a food organisms for some consumers. 

Three groups of plants constitute the primary producer level of the aquatic 
ecosystem: phytoplankton, periphyton, and macrophytes. Algae are found in two 
habitats: 1) floating, free-living algae drifting with the current in the water column are 
called phytoplankton, and 2) algae colonizing solid substrata such as rocks, are called 
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periphyton. Although the dominant phytoplankton species found in the Columbia River 
are true lentic (lake) forms, many species .found in the water column are detached 
periphytic forms which have been washed off of the rocks. The periphyton mat commonly 
found on solid substrata is actually made up of other organisms besides algae; these 
include microcrustaceans, rotifers, fungi, bacteria, and detritus. Where the current slackens 
and fine sediments accumulate in sufficient amounts, true angiosperms, or macrophytes, 
can be found rooted to the bottom. These communities are restricted to the margins of the 
river in the vicinity of the 100 Area where conditions are suitable. Phytoplankton and 
periphyton are present year round in the Columbia River; populations are highest in 
spring and summer and lowest in winter. Macrophytes are present during the warmer 
months and usually die back in winter. 

Macrophytes are sparse in the Columbia River because of the strong currents, rocky 
bottom, and frequently fluctuating water levels. Rushes Ouncus spp.) and sedges (Carex 
spp.) occur along the shorelines of the slack-water areas such as the White Bluffs Slough, 
below 100-B/C Area, the slough area downstream of the 100-F Area, and the Hanford 
Slough. Macrophytes are also presented along gently sloping shorelines that are subject to 
flooding during the spring freshet and daily fluctuating river levels. Commonly found 
plants include Lemna, Potamogeton, Elodea, and Myriophyllum. Where they exist, 
macrophytes li.ave considerable ecological value. They provide food and shelter for 
juvenile fish and spawning areas for some species of warm-water game fish. However, 
should some of the exotic macrophytes increase to nuisance levels, they may encourage 
increased sedimentation of fine particulate matter. This could negatively affect the 
spawning of salmonids but enhance the possibility for increasing the range for shad by 
providing more suitable spawning habitat. These changes could have a significant impact 
on the trophic relationships of the Columbia River. 

Organisms which directly feed on the primary producers are called herbivores, and 
the common forms found in the area of interest include zooplankton , immature insects, 
molluscs, and herbivorous fish. The zooplankton are not abundant in this reach of the 
river. Immature aquatic insects are one of the basic food items for consumers and consist 
of the larvae and nymphs of several orders of insects. Molluscs are neither abundant nor 
important in terms energy flow in the ecosystem. However, there are two species found in 
the Columbia River that are listed as candidates for protection under the Endangered 
Species Act. These are the shortfaced lanx, Fisherola nuttalli, a Washington state candidate 
species, and the Columbia pebblesnail, Fluminicolla colombiana, which is both a federal and 
state candidate species. Herbivorous fish, such as some species of suckers, actively graze 
on the periphyton; Dauble (1986) reported that largescale suckers (Castostomus macrocheilus) 
in the Columbia River feed predominantly on periphyton and insect larvae. Waterfowl 
and crayfish may also utilize macrophytes as food, but macrophytes are most important as 
food organisms after they die and have decomposed into fine particulate detritus. 
Zooplankton are present at all times, as are insects, molluscs, and herbivorous fish. The 
aquatic insects are usually most abundant during fall and winter where they mature until 
they emerge as adults in spring and summer. They are most important as a food source in 
the aquatic system as immatures, but are utilized by insectivorous birds, such as swallows, 
as adults. They can again enter the aquatic food web after they die if they fall back into 
the river. 

Primary carnivores are those organisms which feed on the herbivores. Dorninant 
groups found in the Columbia River include crayfish, forage fish, whitefish, and juvenile 
salmonids. Crayfish are actually omnivorous and feed on decaying animal and plant 
tissue. The fish in this group utilize several different sources of food as shown in Figure 3-
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2. This group includes several species which are of primary concern from an economic, 
sport, and protected species viewpoint. These are the salmonids and include the steelhead 
and the various species of salmon. The steelhead provides a major sport fisheries in and 
above the 100-BC-5 operable unit. The Hanford Reach of the Columbia River within the 
100 Area the last mainstream spawning area for both the steelhead and salmon and 
activities in this reach must consider potential impacts to these migrating populations. 

Secondary carnivores feed on a variety of sources, but mainly the primary 
carnivores. Grouped in this category are not only those species present in the river, such 
as smallmouth bass, but other organisms present in the vicinity of the river such as bald 
eagles, hawks, Wcllterfowl, and swallows. Their relationship to the food sources is shown in 
Figure 3-2. 

Gray and Dauble (1977) list 43 species of fish in the Hanford Reach of the Columbia 
River. The brown bullhead (Ictalurus nebulosus) has been collected since 1977, bringing 
the total number of fish species identified in the Hanford Reach to 44 (Table 3-5). Of these 
species, the Chinook salmon, sockeye salmon, coho salmon, and steelhead trout use the 
river as migration route to and from upstream spawning areas and are of the greatest 
economic importance. Both-the fall Chinook salmon and steelhead trout also spawn in the 
Hanford Reach. The relative contribution of upper river bright stocks to fall Chinook 
salmon runs in the Columbia River increased from about 24% of the total in the early 1980s 
to 50% to 60% of the total by 1988 (Dauble and Watson 1990). The destruction of other 
mainstream Columbia spawning ground by dams has increased the relative importance of 
the Hanford Reach spawning (Watson et al. 1970, and Watson 1973). 

The upper estimates of the annual average Hanford Reach steelhead spawning 
population estimates based on dam counts for the years 1962 to 1971 were about 10,000 
fish. The estimated annual sport catch for the period 1963 to 1968 in the reach of the river 
from Ringold to the mouth of the Snake River was approximately 2,700 fish (Watson 1973). 

The shad, another andromous species, may also spawn in the Hanford Reach. The 
upstream range of the shade has been increasing since 1956 when fewer than 10 adult shad 
ascended McNary Dam. Since then, the number ascending Priest Rapids Dam, 
immediately upstream from Hanford, has risen to many thousands each year and the 
young-of-the-year have been collected in the Hanford Reach. The shad is not dependent 
on specific current and bottom conditions required by the salmonids for spawning and has 
apparently found favorable conditions for reproduction throughout much of the Columbia 
River and the Snake River. 

Other fish of importance to sport fisherman are the whitefish, sturgeon, smallmouth 
bass, crappie, catfish, walleye, and perch. Large populations of rough fish including carp, 
shiners, suckers, and squawfish are also present. 

3.4.3.3 Exposure Analysis. The purpose of the exposure analysis is to integrate the spatial 
and temporal distributions of the ecological components and stressors. The maximum 
groundwater near-river well concentrations are used as source terms for the river. The use 
of these concentrations establishes an upper boundary exposure scenario. Near-river wells 
reflect potential contaminant concentrations most likely entering the river. In addition to 
the groundwater near-river well maximums, river and spring concentrations were reviewed 
to provide an in-river exposure scenario. 
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It is assumed that maximum well concentrations are aquatic exposure 
concentrations at the point of compliance. It is also assumed that the aquatic organisms 
are exposed to these levels irrespective of their habitat. All contaminants are assumed to be 
100% biologically active and bioavailable, and uniformly distributed in the river. These are 
conservative assumptions based on situations that do not g~nerally occur since many 
contaminants in aquatic systems are transported via suspended particulate material. It is 
assumed that contaminants will bioaccumulate in aquatic organisms such as a fish through 
direct uptake from the water column and foodchain. 

Total daily doses to an organism is estimated as the sum of doses (weighted by 
energy of radiation) received from all radioactive elements ingested, residing in the body, 
and available in the organism's environment. CRITR2 is a steady state model which 
assumes exposed organisms reach an equilibrium with the water concentration or food 
uptake. Nonradiological effects were evaluated from water quality criteria for inorganic 
contaminants. The criteria concentrations used are values not be exceeded. 

3.4.3.4 Exposure Profile. The environmental evaluation focuses on potential effects to 
generic aquatic organisms potentially exposed to study constituents. Aquatic vegetation is 
represented as a generic species including both algae and macrophytes. The major route of 
uptake into the aquatic foodweb is assumed to be primary producers, which were not 
receptors, but transfer media for higher level trophic contamination. 

The calculations used to estimate radionuclide dose of contaminants to aquatic 
receptors using CRITR2 are presented in Appendix C. The calculated radiological dose 
from the constituents of concern is shown in Table 3-4. Radionuclide dose for the near 
wells was primarily from carbon-14 for the plant-eating duck. Radionuclide dose for the 
river, seeps and springs was primarily from strontium-90, for the plant-eating duck. Source 
term concentrations in the 100-BC-5 operable unit are given in Table 3-4a. 

3.4.3.5 Characterization of Ecological Effects. The purpose of this section is to analyze the 
relationship between the stressor and measurement endpoints. For radionuclides the 
measurement endpoint is total organism dose. Organism dose is compared to 1 rad/day 
(Order DOE 5400.5). The measurement endpoint of potential effects from exposure to 
hazardous chemicals is the LOELs. In addition to LOELs, hazardous chemicals which 
impact salmon during various life stages must be considered. Becker (1990) reported that 
survival of young chinook salmon and trout was adversely affected at hexavalent 
chromium concentrations of 0.08 mg'L and growth appeared to be retarded at the 0.013 
mg'L. Because of these results, that during the production period at Hanford, the locally 
recommended limit for hexavalent chromium was 0.02 mg'L in the Columbia River (Becker 
1990). 

3.4.3.6 Ecological Response Analysis. The general response of aquatic organisms to 
ionizing radiation occurs at both the cellular and biochemical levels. The level of response 
is also controlled to some extent by environmental factors. Stressor-response relationships 
developed in this report were based on Effects of Ionizing Radiation on Aquatic Organisms 
(NCRP 1991). The most sensitive species to radionuclide exposure is early life stages of the 
chinook salmon. Exposure of 9.6 rad/day appears to effect chinook salmon embryos. 

For constituents other than radionuclides, the dose/response relationship is based 
upon the LOEL as a threshold. If a chemical exceeds the threshold LOEL, it is assumed 
that some component of the ecosystem will be affected. 
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3.4.4 Risk Characterization 

3.4.4.1 Risk Estimation. The likelihood of an adverse effect, or in the case of ionizing 
radiation for the dose to aquatic organisms exceeding the 1 rad/day, is expressed in the 
form of an Environmental Hazard Quotient (EHQ). An EHQ is also used for the 
nonradiological chemicals except the benchmark is the LOEL. 

The. EHQ is de.fined as the ratio of the contaminant dose to some benchmark 
dose/concentration, i.e. LCso, according to DOE Order 5400.5. 

EHQ= Organism's Dose 
Benchmark Dose 

For case of the plant-eating duck the EHQ is the ratio of 0.012/1 or an EHQ of 0.012. 

The EHQ ratio is used to assess the level of potential adverse effect to an individual 
organism. For example, an EHQ that approaches or exceeds unity would strongly indicate 
an adverse effect to an organism. For chemicals such as _ chromium, the aquatic acute or 
chronic LOEL is used to assess risk and serve as an benchmark. The EHQ at or above 1 
(exceeding the LOEL) would indicate a potential measurable risk. Table 3-5 shows the 
calculated total dose from exposure to radionuclides in the near-river wells and the 
radionuclides assumed to have entered the Columbia River from the 100-B/C Area seeps 
and springs. 

The calculated dose from near-river wells to the plant-eating duck (Table 3-7) did 
not exceed the DOE Order 5400.5 benchmark of 1 rad/day. The highest dose of 0.24 
rad/day was to a plant-eating duck. The dose to the heron and the crustacean-eating 
raccoon was 0.01 rad/day. Dose from sediments and external exposure is insignificant. 

The highest calculated dose from the 100-B/C Area seeps and springs of 0.012 
rad/day from Strontium 90 (Table 3-9) is to the plant-eating duck. This dose does not 
exceed the 1 rad/day benchmark. The dose to aquatic plants was 0.0014 rad/day which was 
also below the 1 rad/day benchmark. The dose from sediments and external exposure is 
insignificant. 

For hazardous chemicals aluminum and chromium exceeded LOELs for near river 
wells in the 100-B/C Area (Table 3-8). Trichloroethene was present, however, no known 
LOELs were exceeded in aquatic environments. 

For hazardous chemicals, aluminum, chromium, and iron exceeded the LOEL for 
the river seeps and springs (Table 3-10). 

Tables 3-7 and 3-9 show reported acute and chronic aquatic LOELs for inorganic 
nonradioactive contaminants along with source term concentrations and indications 
whether concentrations exceed the LOELs (EHQ> 1) for the 100-BC-5 operable unit. 

3.4.4.2 Risk Description. 

Ecological Risk Summary 

The results of the qualitative ecological risk assessment conducted for the 100-BC-5 
operable unit indicated a potential risk (EHQ > 1) for aluminum, chromium, and iron in the 
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100-BC-5 operable unit. All of these constituents exceeded either an acute or chronic LOEL 
(Tables 3-7 and 3-9). The radionuclide dose did not exceed 1 rad/day to any aquatic . 
animal. 

Interpretation of Ecological Significance. The approach presented for the environmental 
evaluation at the 100-BC-5 operable unit screened the dose to several aquatic organisms for 
radionuclides and to aquatic life for inorganic nonradioactive contaminants. The 
significance of the risk values depend in part on the validity of the source term and the 
modeled parameters. For some cases, data are unavailable and reasonable estimates are 
made. Additionally, dilution of the source term by the Columbia River results in river 
concentrations far below the benchmarks used in Tables 3-7 and 3-9. 

3.5 UNCERTAINTY ANALYSIS 

3.5.1 Human Health Risk Characterization Uncertainty Analysis 

The risks presented in this QRA are conditional estimates given multiple 
assumptions made about sampling, data quality, exposures, toxicity and other variables. 
The uncertainty in the QRA risk characterization focuses on specific uncertainties related to 
the waste site (e.g., data evaluation) and to the risk assessment process(e.g., toxicity 
information, exposure assumptions, etc.). 

The uncertainty in the identification of contaminants present in the groundwater is 
low. The LFI data available to identify contaminants in the groundwater are of known 
quality, are analyzed using EPA methods and are validated prior to use. 

There is uncertainty associated with the identification of bis(2-ethylhexyl)phthalate 
as a contaminant of potential concern. Bis(2-ethylhexyl)phthalate is considered a common 
laboratory contaminant, and it is likely that the concentration reported for this compound 
is not representative of 100-BC-5 groundwater. 

There is uncertainty in the distribution of contaminants in the groundwater in the 
100-BC-5 operable unit. The QRA assumes that the maximum concentrations of 
contaminants of potential concern and the resulting exposures are associated with the 
operable unit. Figure 2-1 illustrates the spatial distribution of maximum contaminant 
concentrations throughout the 100-BC-5 operable unit. The maximum concentrations occur 
in several wells located in various parts of the operable unit. There is also uncertainty 
pertaining to the affects of upgradient sources on the 100-BC-5 groundwater. 

