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6 Human Health Risk Assessment

The integration of past and current HHRAS supports the Hiahli

. . . ighlights
development of remedial alfternatlves for waste_ s_ltes and e Principal soil contaminants identified at
contaminated groundwater in the 100-D/H decision area. These one or more waste sites through the
risk assessments have been integrated with the cleanups risk assessment included radionuclides,
performed under the interim action RODs to identify the need for metals, PCBs, and PAH:s.

further remedial action and, if needed, to develop PRGs.
e The baseline risk assessment identified

As described in the previous sections, the remedial actions Cr(VI), chromium, strontium-90, and
completed to date in the River Corridor were implemented nitrate as final groundwater COPCs for
primarily under interim action RODs. There is a requirement evaluation of potential remedial

under CERCLA to perform a baseline risk assessment (BRA) to technologies in the FS.

characterize current and potential threats to human health and the | ¢ Dpata and process knowledge indicate

environment before final action RODs for final remedies can be that human health PRGs would be
issued. The RCBRA was prepared to address the regulatory exceeded at unremediated waste sites
requirement that a baseline risk assessment be performed. and provide the basis for action.

The RCBRA Report (DOE/RL-2007-21, Volume Il) is a

comprehensive HHRA for the River Corridor considering

relevant sources of contamination, exposure pathways, and contaminants to evaluate current and potential
future risks posed by hazardous substance releases. The following is the purpose of the RCBRA, as
described in Section 1.1:

The purpose of the RCBRA is to characterize current and potential future risks to human
health and the environment that may be posed by releases of hazardous substances in the
River Corridor of the Hanford Site. DOE is required to assess human and ecological risk
under CERCLA, Resource Conservation and Recovery Act of 1976 (RCRA), National
Environmental Policy Act of 1969, and DOE orders. The “National Oil and Hazardous
Substances Contingency Plan” (40 Code of Federal Regulations [CFR] 300), which
implements CERCLA, specifically requires a site-specific baseline risk assessment to
determine the need for action at sites, determine levels of contaminants that can remain
onsite and still be protective, and provide a basis for comparing health impacts of
various cleanup alternatives (40 CFR 300.430[d][4]).

Per the risk assessment guide (EPA/540/1-89/002), a baseline risk assessment is an “analysis of the
potential adverse health effects (current or future) caused by hazardous substance releases from a site in
the absence of any actions to control or mitigate these releases (that is, under an assumption of

no action).”

The baseline risk assessment is part of the CERCLA RI/FS process. The RI/FS is the methodology that
the CERCLA program has established for characterizing the nature and extent of contamination
associated with releases of hazardous substances to the environment, for assessing the potential risks
posed by the environmental contamination to human and ecological receptors, and for developing and
evaluating remedial options. Because the RI/FS is a process designed to support risk management
decision making for CERCLA sites, the assessment of human health and environmental risk serves an
essential role in the RI/FS process. The baseline risk assessment provides information to assist in the
development, evaluation, and selection of appropriate response alternatives. The results of the baseline
risk assessment are used to determine whether additional response action is necessary at the Site; support
development of PRGs; support selection of the “no action” remedial alternative where it is appropriate;
and document the magnitude of risk and primary contributors (for example, chemicals and exposure
pathways) to risk at a site.
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Interim action RODs were written for River Corridor sites to allow cleanup activities to move forward as
potential risks were identified. However, final remedy selection must be completed in order for the NPL
(40 CFR 300, Appendix B) CERCLA sites in the River Corridor to reach final closeout. One of the key
evaluations needed to establish final action RODs for sites in the River Corridor was a baseline risk
assessment (Risk Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA
[DOE/RL-2004-37]). The RCBRA (DOE/RL-2007-21, Volume Il) HHRA and the companion ecological
risk assessment (DOE/RL-2007-21, Volume I) provided an evaluation of ecological and human health
risk from residual contamination at waste sites remediated under the interim action RODs and from
potentially affected environmental media under various exposure scenarios. Unacceptable risks are
present in the River Corridor at waste sites that are identified in the IARODs but have yet to be
remediated. The determination of the presence of unacceptable risk and basis for action at yet-to-be
remediated waste sites is supported by field investigation data as well as information gathered through
implementation of the observational-approach soil cleanup actions in the River Corridor over the past

15 years. The Site-specific risk information provided by the RCBRA (DOE/RL-2007-21) would be used
to support final action RODs for the River Corridor.

6.1 Role of the RCBRA and the RI/FS Risk Assessment
The RCBRA (DOE/RL-2007-21) provided the following range of analyses:

o Assessment of residual risks for remediated waste sites using the Unrestricted Land Use exposure scenario
that was the basis for the remedial action goals for the interim action ROD cleanup in the 100 Area

e An assessment of risks for several yet-to-be remediated waste sites using a broad range of
exposure scenarios

e Assessment of residual risks for remediated waste sites and broad areas? using a broad range of
exposure scenarios

Portions of these analyses were considered in the HHRA approach used to develop soil PRGs that are
presented in the RCBRA (DOE/RL-2007-21). The following issues are addressed in this chapter as part
of the integration of RCBRA and the RI/FS, which will support the development of final action RODs for
the 100 Area decision areas:

e Incorporation of direct contact PRG values from the RCBRA (DOE/RL-2007-21) for radioisotopes
and chemicals based on updated regulatory guidance

e Inclusion of all decision units? associated with a remediated waste site
e Inclusion of analytical data from focused sampling designs

e Analysis time frame (that is, waste sites cleaned up after the analysis conducted in the RCBRA
[DOE/RL-2007-21])

e Use of EPCs consistent with the waste site decision units (for example, shallow zone, deep zone) and
based on current EPA guidance

1 The term “broad area” is used in the RCBRA to refer to an exposure area that could potentially be as large as an
individual interim action ROD decision area or as large as the entire River Corridor.

2 The floor and sidewalls of an excavated waste site are divided into one or more decision units. A sample design is
developed for each decision unit. See Section 6.2.2.2 for additional information.
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The following sections discuss the integration of the RCBRA (DOE/RL-2007-21) and the RI/FS
risk assessment:

e Section 6.1.1 summarizes the evaluation of residual risks performed in the RCBRA (DOE/RL-2007-21)
for waste sites cleaned up under the interim action ROD. The results from this evaluation have been
compared with the PRGs developed in the RCBRA (DOE/RL-2007-21) for use in the RI/FS.

e Section 6.1.2 and 6.1.3 describe Unrestricted Land Use and other scenarios used in the River
Corridor, their associated uncertainties, and the way they have been incorporated into the RI/FS.

The HHRA supporting the RI/FS is presented in two sections. Section 6.2 presents the methods and the
results for the soil risk assessment and Section 6.3 presents the methods and results for the analysis of
groundwater risks.

The soil risk assessment supporting the RI/FS (Section 6.2) provides the data analysis (Section 6.2.1),
estimated EPCs (Section 6.2.2), exposure assessment (Section 6.2.3), toxicity assessment (Section 6.2.4),
risk characterization (Section 6.2.5), and the uncertainties assessment (Section 6.2.6).

The groundwater risk assessment supporting the RI/FS (Section 6.3) discusses findings and uncertainties
of the RCBRA (DOE/RL-2007-21) (Section 6.3.1). The Integrated Work Plan (DOE/RL-2008-46) adds
activities that would help reduce uncertainties, verify conclusions, and ensure that no contaminants were
inadvertently overlooked based on the use of the existing dataset. The risk assessment involves the
following steps: identification of COPCs (Section 6.3.2), exposure assessment (Section 6.3.3), toxicity
assessment (Section 6.3.4), risk characterization (Section 6.3.5), risk characterization using action levels
(Section 6.3.6), the tap water risk characterization (Section 6.3.7), and the uncertainties assessment
(Section 6.3.9). The results of Section 6.3 will be used to identify COPCs, which represent contaminants
that will be evaluated in the FS to define the COCs and guide the selection of remedial alternatives.

Section 6.4 presents conclusions of the riparian and near shore environment from the RCBRA
(DOE/RL-2007-21, Volume I1) and conclusions from the CRC (DOE/RL-2010-117, Volume II) are in
Section 6.4.1. Section 6.5 presents a summary and conclusions for the soil risk assessment (Section 6.5.1)
and the groundwater risk assessment (Section 6.5.2).

6.1.1  Evaluation of Residual Risks for Interim Action ROD Cleanups from the RCBRA

This section discusses the results of the screening-level evaluation presented in Chapter 2 of the RCBRA
(DOE/RL-2007-21, Volume I1I). It also compares the results from the screening-level evaluation to the
methodology used to develop the interim action remedial action goals and describes how analytical data
from CVP/RSVP were used in the screening evaluation. Finally, the screening-level risk results from the
RCBRA (DOE/RL-2007-21, Volume 1) are compared to the results of the soil risk assessment. The risk
results from the soil risk assessment are based on guidance and exposure assumptions that have been
updated since the interim action remedial action goals were published. The methods used in the risk
assessment are described in Sections 6.1.2 and 6.1.3.

Chapter 2 of the RCBRA (DOE/RL-2007-21, VVolume Il) presents a screening-level assessment of
residual direct contact risks and noncancer hazards for the remediated waste sites using the exposure
scenarios that were the basis of the residential remedial action goals for the interim action ROD cleanups
in the 100 Area. This assessment was done to provide information about the residual risks and noncancer
hazards associated with post-interim action conditions at the remediated waste sites and help assess
whether residual conditions protect human health.
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Interim action ROD cleanup activities for the 100 Areas were based on an unrestricted scenario that was
the basis for the remedial action goals. The interim action ROD residential scenario for radionuclides is a
Rural Residential scenario that, in addition to direct contact, includes food chain exposure pathways

(for example, ingestion of homegrown produce, beef, and milk). The interim action ROD residential
scenario for chemicals is based on the 1996 MTCA Method B direct contact soil cleanup levels
(“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]). The 1996 MTCA

(WAC 173-340) Method B direct contact soil cleanup levels are based solely on incidental soil ingestion
and do not address the food exposure pathways that were included for the radionuclide Rural Residential
scenario3. The interim action remedial action goal for arsenic was based on the 1996 MTCA Method A soil
cleanup level (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]). The interim action
remedial action goal for lead was calculated using Guidance Manual for the Integrated Exposure Uptake
Biokinetic Model for Lead in Children (EPA/540/R-93/081). It should be noted that the radionuclide
PRGs for the residential scenario used in the soil risk assessment incorporate exposure assumptions that
were updated to reflect current EPA guidance as described in Section 6.1.2.

CVPs or RSVPs were prepared to document completion of interim action ROD cleanup actions in
accordance with the applicable decision document and support waste site reclassification.

The screening-level calculations presented in Chapter 2 of the RCBRA (DOE/RL-2007-21) use the
interim action ROD risk assessment models, but differ from the calculations used in the CVVPs and RSVPs
to document the interim action ROD cleanups.

Twenty-eight waste sites from the 100-D Source OU and eight wastes sites from the 100-H Source OU were
evaluated in the RCBRA (DOE/RL-2007-21). Sixty-seven additional waste sites at the 100-D Source OU
and 39 additional waste sites at the 100-H Source OU have been remediated since 2005, and are not
addressed in the RCBRA. Residual cumulative cancer risks for the direct contact pathway from chemicals
evaluated in the RCBRA are less than 1 x 107 using the interim action ROD residential scenario (that

is, 1996 MTCA Method B direct contact soil cleanup levels Unrestricted Land Use scenario). This is with
the exception of 100-H-21, where the risk driver is arsenic with a reasonable maximum exposure (RME)
concentration of 13.8 mg/kg, which is less than the direct exposure remedial action goal of 20 mg/kg
published in the 100 Area RDR/RAWP (DOE/RL-96-17).

Residual cumulative cancer risks from radionuclides for all remediated waste sites are less than 1 x 10
based on the interim action ROD Rural Residential scenario with the exception of the following waste sites:

e 100-D-48:3
e 116-DR-9
The noncancer hazard indices (HIs) for chemicals do not exceed a threshold of 1 at the 28 100-D remediated

waste sites and the eight 100-H waste sites. A summary of the risk assessment results for a residential
scenario using approaches from both the RCBRA and the RI/FS is provided in Tables 6-1 to 6-3.

3 Note that for beryllium, cadmium, and Cr(VI), the interim action remedial action goal for direct contact is based on
the inhalation pathway.



DOE/RL-2010-95, REV. 0

Table 6-1. Summary of Residential Scenario Risk Assessment Results for Chemical Carcinogens

Chemical Carcinogens and Cancer Risk Drivers

RCBRA RI/FS
Waste Site Chemical RCBRA Chemical Chemical
Name RI/FS Decision Unit Risk Risk Driver Risk RI/FS Chemical Risk Driver
100-D Source OU Waste Sites

100-D-4 Shallow 2x107 None 3.8 x 107 None
100-D-12 Shallow -- -- - --
100-D-20 Shallow -- - - -
100-D-21 Shallow -- - - --
100-D-22 Shallow -- -- - -
100-D-48:1 Shallow -- - - -
100-D-48:2 Shallow -- -- - -
100-D-48:3 Shallow -- - - -
100-D-48:4 Shallow -- -- - -
100-D-49:2 Shallow -- - - -
100-D-49:4 Shallow -- - 3.4 x 107 None
100-D-52 Shallow -- -- - -
116-D-1A Shallow -- - - -
116-D-2 Shallow -- -- - -
116-D-4 Shallow -- -- - -
116-D-7 Shallow -- -- - -
116-D-9 Shallow -- -- - -
116-DR-1&2 Shallow -- -- - -
116-DR-4 Shallow -- -- - -
116-DR-6 Shallow -- -- - -
116-DR-7 Shallow -- -- - -
116-DR-9 Shallow -- -- - -
118-DR-2:2 Shallow 5x 107 Arsenic (5 x 10°®) 49x10° Arsenic (4.8 x 105
122-DR-1:2 Shallow 5x 107 Arsenic (5 x 10°) 5.0x10° Arsenic (4.7 x 105
1607-D2:1 Shallow 2x10° Arsenic (2 x 10°®) 1.7 x10°® Arsenic (1.7 x 105
1607-D2:3 Shallow - - 3.5x10™" None
1607-D2:4 Shallow -- -- - -
1607-D4 Shallow_Focused 2x10° Arsenic (2 x 10'®) 2.3x10° Arsenic (2.3 x 10
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Table 6-1. Summary of Residential Scenario Risk Assessment Results for Chemical Carcinogens

Chemical Carcinogens and Cancer Risk Drivers

RCBRA RI/FS
Waste Site Chemical RCBRA Chemical Chemical
Name RI/FS Decision Unit Risk Risk Driver Risk RI/FS Chemical Risk Driver

100-H Source OU Waste Sites

100-H-5 Shallow 6x10° Arsenic (6 x 10°%) 6.9 x10° Avrsenic (6.9 x 10°®)

100-H-17 Shallow 5x 107 Arsenic (5 x 10®) 5.1x10° Arsenic (5.1 x 105

100-H-21 Shallow 2x10% Arsenic (2 x 10°®) 2x10% Avrsenic (2.0 x 10°®)

100-H-24 Shallow 6 x 107 Arsenic (6 x 10°®) 6.4 x 10°® Arsenic (6.3 x 105

116-H-1 Shallow 1x10° Arsenic (1 x 10%) 9.9x10° Arsenic (9.9 x 10)
116-H-7 Shallow 8x10® Arsenic (8 x 109) 9.6 x 10° Aroclor-1260 (1.3 x 10°®)

Arsenic (8.3 x 105

1607-H2 Shallow 1x10° Arsenic (1 x 10%) 1.1x10% Arsenic (1.1 x 107)

Shallow_Focused - - 2.3x10° Arsenic (2.3 x 105

1607-H4 Shallow Not Not Evaluated 15x10% Arsenic (1.1 x 107)

Evaluated

Benzo(a)pyrene (2.8 x 109)

Notes: Chemical drivers shown have an associated risk greater than 1 x 10°®.
The risk value for the individual drivers is shown in parentheses after the name of the risk driver chemical.
Risks are based on reasonable maximum EPCs.

Source: RCBRA data: River Corridor Baseline Risk Assessment, Volume I1: Human Health Risk Assessment (DOE/RL-2007-21),
Volume I, Part 2, Table 2-10.

RI/FS data: (DOE/RL-2010-95), Appendix G, Table G-17 (100-D) and G-36 (100-H).

= Carcinogenic COPCs were not identified.

Table 6-2. Summary of Residential Scenario Risk Assessment Results for Noncarcinogens

Noncancer Hazard Index and Noncancer Hazard Drivers

Waste Site RI/FS Decision RCBRA RCBRA Chemical RI/FS Hazard RI/FS Chemical
Name Unit Hazard Index Hazard Driver Index Hazard Driver

100-D Source OU Waste Sites

100-D-4 Shallow 0.001 None 0. 053 None
100-D-12 Shallow -- -- -- --
100-D-20 Shallow 0.01 None 0.011 --
100-D-21 Shallow -- -- -- --
100-D-22 Shallow -- -- 0.01 --
100-D-48:1 Shallow 0.01 None 0.008 None
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Table 6-2. Summary of Residential Scenario Risk Assessment Results for Noncarcinogens

Noncancer Hazard Index and Noncancer Hazard Drivers

Waste Site RI/FS Decision RCBRA RCBRA Chemical RI/FS Hazard RI/FS Chemical
Name Unit Hazard Index Hazard Driver Index Hazard Driver
100-D-48:2 Shallow 0.01 None 0.006 -
100-D-48:3 Shallow 0.01 None 0.01 None
100-D-48:4 Shallow 0.01 None 0.015 None
100-D-49:2 Shallow 0.005 None 0.004 -
100-D-49:4 Shallow 0.01 None 0.11 None
100-D-52 Shallow 0.01 None 0.011 None
116-D-1A Shallow 0.01 None 0.009 None
116-D-2 Shallow 0.01 None 0.006 -
116-D-4 Shallow 0.01 None 0.005 --
116-D-7 Shallow 0.01 None 0.011 None
116-D-9 Shallow 0.01 None 0.007 --
116-DR-1&2 Shallow 0.01 None 0.006 -
116-DR-4 Shallow 0.01 None 0.006 --
116-DR-6 Shallow 0.01 None 0.006 -
116-DR-7 Shallow 0.01 None 0.007 --
116-DR-9 Shallow 0.01 None 0.008 None
118-DR-2:2 Shallow 0.14 None 0.15 None
122-DR-1:2 Shallow 0.13 None 0.23 None
1607-D2:1 Shallow 0.06 None 0.06 None
1607-D2:3 Shallow 0.002 None 0.007 None
1607-D2:4 Shallow 0.01 None 0.009 None
1607-D4 Shallow_Focused 0.07 None 0.56 None

100-H Source OU Waste Sites

100-H-5 Shallow 0.19 None 0.20 None
100-H-17 Shallow 0.15 None 0.15 None
100-H-21 Shallow 0.58 None 0.56 None
100-H-24 Shallow 0.17 None 0.17 None
116-H-1 Shallow 0.29 None 0.28 None
116-H-7 Shallow 0.23 None 0.24 None
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Table 6-2. Summary of Residential Scenario Risk Assessment Results for Noncarcinogens

Noncancer Hazard Index and Noncancer Hazard Drivers

Waste Site RI/FS Decision RCBRA RCBRA Chemical RI/FS Hazard RI/FS Chemical
Name Unit Hazard Index Hazard Driver Index Hazard Driver
1607-H2 Shallow 0.54 None 0.52 None
Shallow_Focused Not Evaluated Not Evaluated 0.07 None
1607-H4 Shallow -- -- 0.32 None

Notes: Chemical drivers shown have an associated hazard quotient (HQ) greater than 1. The HQ for the individual drivers is
shown in parentheses after the name of the risk driver chemical.

Hls are based on reasonable maximum EPCs.

Sources: RCBRA data: River Corridor Baseline Risk Assessment, Volume I1: Human Health Risk Assessment
(DOE/RL-2007-21), Part 2, Table 2-10.

RI/FS data: Appendix G, Table G-17 (100-D) and G-36 (100-H).
- = Noncarcinogenic COPCs were not identified.

Table 6-3. Summary of Residential Scenario Risk Assessment Results for Radionuclides

Radionuclides and Radiological Risk Drivers

RCBRA RI/FS
Waste Site RI/FS Decision Radiological RCBRA Radiological Radiological RI/FS Radiological
Name Unit Risk Risk Driver Risk Risk Driver
100-D-4 Shallow 3x10° None 1.7 x10° None
100-D-12 Shallow - - -- --
100-D-20 Shallow 9x10° None 5.3x10° None
100-D-21 Shallow 8 x 10 None 6.4 x 107 None
100-D-22 Shallow - - 3.1x10° None
100-D-48:1 Shallow 4x10° None 2.4 x10° None
100-D-48:2 Shallow 1x10™ None 5.1x10° None
100-D-48:3 Shallow 2x10* Cesium-137 1.4 x10* Strontium-90
(2 x 10 (1.2 x 10

100-D-48:4 Shallow 7x10° None 4.0x10% None
100-D-49:2 Shallow 3x10° None 1.3x10° None
100-D-49:4 Shallow 1x10* None 5.9x10° None
100-D-52 Shallow 4x10° None 1.3x10° None
116-D-1A Shallow 7 x10° None 42 x10° None
116-D-2 Shallow 7x10° None 3.0x10° None
116-D-4 Shallow 4x10° None 2.6x10° None
116-D-7 Shallow 5x107° None 2.0x10° None
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Table 6-3. Summary of Residential Scenario Risk Assessment Results for Radionuclides

Radionuclides and Radiological Risk Drivers

RCBRA RI/FS
Waste Site RI/FS Decision Radiological RCBRA Radiological Radiological RI/FS Radiological
Name Unit Risk Risk Driver Risk Risk Driver
116-D-9 Shallow 2x10% None 2.8x10° None
116-DR-1&2 Shallow 5x 10 None 2.3x10° None
116-DR-4 Shallow 1x107° None 2.8 x10° None
116-DR-6 Shallow 4x10° None 35x10° None
116-DR-7 Shallow 2x10% None 9.8x10® None
116-DR-9 Shallow 4x10* Cesium-137 2.6 x 10 Cesium-137
(4 x 10 (2.3x 10
118-DR-2:2 Shallow 1x10* None 2.3x10™ Technetium-99
(1.6 x 10
122-DR-1:2 Shallow 6x10° None 3.1x10° None
1607-D2:1 Shallow 6x10° None 1.9x10° None
1607-D2:3 Shallow 1x107° None 7.1x10° None
1607-D2:4 Shallow 4x10° None 2.2x10° None
1607-D4 Shallow_Focused - - - -
100-H Source OU Waste Sites
100-H-5 Shallow 1x10° None 3.8x10° None
100-H-17 Shallow 5x 10 None 5.5 x 107 None
100-H-21 Shallow 6 x 10 None 5.6 x 107 None
100-H-24 Shallow -- -- -- --
116-H-1 Shallow 1x10* None 6.1x10° None
116-H-7 Shallow 5x10° None 2.3x10° None
1607-H2 Shallow 9x10° None 3.7 x10° None
Shallow_Focused Not Evaluated Not Evaluated - --
1607-H4 Shallow - - 4.6 x 10° None

Notes: Radionuclide drivers shown have an associated risk greater than 1 x 10,
The risk value for the individual drivers is shown in parentheses after the name of the risk driver chemical.
Risks are based on reasonable maximum EPCs.

Sources: RCBRA data: River Corridor Baseline Risk Assessment, Volume Il: Human Health Risk Assessment
(DOE/RL-2007-21), Part 2, Table 2-10.

RI/FS data: Appendix G, Table G-17 (100-D) and G-36 (100-H).
= Radionuclide COPCs were not identified.

6.1.2 RI/FS Risk Assessment (Unrestricted Land Use)

As shown in Tables 6-1 to 6-3, the risk assessment results are similar between the RCBRA
(DOE/RL-2007-21, Volume I1) and the RI/FS for the residential scenario. Differences in results are
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generally attributed to the COPC identification process, the method used to calculate EPCs, and the PRG
value used for comparison. The soil risk assessment provided in this chapter supplements the RCBRA
(DOE/RL-2007-21, Volume 11) because there are several key differences between the scope and purpose
of the RCBRA (DOE/RL-2007-21, Volume 11) and the scope and purpose of the RI/FS. Differences
between the RCBRA (DOE/RL-2007-21, Volume I1) and the RI/FS in the methodologies used for
assessing residual risks are described in Table 6-4; these include methods for COPC identification,
selection of exposure factors used for the remedial action goals and PRGs, inclusion of all decision units
associated with a waste site, and inclusion of analytical data from focused sampling designs. As a result
of these differences, the soil risk assessment provided in the RI/FS more directly supports the evaluation
of remedial alternatives in the FS. Table 6-4 also provides the methods used for preparing the closeout
documentation.

RAOs are narrative statements that define the extent to which waste sites require cleanup to protect
human health and the environment. Further, PRGs (also used as risk-based screening levels [RBSL]) are
the numeric values that would be expected to achieve the RAOs presented in Chapter 8. The 100-D/H OU
PRGs are developed in the RCBRA (DOE/RL-2007-21) and presented in this chapter.

For the 100-D/H Source OU, the results of the soil risk assessment presented in this chapter will be used
to determine whether additional remedial action may be necessary for waste sites where remediation has
been completed, and whether the goals and objectives of the interim action RODs have been met, as
demonstrated by verification sampling and analysis. It is important to note that another objective of the
soil risk assessment is to determine and affirm a basis for action. Although the RI/FS risk assessment and
the RCBRA (DOE/RL-2007-21) focus on the protection of human health and the environment at waste
sites that have been remediated, there are significant potential risks at unremediated sites that require
continuation of cleanup actions. The risk-based screening evaluation for the residential scenario in this
chapter provides information necessary to resolve the following questions and provides information
needed to support final remedial decisions that will ensure protection of human health and the
environment:

o Are residual conditions for cleanup actions completed under the interim action RODs protective of
human health and the environment based on comparison to RBSLs calculated in accordance with
current EPA guidance?

e Are there waste sites with a no action or interim closed out reclassification status that should be
carried into the FS?

e What uncertainties are associated with the risk results that require a risk management decision?

Waste sites evaluated in the River Corridor were Interim Closed using remedial action goals related to
direct contact soil exposure by human receptors. These remedial action goals are reported in the 100 Area
RDR/RAWP (DOE/RL-96-17). The remedial action goals for radionuclides have not been revised since
originally published in 1996. Remedial action goals in the 100 Area of the River Corridor (for direct
contact) were based on a Rural Residential exposure scenario. The interim action ROD residential
scenario for radionuclides is a Rural Residential scenario that, in addition to direct contact, includes food
chain exposure pathways (for example, ingestion of homegrown produce, beef, and milk). Since the

100 Area RDR/RAWP (DOE/RL-96-17) was originally published, EPA has published a change in policy
associated with health protectiveness thresholds as well as updates in guidance associated with several
exposure assumptions. PRGs presented in this chapter incorporate exposure assumptions that were
updated to reflect current EPA guidance (see Table 6-4).

6-10



Table 6-4. Comparison of Methods and Assumptions Used for the Residential Scenario

DOE/RL-2010-95, REV. 0

Parameter

Method Used in Closeout Documentation

Method Used in RCBRA

Method Used in RI/FS

Overall Effect on RI/FS

Basis of PRG Values for Radioisotopes and Chemicals

Residential PRG value for
radioisotopes

Radionuclide cancer risk is evaluated using the
interim action ROD Rural Residential exposure
scenario reported in Remedial Design
Report/Remedial Action Work Plan for the 100 Area
DOE/RL-96-17. Radionuclide remedial action goals
were calculated based on a dose threshold of

15 millirems per year (mrem/yr).

Radionuclide cancer risk is evaluated using the interim action
ROD Rural Residential exposure scenario reported in Remedial
Design Report/Remedial Action Work Plan for the 100 Area
DOE/RL-96-17. Radionuclide remedial action goals were
calculated based on a dose threshold of 15 mrem/yr. In the
RCBRA, these remedial action goals were converted to RBSLs
based on a risk threshold of 1 x 10 (pg 2-41 of the RCBRA).

The interim action ROD Rural Residential exposure scenario is
considered a Local Area exposure scenario (located on a
waste site).

Radionuclide cancer risk is evaluated using the residential
exposure scenario. This exposure scenario is similar to the interim
action ROD Rural Residential scenario but incorporates updates to
reflect recent EPA guidance as identified in the following text.

The residential scenario used in the RI/FS reflects updates in
methodology (risk-based versus dose-based threshold) and recent
recommendations in exposure assumptions. RBSL/PRG values differ
slightly between the remedial action goals reported in the closeout
documentation, RCBRA and the RI/FS for key COPCs (gamma
emitters and strontium-90). Risk-based PRG values reported in the
RI/FS for gamma emitters and strontium-90 are slightly lower than the
remedial action goals reported in the closeout document and in the
RCBRA. Risk-based PRG values reported in the RI/FS for some alpha
emitters are greater than the remedial action goals reported in the
closeout document and in the RCBRA.

Updates to EPA guidance for
residential PRG

External gamma shielding factor is 0.8 based on Risk
Assessment Guidance for Superfund:

Volume I—Human Health Evaluation Manual

(Part B, Development of Risk-Based Preliminary
Remediation Goals) (EPA, 1991).

Outdoor time fraction is 0.2 (5 hours/day over
350 days/year), which was obtained from Hanford
Guidance for Radiological Cleanup
(WDOH/320-015).

Annual dose rate is 15 mrem/year based on
“Radiation Site Cleanup Standards” (40 CFR 196).

External gamma shielding factor is 0.7, which is based on the
default value recommended in the RESRAD code.

Outdoor time fraction is 0.2 (5 hours/day over 350 days/year)
from WDOH/320-015.

Target cancer risk value is 1 x 10 based on the
recommendations published in Radiation Risk Assessment at
CERCLA Sites: Q & A (EPA/540/R/99/006).

External gamma shielding factor is 0.4 from Soil Screening
Guidance for Radionuclides: User’s Guide
(EPA/540-R-00-007).

Outdoor time fraction is 0.12 (3 hours/day over 350 days/year)
published in the Exposure Factors Handbook
(EPA/600/P-95/002Fb).

Target cancer risk value is 1 x 10 based on the recommendations
published in Radiation Risk Assessment at CERCLA Sites: Q & A
(EPA/540/R/99/006).

The gamma-shielding factor was revised from 0.7 to 0.4. The current
assumption accounts for a 60 percent reduction in external exposure
due to shielding from structures rather than a 30 percent reduction.
The use of the updated assumption results in slightly less exposure and
a less conservative PRG value (higher).

The outdoor time fraction was revised from 0.2 to 0.12. The current
assumption assumes the resident spends 3 hours/day outside rather than
5 hours/day. Use of the updated assumption results in less exposure and
a less conservative PRG value (higher).

The protectivethreshold value was updated from a dose-based value to
a risk-based value. The overall outcome is that updated PRG values
used in the RI/FS are slightly lower for beta- and gamma-emitting
radioisotopes and higher for alpha-emitting radioisotopes.

MTCA Method B direct
contact soil cleanup levels for
unrestricted land use

Separate 1996 MTCA Method B direct contact soil
cleanup levels were calculated for incidental soil
ingestion and inhalation.

2007 MTCA Method B direct contact soil cleanup levels are
based solely on incidental soil ingestion.

Separate 2007 MTCA Method B direct contact soil cleanup levels
were calculated for incidental soil ingestion and inhalation.

Chemicals that only report toxicity values for the inhalation exposure
route are not included in the RCBRA evaluation (beryllium, cadmium,
cobalt, Cr(V1), and nickel). Remedial action goals are reported for
chemicals that only report toxicity values for the inhalation exposure
route (beryllium, cadmium, cobalt, Cr(V1), and nickel). The RI/FS
separately reports cancer risks and noncancer Hls for both incidental
soil ingestion and inhalation exposure routes.

MTCA Method B inhalation
cleanup levels for unrestricted

land use

Remedial Design Report/Remedial Action Work
Plan for the 100 Area, DOE/RL-96-17 reports
remedial action goals for beryllium, cadmium, Cr(\V/1)
based on the inhalation exposure pathway, based on
WAC 173-340-750 (3), 1996.

A PEF value of 1.0 x 10" m%kg was used to convert air
concentrations to soil concentrations. The PEF value of
1.0 x 10" m*/kg is based on the default mass loading
factor in RESRAD. This is roughly two orders of
magnitude smaller than EPA’s default PEF of

1.4 x 10° m/kg.

2007 MTCA Method B inhalation cleanup levels were not
evaluated in the RCBRA.

2007 MTCA Method B inhalation cleanup levels were calculated
for the inhalation exposure route.

A PEF value of 7.3 x 10 m%kg is used to convert air
concentrations to soil concentrations. This PEF uses
meteorological data from Boise, Idaho, and Hanford Site-specific
annual wind speed. The PEF of 7.3 x 10*° m¥kg is within a factor
of two of EPA’s default PEF of 1.4 x 10° m*/kg published in the
Supplemental Guidance for Developing Soil Screening Levels for
Superfund Sites (OSWER 9355.4-24).

Inhalation pathway cleanup levels that use a PEF value based on the
default mass loading factor in RESRAD are lower values (more
conservative) than those cleanup levels that are based on

EPA methodology.
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Table 6-4. Comparison of Methods and Assumptions Used for the Residential Scenario

Parameter

Method Used in Closeout Documentation

Method Used in RCBRA

Method Used in RI/FS

Overall Effect on RI/FS

Data Analysi

Waste site decision units and
analysis time frame

The floor and sidewalls of an excavated waste site
are divided into one or more decision units.

A sample design is developed for the decision unit.
Sampling requirements for each decision unit are
described in 100 Area Remedial Action Sampling
and Analysis Plan (DOE/RL-96-22).

For Local Area exposure scenarios (including the interim action
ROD Rural Residential scenario), the RCBRA used only the
CVP/RSVP datasets from shallow zone decision units. These
datasets are from waste sites that were excavated/remediated
through calendar year 2005.

The shallow zone decision unit is typically represented by soils
from the excavation floor if at or above 4.6 m (15 ft) and any
sidewalls from grade level (0 m [0 ft]) to a depth of 4.6 m (15 ft).

The RI/FS used CVP/RSVP datasets from all decision units
associated with an excavated/remediated waste site through
July 2011.

In addition to the shallow zone decision unit, the RI/FS evaluates
the risk contribution from soils associated with the overburden,
staging pile footprint area, and the deep zone decision units.

The RI/FS soil risk assessment is intended to supplement the analysis
in Chapter 2 of the RCBRA.

The RI/FS soil risk assessment results will be used to identify waste
sites that warrant evaluation of remedial alternatives in the FS. The
RI/FS soil risk assessment can also be used to disposition the waste site
from an interim status to final closure status when risk thresholds are
not exceeded.

Statistical and focused sample
designs

The layout and orientation of sampling designs are
based on the size, shape, and depth of the Site. The
datasets from the sample design are used to confirm
attainment of RAOs.

When both focused and statistical samples exist for an analyte at
a waste site, only the statistical samples were used to calculate the
representative concentrations.

An uncertainty analysis was performed to evaluate the effect the
selection of focused and/or statistical samples has on the risk
assessment results. Representative concentrations for these waste
sites are also calculated using the combined focused and
statistical samples.

The statistical representative concentrations were compared to the
combined focused and statistical samples and shown in Table
C3-11 in Appendix C, Section C-3, “Representative
Concentrations.”

The approach used to evaluate the dataset for each sample design
is the same as that used for the closeout documentation.

Evaluation of only the data from statistical sample designs when
focused sample data are also collected has the potential to
understate risk.

Frequently focused sample results are collected in areas with the
highest potential for contamination to be present.

The RI/FS soil risk assessment results will be used to identify waste
sites that warrant evaluation of remedial alternatives in the FS. The
RI/FS soil risk assessment can also be used to disposition the waste site
from an interim status to final closure status when risk thresholds are
not exceeded.

COPC Identification

Closeout documentation did not incorporate a COPC
identification step. All detected analytes with
remedial action goals reported in Remedial Design
Report/Remedial Action Work Plan for the 100 Area
(DOE/RL-96-17) were evaluated in the closeout
documentation. It should be noted that the remedial
action goals listed in DOE/RL-96-17 do not include
analytes that meet exclusion criteria.

The COPC refinement process includes a number of
complementary steps and criteria, including a preselected list of
contaminants that were excluded and a list that were included,
as determined and agreed upon among the Tri-Parties.
Additional selection steps include evaluation of all data
according to detection status, statistical comparisons of
Hanford Site data to background and reference site data, and an
analyte-specific evaluation.

Each interim action ROD area has a separate list of COPCs.

COPC identification uses the exclusion criteria defined in
Section 6.2.1.3 of this Chapter. The inclusion list and other
refinement steps used in the RCBRA were not incorporated into
the RI/FS.

When a COPC was detected at least once in a waste site decision
unit (and it did not meet the exclusion criteria) it was carried into
all risk calculations.

COPC refinement in RCBRA often included analytes that were not
detected at the waste site. The inclusion of analytes that were not
detected at a waste site decision unit results in an overstatement of risk.

The method used to identify COPCs in the RI/FS is similar to the
method used in the closeout documentation. The RI/FS and closeout
documentation did not evaluate analytes that met exclusion criteria.
Although two different COPC identification processes were used in the
RCBRA and the RI/FS, similar risk drivers were identified in the risk
characterization step of the analysis as shown in Tables 6-1 to 6-3.

Exposure point concentrations

The primary statistical calculation to support
closeout documentation was the 95 percent UCL on
the arithmetic mean of the data for waste sites closed
using a statistical/random sampling design.
Statistical calculations were performed in
compliance with Statistical Guidance for Ecology
Site Manager (Ecology Publication 92-54). This
guidance addresses two kinds of data distributions:
normal, and lognormal. This guidance also
implements the substitution method where a proxy
value of one-half the detection limit is assigned to
nondetected results.

For small datasets (n<10) a nonparametric
distribution was assumed. When a nonradionuclide
was detected in fewer than 50 percent of the samples
collected and for focused sampling designs, the
maximum detected value was used for comparison
purposes. For radionuclides, a 95 UCL was always
calculated using a nonparametric method based on
the “z” statistic.

Representative concentrations pertain to sampled medium,
whereas EPCs also include modeled concentrations in other
exposure media.

In general, the process used in the RCBRA follows EPA
guidance as provided in the ProUCL Version 4.0 User Guide
(EPA/600/R-07/038). The ProUCL software was not used to
calculate representative concentrations.

Calculating Upper Confidence Limits for Exposure Point
Concentrations at Hazardous Waste Sites (OSWER 9285.6-10) is the
EPA guidance for UCL calculation and ProUCL 4.00.05 serves as the
companion software package for this guidance.

ProUCL 4.00.05 contains rigorous parametric and nonparametric
(including bootstrap methods) statistical methods that can be used on
full datasets without nondetects and on datasets with below detection
or nondetect observations. Both ProUCL and Calculating Upper
Confidence Limits for Exposure Point Concentrations at Hazardous
Waste Sites (OSWER 9285.6-10) were used to recalculate the UCLs
for the 100-D/H Source OU.

ProUCL Version 4.0 User Guide (EPA/600/R-07/038) draws from
guidance documented in Calculating Upper Confidence Limits for
Exposure Point Concentrations at Hazardous Waste Sites
(OSWER 9285.6-10).

Methodologies for calculating 95 UCLs are similar between the RCBRA
and the RI/FS.

The methodology used in the closeout documentation addresses only
two data distributions for the 95 UCL calculation and implemented the
substitution of one-half the detection limit value for nondetected results.
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Parameter

Method Used in Closeout Documentation

Method Used in RCBRA

Method Used in RI/FS

Overall Effect on RI/FS

Waste Site Specific Information

Exclusion of focused sample
design data from waste site

1607-H2

Both focused and statistical sample design datasets
were evaluated in the closeout documentation.

Focused sample design datasets were not evaluated. Only
statistical sample design datasets were evaluated.

Both focused and statistical sample design datasets were evaluated
in the RI/FS.

Exclusion of some datasets has the potential to understate risks in
the RCBRA.

Exclusion of shallow zone
waste site 1607-H4

Both focused and statistical sample design datasets
were evaluated in the closeout documentation.

COPCs on OU-specific list were not detected.

All analytes detected at 1607-H4 were identified as COPCs and
carried forward into the risk characterization step of the analysis

Exclusion of some datasets has the potential to understate risks in
the RCBRA.

Chemical Risk for 100-D-49:4

Aroclor-1254 was included in the closeout
documentation for this waste site.

Analyte-specific evaluation for 100-D/H COPCs excluded
Aroclor-1254.

COPC selection process for RI/FS included all detected analytes,
which includes Aroclor-1254 for 100-D-49:4.

May have the potential to overstate risks.

Chemical Risk for 1607-D2:3

bis(2-ethylhexyl)phthalate was included in the
closeout documentation for this waste site.

Analyte-specific evaluation for 100-D/H COPCs did not include
bis(2-ethylhexyl)phthalate.

COPC selection process for RI/FS included all detected analytes,
which includes bis(2-ethylhexyl)phthalate for 1607-D2:3

May have the potential to overstate risks.

COPC
CVvP
EPA
MTCA
ou

PEF
PRG
RAO
RBSL
RCBRA
RESRAD
RI/FS
ROD
RSVP
uUCL
WDOH

contaminant of potential concern
Cleanup Verification Package

U.S. Environmental Protection Agency
Model Toxics Control Act

operable unit

particulate emission factor

preliminary remediation goal

remedial action objective

risk-based screening level

River Corridor Baseline Risk Assessment
Residual Radioactivity

Remedial Investigation/Feasibility Study
record of decision

Remaining Site Verification Package
upper confidence limit

Washington Department of Health
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The interim action ROD residential scenario for chemicals is based on the 1996 MTCA Method B direct
contact soil cleanup levels (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]).

The 1996 MTCA Method B direct contact soil cleanup levels are based solely on incidental soil ingestion
and do not address the food exposure pathways that were included for the radionuclide Rural Residential
scenario. The 2007 MTCA (WAC 173-340) Method B direct contact soil cleanup levels developed in this
chapter are similar to those published in the most recent version of the 100 Area RDR/RAWP
(DOE/RL-96-17) with the exception of those chemicals with remedial action goals based on the
inhalation exposure route.

In addition to performing the risk-based screening evaluation, another purpose for updating the PRGs is
to determine whether the remedial action goals developed and reported in the 100 Area RDR/RAWP
(DOE/RL-96-17) are protective when compared to current guidance. Chapter 8 provides a summary of the
remedial action goals reported in the 100 Area RDR/RAWP in addition to the PRGs presented in this chapter.

6.1.3  RI/FS Soil Risk Assessment (Reasonably Anticipated Future Land Use Scenarios)

The RCBRA (DOE/RL-2007-21) evaluated risks for a range of exposure scenarios that represent a range
of upper bound and reasonably anticipated receptors and activities. When soil cleanup levels were
initially established for the River Corridor, the TPA signatories agreed that it was appropriate to protect
for a range of potential exposures in the future so that interim cleanup actions did not limit future use of
the Site. The Resident Monument Worker and the Casual Recreational User scenario represent reasonably
anticipated future land use.

PRGs are presented in this section for both scenarios (resident Monument worker and the casual
recreational user), as well as residential PRGs, for use in the risk-based screening evaluation. CVP and
RSVP data are compared to these PRGs. When the total risk for a waste site is less than 1 x 10 for
radionuclides based on the residential scenario or 1 x 10 for chemicals based on 2007 MTCA Method B
direct contact soil cleanup levels (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]),
then protection of the resident Monument worker and casual recreational user is also achieved. The results
of these comparisons can be used in risk management decisions (presented in Section 6.2.5.5) and show
that the total risk calculated for the Residential and Resident Monument Worker scenarios are essentially
identical. The Residential PRGs are slightly lower than the Resident Monument Worker PRGs because
the Residential exposure scenario includes the food chain pathways.

The Resident Monument Worker scenario was evaluated in the RCBRA (DOE/RL-2007-21) as an
occupational scenario and was applied on a local and broad area scale. In the RCBRA (DOE/RL-2007-21),
the resident Monument worker spent a fraction of the day on the waste site at his residence (local area)
and spent a fraction of the same day in a region as large as an individual ROD decision area (comparable
to an OU) and potentially as large as the entire River Corridor conducting work activities (broad area).

To incorporate the use of this exposure scenario in the RI/FS process, the scenario was modified to
assume that the broad area concentration was equal to the RME broad area upland surface soil
concentration reported in the RCBRA (DOE/RL-2007-21). The PRG value represents the concentration of
soil the resident Monument worker is exposed to on the waste site (local area).

With the exception of the soil ingestion rate and exposure time, the exposure assumptions used to
calculate the resident Monument worker local area PRGs are the same as those that would be used to
provide an RME for the residential exposure scenario. With the exception of the soil ingestion rate, the
exposure assumptions used to calculate the resident Monument worker broad area risks are the same as
those that would be used to provide an RME for the Industrial Worker exposure scenario defined in Risk
Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual Supplemental
Guidance “Standard Default Exposure Factors” Interim Final (OSWER Directive 9285.6-03). Some
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exposure assumptions were updated based on recent EPA guidance or modified to conform to
recommended EPA methodology for calculation of PRGs. Exposure assumptions that were updated based
on recent guidance include inhalation rates, PEFs, and the external gamma shielding factor. The exposure
assumptions that were modified to correlate to standard PRGs equations include soil ingestion rates,
indoor time fraction, onsite exposure time, and use of decay factors. These updates and modifications
allow a PRG to be developed to confirm that cleanup actions at the waste site will protect reasonably
anticipated future land uses. Table 6-5 summarizes the modifications made to the Resident Monument
Worker exposure scenario for use as a PRG.

Table 6-5. Summary of Differences in Exposure Assumptions for the Resident Monument Worker
between the RCBRA and RI/FS Risk Assessment

Parameter RCBRA Resident Monument Worker RI/FS Resident Monument Worker

Soil ingestion rate A soil ingestion rate of 100 mg/day is assumed for A soil ingestion rate of 100 mg/day is
this receptor. The soil ingestion rate is apportioned assumed for this receptor.
to the local area and the broad area based onthe  The RI/FS allocated 76.2 mg/day to
amount of time the receptor spends at each area.  residential portion (local area) of this

The RCBRA (DOE/RL-2007-21) allocated scenario and 23.8 mg/day to the occupational
52.2 mg/day to the residential portion (local area)  portion (broad area) of this scenario for

of this scenario and 25 mg/day to the occupational a total of 100 mg/day.

portion (broad area) of this scenario.

Inhalation rate The RCBRA (DOE/RL-2007-21) assumed an The RI/FS assumed an inhalation rate of
inhalation rate of 0.63 m*hour based on an 0.83 m*hour based on an inhalation rate of
inhalation rate of 15 m*/day. 20 m¥/day.

Particulate Emission Factor The RCBRA (DOE/RL-2007-21) used a PEF of  The RI/FS used the EPA default PEF of
1.08 x 10® m¥/kg for the local areaand a PEF of 7.3 x 10 m*/kg for the local area and a PEF
4.3 x 10® m¥kg for the broad area. of 2.6 x 10" m*/kg for the broad area.

Time spent on the local area and The RCBRA (DOE/RL-2007-21) assumed an The RI/FS assumed that an exposure time of

broad area scale exposure time of 13 hours/day spent at the 16 hours/day was spent at the residence
residence (local area), 8 hours spent onsite at work (local area) and 8 hours/day onsite at work
(broad area), and 3 hours offsite (neither local nor  (broad area) for a total of 24 hours/day.
broad area) for a total of 24 hours/day.

Indoor and outdoor exposure time The RCBRA (DOE/RL-2007-21) assumed that ~ The RI/FS assumed that the resident spent

the resident spent 13 hours/day indoors, 13 hours/day indoors and 3 hours/day
8 hours/day outdoors, and 3 hours/day offsite. outdoors (local area) and the worker spent
8 hours/day outdoors (broad area).
Gamma shielding factor The RCBRA (DOE/RL-2007-21) used an The RI/FS used an external gamma shielding
external gamma shielding factor of 0.7. factor of 0.4 based on current guidance.
Radiological decay factors Decay of radioisotopes over the exposure duration Decay of radioisotopes over the exposure
was not accounted for. duration was incorporated.
EPA = U. S. Enviornmental Protection Agency
PEF = particulate emission factor

RCBRA = River Corridor Baseline Risk Assessment
RI/FS = Remedial Investigation/Feasibility Study

The Casual User scenario was evaluated in the RCBRA (DOE/RL-2007-21, VVolume 11) as a recreational
scenario and was applied on a broad area scale; the casual user spent time enjoying recreational activities
(broad area) only in a region as large as an individual ROD OU, and potentially as large as the entire
River Corridor. Similar to the Resident Monument Worker, this exposure scenario was used to calculate
forward risk estimates. To incorporate the use of this exposure scenario in the RI/FS process, the scenario
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was modified to develop a PRG assuming that all of the casual user time was spent on the waste site
(local area). This assumption is the only modification made to this exposure scenario; no changes were
made to the exposure assumptions used to calculate PRG values. This modification allows a conservative
PRG to be developed to confirm that cleanup actions at the waste site will protect casual users.

Some exposure assumptions for the Casual Recreational User scenario were updated based on recent EPA
guidance or modified to conform to recommended EPA methodology for calculation of PRGs. Exposure
assumptions that were updated based on recent guidance include the incidental soil ingestion rate, the
inhalation rate, PEF, time spent on the local area and broad area scale, external gamma shielding factor,
and radiological decay. The exposure assumptions that were modified to correlate to standard PRGs
equations include soil ingestion rates and use of decay factors. These updates and modifications allow a
PRG to be developed to confirm that cleanup actions at the waste site will protect human health and the
environment. Table 6-6 summarizes the modifications made to the Casual Recreational User exposure
scenario for use as a PRG.

Table 6-6. Summary of Differences in Exposure Assumptions for the Casual Recreational User
between the RCBRA and RI/FS Risk Assessment

Parameter

RCBRA Casual User

RI/FS Casual Recreational User

Soil ingestion rate

A soil ingestion rate of 100 mg/day for an adultand A soil ingestion rate of 100 mg/day for an adult and

200 mg/day for a child were assumed for this
receptor. Soil ingestion at the waste site was
assumed proportional to the fraction of waking
hours spent at the Site.

200 mg/day for a child were assumed for this receptor. All
soil ingestion was assumed to occur at the waste site.

Inhalation rate

The RCBRA (DOE/RL-2007-21) assumed an
inhalation rate of 1 m*hour for an adult and

1 m¥hour for a child based on EPA recommended
short-term exposure values for light activity.

The RI/FS assumed an inhalation rate of 0.83 m*hour for
an adult, based on an inhalation rate of 20 m*/day, and
0.417 m*hour for a child, based on an inhalation rate of
10 m*/day (Risk Assessment Guidance for Superfund:
Volume I—Human Health Evaluation Manual (Part B,
Development of Risk-Based Preliminary Remediation
Goals): Interim [EPA/540/R-92/003]).

Particulate Emission
Factor

The RCBRA (DOE/RL-2007-21) used a PEF of
4.3 x 10° m¥/kg for the broad area.

The RI/FS used the EPA default PEF of 7.3 x 10™ m¥/kg
(Supplemental Guidance for Developing Soil Screening
Levels for Superfund Sites [OSWER 9355.4-24]).

Time spent on the
local area and the
broad area scale

The RCBRA (DOE/RL-2007-21) assumed an
exposure time of 6 hours/day is spent onsite, all in
the broad area.

The RI/FS assumed an exposure time of 6 hours/day is
spent onsite, all in the local area.

Gamma shielding
factor

The RCBRA (DOE/RL-2007-21) did not apply
a gamma-shielding factor (all exposure is assumed
to occur outdoors).

The RI/FS did not apply a gamma-shielding factor
(all exposure is assumed to be occurring outdoors).

Radiological decay
factors

Decay of radioisotopes over the exposure duration
was not accounted for.

Decay of radioisotopes over the exposure duration was
incorporated.

EPA =
PEF =
RCBRA
RI/FS

U.S. Environmental Protection Agency
particulate emission factor

River Corridor Baseline Risk Assessment
Remedial Investigation/Feasbility Study
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6.1.4 Other Residential Land Use Scenarios in RCBRA

The RCBRA (DOE/RL-2007-21, Volume I1) also evaluated three residential scenarios that describe
exposures related to a rural land-use pattern that involves home-produced foods. The Subsistence Farmer
scenario envisions a substantial quantity of home-produced foods, but not a diet composed solely of such
foods. The two Native American Resident scenarios, however, envision a complete subsistence lifestyle
where all foods are grown at the home or (in the case of fish) caught in the Columbia River. Residential
receptors are assumed to spend effectively all of their time in the area around a residence located on a
remediated waste site to assign all soil-related exposures to that site.

PRGs were not calculated in the RCBRA (DOE/RL-2007-21, Volume I1) for these additional residential
scenarios. Direct contact and food chain exposure associated with radiological contaminants for
unrestricted land use are represented by the Rural Residential scenario described in Section 6.1.2.

DOE, through discussions with the Tribes, has agreed to include quantitative analysis of Native American
scenarios in risk assessments supporting RI/FS documents. The two scenarios considered are provided by
the CTUIR and the Yakama Nation. The RCBRA (DOE/RL-2007-21, Volume Il) presents the risks and
hazards calculated for both Native American exposure scenarios from direct contact, external gamma
exposure, inhalation, and food chain pathways from remediated waste sites. The groundwater risk
assessment presented in Section 6.3 presents the results of both Native American scenarios for potentially
complete exposure pathways associated with groundwater. The groundwater risk assessment presents the
risks and hazards calculated for groundwater used as a source of drinking water and as a source of steam
for sweat lodge (see Section 6.3.8.5.1). The results from the RCBRA for remediated waste sites and the
results from the groundwater risk assessment can be summed to obtain a cumulative estimate of risk for
all exposure pathways included in the CTUIR and Yakama Nation exposure scenarios. These tribal
scenarios have been evaluated and presented in Hanford Site risk assessments to assist interested parties
in providing input on remedial alternatives (Feasibility Study Report for the 200-ZP-1 Groundwater
Operable Unit [DOE/RL-2007-28]), and have not been used for development of PRGs as part of
alternatives analyses in the FS.

The results of the local area risk assessment for the residential scenarios indicate that present-day RME
cancer risk is frequently greater (11 of 28 remediated sites at the 100-D Source OU and seven of

seven remediated sites at the 100-H Source OU for the Subsistence Farmer scenario) than 1 x 10 and
that RME chemical hazard index (HI) frequently (4 of 28 remediated sites at the 100-D Source OU and
seven of seven remediated sites at the 100-H Source OU for the Subsistence Farmer scenario) exceeds the
threshold HI of 1. A summary of risks and noncancer hazards associated with the Subsistence Farmer
scenario is provided in Table 6-7. Present-day RME cancer risks greater than 1 x 10 for the Subsistence
Farmer exposure scenario are almost entirely related to one of three factors:

e External irradiation from short-lived radionuclides including europium-152, cesium-137, and
cobalt-60

e Exposure to arsenic from ingestion of garden produce

e Exposure to the short-lived radionuclide strontium-90 from ingestion of produce and
livestock products

By the year 2075, the RCBRA (DOE/RL-2007-21) calculated the Subsistence Farmer RME cancer risks
above 1 x 10™ are related overwhelmingly to arsenic exposure from produce ingestion. Because the
CTUIR Resident and Yakama Resident scenarios use very high (subsistence level) Hanford Site-raised
food ingestion rates, strontium-90 still plays a significant role in food-related exposures at year 2075 for
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these scenarios. By the year 2150, however, CTUIR Resident and Yakama Resident cancer risks above
1 x 10™ are dominated by arsenic exposure from ingestion of garden produce.

e The RCBRA (DOE/RL-2007-21, Volume IlI) Subsistence Farmer cancer risk and chemical HI results
were frequently above threshold criteria. The Subsistence Farmer reported cancer risk and chemical
HI results above threshold criteria whereas the closeout documentation reported that residual
chemical concentrations met or were below threshold criteria. The two major differences were
identified between the risk assessment methods used in the RCBRA (DOE/RL-2007-21, Volume I1)
and the basis of the interim remedial action goals. These differences were as follows: Residential
interim action remedial action goals for chemicals are 1996 MTCA Method B direct contact soil
cleanup levels (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]), which is an
RME scenario based on incidental soil ingestion and does not address the food exposure pathways
historically evaluated for radionuclides.

e The interim action remedial action goal for arsenic is 20 mg/kg, which is an “adjusted” value
established by the State of Washington to address a range of natural background levels 2007 MTCA
(“Tables” [WAC 173-340-900]).

These differences largely explain why some waste sites that were remediated to meet the interim action
RAGs still appear to present high levels of residual risk under the Subsistence Farmer scenario:

One of the primary uncertainties for site-specific results relates to modeled exposure concentrations in
foods, particularly garden produce. Further discussion of the potential biases in modeled food chain
exposures is provided in the RCBRA (DOE/RL-2007-21). As discussed in Section 5.9.4.2 of the RCBRA
(DOE/RL-2007-21), in the case of the noncancer HI results for produce ingestion of mercury, uranium,
and copper, a large conservative bias is anticipated because a linear plant uptake model was applied to
soil concentrations that are far above naturally occurring levels. In the case of arsenic, produce ingestion
provides the largest contribution to total cancer risk, even though the range of site soil concentrations is
relatively small. Uncertainty in produce concentrations is attributable to intrinsic variability related to soil
conditions, plant species and tissue type, harvest time, and other variables. A review of recommended
plant-soil ratios from a number of sources, as described in Section 5.9.2.4 of the RCBRA
(DOE/RL-2007-21, Volume II), shows that the range of soil to plant transfer ratios for arsenic (from 0.006
to 1.125) is approximately a factor of 200. The value of 0.53 used in the HHRA, from the RESRAD
computer code that has been used to perform dose assessment at the Hanford Site and other DOE facilities,
is near the upper end of this range. The high-end values for plant-soil concentrations, many of which were
used in the RCBRA (DOE/RL-2007-21, Volume I1) to assess exposure through food pathways, may
result in a scenario that provides exposures to nonradionuclide contaminants higher than an RME. PRGs
identified in this document for nonradiological analytes are based on 2007 MTCA procedures, which do
not include food chain pathways.

Table 6-7. Summary of Excess Lifetime Cancer Risks and Noncancer Hazards for the Subsistence Farmer
Scenario Reported in the RCBRA

Present Day
Total
Waste Site Cancer Present Day
Name Risk COPC Pathway Hazard Index COPC Pathway
100-D Source OU Waste Sites
100-D-4 6 x 105 None - 0.12 None
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Scenario Reported in the RCBRA

Present Day
Total
Waste Site Cancer Present Day
Name Risk COPC Pathway Hazard Index COPC Pathway
100-D-12 -4 None - -8 None -
100-D-20 2x10* Cesium-137 External 0.25 None -
Irradiation
Europium-152 External
Irradiation
100-D-21 2x10° None - -8 None -
100-D-22 -2 None - -2 None -
100-D-48:1 9x10° None -- 0.14 None --
100-D-48:2 2x10" Cesium-137 External 0.15 None .
Irradiation
Europium-152 External
Irradiation
Cobalt-60 External
Irradiation
100-D-48:3 4x10 Cesium-137 External 0.17 None .
Irradiation
Strontium-90 Milk Ingestion
Cesium-137 Milk Ingestion
100-D-48:4 2x10* Cesium-137 External 0.21 None -
Irradiation
Europium-152 External
Irradiation
Strontium-90 Milk Ingestion
100-D-49:2 6 x 10° None -- 0.11 None --
100-D-49:4 2x10" Europium-152 External 0.56 None -
Irradiation
100-D-52 7x10° None - 0.13 None -
116-D-1A 2x10* Cesium-137 External 0.16 None -
Irradiation
Europium-152 External
Irradiation
Strontium-90 Milk Ingestion
Strontium-90 Produce
Ingestion
116-D-2 2x10% None -- 0.14 None --
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Table 6-7. Summary of Excess Lifetime Cancer Risks and Noncancer Hazards for the Subsistence Farmer
Scenario Reported in the RCBRA

Present Day
Total
Waste Site Cancer Present Day
Name Risk COPC Pathway Hazard Index COPC Pathway

116-D-4 8x10° None -- 0.13 None -

116-D-7 1x 10" None - 0.18 None -

116-D-9 7x10° None -- 0.16 None -

116-DR-1&2 1x10* None - 0.14 None -

116-DR-4 3x10° None -- 0.15 None -

116-DR-6 1% 10" None - 0.13 None -

116-DR-7 4x10° None - 0.15 None -

116-DR-9 7x10* Cesium-137 External 0.054 None -
Irradiation

Cesium-137 Milk Ingestion

118-DR-2:2 8x10* Arsenic Produce 29 Arsenic Produce Ingestion
Ingestion

122-DR-1:2 5x 10 Arsenic Produce 2.6 Arsenic Produce Ingestion
Ingestion

1607-D2:1 2x10" Arsenic Produce 1.2 Arsenic Produce Ingestion
Ingestion

1607-D2:3 3x10° None - 0.63 None -

1607-D2:4 9x10° None -- 0.13 None -

1607-D4 2x10* Arsenic Produce 14 Arsenic Produce Ingestion
Ingestion

100-H Source OU Waste Sites

100-H-5 7x10" Arsenic Produce 4.7 Arsenic Produce Ingestion

Ingestion -
Mercury Beef Ingestion

100-H-17 7x10% Arsenic Produce 3 Arsenic Produce Ingestion
Ingestion

100-H-21 2x10° Arsenic Produce 12 Arsenic Produce Ingestion
Ingestion

100-H-24 7x10% Arsenic Produce 3.6 Arsenic Produce Ingestion
Ingestion

116-H-1 1x10°3 Arsenic Produce 5.9 Arsenic Produce Ingestion
Ingestion

116-H-7 1x10°8 Arsenic Produce 4.7 Arsenic Produce Ingestion
Ingestion
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Table 6-7. Summary of Excess Lifetime Cancer Risks and Noncancer Hazards for the Subsistence Farmer
Scenario Reported in the RCBRA

Present Day

Total
Waste Site Cancer Present Day
Name Risk COPC Pathway Hazard Index COPC Pathway
1607-H2 1x10°8 Arsenic Produce 69 Mercury Beef Ingestion
Ingestion

Mercury Produce Ingestion

Notes: Risk drivers shown have an associated risk greater than 1 x 107,
No COCs were identified.

Source: RCBRA data from River Corridor Baseline Risk Assessment, Volume I1: Human Health Risk Assessment
(DOE/RL-2007-21), Part 2 (Tables 5-102 and 5-104).

cocC = contaminant of concern

COPC = contaminant of potential concern

ou = opearable unit

RCBRA = River Corridor Baseline Risk Assessment

6.2 Soil Risk Assessment

Section 6.1.1 summarized the evaluation of residual risks performed in the RCBRA (DOE/RL-2007-21,
Volume I1) for waste sites cleaned up under the interim action ROD. Section 6.1.2 described how
elements of the RCBRA (DOE/RL-2007-21, Volume I1) were updated to reflect current guidance, risk
assessment methodologies, and toxicity information to support the FS. Section 6.2 provides the updated
soil risk assessment, which implements the updates described in Section 6.1.2.

The following paragraphs describe the 100-D/H Source OU soil risk assessment followed:
o Identify all waste sites with a “no action” or “interim closed out” reclassification status.

e Obtain verification sampling and analysis data for all “no action” and “interim closed out” waste sites
that have been remediated through July 20114.

o Compute EPCs for each detected analyte measured at a waste site, using the EPA’s ProUCL version
4.00.05 software (ProUCL Version 4.00.05 User Guide (Draft) [EPA/600/R-07/038]).

e Compare EPCs to direct contact RBSLs selected to represent baseline conditions and reasonably
anticipated future Hanford Site use.

e Calculate cancer risk and noncancer hazards for each detected analyte.

e Compare cancer risks and noncancer hazards to acceptable state and federal target risk and
noncancer thresholds.

e Determine whether the “no action” or “interim closed out” waste site should be carried forward into
the FS to select remedial alternatives.

4 These are waste sites for which interim action cleanups had been completed under interim action RODs and for
which the CVPs were completed through July 2011.
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This soil risk assessment follows the risk assessment guide (EPA/540/1-89/002). The following sections
describe the four-step process. Because this soil risk assessment is intended to complement the analysis
performed in the RCBRA (DOE/RL-2007-21, Volume I1), where applicable, a brief description is
provided to describe the similarities in approach.

6.2.1 Data Analysis

This section describes the sources of data used in the risk assessment (Section 6.2.1.1), describes the data
guality assessment (DQA) and data validation process (Section 6.2.1.2), and identifies COPCs in vadose
zone material that are accessible for human exposures (Section 6.2.1.3). During the course of this risk
assessment, analytes were evaluated to identify COPCs and prioritize those estimated to pose an
unacceptable risk and warrant evaluation in the FS.

6.2.1.1  Sources of Analytical Data Used in Risk Assessment

This soil risk assessment includes vadose zone material samples for remediated waste sites with a
“no action” or “interim closed out” reclassification status collected within the 100-DR-1, 100-DR-2,
100-HR-1, and 100-HR-2 Source OUs. Waste sites where remediation and verification sampling and
analysis were assessed by the end of July 2011 are included in the soil risk assessment.

All samples were collected and analyzed in accordance with the requirements stated in 100 Area
Remedial Action Sampling and Analysis Plan (hereinafter called 100 Area SAP [DOE/RL-96-22]). Data
collected under the 100 Area SAP (DOE/RL-96-22) are used to meet the purpose and objectives of the
100 Area RDR/RAWP (DOE/RL-96-17), which describes the design and the implementation of the
remedial action processes required by the following:

e |nterim Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-1,
100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-1U-2, 100-1U-6, and 200-CW-3 Operable
Units, Hanford Site, Benton County, Washington (100 Area Remaining Sites)
(EPA/ROD/R10-99/039)

e Amendment to the Interim Remedial Action Record of Decision for the 100-BC-1, 100-DR-1, and
100-HR-1 Operable Units, Hanford Site, Benton County, Washington (EPA/AMD/R10-97/044)

e Declaration of the Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-2,
100-HR-2, and 100-KR-2 Operable Units, Hanford Site (100 Area Burial Grounds), Benton County,
Washington (EPA/541/R-00/121)

Remediation of waste sites in the 100-D/H Source OUs began in 1996. The constituents are identified for
each waste site based on process knowledge, site history, and site-specific discussions with the lead
regulatory agency. Constituents analyzed include the COPCs for the waste site; as a result different
constituents are analyzed at each waste site. Therefore, only constituents reported at each waste site are
included in risk calculations. Analytical results for each waste site are included in the associated closeout
documentation, which is listed in Appendix C, Table C-1, of the 100-D/H Work Plan
(DOE/RL-2008-46-ADD1). Both the 100-D/H Work Plan (DOE/RL-2008-46-ADD1) and the 100 Area
RDR/RAWP (DOE/RL-96-17) were reviewed and approved by the Tri-Parties.

Ninety-five 100-D Source OU waste sites have verification sampling data and are included in this soil risk
assessment. Twenty-eight of these 100-D Source OU waste sites were evaluated in the RCBRA
(DOE/RL-2007-21, Volume 11). An additional thirteen 100-D Source OU sites, referred to as associated
waste sites, have been remediated, but are included in another waste site’s sampling and closeout
documentation. Forty-seven 100-H Source OU waste sites have verification sampling and analysis data
and are included in this soil risk assessment. Eight of these 36 100-H Source OU waste sites were
evaluated in the RCBRA (DOE/RL-2007-21, Volume II). An additional 10 100-H Source OU sites,
referred to as consolidated sites, have been remediated but are included in another waste site’s sampling
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and closeout documentation. A summary of the waste sites, associated decision unit(s), and
reclassification status for 100-D Source OU and 100-H Source OU is provided in Tables G-1 and G-2,
respectively. Waste site decision units are defined in Section 6.2.2.2. The waste sites listed in Tables G-1
and G-2 are a subset of the waste sites that were listed in Appendix C, Table C-1, of the 100-D/H Work
Plan (DOE/RL-2008-46-ADD1). Summaries of the remediated waste sites and consolidated waste sites
for the 100-D and 100-H Source OUs is provided in Tables 6-8 and 6-9, respectively.

Table 6-8. Summary of Remediated Waste Sites and Associated Waste Sites in the
100-D Source OUs

Waste Site Totals Remediated Waste Site Associated Waste Sites?

100-D Source OU

100-DR-1

100-D-1

100-D-18

100-D-19

100-D-2

100-D-20

100-D-21

100-D-22

100-D-24

100-D-29

100-D-3

100-D-31:1°

100-D-31:10

100-D-31:2°

100-D-31:3

100-D-31:4

100-D-31:5

100-D-31:6

100-D-31:7

100-D-31:8

100-D-31:9

100-D-32

100-D-4

100-D-42°

100-D-45°
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Table 6-8. Summary of Remediated Waste Sites and Associated Waste Sites in the
100-D Source OUs

Waste Site Totals Remediated Waste Site Associated Waste Sites®

100-D-48:1 100-D-49:1 UPR-100-D-4

100-D-48:2 UPR-100-D-2 UPR-100-D-3

100-D-48:3 100-D-5 100-D-6

100-D-48:4

100-D-49:2

100-D-49:3

100-D-49:4

100-D-50:5

100-D-52

100-D-56:1

100-D-56:2

100-D-61

100-D-7

100-D-70

100-D-74 -

100-D-75:3

100-D-80:1

100-D-82

100-D-83:4

100-D-84:1

100-D-85:1

100-D-87

100-D-88

100-D-9

100-D-90

116-D-10

116-D-1A 116-D-1B

116-D-2

116-D-4

116-D-5

116-D-6
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Table 6-8. Summary of Remediated Waste Sites and Associated Waste Sites in the

100-D Source OUs

Waste Site Totals

Remediated Waste Site

Associated Waste Sites®

116-D-7

116-D-9

116-DR-1 & 2

116-DR-5

116-DR-9

100-D-25

118-D-6:4

120-D-2

126-D-2

128-D-2

130-D-1

132-D-1

1607-D2:1

1607-D2:2

1607-D2:3

1607-D2:4

1607-D4

1607-D5

628-3

UPR-100-D-5

100-DR-1 Source OU Totals

74

100-DR-2

100-D-12

100-D-13

100-D-15

100-D-28:1

100-D-43°

100-D-47

100-D-94

116-D-8

116-DR-10

116-DR-4
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Table 6-8. Summary of Remediated Waste Sites and Associated Waste Sites in the

100-D Source OUs

Waste Site Totals

Remediated Waste Site

Associated Waste Sites®

116-DR-6

116-DR-7

116-DR-8

118-D-1

118-D-4

118-D-5

118-DR-1

d

100-D-46

118-DR-2:2

122-DR-1:2 100-D-23

100-D-53 100-D-54  100-D-64

1607-D1

600-30

100-DR-2 Source OU Totals

21

100-DR-1 and 100-DR-2

95

13

100-D Area Total

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another

remediated waste site.

b. Sample results are consolidated for the 100-D-31:1 and 100-D-31:2 waste sites.
c. Sample results are consolidated for the 100-D-42, 100-D-43, and 100-D-45 waste sites.

d. Consolidated with 116-D-1A (100-DR-1) remediated waste site.