Two scenarios have been evaluated to provide estimates of hazard or risk based on 
high frequency exposure (e.g., residential water ingestion) or low-frequency exposure 
(e.g.,recreational water ingestion). Neither of these scenarios currently occurs in the 100-
B/C Area. The QRA is based on potential exposures to the maximum concentration, 
assuming that these will not increase or decrease over the 30-year lifetime exposure. 
Therefore, there is uncertainty in the results because of the use of a maximum 
concentration that may not be representative of long term exposures. 

The risk characterization focuses on only the ingestion of water and the inhalation 
of volatile organic compounds from groundwater use. Exposure through other pathways 
such as external exposure from submersion in radionuclide-contaminated waste may result 
in additional risk, though it is not known if the additional risk would be significant. In 
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general, for most inorganic constituents and radionuclides, exposure through the ingestion 
route is greater than for other routes of exposure to contaminants in water. 

Volatile inhalation intakes and risks are calculated for the frequent-use scenario 
only. These exposures assume inhalation of volatiles from water use in enclosed buildings 
such as typically occurs in a residence. As discussed in Chapter 2.0, exposure to volatiles 
could occur during other occasional-use such as recreational use of groundwater. Factors 
to evaluate such occasional-use exposures have not b,een developed. However, given the 
lower frequency of occasional-use exposures, for example, the potential risks for occasional­
use receptors from inhalation of volatiles would be at least an order of magnitude less than 
the risks estimated for frequent-use receptors. 

The occasional-use exposure pathway includes maximum concentration data from 
all of the wells in the 100-B/C Area instead of data from groundwater near the Columbia 
River. There are only four wells within the proximity of the river to obtain sufficient data 

-...u for the QRA, and there are insufficient springs and seeps data available at the time of this 
C ::2"" c:i evaluation to quantify the risks. The comparative analysis of spring and river data 

:-... ~ (presented in Section 3.4.5) was done to evaluate the relative risks at the riverbank where 
.:::i;... exposures are more likely to occur. r---. 
C---...! 
~ -=.t- 3.5.2 Environmental Risk Characterization Uncertainty Analysis 

A primary area of uncertainty in evaluating ecological effects from exposure to 
ionizing radiation and hazardous chemicals is extrapolation from individual to the 
population level of ecological organization. The relationship between individual and 
population dose/response is not well documented at this time. 

The uncertainty associated with the approach used in the qualitative ecological risk 
assessment for the 100-BC-5 operable unit is significant because data used as a source term 
are assumed to be available for uptake by aquatic organisms. No allowance is made for 
environmental fate that would reduce contaminant bioavailability or dilution effects in the 
Columbia River. An additional source of uncertainty is the lack of site-specific data for 
aquatic biota. 
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Figure 3-2. Columbia River Aquatic Ecosystem. 
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Table 3-la. Summary of Data Selection for the 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 1 of 6) 

Analytes Units Maximum Background Rationale for 
Concentration Concentrationa Elimination 

WET CHEMISTRY AND ANIONS . 
Alkalinity (mg/L) 112 210 Less than background 

Ammonia (mg/L) 0.4 0.12 Retained 

Chemical Oxygen Demand (mg/L) 30 NR Not toxic 

thloride (mg/L) 13.8 8.69 Retained 

tonductivity (µmhos/cm) 407 530 !Less than background 

Fluoride (mg/L) 0.5 0 .775 !Less than background 

Hydrazine (mg/L) 0.003 NR !Reactive and unstable 

Nitrate/Nitrite (mg/L) 6.9 12.4 less than background 

pH (std units) 7.5-8 .3 7.3-8 .3 ~ithin background 
range 

Phosphate (mg/L) 0.4 <1.0 Less than background 

~ulfate (mg/L) 57.1 90.5 Less than background 

Sulfide (mg/L) 1.0 NR Detected in one 
sample 

Total Organic Carbon (mg/L) 10 2.61 Not toxic 

Total Organic Halides (mg/L) 0.136 0.0376 Specific volatile 
organic compounds 
!analyzed 

INORGANIC CONSTITUENTS 

[Aluminum (mg/L) 0 .291 <0.20 !Retained in ecological 
pnly 

!Antimony (mg/L) ND NR INot detected 

[Arsenic (mg/L) ND 0.01 INot detected 

Barium (mg/L) 0.0431 0 .0685 less than background 

!Beryllium (mg/L) ND <0.005 Not detected 

K:admium (mg/L) ND < .010 Not detected 

K:alcium (mg/L) 68. 6 63.6 Eliminated per 
HSBRAM (1993) 
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Table 3-la. Summary of Data Selection for the 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 2 of 6) 

Analytes Units Maximum [Background . Rationale for 
Concentration toncentrationa Elimination 

thromium (mg/L) 0.0268 <0.030 Less than background 

tobalt (mg/L) ND NR !Not detected 

Copper (mg/L) ND <0.030 IN ot detected 

Iron (mg/L) 0.174 0.086 Retained in ecological 
only 

Lead (mg/L) ND <0.005 Not detected 

Magnesium (mg/L) 11.2 16.48 Less than background 

Manganese (mg/L) 0.0188 0.0245 Less than background 

!Mercury . (mg/L) ND <0.0001 Not detected 

!Nickel (mg/L) 0 .007 <0.030 !Less than background 

!Potassium (mg/L) 7.77 7.975 !Less than background 

Selenium (mg/L) ND <0.005 !Not detected 

Silver (mg/L) ND <0.010 IN ot detected 

Sodium (mg/L) 16.1 33 .5 !Less than background 

Thallium (mg/L) ND NR Not detected 

Vanadium (mg/L) 0.0178 0.015 !Retained 

Zinc (mg/L) 0.0131 <0.050 Less than background 

RADIONUCLIDES 

Americium-241 (pCi/L) 0.021 Retained 

Carbon-14 (pCi/L) 110 Retained 

Cesium-134 (pCi/L) ND Not detected 

Cesium-137 (pCi/L) ND Not detected 

Chromium-51 (pCi/L) ND Not detected 

Cobalt-60 (pCi/L) ND Not detected 

Europium-152 (pCi/L) ND Not detected 

Europium-154 (pCi/L) ND Not detected 

K:iross Alpha (pCi/L) ND 63 Not detectedb 
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Table 3-la. Summary of Data Selection for the 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 3 of 6) 

Analytes Units !Maximum !Background !Rationale for 
!Concentration IConcentrationa !Elimination 

!Gross Beta (pCi/L) 290 . 35.5 !Retained 

lron-59 (pCi/L) ND !Not detected 

IPlutonium-238 (pCi/L) ND INot detected 

IPlutonium-239/240 (pCi/L) ND !Not detected 

~otassium-40 (pCi/L) ND IN ot detected 

Radium-226 (pCi/L) ND Not detected 

Ruthenium-106 (pCi/L) ND Not detected 

Strontium-90 (pCi/L) 130 Retained 

Technetium-99 (pCi/L) 130 Retained 

Thorium-228 (pCi/L) ND Not detected 

Thorium-232 (pCi/L) ND Not detected 

ritium (pCi/L) 24,000 Retained 

Uranium (Total) (pCi/L) 2.3 3.43 Less than background 

lZinc-65 (pCi/L) ND Not detected 

ORGANIC COMPOUNDS 

Acetone (mg/L) 0 .026 !Retained 

Benzene (mg/L) ND IN ot detected 

Benzo(g,h,i,)perylene (mg/L) ND Not detected 

Benzo(k)fluoranthene (mg/L) ND IN ot detected 

Bis(2-ethylhexyl)phthalate (mg/L) 0 .011 !Retained 

Bromodichloromethane (mg/L) ND IN ot detected 

Bromoform (mg/L) ND IN ot detected 

Bromomethane (mg/L) ND Not detected 

2-Butanone (MEK) (mg/L) ND Not detected 

IButylbenzylphthalate (mg/L) ND Not detected 

K:arbon disulfide (mg/L) ND Not detected 

ICarbon tetrachloride (mg/L) ND Not detected 
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Table 3-la. Summary of Data Selection for the 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 4 of 6) 

IAnalytes Units !Maximum Background Rationale for 
toncentration Concentration a !Elimination 

thlorobenzene (mg/L) ND !Not detected 

thloroethane (mg/L) ND Not detected 

thloroform (mg/L) ND Not detected 

Chloromethane (mg/L) ND Not detected 

Chrysene (mg/L) ND Not detected 

Dibenzofuran (mg/L) ND Not detected 

IDibenz( a,h)anthracene (mg/L) ND Not detected 

IDibromochloromethane (mg/L) ND Not detected 

1, 1-Dichloroethene (mg/L) ND IN ot detected 

1,2-Dichloroethene (cis) (mg/L) ND IN ot detected · 

1,2-Dichloroethene (mg/L) ND Not detected 
'trans) 

1,2-Dichloropropane (mg/L) ND !Not detected 

1, 3-Dichloropropene (mg/L) ND IN ot detected 
'cis) 

1,3-Dichloropropene (trans) (mg/L) ND !Not detected 

Diethylphthalate (mg/L) ND IN ot detected 

Di-n-butylphthalate (mg/L) ND IN ot detected 

Di-n-octyphthalate (mg/L) ND Not detected 

Ethyl benzene (mg/L) ND Not detected 

Fluoranthene (mg/L) ND Not detected 

Fluorene (mg/L) ND Not detected 

Hexachlorobenzene (mg/L) ND Not detected 

2-Hexanone (MBK) (mg/L) ND Not detected 

Indeno(l,2,3-cd)pyrene (mg/L) ND Not detected 

Methylene chloride (mg/L) ND Not detected 

4-Methyl-2-pentanone (mg/L) ND Not detected 
MIBK) 
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Table 3-la. Summary of Data Selection for the 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 5 of 6) 

Analytes Units Maximum !Background Rationale for 
Concentration Concentration a Elimination 

n-Nitrosodiphenyl-amine (mg/L) ND Not detected 

Pentachlorophenol (mg/L) ND Not detected 

Phenanthrene (mg/L) ND Not detected 

if>yrene (mg/L) ND Not detected 

Styrene (mg/L) ND Not detected 

1, 1,2,2-Tetrachloro-ethane (mg/L) ND Not detected 

if etrachloroethene (PCE) (mg/L) ND IN ot detected 

ifoluene (mg/L) ND IN ot detected 

1, 1, 1 Trichloroethane (mg/L) ND IN ot detected 

1, 1,2 Trichloroethane (mg/L) ND INot detected 

Trichloroethene (mg/L) 0.003 !Retained 

Vinyl Chloride (mg/L) ND Not detected 

Xylenes (total) (mg/L) ND Not detected 

)3ackground concentrations taken from the provisional threshold levels reported in 
Hanford Site Groundwater Background (DOE-RL 1992c). 

~Gross alpha is a general indicator parameter. Specific compounds responsible for gross alpha 
~missions have been analyzed for, as appropriate. 
< Indicates compound was analyzed for but not detected. Reported value after the 
" < " sign is the detection limit. 

ND = Not detected. 
INR = Not reported. 
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Table 3-lb. Preliminary Risk-Based Screening for Ingestion and Water Quality Parameters for 

Nonradioactive Groundwater Contaminants at the 100-BC-5 Operable Unit - Human Health Evaluation. 

Parameter Maximum Oral RID Groundwater Oral SF Groundwater Primary MO.G HWQHO! Secondary 
Groundwater (mW,Cg-d) Concentration at (mW,Cg/·dr 1 Concentration MO. (m&'l,) Ma. (mg/L 

Concentration Oral at Oral (m&'I,) 
(m&'l,) HQ= 0.1 ICR = lE-07 

(m&'I,) (mg/L) 
Organic Compounds 

Acetone 0.026 I .OE-Ola 0.16 --' 

HWQWC: 
(m&'l,) 

~ls(2;~t~ylh4yljP:f,ljaj~~i J.t( ) r 2.0E-02a 0.032 l.4E-02a )Jriimsst •• t@m&~Wff 15a 
T.r1chl9t~ili~mr t • • r -"""""""""'-----..h--L-------L--1_.1_E_-02_c--J ... : .;.;.t ""'/""'}: .. 'l;.;..48 .. -0I"' . ... · =, ... =,:::= ... ====-""=·= ....__o_.oo_s_0__, __ o_a_+-_o._00_3_a__, ____ _._ ___ ~ 
Inorganic Constituents 

AJ.u111ifoirn r::1±l =sl=i=2=l ""'l-_1_.o_E_+_ooc ........ +-__ 1._6_E_+_oo...--+----.... j---l------~---~-----'----""};;;;;d .. J i.;;;;!]$.-O;;;.····•• .. t.;;;4;;;.);;;;;t 4•· ----~ 
3.4E+01b,J 3.4E+0V Ammonia 0.4 

Chloride 13.8 
__ h 

Iron 0.174 
__ h 

ain tegrated Risk Information System (EPA 1993) 
bHealth Effects Assessment Summary Tables (EPA 1992) 
csuperfund Technical Support Center 
dWAC 173-200-040 
eEPA 1986c 
fwAC 173-201-035(12) 
840 CFR 143 
hNo RID or SF available to evaluate this contaminant or pathway 
iNot classified as a carcinogen 
iExpressed as m&'I,; not a health-based criteria; based on organoleptic threshold 
-- Not Available 
Note: Shaded areas indicate screening criterion exceeded. 
CFWQC = Chronic fresh water quality criteria 
HQ = Hazard quotient 
HWQHC = Human water quality health criteria 
HWQWC = Human water quality welfare criteria 
ICR = Incremental lifetime cancer risk 
MO. = Maximum contaminant level 
MO.G = Maximum contaminant level goal 
RID = Chronic reference dose 
SF = Slope factor 
Note: Shaded areas indicates screening criterion exceeded. 

--' 
--' 250d,g 

--' 0.38 

--' 
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Table 3-lc. Preliminary Risk-Based Screening for Inhalation of Volatile Organic Groundwater Contaminants 
at the 100-BC-5 Operable Unit - Human Health Evaluation. 

Parameter Maximum Inhalation 
Groundwater RID 
Concentration (mg/kg-d) 

(mg/L) 

Acetone 0.026 __ d 

Bis(2-ethylhexyl)phthalate 0.011 __ d 

:i i:::::: l:: I:::ij;wl i:::: l : __ d 

a1ntegrated Risk Information Systems (EPA 1993) 
bHealth Effects Assessment Summary Tables (EPA 1992) 
csuperfund Technical Support Center 
dNo RID or SF available to evaluate this contaminant or pathway 
eNot classified as a carcinogen 
-- Not available 
HQ = Hazard quotient 
ICR = Lifetime incremental cancer risk 
RID = Chronic reference dose 
SF = Slope factor 
Note: Shaded area indicates screening criterion exceeded. 

Concentration 
at Inhalation 

HQ= 0.1 
(mg/L) 

Inhalation 
SF 

(mg/kg-d)-1 

__ e 

__ d 

6.0E-03C 

Concentration 
at Inhalation 
ICR=lE-07 

(mg/L) 
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Table 3-ld. Preliminary Risk-Based Screening for Ingestion and Water Quality Parameters 
for Radioactive Groundwater Contaminants at the 100-BC-5 

Operable Unit - Human Health Evaluation. 