OU = operable unit

Table 6-9. Summary of Remediated Waste Sites and Consolidated Waste Sites in the

100-H Source OUs

Waste Site Totals

Remediated Waste Site

Associated Waste Sitesa

100-HR-1 Source OU

100-H-17

100-H-30 116-H-2

100-H-21

100-H-1 100-H-22

100-H-24

100-H-28:1

100-H-28:6

100-H-3
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Table 6-9. Summary of Remediated Waste Sites and Consolidated Waste Sites in the

100-H Source OUs

Waste Site Totals

Remediated Waste Site

Associated Waste Sitesa

100-H-35

100-H-4

100-H-41

100-H-45

100-H-49:2

100-H-5

100-H-50

100-H-51:4

100-H-51:5

100-H-53

100-H-7

100-H-8

116-H-1

116-H-3

116-H-5

116-H-7

116-H-9

100-H-11°

100-H-12°

100-H-14°

118-H-6:3"

118-H-6:6"

100-H-10°
100-H-9°
100-H-13°

118-H-6:2°

100-H-31°

118-H-6:5

118-H-6:4

1607-H2

1607-H3

1607-H4

100-HR-1 Source OU Totals

33

100-HR-2 Source OU

c

100-H-2

100-H-37
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Table 6-9. Summary of Remediated Waste Sites and Consolidated Waste Sites in the
100-H Source OUs

Waste Site Totals Remediated Waste Site Associated Waste Sitesa

100-H-40

118-H-1:1

118-H-1:2

118-H-2

118-H-3

118-H-4

118-H-5

128-H-1

128-H-2

128-H-3

1607-H1

600-151

600-152

100-HR-2 Source OU Totals 14 1

100-HR-1 and 100-HR-2 Totals 47 10

100-H Area Total 57

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another
remediated waste site.

b. Sample results are consolidated for the 118-H-6:2,118-H-6:3,118-H-6:6,100-H-9,
100-H-10,100-H-11,100-H-12,100-H-13,100-H-14, and 100-H-31 waste sites

c. Consolidated with 100-H-17 (100-DR-1)
OU = operable unit

The following sources of analytical data were used in the soil risk assessment:
e All verification sampling and analysis data reside in the HEIS database.

o All closeout verification data used in this soil risk assessment are included in Appendix D of
this report.

6.2.1.2 Data Quality Assessment and Data Validation

A DQA is performed and reported in each closeout documentation report. The DQA compares the
verification sampling approach and resulting analytical data with the sampling and data quality
requirements specified by the project objectives and performance specifications. The DQA determines if
the data are of the right type, quality, and quantity to support Hanford Site cleanup verification decisions
within specified error tolerances. The DQA also determines if the analytical data are found acceptable for
decision-making purposes and if the sample design was sufficient for the purpose of cleanup Hanford Site
verification. The cleanup verification sample analytical data and detailed DQA are summarized in the
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appendices associated with the CVPs. The results of each DQA are incorporated by reference and no
further DQA was performed as part of this risk assessment.

All the analytical data are evaluated, and a portion validated for compliance with QA project plan
requirements as documented in the 100 Area RDR/RAWP (DOE/RL-96-17). Data evaluation is
performed to determine whether the laboratory carried out all steps required by the SAP and the
laboratory contract governing the conduct of analysis and reporting of the data. This evaluation also
examines the available laboratory data to determine whether an analyte is present or absent in a sample
and the degree of overall uncertainty associated with that determination. Data validation was done in
accordance with validation procedures as part of data evaluation.

6.2.1.3 Identification of COPCs

For the purposes of this soil risk assessment, a COPC is defined as an analyte suspected of being
associated with site-related activities that represent a potential threat to human health and the
environment, and whose data are of sufficient quality for use in a quantitative BRA.

All analytes detected at least once in a waste site decision unit for the waste sites included in the soil risk
assessment are identified as COPCs. As described in Section 6.2.2.2, the floor and sidewalls of an
excavated waste site are divided into one or more decision units (for example, shallow zone, deep zone,
overburden, or staging pile area). Verification sampling and analysis data are collected according to
sample design requirements for the type of decision unit. For the purpose of this soil risk assessment, an
“exposure area” and a “decision unit” are operationally defined as being the same. Verification sampling
and analysis data are subsequently grouped to calculate EPCs.

The contributions from naturally occurring metals and anthropogenic radioisotopes are discussed in the
risk characterization section in accordance with CERCLA Soil Background Comparisons Guidance

(EPA 540-R-01-003). The risk characterization will discuss elevated background concentrations and their
contribution to Hanford Site risks as well as naturally occurring elements that are not CERCLA hazardous
substances, pollutants, and contaminants but exceed the RBSLSs.

The RCBRA (DOE/RL-2007-21) identifies a subset of analytes that is excluded from consideration as
COPCs by agreement among the Tri-Parties based on relevant Hanford Site data. The following exclusion
lists employed in the RCBRA (DOE/RL-2007-21) were also applied to the waste site verification data
during the data reduction steps described in Section 6.2.2.2 and listed in Appendix G, Tables G-5 and G-6:

Radionuclides with a half-life of less than 3 years: Radionuclides with half-lives less than 3 years
would not be present as a result of historical Hanford Site operations because of radioactive decay that
would have occurred since operations ceased.

Essential nutrients: Essential nutrients that are present at relatively low concentrations and are toxic only
at high concentrations need not be considered in a quantitative risk assessment.

Water quality or soil physical property measurements: These analytes were measured to obtain
information on water quality or soil properties to understand potential confounding factors for bioassays
conducted for soil, sediment, or water or to interpret their influence on the toxicity of COPCs (for
example, grain size for soils, water hardness for metal effects).

Background radionuclides (potassium-40, radium-226, radium-228, thorium-228, thorium-230, and
thorium-232): These background radionuclides were identified by consensus of Tri-Party managers as
not directly related to Hanford Site operations or processes.
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The RCBRA (DOE/RL-2007-21) includes two additional steps to identify COPCs that the soil risk
assessment did not apply:

Evaluate analytes that are commonly reported in waste site cleanup verification reports based on
frequency of detection. Inclusion list analytes were not consistently reported in the CVP and RSVP data;
therefore, this step was not implemented.

Evaluate remaining analytes as candidate COPCs, based on comparisons to Hanford Site background,
reference areas, and an “analyte-specific” evaluation.

As a result of not applying these last two steps used in the RCBRA (DOE/RL-2007-21) to identify
COPCs, more analytes are identified as COPCs in this soil risk assessment than were identified in the
RCBRA (DOE/RL-2007-21, Volume 11). Identifying all detected analytes (except those on the exclusion
list) as COPCs is a more streamlined approach that is consistent with CERCLA Soil Background
Comparisons Guidance (EPA 540-R-01-003).

6.2.2 Exposure Point Concentrations

Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites
(hereinafter called Calculating UCL for EPCs [OSWER 9285.6-10]) states that, “an exposure point
concentration (EPC) is a conservative estimate of the average chemical concentration in an exposure
medium.” Supplemental Guidance to RAGS: Calculating the Concentration Term (hereinafter called
RAGS Supplemental Guidance [OSWER Publication 9285.7-081]) states that, “because of the uncertainty
associated with estimating the true average concentration at a site, the 95 percent UCL of the arithmetic
mean should be used for this variable.” Use of the 95 percent UCL of the arithmetic mean yields risk
estimates that correspond to an RME. Instances where a value different from a UCL is used as the EPC
are clearly stated in this risk assessment. Reasons and/or justifications are also provided.

Calculating UCL for EPCs (OSWER 9285.6-10) further states that, “The EPC is determined for each
individual exposure unit within a site. An exposure unit is the area throughout which a receptor moves
and encounters an environmental medium for the duration of the exposure. Unless there is site-specific
evidence to the contrary, an individual receptor is assumed to be equally exposed to media within all
portions of the exposure unit over the time frame of the risk assessment.” For this soil risk assessment, the
“exposure unit” and the “decision unit” are operationally defined as being the same. As previously
described, one or more decision units are included within a waste site, including shallow vadose zone
material (0 to 4.6 m [0 to 15 ft] bgs), deep vadose zone material (greater than 4.6 m [15 ft] bgs),
overburden material, and staging pile area footprint material.

Statistical Guidance for Ecology Site Managers (Ecology Publication 92-54) has been used to calculate
EPCs for all closeout documentation to date. Statistical Guidance for Ecology Site Managers

(Ecology Publication 92-54) was published in 1992, and this guidance has been superseded by Calculating
UCL for EPCs (OSWER 9285.6-10), which was published in 2002. For this soil risk assessment, UCLs
were recalculated for all waste sites and decision units to incorporate the updated guidance in Calculating
UCL for EPCs (OSWER 9285.6-10). UCLs that incorporate updated guidance use more rigorous
statistical methods to estimate exposure concentrations and eliminate the use of the simple substitution
method for nondetects (where a proxy value of one-half the detection limit is assigned to all nondetected
results). Calculating UCL for EPCs (OSWER 9285.6-10) notes that because of the complicated formulas
used to compute UCLSs, there is no general rule about which substitution rule will yield an appropriate
UCL. The uncertainty associated with the substitution method increases and its appropriateness decreases
as the detection limit becomes larger and as the number of nondetects in the dataset increases.
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The following sections describe the statistical methodology used for closeout documentation

(Section 6.2.2.1) and the statistical methodology used for this soil risk assessment (Section 6.2.2.2).
Although both evaluations used the same dataset, the differences in statistical methodologies may result
in differences in the EPC values between the closeout documentation and this risk assessment for the
same COPCs in a waste site decision unit.

6.2.2.1 Statistical Evaluation Methodology Used for Closeout Documentation

For waste sites closed using a statistical/random sampling design, the primary statistical calculation to
support cleanup verification was the 95 percent UCL on the arithmetic mean of the data. Statistical
calculations were performed in compliance with Statistical Guidance for Ecology Site Managers
(Ecology Publication 92-54). This guidance addresses two kinds of data distributions: normal, and
lognormal. For normal data, the guidance recommends a UCL on the mean based on the Student’s
t-statistic. For lognormal data, the guidance recommends the Land method using the H-statistic. This
guidance also implements the substitution method where a proxy value of one-half the detection limit is
assigned to nondetected results.

Small datasets (n<10) were evaluated in accordance with Section 5.2.1.4 of Statistical Guidance for
Ecology Site Managers (Ecology Publication 92-54) and a nonparametric distribution was assumed.
When a nonradionuclide was detected in fewer than 50 percent of the samples collected and for focused
sampling designs, the maximum detected value was used for comparison purposes.

6.2.2.2 Statistical Evaluation Methodology Used for the Soil Risk Assessment

Calculating UCL for EPCs (OSWER 9285.6-10) is the EPA guidance for UCL calculation and

ProUCL 4.00.05 serves as the companion software package for this guidance. ProUCL 4.00.05 contains
rigorous parametric and nonparametric (including bootstrap methods) statistical methods that can be used on
full datasets without nondetects and on datasets with nondetect observations. Both ProUCL and Calculating
UCL for EPCs (OSWER 9285.6-10) were used to recalculate the UCLs for the 100-D/H Source OU.

To ensure that waste sites and decision units are grouped correctly and UCLs are accurately recalculated,
all waste sites, decision unit groupings, and sample numbers were individually verified against the
original closeout documentation. Waste Site Evaluation Process for the 100-DR-1, 100-DR-2, 100-HR-1,
and 100-HR-2 Source Operable Units (ECF-100DR1-11-0003), which is provided in Appendix G,
documents the process used to confirm a complete list of waste sites with a reclassification status of
“interim closed out” or “no action” through July 2011. Verification of sample numbers associated with
each waste site was confirmed, along with the decision unit grouping with which the sample is associated.
This list of samples is used to verify that the sampling results are complete. The analytical data that have
undergone this review process become the final dataset used to calculate the UCLs and associated
summary statistics used in this risk assessment. Tables G-3 and G-4 (Appendix G) list the sample
numbers associated with each waste site decision unit, along with the date the sample was collected, the
type of sample design used, and the Washington State plane coordinates of the sample location.

6.2.2.2.1 Waste Site Decision Units

Verification sampling and analysis data that are associated with the samples listed in Tables G-3 and G-4
(Appendix G) are from several different decision units within a waste site, including shallow vadose zone
material, deep vadose zone material, overburden material, and staging pile area footprint material.

The following describes the basis of each decision unit and briefly describes the sample designs used.

The floor and sidewalls of an excavated waste site are divided into one or more decision units. A sample
design is developed for the decision unit. Sample design requirements for each decision unit are described
in the 100 Area SAP (DOE/RL-96-22). In practice, the shallow zone decision unit is typically represented
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by material from the excavation floor if at or above 4.6 m (15 ft) and any sidewalls from grade level (0 m)
to a depth of 4.6 m (0 to 15 ft). The deep zone decision unit is represented by material from the excavation
floor (if below 4.6 m [15 ft]) and by any sidewall materials below 4.6 m (15 ft). As needed, decision
subunits and an associated sampling design are also established for suspect clean overburden stockpiles
(that is, to verify suitability for backfill material) and the footprint of the staging pile area. The layout and
orientation of the sampling designs are based on the size, shape, and depth of the site. Sampling of a
waste site decision unit to confirm attainment of RAQOs was performed according to one of three types of
sampling designs: focused sampling design, random or statistical sampling, or a combination of both.

The decision unit naming convention is summarized in Table 6-10.

Table 6-10. Summary and Definition of Decision Unit Types

Decision Unit Name Depth Sampling Design Description
Shallow 0to 4.6 m (0 to 15 ft) bgs Samples collected using a statistical sampling design
Deep Greater than 4.6 m (15 ft) bgs
Overburden Not applicable
Staging pile area Not applicable
Shallow_Focused 0 to 4.6 m (15 ft) bgs Samples collected using a focused sampling design
Deep_Focused Greater than 4.6 m (15 ft) bgs
Staging Pile Area_Focused Not applicable

bgs = below ground surface

The process used to calculate EPCs for each waste site and decision unit is documented in Computation of
Exposure Point Concentrations for the 100-DR-1, 100-DR-2, 100-HR-1, and 100-HR2 Source Operable
Units (ECF-100DR1-11-0004), which is provided in Appendix G, and the purpose is to document the data
processing and reduction steps, methodology, decision logic, assumptions, input files, and output files
used to determine the EPCs.

6.2.2.2.2 Data Processing and Reduction

This section describes the data processing and reduction steps that are taken prior to the calculation of
UCLs. Figures 6-1 and 6-2 show each of the data processing and data reduction steps, and the number of
records associated with each step for the 100-D and 100-H Source OUs, respectively.

6.2.2.2.3 Laboratory and Data Validation Flags

Analytical data are received from the laboratory with data qualification flags; validation qualifiers are
assigned during the data validation process. The following rules are applied to determine how the sample
results can be used for calculating UCLSs.

e All sample results flagged with a “U” data qualifier or combination of qualifiers that include a “U,”
such as a “UJ,” are considered nondetected concentrations.

o All sample results without a “U” data qualifier are considered detected concentrations, including
results without a qualifier or with an “E” or a “J” qualifier.
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e Sample results that are rejected and flagged with an “R” validation qualifier are not used for
calculating UCLs.

where:
U = Analyzed for but not detected above limiting criteria.
J = Estimated value.
E = Reported value is estimated because of interference (inorganics).
R = Do not use. Further review indicates the result is not valid.

6.2.2.2.4 Analytes Reported by Multiple Analytical Methods

Often, a sample is analyzed for an analyte using more than one analytical method, resulting in multiple
results for the analyte from the same location and sample date. When analytes are reported by more than
one analytical method for a sample, the results are processed to select the method that provides the most
reliable results. Considerations for determining data to be retained include method-associated sample size,
detection frequency, method sensitivity, and detection limits. The most conservative (that

is, health-protective) use of these types of data is the goal. Larger sample size, higher detection
frequencies, and lower detection limits are given higher priority for method selection.

For example, lead may be analyzed using EPA Method 200.8 (Methods for the Determination of Metals
in Environmental Samples, Supplement | [EPA-600/R-94/111]) with an EQL of 0.5 mg/kg, or EPA
Method 6010 (Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition;
Final Update IV-B [SW-846], hereinafter called SW 846) with an EQL of 5.0 mg/kg. For a sample with
lead concentrations reported by both methods, the results reported by EPA Method 200.8 (Methods for
the Determination of Metals in Environmental Samples, Supplement | [EPA-600/R-94/111]) are chosen
over EPA Method 6010 (SW 846 [SW-846]) because of the more sensitive detection limit.

6.2.2.2.5 Field Duplicate Results

Field QC samples (field duplicates) are collected in the field and analyzed by the laboratory as unique
samples. The parent sample and field QC samples are collected from the same location (that is, sample
node) and same date, resulting in more than one sample per location and date. Because multiple sets of
analytical results cannot be used to quantify risk (that is, this would result in multiple-counting of a
chemical), the results for the same location and date are reduced to a single result for each reported
analyte. The most conservative (that is, health-protective) result is the goal. The following criteria are
used to reduce multiple sample results for one location and date to a single result:

o If two or more detections are reported, the maximum concentration is used.

o If one detection and one or more nondetections are reported, the detected concentration is used. If two
or more nondetections are reported, the lowest detection limit is used.

6.2.2.2.6 Identify Analytes for 95 Percent UCL Calculation

After extracting and processing the dataset, it is further reduced to identify a subset of analytes that require
computation of a UCL. Analytes that meet any of the exclusion criteria or that were not detected in any of
the samples analyzed with the 100-D/H Source OU are not carried forward into the statistical calculations
and EPC selection. The analyte identification steps and the number of records associated with each of the
steps are presented on Figure 6-3 for the 100-D Source OU and Figure 6-4 for the 100-H Source OU.
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6.2.2.2.7 Apply Exclusion Criteria

The first step used to identify analytes that require a 95 percent UCL calculation is to apply exclusion criteria.
Analytes that do not meet the exclusion criteria are carried forward into the next step of the process. Analytes
that meet exclusion criteria are eliminated from further consideration. The following were excluded:

o Radionuclides that have half-lives of less than 3 years and that are not significant daughter products

e Background radionuclides that are not directly related to Hanford Site operations or processes
(potassium-40, radium-226, radium-228, thorium-228, thorium-230, and thorium-232)

o Essential nutrients (minerals) (calcium, magnesium, potassium, and sodium)
e Analytes without known toxicity information (for example, delta-BHC, endrin ketone, and sulfate)®

A total of 49 analytes for the 100-D Source OU and 37 analytes for the 100-H Source OU meet the
exclusion criteria and are listed in Tables G-5 and G-6 (Appendix G), respectively. Sampling dates,
minimum and maximum detected concentrations, minimum and maximum method detection limits
(MDL), and the basis for their exclusion are provided in these tables.

6.2.2.2.8 Identify Nondetected Analytes

The next step used to identify analytes that require a 95 percent UCL calculation is to identify
nondetected analytes. Analytes that are measured at appropriate sampling locations, have adequate
detection limits, and that have not been detected in any of the samples from the 100-D Source OUs or
(separately) from the 100-H Source OUs are eliminated from further consideration. Any analyte that is
detected at least once in the 100-D Source OU or (separately) at least once in the 100-H Source OU is
carried forward to the next step of the process.

A total of 75 analytes were not detected in the 100-D Source OU and 83 analytes were not detected in the
100-H Source OU and are listed in Tables G-7 and G-8 (Appendix G), respectively. The tables also
provide sampling dates, total number of samples, and minimum and maximum MDLSs.

6.2.2.2.9 95 Percent UCL Calculation Methodology

A discussion of waste site decision units was provided earlier in this section. It should be noted that calculated
UCLs and EPCs selected for shallow zone and deep zone decision units represent verification data collected
from the floor and the sidewall of the excavated waste site. As a result, risks are overstated because the UCL
and the EPC do not take credit for the existing clean backfill that covers the remediated waste site.

Analytical data for all analytes that have been detected at least once in each waste site decision unit are
extracted from the dataset and subsequently formatted so they can be directly imported into ProUCL
where 95 percent UCL calculations and summary statistics are performed.

The following information is obtained from the UCL calculations and summary statistics generated for
each waste site decision unit:

o Waste site decision unit name
e Analyte name and Chemical Abstract Service (CAS) Registry number
e Total number of sample results, total number of detects, and total number of nondetects

5 Note that this exclusion criterion includes the water quality or soil physical property measurements described in
Section 6.2.1.3 of this chapter. The sources of analyte-specific toxicity values and the recommended reference
hierarchy is provided in Section 6.2.4.2.
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e Minimum and maximum detection limits for each detected analyte (when available)®

¢ Minimum and maximum detected concentrations for each analyte

o Coefficient of variation (CV) for each analyte

e The UCL value, the UCL basis, and comments and/or warning statements for each analyte

For most datasets, ProUCL recommends a single UCL as the decision statistic. When a single decision
statistic is recommended, this UCL is selected. However, ProUCL will recommend more than one
decision statistic for some datasets. The most conservative (that is, health-protective) result, that is not
greater than the maximum observed concentration, is the goal when selecting the UCL to represent the
EPC. When more than one decision statistic is given, the following logic is used to select the UCL.:

If more than one UCL is recommended as a decision statistic and the UCLs are less than or equal to the
maximum observed concentration, then the highest recommended UCL is selected as the
decision statistic.

If more than one UCL is recommended as a decision statistic and the UCLs are greater than the maximum
observed concentration, then the maximum observed concentration is selected as the decision statistic.

If more than one UCL is recommended as a decision statistic, at least one is less than the maximum
observed concentration, and at least one is greater than the maximum observed concentration, then the
maximum observed concentration is selected as the decision statistic. There were 12 analytes in 100-D
and 8 analytes in 100-H where more than one UCL was recommended and at least one of the UCLs was
greater than the maximum observed concentration.

6.2.2.2.10 Selection of EPCs
The following logic was used to select the EPC for each detected analyte in a waste site decision unit:

e For samples collected in accordance with a focused sampling design, the maximum detected
concentration is selected as the EPC for every detected analyte.

e For samples collected in accordance with a statistical sampling design, the following logic is applied:

— Ifavalid 95 percent UCL can be calculated, then the highest potential 95 percent UCL value
(if more than one potential UCL value is recommended) is selected.

— If the recommended 95 percent UCL is greater than the maximum detected concentration, then
the maximum detected concentration is selected.

— Ifavalid 95 percent UCL cannot be calculated, then the maximum detected concentration
is selected.

Selection of the EPC value using the above decision logic is presented on Figure 6-5. A summary of the
EPCs for each detected analyte in a given waste site decision unit is provided in Table G-9 for the
100-D Source OU and Table G-10 for the 100-H Source OU (Appendix G).

6.2.2.2.11 Use of Maximum Detected Concentrations to Estimate the EPC
The EPC defaults to the maximum detected concentration when the following conditions are met:

o When samples are collected using a focused sampling design

6 Minimum and maximum detection limits are summarized in the ProUCL output only when a valid UCL can
be calculated.
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e When a valid 95 percent UCL cannot be calculated because of a limited number of detections
(less than 5)

e When a valid 95 percent UCL is greater than the maximum detected concentration

The sampling plan for a focused decision unit was designed to sample the areas of suspected
contamination. The results from this type of sampling design can introduce bias into statistical analyses
to estimate means, such as calculations of UCLs. RAGS Supplemental Guidance (OSWER Publication
9285.7-081) states “a value other than the 95 percent UCL can be used, provided the risk assessor can
document that high coverage of the true population mean occurs (that is, the value equals or exceeds the
true population mean with high probability).” The closeout documentation for the focused decision units
used the maximum detected concentration to determine whether the remedial action remedial action goal
has been attained (Section 3.6.3 of the 100 Area RDR/RAWP [DOE/RL-96-17]). Because of the potential
for statistical bias and to maintain consistency with the 100 Area RDR/RAWP (DOE/RL-96-17) the
maximum detected concentration is selected as a conservative estimate of the EPC for the focused
decision units.

ProUCL has minimum size requirements to compute UCLs. For datasets of at least five results, a UCL is
not calculated when there is only one detected result in the dataset. ProUCL notes that in cases where the
number of available detected samples is small (fewer than five), the estimation of the EPC term is decided
upon on a site-specific basis. ProUCL generates warning messages regarding the potential deficiencies
associated with a small dataset. For small datasets with very few detected values (fewer than five) a valid
UCL cannot be calculated. For risk assessment purposes, the maximum concentration is used as a
conservative representation of the EPC.

Some of the distributional methods employed by ProUCL can produce very high estimates of the UCL
(particularly the Land method). Calculating UCL for EPCs (OSWER 9285.6-10) acknowledges that the
Land method can produce extremely high values for the UCL when data exhibit high variance and the
sample size is small. RAGS Supplemental Guidance (OSWER Publication 9285.7-081) recognizes the
problem of extremely high UCLs, and recommends the maximum detected concentration become the
default when the calculated UCL exceeds this value. However, when the recommended UCL exceeds the
maximum detected concentration, ProUCL advises that an alternative UCL (that is, Chebyshev
inequality) be selected instead of the maximum detected concentration for an EPC. When the
recommended UCL is greater than the maximum detected result, the maximum detected value is selected
as the EPC for the 100-D/H Source OU. ProUCL displays a warning message when the recommended
95 percent UCL of the mean exceeds the observed maximum concentration.
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6.2.2.3 Methodology Used to Calculate Total Uranium Concentrations from Isotopic
Uranium Concentrations

Uranium analytical data are reported for all the 100-D/H Source OU waste site decision units as isotopic
uranium (reported in units of pCi/g) and not as total uranium (reported in units of pg/kg). Because total
uranium (ug/kg) is needed to support the 100-D/H Area Source OU FS, an additional step is performed to
calculate a mass-based total uranium concentration (ng/kg) from the activity-based isotopic uranium
concentrations (pCi/g) reported for each waste site decision unit. This step entails obtaining the uranium
isotope analytical data for each sample, converting the data from activity- to mass-based concentrations,
and then summing the converted values for detected concentrations to produce a mass-based total
uranium value. When all uranium isotope results are reported as hondetects, they are assigned a zero by
ProUCL and are not included in the summation of the mass-based total uranium concentration. The pCi/g
to pg/kg conversions and subsequent summations are performed using specific activities for the uranium
isotopes and appropriate conversion factors, as shown in the calculation example provided in Table 6-11.
As mentioned previously, only uranium isotopes that are detected at least once are included in the
summations for calculation of the total uranium concentration. In the Table 6-11 example, U-235 is
shown for demonstration purposes because it is not included in the summation. The calculated total
uranium values are assigned an analyte name of Total_U_Isotopes in the datasets and then a ProUCL
input file (as described in Section 6.2.2.2) containing the Total_U_Isotopes data is produced for each
waste site decision unit.

Table 6-11. Example Conversion from Activity- to Mass-Based Concentration (pCi/g to pg/kg) for Uranium
Isotopes and Summation to Produce a Mass-Based Total Uranium Concentration (pg/kg)

Measured
Activity Specific Specific Conversion Conversion Calculated
(pCi isotope/ Activity Activity Factor Factor Concentration
Uranium g soil)? (Bq isotope/ (pCi isotope/ (Mg isotope/ (g soil/ (ug isotope/
Isotope (ND or D) g isotope)® g isotope)® g isotope) kg soil) kg soil)
U-233/234° 0.649 (D) 2.302E+08 6.222E+09 1,000,000 1,000 0.10
U-235 0.031 (ND) 7.995E+04 2.161E+06 1,000,000 1,000 14
(not summed)
U-238 0.338 (D) 1.243E+04 3.359E+05 1,000,000 1,000 1,006
Total Uranium Concentration (Total_U_lIsotopes) (pg total uranium/kg soil) = 1,006

a. Example analytical data shown for illustration purposes only.

b. Table of Isotopes (Firestone and Shirley, 1998).

¢. Formula = specific activity (Bqg/g) / 3.7E+10 Bg/Ci x 1.0E+12 pCi/Ci.

d. Formula = measured activity (pCi/g) / specific activity (pCi/g) x conversion factor (ug/g) x conversion factor (g/kg).

e. Values presented are for uranium-234; uranium-234 is assumed to be the dominant isotope in undifferentiated
uranium-233/234

6.2.3 Exposure Assessment

This section defines the exposure scenarios used for various land use and receptor activities, describes the
potential exposure pathways resulting from Hanford Site contaminants, and provides the methodology for
calculating the RBSLs for direct contact, based on currently available Hanford Site information.

The conceptual exposure model is formulated according to EPA guidance, taking into consideration
information on contaminant sources, release mechanisms, routes of migration, potential exposure points,
potential routes of exposure, and potential receptor groups associated with the 100-D/H Source OUs. This
results in a set of exposure pathways that reflect an RME.
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An exposure pathway can be described as the physical course that a COPC takes from the point of release
to a receptor. The route of exposure is the means by which a COPC enters a receptor. For an exposure
pathway to be complete, all of the following components must be present:

e Asource

e A mechanism of chemical release and transport
e Anenvironmental transport medium

e An exposure point

e Anexposure route

e A receptor or exposed population

In the absence of any one of these components, an exposure pathway is considered incomplete; therefore,
it creates no risk or hazard?!?.

6.2.3.1 Contaminant Sources

The primary sources of contamination in 100-D/H Source OU are three water-cooled nuclear reactors
(105-D, 105-DR, and 105-H) and the structures (for example, fuel storage basins) and processes (for
example, sodium dichromate process) associated with reactor operations. The reactors were built to
irradiate uranium-enriched fuel rods from which plutonium and other special nuclear materials could be
extracted. Effluent generated during operations consisted primarily of contaminated reactor cooling water,
fuel storage basin water, and decontamination solutions.

Liquid and solid wastes from reactor operations and associated facilities were released to the vadose zone
column and the Columbia River. Wastes released to the environment created secondary sources of
contamination such as surface impoundments, cribs, ditches, burial grounds, and unplanned release sites.
Contaminant sources (that is, facilities and waste sites) are described in Sections 4.2 and 5.3 of this report.

6.2.3.2 Release Mechanisms and Environmental Transport Media
The primary COPC release mechanisms and transport pathways at 100-D and 100-H are discussed in
Sections 5.4 and 5.5, and include the following:

e Migration of contaminated liquids through the vadose zone column through infiltration, percolation,
or leaching

¢ Direct contact and external radiation from vadose zone material containing COPCs (receptor contact
with shallow vadose zone material replaces release and transport)

e Emission of dusts and vapors during former plant operations

e Generation of dust emanating from shallow vadose zone material to ambient air from wind, or during
maintenance or excavation activities occurring at the 100-D/H Source OU

e Volatilization of COPCs emanating from shallow vadose zone material to ambient air at the
100-D/H Source OU

6.2.3.3 Potentially Complete Human Exposure Pathways and Receptors

Based on the current understanding of land use conditions near the 100-D/H Source OU, the most
plausible exposure pathways for calculating PRGs and characterizing the human health risks have been

11 with the exception of external irradiation from radionuclides, environmental contaminants must cross a cellular
barrier and enter the body of a receptor for exposure to occur.

6-44



DOE/RL-2010-95, REV. 0

identified (represented on Figures G-1 and G-2 in Appendix G). The groundwater risk assessment is
provided in Section 6.3.

For the purpose of this soil risk assessment, shallow vadose zone material is represented by samples
collected from 0 to 4.6 m (0 to 15 ft) bgs, and deep vadose zone material is represented by samples
collected from depths greater than 4.6 m (15 ft) bgs (Section 6.2.2.2, Table 6-10). Groundwater is
represented by samples collected from the unconfined aquifer and discussed in Section 6.3.

6.2.3.3.1 Residential Scenario

PRGs (also used as RBSLs) developed for the Residential scenario are the numeric values that represent the
RAOQOs presented in Chapter 8. The results of comparing EPCs to the RBSLs in this soil risk assessment
will be used to help determine whether additional remedial action is necessary for waste sites where
remediation has been completed, and whether the goals and objectives of the interim action RODs have
been met, as demonstrated by verification sampling and analysis.

The Residential scenario for radiological and nonradiological analytes is based on two different
conceptual exposure models. The exposure pathways for radionuclides include direct contact in addition
to dust inhalation, consumption of homegrown foodstuffs (for example, produce, beef, and milk), and the
leaching pathway (includes drinking water ingestion and fish ingestion). The exposure pathways for
nonradiological analytes in vadose zone material include direct contact from incidental ingestion and
inhalation of vapors and dust in ambient air.

The Residential scenarios described in the following paragraphs are consistent with the exposure scenario
and ARARs used to develop the interim action remedial action goals for soil presented in the 100 Area
RDR/RAWP (DOE/RL-96-17). This exposure scenario is also evaluated in the RCBRA
(DOE/RL-2007-21, Volume 1) to determine whether cleanup actions completed under the interim action
RODs protect human health relative to the range of exposure scenarios evaluated in this risk assessment.

Radiological. Consistent with the 100 Area RDR/RAWP (DOE/RL-96-17), the RESRAD code is used to
evaluate exposure to radiological contaminants in vadose zone material. Revisions to this exposure
scenario reflect updates in guidance since the 100 Area RDR/RAWP (DOE/RL-96-17) was originally
published in 1996. With the exception of changes resulting from updates in guidance, the Residential
scenario is the same as that published in the 100 Area RDR/RAWP (DOE/RL-96-17) (see Table 6-4).
Exposure assumptions that were updated to reflect current EPA guidance include a decrease in the
external gamma shielding factor (increased shielding) and a decrease in the outdoor time fraction. Health
protective levels were also updated from a target annual dose rate of 15 mrem/yr to a target risk of

1 x 10™ to be consistent with guidance recommended in Radiation Risk Assessment At CERCLA Sites:

Q & A (EPA/540/R/99/006). A detailed description of this exposure scenario is provided in
Documentation of Preliminary Remediation Goals (PRGs) for Radionuclides Using the IAROD Exposure
Scenario for the 100 and 300 Area Remedial Investigation/Feasibility Study (RI/FS) Report
(ECF-HANFORD-10-0429). A summary of the exposure assumptions that were modified as a result of
updates to EPA guidance was provided in Table 6-4.

For radiological PRG development, a subsistence farming setting is used. This assumes that each interim
remediated waste site decision unit has 1) the potential to be developed into a residence with a basement,
2) vegetable and fruit crops grown in a backyard garden, and 3) a pasture that is used to raise livestock
sufficient for meat and milk production. A downgradient well is installed where exposure could
potentially occur from contaminants leaching from the vadose zone material to groundwater beneath the
residence (that is, the leaching pathway). The resident could potentially come into direct contact with soil
from the remediated waste site and potentially inhale dust in ambient air. The resident could potentially
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consume crops raised in a backyard garden and consume meat (beef and poultry) and milk from livestock
raised on the pasture. Based on established land uses and the proclamation of “Establishment of the
Hanford Reach National Monument” (65 FR 37253), it is unlikely that land within the 100-D/H OU will
be used for residential purposes.

The Residential scenario evaluates residential pathways that include exposure to shallow vadose zone
material from residential yards or groundwater from domestic wells. Potential routes of exposure to shallow
vadose zone material evaluated in the RESRAD code include direct external exposure, incidental material
ingestion, and inhalation of dust generated from wind or from yard maintenance activities. This scenario
also evaluates residential exposure to radiological contaminants through food chain pathways (uptake of
contamination from vadose zone material to plants and animals). Food chain pathways include the
consumption of fruits and vegetables grown in a backyard garden and consumption of meat and milk from
livestock raised on the pasture. From the leaching pathway, this scenario evaluates residential consumption
of drinking water from a downgradient well, use of the well for irrigating crops and watering livestock, and
residential consumption of fish raised in a pond supplemented with water from the downgradient well.

Nonradiological. The Residential scenario for nonradiological analytes measured in soil is also consistent
with the exposure scenario used for the interim action remedial action goals for soil presented in the

100 Area RDR/RAWP (DOE/RL-96-17). The exposure scenario for protection of human health is based
on 2007 MTCAMethod B direct contact soil cleanup levels (“Unrestricted Land Use Soil Cleanup
Standards” “Method B Soil Cleanup Levels for Unrestricted Land Use” [WAC 173-340-740(3)] and
“Cleanup Standards to Protect Air Quality” “Method B Air Cleanup Levels” [WAC 173-340-750(3)]).
The 2007 MTCA Method B direct contact soil cleanup levels (WAC 173-340) are based on exposure to a
child receptor that includes incidental ingestion, and use residential exposure frequency and duration
assumptions. The 2007 MTCA (WAC 173-340) Method B inhalation cleanup levels are based on
exposure to child and adult receptors, includes inhalation of vapors and dust in ambient air, and assumes
residential exposure frequency and duration assumptions. For arsenic and lead, 2007 MTCA (“Tables”
[WAC 173-340-900]), Table 740-1 Method A, soil cleanup level for unrestricted land use of 20 mg/kg
and 250 mg/kg were used.

Groundwater. Groundwater within the 100-HR-3 OU is currently contaminated, and withdrawal is
prohibited as a result of institutional controls placed on it by DOE through the interim action ROD;
however, institutional controls will be evaluated as part of the final remedy. Under current Hanford Site
use conditions, no complete human exposure pathways to groundwater are assumed to exist. In addition,
groundwater currently discharges to the Columbia River through upwelling and seeps. Groundwater within
this OU is not anticipated to become a future source of drinking water until cleanup criteria are met and
groundwater is restored to its highest beneficial use. However, groundwater in this risk analysis is evaluated
for drinking water use and undiluted groundwater concentrations are compared to DWSs and aquatic criteria
to support the determination of the basis for action and to support the development of PRGs for evaluating
remedial alternatives in the FS.

The Residential scenario for radiological and nonradiological analytes measured in groundwater is also
consistent with the remedial action goals documented in the interim action RODs and in the 100 Area
RDR/RAWP (DOE/RL-96-17). Groundwater concentrations are compared to current maximum
contaminant levels (MCL) for radionuclides, which are set at 4 mrem/yr for the sum of the doses from
beta particle and photon emitters, 15 pCi/L for gross alpha emitter activity (including Ra-226, but
excluding uranium and radon), and 5 pCi/L combined for Ra-226 and Ra-228. A mass-based
concentration MCL has been established for uranium as 30 pg/L. The exposure scenario for protection of
human health is based on the 2007 MTCA Method B (“Groundwater Cleanup Standards” “Standard
Method B Potable Groundwater Cleanup Levels” [WAC 173-340-720 (4)(b)]). The 2007 MTCA
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(WAC 173-340) Standard Method B groundwater cleanup levels are based on exposure to child and adult
receptors, include drinking water ingestion and inhalation of vapors, and makes residential exposure
frequency and duration assumptions. Resident Monument Worker Scenario

Land use within the River Corridor’s 100 and 600 Areas is predominantly conservation/preservation. In
2000, Presidential Proclamation 7319 (Establishment of the Hanford Reach National Monument was
signed creating the Hanford Reach National Monument, to be managed by USFWS and DOE
(“Establishment of the Hanford Reach National Monument” [65 FR 37253]). The Monument was
established to protect the biological, historic, and scientific objects contained within. To support
continued protection of natural and cultural resources, the proclamation stated that the Monument would
not be developed for residential or commercial use in the future (“Establishment of the Hanford Reach
National Monument” [65 FR 37253]).

This exposure scenario was included in the subset of occupational scenarios presented in the RCBRA
(DOE/RL-2007-21, Volume I1). The Resident Monument Worker scenario is a site-specific scenario that
envisions a resident employee of the Hanford Reach National Monument. These receptors are assumed to
be exposed primarily in an outdoor environment as they lead tours, conduct ecological education, or
perform similar activities. When not working, these receptors are envisioned to live in an onsite residence
associated with the Monument. By use of a domestic well at their residence, these receptors may also be
exposed to groundwater contaminants through domestic water use. Exposure to groundwater as a
domestic source of water by the resident Monument worker is not included in the soil PRG value that is
calculated for this exposure scenario. The risks from exposure to 100-HR-3 groundwater from use as a
domestic source of water can be separately added to provide a total risk from exposure to soil and
groundwater.

The Resident Monument Worker scenario for radiological and nonradiological analytes in vadose zone
material is based on the same conceptual exposure model. The exposure pathways include direct contact
and inhalation of vapors and dust in ambient air. Adults could potentially be exposed to Hanford Site
contaminants in shallow vadose zone material at their residence through direct external exposure, incidental
ingestion, dermal absorption, and inhalation. During working activities, these adults may also be potentially
exposed to contaminants in shallow vadose zone material by direct external exposure, incidental soil
ingestion, dermal absorption, and inhalation. No food chain pathways are included in this exposure scenario.

When the total risk for a waste site is less than 1 x 10 for radionuclides based on the Residential scenario
or 1 x 10 for chemicals based on the 2007 MTCA (“Human Health Risk Assessment Procedures”

[WAC 173-340-708(5)]) cumulative risk threshold, then protection of the resident Monument worker is
achieved. The results of these comparisons can be used in risk management decisions (presented in
Section 6.2.5.5) and show that the total risk calculated for the Resident and the Resident Monument
Worker scenarios are essentially identical. The Residential PRGs are slightlylower than the Resident
Monument Worker PRGs because the Residential exposure scenario includes the food chain pathways.

6.2.3.3.2 Casual Recreational User Scenario

As discussed previously, the reasonably anticipated future land use within the River Corridor’s 100 and
600 Areas is predominantly conservation/preservation. The casual recreational user is selected as a receptor
to represent potential exposures from recreational use along the River Corridor. This exposure scenario
was included in the subset of recreational use scenarios presented in the RCBRA (DOE/RL-2007-21,
Volume I1). The Casual Recreational User scenario is a site-specific scenario representing occasional
recreational use that focuses on activities such as walking and picnicking in areas along the Columbia River
where paths and benches are likely to exist. These receptors are assumed to be exposed entirely in an
outdoor environment. This scenario also assumes that drinking water is obtained from an offsite source.
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PRGs are presented in this section for the casual recreational user that represents a reasonably anticipated
future land use. Casual recreational user PRG values are developed for radiological and nonradiological
contaminants. When the total risk for a waste site is less than 1 x 10 based on the Residential scenario or
1 x 10" for chemicals based on the 2007 MTCA (“Human Health Risk Assessment Procedures”

[WAC 173-340-708(5)]) cumulative risk threshold, then protection of the casual recreational user is achieved.
The results of these comparisons (presented in Section 6.2.5.5) can be used in risk management decisions.

The Casual Recreational User scenario for radiological and nonradiological analytes in vadose zone
material is based on the same conceptual exposure model. The exposure pathways include direct contact
and inhalation of vapors and dust in ambient air. Adults and children could potentially be exposed to
Hanford Site contaminants in shallow vadose zone material along the river through direct external
exposure, incidental ingestion, dermal absorption, and inhalation of vapors and dust in ambient air.

6.2.3.4 Quantification of Potential Exposures

Quantification of potential exposures in this risk assessment is evaluated through the comparison of EPCs
to PRGs (which are also used as RBSLS). Risk Assessment Guidance for Superfund Volume | — Human
Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals): Interim
(EPA/540/R-92/003), hereinafter called Risk Assessment Guidance VVolume |, Part B, provides guidance
on using EPA toxicity values and exposure information to calculate PRGs. Once the BRA has been
performed, PRGs can be derived using site-specific risks. PRGs developed in the FS will usually be based
on site-specific risks and ARARs and not on screening levels. PRGs are obtained from two general
sources: concentrations based on ARARs (for example DWS), and concentrations based on risk
assessment. It should be recognized that the PRGs that are ARAR-based are also considered risk-based.
Exposure assumptions published by the state and EPA and toxicity values published by EPA are used to
derive risk-based PRGs.

PRGs based on risk assessment equations include the Resident Monument Worker and the Casual
Recreational User scenarios. PRGs for these scenarios are calculated using methodologies published in
Risk Assessment Guidance VVolume |, Part B (EPA/540/R-92/003) and the Superfund Radionuclide PRG
download and calculation web site (EPA, 2010b). Toxicity values and exposure values published by EPA
are used to derive risk-based PRGs.

The Residential scenario for chemicals is based on the 2007 MTCA Method B direct contact soil cleanup
levels (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) and 2007 MTCA

Method B Inhalation Cleanup Levels (“Method B Air Cleanup Levels” [WAC 173-340-750]). PRGs for
soil ingestion are calculated using the equations provided in 2007 MTCA (“Unrestricted Land Use Soil
Cleanup Standards” [WAC 173-340-740(3)]). PRGs for the inhalation pathway are calculated using the
equations provided in 2007 MTCA (“Cleanup Standards to Protect Air Quality” “Method B Air Cleanup
Levels” [WAC 173-340-750(3)]). Air cleanup levels are converted to soil concentrations using EPA
published volatilization factors for analytes that meet the operational definition of a volatile and a PEF for
analytes that are not volatile. Method A soil cleanup levels for unrestricted land use, obtained from 2007
MTCA (“Tables” [WAC 173-340-900]), Table 740-1 are used as PRGs for arsenic and lead.

In addition to the guidance listed previously, radionuclide PRGs for the resident are calculated using the
RESRAD code. The RESRAD code was used to calculate PRGs for the Residential scenario because of
unique exposure pathways. The RESRAD code was used for the Residential scenario because this
scenario includes the food chain pathway and the leaching to groundwater pathway. According to User’s
Manual for RESRAD Version 6 (ANL/EAD-4), the RESRAD model and computer code were developed
as a multifunctional tool to assist in developing cleanup criteria and assessing the dose or risk associated
with residual radioactive material.
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Table 6-12 summarizes the PRG values for each exposure scenario.

6.2.3.4.1 Calculation of Residential PRGs using RESRAD

The radionuclide PRGs for the Residential scenario are calculated using RESRAD, Version 6.5

(ANL, 2009b) model and code according to the guidance specified in User’s Manual for RESRAD
Version 6 (ANL/EAD-4). The RESRAD model was used to calculate single radionuclide concentrations
that correspond to a target cancer risk level of 1 x 10 for the Residential scenario. For the purpose of this
soil risk assessment, the single radionuclide concentrations described in this section are used as PRGs for
the Residential scenario.

The RESRAD model allows for the use of site-specific chemical and physical parameters to estimate
single radionuclide concentrations. The potentially complete exposure pathways considered are direct
contact, inhalation pathway, the food chain pathway, and leaching of contaminants in the vadose zone
through the vadose zone column to the groundwater table. Exposure routes associated with the direct
contact and inhalation pathways include external gamma exposure, incidental ingestion, and inhalation of
dust. Exposure routes associated with the food chain exposure pathway include consumption of
homegrown produce, meat, and milk. Exposure routes associated with the leaching pathway include crop
irrigation, aquatic food consumption, and drinking water ingestion. A detailed description of
methodology, inputs, assumptions, and results of the calculations is presented in Documentation of
Preliminary Remediation Goals (PRGs) for Radionuclides Using the IAROD Exposure Scenario for the
100 and 300 Area Remedial Investigation/Feasibility Study (RI/FS) Report (ECF-HANFORD-10-0429)
in Appendix G.

6.2.3.4.2 Calculation of Unrestricted Land Use PRGs using 2007 MTCA Equations

The direct contact nonradiological PRGs for unrestricted land use (that is, the resident) are calculated using
equations and input parameters described in 2007 MTCA (“Unrestricted Land Use Soil Cleanup
Standards” [WAC 173-340-740(3)]). The Standard Method B direct contact soil cleanup levels for
unrestricted land use are based on ingestion and were calculated for noncarcinogens and carcinogens using
equation 740-1 and equation 740-2, respectively. Standard Method B direct contact soil cleanup levels for
unrestricted land use are based on an acceptable cancer risk level of 1 x 10°® for nonradiological carcinogens
or a hazard quotient (HQ) of 1 for noncarcinogens.

Reference dose (RfD) and carcinogenic potency factors are determined using the recommended reference
hierarchy as described in “Human Health Toxicity Values in Superfund Risk Assessments” (Cook, 2003),
hereinafter called Superfund HHT Risk Assessment Values. A detailed description of methodology,
inputs, assumptions, and the results of the calculations is presented in Calculation of Standard Method B
Direct Contact Soil Cleanup Levels for Unrestricted Land Use (ECF-HANFORD-10-0044)

(Appendix G).

The inhalation nonradiological PRGs for unrestricted land use (that is, the resident) are calculated using
equations and input parameters described in 2007 MTCA (“Cleanup Standards to Protect Air Quality,”
“Method B Air Cleanup Levels” [WAC 173-340-750(3)]). The Method B air PRGs are calculated for
noncarcinogens and carcinogens using equation 750-1 and equation 750-2, respectively.

Air PRGs are converted to soil concentrations using EPA-published volatilization factors for analytes that
meet the operational definition of a volatile and a PEF for analytes that are not volatile. Method B soil
PRGs for the inhalation pathway are based on an acceptable cancer risk level of 1 x 10°® for carcinogens
or an HQ of 1 for noncarcinogens. Inhalation RfD and inhalation carcinogenic potency factors are
determined using the recommended reference hierarchy as described in Superfund Human Health
Toxicity Risk Assessment Values (Cook, 2003). A detailed description of methodology, inputs, and
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assumptions and the results of the calculations are presented in Calculation of Inhalation Pathway
Preliminary Remediation Goals Using Standard Method B Air Cleanup Levels for the 100 Areas and 300
Area Remedial Investigation/Feasibility Study Reports (ECF-HANFORD-11-0033) in Appendix G.

6.2.3.4.3 Calculation of Resident Monument Worker PRGs for Radiological Analytes using EPA
Equations

The radiological PRGs for the resident Monument worker are calculated using equations consistent with
those published on the EPA Preliminary Remediation Goals for Radionuclides Web site. Resident
Monument worker PRGs are based on an acceptable cancer risk level of 1 x 10 for carcinogens.

A detailed description of methodology, inputs, and assumptions and the results of the calculations is
presented in Documentation of Radiological Preliminary Remediation Goals in Soil for a Resident
Monument Worker Exposure Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility
Study (RI/FS) Reports (ECF-HANFORD-11-0142).

6.2.3.4.4 Calculation of Casual Recreational User PRGs for Radiological Analytes using EPA
Equations

The radiological PRGs for the casual recreational user are calculated using equations consistent with
those published on the EPA Preliminary Remediation Goals for Radionuclides Web site. Casual
recreational user radiological PRGs are based on an acceptable cancer risk level of 1 x 10™ for
carcinogens. A detailed description of methodology, inputs, assumptions, and the results of the
calculations is presented in Calculation of Radiological Preliminary Remediation Goals in Soil for a
Casual Recreational User Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility
Study (RI/FS) Reports (ECF-HANFORD-10-0446).

6.2.3.4.5 Calculation of Casual Recreational User PRGs for Nonradiological Analytes using EPA
Equations

The nonradiological PRGs for the casual recreational user are calculated using equations consistent with
those published on “Regional Screening Levels for Chemical Contaminants at Superfund Sites”
(hereinafter called Regional Screening Levels [EPA, 2013a]). Casual recreational user nonradiological
PRGs are based on an acceptable cancer risk level of 1 x 10°® for carcinogens or an HQ of 1 for
noncarcinogens. RfD and carcinogenic potency factors are determined using the recommended reference
hierarchy as described in Superfund HHT Risk Assessment Values (Cook, 2003). A detailed description
of methodology, inputs and assumptions and the results of the calculations are presented in Calculation of
Nonradiological Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the
100 Areas and 300 Area Remedial Investigation/Feasibility Study (RI/FS) Reports
(ECF-HANFORD-10-0445).

6.24 Toxicity Assessment

This toxicity assessment evaluates the relationship between the magnitude of exposure to a contaminant at
the 100-D/H Source OU and the likelihood of adverse health effects to potentially exposed populations.
This assessment provides, where possible, a numerical estimate of the increased likelihood of adverse
effects associated with contaminant exposure. The toxicity assessment contains two steps—hazard
characterization and dose-response evaluation—as discussed in the following sections.

6.2.4.1 Hazard Characterization

Hazard characterization identifies the types of toxic effects that a chemical can exert. For the toxicity
assessment, chemicals can be divided into two broad groups—noncarcinogens and carcinogens—based
on their effects on human health.
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2007 MTCA Casual Casual
2007 MTCA Method B Direct 2007 MTCA Method | 2007 MTCA Method | 2007 MTCA Method B | Recreational User | Recreational User Resident
90" Percentile Method A Soil Contact Soil PRG B Direct Contact PRG B Inhalation Soil Inhalation Soil PRG PRG PRG Monument Worker
Analyte Background PRG Residential PRG (Carcinogen) (Noncarcinogen) PRG (Carcinogen) (Noncarcinogen) (Carcinogen) (Noncarcinogen) PRG (Carcinogen)
Radionuclides (pCi/g)
Americium-241 - -- 155 - - -- - 2,570 -- 275
Carbon-14 -- -- 81 -- - -- - 328,000 -- 52,000
Cesium-137 11 -- 4.4 -- -- -- -- 100 -- 6.2
Cobalt-60 0.0084 -- 31 -- - -- - 63 -- 33
Europium-152 -- - 3.7 - -- - -- 66 -- 3.8
Europium-154 0.033 - 44 - -- -- -- 78 -- 4.8
Europium-155 0.054 -- 327 -- -- -- -- 5,870 -- 354
Neptunium-237 -- -- 8.9 -- -- -- -- 202 -- 15
Nickel-63 -- -- 608 -- - -- - 575,000 -- 91,600
Plutonium-238 0.0038 -- 236 -- - -- - 3,820 -- 605
Plutonium-239/240 0.025 -- 203 -- - -- - 3,340 -- 539
Technetium-99 -- -- 15 -- - -- - 114,000 -- 17,300
Total beta radiostrontium 0.18 - 2.3 - - - - 5,060 - 518
Tritium -- -- 623 -- - -- - 15,400 -- 1,270,000
Uranium-233/234 1.1 -- 133 -- - -- - 5,810 -- 931
Uranium-234 11 -- 133 -- -- -- -- 5,810 -- 931
Uranium-235 0.11 -- 16 -- -- -- -- 295 -- 22
Uranium-238 11 -- 54 -- -- -- -- 1,090 -- 93
Metals (mg/kg)
Aluminum 11,800 - -- -- 80,000 -- >1,000,000 -- 912,000 --
Antimony 0.13 - -- -- 32 -- -- - 365 --
Arsenic 6.5 20 -- 0.67 24 42,400 500,000 45 253 --
Barium 132 -- -- -- 16,000 -- >1,000,000 -- 182,000 --
Beryllium 15 -- -- -- 160 76,000 667,000 >1,000,000 1,820 --
Boron 3.9 - -- -- 16,000 -- >1,000,000 -- 182,000 --
Cadmium 0.56 -- -- -- 8 101,000 667,000 >1,000,000 821 --
Chromium 19 - -- -- 120,000 -- - -- >1,000,000 --
Cobalt 16 -- -- -- 24 20,300 200,000 920,000 274 --
Copper 22 -- -- -- 3,200 -- -- -- 36,500 --
Cr(VI) -- -- -- -- 240 2,170 >1,000,000 98,600 2,740 --
Iron 32,600 -- -- -- 56,000 -- -- -- 639,000 --
Lead 10 250 - - - - - -- - -
Lithium 13 -- -- -- 160 -- -- -- 1,830 --
Manganese 512 -- -- -- 11,200 -- >1,000,000 -- 128,000 --
Mercury 0.013 -- - -- 24 -- >1,000,000 -- 274 --
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Table 6-12. Summary of Risk-based Screening Levels for the 100-D/H Source OU

2007 MTCA Casual Casual
2007 MTCA Method B Direct 2007 MTCA Method | 2007 MTCA Method | 2007 MTCA Method B | Recreational User | Recreational User Resident
90" Percentile Method A Soil Contact Soil PRG B Direct Contact PRG B Inhalation Soil Inhalation Soil PRG PRG PRG Monument Worker
Analyte Background PRG Residential PRG (Carcinogen) (Noncarcinogen) PRG (Carcinogen) (Noncarcinogen) (Carcinogen) (Noncarcinogen) PRG (Carcinogen)
Molybdenum 0.47 - - - 400 -- -- - 4,560 --
Nickel 19 -- -- -- 1,600 701,000 >1,000,000 >1,000,000 18,200 --
Selenium 0.78 -- -- -- 400 -- >1,000,000 -- 4,560 --
Silver 0.17 -- -- -- 400 -- -- -- 4,560 --
Strontium - -- - - 48,000 - - -- 548,000 -
Tin -- -- -- -- 48,000 -- -- -- 548,000 --
Total_U_Isotopes 3.2 -- -- - 240 - >1,000,000 -- 2,740 --
Uranium 3.2 -- -- - 240 -- >1,000,000 -- 2,740 --
Vanadium 85 - - - 400 - - - 4,560 -
Zinc 68 -- -- -- 24,000 -- - -- 274,000 --
Polyaromatic Hydrocarbons (mg/kg)
Acenaphthene -- -- -- -- 4,800 -- -- -- 40,100 --
Anthracene -- -- -- -- 24,000 -- -- -- 201,000 --
Benzo(a)anthracene -- - - 1.4 -- >1,000,000 -- 1.7 -- --
Benzo(a)pyrene -- - - 0.14 -- 166,000 -- 0.17 -- --
Benzo(b)fluoranthene -- -- -- 14 -- >1,000,000 -- 1.7 -- --
Benzo(k)fluoranthene -- -- -- 14 -- >1,000,000 -- 1.7 -- --
Chrysene -- - - 14 -- >1,000,000 -- 17 -- --
Dibenz[a,h]anthracene -- - -- 1.4 -- >1,000,000 -- 1.7 -- --
Fluoranthene - -- -- -- 3,200 -- - -- 26,800 --
Fluorene -- - - - 3,200 - - - 26,800 -
Indeno(1,2,3-cd)pyrene - -- -- 1.4 - >1,000,000 - 1.7 - -
Pyrene -- -- -- -- 2,400 -- -- -- 20,100 --
Polychlorinated Biphenyls (mg/kg)
Aroclor-1242 -- -- -- 0.50 -- 320,000 -- 2.6 -- --
Aroclor-1248 -- - -- 0.50 -- 319,963 -- 2.6 -- --
Aroclor-1254 -- -- -- 0.50 16 320,000 -- 2.6 13 --
Aroclor-1260 - - -- 0.50 - 320,000 - 2.6 -- --
Anions (mg/kg)
Fluoride 2.8 - -- -- 4,800 -- >1,000,000 -- 54,700 --
Nitrate 52 - -- -- 568,000 -- - -- >1,000,000 --
Nitrite -- -- -- -- 24,000 -- -- -- 274,000 --
Nitrogen in Nitrate -- -- -- -- 128,000 -- -- -- >1,000,000 --
Nitrogen in Nitrite -- -- -- -- 8,000 -- - -- 91,300 --
Nitrogen in Nitrite and Nitrate -- -- -- -- 128,000 -- -- -- >1,000,000 --

6-52




Table 6-12. Summary of Risk-based Screening Levels for the 100-D/H Source OU

DOE/RL-2010-95, REV. 0

2007 MTCA Casual Casual
2007 MTCA Method B Direct 2007 MTCA Method | 2007 MTCA Method | 2007 MTCA Method B | Recreational User | Recreational User Resident
90" Percentile Method A Soil Contact Soil PRG B Direct Contact PRG B Inhalation Soil Inhalation Soil PRG PRG PRG Monument Worker
Analyte Background PRG Residential PRG (Carcinogen) (Noncarcinogen) PRG (Carcinogen) (Noncarcinogen) (Carcinogen) (Noncarcinogen) PRG (Carcinogen)
Other Organics (mg/kg)
1,1-Dichloroethene - -- - - 4,000 - 102 -- 8,773 -
1,2-Dichlorobenzene - -- - - 7,200 -- 546 -- 34,000 --
i%-methyl-mchIorophenoxy) propionic _ B _ _ 80 _ N B 913 _
2,4,5-Trichlorophenol - -- - - 8,000 -- - -- 71,300 --
iézilé)DB(4-(2,4-DichIorophenoxy)butanoic _ B _ _ 640 _ N B 7,300 _
2,4-Dichlorophenol - -- - - 240 - - -- 2,140 -
2,4-Dinitrophenol - -- - - 160 - - -- 1,426 -
2-Butanone -- -- -- -- 48,000 -- 28,700 -- 464,000 --
2-Chloronaphthalene -- -- -- -- 6,400 -- -- -- 73,000 --
2-Hexanone -- - -- -- 400 -- 160 - 3,599 --
2-Methylnaphthalene -- - - - 320 -- -- - 2,680 --
4,4'-DDD (Dichlorodiphenyldichloroethane) -- - - 4.2 -- >1,000,000 -- 24 -- --
?I;liérl?loDrE)diphenyldichloroethylene) - - - 29 - >1,000,000 - 17 - -
4,4'-DDT (Dichlorodiphenyltrichloroethane) -- - -- 29 40 >1,000,000 -- 20 421 --
Acetone -- -- -- -- 72,000 -- 190,000 -- 789,000 --
Aldrin -- -- -- 0.059 24 0.12 -- 0.32 21 --
Alpha-BHC - -- -- 0.16 640 101,322 - 0.90 5,703 --
Alpha-Chlordane - - -- 29 40 >1,000,000 >1,000,000 19 410 --
?s;;_lézﬁiz)l,S,G-HexachIorocyclohexane _ _ _ 056 _ 344,000 _ 32 _ _
Bis(2-ethylhexyl) phthalate - -- -- 71 1,600 >1,000,000 - 405 14,300 --
Butylbenzylphthalate - -- -- 526 16,000 -- - 2,980 143,000 --
Carbazole -- -- -- 50 -- -- -- 283 -- --
Chlordane - - -- 29 40 >1,000,000 >1,000,000 19 410 --
Chloroform -- -- -- 32 800 0.24 100 11 4,908 --
Dibenzofuran -- -- -- -- 80 -- -- - 713 --
Dieldrin - - -- 0.063 4.0 39,600 - 0.35 36 --
Diethylphthalate -- - - - 64,000 - -- - 570,313 --
Di-n-butylphthalate -- -- -- -- 8,000 -- - -- 71,300 --
Dinoseb(2-secButyl-4,6-dinitrophenol) -- - - - 80 -- -- - 713 --
Endosulfan | -- - -- -- 480 -- -- - 4,280 --
Endosulfan Il -- -- -- -- 480 -- - -- 4,280 --
Ethylbenzene -- -- -- 91 8,000 2.3 1,045 90 50,140 --
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Table 6-12. Summary of Risk-based Screening Levels for the 100-D/H Source OU

Gamma-BHC (Lindane) -- -- - 0.91 24 588,319 -- 6.0 246 --
Heptachlor epoxide -- -- - 0.11 1.0 70,100 -- 0.62 9.3 --
Isophorone -- -- - 1,053 16,000 - 50,482 5,962 139,000 --
Methoxychlor -- -- -- -- 400 -- -- -- 3,560 --
Methylene chloride -- -- -- 500 4,800 528 580 3,230 5,030 --
Naphthalene -- - -- -- 1,600 14 25 62 2,240 --
Phenol -- -- - - 24,000 -- 11,614 - 182,000 --
Toluene -- -- -- -- 6,400 -- 4,770 - 63,800 --
Total petroleum hydrocarbons - diesel range -- 2,000 - - -- -- -- - -- --
Total petroleum hydrocarbons - diesel range _ _ _ _ _ _ __ _ _ _
extended to C36

Total petroleum hydrocarbons - gasoline _ 30 _ _ _ _ __ _ _ _
range

Total petroleum hydrocarbons - motor oil _ 2000 _ _ _ _ _ _ _ _
(high boiling) '

Xylenes (total) -- -- - - 16,000 - 103 -- 10,346 --
MTCA = Model Toxics Control Act

ou = operable unit

PRG = preliminary remeditation goal
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Carcinogens are those contaminants that are known or suspected causes of cancer following exposure.
Noncarcinogenic compounds are associated with a wide variety of systemic effects, such as liver toxicity
or developmental effects. Some contaminants (for example, arsenic) are capable of eliciting both
carcinogenic and noncarcinogenic responses; therefore, these contaminants are evaluated for both effects.

For cancer effects, EPA has developed a carcinogen classification system (Guidelines for Carcinogen
Risk Assessment [EPA/630/P-03/001F]) that uses a weight of evidence approach for classifying the
likelihood that a chemical is a human carcinogen. Information considered in developing the classification
includes human studies of the association between cancer incidence and exposure, as well as long-term
animal studies under controlled laboratory conditions. Other supporting evidence considered includes
short-term tests for genotoxicity, metabolic and pharmacokinetic properties, toxicological effects other
than cancer, structure-activity relationships, and physical and chemical properties of the chemical.

For noncancer effects, toxicity values are derived based on the critical toxic endpoint (that is, the most
sensitive adverse effect following exposure). Table G-11 (Appendix G) lists the COPCs detected at the
100-D/H Source OU area that have been identified as having documented systemic effects.

6.2.4.1.1 Dose-response Evaluation

The magnitude of toxicity of a contaminant depends on the dose to a receptor. Dose refers to exposure to
a contaminant concentration over a specified period. Human exposures are generally classified as acute
(typically less than 2 weeks), subchronic (about 2 weeks to 7 years), or chronic (7 years to a lifetime).
This HHRA specifically addresses chronic exposure. Acute exposures and risks are evaluated only when
chronic exposure estimates pose a high risk. A dose-response curve describes the relationship between the
degree of exposure (i.e., dose) and the incidence of the adverse effects (that is, response) in the exposed
population. EPA uses this dose-response information to establish toxicity values for particular chemicals,
as described in the following sections.

Reference Doses for Noncancer Effects. The toxicity value describing the dose-response
relationship for noncancer effects is the RfD value. For noncarcinogenic effects, the body’s protective
mechanisms must be overcome before an adverse effect is manifested. If exposure is high enough and
these protective mechanisms (or thresholds) are exceeded, adverse health effects can occur. EPA attempts
to identify the upper bound of this tolerance range in the development of noncancer toxicity values. EPA
uses the apparent toxic threshold value, in conjunction with uncertainty factors based on the strength of
the toxicological evidence, to derive an RfD value. EPA defines an RfD value as follows:

In general, the RfD is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily
exposure to the human population (including sensitive subgroups) that is likely to be without an appreciable
risk of deleterious effects during a lifetime. The RfD is generally expressed in units of mg/kg-day.

Available chronic RfD values for the oral and inhalation exposure routes are used to calculate PRGs.
Because EPA has not derived toxicity values specific to skin contact, dermal slope factors and RfD values
were derived from oral toxicity factors in accordance with EPA guidance. The RfD values for the
contaminants evaluated in the 100-D/H Source OU are summarized in Table G-11 (Appendix G).

Slope Factors for Cancer Effects. The dose-response relationship for cancer effects is expressed as

a cancer slope factor that converts estimated intake directly to excess lifetime cancer risk (ELCR). Slope
factors are expressed in units of risk per level of exposure (or intake). The data used for estimating the
dose-response relationship are taken from lifetime animal studies or human occupational or
epidemiological studies where excess cancer risk has been associated with exposure to the chemical.
However, because risk at low intake levels cannot be directly measured in animal or human
epidemiological studies, a number of mathematical models and procedures have been developed to
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extrapolate from the high doses used in the studies to the low doses typically associated with
environmental exposures. The model choice leads to uncertainty associated with the carcinogenic
response at very low levels of exposure. EPA assumes linearity at low doses when uncertainty exists
about the mechanism of action of a carcinogen and when information suggesting nonlinearity is absent.

It is assumed, therefore, that if a cancer response occurs at the dose levels used in the study, then there is
some probability that a response will occur at all lower exposure levels (that is, a dose-response relationship
with no threshold is assumed). Moreover, the dose-response slope chosen is usually the 95 percent UCL
on the mean on the actual dose-response curve observed in the laboratory studies. As a result, uncertainty
and conservatism are built into the EPA risk extrapolation approach. EPA has stated that cancer risks
estimated by this method produce estimates that “provide a rough but plausible upper limit of risk.”

The cancer slope factors used in this assessment are summarized in Table G-11 (Appendix G).

6.24.2 Toxicity Values

The analyte-specific toxicity values presented in Table G-11 (Appendix G) are determined using the following
recommended reference hierarchy as described in Superfund HHT Risk Assessment Values (Cook, 2003):

o Tier 1—The EPA Integrated Risk Information System (IRIS) database
e Tier 2—The EPA Provisional Peer Reviewed Toxicity Values
o Tier 3—Other Toxicity Values

6.24.21 Tier 1—IRIS

The preferred source of toxicity data is EPA’s IRIS database. Expert toxicologists at EPA have derived
the values in this database and the values have undergone a thorough review and validation both within
and outside EPA. If a toxicity value is available in IRIS, that value is preferred to any other value.

6.2.4.2.2 Tier 2—Provisional Peer Reviewed Toxicity Values

If a toxicity value is not available in IRIS, the next source is EPA’s Provisional Peer Reviewed Toxicity
Values. This source includes toxicity values that have been developed by the Office of Research and
Development/National Center for Environmental Assessment/Superfund Health Risk Technical Support
Center. This database is not available to the public, but is accessible to EPA risk assessors via EPA’s
intranet. These values are also published at Regional Screening Levels (EPA, 2013a).

6.2.4.2.3 Tier 3—Other Toxicity Values
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including the following:

e The California Environmental Protection Agency’s (CalEPA) Toxicity Criteria Database contains
toxicity values that are peer-reviewed and address both cancer and noncancer effects.

e Agency for Toxic Substances and Disease Registry database Minimal Risk Levels for Hazardous
Substances are peer-reviewed estimates of the daily human exposure to hazardous substances that is likely
to be without appreciable risk of adverse noncancer health effects over a specified duration of exposure.

e Toxicity values in Health Effects Assessment Summary Tables: FY 1997 Update
(EPA 540-R-97-036), hereinafter called HEAST.

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for a COPC, the toxicity values from the
National Center for Environmental Assessment are used. These values can be found in the Risk
Assessment Information System (ORNL, 2010).
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A derived RfD for nitrate was calculated from the RfD reported in IRIS (1.6 mg/kg-day) for nitrate as
nitrogen (NO3-N) using the mass fraction of nitrogen in nitrate. The mass fraction of nitrogen in
nitrate = mol wt N/mol wt NO3 = (14 g/mol)/(62 g/mol) = 0.226. The derived RfD for

nitrate = (1.6 mg NOs - N/kg-day) x (1 mg NO5/0.226 mg NO3z-N) = 7.1 mg NO3-/kg-day.

A derived RfD for nitrite was calculated from the RfD reported in IRIS (0.1 mg/kg-day) for nitrite as
nitrogen (NO,-N) using the mass fraction of nitrogen in nitrite. The mass fraction of nitrogen in
nitrite = mol wt N/mol wt NO,™ = (14 g/mol)/(46 g/mol) = 0.304. The derived RfD for

nitrite = (0.1 mg NO,-N/kg-day) x (1 mg NO,/0.304 mg NO,-N) = 0.3 mg NO,/kg-day.

Toxic equivalence factors were used to calculate toxicity values for dioxins, furans, and carcinogenic
PAHSs as described in 2007 MTCA (“Human Health Risk Assessment Procedures,” hereinafter called
HHRA Procedures [WAC 173-340-708(8)(D)(iii)(A)]).

For Cr(V1), the current assessment considers cancer effects only for inhalation exposures. Note that an
oral RfD and a reference concentration are available for assessment of noncancer effects. An oral cancer
slope factor has recently been published by the New Jersey Department of Environmental Protection
(NJDEP). The oral cancer slope factor derived by NJDEP is 0.5 (mg/kg-day)™, as presented in Derivation
of an Ingestion-Based Soil Remediation Criterion for Cr*® Based on the NTP Chronic Bioassay Data for
Sodium Dichromate Dihydrate (NJDEP, 2009). If the NJDEP value were used to calculate the 2007
MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) level, the soil
concentration would decrease from 240 to 2.0 mg/kg. Assessing only inhalation cancer effects from
Cr(V1) has the potential to under-estimate cancer risk.

The analyte-specific toxicity values, decay constants, and half-life presented in Table G-11 (Appendix G)
are determined using the recommended values from the HEAST Radionuclides Table.