Parameter 

Radionuclides 

Maximum 
Groundwater 

Concentration 
(pG/L) 

Oral SF 
(1/pG) 

8Health Effects Assessment Summary Tables (EPA Im) 
b40 a:R. 141 

Groundwater 
Concentration at 

Oral 
ICR = lE-07 

(pG/L) 

Primary 
MCL 

(pG/L) 

MCLG 
(pG/L) 

Secondary 
MCL 
(pG/L) 

CStandard applies if hydrogen-3 and strontium-90 standards are met and total dose <4 mrem/year. 
dCaJculated based on annual average concentration yielding 4 mrem/yr for 2 liter/day daily intake (National Interim Primary 
Drinking Water Regulations (EPA-570f)-76-003)). 
SF = Slope factor 
ICR = Lifetime incremental cancer risk 
MCL = Maximum contaminant level 
MCLG = Maximum contaminant level goal 
- Not available 
Note: Shaded areas indicate screening criterion exceeded. 

3T-ld 
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Table 3-te. Summary of Intakes for Nonradioactive Contaminants at the 100-BC-5 Operable Unit. 

Contaminant Frequent-Use Scenarioc Occasional-Use Scenariod 

Groundwater Ingestion Volatile Organic Inhalation Groundwater Ingestion 
(mg,1<g-d) (mg,1<g-d) (mg,1<g-d) 

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Non carcinogenic Carcinogenic 

Bis(2-ethylhexyl)phthalate 6.9E-04 1.3E-04 _a _a l .3E-05 2.6E-06 

Trichloroethene _a 3.7E-05 _a UE-04 _a 7.0E-07 

Vanadium 1.lE-03 _b _a _b 2.lE-05 _b 

aNo RID or SF available to evaluate this pathway. 
bNot classified as a carcinogen or not carcinogenic via this exposure route or pathway. 
Cfrequent use scenario is based on residential exposure parameters. 
d0ccasional scenario use is based on recreational exposure parameters. 
-Not available 
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Table 3-1£. Summary of Intakes for Radioactive Contaminants at the 
100-BC-5 Operable Unit. 

Contaminant Frequent-Use Scenariob Occasional-Use ScenarioC 

Groundwater Ingestion Groundwater Irigestion 
(pG) (pG) 

Americium-241 4.6E+02 8.SE+OO 

Carbon-14 2.4E+06 4.6E+04 

Gross Beta _a _a 

Strontium-9() 2.8E+06 5.5E+04 

Technetium-99 2.8E+06 5.5E+04 

Tritium 5.3E+08 1.0E+07 

a No SF available to evaluate this general radiological parameter 
b Frequent-use scenario is based on residential exposure parameters 
c Occasional-use scenario is based on recreational exposure parameters 
- Not available 

3T-lf 
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Table 3-lg. Summary of the Risk Assessment for Nonradioactive Contaminants at the 100-BC-5 Operable Unit. 

Contaminant Frequent-Use Scenariof 

Groundwater Volatile Organic 
Ingestion Inhalation from 

Groundwater Use 

Bis(2-ethylhexyl)phthalate 0.03 _c _c 

Trichloroethene _c 4E-07 _c 8E-07 
Vanadium 0.2 _d _c _d 

Total 0.2 
[.: .••. 2.••··•·s .. ••·· ···••··ro6.•••··.·••• · JJ• ,•.:,•,;,•.·-:-:-: -: 

_c BE-07 
Groundwater Operable Unit Total 
aHazard quotient. 
bufetime incremental cancer risk. 

Contaminant 
Totals 

0.03 
_c 

0.2 _d 

CNo RID or SF available to evaluate this pathway. 
dNot classified as a carcinogen or not carcinogenic via this exposure route or pathway. 
eHazard index. 
ff requent-use scenario IS based on residential exposure parameters. 
goccasional-use scenario IS based on recreational exposure parameters. 
- Not applicable. 

Note: Shaded area indicates screening criterion exceeded. 

Occasional-Use Scenariog 

Groundwater 
Ingestion Pathway 

0.0007 4E-08 
_c BE-09 

0.003 _d 

0.004 SE-08 

Contaminant 
Totals 

Hie ICRb 

0.0007 4E-08 
_c 8E-09 

0.003 _d 

-- --
0.004 SE-08 
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Table 3-lh. Summary of the Risk Assessment for Radioactive Contaminants at the 100-BC-5 Operable Unit. 

Contaminant Frequent-Use Scenarioc 

Americium-241 

Carbon-14 

Gross Beta 

Strontium-90 

Technetium-99 

Tritium. 

Total 

Groundwater Ingestion 
Pathway 

lE-07 

&Lifetime incremental cancer risk. 

Contaminant 
Total 

lE-07 

bNo SF available to evaluate this general radiological parameter. 
Cfrequent-use scenario is based on residential exposure parameters. 
doccasional-use scenario is based on recreational exposure parameters. 
- Not applicable. 

Note: Shaded area indicates screening criterion exceeded. 

Occasional-Use Scenariod 

Groundwater Ingestion 
Pathway 

2E-09 

Contaminant 
Total 

2E-09 
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Table 3-2. Comparison of Maximum Surface Water and Groundwater Concentrations at the 100-BC-5 Operable Unit. 
(Sheet 1 of 4) 

Analyte Units Maximum Maximum River Maximum Maximum Background 
Spring Concentrationb Groundwater Groundwater Concentration d 
Concentration a Concentration Concentration 

(All Wells)c (Near River 
Wells)c 

WET CHEMISTRY AND ANIONS 

Alkalinity (mg/L} 107 53 112 110 210 

Ammonia (mg/L) 0.1 ND 0.4 0.4 NR 

Chemical (mg/L) <60 <60 30 ND NR 
Oxygen 
Demand 

Chloride (mg/L} 9.65 0.11 13.8 9.9 8.69 

Conductivity (µmhos/cm) 303 121 407 379 530 

Fluoride (mg/L} 0.2 ND 0.5 0.361 0.775 

Nitrate (mg/L} 2.4 ND 6.9e 6.9e 12.4e 

Phosphate (mg/L) NR NR 0.4 ND <1.0 

pH (std units) 7.4-7.9 8.09 7.5-8.3 7.8-8.1 7.3-8.3 

Sulfate (mg/L) 41.3 2.1 57.1 53 90.5 

Sulfide (mg/L} NR NR 1.0 ND NR 

Total Organic (mg/L) 1.4 2.4 10 1.7 2.61 
Carbon 

Total Organic (mg/L) NR NR ND 0.0168 0.0376 
Halides 



Table 3-2. Comparison of Maximum Surface Water and Groundwater Concentrations at the 100-BC-5 Operable Unit. 
(Sheet 2 of 4) 

Analyte Units Maximum Maximum River Maximum Maximum Background 
Spring Concentrationb Groundwater Groundwater Concentration d 

Concentration a Concentration Concentration 
(All Wells)c (Near River 

Wells)c 

INORGANIC CONSTITUENTS 

Aluminum (mg!L) 0.268 0.0382 0.291 0.327 <0.20 

Barium (mg!L) 0.0641 0.0272 0.0431 0.0404 0.0685 

Calcium (mg!L) 44.4 17.5 68.6 52.2 63.6 

Chromium (mg!L) 0.0541 ND 0.0268 0.036 <0.030 

Iron (mg!L) 1.55 ND 0.174 0.318 0.086 

Magnesium (mg!L) 9.01 3.95 11.2 9.99 16.48 

Manganese (mg!L) 0.0466 0.0037 0.0188 0.02.32 0.0245 

Nickel (mg!L) 0.13 ND 0.007 ND <0.030 

Potassium (mg!L) 4.49 0.732 7.77 4.45 7.975 

Silver (mg!L) ND 0.00550 ND ND <0.010 

Sodium (mg!L) 10.6 2.08 16.1 13.8 35.5 

Vanadium (rng!L) 0.0080 ND 0.0178 ND 0.015 

Zinc (rng!L) ND ND 0.0131 ND <0.050 



Table 3-2. Comparison of Maximum Surface Water and Groundwater Concentrations at the 100-BC-5 Operable Unit. 
(Sheet 3 of 4) 

Analyte Units Maximum Maximum River Maximum Maximum Background 
Spring Concentrationb Groundwater Groundwater Concentrationd 
Concentration a Concentration Concentration 

(All Wells)c (Near River 
Wells)c 

RADIONUCLIDES 

Americium-241 (pCi/L) NR NR 0.021 ND 

Carbon-14 (pCi/L) NR NR 110 110 

Gross Alpha (pCi/L) 2 1 ND ND 63 

Gross Beta (pCi/L) 42 7 290 290 35.5 

Strontium-90 (pCi/L) 6.3 0.6 130 130 

Technetium-99 (pCi/L) NR NR 130 130 

Tritium (pCi/L) 20,600 300 24,000 24,000 

Uranium (Total) (pCi/L) 1.6 0.4 2.3 2.3 3.43 

ORGANIC COMPOUNDS 

Acetone mg/L NR NR 0.026 0.026 

Bis(2- mg!L NR NR 0.011 ND 
ethylhexyl) 
phthalate 
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Table 3-2. Comparison of Maximum Surface Water and Groundwater Concentrations at the 100-BC-5 Operable Unit. 
(Sheet 4 of 4) 

Analyte Units Maximum Maximum River Maximum Maximum Background 
Spring Concentrationb Groundwater Groundwater Concentration d 
Concentration a Concentration Concentration 

(All Wellst (Near River 
Wellst 

Trichloroethene mg/L NR NR 0.003 0.002 

8Source: Sampling and Analysis of 100 Area Springs (DOF/RL 1992d); Samples B06I<R3, B06I<R4, B06I<R8, B06KR9, B06KS1, 
and B06KS2. 

bSource: Sampling and Analysis of 100 Area Springs (DOF/RL 1992d); Samples B06I<R5 and B06I<R6, 
cLFI data (see Tables 3-la and 3-3a). 
dBackground concentrations taken from the provisional threshold levels reported in Hanford site Groundwater Background 
(DOE-RL 1992c). 

ev alue shown is concentration for nitrate/nitrite. This analysis was conducted as two separate analyses in the surface water 
sampling; nitrite was not detected in the surface water sampling. 

ND - Not detected. 
NR - Not reported. 
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Table 3-3a. Summary of Data Selection for the Near-River Wells 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 1 of 5) 

Analytes Units Maximum Background Rationale for 
Concentration Concentration a Elimination 

WET CHEMISTRY AND ANIONS 

Alkalinity (mg/L) 110 210 Less than 
background 

Ammonia (mg/L) 0.4 0.12 Retained 

Chemical Oxygen Demand (mg/L) ND NR Not detected 

Chloride (mg/L) 9.9 8.69 Retained 

Conductivity (µrnhos/cm) 379 530 Less than 
background 

Fluoride (mg/L) 0.361 0.775 Less than 
background 

Hydrazine (mg/L) 0.003 NR Reactive and 
unstable 

.,. 

Nitrate/Nitrite (mg/L) 6.9 12.4 Less than 
background 

pH (std units) 7.8-8.1 7.3-8.3 ~ithin background 
range 

Phosphate (mg/L) ND <1.0 Not detected 

Sulfate (mg/L) 53 90.5 Less than 
background 

Sulfide (mg/L) ND NR Not detected 

Total Organic Carbon (mg/L) 1.7 2.61 Less than 
background 

Total Organic Halides (mg/L) 0.0168 0.0376 Less than 
background 

INORGANIC CONSTITUENTS 

Aluminum (mg/L) 0.327 <0.20 Retained in 
ecological only 

Antimony (mg/L) ND NR Not detected 

Arsenic (mg/L) ND 0 .01 Not detected 

Barium (mg/L) 0.0404 0.0685 Less than 
background 

3T-3a-a 
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Table 3-3a. Summary of Data Selection for the Near-River Wells 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 2 of 5) 

Analytes Units Maximum Backgroun!i Rationale for 
Concentration Concentrationa Elimination 

Beryllium (mg/L) ND <0.005 Not detected 

Cadmium (mg/L) ND < .010 Not detected 

Calcium (mg/L) 52.2 63 .6 Less than 
background 

Chromium (mg/L) 0.036 <0.030 Retained 

Cobalt (mg/L) ND NR Not detected 

Copper (mg/L) ND <0.030 Not detected 

Iron (mg/L) 0.318 0.086 Retained in 
ecological only 

Lead (mg/L) ND <0.005 Not detected 

Magnesium (mg/L) 9.99 16.48 Less than 
background 

Manganese (mg/L) 0.0232 0.0245 Less than 
background 

Mercury (mg/L) ND <0.0001 Not detected 

Nickel (mg/L) ND <0.030 Not detected 

Potassium• (mg/L) 4.45 7.975 Less than 
background 

Selenium (mg/L) ND <0.005 Not detected 

Silver (mg/L) ND <0.010 Not detected 

Sodium (mg/L) 13 .8 33.5 Less than 
background 

Thallium (mg/L) ND NR Not detected 

Vanadium (mg/L) ND 0.015 Not detected 

Zinc (mg/L) ND <0.050 Not detected 

RADIONUCLIDES 

Americium-241 (pCi/L) ND Not detected 

Carbon-14 (pCi/L) 110 Retained 

Cesium-134 (pCi/L) ND Not detected 

Cesium-137 (pCi/L) ND Not detected 

3T-3a-b 
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Table 3-3a. Summary of Data Selection for the
1
Near-River Wells 100-BC-5 Operable Unit 

Qualitative Risk Assessment. (Sheet 3 of 5) 

Analytes Units Maximum Background Rationale for 
Concentration Concentrationa Elimination 

Chromium-51 (pCi/L) ND Not detected 

Cobalt-60 (pCi/L) ND Not detected 

Europium-152 (pCi/L) ND Not detected 

Europium-154 (pCi/L) ND Not detected 

Gross Alpha (pCi/L) ND 63 Not detectedb 

Gross Beta (pCi/L) 290 35.5 Retained 

Iron-59 (pCi/L) ND Not detected 

Plutonium-238 (pCi/L) ND Not detected 

Plutonium-239/240 (pCi/L) ND Not detected 

Potassium-40 (pCi/L) ND Not detected 

Radium-226 (pCi/L) ND Not detected 

Ruthenium-106 (pCi/L) ND Not detected 

Strontium-90 (pCi/L) 130 Retained 

Technetium-99 (pCi/L) 130 Retained 

Thorium-228 (pCi/L) ND Not detected 

Thorium-232 (pCi/L) ND Not detected 

Tritium (pCi/L) 24,000 Retained 

Uranium (Total) (pCi/L) 2.3 3.43 Less than 
background 

Zinc-65 (pCi/L) ND Not detected 

ORGANIC COMPOUNDS 

Acetone (mg/L) 0.026 Retained 

Benzene (mg/L) ND Not detected 

Benzo(g,h,i,)perylene (mg/L) ND Not detected 

Benzo(k)fluoranthene (mg/L) ND Not detected 

B is(2-ethy lhexy l )phthalate (mg/L) ND Not detected 

Bromodichloromethane (mg/L) ND Not detected 

3T-3a-c 
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Table 3-3a. Summary of Data Selection for the Near-River Wells 100-BC-5 Operable Unit 
Qualitative Risk Assessment . (Sheet 4 of 5) 