6.2.5 Risk Characterization

Risk characterization is completed through the comparison of the EPC to the RBSL, and comparison of
total site cancer risk and site noncancer hazard index to their respective thresholds. These steps are used
to determine whether the post-remediation soil concentrations protect human health. It is also used to
determine whether current material concentrations have the potential to exceed an HI greater than 1 or the
upper end of the NCP (40 CFR 300) risk range for cumulative carcinogenic site risk to an individual
based on RME for both current and future land use.

Although this risk assessment produces numerical estimates of risk, it should be recognized that these
numbers might not predict actual health outcomes because they are based largely on hypothetical
assumptions. Their purpose is to provide a frame of reference for risk management decision making.
Interpretation of the risk estimates provided should consider the nature and weight of evidence supporting
these estimates, as well as the magnitude of uncertainty surrounding them.

For the purpose of this risk characterization step, the potential for unacceptable human health risk is
identified using the following risk thresholds:

e ELCR values are compared to the “target range” of 10° to 10 that is generally used by regulatory
agencies. 2007 MTCA (WAC 173-340) states that cancer risks resulting from multiple hazardous
substances should not exceed 1 x 10” for unrestricted land use. ELCR values within or exceeding this
target range require a risk management decision that includes evaluating site-specific characteristics
and exposure scenario factors to assess whether remedial action is warranted.

¢ An HI (the sum of the ratios of the chemical intake to the RfDs for all COPCs) greater than 1 indicates
that some potential exists for adverse noncancer health effects associated with exposure to the COPCs.
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6.2.5.1 Cancer Risk Estimation Method

To estimate the cancer risks from exposure to an individual nonradiological carcinogen from all exposure
routes considered, the following equation is used:

. EPC._ .
Risk, S —— L I
RBSLcarcinogen
where:
Risk, = ELCR for individual chemical or radioisotope (unitless)
EPC..i = EPC in soil (ug/kg or pCi/g)

RBSL carcinogen = S0il RBSL based on 10 carcinogenic effect for chemical (ug/kg) or 10 carcinogenic
effect for radioisotope (pCi/g)

TR = Target ELCR of 107 for individual hazardous substance or 10 for individual
radioisotope

To estimate the cancer risks from exposure to multiple carcinogens from all exposure routes considered,
the following equation is used. The following equation is consistent with that published in “Regional
Screening Values for Chemical Contaminants at Superfund Sites” (2013a).

. EPC. .
Risk, =Y ———9L_xTR

RBSLcarcinogen
where:
Riskr: = Total ELCR for all chemicals and radioisotopes
EPCsi = EPC in soil (ug/kg or pCi/g)
RBSLcarcinogen = S0il RBSL based on 10 carcinogenic effect for chemical (ug/kg) or 10 carcinogenic

effect for radioisotope (pCi/g)

TR = Target ELCR of 10 for individual hazardous substance or 10 for individual

radioisotope
i = The sum of the ratios for the i chemical

6.2.5.2 Noncancer Risk Estimation Method

For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by
comparing the predicted level of exposure for a particular chemical with the highest level of exposure that
is considered protective (that is, its RfD). The ratio of the chronic daily intake divided by RfD is the HQ.
To estimate the HQ from all exposure routes considered for an individual hazardous substance, the
following equation is used:

EPC _ .
HQ — soil
RBSLnoncarcingen
where:
HQ = HQ for individual chemical
EPCoil = EPC in soil (ug/kg)
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RBSLnoncarcinogen = RBSL based on HQ=1 noncarcinogenic effects (ng/kg)

To estimate the HI from all exposure routes considered for multiple hazardous substances, the following
equation is used. The following equation is consistent with that published in Regional Screening Levels
(2014).

IT — Z EPC soil
I RBSLnoncarcimg;en
where:
HI; = Total HI for all chemicals
EPCil = Exposure point concentration in soil (ug/kg)

RBSLnoncarcinogen = RBSL based on HQ=1 noncarcinogenic effects (ng/kg)
i = The sum of the ratios for the i chemical

6.2.5.3 Comparisons of Lead and Arsenic to 2007 MTCA A Soil Cleanup Levels

Potential risks from lead concentrations were evaluated using a different method than what is
conventionally used for other carcinogens and noncarcinogens (as described in previous sections).

For direct contact pathways, the EPCs for lead were compared to the 2007 MTCA (“Tables”

[WAC 173-340-900], Table 740-1), Method A soil cleanup level for Unrestricted Land Use of 250 mg/kg.

The Method A cleanup level is based on EPA’s Integrated Exposure Uptake Biokinetic (IEUBK) model,
which is available on the EPA website. The IEUBK model is designed to calculate the probability of
blood-lead concentrations for children between 6 months and 84 months (that is, up to 7 years) of age
who have been exposed to lead through various sources (for example, air, water, soil, dust, and in utero
contributions from the mother) to exceed a specific blood lead concentration.

Additionally, arsenic EPCs were compared to the 2007 MTCA (“Tables” [WAC 173-340-900],
Table 740-1), Method A soil cleanup level for Unrestricted Land Use of 20 mg/kg.

6.2.5.4 Consideration of Background in Risk Assessment

CERCLA Soil Background Comparisons Guidance (EPA 540-R-01-003) provides national policy
considerations for application of background data in risk assessment and remedy selection. This policy
recommends an approach that addresses site-specific background issues in the risk characterization.
CERCLA Soil Background Comparisons Guidance (EPA 540-R-01-003) indicates the following:

o COPCs that have both release-related and background-related sources should be included in the risk
assessment. When concentrations of naturally occurring elements at a site exceed risk-based
screening levels, that information should be discussed qualitatively in the risk characterization.

e CERCLA Soil Background Comparisons Guidance (EPA 540-R-01-003) defines background
constituents as the following: anthropogenic—natural and artificial substances present in the
environment as a result of human activities (not specifically related to the CERCLA release in
guestion), and naturally occurring-substances present in the environment in forms that have not been
influenced by human activity.

6.2.5.4.1 Sources of Background Concentrations

The 90™ percentile and maximum background concentrations for the Hanford Site have been developed
for both inorganic chemicals and radionuclides and are considered representative of both naturally
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occurring and anthropogenic substances. The maximum inorganic background concentrations used in this
evaluation are identified as the “overall maximum concentrations” in the Non-Rad Soil Background
document (DOE/RL-92-24), Summary Table 1, and the 90" percentile inorganic background
concentrations are identified as the “lognormal distribution 90" percentiles” in the Non-Rad Soil
Background document (DOE/RL-92-24), Summary Table 2. The exceptions to this are described in the
following paragraph. Two types of sampling were conducted to determine the inorganic background
values: systematic random sampling, and judgment sampling. The overall maximum concentrations were
determined by considering the analytical results from both systematic random samples and judgmental
samples. The 90™ percentile values were calculated using the analytical results from the systematic
random samples only.

The letter Issues Associated with Establishing Soil Cleanup Levels for Arsenic published by the
Department of Ecology Toxics Cleanup Program on June 11, 2013, indicates that the Method A soil
cleanup level of 20 mg/kg can be used to define natural background levels when developing Method B
soil cleanup levels for the Hanford Site..

The Hanford Site background values for antimony, boron, cadmium, lithium, mercury, molybdenum,
selenium, silver, and thallium are documented in Soil Background Data for Interim Use at the Hanford Site
(ECF-HANFORD-11-0038). Boron was not analyzed for in the Non-Rad Soil Background document
(DOE/RL-92-24) and the analytical data associated with the remaining analytes in the Non-Rad Soil
Background document (DOE/RL-92-24) are considered unusable for statistical analyses because of elevated
MDLs. The background concentration values documented in Soil Background Data for Interim Use at the
Hanford Site (ECF-HANFORD-11-0038) reference A Review of Metal Concentrations Measured in Surface
Soil Samples Collected On and Around the Hanford Site (PNNL-18577), hereinafter called Review of Metal
Concentrations. The ECF documents a review of the datasets from the Non-Rad Soil Background
document (DOE/RL-92-24) and Review of Metal Concentrations (PNNL-18577), which indicates the data
are comparable and issues associated with elevated detection limits were eliminated as a result of
improvements in analytical methods used for Review of Metal Concentrations (PNNL-18577). It is noted
that Soil Background Data for Interim Use at the Hanford Site (ECF-HANFORD-11-0038) recalculates the
percentile values based on using a nonparametric (Kaplan-Meier) method, consistent with the methodology
used in the Non-Rad Soil Background document (DOE/RL-92-24). Review of Metal Concentrations
(PNNL-18577) calculated the 90™ percentile values based on an assumption of normally distributed data.

The background concentration values documented in Soil Background Data for Interim Use at the Hanford
Site (ECF-HANFORD-11-0038) for selenium reference Natural Background Soil Metals Concentrations in
Washington State (Ecology Publication 94-115) because neither the Non-Rad Soil Background document
(DOE/RL-92-24) nor Review of Metal Concentrations (PNNL-18577) had adequate analytical results.

Radionuclide background values (lognormal 90™ percentile and maximum) are identified in the Rad Soil
Background document (DOE/RL-96-12), Table 5-1. The background values for naturally occurring
radionuclides were determined primarily by analyzing a subset of the inorganic systematic random
samples from the vadose zone (upper 30 cm [76 in.] of the soil column). The background values for the
anthropogenic radionuclides were determined from analytical results from surface sampling

(upper 2.5 cm [1 in.] of the soil column).

The composition of background samples described in the Non-Rad Soil Background document
(DOE/RL-92-24), Rad Soil Background document (DOE/RL-96-12), and Review of Metal
Concentrations (PNNL-18577) is representative of the sedimentary facies in the vadose zone at the
100-D/H Source OU. These background data are recommended for use in environmental restoration
activities on the Hanford Site to maintain consistency between projects, and they have been peer reviewed
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for technical credibility. Table G-12 (Appendix G) lists the maximum and 90" percentile background
concentration values for inorganic chemicals and radionuclides.

6.2.5.4.2 Comparison of Site and Background Risk Contributions

Understanding the contribution to risk from naturally occurring elements is important because remedial
action goals are not set at concentrations below natural background levels under CERCLA. Similarly,
2007 MTCA (“Overview of Cleanup Standards” [WAC 173-340-700(6)(d)]) states that:

In some cases, cleanup levels calculated using the methods specified in this chapter are less than
natural background levels or levels that can be reliably measured. In those situations, the cleanup
level shall be established at a concentration equal to the practical quantitation limit or natural
background concentration, whichever is higher.

CERCLA Soil Background Comparisons Guidance (EPA 540-R-01-003) states:

When background concentrations are high relative to the concentrations of released hazardous substances,
pollutants, and contaminants, a comparison of site and background concentrations may help risk
managers make decisions concerning appropriate remedial actions. The contribution of background
concentrations to risks associated with CERCLA releases may be important for refining specific RAGs
[remedial action goals] for contaminants of concern that warrant remedial action.

The 90" percentile value is used as a fixed benchmark concentration for determining which contaminants
should be evaluated for purposes of background risk. To assist in risk management decisions concerning
appropriate remedial actions, a comparison of background risks to risks from CERCLA releases is
provided using the approach described in the following text:

EPCs from each decision unit are compared to the background value for metals and radionuclides listed in
Table G-12 (Appendix G). A comparison of EPCs to the lognormal 90" percentile value for each decision
unit is provided in Table G-13 (Appendix G) for the 100-D Source OU and Table G-14 (Appendix G) for
the 100-H Source OU. Risk estimates are calculated as follows:

e If the EPC is less than or equal to the background value, then a risk estimate or an HQ is
not calculated.

o If the EPC is greater than the background value, then a risk estimate or an HQ is calculated.

e If a background value is not available for an analyte, then a risk estimate or an HQ is calculated.
e The total ELCR is summed for all analytes with EPCs greater than their background value.

e The HI is summed for all analytes with EPCs greater than their respective background value.

6.2.5.5 Summary of Risk Estimates by Exposure Scenario

This section summarizes the risk estimates for each of the exposure scenarios considered for the 100-D/H
Source OU.

6.2.5.5.1 Residential Scenario

PRGs developed for the Residential scenario are the numeric values that represent the RAOs presented in
Chapter 8. PRGs are established to help determine the need for remedial action at unremediated waste
sites. The PRGs are also used to compare EPCs to the RBSLs in this soil risk assessment that will be used
to help determine whether additional remedial action is necessary for waste sites where remediation has
been completed, and whether the goals and objectives of the interim action RODs have been met, as
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demonstrated by verification sampling and analysis. A complete description of the Residential exposure
scenario is provided in Section 6.2.3.3.1.

For completeness in analysis, all risk estimates for each remediated waste site decision unit are provided
in Appendix G. The risk estimates, which include all COPCs regardless of their EPCs relative to
background concentrations, are presented in Tables G-15 through G-23 (100-D Residential scenario) and
Tables G-34 to G-42 (100-H Residential scenario).

Appendix G also includes risk estimates for each remediated waste site decision unit, which include only
those COPCs with EPCs greater than background values or that do not have a background value. These
risk estimates are presented in Tables G-24 to G-33 (100-D Residential scenario) and Tables G-43 to
G-52 (100-H Residential scenario). Only these risk estimates without background contributions are
summarized and discussed in the risk characterization because this information is used for decisions
concerning appropriate remedial actions.

100-D Source OU. Risk estimates were calculated for each decision unit within a remediated waste site
including shallow vadose zone material, deep vadose zone material, overburden material, and staging pile
area footprint material. The results without background contribution for the Residential scenario are
presented in Tables G-24 to G-26 (Appendix G).

An overall summary of the total risk estimates and noncancer hazards (if applicable) for the residential
scenario from each of the remediated waste sites is provided in Tables 6-13 and Table 6-14 for shallow
zone material, Table 6-15 and Table 6-16 for overburden material, Table 6-17 and Table 6-18 for staging
piles, and Table 6-19 for the deep zone. These tables list the OU that each remediated waste site resides
in, the reclassification status, the remediated waste site, the associated waste site (if applicable), the
decision unit reported with an exceedance (if applicable), the total ELCR and the risk driver and percent
contribution (if applicable), and the hazard index and the noncancer hazard driver and percent
contribution (if applicable).

Shallow Zone. A total of 92 remediated waste sites are reported with CVP/RSVP data associated with the
shallow zone in the 100-D Source OU. The following lists the sample designs that were applied to the
remediated waste sites evaluated:

o Twenty remediated waste sites were sampled using a focused sampling design.

e Forty-seven remediated waste sites were sampled using a statistical sampling design (with three sites
having two statistically distinct decision units).

o Twenty-five remediated waste sites were sampled using both a statistical and a focused sampling
design (with two sites having one focused and three statistically distinct decision units; three sites
having one focused and two statistically distinct decision units and two sites with two focused
decision units and one statistical decision unit).

Radionuclide Results. As presented in Table 6-13, the potential total ELCR is greater than or equal to the
upper risk threshold of 1 x 10 at nine remediated waste sites, is within the target risk range of 10 to 10°®
at 27 remediated waste sites, and is less than the lower risk threshold of 1 x 10 at three remediated waste
sites. Risks were not reported at 19 remediated waste sites because radiological COPC concentrations
were less than background. Radiological COPCs were not reported at 34 remediated waste sites.
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Table 6-13. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Shallow Zone Waste Sites for the Residential Scenario

Classification
Status

Remediated Waste Site

Associated Waste Sites®

Decision Unit with
Exceedance

Total ELCR®

Risk Driver and % Contribution

100-DR-1 OU

Interim Closed
Out

116-DR-9

100-D-25

Shallow

2.6 x10*
<1 x10*(2038)

Cesium-137 (2.3 x 107 — 89%)

100-D-42, 100-D-43,
100-D-45

Shallow Focused

1.2 x 10™
<1x10*(2012)

Cobalt-60 (3.9 x 10”° — 34%)
Nickel-63 (7.6 x 10 — 66%)

100-D-48:3

100-D-5
100-D-6

Shallow

1.2x10*
<1 x 10 (2009)

Strontium-90 (1.2 x 107 — 97%)

118-D-6:4

Shallow 2

1.2x10*
<1x10*(2022)

Cesium-137 (6.5 x 10”° — 53%)
Europium-152 (3.9 x 10°° — 31%)
Strontium-90 (1.6 x 107 — 13%)

100-D-48:1

100-D-49:1
UPR-100-D-4

100-D-48:2

UPR-100-D-2
UPR-100-D-3

116-D-1A

100-D-46
116-D-1B

100-D-20
100-D-22
100-D-4
100-D-48:4
100-D-49:2
100-D-49:4
100-D-52
116-D-5
116-D-7
116-D-9
116-DR-1&2
116-DR-5
128-D-2
132-D-1
1607-D2:3
1607-D2:4

None

1x10%*to1x10°

None

100-D-29
100-D-32
1607-D2:1

None

<1x10°

None

0 'A3d 'S6-0T0Z-14/30d
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Table 6-13. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Shallow Zone Waste Sites for the Residential Scenario

Classification
Status

Remediated Waste Site

Associated Waste Sites®

Decision Unit with
Exceedance

Total ELCR®

Risk Driver and % Contribution

100-D-21
100-D-31:1, 100-D-31:2
100-D-31:10
100-D-31:3
100-D-31:4
100-D-31:7
100-D-31:8
100-D-31:9
100-D-49:3
116-D-10
116-D-2
116-D-4

None

No COPCs reported
above background

None

100-D-1
100-D-2
100-D-31:5
100-D-31:6
100-D-56:1
100-D-56:2
100-D-61
100-D-7
100-D-9
120-D-2
126-D-2
130-D-1
1607-D2:2
1607-D4
1607-D5
628-3

None

No COPCs reported

None

No Action

100-D-24
100-D-3
UPR-100-D-5

None

No COPCs reported
above background

None

0 'A3d 'S6-0T0Z-T4/30d
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Table 6-13. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Shallow Zone Waste Sites for the Residential Scenario

Classification Decision Unit with
Status Remediated Waste Site | Associated Waste Sites® Exceedance Total ELCR® Risk Driver and % Contribution
100-D-50:5
100-D-70
100-D-74
100-D-75:3
100-D-80:1
100-D-82 - None No COPCs reported None
100-D-83:4
100-D-84:1
100-D-85:1
100-D-87
100-D-88
100-D-90
100-DR-2
¢ 1.2 x10™ Cobalt-60 (3.9 x 10°° — 34%)
- 100-D-43 Shallow Focused <1x 10" (2012) Nickel-63 (7.6 x 10°° - 66%)
-4 100-D-46 None 1x10%to1x10° None
22x10* . 4
. ) Technetium-99 (1.6 x 10™ — 74%)
118-DR-2:2 Shallow <1 x 10 (>100,000 Strontium-90 (3.9 x 10° - 18%)
years)
116-D-8 - Shallow Focused 2 17 ><410-4 Cesium-137 (1.7 x 10 —100%)
<1x10™(2035)
1.0 x 10 Europium-152 (4.2 x 107 — 40%)
Interim Closed 100-D-47 Shallow Focused <1x 10" (2009) Strontium-90 (5.2 x 10°5 — 50%)
Out 116-DR-10
116-DR-6
116-DR-7
111 168DDR18 - None 1x10%*to1x 10 None
118-D-4
118-D-5
118-DR-1
100-D-13 3 None No COPCs reported None
116-DR-4 above background
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Table 6-13. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Shallow Zone Waste Sites for the Residential Scenario

Classification Decision Unit with
Status Remediated Waste Site | Associated Waste Sites® Exceedance Total ELCR® Risk Driver and % Contribution
100-D-23
100-D-53
122-DR-1:2 100-D-54
100-D-64
100-D-12
100-D-15
100-D-28:1 None No COPCs reported None
1607-D1
600-30
No Action 100-D-94 -- None No COPCs reported None

Note: Results summarized from Table G-24, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-D Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

The following three waste sites do not report shallow zone sample data: 100-D-18, 100-D-19, and 116-D-6.

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.
b. Total ELCR represents risk contributions from radiological COPCs.

c. Remediated waste site 100-D-43 (100-DR-2 OU) is associated with remediated waste sites 100-D-42 and 100-D-45 (100-DR-1 OU).

d. Remediated waste site 100-D-46 (100-DR-2 OU) is associated with remediated waste site 116-D-1A (100-DR-1).

COPC = contaminats of potential concern
ELCR = excess lifetime cancer risk
ou = operable unit

Table 6-14. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Shallow Zone Waste
Sites for the Residential Scenario

Noncancer
Hazard Driver
Classification Remediated Associated Decision Unit with Hazard and %
Status Waste Site Waste Sites? Exceedance Total ELCR® Risk Driver and % Contribution Index Contribution
100-DR-1 OU
Interim Closed . _ 5 Benzo(a)pyrene (1.4 x 10° — 81%)
Out 100-D-31:4 Shallow 1.7x10 Benzo(b)fluoranthene (1.2 x 10 — 7%) <1 None
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Table 6-14. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Shallow Zone Waste

1607-D5

1607-D2:2

Shallow

Sites for the Residential Scenario

52 x10°

Benzo(a)anthracene (1.4 x 10 — 28%)
Benzo(a)pyrene (3.0 x 10 — 57%)

Shallow

1.2 x10°

Aroclor-1254 (8.9 x 107 — 74%)
Aroclor-1260 (3.1 x 107 - 26%)

100-D-1
100-D-31:1,
100-D-31:2
100-D-31:10
100-D-31:3
100-D-31:6
100-D-31:7
100-D-31:8
100-D-31:9

100-D-4

100-D-42,
100-D-43,
100-D-45
100-D-49:4
100-D-61

100-D-7

100-D-9

116-D-5

116-DR-5
118-D-6:4

126-D-2

128-D-2

130-D-1

132-D-1
1607-D2:3

1607-D4
628-3

None

<1x10°

None

<1

None

0 'A3d ‘S6-0T0Z-14/300



89-9

Table 6-14. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Shallow Zone Waste

Sites for the Residential Scenario

100-D-2
100-D-29
100-D-31:5
100-D-32
100-D-56:1 <1 None
100-D-56:2 No COPCs
116-D-10 -- None reported above None
120-D-2 background
No COPCs
1607-D2:1 reported None
above
background
100-D-20 None
100-D-21 -- No COPCs None
reported
100-D-22 None
No COPCs
None reported None
_ 100-D-49:1
100-D-48:1 UPR-100-D-4 <1 None
) UPR-100-D-2 No COPCs
100-D-48:2 UPR-100-D-3 reported None
. 100-D-5
100-D-48:3 100-D-6 a None
100-D-48:4 --

0 'A3d ‘S6-0T0Z-14/300
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Table 6-14. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Shallow Zone Waste

Sites for the Residential Scenario

100-D-49:2 No COPCs
100-D-49:3 reported
No COPCs None
100-D-52 reported
above
background
100-D-46
116-D-1A 116-D-1B <1 None
116-D-2 No COPCs
116-D-4 reported None
116-D-7 - <1 None
116-D-9 No COPCs
116-DR-1&2 reported None
116-DR-9 100-D-25 <1 None
No COPCs
1607-D2:4 - reported None
above
background
100-D-24
100-D-74
100-D-84:1
100-D-87 <1 None
No Action 100-D-88 .
== <
100-D-70 None 1x10 None
No COPCs
-D- reported
100-D-82 shorte None

background

0 'A3d ‘S6-0T0Z-14/300
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Table 6-14. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Shallow Zone Waste
Sites for the Residential Scenario

No COPCs
100-D-50:5 reported None
100-D-85:1 i
background
100-D-75:3
100-D-83:4 N Noan)PtS:s \ o Nore
UPR-100-D-5 - one reported above one
background
100-D-3
No COPCs
100-D-80:1 Nore
100-D-90 - None No COPCs None reported
reported
100-DR-2
_c 100-D-43 None <1x10° None ) o
- 100-D-46 None No COPCs None <1 None
reported
100-D-13
; 100-D-15
Interim Closed
| e
g - 6
116-DR-10 None <1x10 None <1 None
116-DR-8
118-DR-1

118-DR-2:2

0 'A3d ‘S6-0T0Z-14/300
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Table 6-14. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Shallow Zone Waste
Sites for the Residential Scenario

Noncancer
Hazard Driver
Classification Remediated Associated Decision Unit with Hazard and %
Status Waste Site Waste Sites? Exceedance Total ELCR® Risk Driver and % Contribution Index Contribution
100-D-23
_ 100-D-53
122-DR-1:2 | J00 0 ey
100-D-64
1607-D1 B
600-30
100-D-47 No COPCs
Eggi - None reported above None <1 None
background
118-D-5
100-D-12 None No COPCs None
116-DR-4 reported No COPCs None
116-DR-6 reported
116-DR-7
No COPCs
No Action 100-D-94 - None reported above None <1 None
background

Note: Results summarized from Table G-24, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-D Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

The following three waste sites do not report shallow zone sample data: 100-D-18, 100-D-19, and 116-D-6.

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.
b. Total ELCR represents risk contributions from nonradiological carcinogenic COPCs.

c. Remediated waste site 100-D-43 (100-DR-2 OU) is associated with remediated waste sites 100-D-42 and 100-D-45 (100-DR-1 OU).

d. Remediated waste site 100-D-46 (100-DR-2 OU) is associated with remediated waste site 116-D-1A (100-DR-1).

ELCR = excess lifetime cancer risk

OU = operable unit

0 'A3d 'S6-0T0Z-14/30d
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Table 6-15. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Overburden Material for the Residential Scenario

Classification Decision Unit with
Status Remediated Waste Site | Associated Waste Sites® Exceedance Total ELCR® Risk Driver and % Contribution
100-DR-1 OU
100-D-5
100-D-48:3 100-D-6 None
UPR-100-D-2
100-D-48:2 UPR-100-D-3 None
100-D-31:10
100-D-31:3, 100-D-31:4 1x10*to1x10°
100-D-31:8
100-D-4 - None
116-D-5
116-DR-5
1607-D2:3
Interim Closed 100-D-29 - None <1x10°
Out None
100-D-31:1, 100-D-31:2
100-D-31:7
- P
100-D-32
100-D-31:5
100-D-31:6
100-D-42, 100-D-43,
100-D-45 - None No COPCs reported
100-D-56:1
100-D-56:2
126-D-2
No Action UPR-100-D-5 - None 1x10*t0 1 x 10
100-DR-2
100-D-47
116-DR-8 - None 1x10*to 1 x 107
Interim Closed 118-D-5
out 118D-1 - None <1x10° None
116-DR-10 _ None No COPCs reported
118-D-4 above background

0 'A3d 'S6-0T0Z-T4/30d
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Table 6-15. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Overburden Material for the Residential Scenario

100-D-28:1 None No COPCs reported

Note: Results summarized from Table G-24, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-D Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

Remediated waste site 100-D-43 (100-DR-2 OU) is associated with remediated waste sites 100-D-42 and 100-D-45 (100-DR-1 OU).
Remediated waste site 100-D-46 (100-DR-2 OU) is associated with remediated waste site 116-D-1A (100-DR-1).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.
b. Total ELCR represents risk contributions from radiological COPCs.

ELCR = excess lifetime cancer risk

OU = operable unit

Table 6-16. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Overburden for the
Residential Scenario

100-DR-1 OU

T I 0 ] e
100-D-31:1,
100-D-31:2
100-D-31:10
Interim 100-D-31:6
Closed Out igggzi; . None <1x10° None <1 None
100-D-31:9
116-D-5
116-DR-5
126-D-2

0 'A3d ‘S6-0T0Z-14/300
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Table 6-16. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Overburden for the
Residential Scenario

Closed Out

. UPR-100-D-2
100-D-482 | |or 100.p.3 <1
100-D-5
100-D-48:3
100-D-6 None No COPCs None None
reported No COPCs
reported
above
1607-D2:3 -- background
100-D-29
100-D-31:5
1188_'8_':’22 No COPCs
. ! -- None reported above None <1 None
Interim 100-D-43, background
Closed Out 100-D-45
100-D-56:1
100-D-56:2
100-D-4 - None No COPCs None <1 None
reported
No Action UPR-100-D-5 - None <1x10° None <1 None
100-DR-2
Interim 100-D-28:1 - None 1.9 x 10° None <1 None

0 'A3d ‘S6-0T0Z-14/300
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Table 6-16. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Overburden for the
Residential Scenario

116-DR-10

116-DR-8 - <1x10°® None
118-D-1

100-D-47 No COPCs
118-D-4 -- reported above None
118-D-5 background

Note: Results summarized from Table G-24, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-D Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.
b. Total ELCR represents risk contributions from nonradiological carcinogenic COPCs.

COPC = contiminant of potential concern

ELCR = excess lifetime cancer risk

OU = operable unit

0 'A3d ‘S6-0T0Z-14/300
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Table 6-17. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Staging Piles for the Residential Scenario

Classification

Decision Unit with

Status Remediated Waste Site | Associated Waste Sites? Exceedance Total ELCR® Risk Driver and % Contribution
100-DR-1 OU
116-D-10 1x10%to1x10°
116-DR-5 5
132-D-1 <1x10
Interim Closed 100-D-7 No COPCs reported
Out 116-D-5 None above background None
100-D-56:2
130-D-1 No COPCs reported
628-3
100-DR-2
. 118-D-1 <1x10°
Interim Closed
out 100D28.L -- None None
1607-D1. No COPCs reported

Note: Results summarized from Table G-24, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-D Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.

b. Total ELCR represents risk contributions from radiological COPCs.

COPC = contaminant of potential concern
ELCR = excess lifetime cancer risk

OU = operable unit

0 'A3d 'S6-0T0Z-T4/30d
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Table 6-18. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-DR-1 and 100-DR-2 Staging Piles for the

Residential Scenario

Noncancer
Hazard Driver
Classification Remediated Associated Decision Unit with Hazard and %
Status Waste Site Waste Sites? Exceedance Total ELCR® Risk Driver and % Contribution Index Contribution
100-DR-1 OU
132-D-1 - None 1.8x10° Benzo(a)pyrene (1.3 x 10°° — 69%) <1 None
100-D-56:2
100-D-7
Interim 111166DDR55 - None <1x10° None <1 None
Closed Out 130-D-1
628-3
No COPCs
116-D-10 - None reported above None <1 None
background
100-DR-2
Interim 100-D-28:1
Clos: out 118-D-1 - None <1x10° None <1 None
1607-D1

Note: Results summarized from Table G-24, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-D Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.

b. Total ELCR represents risk contributions from nonradiological carcinogenic COPCs.

COPC = contaminant of potential concern

ELCR = excess lifetime cancer risk

OU = operable unit

0 'A3d 'S6-0T0Z-14/30d
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Table 6-19. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Deep Zone Waste Sites for the Residential Scenario

Classification Decision Unit with
Status Remediated Waste Site | Associated Waste Sites® Exceedance Total ELCRP Risk Driver and % Contribution
100-DR-1
Cesium-137 (9.3 x 107 — 58%)
) Cobalt-60 (2.5 x 10— 1.6%)
D 2
116-D-1A iggg_fg Deep <1 Ol.><61x0‘£0(2203) Europium-152 (5.3 x 107 — 33%)
' Europium-154 (3.6 x 10 — 2.2%)
Strontium-90 (9.3 x 10™* — 5.8%)
Cesium-137 (7.1 x 10™* — 7.3%)
9.7 x 10° Cobalt-60 (7.4 x 10 — 7.6%)
116-D-7 Deep <10 %10 (2125) Europium-152 (7.3 x 10 — 75%)
' Europium-154 (8.3 x 10 — 8.6%)
Nickel-63 (1.2 x 10 — 1.2%)
B Cesium-137 (1.7 x 10°° — 25%)
6.7 x 10° Cobalt-60 (1.1 x 10— 1.7%)
116-DR-1&2 Deep <10 %10 (2148) Europium-152 (3.4 x 10 — 51%)
' Europium-154 (1.8 x 10 — 2.7%)
Strontium-90 (1.3 x 107 — 19%)
) 25x%x10° Cesium-137 (1.9 x 10° - 77%)
Interim Closed 118-D-6:4 Deep Focused <1.0 x 10% (2143) Europium-152 (4.7 x 10° — 19%)
out Cesium-137 (6.8 x 10 — 24%)
100-D-49:1 2.8x1073 Cobalt-60 (2.6 x 10— 9.2%)
100-D-48:1 D
00-D-48 UPR-100-D-4 eep <1.0 x 10 (2093) Europium-152 (1.8 x 10°° - 62%)
Europium-154 (1.1 x 10 — 3.9%)
25 % 10° Cesium-137 (1.4 x 107 - 57%)
100-D-49:2 - Deep <10 y 10% (2117) Cobalt-60 (2.5 x 10 — 10%)
' Europium-152 (6.7 x 10 — 27%)
1.2x10% Cesium-137 (2.4 x 107 — 21%)
116-DR-9 100-D-25 Deep < 1.0 x 10% (2064) Europium-152 (7.0 x 10 - 61%)
75x%x 10" Cesium-137 (4.1 x 10™ — 54%)
100-D-18 Deep <1.0 x 10 (2066) Europium-152 (2.7 x 10 — 36%)
_ B 3.3x 10" Cesium-137 (4.8 x 10° — 14%)
100-D-49:4 Deep <1.0 x 10 (2027) Europium-152 (2.3 x 10 — 69%)
: Cesium-137 (1.1 x 10 — 36%
100-D-48:2 UPR-100-D-2 Deep 3.0 10 Euro ium-152( (8.8x10° - 290/1)
UPR-100-D-3 <1.0 x 10 (2034) P ;

Strontium-90 (7.8 x 107° — 26%)
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Table 6-19. Summary of Total Risks from Radionuclides for the 100-DR-1 and 100-DR-2 Deep Zone Waste Sites for the Residential Scenario

Classification Decision Unit with
Status Remediated Waste Site | Associated Waste Sites® Exceedance Total ELCRP Risk Driver and % Contribution
100-D-5 2.0x 10" Cesium-137 (6.1 x 10° - 30%
100-D-48:3 100-D-6 Deep <1.0 x 10%(2028) Strontium-QO((l.Z x 10 600/3)
100-D-19 - Deep Focused 14 x _140_4 Nickel-63 (1.3 x 10™ — >99%)
<1.0 x 10™(2042)
116-D-5 - None 1x10%to1 x 10 None
116-D-6
100-DR-2
Cesium-137 (9.3 x 107 — 58%)
C 16 %102 Cobalt-60 (2.5 x 10" 731.6%)
- 100-D-46 Deep < 1.0 x 10% (2203) Europ_lum-152 (5.3 x 104 —33%)
Europium-154 (3.6 x 10™ — 2.2%)
Strontium-90 (9.3 x 10 — 5.8%)
6.3 x 10" Cesium-137 (1.5 x 10 - 23%
_ 116-DR-6 Deep < 1.0 x 10 (2048) Europium-152( (3.9 x10% - 620/)0)
Interlguct:losed - 6.8 x 10 Cesium-137 (2.7 x 10 — 37%)
118-DR-2:2 Deep <10x10% (2140) Cobalt-60 (1.4 x 10* - 19%)
Europium-152 (1.6 x 10™ — 22%)
118-D-1 -- Deep <1x10° None
100-D-23
100-D-53 No COPCs reported above
122-DR-1:2 100.D.54 None backgr%un d None
100-D-64

Note: Results summarized from Table G-24, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-D Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.

b. Total ELCR represents risk contributions from radiological COPCs.
c. Remediated waste site 100-D-46 (100-DR-2 OU) is associated with remediated waste site 116-D-1A (100-DR-1).
COPC = contaminant of potential concern

ELCR = excess lifetime cancer risk

OU = operable unit

0 'A3d 'S6-0T0Z-14/30d
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Nine remediated waste sites report concentrations of Hanford Site-related COPCs that are equal to or
exceed the upper range of the target threshold for the Residential scenario. The cancer risk levels for the
Residential scenario are as follows:

The 116-DR-9 waste site (shallow decision unit) reports a total ELCR of 2.6 x 10™. The primary
contributor to risk is cesium-137 (2.3 x 10™*: 89 percent contribution). The EPC of cesium-137 is

10 pCi/g, which is greater than the residential RBSL of 4.4 pCi/g and is also greater than the direct
exposure remedial action goal of 6.2 pCi/g, published in the 100 Area RDR/RAWP (DOE/RL-96-17).
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2038.

The 118-DR-2:2 waste site (shallow decision unit) reports a total ELCR of 2.2 x 10™*. The primary
contributors to risk include technetium-99 (1.6 x 10™*; 74 percent contribution) and strontium-90

(3.9 x 10°; 18 percent contribution). The EPC of technetium-99 is 2.4 pCi/g, which is greater than the
residential RBSL of 1.5 pCi/g. However, the EPC is less than the current direct exposure remedial
action goal of 5.8 pCi/g published in the 100 Area RDR/RAWP (DOE/RL-96-17). Activities of all
radionuclides will not decay to a total ELCR of less than 1.0 x 10 within a reasonable timeframe as
a result of the presence of technetium-99.

The 116-D-8 (shallow focused 2 decision unit) reports a total ELCR of 1.7 x 10™. The primary
contributor to risk is cesium-137 (1.7 x 10™*; 100 percent contribution). The EPC of cesium-137 is

7.6 pCi/g, which is greater than the residential RBSL of 4.4 pCi/g and is also greater the current direct
exposure remedial action goal of 6.2 pCi/g published in the 100 Area RDR/RAWP (DOE/RL-96-17).
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2035.

The 100-D-42, 100-D-43, 100-D-45 waste sites (shallow focused decision unit) report a total ELCR
of 1.2 x 10™. The primary contributors to risk include cobalt-60 (3.9 x 10°; 34 percent contribution)
and nickel-63 (Ni-63) (7.6 x 10™: 66 percent contribution). Activities of all radionuclides will decay
to a total ELCR of less than 1.0 x 10 by year 2012.

The 100-D-48:3 waste site (shallow decision unit) reports a total ELCR of 1.2 x 10™. The primary
contributor to risk is strontium-90 (1.2 x 10™*: 97 percent contribution). The EPC of strontium-90 is
2.7 pCilg, which is slightly greater than the residential RBSL of 2.3 pCi/g. However, the EPC is less
than the current direct exposure remedial action goal of 4.5 pCi/g published in the 100 Area
RDR/RAWP (DOE/RL-96-17). Activities of all radionuclides have decayed to a total ELCR of less
than 1.0 x 10 in year 2009.

The 118-D-6:4 waste site (shallow 2 decision unit) reports a total ELCR of 1.2 x 10™. The primary
contributors to risk are cesium-137 (6.5 x 10°°; 53 percent contribution), europium-152 (3.9 x 10°;
31 percent contribution), and strontium-90 (1.6 x 10°%; 13 percent contribution). Activities of all
radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2022.

The 100-D-47 waste site (shallow focused decision unit) reports a total ELCR of 1.0 x 10™. The
primary contributors to risk include europium-152 (4.2 x 10°°; 40 percent contribution) and
strontium-90 (5.2 x 10°%; 50 percent contribution). Activities of all radionuclides have decayed to a
total ELCR of less than 1.0 x 10™ in year 2009.

Nonradiological Results (Direct Contact). As presented in Table 6-14, the potential cumulative ELCR is
greater than the 1 x 10 for three remediated waste sites and is less than the 1 x 10°® for 45 remediated
waste sites. Risks were not reported at 19 remediated waste sites because nonradiological carcinogenic
COPCs were less than background. Nonradiological carcinogenic COPCs were not reported at 25
remediated waste sites.
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As presented in Table 6-14, two remediated waste sites report individual carcinogens greater than the
WAC 173-340-740 acceptable cancer risk level of 1 x 10, one of these two remediated waste sites are
greater than the 2007 MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)])
cumulative risk threshold of 1 x 107°. The cancer risk levels for the residential scenario are as follows:

e The 100-D-31:4 waste site (shallow decision unit) reports a cumulative nonradiological ELCR of
1.7 x 10°. The primary contributors to risk include benzo[a]pyrene (1.4 x 10”%; 81 percent
contribution) and benzo[b]fluoranthene (1.2 x 10°%; 6.8 percent contribution).

e The 1607-D5 waste site (shallow decision unit) reports a cumulative nonradiological ELCR of
5.2 x 10°®. The primary contributors to risk include benzo[a]anthracene (1.4 x 10°; 28 percent
contribution) and benzo[a]pyrene (3.0 x 10°%; 57 percent contribution).

For the 100-D-31:4 remediated waste site (shallow decision unit), the EPCs for benzo(a)pyrene
(1.9 mg/kg) and benzo(b)fluoranthene (1.6 mg/kg) are greater than their risk-based screening level.
A summary of the benzo(a)pyrene and benzo(b)fluoranthene results follows:

e The EPC for benzo(a)pyrene is based on the maximum detected concentration. Twelve soil samples
were collected from the shallow decision unit and analyzed for benzo(a)pyrene. Benzo(a)pyrene was
detected in three of 12 samples, measured concentrations range between 0.24 and 1.9 mg/kg (all three
results are greater than the risk based screening level of 0.14 mg/kg).

e The EPC for benzo(b)fluoranthene is based on the maximum detected concentration. Twelve soil
samples were collected from the shallow decision unit and analyzed for benzo(b)fluoranthene.
Benzo(a)fluoranthene was detected in three of 12 samples, measured concentrations range between
0.01 and 1.6 mg/kg (one result greater than the risk based screening level of 1.4 mg/kg).

As presented in Table 6-14, the potential HI from noncancer effects from direct contact without
background contribution is less than the EPA target HI of 1 and the 2007 MTCA (“Unrestricted Land Use
Soil Cleanup Standards” [WAC 173-340-740]) target HI of 1 for 69 of 92 remediated waste sites. An HI
was not reported for 19 remediated waste sites because COPC concentrations were less than background.
Nonradiological COPCs were not reported at four remediated waste sites.

As presented in Table G-26 (Appendix G), all lead and arsenic EPCs are less than their respective
Method A soil cleanup levels of 250 mg/kg and 20 mg/kg for unrestricted land use.

Nonradiological Results (Inhalation). As presented in Table G-28 (Appendix G), the potential
cumulative ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without
background contribution ranges from 3.3 x 10™*° to 7.7 x 10, The potential cumulative ELCR is less than
the 2007 MTCA “Cleanup Standards to Protect Air Quality” (WAC 173-340-750) Method B risk value of
1 x 107 for individual carcinogens for 65 remediated waste sites. Risks were not reported at eight
remediated waste sites because COPC concentrations were less than background. Nonradiological
carcinogenic COPCs were not reported at 19 remediated waste sites.

As presented in Table G-28 (Appendix G), the potential HI is less than the EPA target HI of 1 and the 2007
MTCA “Cleanup Standards to Protect Air Quality” (WAC 173-340-750) Method B target HI of 1 for

65 remediated waste sites. An HI was not reported for 23 remediated waste sites because COPC
concentrations were less than background. Nonradiological COPCs were not reported at four remediated
waste sites.
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Overburden. A total of 32 remediated waste sites are reported with CVP/RSVP data associated with
overburden material in the 100-D Source OU. The following sample designs were applied to the
remediated waste sites evaluated:

e Thirty-one remediated waste sites were sampled using a statistical sampling design (include one site
with two statistically distinct decision units.

e One remediated waste site was sampled using both a statistical and a focused sampling design and
was subdivided into two focused decision units and two statistical decision units.

Radionuclide Results. As presented in Table 6-15, the potential total ELCR is within the target risk range
of 10" to 10°° for overburden material associated with 14 remediated waste sites and less than the lower
target risk threshold of 1 x 10°° for overburden material associated with two remediated waste sites. Risks
were not reported at seven remediated waste sites because radiological COPCs concentrations were less
than background. Radiological COPCs were not reported at nine remediated waste sites.

Nonradiological Results (Direct Contact). As presented in Table 6-16, the potential cumulative ELCR
is greater than 1 x 107 for overburden material associated with three remediated waste sites and is less
than 1 x 10°° for overburden material associated with 14 remediated waste sites. Risks were not reported in
overburden material associated with 11 remediated waste sites because nonradiological carcinogenic
COPCs were less than background. Risks were not reported in overburden material associated with four
remediated waste sites because no COPCs were reported. Although overburden material associated with
three remediated waste sites report a total ELCR greater than 1 x 10°®; there were no individual
carcinogens reported with risks greater than the target risk level of 1 x 10"

As presented in Table 6-16, the potential HI for direct contact from noncancer effects without background
contribution is less than the EPA target HI of 1 and the 2007 MTCA (“Unrestricted Land Use Soil
Cleanup Standards” [WAC 173-340-740]) target HI of 1 for overburden material associated with 30
remediated waste sites. Hazards were not reported in overburden material associated with two remediated
waste sites because nonradiological carcinogenic COPCs were less than background.

As presented in Table G-26 (Appendix G), all lead and arsenic EPCs are less than their respective
Method A soil cleanup levels of 250 mg/kg and 20 mg/kg for unrestricted land use.

Nonradiological Results (Inhalation). As presented in Table G-30 (Appendix G), the potential
cumulative ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without
background contribution ranges from 1.9 x 10" to 3.5 x 10°®. The potential cumulative ELCR is less than
the 2007 MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B risk
threshold of 1 x 10°® for individual carcinogens for overburden material associated with 21 remediated
waste sites. Risks were not reported at eight remediated waste sites because nonradiological carcinogenic
COPCs were less than background. Nonradiological carcinogenic COPCs were not reported in three
remediated waste sites.

As presented in Table G-30 (Appendix G), the potential HI is less than the EPA target HI of 1 and the
2007 MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B target HI of 1
for overburden material associated with 26 remediated waste sites. Risks were not reported at six
remediated waste sites because nonradiological carcinogenic COPCs were less than background.

Staging Pile Area. A total of 11 remediated waste sites are reported with CVP/RSVP data associated with
staging pile areas in the 100-D Source OU. The following sample designs were applied to the remediated
waste sites evaluated:
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¢ Nine remediated waste sites were sampled using a statistical sampling design.
e One remediated waste site was sampled using a focused sampling design.

e One remediated waste site was sampled using both a statistical and a focused sampling design and
was subdivided into two distinct statistical decision units.

Radionuclide Results. As presented in Table 6-17, the potential total ELCR is within the target risk range
of 10 to 107 for staging pile material associated with one remediated waste site and less than the lower
risk threshold of 1 x 10°® for staging pile material associated with three remediated waste sites. Risks were
not reported in staging pile material associated with two remediated waste sites because radiological
COPC concentrations were less than background. Radiological COPCs were not reported at five
remediated waste sites.

Nonradiological Results (Direct Contact). As presented in Table 6-18, the potential cumulative ELCR
from direct contact for all nonradiological carcinogenic COPCs without background contribution is
greater than 1 x 10°® for staging pile material associated with one remediated waste site and is less than
1 x 10°® for staging pile material associated with nine remediated waste sites. Risks were not reported at
one remediated waste site because nonradiological carcinogenic COPC concentrations were less than
background.

As presented in Table 6-18, staging pile material associated with one remediated waste site reports
individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level of 1 x 10°;
however, it is less than the 2007 MTCA (“Human Health Risk Assessment Procedures”

[WAC 173-340-708(5)]) cumulative risk threshold of 1 x 10™. The cancer risk levels for the residential
scenario are as follows:

e The 132-D-1 (staging pile area decision unit) reports a cumulative ELCR of 1.8 x 10°°. The primary
contributor to risk is benzo[a]pyrene (1.3 x 10°%; 69 percent contribution).

As presented in Table 6-18, the potential HI for direct contact from noncancer effects without background
contribution is less than the EPA target HI of 1 and the 2007 MTCA (“Unrestricted Land Use Soil
Cleanup Standards” [WAC 173-340-740]) target HI of 1 for staging pile material associated with the 11
remediated waste sites.

As presented in Table G-26 (Appendix G), all lead and arsenic EPCs are less than their respective
Method A soil cleanup levels of 250 and 20 mg/kg for unrestricted land use.

Nonradiological Results (Inhalation). As presented in Table G-32 (Appendix G), the potential
cumulative ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without
background contribution ranges from 9.0 x 10™*® to 2.8 x 10™. The potential cumulative ELCR is less
than the 2007 MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B risk
value of 1 x 10°® for individual carcinogens for staging pile material associated with the 11 remediated
waste sites.

As presented in Table G-32 (Appendix G), the potential HI is less than the EPA target HI of 1 and the
2007 MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B target HI of 1
for staging pile material associated with nine remediated waste sites. HIs were not reported for two
remediated waste sites because COPC concentrations were less than background.

Deep Zone. Deep vadose zone samples were evaluated to identify remediated waste sites where exposure to
residual contamination could present a potential risk from an inadvertent exposure through deep excavation
activities. While this exposure would be industrial in nature, the RBSLs (developed for the Residential
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exposure scenario) were used for convenience as screening values to identify such sites in order to allow
institutional controls to be established to control access to deep contamination.

A total of 18 remediated waste sites are reported with CVP/RSVP data associated with the deep zone in
the 100-D Source OU. The following lists the sample designs that were applied to the remediated waste
sites evaluated:

e One remediated waste site was sampled using a focused sampling design.
e Sixteen remediated waste sites were sampled using a statistical sampling design.
e One remediated waste site was sampled using both a statistical and a focused sampling design.

The remaining 77 remediated waste sites were not excavated deeper than 4.6 m (15 ft) bgs and are not
discussed in this section.

Radionuclide Results. As presented in Table 6-19, the total ELCR is greater than the upper risk threshold of
1 x 10™ at 14 remediated waste sites; is within the target risk range of 10 to 10°® at two remediated waste site;
and is less than the lower risk threshold of 1 x 10 at one remediated waste site. Risks were not reported
at one remediated waste site because COPC concentrations were less than background.

100-H Source OU. Risk estimates were calculated for each decision unit within a remediated waste site
including shallow vadose zone material, deep vadose zone material, overburden material, and staging pile
area footprint material. The results for the Residential scenario are presented in Tables G-43 to G-52
(Appendix G).

An overall summary of the total risk estimates and noncancer hazards (if applicable) for the residential
scenario from each of the remediated waste sites is provided in Table 6-20 and Table 6-21 for shallow
zone material, Table 6-22 and Table 6-23 for overburden material, Table 6-24 and Table 6-25 for staging
piles, and Table 6-26 for the deep zone. These tables list the OU that each remediated waste site resides
in, the reclassification status, the remediated waste site, the associated waste site (if applicable), the
decision unit reported with an exceedance (if applicable), the total ELCR and the risk driver and percent
contribution (if applicable), and the hazard index and the noncancer hazard driver and percent
contribution (if applicable).

Shallow Zone. A total of 42 remediated waste sites are reported with CVP/RSVP data associated with the
shallow zone in the 100-H Source OU. The following lists the sample designs that were applied to the
sites evaluated:

o Fifteen remediated waste sites were sampled using a focused sampling design.

e Seventeen remediated waste sites were sampled using a statistical sampling design (with one site
having two statistically distinct decision units and three sites having three statistically distinct
decision units).

e Ten remediated waste sites were sampled using both a statistical and a focused sampling design
(with two sites having one focused and two statistically distinct decision units and one site having one
focused and three statistically distinct decision units).

Radionuclide Results. As presented in Table 6-20, the potential total ELCR from all radiological COPCs
without background contribution is greater than the upper risk threshold of 1 x 10 for two remediated
waste sites, is within the target risk range of 10" to 10°® for 16 remediated waste sites, and less than the
lower risk threshold of 1 x 10 for two remediated waste sites. Risks were not reported at five remediated
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waste sites because radiological COPC concentrations were less than background. Radiological COPCs
were not reported at 17 remediated waste sites.

Two remediated waste sites report concentration of Hanford Site-related COPCs that exceed the upper
range of the threshold for the Residential scenario. The cancer risk levels for the Residential scenario are
as follows:

The 116-H-5 waste site (shallow decision unit) reports a total ELCR of 1.1 x 10™. The primary
contributor to risk is strontium-90 (1.1x 10™*; 96 percent contribution). The EPC of strontium-90 is
2.4 pCi/g, which is greater than the residential RBSL of 2.3 pCi/g. However, the EPC is less than the
current direct exposure remedial action goal of 4.5 pCi/g published in the 100 Area RDR/RAWP
(DOE/RL-96-17). Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by
year 2016.

The 118-H-1:1waste site (shallow 2 decision unit) reports a total ELCR of 1.2 x 10™. The primary
contributor to risk is strontium-90 (1.0 x 10™*; 87 percent contribution). The EPC of strontium-90 is
2.3 pCilg, which is equal to the residential RBSL of 2.3 pCi/g. However, the EPC is less than the
current direct exposure remedial action goal of 4.5 pCi/g published in the 100 Area RDR/RAWP
(DOE/RL-96-17). Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by
year 2016.

Nonradiological Results (Direct Contact). As presented in Table 6-21, the potential cumulative ELCR
is greater than 1 x 107 for five remediated waste sites and is less than 1 x 10°® for 20 remediated waste
sites. Risks were not reported at 18 remediated waste sites because nonradiological carcinogenic COPC
concentrations were less than background.

As presented in Table 6-21, five remediated waste sites report individual carcinogens greater than the 2007
MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) acceptable cancer risk
level of 1 x 10°®, two of the remediated waste sites are greater than the 2007 MTCA (“Human Health Risk
Assessment Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of 1 x 10°. The cancer risk
levels for the residential scenario are as follows:

100-H-41 (shallow focused decision unit) reports a cumulative nonradiological ELCR 0f9.8 x 10°.
The primary contributor to risk is benzo(a)pyrene (7.1 x 10°%; 73 percent contribution).

116-H-7 (shallow decision unit) reports a cumulative nonradiological ELCR of 1.3 x 107,
The primary contributor to risk is aroclor-1260 (1.3 x 10°®; 100 percent contribution).

118-H-6:5 (shallow 1 decision unit) reports a cumulative nonradiological ELCR of 6.0 x 10~
The primary contributor to risk is arsenic (6.0 x 10°; > 99 percent contribution).

1607-H4 (shallow decision unit) reports a cumulative nonradiological ELCR of 3.8 x 10°®.
The primary contributor to risk is benzo(a)pyrene (2.8 x 10°%; 74 percent contribution).

600-151 (shallow 2 decision unit) reports a cumulative nonradiological ELCR of 9.0 x 107,
The primary contributor to risk is arsenic (8.9 x 10°°; >99 percent contribution).
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Table 6-20. Summary of Total Risks from Radionuclides for the 100-HR-1 and 100-HR-2 Shallow Zone Waste Sites for the Residential Scenario

Classification Remediated Waste Decision Unit with
Status Site Associated Waste Sites® Exceedance Total ELCR® Risk Driver and % Contribution
100-HR-1
116-H-5 - Shallow 11x10° Strontium-90 (1.1 x 107 — 96%)
< 1.0 x 10 (2016) : 0
100-H-30
100-H-17 116-H-2
100-H-1
100-H-21 100-H-22
100-H-4 None 1x10%to1x10° None
100-H-5
116-H-1 _
Interim Closed 116-H-3
Out 116-H-7
118-H-6:5
116-H-9 - None <1x10° None
118-H-6:4
1607-H2 - None No COPCs reported above None
1607-H4 g
100-H-24
100-H-3
100-H-41 - None No COPCs rported None
1607-H3
100-H-49:2 - None 1x10%to1x 10 None
100-H-35 _ None No COPCs reported above None
100-H-53 background
100-H-28:1
100-H-28:6
No Action 100-H-45
100-H-50
100-H-51:4 -- None No COPCs reported None
100-H-51:5
100-H-7

100-H-8
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Table 6-20. Summary of Total Risks from Radionuclides for the 100-HR-1 and 100-HR-2 Shallow Zone Waste Sites for the Residential Scenario

Classification Remediated Waste Decision Unit with
Status Site Associated Waste Sites® Exceedance Total ELCR" Risk Driver and % Contribution
100-HR-2
-C 100-H-2 None 1x10%to1x 10 None
118-H-1:1 - Shallow 2 1.2 x 10* Strontium-90 (1.0 x 107 — 87%)
: <1.0 x 10™(2016) :
100-H-37
118-H-2
Interim Closed 118-H-3
out 118-H-4 - None 1x10%*to1x 10 None
118-H-5
1607-H1
600-152
118-H-1:2 -- None <1x10° None
128-H-1
600-151 -- None No COPCs reported None
100-H-40
No Action 128-H-2 -- None No COPCs reported None
128-H-3

Note: Results summarized from Table G-43, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-H Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

The following five waste sites do not report shallow zone sample data: 100-H-11, 100-H-12, 100-H-14, 118-H-6:3, and 118-H-6:6.

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.

b. Total ELCR represents risk contributions from radiological COPCs.
c. Remediated waste site 100-H-2 (100-HR-2 OU) is associated with remediated waste site 100-H-17 (100-HR-1).

COPC = contaminant of potential concern

ELCR = excess lifetime cancer risk

OU = operable unit
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Table 6-21. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-HR-1 and 100-HR-2 Shallow Zone Waste
Sites for the Residential Scenario

Noncancer Hazard

Classificatio Remediated Associated Decision Unit Hazard Driver and %
n Status Waste Site Waste Sites? with Exceedance Total ELCR® Risk Driver and % Contribution Index Contribution
100-HR-1
118-H-6:5 Shallow 1 6.0 x 10° Arsenic (6.0 x 10° — >99%) 17 Arsenic (HQ =1.7 -
>99%)
100-H-41 B Shallow Focused 9.8 x10°® Benzo(a)pyrene (7.1 x 10°° — 73%)
1607-H4 Shallow 3.8x10° Benzo(a)pyrene (2.8 x 10°° — 74%) <1 None
116-H-7 Shallow 1.3x10° Aroclor-1260 (1.3 x 10°® — 100%)
100-H-3
100-H-4
116-H-5 %
116-H-9 -- None <1x10 None <1 None
Interim 1607-H2
Closed Out 1607-H3
100-H-30
100-H-17 116-H-2--
100-H-21 110000:?'212 <1 None
—r No COPCs
100-H-5 None reported above None
116-H-1 background
100-H-24 -- No COtP(Csz
116-H-3 rZ%%r\,i None
118-H-6:4 background
100-H-28:1
100-H-49:2
100-H-51:4 - None <1x10° None <1 None
100-H-51:5
100-H-53
No Action 100-H-28:6
100-H-35 No COPCs
188:23 - None reported above None <1 None
o background
100-H-7

100-H-8
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Table 6-21. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-HR-1 and 100-HR-2 Shallow Zone Waste
Sites for the Residential Scenario

Noncancer Hazard
Classificatio Remediated Associated Decision Unit Hazard Driver and %
n Status Waste Site Waste Sites? with Exceedance Total ELCR® Risk Driver and % Contribution Index Contribution
100-HR-2
No COPCs
- 100-H-2 None reported above None <1 None
background
600-151 - Shallow 2 9.0 x 10° Arsenic (8.9 x 10— >99%) 25 Arsenic (HQ =2.5 -
>99%)
118-H-1:1
Interim 111;";152
Closed Out -H- - -6
128-H-1 None <1x10 None <1 None
1607-H1
600-152
100-H-37 No COPCs
Eggi - None reported above None <1 None
e background
118-H-5
100-H-40
No Action 128-H-2 - None <1x10° None <1 None
128-H-3

Note: Results summarized from Table G-43, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-H Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

The following five waste sites do not report shallow zone sample data: 100-H-11, 100-H-12, 100-H-14, 118-H-6:3, and 118-H-6:6.

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.
b. Total ELCR represents risk contributions from nonradiological carcinogenic COPCs.

c. Remediated waste site 100-H-2 (100-HR-2 OU) is associated with remediated waste site 100-H-17 (100-HR-1).

COPC = contaminant of potential concern

ELCR = excess lifetime cancer risk

OU = operable unit
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Arsenic is a primary contributor to risk at two of the five remediated waste sites. Arsenic concentrations
at 118-H-6:5 and 600-151 are both greater than the2007 WAC 173-340 Method A cleanup level of
20 mg/kg.

Although aroclor-1260 at 116-H-7 (shallow decision unit) and benzo(a)pyrene at 100-H-4 (shallow
decision unit) and 1607-H4 (shallow decision unit) are greater than the acceptable risk threshold value of
1 x 107 for individual carcinogens, they are not greater than the 2007 MTCA (“Human Health Risk
Assessment Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of 1 x 107,

As presented in Table 6-21, the potential HI for direct contact from noncancer effects without background
contributions is greater than the target HI of 1 at two remediated waste sites and is less than the target HI
at 38 remediated waste sites. An HI was not reported for two remediated waste sites because
nonradiological COPC concentrations were less than background.

Two remediated waste sites report a HI greater than the 2007 MTCA (“Human Health Risk Assessment
Procedures” [WAC 173-340-708(5)]) target HI of 1. The HI for the residential scenario is as follows:

e 118-H-6:5 (shallow 1 decision unit) reports an HI of 1.7. The primary contributor to the HI is arsenic
(HQ = 1.7; > 99 percent contribution).

e 600-151 (shallow 2 decision unit) reports an HI of 2.5. The primary contributor to the HI is arsenic
(HQ = 2.5; >99 percent contribution).

A comparison of arsenic and lead EPCs to their respective Method A soil cleanup level of 20 mg/kg and
250 mg/kg, respectively, is provided in Table G-45. Except for arsenic EPCs reported at remediated waste
sites 118-H-6:5 and 600-151, all arsenic EPCs are less than the Method A soil cleanup level of 20 mg/kg
for unrestricted land use. Except for lead EPCs reported at remediated waste site 600-151, all lead EPCs
are less than the Method A soil cleanup level of 250 mg/kg.

The following paragraphs provide a discussion of arsenic concentrations measured at the 118-H-6:5 and
600-151 remediated waste sites.

For 118-H-6:5 remediated waste site, the arsenic EPCs for the shallow 1 decision unit (39.6 mg/kg) and
the shallow focused decision unit (27 mg/kg) are greater than the remedial action goal of 20 mg/kg
published in the 100 Area RDR/RAWP (DOE/RL-96-17). A summary of the arsenic results for the
118-H-6:5 remediated waste site follows:

o Twelve soil samples were collected from the shallow 1 decision unit and analyzed for arsenic.
Arsenic concentrations range between 6.52 and 66.2 mg/kg (six results greater than the Method A soil
cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup level range
between 23.5 and 66.2 mg/kg.

e Two soil samples were collected and analyzed from the shallow focused decision unit. Arsenic
concentrations from this decision unit range between 17 and 27 mg/kg (one result greater than the
Method A soil cleanup level of 20 mg/kg).
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Table 6-22. Summary of Total Risks from Radionuclides for the 100-HR-1 and 100-HR-2 Overburden Material for the Residential Scenario

Classification Remediated Waste Decision Unit with
Status Site Associated Waste Sites? Exceedance Total ELCR® Risk Driver and % Contribution
100-HR-1
100-H-1 a4 6
100-H-21 100-H-22 1x10"to1x10
. 116-H-5 4 5
1x10"to1x10
Interlrcr;u(ilosed 118-H-6:4 None None
116-H-7 -- No COPCs reported above
1607-H2 background
1607-H3 No COPCs reported
100-HR-2
111:6;"&:11 1x10%t0 1 x 10
Interim Closed )
- None None
Out
128-H-1 No COPCs reported

Note: Results summarized from Table G-43, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-H Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.

b. Total ELCR represents risk contributions from radiological COPCs.

COPC = contaminant of potential concern

ELCR = excess lifetime cancer risk

OU = operable unit
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Table 6-23. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the 100-HR-1 and 100-HR-2 Overburden Material
for the Residential Scenario

Decision Unit
Classification Remediated Associated with Risk Driver and % Hazard Noncancer Hazard Driver
Status Waste Site Waste Sites® Exceedance Total ELCR® Contribution Index and % Contribution
100-HR-1
1607-H2 Overburden 1.2 x10°
116-H-5 -- None <1 None
) 116-H-7 None <1x10°
Interim Closed 1607-H3
out 100-H-1
100-H-21 100-H-22 No COPCs
None reported above None <1 None
118-H-6:4 - background
100-HR-2
. 128-H-1 Overburden 6.1 x10° Arsenic (6.1 x 10 — >99%) 1.7 Arsenic (HQ = 1.7 — >99%)
Interim Closed
Out 118-H-1:1 -6
1607-H1 -- None <1x10 None <1 None

Note: Results summarized from Table G-43, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-H Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.

b. Total ELCR represents risk contributions from nonradiological carcinogenic COPCs.

COPC =
ELCR =
ou =

operable unit

contaminant of potential concern
excess lifetime cancer risk
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Table 6-24. Summary of Total Risks from Radionuclides for the 100-HR-1 and 100-HR-2 Staging Piles for the Residential Scenario

Classification Remediated Waste Decision Unit with
Status Site Associated Waste Sites? Exceedance Total ELCR® Risk Driver and % Contribution
100-HR-1
Interim Closed a4 6
out 116-H-5 -- None 1x10"to1x10 None
100-HR-2
118-H-4 No COPCs reported above
background
'”te”gu?ose‘j 118-H-1:1 - None 1x10%t01 x 10° None
128-H-1 No COPCs reported

Note: Results summarized from Table G-43, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-H Source OU Waste Site Decision Units Without

Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.
b. Total ELCR represents risk contributions from radiological COPCs.

COPC = contaminant of potential concern

ELCR = excess lifetime cancer risk

ou = operable unit
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Table 6-25. Summary of Total Carcinogenic Risks and Noncancer Hazards from Direct Contact for the
100-HR-1 and 100-HR-2 Staging Piles for the Residential Scenario

Decision Unit
Classification Remediated Associated with Risk Driver and % Hazard Noncancer Hazard Driver
Status Waste Site Waste Sites? Exceedance Total ELCR® Contribution Index and % Contribution
100-HR-1
Interim Closed 116-H-5 _ Staging Pile <1x10° None <1 None
Out Area
100-HR-2
128-H-1 Stegng ¥ lle 8.1 x 10° Arsenic (8.1 x 10° — >99%) 23 Arsenic (HQ = 2.3 — 100%)
oterim Closed | 118.4-1:1 - <1x10°
None None <1 None
118-H-4 No COPCs reported

above background

Note: Results summarized from Table G-43, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-H Source OU Waste Site Decision Units Without
Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.

b. Total ELCR represents risk contributions from nonradiological carcinogenic COPCs.

COPC = contaminant of potential concern

ELCR =excess lifetime cancer risk

ou = operable unit
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Table 6-26. Summary of Total Risks from Radionuclides for the 100-HR-1 and 100-HR-2 Deep Zone Waste Sites for the Residential Scenario

Classification Remediated Waste Decision Unit with
Status Site Associated Waste Sites® Exceedance Total ELCRP Risk Driver and % Contribution
100-HR-1
Cesium-137 (1.1 x 10 - 36%)
3.0x10° Europium-152 (1.6 x 107 - 53%)
116-H-1 Deep <1.0 x 10 (2110) Europium-154 (L5 x 10 - 5%)
Strontium-90 (1.2 x 107 - 4%)
Cesium-137 (5.0 x 10 - 18%)
- 28 x10° Cobalt-60 (2.1 x 10™ - 7%)
116-H-7 Deep <10x10% (2008) Europium-152 (1.8 x 107 - 62%)
' Europium-154 (2.0 x 10 - 7%)
Strontium-90 (1.1 x 10 - 4%)
9.4 x 10™ Cesium-137 (2.3 x 10™ - 25%)
Interim Closed He-H-3 Deep < 1.0 x 10 (2056) Europium-152 (6.3 x 10* - 67%)
out 100-H-10
118-H-6:2,:3,:6 100-H-13 4 ; -4
A 8.7x10 Cesium-137 (4.4 x 10™ - 51%)
100-H-9,10,11,12,13,1 100-H-31 Deep 3 _4 : 4
431 100-H-9 <1.0 x 10*(2108) Strontium-90 (2.8 x 10 - 32%)
118-H-6:2
100-H-1 1.9x10* Cesium-137 (1.0 x 10 - 52%)
100-H-21 100-H-22 Deep <1.0 x 10 (2019) Europium-152 (5.9 x 10°° - 31%)
116-H-5 - None 1x10*to 1 x 10° None
100-H-5 None No COPCs reported above None
background
1607-H2 -- None No COPCs reported None

No deep zone decision units reported in 100-HR-2 Operable Unit

Note: Results summarized from Table G-43, Residential Scenario Risk Estimates and Noncancer Hazards for the 100-H Source OU Waste Site Decision Units Without

Background Contribution (Appendix G).

a. Associated waste sites are those sites for which remediation and closeout documentation were consolidated with another remediated waste site.
b. Total ELCR represents risk contributions from radiological COPCs.

COPC = contaminant of potential concern

ELCR = excess lifetime cancer risk

ou = operable unit
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For 600-151 remediated waste site, the arsenic EPCs for the shallow 1 (31.8 mg/kg), shallow 2

(59.6 mg/kg), and shallow 3 (54 mg/kg) decision units are greater than the remedial action goal of

20 mg/kg published in the 100 Area RDR/RAWP (DOE/RL-96-17). A summary of the arsenic results for
the 600-151 remediated waste site follows:

o Eighteen soil samples were collected from the shallow 1 decision unit and analyzed for arsenic.
Arsenic concentrations range between 3.2 and 74.4 mg/kg (four results greater than the Method A soil
cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup level range
between 21.6 and 74.4 mg/kg.

o Twelve soil samples were collected from the shallow 2 decision unit and analyzed for arsenic.
Arsenic concentrations range between 7 and 104 mg/kg (nine results greater than the Method A soil
cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup level range
between 22.4 and 104 mg/kg.

e Thirteen soil samples were collected from the shallow 3 decision unit and analyzed for arsenic.
Arsenic concentrations range between 8.7 and 68.3 mg/kg (eight results greater than the Method A
soil cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup level
range between 26 and 68 mg/kg.

For 600-151 remediated waste site, the lead EPCs for the shallow 2 (267 mg/kg) and shallow 3
(276 mg/kg) decision units are greater than the remedial action goal of 250 mg/kg published in the
100 Area RDR/RAWP (DOE/RL-96-17). A summary of the lead results for the 600-151 remediated
waste site follows:

o Twelve soil samples were collected from the shallow 2 decision unit and analyzed for lead. Lead
concentrations range between 12 and 518 mg/kg (three results greater than the Method A soil cleanup
level of 250 mg/kg). Lead concentrations greater than the Method A cleanup level range between
286 and 518 mg/kg.

e Thirteen soil samples were collected from the shallow 3 decision unit and analyzed for lead. Lead
concentrations range between 6.7 and 641 mg/kg (two results greater than the Method A soil cleanup
level of 250 mg/kg). Lead concentrations greater than the Method A cleanup level are 408 and 641
mag/kg.

Nonradiological Results (Inhalation). As presented in Table G-47 (Appendix G), the potential
cumulative ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without
background contribution ranges from 6.3 x 10" to 4.6 x 10”. The potential cumulative ELCR is less than
the 2007 MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B risk value
of 1 x 10°® for individual carcinogens for 37 remediated waste sites. Risks were not reported at five
remediated waste sites because nonradiological carcinogenic COPC concentrations were less than
background.

As presented in Table G-47 (Appendix G), the potential HI from the inhalation pathway from noncancer
effects without background contributions is less than the EPA target HI of 1 and the 2007 MTCA
(“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B target HI of 1 for 38
remediated waste sites. An HI was not reported for four remediated waste sites because nonradiological
COPC concentrations were less than background.

Overburden. Nine remediated waste sites are reported with CVP/RSVP data associated with overburden in
the 100-H Source OU. All nine remediated waste sites were sampled using a statistical sampling design.
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Radiological Results. As presented in Table 6-22 (Appendix G), the potential total ELCR from all
radiological COPCs without background contribution is within the target risk range of 10 to 10°® for
overburden material associated with five remediated waste sites. Risks were not reported in overburden
material associated with two remediated waste sites because radiological COPC concentrations were less
than background. Radiological COPCs were not reported in overburden material associated with two
remediated waste sites.