Analytes Unit& Maximum Background Rationale for 
Concentration Concentrationa Elimination 

Bromoform (mg/L) ND Not detected 

Bromomethane (mg/L) ND Not detected 

2-Butanone (MEK) (mg/L) ND Not detected 

Butylbenzylphthalate (mg/L) ND Not detected 

Carbon disulfide (mg/L) ND Not detected 

Carbon tetrachloride (mg/L) ND Not detected 

Chlorobenzene (mg/L) ND Not detected 

Chloroethane (mg/L) ND Not detected 

Chloroform (mg/L) ND Not detected 

Chloromethane (mg/L) ND Not detected 

Chrysene (mg/L) ND Not detected 

Dibenzofuran (mg/L) ND Not detected 

Dibenz( a,h)anthracene (mg/L) ND Not detected 

Dibromochloromethane (mg/L) ND Not detected 

1, 1-Dichloroethene (mg/L) ND Not detected 

1,2-Dichloroethene (cis) (mg/L) ND Not detected 

1,2-Dichloroethene (trans) (mg/L) ND Not detected 

1,2-Dichloropropane (mg/L) ND Not detected 

1, 3-Dichloropropene ( cis) (mg/L) ND Not detected 

1,3-Dichloropropene (trans) (mg/L) ND Not detected 

Diethylphthalate (mg/L) ND Not detected 

Di-n-butylphthalate (mg/L) ND Not detected 

Di-n-octyphthalate (mg/L) ND Not detected 

Ethyl benzene (mg/L) ND Not detected 

Fluoranthene (mg/L) ND Not detected 

Fluorene (mg/L) ND Not detected 

Hexachlorobenzene (mg/L) ND Not detected 

3T-3a-d 
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Table 3-3a. Summary of Data Selection for the Near-River Wells 100-BC-5 Operable Unit 
Qualitative Risk Assessment. (Sheet 5 of 5) 

Analytes Units Maximum Background Rationale for 
Concentration Concentrationa Elimination 

2-Hexanone (MBK) (mg/L) ND Not detected 

lndeno(l ,2 ,3-cd)pyrene (mg/L) ND Not detected 

Methylene chloride (mg/L) ND Not detected 

4-Methyl-2-pentanone (mg/L) ND Not detected 
(MIBK) 

n-Nitrosodiphenyl-amine (mg/L) ND Not detected 

Pentachlorophenol (mg/L) ND Not detected 

Phenanthrene (mg/L) ND Not detected 

Pyrene (mg/L) ND Not detected 

Styrene (mg/L) ND Not detected 

1, 1,2,2-Tetrachloroethane (mg/L) ND Not detected 

Tetrachloroethene (PCE) (mg/L) ND Not detected 

Toluene (mg/L) ND Not detected 

1, 1, 1 Trichloroethane (mg/L) ND Not detected 

1, 1,2 Trichloroethane (mg/L) ND Not detected 

Trichloroethene (mg/L) 0.002 Retained 

Vinyl Chloride (mg/L) ND Not detected 

Xylenes (total) (mg/L) ND Not detected 

"Background concentrations taken from the provisional threshold levels reported in 
Hanford Site Groundwater Background (DOE-RL 1992c). 

bGross alpha is a general indicator parameter. Specific compounds responsible for gross alpha 
emissions have been analyzed for , as appropriate . 
< Indicates compound was analyzed for but not detecteq. Reported value after the 
" < " sign is the dete~tion limit. 

ND = Not detected. 
NR = Not reported. 

3T-3a-e 
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Table 3-3b. 'Preliminary Risk-Based Screening for Ingestion and Water Quality Parameters for Nonradioactive Groundwater 

Contaminants Detected in Near-River Wells at the 100-BC-5 Operable Unit - Ecological Evaluation. 

Parameter Maximum Oral RID Groundwater Oral SF Groundwater Primary MCLG HWQHCS CFWQC,"4! Secondary HWQWC! 
Groundwater (m~-d) Concentration at (mgik&'-dt 1 Concentration at MCL (m!'.'L) (m!'.'L) (mglL) MO.. (mglL) 

Concentration Oral Oral (m!'.'L) (mglL) 
(mglL) HQ= 0.1 ICR = lE-07 

(mglL) (mg/L) 

Organic Compounds 

Acetone 0.026 l.0E-018 0.16 __ k 
ii.f.4JqW~@t@t < ::-====1t---__ ,:-. --+------t--l-.l-E--02~i-+.~r ~r ~1~,~a~.$o4~/~ ••••• ~U~t~<rl•·· -o-.oos--a--1--o.-• --o-.oo-3•-• --2-1-.911--tt-----t-----t 

Inorganic Constituents 

1.0E+ooi 

3.4E+0l 
__ j 

5.0E-03a 
__ j 

laJntegrated Risk Information System (EPA 1993) 
PHealth Effects Assessment Summary Tables (EPA 1992) 
~Assumes pH of 7, temperature of 15° C in groundwater 
kl40 CFR 141 
ewAC 173-200-040 
lEPA 1986c 
WAC 173-201-035(12) 
h40 CFR 143 
Superfund Technical Support Center 

1.6E+OO 

5.4E+0l 

mwN ·-·~ • • 

No RID or SF available to evaluate this contaminant or pathway 

__ k 

__ k 

__ k 

__ k 

__ k 

l<Not classsified as a carcinogen or not carcinogenic by this exposure route or pathway 
- Not Available 

Note: Shaded areas indicate screening criterion exceeded. 
CFWQC = Chronic fresh water quality criteria 
HQ = Hazard quotient 
HWQHC = Human water quality health criteria 
HWQWC = Human water quality welfare criteria 
CR = Lifetime incremental cancer risk 

MCL = Maximum contaminant level 
MCLG = Maximum contaminant level goal 
RID = Chronic reference dose 
SF = Slope factor 
Note: Shaded areas indicates screening criterion exceeded. 

o.ose 0.1d o.osa,f 
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Table 3-3c. Preliminary Risk-Based Screening for Inhalation of Volatile Organic Groundwater Contaminants 
Detected in Near-River Wells at the 100-BC-5 Operable Unit - Ecological Evaluation. 

Parameter 

Acetone 

Maximum 
Groundwater 
Concentration 

(mg/L) 

0.026 

Inhalation 
RID 

(mg/kg-d) 

__ b 

__ b 

aSuperfund Technical Support Center 
bNo RID available to evaluate this contaminant or pathway 
cNot classified as a carcinogen 
-- Not available 
HQ = Hazard quotient 
ICR = Incremental lifetime cancer risk 
RID = Chronic reference dose 
SF = Slope factor 
Note: Shaded area indicates screening criterion exceeded. 

Concentration 
at Inhalation 

HQ= 0.1 
(mg/L) 

Inhalation 
SF 

(mg/kg-d)-1 

__ c 

6.0E-03a 

Concentration 
at Inhalation 
ICR=lE-07 

(mg/L) 
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Table 3-3d. Preliminary Risk-Based Screening for Ingestion and Water Quality Parameters 
for Radioactive Groundwater Contamina11ts Detected in Near-River Wells 

at the 100-BC-5 Operable Unit - Ecological Evaluation. 

Parameter 

Radionuclides 

Maximum 
Groundwater 

Concentration 
(pO/L) 

Oral SF 
(1/pG) 

. aHealth Effects Assessment Summary Tables (EPA Im) 
b40 aR 141 

Groundwater 
Concentration at 

Oral 
ICR = lE-07 

(pO/L) 

Primary 
MCL 

(pO/L) 

MCLG 
(pO/L) 

Secondary 
MCL 
(pO/L) 

cstandard applies if hydrogen-3 and strontium-90 standards are met and total dose <4 mrem/year. 
dCalculated based on annual average concentration yielding 4 rru:em/yr for 2 liter/day daily intake (National Interim Primary 
Drinking Water Regulations (EPA-570f)-76-003). 
SF • Slope factor 
ICR = Lifetime incremental cancer risk 
MCL = Maximum contaminant level 
MCLG = MIIXimum contaminant level goal 
- Not available 
Note: Shaded areas indicate screening criterion exceeded. 

3T-3d 
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Table 3-4. Maximum Detected Spring and River Concentrations 
Useft in the Ecological Evaluation for the 100-BC-5 Operable Unit. 

Contaminant Spring B/C Area ~iver B/C Area ~ationale for Elimination 

INORGANICS CONSTITUENTS (µg!L) 

Aluminum 268 38.2a Retained in ecological 

Barium 64.la 27.2a Below background in Near-
River Wells 

Calcium 44,400a 17,sooa Nutrient eliminated from 
~co logical 

Chromium 54.1 ND !Retained in ecological 

Iron 1550 ND Retained in ecological 

Magnesium 9,010a 3,9soa !Below background in Near-
River Wells 

Manganese 46.6 3.7 !Below background in Near-
River Wells 

Nickel 130 ND Not detected in Near-River 
!Wells 

Potassium 4,490a 732a !Nutrient eliminated in 
~co logical 

Silver ND s.sa Below background in Near-
River Wells 

Sodium 106,oooa 2,osoa Nutrient eliminated in 
ecological 

Vanadium 8.oa ND Not detected in Near-River 
Wells 

IRADIONUCLIDES (pCi/L) 

Gross Alph~ 2 1 Not detected in Near-River 
Wells 

Gross Beta 42 7 Retained in ecological 
Strontium-90 6.3 0.6 Retained in ecological 
[ritium 20,600 300 Retained in ecological 
IU ranium-T otal 1.6 0.4 Retained in ecologicalb 
aLess than background value 
bcontributes to total radiological dose 
ND = Not detected 
Source: DOE/RL 92-12, Rev. 1 

3T-4 
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Table 3-5. Fish Species in the Hanford Reach of the Columbia River 

Common Name Scientific Name 

White sturgeon Acipenser transmontanus 
Bridgelip sucker Catostomus columbianus 
Largescale sucker Catostomus macrocheilus 
Mountain sucker Catostomus platyrhynchus 
Pumpkinseed Lepomis gibbosus 
Bluegill Lepomis macrochirus 
Smallmouth bass ·Micropterus dolomieui 
Largemouth bass Micropterus salmoides 
White crappie Pomoxis annularis 
Black crappie Pomoxis nigromaculatus 
American shad Alosa sapidissima 
Prickly sculpin Cottus asper 
Mottled sculpin Cottus bairdi 
Piute sculpin Cottus beldingi 
Reticulate sculpin Cottus perplexus 
Torrent sculpin Cottus rotheus 
Chiselmouth Acrocheilus alutaceus 
Carp Cyprinus carpio 
Peamouth Mylocheilus caurinus 
Northern Squawfish Ptychocheilus oregonensis 
Longnose dace Rhinichthys cataractae 
Leopard dace Rhinichthys falcatus 
Speckled dace Rhinichthys osculus 
Redside shiner Richardsonius balteatus 
Tench Tinca tinca 
Burbot Lota Iota 
Threespine stickleback Gasterosteus aculeatus 
Black bullhead Ictalurus melas 
Yellow bullhead Ictalurus natalis 
Brown bullhead Ictalurus nebulosus 
Channel catfish Ictalurus punctatus 
Yellow perch Perea jlavescens 
Walleye Stizostedion vitreum vitreum 
Sand roller Percopsis transmontana 
Pacific lamprey Entosphenus tridentatus 
River lamprey Lampetra ayresi 
Lake whitefish Coregonus clupeaformis 
Coho salmon Oncorhynchus kisutch 
Sockeye salmon Oncorhynchus nerka 
Chinook salmon Oncorhynchus tshawytscha 
Mountain whitefish Prosopium williamsoni 
Cutthroat trout Oncorhynchus clarki 
Rainbow trout (steelhead) Oncorhynchus mykiss 
Dolly Varden Salvelinus malma 
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Table 3-6. CRITR2 Code - Calculated Radiological Dose to Selected Organisms for Near-River Well 
Maximum Concentrations in the Vicinity of the 100-BC-5 Operable Unit. 

Organism Dose Rates 
Plant Fish Crustacean Duck-P Duck-F Heron Rcoon-C Contaminant 

Internal (rad/day) 
Uranium-238 4.6E-04 2.SE-05 5.lE-05 3.0E-04 3.4E-05 2.2E-05 3.0E-05 
Strontium-90 2.3E-02 3.8E-04 7.6E-04 2.4E-01 8.0E-03 5.2E-03 7.lE-03 
Technicium-99 4.SE-03 l.4E-05 8.9E-05 l.lE-04 6.7E-07 4.8E-07 2.2E-06 
Tritium 7.lE-06 7.lE-06 7.lE-06 l.0E-05 2.lE-05 l.3E-05 9.lE-06 
Carbon-14 l.3E-03 2.SE-03 2.SE-03 l.8E-03 7.3E-03 4.8E-03 3.3E-03 
Totals 2.9E-02 3.0E-03 3.4E-03 2.4E-Ol 1.SE-02 l.0E-02 1.0E-02 
Immersion or Surface (rad/day) 
Uranium-238 0.0E+OO 8.lE-12 4.lE-12 4.SE-12 4.SE-12 l.2E-12 0.0E+OO 
Strontium-90 0.0E+OO 0.0E+OO 0.0E+OO · 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 
Technicium-99 0.0E+OO 5.3E-07 2.7E-07 2.9E-07 2.9E-07 8.0E-08 0.0E+OO 
Tritium 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 
Carbon-14 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 
Totals 0.0E+OO 5.3E-07 2.7E-07 2.9E-07 2.9E-07 8.0E-08 0.0E+OO 
Sediment (rad/day) 
U ranium-238 0.0E+OO l.0E-09 2.lE-09 4.lE-10 4.lE-10 6.2E-10 4.lE-10 
Strontium-90 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 
T echnicium-99 0.0E+OO l.3E-08 2.6E-08 5.3E-09 5.3E-09 7.9E-09 5.3E-09 
Tritium 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 
Carbon-14 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0..OE+OO 0.0E+OO 0.0E+OO 
Totals 0.0E+OO 1.4E-08 2.8E-08 5.7E-09 5.7E-09 8.SE-09 5.7E-09 
Grand Totals 2.9E-02 3.0E-03 3.4E-03 2.4E-Ol l.SE-02 l.0E-02 l.0E-02 
Notes: Duck P = plant-eating duck Rcoon-C = crustacean-eating raccoon 

Duck-F = fish-eating duck Rcoon-F = fishing-eating raccoon 

Rcoon-F 

l.SE-05 

3.SE-03 

3.2E-07 

9.lE-06 

3.3E-03 

6.8E-03 

0.0E+OO 

0.0E+OO 

0.0E+OO 

0.0E+OO 

0.0E+OO 

0.0E+OO 

4.lE-10 

0.0E+OO 

5.3E-09 

0.0E+OO 

0.0E+OO 

5.7E-09 

6.BE-03 
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Table 3-7. · CRITR2 Radiological Dose to Aquatic and Riparian Receptors 

Organism Total Dose Exceeds Total Dose Exceeds 
From Near EHQ From Spring EHQ 
River Wells and Seeps 
(rad/day) (rad/day) 

Plant 0.029 NO 0.0014 NO 

Fish 0.003 NO 0.000042 NO 

Crustaceans 0.0034 NO 0.000078 NO 

Plant Eating Ducks 0.24 NO 0.012 NO 

Fish Eating Ducks 0.015 NO 0.00043 NO 

Heron 0.01 NO 0.00028 NO 

Crustacean Eating 0.01 NO 0.00037 NO 
Raccoon 

. 