Nonradiological Results (Direct Contact). As presented in Table 6-23, the potential cumulative ELCR from
direct contact for all nonradiological carcinogenic COPCs without background contribution is greater than
1 x 10°® for overburden material associated with two remediated waste sites and is less than 1 x 107 for
overburden material associated with five remediated waste sites. Risks were not reported in overburden
material associated with two remediated waste sites because nonradiological carcinogenic COPC
concentrations were less than background.

As presented in Table 6-23, overburden material associated with two remediated waste sites report
individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level of 1 x 10, one is
also greater than the 2007 MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)])
cumulative risk threshold of 1 x 107°. The cancer risk levels for the residential scenario are as follows:

e 128-H-1 (overburden) reports a cumulative nonradiological ELCR of 6.1 x 10°. The primary
contributor to risk is arsenic (6.1 x 10”°; > 99 percent contribution).

Arsenic is the primary contributor to risk in overburden material from the 128-H-1 remediated waste site.

As presented in Table 6-23, the potential HI for direct contact from noncancer effects without background
contribution is greater than the target HI of 1 in overburden material from one remediated waste site and
is less than the target HI in overburden material from eight remediated waste sites.

Overburden material associated with the 128-H-1 waste site reports a HI greater than the 2007 MTCA
(“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)]) target HI of 1. The HI for the
residential scenario is as follows:

e 128-H-1 (overburden) reports an HI of 1.7. The primary contributor to the HI is arsenic (HQ = 1.7;
> 99 percent contribution).

Table G-45 provides a comparison of arsenic and lead EPCs to their Method A soil cleanup levels of

20 mg/kg and 250 mg/kg, respectively. Arsenic (40.5 mg/kg) and lead (254 mg/kg) EPCs reported in
overburden material associated with remediated waste site 128-H-1 were greater than these Method A soil
cleanup level values of 20 mg/kg and 250 mg/kg, respectively. Arsenic and lead EPCs in overburden
material associated with all other remediated waste sites are less than the Method A soil cleanup levels. A
summary of the arsenic and lead results in overburden material associated with the 128-H-1 remediated
waste site follows:

e Twelve soil samples were collected from the overburden material and analyzed for arsenic. Arsenic
concentrations range between 15.1 and 56.8 mg/kg (nine of 12 arsenic results are greater than the
Method A soil cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup
level range between 23.5 and 56.8 mg/kg.

e Twelve soil samples were collected from the overburden material and analyzed for lead. Lead
concentrations range between 73.6 and 406 mg/kg (four of 12 lead results are greater than the Method
A soil cleanup level of 250 mg/kg). Lead concentrations greater than the Method A cleanup level
range between 278 and 406 mg/kg.
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Nonradiological Results (Inhalation). As presented in Table G-49 (Appendix G), the potential cumulative
ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without background
contribution ranges from 5.9 x 10™ to 7.7 x 10°®. The potential cumulative ELCR is less than the 2007
MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B risk value of

1 x 10°® for individual carcinogens for overburden material associated with the nine remediated

waste sites.

As presented in Table G-49 (Appendix G), the potential HI for the inhalation pathway from noncancer
effects without background contributions is less than the EPA target HI of 1 and the 2007 MTCA
(“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B target HI of 1 for
overburden material associated with the nine remediated waste sites.

Staging Pile Area. Four remediated waste sites are reported with CVP/RSVP data associated with a
staging pile area in the 100-H Source OU. The four remediated waste sites were sampled using a
statistical sampling design, with one site having two statistically distinct decision units.

Radiological Results. As presented in Table 6-24, the potential total ELCR from all radiological COPCs
without background contribution are within the target risk range of 10* to 10 for staging piles associated
with two remediated waste sites. Risks were not reported for one staging pile associated with one
remediated waste site because radiological COPC concentrations were less than background. Radiological
COPCs were not reported at one staging pile area associated with one remediated waste site.

Nonradiological Results (Direct Contact). As presented in Table 6-25, the potential cumulative ELCR
from direct contact for all nonradiological carcinogenic COPCs without background contributions is
greater than 1 x 10° for staging pile material associated with one remediated waste site and is less than
1 x 107 for staging pile material associated with two remediated waste sites. Risks were not reported in
staging pile material associated with one remediated waste site because nonradiological carcinogenic
COPC concentrations were less than background.

As reported in Table 6-25, staging pile material associated with one remediated waste site reports
individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level of 1 x 10, and is
also greater than the 2007 MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)])
cumulative risk threshold of 1 x 107°. The cancer risk levels for the residential scenario are as follows:

e 128-H-1 (staging pile area footprint 2) reports a cumulative nonradiological ELCR of 8.1 x 10°. The
primary contributor to risk is arsenic (8.1 x 10”°; > 99 percent contribution).

Arsenic is the primary contributor to risk in staging pile material from the 128-H-1 remediated waste site.

As presented in Table 6-25, the potential HI for direct contact from noncancer effects without background
contribution is greater than the target HI of 1 in staging pile material from one remediated waste site and
is less than the target HI in staging pile material from three remediated waste sites.

Staging pile area material associated with the 128-H-1 waste site reports a HI greater than the 2007
MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)]) target HI of 1. The HI
for the residential scenario is as follows:

e 128-H-1 (staging pile area 2) reports an HI of 2.3. The primary contributor to the HI is arsenic
(HQ = 2.3; > 99 percent contribution).

A comparison of arsenic and lead EPCs to their respective Method A soil cleanup level of 20 mg/kg and
250 mg/kg, respectively is provided in Table G-45. Except for the arsenic (40.5 mg/kg) EPC reported in
staging pile material associated with remediated waste site 128-H-1, all arsenic and lead EPCs are less
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than the Method A soil cleanup level of 20 mg/kg and 250 mg/kg respectively, for unrestricted land use.
A summary of the arsenic results in staging pile material associated with the 128-H-1 remediated waste
site follows:

o Twelve soil samples were collected from the staging pile area 2 decision unit and analyzed for
arsenic. Arsenic concentrations range between 12.9 and 97.7 mg/kg (nine results greater than the
Method A soil cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup
level range between 24.8 and 97.7 mg/kg.

Nonradiological Results (Inhalation). As presented in Table G-51 (Appendix G), the potential
cumulative ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without
background contribution ranges from 1.6 x 10™** to 1.3 x 10°. The total cumulative ELCR is less than the
2007 MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B risk value of
1 x 10°® for individual carcinogens for staging piles associated with the four remediated waste sites.

As presented in Table G-51 (Appendix G), the potential HI for the inhalation pathway from noncancer
effects without background contributions is less than the EPA target HI of 1 and the 2007 MTCA
(“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B target HI of 1 for staging
piles associated with four remediated waste sites.

Deep Zone. Deep vadose zone samples were evaluated to identify remediated waste sites where exposure
to residual contamination could present a potential risk from an inadvertent exposure through deep
excavation activities. While industrial in nature, the RBSLs (developed for the Residential exposure
scenario) were used for convenience as screening values to identify such sites in order to allow
institutional controls to be established to control access to deep contamination.

Twelve remediated waste sites are reported with CVP/RSVP data associated with the deep zone in the
100-H Source OU:

e Five remediated waste sites were sampled using a statistical sampling design.
e One remediated waste site was sampled using a focused sampling design.

e One remediated waste site was sampled using both a statistical and a focused sampling design
(consisting of three statistical decision units and two focused decision units).

The remaining 35 remediated waste sites were not excavated deeper than 4.6 m (15 ft) bgs and are not
discussed in this section. The Residential scenario results for the deep vadose zone are summarized by
decision unit in Table G-52 (Appendix G).

Radiological Results. As presented in Table 6-26, the total ELCR is greater than the upper risk threshold
of 1 x 10™ for nine remediated waste sites and is within the target risk range of 10 to 10 for one
remediated waste site. Risks were not reported at one remediated waste site because radiological COPC
concentrations were less than background. Radiological COPCs were not reported at one remediated
waste site.

6.2.5.5.2 Resident Monument Worker Scenario

PRGs developed for the Resident Monument Worker scenario represent reasonably anticipated future
land use. The results of this comparison are used to confirm that cleanup actions will protect the
reasonably anticipated future land uses that DOE and the USFWS anticipate for the River Corridor.
The Resident Monument Worker scenario is described in Section 6.2.3.3.
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For completeness in analysis, all risk estimates for each remediated waste site decision unit are provided in
Appendix G. The risk estimates, which includes all radiological COPCs regardless of their EPCs relative to
the background concentration are presented in Tables G-53 through G-56 (100-D Resident Monument
Worker scenario) and Tables G-64 through G-67 (100-H Resident Monument Worker scenario).

Appendix G also includes risk estimates for each remediated waste site decision unit, which include only
those radiological COPCs with EPCs greater than background values or that do not have a background
value in Tables G-57 through G-60 (100-D Resident Monument Worker scenario in Appendix G) and
Tables G-68 through G-71 (100-H Resident Monument Worker scenario in Appendix G). Only these
results are discussed in the risk characterization because it is this information that is used for decisions
concerning appropriate remedial actions.

100-D Source OU. Risk estimates were calculated for the shallow vadose zone material, overburden
material, and staging pile area material decision units within a remediated waste site. Risk estimates were
not calculated for the deep zone decision units because the direct contact exposure pathway is incomplete.
The results for the Resident Monument Worker scenario are presented in Table G-57 (Appendix G).

An overall summary of the cumulative risk estimates for the resident Monument worker scenario for each
of the remediated waste sites evaluated is provided in Table G-61 for the shallow zone, Table G-62 for
overburden material, and Table G-63 for staging piles. These tables list the OU that each remediated
waste site resides in, the reclassification status, the remediated waste site, the associated waste site

(if applicable), the decision unit reported with an exceedance (if applicable), the total ELCR, and the risk
driver and percent contribution (if applicable).

Shallow Zone. As presented in Table G-61, the total ELCR for radionuclides is greater than the upper
risk threshold of 1 x 10 at two remediated waste sites, is within the target risk range of 10 to 10°at 29
remediated waste sites, and is less than the lower risk threshold of 1 x 10 at eight remediated waste sites.
Risks were not reported at 21 remediated waste sites because radiological COPC concentrations were less
than background. Radiological COPCs were not reported at 32 remediated waste sites. Following are the
results of the Resident Monument Worker scenario compared to the Residential scenario.

Nine remediated waste sites report concentrations of Hanford Site-related COPCs that are equal to or
exceed the upper range of the target threshold for the Residential scenario (see Table 6-13). Whereas only
two remediated waste sites report concentrations of Hanford Site-related COPCs that exceed the upper
range of the target threshold for the resident Monument worker scenario. Following are the cancer risk
levels for the resident Monument worker scenario:

e The 116-D-8 waste site (shallow focused 2 decision unit) reports a total ELCR of 1.2 x 10 for the
resident Monument worker. The primary contributor to risk is cesium-137 (1.2 x 10™*; 100 percent
contribution).

e The 116-DR-9 waste site (shallow decision unit) reports a total ELCR of 1.8 x 10™ for the resident
Monument worker. The primary contributors to risk include cesium-137 (1.6 x 10*; 92 percent
contribution) and europium-152 (1.1 x 10°°; 6.5 percent contribution).

Nonradiological Results (Direct Contact and Inhalation). As described in Section 6.2.3.3, the 2007
MTCA Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards”

[WAC 173-340-740]) are the PRG values used to achieve protection of the resident Monument worker.
Table 6-14 provides the results for the residential scenario.

Overburden. As presented in Table G-62, the total ELCR for radionuclides is within the target risk range
of 10™ to 10°® for overburden material associated with six remediated waste sites and less than the lower
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risk threshold of 1 x 10°® for overburden material associated with ten remediated waste sites. Risks were
not reported for seven remediated waste sites because radiological COPC concentrations were less than
background. Radiological COPCs were not reported at nine remediated waste sites.

Results for the Residential scenario are similar to the Resident Monument Worker scenario, as overburden
material associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

Nonradiological Results (Direct Contact and Inhalation). As described in Section 6.2.3.3, the 2007
MTCA Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards”

[WAC 173-340-740]) are the PRG values used to achieve protection of the resident Monument worker.
Table 6-16 provides the results for the residential scenario.

Staging Pile Area. As presented in Table G-63, the total ELCR for radionuclides is less than the lower
target threshold of 1 x 10°® for staging pile area material associated with four remediated waste sites. Risks
were not reported at two remediated waste sites because radiological COPC concentrations were less than
background. Radiological COPCs were not reported at five remediated waste sites.

Results for the Residential scenario are similar to the Resident Monument Worker scenario, as staging
piles associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

Nonradiological Results (Direct Contact and Inhalation). As described in Section 6.2.3.3, the 2007
MTCA Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards”

[WAC 173-340-740]) are the PRG values used to achieve protection of the resident Monument worker.
Table 6-18 provides the results for the residential scenario.

100-H Source OU. Risk estimates were calculated for the shallow vadose zone material, overburden
material, and staging pile area material decision units within a remediated waste site. Risk estimates were
not calculated for the deep zone decision units because the direct contact exposure pathway is incomplete
(that is, samples are collected from depths greater than 4.6 [15 ft] bgs). The results without background
contribution for the Resident Monument Worker scenario results are presented in Table G-68 (Appendix G).

An overall summary of the cumulative risk estimates for the resident Monument worker scenario from
each of the remediated waste sites evaluated is provided in Table G-72 for the shallow zone material,
Table G-73 for overburden materials, and Table G-74 for staging piles. These tables list the OU that each
remediated waste site resides in, the reclassification status, the remediated waste site, the associated waste
site (if applicable), the decision unit reported with an exceedance (if applicable), the total ELCR, and the
risk driver and percent contribution (if applicable).

Shallow Zone. As presented in Table G-72, the potential total ELCR for radionuclides is within the target
risk range of 10™ to 10°® for ten remediated waste sites and less than the lower risk threshold value of

1 x 107 for ten remediated waste sites. Risks were not reported at five remediated waste sites because
COPC concentrations were less than background. Radiological COPCs were not reported at

17 remediated waste sites. Following are the results of the Resident Monument Worker scenario
compared to the Residential scenario.

Two remediated waste sites report concentrations of Hanford Site-related COPCs that exceed the upper risk
threshold of 1 x 10™ for the Residential scenario (see Table 6-20). Whereas, shallow zone remediated waste
sites do not exceed the upper risk threshold of 1 x 10 for the Resident Monument Worker scenario.

Nonradiological Results (Direct Contact and Inhalation). As described in Section 6.2.3.3, the 2007
MTCA Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards”
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[WAC 173-340-740]) are the PRG values used to achieve protection of the resident Monument worker.
Table 6-21 provides the results for the residential scenario.

Overburden. As presented in Table G-73, the total ELCR for radionuclides is within the target risk range
of 10 to 107 for overburden material associated with two remediated waste sites and is less than the
lower risk threshold of 1 x 10 for overburden material associated with three remediated waste sites.
Risks were not reported at two remediated waste sites because radiological COPC concentrations were
less than background. Radiological COPCs were not reported at two remediated waste sites.

Results for the Residential scenario are similar to the Resident Monument Worker scenario, as overburden
material associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

Nonradiological Results (Direct Contact and Inhalation). As described in Section 6.2.3.3, the 2007
MTCA Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards”

[WAC 173-340-740]) are the PRG values used to achieve protection of the resident Monument worker.
Table 6-23 provides the results for the residential scenario

Staging Pile Area. As presented in Table G-74, the total ELCR is within the target risk range of 10 to
10°® for staging pile area material associated with one remediated waste site and is less than the lower risk
threshold of 1 x 10°® for staging pile area material associated with one remediated waste site. Risks were
not reported in staging pile material associated with one remediated waste site because radiological COPC
concentrations were less than background. Radiological COPCs were not reported in staging pile material
associated with one remediated waste site.

Results for the Residential scenario are similar to the Resident Monument Worker scenario, as staging
piles associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

Nonradiological Results (Direct Contact and Inhalation). As described in Section 6.2.3.3, the 2007
MTCA Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards”

[WAC 173-340-740]) are the PRG values used to achieve protection of the resident Monument worker.
Table 6-25 provides the results for the residential scenario.

6.2.5.5.3 Casual Recreational User Scenario

PRGs developed for the Casual Recreational User scenario represent reasonably anticipated future land
use. The results of this comparison are used to confirm that cleanup actions are protective of the
reasonably anticipated future land uses that DOE and USFWS anticipate for the River Corridor.

The Casual Recreational User scenario is described in Section 6.2.3.3.

For completeness in analysis, risk estimates for each remediated waste site decision unit are provided in
Appendix G, which includes all COPCs regardless of their EPCs relative to the background values.

The risk estimates are provided in Tables G-75 through G-78 (100-D Casual Recreational User scenario)
and Tables G-89 through G-92 (100-H Casual Recreational User scenario).

Appendix G also includes risk estimates for each remediated waste site decision unit, which include only
those COPCs with EPCs greater than background values or that do not have a background value, in
Tables G-79 through G-82 (100-D Casual Recreational User scenario) and Tables G-93 through G-96
(100-H Casual Recreational User scenario). Only these results are discussed in the risk characterization
because it is this information that is used for decisions concerning appropriate remedial actions.

100-D Source OU. Risk estimates were calculated for the shallow vadose zone material, overburden
material, and staging pile area material decision units within a remediated waste site. Risk estimates were
not calculated for the deep zone decision unit because the direct contact exposure pathway is incomplete
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(that is, samples are collected from depths greater than 4.6 m [15 ft] bgs). The results for the Casual
Recreational User scenario are presented in Table G-79 (Appendix G).

An overall summary of the cumulative risk estimates and noncancer hazards for the casual recreational user
scenario for each of the remediated waste sites evaluated is provided in Tables G-83 and G-84 for shallow
zone material, Tables G-85 and G-86 for overburden material, and Tables G-87 and G-88 for staging piles.
These tables list the OU that each remediated waste site resides in, the reclassification status, the remediated
waste site, the associated waste site (if applicable), the decision unit reported with an exceedance (if
applicable), the total ELCR, and the risk driver and percent contribution (if applicable).

Shallow Zone. As presented in Table G-83, the total ELCR for radionuclides is within the target risk
range of 10 to 10°° at 14 remediated waste sites and is less than 1 x 10 at 25 remediated waste sites.
Risks were not reported at 21 remediated waste sites because radiological COPC concentrations were less
than background. Radiological COPCs were not reported at 32 remediated waste sites. Following are the
results of the Casual Recreational User scenario compared to the Residential scenario.

Nine remediated waste sites report concentrations of Hanford Site-related COPCs (radionuclides) that are
equal to or exceed the upper range of the target threshold for the Residential scenario (see Table 6-13).
Whereas shallow zone remediated waste sites did not exceed the upper range of the target threshold for
the Casual Recreational User scenario (see Appendix G, Table G-83).

As presented in Table G-84, the potential cumulative ELCR for nonradionuclides is within the target risk
range of 10™to 10°® for two remediated waste sites and less than 1 x 10°® for 63 remediated waste sites.
Risks were not reported at eight remediated waste sites because nonradiological carcinogenic COPC
concentrations were less than background. Nonradiological carcinogenic COPCs were not reported at 19
decision units. Following are the results of the Casual Recreational User scenario compared to the
Residential scenario.

For the Residential scenario, two remediated waste sites report individual carcinogens greater than the
WAC 173-340-740 acceptable cancer risk level of 1 x 10, one of these two remediated waste sites are
greater than the 2007 MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)])
cumulative risk threshold of 1 x 10 (see Table 6-14). For the Casual Recreational User scenario, one
remediated waste site (100-D-31:4) is greater than the 2007 MTCA (“Human Health Risk Assessment
Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of 1 x 107

As presented in Table G-84, the potential HI from direct contact for noncancer effects without
background contribution is less than the EPA target HI of 1 for 69 remediated waste sites. An HI was not
reported at 19 remediated waste sites because nonradiological COPC concentrations were less than
background. Nonradiological COPCs were not detected at four remediated waste sites. The results of the
Casual Recreational User scenario compared to the Residential scenario follow.

Noncancer hazards for the Residential scenario are similar to the Casual Recreational User scenario as
shallow remediated waste sites were less than the EPA target HI of 1 and the 2007 MTCA (“Unrestricted
Land Use Soil Cleanup Standards” [WAC 173-340-740]) target HI of 1.

Overburden. As presented in Table G-85,the total ELCR from all radiological COPCs without
background contribution is within the target risk range of 10 to 10 for overburden material associated
with two remediated waste sites and is less than the lower risk threshold of 1 x 10°® for overburden
material associated with 14 remediated waste sites. Risks were not reported at 11 remediated waste sites
because radiological COPC concentrations were less than background. Radiological COPCs were not
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reported at five remediated waste sites. Following are the results of the Casual Recreational User scenario
compared to the Residential scenario.

Results for the Residential scenario are similar to the Casual Recreational User scenario, as overburden
material associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

As presented in Table G-86, the total ELCR for nonradionuclides from direct contact for all
nonradiological carcinogenic COPCs without background contribution is within the target risk range of
10™ to 107 for overburden material associated with one remediated waste site and is less than 1 x 10 for
overburden material associated with 20 remediated waste sites. Risks were not reported for overburden
material associated with eight remediated waste sites because nonradiological carcinogenic COPC
concentrations were less than background. Risks were not reported for overburden material associated
with three remediated waste sites because nonradiological carcinogenic COPCs were not reported.
Following are results of the Casual Recreational User scenario compared to the Residential scenario.

For the Residential scenario, overburden material associated with three remediated waste sites report a
total ELCR greater than 1 x 10°°; however, there were no individual carcinogens reported with risks
greater than the target risk level of 1 x 10°°. For the Casual Recreational User scenario, overburden
material associated with one remediated waste site reports a total ELCR greater than 1 x 10°®; similarly,
there were no individual carcinogens reported with risks greater than the target risk level of 1 x 107,

As presented in Table G-86, the potential HI from direct contact for noncancer effects without
background contribution is less than the EPA target HI of 1 for overburden material associated with 30
remediated waste sites. An HI was not reported for overburden material associated with two remediated
waste sites because COPC concentrations were less than background. Following are results of the Casual
Recreational User scenario compared to the Residential scenario.

Noncancer hazards for the Residential scenario are similar to the Casual Recreational User scenario as
shallow remediated waste sites were less than the EPA target HI of 1 and the 2007 MTCA (“Unrestricted
Land Use Soil Cleanup Standards” [WAC 173-340-740]) target HI of 1.

Staging Pile Area. As presented in Table G-87, the potential total ELCR from direct contact for all
radiological COPCs without background contribution is less than the lower target risk threshold value of
1 x 10°® for staging pile area material associated with four remediated waste sites. Risks were not reported
in staging pile material associated with two remediated waste sites because radiological COPC
concentrations were less than background. Radiological COPCs were not reported in staging pile area
material associated with five remediated waste sites. Following are results of the Casual Recreational
User scenario compared to the Residential scenario.

Results for the Residential scenario are similar to the Casual Recreational User scenario for radionuclides,
as staging piles associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

As presented in Table G-88, the potential cumulative ELCR from direct contact for all nonradiological
carcinogenic COPCs without background contribution is within the target risk range of 10 to 10°® for
staging pile area material associated with one remediated waste site and is less than 1 x 10°® for staging
pile material associated with 10 remediated waste sites. Following are results of the Casual Recreational
User scenario compared to the Residential scenario.

For the Residential scenario, staging pile material associated with one remediated waste site reports
individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level of 1 x 10°;
however, it is less than the 2007 MTCA (“Human Health Risk Assessment Procedures”

[WAC 173-340-708(5)]) cumulative risk threshold of 1 x 10” (see Table 6-18). For the Casual
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Recreational User scenario, staging pile material associated with one remediate waste site reports a total
ELCR greater than 1 x 10°%; similarly there were no individual carcinogens reported with risks greater
than the target risk level of 1 x 10°.

As presented in Table G-88, the potential HI from direct contact for noncancer effects without
background contribution is less than the EPA target HI of 1 for the staging pile area material associated
with 11 remediated waste sites. Following are results of the Casual Recreational User scenario compared
to the Residential scenario.

Noncancer hazards for the Residential scenario are similar to the Casual Recreational User scenario as
shallow remediated waste sites were less than the EPA target HI of 1 and the 2007 MTCA (“Unrestricted
Land Use Soil Cleanup Standards” [WAC 173-340-740]) target HI of 1.

100-H Source OU. Risk estimates were calculated for the shallow, overburden, and staging pile area
decision units within a remediated waste site. Risk estimates were not calculated for the deep zone
decision unit because the direct contact exposure pathway is incomplete (that is, samples are collected
from depths greater than 4.6 m [15 ft] bgs). The results for the Casual Recreational User scenario are
summarized by decision unit in Tables G-93 (Appendix G).

An overall summary of the total risk estimates and noncancer hazards (if applicable) for the casual
recreational user scenario from each of the remediated waste sites evaluated are provided in Tables G-97
and G-98 for shallow zone material, Tables G-99 and G-100 for overburden material, and Tables G-101
and G-102 for staging piles. These tables list the OU that each remediated waste site resides in, the
reclassification status, the remediated waste site, the associated waste site (if applicable), the decision unit
reported with an exceedance (if applicable), the total ELCR and the risk driver and percent contribution
(if applicable), and the hazard index and the hazard driver and percent contribution (if applicable).

Shallow Zone. As presented in Table G-97, the total ELCR from all radiological COPCs without
background contribution is within the target risk range of 10 to 10 at four remediated waste sites and is
less than 1 x 10°® at 16 remediated waste sites. Risks were not reported at five remediated waste sites
because radiological COPC concentrations were less than background. Radiological COPCs were not
reported at 17 remediated waste sites. Following are results of the Casual Recreational User scenario
compared to the Residential scenario.

Two remediated waste sites report concentrations of Hanford Site-related COPCs that exceed the upper
risk threshold of 1 x 10 for the Residential scenario (see Table 6-20). Whereas, shallow zone remediated
waste sites do not exceed the upper risk threshold of 1 x 10 for the Casual Recreational User scenario.

As presented in Table G-98, the total ELCR from all nonradiological COPCs without background
contribution is within the target risk range of 10™to 10 for four remediated waste sites and less than

1 x 107 for 27 remediated waste sites. Risks were not reported at 11 remediated waste sites because
nonradiological carcinogenic COPC concentrations were less than background. Following are results of
the Casual Recreational User scenario compared to the Residential scenario.

For the Residential scenario, five remediated waste sites report individual carcinogens greater than the
WAC 173-340-740 acceptable cancer risk level of 1 x 10°®, two of the remediated waste sites are greater
than the 2007 MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)]) cumulative
risk threshold of 1 x 10 (see Table 6-21). For the Casual Recreational User scenario, four remediated
waste sites report individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level
of 1 x 10°%; however, one of the remediated waste sites is greater than the 2007 MTCA (“Human Health
Risk Assessment Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of 1 x 107,
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As presented in Table G-98, the potential HI from direct contact for noncancer effects without background
contribution is less than the EPA target HI of 1 for 40 remediated waste sites. An HI was not reported at
one remediated waste site because nonradiological COPC concentrations were less than background and
COPCs were not reported at one remediated waste site. Following are results of the Casual Recreational
User scenario compared to the Residential scenario.

For the Residential scenario, two remediated waste sites report a HI greater than the EPA target HI of 1
and the 2007 MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)]) target HI
of 1. For the Casual Recreational User scenario, noncancer hazards were less than the EPA target HI of 1
and the 2007 MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) target HlI
of 1.

Overburden. As presented in Table G-99, the total ELCR from all radiological COPCs without
background contribution is within the target risk range of 10 to 10 for overburden material associated
with one remediated waste site and less than the lower risk threshold value of 1 x 10°® for overburden
material associated with four remediated waste sites. Risks were not reported in overburden material
associated with two remediated waste sites because radiological COPC concentrations were less than
background. Radiological COPCs were not reported in overburden material associated with two
remediated waste sites. Following are results of the Casual Recreational User scenario compared to the
Residential scenario.

Results for the Residential scenario are similar to the Casual Recreational User scenario, as overburden
material associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

As presented in Table G-100, the potential cumulative ELCR from direct contact for all nonradiological
carcinogenic COPCs without background contribution ranges is within the target risk range of 10*to 10°®
for overburden material associated with four remediated waste sites and is less than 1 x 10°® for
overburden material associated with five remediated waste sites. Following are results of the Casual
Recreational User scenario compared to the Residential scenario.

For the Residential scenario, overburden material associated with two remediated waste sites report
individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level of 1 x 10°; one is
also greater than the 2007 MTCA (“Human Health Risk Assessment Procedures”

[WAC 173-340-708(5)]) cumulative risk threshold of 1 x 10”. For the Casual Recreational User scenario,
overburden material associated with one remediated waste site reports individual carcinogens greater than
the 2007 MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) acceptable
cancer risk level of 1 x 10°%; however, this remediated waste site is less than the 2007 MTCA (“Human
Health Risk Assessment Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of 1 x 107,

As presented in Table G-100, the potential HI from direct contact for noncancer effects without
background contribution is less than the EPA target HI of 1 for overburden material associated with the
nine remediated waste sites. Following are results of the Casual Recreational User scenario compared to
the Residential scenario.

For the Residential scenario, one remediated waste site reports a HI greater than the EPA target HI of 1
and the 2007 MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)]) target HI of
1. For the Casual Recreational User scenario, noncancer hazards were less than the EPA target HI of 1
and the 2007 MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) target HI

of 1.
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Staging Pile Area. As presented in Table G-101, the total ELCR from all radiological COPCs without
background contributions is less than the lower risk threshold of 1 x 10 for staging pile area material
associated with two remediated waste sites. Risks were not reported in staging pile material associated
with one remediated waste site because radiological COPC concentrations were less than background.
Radiological COPCs were not reported in staging pile area material associated with one remediated waste
site. The results of the Casual Recreational User scenario compared to the Residential scenario follow.

Results for the Residential scenario are similar to the Casual Recreational User scenario for radionuclides,
as staging piles associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

As presented in Table G-102, the total ELCR from direct contact for all nonradiological carcinogenic
COPCs without background contribution is within the target risk range of 10 to 10°° for staging pile area
material associated with three remediated waste sites and is less than 1 x 10 for staging pile area
material associated with one remediated waste site. The results of the Casual Recreational User compared
to the Residential scenario follow.

For the Residential scenario, staging pile material associated with one remediated waste site reports
individual carcinogens greater than the 2007 MTCA (“Unrestricted Land Use Soil Cleanup Standards”
[WAC 173-340-740]) acceptable cancer risk level of 1 x 10°; it is also greater than the 2007 MTCA
(“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of

1 x 107 (see Table 6-25). For the Casual Recreational User scenario, staging pile material associated with
one remediated waste sitereports individual carcinogens greater than the WAC 173-340-740 acceptable
cancer risk level of 1 x 10°°; it is also greater than the 2007 MTCA (“Human Health Risk Assessment
Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of 1 x 10°. The only contributor to
carcinogenic risk is arsenic which above the Hanford Site background.

As presented in Table G-102, the potential HI from direct contact for noncancer effects without
background contribution is less than the EPA target HI of 1 for staging pile area material associated with
the four remediated waste sites. The results of the Casual Recreational User scenario compared to the
Residential scenario follow.

For the Residential scenario, staging pile material associated with one remediated waste site reports an Hl
greater than the EPA target HI of 1 and the 2007 MTCA (“Human Health Risk Assessment Procedures”
[WAC 173-340-708(5)]) target HI of 1. For the Casual Recreational User scenario, noncancer hazards
were less than the EPA target HI of 1 and the 2007 MTCA (“Unrestricted Land Use Soil Cleanup
Standards” [WAC 173-340-740]) target HI of 1.

6.2.6 Uncertainties in the Soil Risk Assessment

The purpose of this soil risk assessment is to determine whether a further remedial action is warranted
under CERCLA. Estimating and evaluating health risk from exposure to environmental contaminants is
a complex process with inherent uncertainties. Uncertainty reflects limitations in knowledge, and
simplifying assumptions must be made to quantify health risks.

In this assessment, uncertainties are associated with sampling and analysis data, sampling design, the
EPCs, radiological decay, exposure, toxicity assumptions, and risk characterization.

6.2.6.1 Uncertainties Associated with Sampling and Analysis Data

Sampling and analysis data used in this soil risk assessment represent post-remediation conditions of waste
sites with a “no action” or an “interim closed out” remediation status. All soil samples were collected in
accordance with the requirements stated in the 100 Area SAP (DOE/RL-96-22). These data were collected
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specifically to determine whether the remedial action processes implemented under the work plan met the
RAOs and remedial action goals stated in the interim action RODs listed in Section 6.2.1.1.

Some uncertainties may be associated with the changing requirements associated with the analysis of COCs
identified in each ROD. When remediation initially began in 1996 in the 100 Area, only those analytes
identified as COCs were analyzed and reported by the laboratory. However, as remediation continued,
analytical methods improved, guidance was superseded, and reporting requirements changed. Currently,
analytes identified as COCs are analyzed using a methods-based approach, which requires each laboratory
to report the concentration of the COC and all associated target analytes included in the analytical method.

Waste sites associated with the earliest interim action RODs are generally the radioactive high volume
liquid effluent sites. In general, verification samples collected to determine whether RAOs had been met
report fewer analytes than those that have been remediated more recently. The majority of waste sites
typicallyinclude verification samples analyzed using a methods-based approach. These generally include
burial grounds and waste sites identified during the discovery process. If a method-based approach were
used, risks may be slightly higher but would remain protective of human health. This conclusion is
supported by results of the method-based approach used for Rl samples collected for this report.

6.2.6.2 Uncertainties Associated with Sampling Design and Exposure Point Concentrations

Calculating UCL for EPCs (OSWER 9285.6-10) recommends using a 95 percent UCL on the mean for
estimating EPCs. Section 6.2.2.2 describes the methodology for calculating the EPCs for detected analytes.

When any of the following conditions were met, the maximum concentration rather than the 95 percent
UCL was selected as the EPC:

e Samples are collected using a focused sampling design.

e Avalid 95 percent UCL cannot be calculated because of a limited number of detections (fewer
than five).

e Avalid 95 percent UCL is greater than the maximum detected concentration.

When any of these conditions are met, the sampling design is inadequate for estimating risk. The outcome
may underestimate or overestimate risk.

There were a limited number of instances when ProUCL calculated a 95 percent UCL that was greater
than the maximum detected concentration. Figure 6-6 and Figure 6-7 show the UCL selection steps for
the “non-focused sampling design” decision units for the 100-D and 100-H source OUs, respectively.
The steps that are shown in Figure 6-6 and Figure 6-7 are consistent with and follow ProUCL software
and guidance. Table 6-27 provides a summary of the number of individual records considered in the UCL
selection steps for the 100-D and 100-H source OUs. As shown in Table 6-27, there were 52 instances at
100-D and 25 instances at 100-H where a UCL was greater than the maximum detected concentration and
the maximum detected concentration was selected as the EPC. Of the 52 instances at 100-D, a

97.5 percent Chebyshev (Mean, Sd) UCL was calculated for eight analytes and of the 25 instances at
100-H a 97.5 percent Chebyshev (Mean, Sd) UCL was calculated for three analytes. Only deep zone
decision units were reported with instances where a 97.5 percent Chebyshev (Mean, Sd) UCL was greater
than the maximum detected concentration. The outcome of this evaluation does not impact the human
health direct contact risk assessment because the direct exposure pathway is incomplete at depths greater
than 4.6 m (15 ft) bgs.

Table 6-28 shows the outcome of comparisons to SSL developed for groundwater protection and surface
water protection when the 97.5 percent Chebyshev (Mean, Sd) UCL is used. As shown in Table 6-28,
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there would be no impact to conclusions if the 97.5 percent Chebyshev (Mean, Sd) UCL had been
selected as the EPC because both the maximum concentration and the 97.5 percent Chebyshev (Mean,
Sd) UCL are less than the SSL or the SSL is not representative.