Fish Eating Raccoon 0.0068 NO 0.00019 NO 

Note: EHQ = 1 rad/day 
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Table 3-8. Toxicity Values from EPA 440/5-86-001. (Near-River Well Maximum Concentration Values) 

Acute LOELa,b Chronic LOEL 100-BC-5 Maximum Above Acute Above Chronic 
Contaminant (µwl) (µwl) Concentrations LOEL (EHQ) LOEL (EHQ) 

(µwl) 
Aluminum 1894 146.7 327 no yes 
Chromium 16C 11c 36 yes yes 
Iron 1000 no values 318 no NR 
Trichloroethene NR 2000 2 NR no 
a LOEL-Lowest Observable Effect Level 
b EPA 1986c 
c All chromium assumed to be hexavalent 
Note: NR = not reported 
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Table 3-9. CRITR2 Code - Calculated Radiological Dose to Selected Organisms in the 
Columbia River Springs and Seeps in the Vicinity of the 100-BC-5 Operable Unit. 

Organism Dose Rates 

Contaminant Plant Fish Crustacean Duck-P Duck-F Heron Rcoon-C 

Internal (rad/day) 

Uranium-238 3.2E-04 1.BE-05 3.SE-05 2.lE-04 2.3E-05 l.SE-05 2.lE-05 

Strontium-90 l.lE-03 l.8E-05 3.7E-05 l.2E-02 3.9E-04 2.SE-04 3.4E-04 

Tritium 6.lE-06 6.lE-06 6.lE-06 8.BE-06 1.BE-05 1.2E-05 7.BE-06 

Totals l.4E-03 4.2E-05 7.BE-05 l.2E-02 4.3E-04 2.SE-04 3.7E-04 

Immersion or Surface (rad/day) 

Uranium-238 8.SE-12 5.7E-12 2.BE-12 3.lE-12 3.lE-12 8.SE-13 0.0E+OO 

Strontium-90 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 

Tritium 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 

Totals 8.SE-12 5.7E-12 2.BE-12 3.lE-12 3.lE-12 8.SE-13 0.0E+OO -

Sediment (rad/day) 

U ranium-238 l.4E-09 7.2E-10 l.4E-09 2.9E-10 2.9E-10 4.3E-10 0.0E+OO 

Strontium-90 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.OE+OO 0.0E+OO 

Tritium 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.0E+OO 0.OE+OO 0.0E+OO 

Totals 1.4E-09 7.2E-10 1.4E-09 2.9E-10 2.9E-10 4.3E-10 2.9E-10 

Grand Totals 1.4E-03 4.2E-05 7.BE-05 1.2E-02 4.3E-04 2.8E-04 3.7E-04 

Note: Duck-P = plant-eating duck Rcoon-C = crustacean-eating raccoon 
Duck-F = fish-eating duck Rcoon-F = fishing-eating raccoon 

Rcoon-F 

1.0E-05 

1.7E-04 

7.BE-06 

1.9E-04 

0.0E+OO 

0.0E+OO 

0.0E+OO 

0.0E+OO 

0.0E+OO 

0.0E+OO 

2.9E-10 

2.9E-10 

1.9E-04 
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Table 3-10. Toxicity Values from EPA 440/5-86-001. (Spring Maximum Concentration Values) 

Acute LOELa,b Chronic LOEL 100-BC-5 Above Acute Above Chronic 
Contaminant (µg!L) (µg!L) Spring Maximum LOEL (EHQ) LOEL (EHQ) 

Concentrations 
(µg!L) 

Aluminum 1894 146.7 268 no yes 
Chromium 16 11 54.1 yes yes 
Iron 1000 NR 1550 yes NR 
a LOEL-Lowest Observable Effect Level 
b EPA 1986c 
c Suter (1991) 
NR = not reported 
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4.0 SUMMARY AND CONCLUSIONS 

The Washington State Department of Ecology (Ecology), the U.S. Environmental 
Protection Agency (EPA), and the U.S. Department of Energy (DOE), signatories.to the 
Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement, Ecology et al. 
1990), have developed the Hanford Site Past-Practice Strategy (HSPPS) to emphasize initiating 
and completing waste site cleanups (DOE-RL 1992a). The qualitative risk assessment (QRA) is 
intended to provide information to support this strategy. The results are incorporated into the 
LFI report for the 100-BC-5 operable unit and will be used, along with other considerations, to 
make a recommendation for interim remedial measures (IRMs). 

The QRA for the 100-BC-5 operable unit is an evaluation of risk for a prede~ed set of 
human and environmental exposure scenarios. The QRA is not intended to replace or be a 
substitute for a baseline risk assessment. This report includes qualitative assessments of 
threats to human health receptors and ecological receptors from groundwater associated with 
the 100-BC-5 operable unit. The QRA is prepared as agreed upon by the 100 Area Tri-Party 
unit managers, and as recommended in the HSBRAM (DOE-RL 1993a). This chapter provides 
a summary of the QRA and uncertainties associated with the results of the QRA. 

4.1 QRA SUMMARY OF DATA 

The QRA is based on available data from which the maximum contaminant 
concentrations were used to estimate exposures and risks. The data available to conduct the 
QRA are LFI data from three rounds of sampling. Confidence levels are estimated for the 
data based on available knowledge of the operable unit. Confidence in the contaminant 
identification is based primarily on the quality of the data used in the QRA. The confidence 
in the concentrations is based on the data quality and confidence in the representativeness of 
that data. 

A high confidence rating is given for contaminant identification at the 100-BC-5 
operable unit since the LFI data used in the QRA were collected specifically for 
characterization of the 100-BC-5 operable unit groundwater, and the data are of known 
quality. The confidence in the concentrations is given a high rating because the data were 
from three sampling rounds. 

The maximum groundwater concentrations of the wells in the upper, unconfined 
aquifer of the 100-BC-5 operable unit were used for the human health evaluation. However, 
since exposures of humans to groundwater is most likely to occur to site trespassers at the 
river edge, concentrations of contaminants in the springs and the river were compared to 
maximum groundwater concentrations. In most cases the surface water concentrations were 
either below maximum groundwater concentrations or below background levels. 

The data evaluated in the human health evaluation are from filtered sample results. 
The rationale for using filtered sample results is explained in Section 2.1.2 of the QRA. The 
maximum groundwater concentrations of the near-river wells (199-B2-13, 199-B3-l, 199-B3-46, 
and 199-B3-47) in the upper, unconfined aquifer of the 100-BC-5 operable unit were used for 
the ecological evaluation. The data evaluated in the ecological evaluation are from unfiltered 
sample results which conservatively represent groundwater that potentially flows into the 
river. 

4-1 
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4.2 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT 

. The QRA provides estimates ·of risk that might occur under frequent-use or occasional­
use scenarios based on the best available knowledge of current contaminant conditions, but 
does not represent actual risks since neither frequent-use nor occasional-use of groundwater 
occurs at the 100-BC-5 operable unit. However, there is a potential for trespassers to use 
spring and seeps along the river on an occasional basis. 

4.2.1 Overview of the Human Health Risk Evaluation Process 

Two exposure scenarios (frequent- and occasional-use) and two pathways 
(groundwater ingestion of radioactive and nonradioactive contaminants and inhalation of 
volatile organics from groundwater use) for the QRA have been discussed and selected by the 
100 Area Tri-party unit managers for evaluation in the QRA. The frequent-use and 
occasional-use scenarios were evaluated using residential and recreational exposure 
parameters from HSBRAM (DOE-RL, 1992a), respectively. Currently, there is no use of 
groundwater in the 100-BC-5 operable unit. Thus, the risks presented in the QRA are not 
actual risks but estimates of potential risks under assumed high-frequency use (e.g. 
residential) or low-frequency use (e.g. recreational). · The human health evaluation also 
included a focused analysis of the most probable exposure scenario (occasional use of springs 
and seeps by trespassers near the river) by providing a comparison of concentrations in 
springs and seeps near the river, and in the river, to maximum groundwater concentrations 
of contaminants. 

The ingestion pathway was evaluated for both frequent-use and occasional-use. The 
inhalation pathway was only evaluated in the frequent-use scenario because it is assumed 
that exposures to volatile organic compounds would occur during water use such as would 
occur within the confines of a residence, which would not be expected to occur in an 
occasional-use ( e.g. recreational) setting. Other exposure pathways are possible such as 
dermal absorption of contaminants during water use or exposure to radionuclides through 
submersion in water. However, the risks associated with these pathways would probably not 
be as significant as the risks associated with ingestion and inhalation, because the 
contaminants of potential concern, in general, do not have high dermal permeabilities and the 
duration of exposure is generally shorter. These other exposure pathways were discussed 
qualitatively, but actual risks were not calculated. 

4.2.2 Results of the Human Health QRA 

The information is summarized in Table 4-1 for the human health QRA and includes: 

• The qualitative risk estimation 
• The risk driving contaminant for the frequent- and occasional-use 

scenarios 
• The risk driving pathway for the frequent- and occasional-use scenarios 

The qualitative risk estimations presented in Table 4-1 are grouped into high (ICR > 
lE-02) medium (ICR lE-04 to lE-02), low (ICR lE-06 to lE-04), and very low (ICR < lE-06) 
categories for carcinogens based on the results presented in Chapter 3. For noncarcinogens, 
the hazard index is either above or below a value of one. 

4-2 



1;'"',.I . ~ 
c=i, 
C',J 

~ 

::1-
r-....... 
i::"-, • ..J 
1'-,.~ -··-i---6---. 

WHC-SD-EN-RA-006, Rev. 0 

The following is a summary of the human health risk assessment for the 100-BC-5 
operable unit: 

• Four radioactive contaminants (strontium-90, tritium, carbon-14, and 
technetium-99) are the risk-drivers and together present a low risk 
under the frequent-use scenario. 

• Bis(2-ethylhexyl)phthalate is estimated to have a low risk for the 
frequent-use scenario. This estimate is likely an overestimate because 
the concentrations evaluated may be an artifact of the analytical 
process. Bis(2-ethylhexyl)phthalate is a common laboratory 
contaminant, there is no evidence of its use at the site, and it was not 
identified as a contaminant of concern in the 100-BC-1 source operable 
units. However, due to the· qualitative nature of the assessment, there 
was insufficient information to eliminate it from evaluation in the QRA. 

• 

• 

• 

Strontium-90 is the only radionuclide that presents a low risk in the 
occasional-use scenario. 

In general, the estimated risks for the frequent-use scenario are two 
orders of magnitude greater than for the occasional-use scenario. 

The hazard indices for the frequent- and occasional-use scenarios are 
below one. 

The risk estimates, both carcinogenic and noncarcinogenic, presented in this QRA are 
deterministic estimates based on multiple assumptions about exposure, toxicity, and other 
variables. Consequently, uncertainty exists for the evaluation of the contaminants, the 
exposures, the toxicities and the risk characterization for the QRA. This uncertainty is 
discussed more extensively in the following sections. 

4.2.3 Summary of Key Uncertainties in the Human Health Risk Assessment 

4.2.3;1 Uncertainty in Contaminants and Concentrations. Uncertainty in contaminant 
identification and contaminant concentrations is related to the accuracy of the data used in 
the QRA. The accuracy of the data is based on its quality and representativeness. The use of 
three sampling rounds provides confidence in the types and concentrations of contaminants 
present in the groundwater, and thus the uncertainty is limited. 

There is uncertainty associated with the identification of bis(2-ethylhexyl)phthalate as a 
contaminant of potential concern. Bis(2-ethylhexyl)phthalate is considered a common 
laboratory contaminant, and it is likely that the concentration reported for this compound is 
not representative of 100-BC-5 groundwater. 

4.2.3.2 Uncertainty in the Exposure Assessment. This report estimates risk that might occur 
under frequent use ( e.g. residential) or occasional use ( e.g. recreational) based on the 
agreements made by the 100 Area Tri-Party unit managers. These scenarios are not current 
land or water uses in the 100-BC-5 operable unit. While the risk is estimated from the best 
available knowledge of current contaminant conditions, it does not represent actual risks since 
neither frequent nor occasional use of groundwater currently occurs. 
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Uncertainty exists in the exposure assessments because the receptors evaluated for the 
100-BC-5 operable unit are based on assumed receptors under current contaminant 
conditions. The use of contaminant concentrations from different well locations to calculate · 
risks for the QRA results in an over estimation of risk since each receptor would generally be 
extracting groundwater from a single point rather than multiple locations. In addition, it is 
assumed that there is no fluctuation in current contaminant conditions. For some 
radionuclides, radioactive decay over time can significantly reduce the concentrations to 
which a receptor may be exposed. For example, concentrations of strontium-90, one of the 
risk-driving contaminants, would be reduced to 10% or an order of magnitude, in 100 years. 
Tritium has a half-life that is less than strontium-90, thus concentrations and estimated 
exposures would decrease by more than two orders of magnitudes over 100 years. Carbon-14 
and technetium-99 concentrations and exposures would not be effectively reduced within 100 
years due to the extremely long half-lives of these radionuclides. 

4.2.3.3 Uncertainty in the Toxicity Assessment. Uncertainty is associated with the toxicity 
values and the toxicity information available to assess potential adverse effects. This 
uncertainty in the information and the lack of specific toxicity information contribute to 
uncertainty in the toxicity assessment. For .radioactive and nonradioactive contaminants 
identified at the 100-BC-5 operable unit, there is relatively good toxicity information for 
evaluating potential exposures through the oral routes, therefore, there is little uncertainty. 
However, toxicity values and information to evaluate the inhalation route of exposure for the 
nonradioactive, volatile contaminants is limited and therefore uncertain. 

4.2.3.4 Uncertainty in the Risk Characterization. The estimated risks or hazard quotients by 
themselves do not fully characterize the risk impacts associated with environmental 
contamination. Such an evaluation must be understood in light of the uncertainties 
presented above. The risk estimates are based on point estimates from LFI data assuming 
two different sets of exposure assumptions (i.e., frequent use and occasional use). 

Uncertainty in the risk characterization results from summing cancer risks or HQs 
across contaminants and pathways which gives equal weight to toxicity information derived 
from different sources or species. Exposures to multiple contaminants may result in additive 
effects or effects that are greater or less than additive. 

4.3 ECOLOGICAL QUALITATIVE RISK ASSESSMENT 

The following section provides the results of the environmental evaluation, a summary 
of the key uncertainties. The qualitative ecological risk assessment for the 100-BC-5 Oper~ble 
Unit (OU) was completed for selected aquatic organisms expected to be in or associated with 
the Columbia River. Receptor dose/response was determined by comparison to regulatory 
benchmarks such as DOE Order 5400.5 and AWQC (EPA 1986c). The ultimate objective of the 
ecological risk assessment is to screen for relative ecological risks in support of the IRM 
decision. To achieve this objective it is necessary to perform the assessment with limited 
operable-unit-specific analytical and ecological data. 

4.3.1 Results of the Environmental Evaluation 

The 100-BC-5 OU is a groundwater unit which potentially affects the Columbia River. 
Two sets of source term data were used in the risk characterization. They are the maximum 
groundwater concentrations in the near-river wells and the spring and river concentrations 
near the 100 B/C Area. Results are summarized in Table 4-2. 

4-4 
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For radionuclides in the near-river wells and the spring and seeps, the dose to any 
organism did not exceed the 1 rad/day benchmark established by Ord~r DOE 5400.5. For 
hazardous chemicals, near river well concentrations exceeded LOELs for aluminum and 
chromium. For the spring and seeps along the river near the 100 B/C Area, aluminum, 
chromium, and iron exceeded the LOELs. 

None of the maximum concentrations for the radionuclides detected exceeded the 1 
rad/day benchmark. For tritium, the near-river well maximum concentration was 24,000 
pCvL, and the spring and river samples were 20,600 pCvL and 300 pCvL, respectively. For 
strontium-90, the maximum near-river well concentration was 130 pCvL and strontium-90 was 
detected in the spring and river samples at 6.3 and 0.6 pCvL. Technetium-99 maximum near­
river well concentration was 130 pCvl,. No values were reported for the spring and river 
concentrations. Likewise, carbon-14 was detected in the near-river wells at a maximum 
concentration ·of 110 pCvL, but were not detected in the spring and river samples. Total 
uranium maximum concentrations for the near-river wells indicated 2.3 pCi/L and the spring 
and river samples indicated 1.6 and 0.4 pCi/L respectively. Spring and river concentrations 
are less than the source terms used to calculate risk to aquatic organisms and do not present 
a potential ecological risk. 

For nonradiological contaminants, aluminum and chromium were elevated in the ·nea­
river well samples. Highest concentrations for chromium exceeded both the acute and 
chronic LOELs, however aluminum exceeded only the chronic LOEL. Acute LOELs were 
exceeded for chromium, and iron and chronic LOELs were exceeded for aluminum for the 
spring maximum concentrations. These contaminants were not detected in the river samples. 
Barium, magnesium, manganese, nickel, vanadium, and gross alpha were not retained in the 
ecological evaluation because they are below background ( or not detected) in the near-river 
wells, and are not considered to be contributors to the springs and river from the source 
term. It is known that water migrates from the near-river wells to the springs and river, 
therefore, if the contaminant was below background levels or not detected in these wells, 
then it is not known to be from the source term and was not carried through to the risk 
evaluation. Trichloroethene was detected in the near-river maximum well concentrations only 
and was below known LOELs for trichloroethene. 

In summary, there is a concern about the effects of chromium on juvenile chinook and 
trout. However, these constituents were detected at less than LOEL levels in the river 
samples. The realization of any risk is further minimized or very localized because of the 
large dilution of the spring flow by the Columbia River. 

4.3.2 Summary of Key Uncertainties in the Environmental Evaluation 

It is assumed that maximum well concentrations are aquatic exposure concentrations 
at the point of compliance. It is also assumed that the aquatic organisms are exposed to these 
levels irrespective of their habitat. All contaminants are assumed to be 100% biologically 
active and bioavailable, and uniformly distributed in the river. These are conservative 
assumptions based on situations that do not generally occur since many contaminants in 
aquatic systems are transported via suspended particulate material. It is assumed that 
contaminants will bioaccumulate in aquatic organisms such as a fish through direct uptake 
from the water column and foodchain. The risks developed in the ecological evaluation are 
not actual risks, but estimates of potential risk under high frequency use by the organism. 
The actual use is not known, however, it can be safely assumed that exposure would be less 
than presented in this evaluation. 
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4.3.2.1 Uncertainty in Contaminants and Concentrations. Similar to the discussion in 
Section 3.4.5, the uncertainty in contaminant concentrations is related to the accuracy of the 
data. For the QRA, uncertainty exists in both contaminants· identified and .exposure 
concentration since it is known that water migrates from the near-river wells to the springs 
and river, however, background levels are not known for contaminants in the river. As for 
the human health assessment, the maximum contaminant concentration was used. 

4.3.2.2 Uncertainty in Exposure Assessptenl Unlike the human health exposure scenarios, 
where humans are hypothetically exposed to contaminants in the groundwater, the ecological 
evaluation models the potential exposure of organisms suspected to be present in the river 
near the operable unit. The issues of concern for an ecological risk assessment (particularly 
qualitative) are the uncertainties in using an assortment of environmental variables in risk 
modeling. This begins with the source term. If this number is not realistic, no amount of 
modeling will overcome this deficiency. For example, in the case of the ecological evaluation, 
the maximum reported near-river groundwater well concentration was used as the source 
term and no river dilution was considered. 

Generally, site specific organisms (e.g., salmon, whitefish, riparian mammals) are 
identified as potentially associated with site contaminants, but little if any data exists 
concerning transfer of contaminants to these organisms. For fish, it was assumed that they 
were continuously exposed to the source term. This results in significant uncertainty in the 
exposure scenario because they are mobile and will not be continuously exposed. 

4.3.2.3 Uncertainty in the Toxicity Assessment. Uncertainty associated with aquatic toxicity 
values is significant, particularly for non-radiological contaminants. Benchmark or toxicity 
values were developed based on laboratory tests and are extrapolated to the environment. 
This approach tends to build conservatism into the toxicity value. 

The effects of chronic exposure of organisms to radionuclides is not known. At low 
dose levels organisms can repair damage to correct for radiological dose. However, existing 
dose/response relationships were developed at high dose levels and extrapolated to chronic 
levels. In addition, no regulatory benchmarks exists for radionuclides other than the 1 
rad/day reported by the DOE. 

4.3.2.4 Uncertainty in the Risk Assessment. The major source of uncertainty in this 
screening assessment is using the source terms undiluted by the river and assuming that all 
of the contaminant is available for bioaccumulation. Based upon the flow of the Columbia 
River actual concentrations of radionuclides and metals will be well below the source term. 

The uncertainty associated with the approach used in the qualitative ecological risk 
assessment for the 100-BC-5 operable unit is significant because data used as a source term 
was assumed to be available for uptake by aquatic organisms. No allowance was made for 
environmental fate that would reduce contaminant bioavailablility or dilution effects in the 
Columbia River. For the purpose· of the risk assessment, chromium is assumed to hexavalent. 
Until additional information is available on the distribution of tri and hexavalent chromium 
this approach increases the uncertainty of the results. 
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4.4 QUALITATIVE OVERVIEW OF POTENTIAL FUTURE GROUNDWATER 
IMPACTS 

The existence of separate operable units for groundwater and sources leads to 
questions regarding allocation (separation) and potential overlap of investigations of 
groundwater and source operable units. Although the constituents in sediments or soils 
associated with high-priority waste units (sources) in the 100-B/C Area may migrate through 
the vadose zone and into the groundwater, the 100-B/C Area source operable units should 
evaluate future impacts to the 100-BC-5 groundwater operable unit and consider future 
groundwater impacts in the development of source control remedial action objectives. This 
approach is consistent with recommendations in the 300-FF-5 (DOE-RL, 1993b) and 200-BP-1 
(DOE-RL, 1993c) Remedial Investigation Reports. For this reason, the QRA focuses on 
existing groundwater contamination only and assumes that 100-B/C Area source operable 
units will address future groundwater impacts. 
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Table 4-1 Human Health Risk Assessment Summary for the 100-BC-5 Operable Unit.d 

Contaminant Type Frequent-Use Scenarioa Occasional-Use Scenariob 

Estimated Risk-Driving Risk-Driving Estimated Risk-Driving Risk-Driving 
Qualitative Contaminant Pathway Qualitative Contaminant Pathway 

Risk Risk 

Radioactive low strontium-90, ingestion low strontium-90 ingestion 
tritium, only'= only<: 
carbon-14, 
technetium-99 

Nonradioactive, low bis(2- ingestion very low None None 
Carcinogenic ethylhexyl) 

phthalate 

Nonradioactive, 1-Il<l None None 1-Il <1 None None 
Noncarcinogenic 

aprequent-use scenario is based on residential exposure parameters. 
b0ccasional-use scenario is based on recreational exposure parameters. 
C'Jhe inhalation pathway is evaluated for volatile non-radioactive contaminants only. 
daased on maximum contaminant concentrations in groundwater. 
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Table 4-2. Summary of Results for the Environmental Evaluation. 

Location Constituents Results 

Near-River Wells aluminum, chromium Exceeded chronic LOEL 

Near-River Wells chromiutn Exceeded acute LOEL 

Springs chromium, iron Exceeded acute LOEL 

Springs aluminum Exceeded chronic · LOEL 
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The purpose of Appendix A is to present toxicological information for contaminants 
of potential concern identified at the 100-BC-5 operable unit. The categories of information 
include: 

• general background information 
• exposure route 
• chronic toxicity 
• carcinogenicity 

Data sources for the information provided in the appendix include EPA documents 
and standard reference texts. These sources are: 

• 
• 

• 

• 

EPA Integrated Risk Information System [(IRIS)] (EPA 1993) 
EPA Health Effects Assessments Summary Tables [HEAST] 
(EPA 1992) 
Toxicological Profiles for Individual Compounds, Agency for 
Toxic Substances and Diseases Registry 
Casarett and Doull's Toxicology, the Basic Science of Poisons 
(Amdur, et al. 1991) 
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NONRADIOACTIVE CONTAMINANTS OF POTENTIAL CONCERN 

INORGANIC COMPOUNDS 

ALUMINUM 

Aluminum comprises approximately 8% of the earth's crust in combination with 
oxygen, fluorine, silicon, and other constituents. Aluminum metal has a wide variety of 
uses, including as a structural material in the construction, automotive, electrical, and 
aircraft industries. Although it is widely used for medicinal purposes, aluminum is not 
thought to be toxic to humans in these forms. However, excess exposure to this metal may 
be harmful to sensitive subpopulations which include pregnant mothers and Alzheimer's 
patients. The inhalation and dermal exposures of healthy individuals to aluminum are not 
associated with significant adverse health effects. But inhalation of aluminum dust may 
cause respiratory problems, while the ingestion of water containing high levels of this metal 
may result in neurological, teratogenic, and skeletal problems . 

An interim oral RfD of 1.0 mglkg-d has been recommended for aluminum by the 
EPA. The critical effects associated with exposure to this metal are decreased body weight 
and neurotoxicity. 

CHROMIUM 

Elemental chromium does not exist naturally in the environment, but is found 
primarily as a part of chromite ore. In compounds, this element exists in one of three 
valence states, +2, +3, or +6. The trivalent form is an essential human micronutrient 
involved in carbohydrate metabolism. Adverse effects have not been associated with the 
trivalent form. The hexavalent form is important industrially (typically in the form of 
chromates) and has been associated with serious toxicities. Human toxicity has been 
associated with hexavalent chromium by all routes of exposure. Long term exposure to 
airborne hexavalent chromium higher than natural background levels is known to produce 
lung and respiratory tract cancer in humans. 

The EPA has determined the oral RID for hexavalent chromium as SE-03 mglkg-d 
(IRIS) based on a drinking water study in rats. Hexavalent chromium is classified by EPA 
as a known human carcinogen (weight-of-evidence classification is Group A) by inhalation 
exposure. The inhalation SF is 4.1 E+0l (mglkg-d)"1. No evidence exists to indicate that 
chromium is carcinogenic by the oral route. 

IRON 

The predominant sources of iron in the atmosphere may be attributed to natural 
processes, including continental dust generated by wind erosion of weathering mineral 
deposits, volcanic gas and dust, and forest fires. Anthropogenic sources of iron in the 
atmosphere include industrial emissions and the burning of fossil fuels. The major interest 
in iron is that it is an essential nutrient with potential for toxicity at chronic high doses. 
Chronic iron toxicity or iron overload in adults, following oral ingestion, is characterized 
by clinical effects such as disturbances in liver and endocrine functions, diabetes mellitus, 
and cardiovascular effects. 
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The EPA has recommended an ambient water quality criterion of 0.3 glliter for iron 
for the protection of human welfare. 

VANADIUM 

Vanadium is a metal found in compounds that are widely distributed at low 
concentrations in the earth's crust. Elemental vanadium does not occur in nature, but is 
associated with over 50 different mineral ores and in fossil fuels. Vanadium replaces other 
metals such as iron, titanium and aluminum in crystal structures. The only significant 
effect of vanadium exposure in humans is mild to moderate respiratory distress, and 
mucosal irritation from exposure to vanadium dust. Workers exposed to vanadium 
through inhalation may develop coughs, chest pain, sore throat or eye irritation that can 
last for several days, following the exposure. These effects are not specific to pure 
vanadium but are equally associated with other vanadium chemical forms, following 
inhalation exposure. 

The EPA has set an oral RID of 7E-03 mglkg-d for chronic exposure via drinking 
water ingestion. · 

ORGANIC COMPOUNDS 

BIS(2-ETHYLHEXYL)PHTHALATE 

Bis(2-ethylhexyl)phthalate (BEHP) is a chemical used to make plastics more flexible. 
This compound is a constituent of numerous products, including rainwear, flooring, 
shower curtains, and medical tubing. The widespread occurrence of phthalates such as 
BEHP has produced concern regarding their toxicity. Bis(2-ethylhexyl)phthalate is well 
absorbed orally and there is evidence of some absorption through the dermal and 
inhalation routes of exposure. 

Animal studies indicate that the liver and testes are target organs for adverse effects 
from chronic exposure to BEHP. This compound has also been reported to affect male and 
female reproductive capacity and oral ingestion has produced birth defects in laboratory 
animals. The chronic oral RfD is 2E-02 {mg/kg-d). The observed critical effect was an 
increase in relative liver weight. The EPA has classified bis(2-ethylhexyl)phthalate as B2, 
probable human carcinogen based on a statistically significant, dose-dependent increase in 
liver tumors was observed in male and female mice and female rats receiving BEHP in 
food. The oral SF developed by the EPA for exposure to this compound is 1.4E-02 
{mg/kg-d)'1. 

TRICHLOROETHENE 

Trichloroethene (also known as trichloroethylene) is a colorless liquid with an odor 
similar to ether or chloroform. This chemical is a man-made solvent used for degreasing 
metal parts, extracting caffeine from coffee, and in numerous consumer products such as 
typewriter correction fluid, paint removers, and spot removers. 

Trichloroethane readily moves through soil and groundwater. Ingestion of 
contaminated water and inhalation of volatilized trichloroethane are the chief sources of 
exposure. Absorption is not significant from skin contact with this solvent. 

· ' A-3 
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Acute oral toxicity in humans is low. Death has occurred from an ingested dose pf 
70 mg/kg. Acute effects from inhalation of trichloroethene are associated with the central 
nervous system (dizziness, headache, sleepiness) and occur at a threshold of 436 to 592 
mg/M3. Extremely high, actuate exposures may produce cardiac rhythm disturbances. In 
animals, chronic exposure to trichloroethene by inhalation and ingestion has produced liver 
and kidney damage and may affect reproductive toxicity. 

Neither IRIS nor HEAST currently provide an RfD for trichloroethene and 
determination of an RfD is pending. Trichloroethene may induce lung cancer in animals 
when inhaled and may produce liver cancer in animals from oral administration. The EPA 
weight-of-evidence classification is B2 (probable human carcinogen) based on sufficient 
evidence in animals. The oral and inhalation SFs for trichloroethene have also been 
withdrawn from IRIS pending further review of carcinogenicity studies. The Superfund 
Technical Support Center provides an oral SF of 1.lE-02 (mglkg-d)"1 and an inhalation SF of 
6.0E-03 (mglkg-d)"1. 

The Occupational Safety and Health Act (OSHA) final rule limits for occupational 
exposure to trichloroethene and the currently recommended American Conference of 
Governmental Industrial Hygienists' (ACGIH) exposure limits are a time-weighted average 
(TWA) of 269 mg/M3 and a short term exposure limit (STEL) of 1,070 mg/M3• Because 
trichloroethene is carcinogenic, the National Institute of Occupational Safety and Health 
(NIOSH) recommends a TWA of 135 mg/M3. The NIOSH recommendations are considered 
the level that can be achieved by existing engineering controls and technology. The 
immediately dangerous to life or health (IDLH) concentration for trichloroethene is 5,380 
mg/M3. 

The drinking water MCL for trichloroethene is 0.005 mg/L and the MCLG is O mg/L. 
Based on water and fish consumption, the HWQHC is 0.0027 mg/L. 

RADIOACTNE CONTAMINANTS OF POTENTIAL CONCERN 

AMERICIUM-241 

Americium-241 (2=95) is a product of neutron activation of uranium in fission 
reactors and nuclear weapons detonations. It is a decay product of plutonium-241, and has 
a half-life of 432 yr. Americium-241 decays (to radioactive neptunium-237) by alpha 
emission, making it an important inhalation and ingestion hazard. Americium-241 is 
classified as lung class W with a GI absorption factor of 0.1 %. Upon intake, it deposits 
mainly in the bone and liver, from which it is removed very slowly. The EPA has derived 
a slope factor of 2.4 x 10·10 for oral exposures. 

CARBON-14 

Carbon-14 (Z = 6) is a naturally-occurring as well as man-made neutron activation 
product. Carbon-14 is ubiquitous because carbon distributes itself quickly among the major 
environmental compartments (the stratosphere, troposphere, biosphere, and surface ocean 
waters), and has a long half-life (5730 yr). The carbon-14 content of the atmosphere is 
believed to exist as (gaseous) CO2• Therefore, it is not assigned a lung class. Carbon is 
assigned a GI absorption factor of 100%. The carbon-14 body burden from natural sources 
is on the order of 0.1 µ.Ci, providing an estimated equivalent whole body dose of 1 
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mrem/yr. Carbon-14 is a low energy beta emitter, making it a relatively low hazard 
radionuclide from the ingestion and inhalation pathways. The EPA has derived a slope 
factor of 9.0 x 10·13 for oral exposures. Carbon-14 is not an external exposure hazard 
because it does not emit gamma rays or x-rays. 

HYDROGEN-3 

Tritium (Z = 1) exists in the environment in the form of tritiated water, and is 
therefore very mobile. Tritium is readily absorbed, and is distributed uniformly throughout 
body tissues, providing a whole body dose. It is a pure, low-energy beta emitter, and 
therefore represents only an internal hazard. Although tritium has a physical half-life of 
123 yr, the biological half-life of water is approximately 10 days, sifnificantly limiting the 
impact of intakes. The EPA has derived a slope factor of 5.4 x 10·1 for oral exposures. 

STRONTIUM-90 

This fission product (Z = 38), along with its daughter, yttrium-90, is only an internal 
hazard since both radionuclides have negligible gamma emissions. Strontium-90 is a 
relatively important ingestion hazard (ingestion SF = 3.6x10·11 pCi"1). Strontium-90 has a 
physical half-life of 28.8 years. Yttrium-90 has a short half-life (64 hr) and, therefore, exists 
in equilibrium with its parent. Being chemically similar to calcium, this element deposits in 
the bone and is removed very slowly. Bone cancer is the primary health effect of concern 
from intakes of radioactive isotopes of strontium. Strontium-90 is assigned a lung class D, 
and a GI absorption factor of 30%. 

TECHNETIUM-99 

Technetium-99 (Z = 43) is a fission product with a half-life of 2.3x1a5 yr. It decays 
by beta emission to stable ruthenium-99. Because of its low specific activity (1.7x10·2) and 
small gamma emissions, technetium-99 is a relatively small internal and external hazard. 
The EPA has derived a slope factor of 1.3 x 10·12 for oral exposures. EPA classifies 
technetium as a lung class W, with a GI absorption factor of 80%. 
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Table A-1. Summary of Systemic Toxicity Information for Contaminants at the 100-BC-5 Operable Unit. 

Contaminant Oral RID Oral RIDa,b,d Confidence Critical Uncertainty Modifying Inhalation Inhalation Confidence Critical Uncertainty Modifying 
mg.lkg·d (basis/source) Levelc Effect Factors Factors RID RIDa,b Levelc Effect Factors Factors 

mg.lkg-d (basis/source) 

INORGANICS 

Aluminum 1.0E+OO -/STSC -- -- -- -- ND -- -- - -- --
Chromium (VI) 5.0E-03 water/IRIS L none 500 1 ND -- -- - - --

observed 

Iron ND -- -- -- -- -- ND -- -- - - --
Vanadium 7.0E-03 water/HEASl -- none 100 -- ND -- -- - - --

observed 

ORGANICS 

Bis-(2-ethylhexyl) 2.0E-02 oral/IRIS M increased 1000 1 ND -- -- - - --
phthalate liver 

weight 

!Trichloroethene ND -- -- -- -- -- ND -- -- - - --
alntegrated Risk Information System (IRIS, EPA 1993). 
0 Health Effects Assessment Summary Tables (HEAST, EPA 1992). 
CL= Low. 
M = Medium. 
H = High. . 

ds uperfund Technical Support Center. 
RID = Reference Dose. 
ND = Not determined. 
-- = Not applicable. 
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Table A-2a. Summary of Carcinogenic (Radioactive) Toxicity Information 
for Contaminants at the 100-BC-5 Operable Unit. 

Contaminant Weight of Evidence Type of Cancer Oral SP Inhalation SFa Half-life 
Gasification (part (pG)·l 

Americium-241 A - 2.4E-10 3.2E-08 4.3E+0'2y 

Carbon-14 A - 9.0E-13 6.4E-15 5.7E+03y 

Gross beta - - - - -
Strontium-90 A - 3.6E-11 6.2E-11 2.9E+0ly 

Technetium-99 A - 1.3E-12 8.3E-12 2.1E+Cl.5y 

Tritium (H-3) A - 5.4E-14 7.8E-14 1.2E+0ly 

aHealth Effects Summary Tables (HEAST, EPA 1992) 
SF = Slope factor 
- Not available 
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Table A-2b. Summary of Carcinogenic (Nonradioactive) Toxicity Information for 
Contaminants at the 100-BC-5 Operable Unit. 

Contaminant Weight of Type of Cancer Oral SF Inhalation SF 
Evidence (m¢<g-dtl (mW'I<g-dtl 

Classification 

Bis(2-ethylhexyl)phthalate B2 liver 1.4E-02a ND 

Chromium (VI) A lung _c 4.1E+o1a 

Trichloroethene B2 - l.1E-02d 6.0E-03d 

alntegrated Risk Information System (IRIS, EPA 1993). 
bttealth Effects Assessment Summary Tables (HEAST, EPA 1992) . . 
<=Not considered to be a carcinogen or not carcinogenic by this exposure route. 
dsuperfund Technical Support Center. 
- = Not applicable. 
ND = Not determined. 
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APPENDIXB 

HUMAN HEALTH EVALUATION 

EXAMPLE CALCULATIONS 
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APPENDIXB 

RESIDENTIAL AND RECREATIONAL SCENARIOS RISK ASSESSMENT 
SAMPLE CALCULATIONS 

This appendix presents the exposure assumptions and equations used to generate 
the preliminary risk-based screening, intake, and risk asse~sment, tables for this qualitative 
risk assessment. All tables are presented in Chapter 3.0. Intake and risk assessment 
calculations are based on the maximum groundwater concentration for each contaminant 
of potential concern at the 100-BC-5 Operable Unit. 

B-1.0 PRELIMINARY RISK-BASED SCREENING 

As recommended in the HSBRAM (DOE-RL 1993a), all preliminary risk-based 
benchmark screening concentrations are calculated using residential exposure assumptions. 
The calculation of the preliminary risk-based benchmark concentrations considers both 
noncarcinogenic effects (i.e., systemic toxicity) and carcinogenic effects. Risk-based 
benchmark concentrations are calculated for groundwater concentrations that would be 
equivalent to exposures at a hazard quotient (HQ) of 0.1 for contaminants with 
noncarcinogenic effects. A lifetime incremental cancer risk (ICR) of lE-07 is used for 
contaminants with carcinogenic effects. Screenings are performed for the ingestion and 
volatile inhalation pathways for nonradioactive contaminants and the ingestion pathway 
only for radioactive contaminants. Appropriate conversion factors are used as necessary. 

For carcinogenic nonradioactive contaminants, the general equation to calculate 
ingestion or inhalation risk-based concentrations is: 

where: 

C 
TR 
BW 
AT 
SF 
IR 
EF 
ED 
CF 

= 
= 
= 
= 
= 
= 
= 
= 
= 

C = TR X BW X AT X CF 
SF X IR X EF X ED 

risk-based benchmark concentration (mg/L} 
target excess individual lifetime cancer risk (lE-07) 
body weight (kg) 
averaging time (365 d/yr x 70 yr) 
contaminant-specific slope factor (mglkg-d)"1 

intake rate (Lid or m3/d for water or air, respectively) 
exposure frequency ( d/yr) 
exposure duration (yr) 
conversion factor (as appropriate) 

B-1 

For noncarcinogenic effects, the general equation to calculate risk based screening is: 

C = THQ X RID X BW X AT X CF 
IR X EF X ED 

B-1 

B-2 
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C 
THQ 
RfD 
BW 
AT 
IR 

EF 
ED 
CF 

= 
= 
= 
= 
= 
= 

= 
= 
= 
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risk-based benchmark concentration (mg.IL) 
target hazard quotient (0.1) 
contaminant-specific chronic reference dose (mgllcg-d) 
body weight (kg) 
averaging time (365 d/yr x ED in yr) 
intake rate (Ud or m3/d for ingestion or volatile inhalation, 
respectively) 
exposure frequency ( d/yr) 
exposure duration (yr) 
conversion factor (as appropriate) 

For radioactive contaminants, the general equation to calculate risk-based screening 
concentration is: 

where: 

C 
TR 
SF 
IR 
EF 
ED 
CF 

= 
= 
= 
= 
= 
= 
= 

C = TR X CF 
SF X IR X EF X ED 

risk-based benchmark concentration (pCi/L) 
target excess individual lifetime cancer risk (lE-07) 
radionuclide-specific slope factor (pCi)"1 

contact rate (Ud) 
exposure frequency (d/yr) 
exposure duration (yr) 
conversion factor (as appropriate) 

Risk-based benchmark concentrations are derived using residential exposure 
assumptions from the HSBRAM (DOE-RL 1993a). These assumptions are listed in 
Table B-1. 

B-1.1 SCREENING CALCULATIONS 

The following equations describe the screening scenarios utilized for the 
groundwater ingestion and volatile organic compound inhalation routes and reduce the 
standard default factors to a single factor. 

B-2 

B-3 

' 
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Table B-1. Preliminary Risk-based Screening Exposure Assumptions.a,b 

Ingestion Inhalation 

Carcinogenic Carcinogenic N oncarcinogenic Carcinogenic Noncarcinogenic 
Nonradioactive Radioactive Nonradioactive 

Averaging Time (AT) 365 d/yr X 70 yr NA 365 d/yr x 6 yr 365 d/yr X 70 yr 365 d/yr x 30 yr 

Body Weight (BW) Adult: 70 Kg NA 16 Kg 70 Kg 70 Kg 

Contaminant Specific Slope Factor (SF) Contaminant-Specific Contaminant-Specific NA Contaminant-Specific NA 

Contaminant-Specific Chronic Reference NA NA Chemical Specific NA Chemical Specific 
Dose (RID) 

Exposure Duration (ED) 30 yr 30 yr 6 yr 30 yr 30 yr 

Exposure Frequency (EF) 365 d/yr 365 d/yr 365 d/yr 365 d/yr 365 d/yr 

Intake Rate (IR) 2Ud 2 Ud 1 Ud 15m3/d 15m3/d 

Inhalation Correction Factor NA NA NA 0.5 Um3 0.5 Um3 

Target Hazard Quotient (fHQ) NA NA lE-01 NA lE-01 

Target Excess Individual Lifetime lE-07 lE-07 NA lE-07 NA 
Cancer Risk 

NA - Not applicable 
aBased on HSBRAM (DOE-RL 1993a) 
6Based on residential exposure parameters. These parameters are also used to evaluate the frequent-use scenario. 
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B-1.1.1 Groundwater Ingestion 

Carcinogenic - Nonradioactive 

C = TR X BW X AT 
SF X IR X EF X ED 

C (m&"L) = (lE--07)(70 kg)(365 d/yr x 70 yr) 

SF (mglkg-dr1 (2 l/d)(365 d/yr)(30 yr) 

C mwL = 8.2E--06 kg-d/L 

SF (mglkg-dr 1 

Carcinogenic - Radioactive 

Noncarcinogenic 

TR 
C=------

SF X IR X EF X ED 

C (pCi/L) = (lE--07) 
SF (pCir 1(2 l/d)(365 d/yr)(30 yr) 

C pCi/L = 4.6E-12(L)-
1 

SF (pCir1 

C = THQ X RID X BW X AT 
IR X EF X ED 

C (m&"L) = (O.l)(RfD mglkg-d)(16 kg)(365 d/yr x 6 yr) 
(1 l/d)(365 d/yr)(6 yr) 

C (m&"L) = RfD (mglkg-d) x 1.6(kg-d/L) 

B-4 

B-4 

B-5 

B-6 
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B-1.1.2 Inhalation of Volatile Organic Compounds from Groundwater Use 

For the inhalation pathway, screening values were generated for inhalation of 
volatile organic compounds from groundwater use. An inhalation correction factor of 0.5 
Um3 was used, as recommended in HSBRAM (DOE-RL 1993a), in the calculation. The 
inhalation correction factor defines the relationship between a contaminant concentration 
in the groundwater and the average concentration of the volatilized contaminant in a 
household as a result of showering and other domestic activities. This factor was included 
only in the calculations using residential exposure parameters and the calculations for the 
frequent-use scenario. 

Carcinogenic - Nonradioactive 

TR X BW X AT 
C = ----------___,,= SF X IR X EF X ED X CF 

(lE-07)(70 kg)(365 d/yr x 70 yr) 
C(mg!L) =-------------­

(SF mglkg-dr1(15 m3/d)(365 d/yr)(30 yr)(0.5 Um3) 

Noncarcinogenic 

C (mg!L) 

C (mg!L) = 2.2E-06(kg-d/L) 
SF(mglkg-d)-1 

C = THQ X RID X BW .x AT 
IR X EF X ED X CF 

= (0.l)(RfD mglkg-d)(70 kg)(365 d/yr x 30 yr) 

(15 m3/d)(365 d/yr)(30 yr)(0.5 Um3) 

C (mg!L) = RID (mglkg-d) x 9.3E-Ol(kg-d/L) 

B-1.2 EXAMPLE CALCULATIONS 

B-7 

B-8 

For the ingestion and inhalation exposure to nonradioactive groundwater 
contaminants, .trichloroethene and vanadium are used for nonradioactive contaminant 
example calculations, and strontium-90 is used for the ingestion exposure to radioactive 
groundwater contaminant calculations. The exposure parameters used are presented in 
Table B-1. For the groundwater ingestion pathway, equations used are B-4, B-5, and B-6 
for carcinogenic, nonradioactive, carcinogenic-radioactive and non-carcinogenic, 
respectively. For the groundwater inhalation pathway, equation B-7 and B-8 are used. 

B-5 
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B-1.2.1 Groundwater Ingestion 

Carcinogenic - Nonradioactive - Trichloroethene 

C = 8.2E-06 kg-d/L = ?.4E-04 mg'L 
1.lE-02 (mglkg-dr1 

Carcinogenic - Radioactive - Strontium-90 

Noncarcinogenic - Vanadium 

C = 4.6E-12(Lrt = 0.13 pCVL 
3.6E-ll(pCir1 

C = 7.0E-03 mglkg-d x 1.6 kg-d/L = 0.011 mg'L 

B-1.2.2 Inhalation of Volatile Organic Compounds from Groundwater Use 

Carcinogenic - Nonradioactive - Trichloroethene 

C = 2.2E--06(kg-d/L) = 3.7E-04 mg'L 
6.0E-03 (mglkg-dr1 

Carcinogenic - Radioactive - Not applicable 

Noncarcinogenic - Not applicable 

B-1.3 SCREENING PROCESS 

B-9 

B-10 

B-11 

B-12 

The screening calculations above determine the preliminary risk-based benchmark 
concentrations in groundwater (screening concentrations) for the contaminants. If the 
maximum concentration measured at the 100-BC-5 operable unit exceeds this screening 
concentration for any one of the ingestion or inhalation pathways, it is considered a 
contaminant of potential concern for the operable unit. The remainder of this appendix is 
devoted to calculations used to assess potential risk due to exposure to the contaminants of 
potential concern. 

B-6 
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B-2.0 CALCULATION OF CONTAMINANT INTAKES (RISK CHARACTERIZATION 
WHEN LFI DATA ARE AVAILABLE) 

Standard EPA equations for calculation of intakes, as provided in the Risk 
Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Part A. 
(RAGS, EPA 1989) and the HSBRAM (DOE-RL 1993a), are used as the basis for all intake 
calculations. 

Calculation of Nonradioactive Contaminant Intakes. The basic equation for calculating 
intakes of nonradioactive contaminants via groundwater ingestion or inhalation of volatile 
organic compounds from groundwater use is: 

where: 

Intake = 
C = 
IR = 
EF = 
ED = 
CF = 
BW = 
AT = 

I t k C X IR X EF X ED 
n a e = -------

BW X AT 

chronic daily intake of the contaminant (mg/kg-d) 
contaminant concentration (mg'L) 
contact rate (mg'L) 
exposure frequency ( d/yr) 
exposure duration (yr) 
conversion factor (as appropriate) 
body weight (kg) 
averaging time (yr x 365 d/yr) 

B-14 

Calculation of Radioactive Contaminant Intakes. The quantification of exposures to 
radioactive contaminants requires a separate treatment, as the units used to express 
environmental concentrations of radioactive and nonradioactive contaminants are different. 
In addition, intake estimates for radionuclides should not be divided by body weight or 
averaging time. Instead, the calculated intakes for radioactive contaminants represent 
radionuclide activities that are inhaled or ingested over a lifetime. 

The basic equation for calculating intakes of radioactive contaminants via 
groundwater ingestion or inhalation of volatile organic compounds from groundwater use 
is: 

where: 
Intake = 
C = 
IR = 
EF = 
ED = 
CF = 

Intake = C x IR x EF x ED 

radionuclide-specific lifetime intake (pCi) 
radionuclide concentration (pCi/L) 
contact rate (Ud) 
exposure frequency ( d/yr) 
exposure duration (yr) 
conversion factor (as appropriate) 

B-7 

B-15 
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B-2.1 INT AKE CALCULATIONS 

The following subsections present intake calculations for the ingestion and 
inhalation pathways and reduce the standard default factors to a single factor. Since the 
intake equations do not vary from those presented in Section B2.0, the calculations are 
performed directly. All examples are presented for the frequent-use scenario using 
residential exposure parameters. Exposure parameters for this scenario are the same as 
those used in the preliminary screening, and are shown on Table B-1. Occasional-use 
intakes are calculated using the same equations with recreational exposure parameters 
appropriately substituted. Exposure parameters for the occasional-use scenario are 
summarized in Table B-2 

B-2.1.1 Groundwater Ingestion - Residential 

, Carcinogenic - Nonradioactive 

Carcinogenic Radioactive 

Intake (mg/kg-d) = 

(C mg'L)(2Ud)(365 d/yr)(30 yr) 
(70 kg)(70 yr x 365 d/yr) 

= C (mg'L) x l.2E--02 Ukg- d 

Intake (pCi) = (C pCi/L}(2Ud)(365 d/yr)(30 yr) 

Intake = C (pCi/L} x 2.2E-+-04 L 

Noncarcinogenic 

Intake (mg/kg-d) = 

(C mg'L)(1Ud)(365 d/yr)(6 yr) 
(16 kg)(6 yr x 365 d/yr) 

= C (mg'L) x 6.3E--02 Ukg-d 

B-8 

B-16 
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B-18 
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B-2.1.2 Inhalation of Volatile Organic Compounds from Groundwater Use 

Intakes for the inhalation of v~latile organic compounds from groundwater use were 
calculated using an inhalation correction factor as recommended in HSBRAM 
(DOE-RL 1993a), as described in Section B-1.1.2. This factor was included only in the 
frequent-use exposure scenario. 

Carcinogenic - Nonradioactive 

Intake (mglkg-d) = 

(C mg/L){l5 m3/d)(365 d/yr)(30 yr)(0.5 Um3
) 

(70 kg)(70 yr x 365 d/yr) 

= C {mg/L) x 4.6E--02 Ukg-d 

Carcinogenic - Radioactive - Not applicable 

Noncarcinogenic 

Intake (mglkg-d) = 

(C mg/L){l5 m3/d)(365 d/yr)(30 yr)(0.5 Um3
) 

(70 kg)(30 yr x 365 d/yr) 

= C {mg/L) x l.lE--01 Ukg-d 

B-2.2 EXAMPLE CALCULATIONS 

B-19 

B-20 

Example calculations are made using representative concentrations for 
trichloroethene, vanadium and strontium-90 for groundwater ingestion. Example 
calculations for inhalation. of volatile organic compounds from groundwater use are made 
using representative concentrations for trichloroethene. 

B-2.2.1 Groundwater Ingestion 

Carcinogenic - Nonradioactive - Trichloroethene 

Intake = 0.003 mg/L x l.2E-02 Ukg = 3.7E-05 (mglkg-d) B-21 

B-9 
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Carcinogenic - Radioactive - Strontium-90 

Intake = 130 pCVL x 2.2E +04 L = 2.8E +06 pCi 

Noncarcinogenic - Vanadium 

Intake = 0.0178 mg!L x 6.3E-02 1./kg-d = 1.lE-03 (mg/kg-d) 

B-2.2.2 Inhalation of Volatile Organic Compounds from Groundwater Use 

Carcinogenic - Nonradioactive - Trichloroethene 

Intake = 0.003 mg!L x 4.6E-02 1./kg-d = 1.4E-04 mg/kg-d 

Carcinogenic - Radioactive - Not applicable 

Noncarcinogenic - Not applicable 

B-3.0 CALCULATION OF HUMAN HEALTH ASSESSMENT 

Hazard Quotient 

The basic equation for determining the hazard quotient for the ingestion and 
inhalation exposure pathways is: 

where: 

HQ = 
I = 
RfD = 

HQ= J/RfD 

hazard quotient (unitless) 
intake (mg/kg-d) 
contaminant-specific chronic reference dose (mg/kg-d) 

Incremental Cancer Risk 

B-22 

B-23 

B-24 

B-26 

The basic equation for determining the incremental cancer risk for the ingestion and 
inhalation pathways is: 

where: 

ICR = 
I = 

SF = 

ICR =Ix SF 

lifetime incremental cancer risk (unitless) 
intake (mg/kg-d or pCi for nonradioactive and radioactive 
parameters, respectively) 

B-27 

chemical-specific slope factor [(mg/kg-d)"1 or (pCi)"1 for nonradioactive 
and radioactive parameters, respectively] . 

B-10 
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B-3.1 EXAMPLE CALCULATIONS 

All example calculations for the Ingestion Pathway are made using values for 
trichloroethene, vanadium, and strontium-90. Example calculations for the Inhalation 
Pathway are made using values for trichloroethene. 

B-3.1.1 Groundwater Ingestion 

Hazard Quotient - Vanadium 

HQ = 1.1E~3 (mglkg-d) = 0.2 
7.0E~3 (mglkg-d) 

Incremental Cancer Risk - Trichloroethene 

ICR = 3.7E~S (mglkg-d) x 1.1E~2 (mglkg-dr1 = 4E~7 

Incremental Cancer Risk - Strontium-90 

ICR = 2.8E +06 (pCi) x 3.6E-11 (pCj/)"1 = lE-04 

B-3.1.2 Inhalation 

B-3.1.2.1 Inhalation of Volatile Organic Compounds from Groundwater Use 

Hazard Quotient - Not applicable 

Incremental Cancer Risk - Trichloroethene 

ICR = 1.4E-04 (mglkg-d) x 6.0E-03 (mglkg-d)"1 = 8E-07 

Incremental Cancer Risk - Not applicable 

B-11 
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Table B-2. Summary of Occasional-Use Scenario Exposure Factors.a,b 

Ingestion 

Carcinogenic Nonradioactive Carcinogenic Radioactive 

Averaging Time (Al) 365 d/yr X 70 yr NA . 
Body Weight (BW) 70Kg NA 

Contaminant Specific Slope Factor (SF) Contaminant-Specific Contaminant-Specific 

Contaminant-Specific Chronic Reference Dose (RID) NA NA 

Exposure Duration (ED) 30 yr 30yr 

Exposure Frequency (EF) 7 d/yr 7 d/yr 

Intake Rate (IR) 2 L/d 2 L/d 

Inhalation Correction Factor NA NA 

Target Hazard Quotient (THQ) NA NA 

Target Excess Individual Lifetime Cancer Risk (TR) lE-07 lE-07 

NA - Not Applicable 
aBased on Tables A-4, A-5, and A-6 of HSBRAM (DOE-RL, 1993a). 
bRecreational scenario exposure parameters used to evaluate the occasional-use scenario. 

Noncarcinogenic 

365 d/yr X 6 yr 

16 Kg 

NA 

Olemical Specific 

6 yr 

7 d/yr 

1 L/d 

NA 

lE-01 

NA 
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APPENDIX C 

ENVIRONMENTAL INFORMATION AND CALCULATIONS 
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Dose of Constituents of Concern by Aquatic Receptors. This section describes the 
methods used to estimate radiological dose to aquatic organisms. Exposure parameters for 
each organism are summarized by Baker and Soldat (1992). Dose from radionuclides are 
calculated based on the computer code developed by Baker and Soldat (1992) for the 
CRITRZ computer model. 

The internal total-body dose rate to an organism for N radionuclides is given as: 

where 

N 

Rc = L bi,c Ei,c 
i-1 

Rc = dose rate to total body of organism c (rad d"1) 

bi c = specific body burden of nuclide i in organism c (Ci kg-1) 
I 

(C-1) 

Ei c = effective absorbed energy rate for nuclide i per unit activity in organism c (kg rad 
I Ci"l d"l). 

Ei,c = ei,cMeV dis"1 x 3.70E10 dis s"1 Ci"1 x 86,400 s d"1 x l.602E-11 kg rad Mev·1 = 5.12E4 ei,c 

where e is the effective absorbed energy for nuclide i in organism c. 

For a primary organism, 

b. = C. B. 
1,c 1,c 1,c 

(C-2) 

where Ci,c is the concentration of nuclide i in soil to which organism c is exposed (Ci 
m"3

), and Bi,c is bioaccumulation factor for nuclide i and organism c (m3 kg"1). 

Combining equations (1) and (2) yields the dose rate in rad d"1 to the primary 
organism. 

N 

R = 't"' C. B. E. 
c L.J 1,c 1,c 1,c 

i-1 

(C-3) 

For the secondary organism, such as herbivores and carnivores, an expression can be 
written for a single radionuclide equating the change in body burden to the uptake and 
removal of the radionuclide 

C-1 
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db
5 

= ~-.lbs 
dt M 

b5 = specific body burden of the secondary organism (Ci/kg"1) 

M = mass of secondary organism (kg) 

P = rate of uptake of radionuclide by body of organism (Ci d"1) 

(C-4) 

A = (Ab + Ar) effective decay constant in secondary organism (d"1), 

where Ab = ln(2)/fb is the biological removal rate constant for 
the nuclide in the secondary organism and Ar = ln(2)/f r is the 
radiological decay constant for the nuclide. 

The secondary organism uptake rate is given by: 

where b = body burden of primary organism (Ci kg"1) 

U = intake rate of primary organism by predator (kg d"1) 

f1 = fraction of radionuclide initially retained in total body of 
secondary organism (unitless). 

Solving equation (4) with b5 = 0 when t = 0: 

where Te is the period of exposure (d). 

(C-5) 

(C-6) 

Then, for a secondary organism c, the dose rate in terms of the body burden of the 
primary organism or prey for N radionuclides is: 

(C-7) 

where Uc = intake rate of primary organism by secondary organism c (kgld) 

me = mass of secondary organism c (kg) 

.li,c = effective decay constant of nuclide i in secondary organism c (d"1) 

C-2 