A description of the sample designs associated with these five decision areas shown in Table 6-28 is
provided.

e A total of six composite samples were collected from the deep zone decision unit from
100-D-48:1 (100-D Group 2 pipelines). Samples from this waste site decision unit were collected
in accordance with DOE/RL-96-22, Rev. 1, 100 Area Remedial Action Sampling and Analysis
Plan.

o A total of six composite samples were collected from the deep zone decision unit from
100-D-49:4 (105-DR-Reactor Cooling Water Effluent Underground Pipelines). Samples from this
waste site decision unit were collected in accordance with DOE/RL-98-37, Rev. 5, Removal
Action Work Plan for 105-DR and 105-F Building Interim Safe Storage Projects and Ancillary
Buildings.

o Atotal of 12 samples were collected from the deep zone decision unit from 116-D-5 Qutfall
Spillway. A statistical sampling design was used to collect the samples within this excavation
area. Samples from this waste site decision unit were collected in accordance with
DOE/RL-96-22, Rev. 5, 100 Area Remedial Action Sampling and Analysis Plan.

o A total of six composite samples were collected from the deep zone decision unit from
116-DR-1&2 process effluent trenches. Samples from this waste site decision unit were collected
in accordance with DOE/RL-96-22, Rev. 1, 100 Area Remedial Action Sampling and Analysis
Plan.

o A total of six composite samples were collected from the deep zone decision unit from 116-H-1
peocess effluent trench. Samples from this waste site decision unit were collected in accordance
with DOE/RL-96-22, Rev. 1, 100 Area Remedial Action Sampling and Analysis Plan.

As shown in Figure 6-6 and Figure 6-7, there were 44 analytes from 100-D and 22 analytes from
100-H where a 97.5 percent Chebyshev (Mean, Sd) UCL was not calculated. The 66 analytes reported
a detection frequency less than 100 percent and each analyte was reported with a low number of
distinct results. In all 66 cases, ProUCL calculated a range of UCLs based on the minimum data set
size requirements (e.g. Kaplan-Meier) and then provided a recommendation on a UCL to use. In all
66 cases, the recommended UCL was greater than the maximum observed concentration; therefore,
the maximum concentration was selected for use as the EPC. This approach is consistent with the
recommendations provided in the ProUCL Version 5.0.00 Technical Guide. The ProUCL technical
guide does not recommend using a calculated 95 percent UCL value as the EPC when the UCL value
is above the maximum observed concentration. The technical guide cites earlier EPA guidance
“Specifically, the EPA (1992) document suggests the use of the maximum detected value as a default
value to estimate the EPC term when a 95% UCL (e.qg., the H-UCL) exceeds the maximum value.”

In addition, EPCs selected for shallow zone and deep zone decision units represent verification data
collected from the floor and the sidewall of the excavated waste site. As a result, risks are likely overstated
because the EPC does not take credit for the existing clean backfill that covers the remediated waste site.
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Table 6-27. Records in EPC Selection Steps for 100-D and 100-H Source OUs

Number of Records 100-D 100-H
Total records input to ProUCL from “non-focus” decision units. 2,864 1,479
Number of instances where highest recommended UCL was used as EPC. 2,268 1,207
Number of instances that a UCLwas not calculated and maximum detection 544 247
was used as EPC.
Number of instances that a UCL was greater than the maximum detection and 52 25
maximum detection was used as EPC.

EPC
ou operable unit
UCL = upper condidence limit

exposure point concentration

Table 6-28. Comparison of 97.5% Chebyshev (Mean, Sd) UCL to Groundwater and Surface Water Protection
Soil Screening Levels.

Surface
97.5% Groundwater Water
Chebyshev Protection Soil Protection
Maximum (Mean, Sd) Screening Soil
Waste Detection UCL Level Screening
Site/Decision (pCilg or (pCilg or (pCi/g or Level (pCi/g
Unit Analyte # Samples ng/kg) ng/kg) ng/kg) or pg/kg)
100-D-48:1 Deep Co-60 6 8.1 13 --(a) --(a)
Eu-152 6 64 82 --(a) --(a)
100-D-49:4 Deep Eu-152 6 8.3 12 --(a) --(a)
116-D-5 Deep Nitrate 35,000 46,500 2,270,000 -(a)
Nitrogen in NO3 11,300 16,100 504,000 --(a)
116-DR-1,2 Deep Co-60 6 35 4.4 --(a) --(a)
Eu-152 6 126 156 --(a) --(a)
Sr-90 6 29 35 1,012 1,012
116-H-1 Deep Lead 6 23,100 34,600 --(a) --(a)

a. Calculated soil screening level for analyte is considered non-representative because there is no breakthrough simulated within
1,000 years for the majority of soil columns (breakthrough is defined as concentrations above 1E-04 pg/L or 1E-04 pCi/L.

6.2.6.3 Adjustments in EPCs Associated with Decay of Radioisotopes

Section 6.2.5.2 provides a summary of the risk estimates by exposure scenario evaluated. The results of
the soil risk assessment for the Residential scenario identified a group of waste sites with concentrations
of Hanford Site-related COPCs that result in individual risks greater than the upper risk threshold value of
1 x 10™ Table G-103 and Table G-104 (Appendix G) list the 100-D and 100-H waste sites and the
applicable decision unit, each radioisotope reported for the waste site decision unit, the year the samples
were collected, the EPCs, the half-life for each radioisotope, and the year that each radioisotope decays to
an activity level equal to the residential RBSL. The tables also present the number of years required for
radioisotope decay to reach a total risk estimate (based on all radionuclides reported) less than the upper
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risk threshold value of 1 x 10™. Deep vadose zone samples were evaluated to identify remediated waste
sites where exposure to residual contamination could present a potential risk from an inadvertent exposure
through deep excavation activities. While this exposure would be industrial in nature, the RBSLs
(developed for the Residential exposure scenario) were used for convenience as screening values to
identify such sites in order to allow institutional controls to be established to control access to deep
contamination.

The elapsed time at which the activity level would decay below the residential RBSL is based on the
radioactive decay law using the following equation:

A
log—&
A
1
log0.5
where:
Ac = remaining amount of substance (the PRG) (pCi/g)
Ao = original amount of substance (the EPC) (pCi/g)
Ty, = half-life of the substance (years)
T = elapsed amount of time (years)

The number of years required for total risk to be less than 1 x 10™ (represented by “t””) was
back-calculated using the following inequality for a waste site with “n” radionuclides reported:
t 1 t 1
£%109(3) #7%l0d(3)

/EPCl x 10l 2 \ /EPCn x 1002

<1x107*
PRG, ot PRG, )

The following lists the year that concentrations of radioisotopes currently measured in shallow decision
units decay to activity levels less than residential RBSLs and the year that the total ELCR is less than
1x10™

e Strontium-90 concentrations at 100-D-48:3 decayed to levels less than residential RBSLs in
year 2007. Activities of all radionuclides decayed to a total ELCR of less than 1.0 x 10 in year 2009.

e Activities of all radionuclides decayed to a total ELCR of less than 1.0 x 10 by year 2009 at 100-D-47.

e Europium-152 and nickel-63 concentrations at 100-D-42, 100-D-43, and 100-D-45 decayed to a total
ELCR of less than 1.0 x 10 in 2012.

e Strontium-90 concentrations at 118-H-1:1 decayed to levels less than the residential RBSL in year
2011. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by year 20186.

e Strontium-90 concentrations at 116-H-5 decay to levels less than the residential RBSL in year 2013.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2016.

e Activities of all radionuclides decayed to a total ELCR of less than 1.0 x 10 by year 2022 at 118-D-6:4.
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Cesium-137 concentrations at 116-DR-9 decay to levels less than residential RBSLs in year 2035.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2038.

Cesium-137 concentrations at 116-D-8 decay to levels less than residential RBSLs in year 2035.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2035.

Technetium-99 is detected at the 118-DR-2:2 shallow decision unit at concentrations that result in
risks above 1 x 10-4. Decay does not occur within a reasonable period for technetium-99 because the
half-life is 213,000 years and is not included in the above calculations.

The following lists the year that concentrations of radioisotopes currently measured in deep decision units
decay to activity levels less than residential RBSLSs:

Activities of all radionuclides decayed to a total ELCR of less than 1.0 x 10™* by year 2019 at 100-H-21.

Cesium-137 concentrations at 100-D-48:2 decayed to levels less than residential RBSLs in year 2003.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™* by year 2034.

Strontium-90 concentrations at 100-D-48:3 decayed to levels less than residential RBSLs in year 2008.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by year 2028.

Europium-152 concentrations at 100-D-49:4 decay to levels less than residential RBSLs in year 2016.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by year 2027.

Cesium-137 and strontium-90 concentrations at 118-H-6:2, 118-H-6:3,118-H-6:6, 100-H-9,
100-H-10, 100-H-11, 100-H-12, 100-H-13,100-H-14, and 100-H-31 decay to levels less than
residential RBSLs in year 2069. Activities of all radionuclides will decay to a total ELCR of less than
1.0 x 10" by year 2108.

Cesium-137 and europium-152 concentrations at 116-DR-6 decay to levels less than residential
RBSLs in year 2026. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™
by year 2048.

Cesium-137 and europium-152 concentrations at 116-DR-9 decay to levels less than residential
RBSLs in year 2037. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™
by year 2064.

Cesium-137, cobalt-60, and europium-152 concentrations at 116-H-3 decay to levels less than
residential RBSLs in year 2036. Activities of all radionuclides will decay to a total ELCR of less than
1.0 x 10 by year 2056.

Cesium-137 concentrations at 118-DR-2:2 decay to levels less than residential RBSLs in year 2041.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2140.

Nickel-63 concentrations at 100-D-19 (focused) decay to levels less than residential RBSL in year
2041. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™ by year 2042.

Cesium-137 and europium-152 concentrations at 100-D-18 decay to levels less than residential
RBSLs in year 2060. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™
by year 2066.

Cesium-137, cobalt-60, europium-152, europium-154, and strontium-90 concentrations at 116-H-7
decay to levels less than residential RBSLs in year 2098.
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o Cesium-137, cobalt-60, europium-152, and europium-154 concentrations at 100-D-48:1 decay to
levels less than residential RBSLs in year 2083. Activities of all radionuclides will decay to a total
ELCR of less than 1.0 x 10 by year 2093.

e Cesium-137, cobalt-60, europium-152, europium-154, and nickel-63 concentrations at 116-D-7 decay
to levels less than residential RBSLs in year 2083. Activities of all radionuclides will decay to a total
ELCR of less than 1.0 x 10 by year 2125.

e Cesium-137, europium-152, europium-154, and strontium-90 concentrations at 116-H-1 decay to
levels less than residential RBSLs in year 2102. Activities of all radionuclides will decay to a total
ELCR of less than 1.0 x 10 by year 2110.

e Cesium-137, cobalt-60, and europium-152 concentrations at 100-D-49:2 decay to levels less than
residential RBSLs in year 2113. Activities of all radionuclides will decay to a total ELCR of less than
1.0 x 10 by year 2117.

e Cesium-137, cobalt-60, europium-152, europium-154, and strontium-90 concentrations at
116-DR-1&2 decay to levels less than residential RBSLs in year 2122. Activities of all radionuclides
will decay to a total ELCR of less than 1.0 x 10™ by year 2148.

e Cesium-137 and europium-152 concentrations at 118-D-6:4 decay to levels less than residential
RBSLs in year 2138. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10
by year 2143.

o Cesium-137, cobalt-60, europium-152, europium-154, and strontium-90 concentrations at 116-D-1A
decay to levels less than residential RBSLs in year 2196. Activities of all radionuclides will decay to
a total ELCR of less than 1.0 x 10 by year 2203.

6.2.6.4 Uncertainties Associated with Exposure Assumptions

The exposure assumptions used to develop the RBSLs for each exposure scenario represent an RME.
For estimating the RME, 95 percentile values (or upper-bound estimates of national averages)

are generally used for exposure assumptions, and exposed populations and exposure scenarios are also
selected to represent upper-bound exposures. The intent of the RME, as discussed by the EPA Deputy
Administrator and the Risk Assessment Council “Guidance on Risk Characterization for Risk Managers
and Risk Assessors” (Habicht, 1992) is to present risks as a range from central tendency to high-end risk
(above the 90" percentile of the population distribution). This descriptor is intended to estimate the risks
that are expected to occur in small but definable “high-end”” segments of the subject population
(“Guidance on Risk Characterization for Risk Managers and Risk Assessors” [Habicht, 1992]).

EPA distinguishes between those scenarios that are possible but highly improbable and those that are
conservative but more likely to occur within a population, with the latter being favored in risk assessment.
In general, these assumptions are intended to be conservative and yield an upper bound of the true risk
or hazard.

6.2.6.5 Uncertainties Associated with Toxicity Assessment

The toxicological database was also a source of uncertainty. EPA has outlined some of the sources of
uncertainty as defined in the risk assessment guide (EPA/540/1-89/002) and in Superfund HHT Risk
Assessment Values (Cook, 2003). These sources may include or result from the extrapolation from high
to low doses and from animals to humans. This is contingent on the species, gender, age, and strain
differences in the uptake, metabolism, organ distribution, and target site susceptibility of a toxin.
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The human population’s variability with respect to diet, environment, activity patterns, and cultural
factors are also sources of uncertainty.

Traditionally, EPA has developed toxicity criteria for carcinogens by assuming that all carcinogens are
nonthreshold contaminants. However, EPA recently has published revised cancer guidelines

(Guidelines for Carcinogen Risk Assessment | [EPA/630/P-03/001F]) in which they have modified their
former position of assuming nonthreshold action for all carcinogens. This new guidance emphasizes
establishing the specific toxicokinetic mode of action that leads to development of cancer. In the future,
toxicity criteria for carcinogens in the United States will be developed assuming no threshold for
contaminants that exhibit genotoxic modes of action, or where the mode of action is not known. However,
currently available EPA toxicity criteria for carcinogens were all derived assuming a nonthreshold model.

In most of the world, nonthreshold toxicity criteria are developed only for those carcinogens that appear
to cause cancer through a genotoxic mechanism (International Toxicity Estimates for Risk database
[TERA, 2011]). Specifically, for genotoxic contaminants, the cancer dose-response model is based on
high-dose to low-dose extrapolation and assumes there is no lower threshold for the initiation of toxic
effects. Cancer effects observed at high doses are found in laboratory animals or are extrapolated from
occupational or epidemiological studies. Cancer effects observed at low doses are commonly found in
environmental exposures. These models are essentially linear at low doses, so no dose is without some
risk of cancer.

Slope Factors for Cr(VI). The oral RfD of 0.003 mg/kg-day published by IRIS is used to develop the
2007 MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) direct contact soil
cleanup level for Cr(VI1). NJDEP has recently published an oral carcinogenic potency factor of

0.5 (mg/kg-day) ™ (Derivation of an Ingestion-Based Soil Remediation Criterion for Cr*® Based on the
NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate [NJDEP, 2009]). If the NJDEP value
were used to calculate the 2007 MTCA (‘“Unrestricted Land Use Soil Cleanup Standards”

[WAC 173-340-740]) direct contact soil cleanup level, the concentration would decrease from 240 mg/kg
to 2.0 mg/kg. The use of the oral RfD published by IRIS may result in underestimating risk.

6.2.6.6 Uncertainties Associated with Risk Characterization

In the risk characterization, the assumption was made that the total risk of developing cancer from
exposure to Hanford Site contaminants is the sum of the risk attributed to each individual contaminant.
Likewise, the potential for the development of noncancer adverse effects is the sum of the HQs estimated
for exposure to each individual contaminant. This approach, in accordance with EPA guidance, did not
account for the possibility that constituents act synergistically or antagonistically, resulting in an
overestimation or underestimation of risk.

6.2.6.6.1 Uncertainties in Risk Estimates Associated with Remedial Investigation and Limited
Field Investigation Soil Data

In addition to the waste site closeout remediation data (CVP/RSVP), two additional sources of data were
considered for use in the RI/FS and the soil risk assessment. These sources of data include: 1) vadose
zone data collected for the RI to fill data gaps associated with the nature and extent of contamination or
associated with understanding the fate and transport of contaminants, and 2) LFI data collected in 1992
from the 100-D/H OU. These data were collected for purposes other than fulfilling needs of the risk
assessment; as such, they were not used to evaluate quantitative risks. However, these data were evaluated
gualitatively by comparing concentrations of analytes to RBSLs to determine whether the results could be
useful for risk management decisions. The results of this comparison are provided in Appendix G,
Attachment G-1.
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Soil data identified as useful for informing risk management decisions include those collected to fill Data
Gaps 2, 3, and 7. Chapter 2, Table 2-1 lists the data gaps and the work conducted per the 100-D/H Work
Plan (DOE/RL-2008-46-ADD1). Twelve boreholes (7 from 100-D and 5 from 100-H), 5 test pits (3 from
100-D and 2 from 100-H), and 14 monitoring wells (7 from 100-D and 7 from 100-H) were drilled for the
RI. In general, the comparison of soil concentrations from RI data to RBSLs are consistent with those risk
results reported for closeout documentation data (CVP/RSVP), because most boreholes and test pits were
collected through waste sites that were previously remediated.

In the early 1990s, an LFI was performed in the 100-DR-1 and 100-DR-2 OUs, the 100-HR-1 and
100-HR-2 OUs, and the 100-HR-3 OU. Results of the qualitative risk evaluation show elevated risk
results at some waste sites. However, use of the LFI data over state risks because these waste sites have
been subsequently remediated under the interim action ROD.

6.3 Groundwater Risk Assessment

EPA guidance provided in “Summary of Key Existing EPA CERCLA Policies for Groundwater
Restoration” (Woolford and Reeder, 2009, page 4), clarifies EPA’s policies for determining whether
a groundwater remedial action is warranted under CERCLA. In discussing the role of the baseline risk
assessment, “Summary of Key Existing EPA CERCLA Policies for Groundwater Restoration”
(Woolford and Reeder, 2009) quotes the preamble to the NCP (40 CFR 300):

“The results of the baseline risk assessment are used to determine whether remediation is necessary, to
help provide justification for performing remedial action, and to assist in determining what exposure
pathways need to be remediated.”

“Summary of Key Existing EPA CERCLA Policies for Groundwater Restoration” (Woolford and
Reeder, 2009) then continues to clarify when a CERCLA remedial action is appropriate (page 5):

“A CERCLA remedial action generally is appropriatel2 in various circumstances, including: a standard
that helps define protectiveness (e.g., a federal or state MCL or nonzero MCLG for current or potential
drinking water aquifers) is exceeded; when the estimated risk calculated in a risk assessment exceeds a
noncarcinogenic level for an adverse health effect or the upper end of the NCP risk range for ‘cumulative
carcinogenic site risk to an individual based on reasonable maximum exposure for both current and future
land use;13 the noncarcinogenic hazard index is greater than one (using reasonable maximum exposure
assumptions for either the current or reasonably anticipated future land use); or the site contaminants
cause adverse environmental impacts.14 It is important to note that all conditions do not need to be
present for action and the conditions may be independent of each other.”

EPA guidance provided in “Role of the Baseline Risk Assessment in Superfund Remedy Selection
Decisions” (Clay, 1991) describes how to use the baseline risk assessment to make risk management
decisions such as determining whether remedial action under CERCLA Section 104 or Section 106 is
necessary. The “Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions”
(Clay, 1991) describes the following conditions when a CERCLA action is generally warranted:

e The baseline risk assessment indicates that a cumulative site risk to an individual using RME
assumptions for either current or future land use exceeds the 10 ELCR end of the risk range.

12 see EPA 540-R-97-013, Rules of Thumb for Superfund Remedy Selection.
13 See Clay, 1991, “Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions.”
14 See EPA 540-R-97-013, Rules of Thumb for Superfund Remedy Selection.
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o For groundwater actions, MCLs and nonzero maximum contaminant limit goals (MCLG) will
generally be used to gauge whether remedial action is warranted.

e Chemical-specific standards that define acceptable risk levels also may be used to determine whether
an exposure is associated with an unacceptable risk to human health and the environment and whether
remedial action is warranted.

Human health protection is evaluated by comparing groundwater concentrations within the groundwater
OU to existing federal or state MCLs or nonzero MCLGs. Aquatic receptor protection is determined by
the comparison of groundwater concentrations at the point of discharge to surface water to water quality
criteria established under Section 304 or Section 303 of the Clean Water Act of 1977 as well as
Washington State water quality standards. The point of compliance for surface water cleanup levels is
defined in the 2007 MTCA (“Surface Water Cleanup Standards” [WAC 173-340-730(7)(a)]) as the point or
points at which hazardous substances are released to surface waters of the state. 2007 MTCA (“Surface
Water Cleanup Standards” [WAC 173-340-730(7)(b)]) indicates that no mixing zone shall be allowed to
demonstrate compliance with surface water cleanup levels.

Groundwater concentrations are compared to 2007 MTCA (“Ground Water Cleanup Standards”

[WAC 173-340-720]) to determine whether EPCs result in a HI greater than one. The EPCs also are used
to calculate ELCRs that are compared to the upper end of the NCP (40 CFR 300) risk range for
cumulative carcinogenic site risk to an individual based on RME for both current and future land use.

EPA guidance provided in “Clarification of the Role of Applicable, or Relevant and Appropriate
Requirements in Establishing Preliminary Remediation Goals under CERCLA” (Fields, 1997) clarifies
the relationship between two statutory mandates of CERCLA: (1) protect human health and the
environment, and (2) attain or waive, if justified, based on site-specific circumstances, ARARsS. It remains
EPA’s policy that ARARs will generally be considered protective, absent multiple contaminants or
pathways of exposure. However, the guidance clarifies that, in rare situations, even absent multiple
pathways or contaminants, PRGs should be set at levels more protective than required by a given ARAR,
where application of the ARAR would not protect human health and the environment.

The RCBRA (DOE/RL-2007-21) evaluated groundwater data collected from 1998 to 2008. During the
development of the Integrated Work Plan (DOE/RL-2008-46) approximately one year of additional
groundwater data were collected and evaluated. The Integrated Work Plan (DOE/RL-2008-46) identified
the need to collect representative spatial and temporal samples from a subset of wells. These data were
collected over an 8-month period between October 7, 2009 and June 11, 2010. In this RI/FS, three
different analyses of groundwater data are conducted for the purpose of identifying COPCs.
Section4.4.1.2 uses individual groundwater results collected over seven years (January 1, 2007 to
December 31, 2012) to describe the nature and extent of contamination in groundwater. Section 4.4.1.2
provides summary statistics for groundwater data collected over the last 7 years and describes the
comparison of individual groundwater measurements to action levels for the purpose of COPC
identification. Exposure point concentrations were calculated for the groundwater data set collected for the
RI (as described above) and were used to compare to action levels (Section 6.3.2.3) and used to calculate
excess lifetime cancer risks and noncancer hazards for the residential tap water scenario (Section 6.3.7).
These analyses were also used for the purpose of identifying groundwater COPCs.

A groundwater risk assessment was performed for the 100-HR-3 Groundwater OU. The 100-HR-3
Groundwater OU includes all groundwater in the 100-D, 100-H and Horn area impacted by waste sites.
There are four primary groundwater plumes within the 100-HR-3 Ground OU. Contaminant plume areas
are identified geographically as the 100-D southern plume, 100-D northern plume, 100-H plume, and
Horn area plume, and are mainly based on the distribution of Cr(\V1) concentrations. Other contaminants
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are primarily collocated with the Cr(VI1) plume. The 100-HR-3 Groundwater OU risk assessment
followed the strategy outlined as follows:

e Evaluate groundwater data to identify contaminants present in groundwater in the OU. This includes
analytical measurement data collected over the past seven years (data collected to resolve spatial,
chemical, and temporal uncertainties described in the Integrated Work Plan (DOE/RL-2008-46) are
included).

o Identify action levels for detected contaminants, using ARARs or risk-based concentrations to
establish a basis for identifying COPCs.

e Compare individual measurements from the larger population of data to action levels to identify
COPCs within each area of interest identified within the 100-HR-3 Groundwater OU.

e Calculate exposure point concentrations using the Rl data set; EPCs are used for comparison to action
levels and to provide a comprehensive evaluation of contribution to cumulative risk and total hazard
using the residential tap water scenario.

Results of this groundwater risk assessment indicate that individual concentrations of contaminants in the
100-HR-3 Groundwater OU exceed action levels, and warrant investigation in an FS to address
groundwater contamination within the OU. The COPCs represent contaminants that will be evaluated in
the FS to define the COCs and to develop and select remedial alternatives. The residential tap water
scenario also identifies multiple contaminants within the 100-D Source, Horn, and 100-H Source exposure
areas that exceed the 2007 MTCA HHRA Procedures (WAC 173-340-708(5)(a) cumulative cancer and
noncancer hazard thresholds. The 2007 MTCA HHRA Procedures (WAC 173-340-708(5)(a)and

WAC 173-340-708(6)(b)) require that cleanup levels be adjusted downward to take into account exposure
to multiple hazardous substances or multiple pathways of exposure. This adjustment needs to be made
only if, 5without this adjustment, the HI would exceed 1, or the total ELCR would exceed 1 in 100,000
(1x107).

Additionally, several local and regional Tribes have ancestral ties to the Hanford Reach of the Columbia
River and surrounding lands. DOE has requested that each Tribe provide an exposure scenario that
reflects their traditional activities. At this time, the CTUIR (Exposure Scenario for CTUIR Traditional
Subsistence Lifeways [Harris and Harper, 2004]) and the Yakama Nation (Yakama Nation Exposure
Scenario for Hanford Site Risk Assessment [Ridolfi, Inc., 2007]) have provided scenarios. A quantitative
groundwater risk assessment is included for both Tribal use scenarios to evaluate each of the potentially
complete groundwater exposure pathways. The results for the Native American risk assessment are
provided in Native American Risk Assessment for the 100-HR-3 Groundwater Operable Unit
(ECF-100HR3-10-0477) (Appendix G). Section 6.3.8.4.1 provides a summary of this evaluation.

A quantitative evaluation of human health risk to a resident from exposure to tap water is included for
comparison to the Native American Risk Assessment. This comparison is provided because the Native
American scenarios and the EPA tap water scenario include the same exposure pathways and exposure
routes but have different exposure assumptions. The EPA tap water scenario includes RME assumptions
whereas the Native American scenarios include high-end exposure assumptions. The Native American
scenarios are discussed in more detail in the uncertainty section (Section 6.3.8.4.1). The results of the
comparison show how the similarities and differences that result in use of RME and high-end
assumptions. The results of the tap water risk assessment are provided in Tap Water Risk Assessment for
the 100-HR-3 Groundwater Operable Unit (ECF-100HR3-10-0478) (Appendix G).
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6.3.1 Findings of the River Corridor Baseline Risk Assessment

The RCBRA (DOE/RL-2007-21) provides a screening level groundwater risk assessment for the
100-HR-3 Groundwater OU to evaluate potential risks associated with groundwater exposure. The results
of the groundwater screening level risk assessment indicate potential risk above EPA thresholds within
the 100-HR-3 Groundwater OU. Noncancer chemical hazard results were also above the EPA’s threshold
value of 1.

Uncertainties associated with the groundwater dataset were identified in the RCBRA (DOE/RL-2007-21).
These uncertainties relate to the ability of the groundwater dataset collected from 1998 to 2008 to represent
current baseline conditions and potential exposure within each groundwater OU. Analytical data used for the
screening level assessment were collected to fulfill a variety of state and federal regulations, including
RCRA, CERCLA, the Atomic Energy Act of 1954; and Section 173 of the Washington Administrative
Code. Although the monitoring data can be used for risk assessment purposes, there are uncertainties
associated with its use. Specifically, target analytes, sampling frequencies, and MDLs (or reporting limits)
are different between programs because the information is used to meet different requirements.

As a result of the uncertainties identified in the RCBRA, the Integrated Work Plan (DOE/RL-2008-46)
added activities that would help reduce uncertainties, verify conclusions of the HHRA presented in the
RCBRA, and ensure that no contaminants were inadvertently overlooked based on the use of the existing
dataset. Section 3.6.5.1 of the Integrated Work Plan (DOE/RL-2008-46) identifies the following activities
to reduce uncertainties:

Identify existing and/or install new monitoring wells that are spatially representative of the groundwater.
This set of wells will represent locations where a receptor potentially could contact groundwater.

Conduct multiple rounds of sampling to obtain temporal representation of the unconfined aquifer from
influence of river stage. Additional rounds of sampling at spatially representative monitoring wells will
represent current groundwater conditions and capture the influence of river fluctuations on COPC
concentrations.

Analyze all spatially representative monitoring wells for a focused list of groundwater COPCs identified
for each round of sampling. Analyzing each of the monitoring wells for COPCs will provide a dataset that
is representative of potential releases to the groundwater.

Evaluate sample results from characterization activities to support final remedial action decisions
for groundwater.

The RCBRA evaluated exposure to groundwater for three residential scenarios (Subsistence Farmer,
CTUIR Resident, and Yakama Resident scenarios) and the residential component of the resident Monument
worker exposure scenario. Direct exposure to contaminants in groundwater was evaluated for household
uses of groundwater in each of these scenarios, such as drinking and cooking (ingestion) and bathing
(dermal absorption). If VOCs were measured in groundwater, indirect exposure by inhalation of VOCs in
air may occur while bathing or when using groundwater in the home for other purposes. The inhalation
pathway for VOCs associated with household use of groundwater is evaluated for VOCs that are identified
as COPCs in groundwater. Additionally, ingestion, inhalation, and dermal exposures to COPCs in
groundwater used in a sweat lodge were evaluated in the CTUIR Resident and Yakama Resident scenarios.

The results of the screening level groundwater risk assessment provided in the RCBRA
(DOE/RL-2007-21) identified Cr(\V1) in the 100-HR-3 Groundwater OU as the primary contributor to risk
through ingestion and dermal contact with groundwater.
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6.3.2 Identification of Contaminants of Potential Concern

The first step of this groundwater risk assessment is data evaluation to identify the COPCs for protection
of human health and the environment. A preliminary COPC evaluation was conducted to support the
100-D/H Work Plan (DOE/RL-2008-46-ADD1) and the 100-D/H SAP (DOE/RL-2009-40). The work
plan effort evaluated groundwater analytical data from the 100-HR-3 Groundwater OU collected over

a 16-year period (1992 to 2008). Table 6-29 presents the 31 COPCs based on the evaluation of historical
data in the work plan for the entire 100-HR-3 Groundwater OU.

Table 6-29. List of Historical Contaminants of Potential Concern in the 100-HR-3 Groundwater OU

Metals
Antimony Arsenic Beryllium
Cadmium Chromium Cobalt
Copper Cr(VI) Lead
Manganese Mercury Nickel
Selenium Silver Thallium
Uranium Vanadium Zinc

Volatile Organic Compounds

1,1-Dichloroethene Benzene Carbon tetrachloride
Chloroform Trichloroethene Vinyl chloride
Radiological
Strontium-90 Technetium-99 Tritium
Anions
Fluoride Nitrate (as N) Nitrite (as N)
Sulfate

Source: Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units Remedial
Investigation/Feasibility Study (DOE/RL-2009-40), Table 1-2.

OU = operable unit

The COPCs identified during the work plan phase were validated by using groundwater samples analyzed
using the methods documented in the 100-D/H SAP (DOE/RL-2009-40), Table 2-19. The groundwater
dataset collected during the RI consists of sampling and analysis data collected from 52 monitoring wells
within the 100-HR-3 OU. The monitoring well network represents locations where human or ecological
receptors could potentially encounter groundwater within the OU. The primary exposure pathway for
humans is through groundwater obtained from a residential or community water well, assuming
development of the land for future human habitation.

Identification of groundwater COPCs for the 100-HR-3 Groundwater OU is a three-step process.
Analytical measurements from groundwater data collected over the past seven years (including those RI
data collected as specificed in the Rl Work Plan to resolve spatial, chemical and temporaly uncertainties
described in the Integrated Work Plan (DOE/RL-2008-46) were evaluated using the following strategy:
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e Compare individual measurements from the larger population of data to action levels to identify
COPCs throughout the 100-HR-3 Groundwater OU (Figure 6-8).

e Compare EPCs from the RI data set to action levels to identify COPCs within each area of interest
identified within the 100-HR-3 Groundwater OU (Figure 6-9).

e Calculate cumulative ELCR and noncancer hazards using EPCs from the RI data set based on the
EPA residential tap water scenario (Figure 6-10) to identify the analytes that are the primary risk and
hazard drivers within each area of interest identified within the 100-HR-3 Groundwater OU.

The process used to identify data for COPC selection and the selection of action levels for this groundwater
risk assessment are described in Sections 6.3.2.1 and 6.3.2.2. The methodology used to calculate EPCs is
described in Section 6.3.2.3. The exposure assessment and toxicity assessment are presented in

Sections 6.3.3 and 6.3.4, respectively. Finally, the risk characterization step for each of the exposure areas is
described in Section 6.3.5 and 6.3.6, and the EPA Tap Water scenario is described in Section 6.3.7.

The primary objective of this groundwater risk assessment is to provide information necessary to identify
what remedial actions will be necessary in the remedy selected for the 100-HR-3 Groundwater OU.

6.3.2.1 Data Used to Identify Contaminants of Potential Concern

Two different data sets were used for the purpose of identifying COPCs for the 100-HR-3 Groundwater
OU. The following provides a description of each data set.

Section 4.4.1.2 presents the comparison of individual analyte measurements to action levels in
groundwater collected over the last 7 years of measurement (that is, samples collected between January
2006 and December 2012). All monitoring wells within the 100-HR-3 Groundwater OU that are screened
in the unconfined aquifer were included in this evaluation (see Figure 6-8). This evaluation includes the
review of all historical analytes identified in Table 6-29 and those that report concentrations greater than an
action level using the larger population of data. As described previously, historical COPCs were identified
in the work plan using data collected over a 16-year period (1992 to 2008) (see Table 6-29 for a list of
historical COPCs). The dataset used for the comparison of individual analytes is considered to be
representative of current groundwater conditions based on the overall spatial coverage of monitoring
wells across the OU and based on the inclusion of RI data that were collected to resolve uncertainties
identified in the RCBRA (DOE/RL-2007-21) and the 100-D/H Work Plan (DOE/RL-2008-46-ADD1).
This analysis is included to confirm that analytes that are identified as COPCs using RI data are consistent
with the observations and characteristics of the data from a larger population of wells and analytical
results collected over a longer period of time. Figure 6-8 shows the schematic steps of the individual
contaminant evaluation used for COPC identification presented in Section 4.4.1.2. A summary of the
COPCs identified in Section 4.4.1.2 of this RI report are provided in Tables 4-8 through 4-10 for the
unconfined aquifer. In addition to the evaluation of groundwater screened in the unconfined aquifer,
groundwater screened in the confined aquifer (first water bearing unit of the ringold upper mud) and
groundwater from treatability test areas were also evaluated and COPCs are presented in Table 4-12 and
Table 4-14 through Table 4-17, respectively.

Groundwater samples that comprise the RI data set were used to resolve uncertainties identified in the
RCBRA (DOE/RL-2007-21) and the 100-D/H Work Plan (DOE/RL-2008-46-ADD1). These
uncertainties were previously described in Section 6.3.1. The groundwater samples associated with the RI
data set were collected over an 8-month period between October 7, 2009 and June 11, 2010. Three
sampling events were used to capture the effects that temporal fluctuations of river stage have on
groundwater conditions. Samples collected from mid-May to mid-June 2010 represent the aquifer when
the river stage is at its highest elevation. Samples collected from early October 2009 to early November
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2009 represent the aquifer when the river is at its lowest elevation. Samples collected from mid-March to
mid-April 2010 represent the aquifer when the river is transitioning from high to low river stage.

All monitoring wells used in this monitoring network were screened in the unconfined aquifer. All of the
wells in the network were existing monitoring or compliance wells and are listed in Table 6-30, which
lists each well in the 100-HR-3 Groundwater OU; Figure 6-11 shows their locations.
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Figure 6-8. Individual Contaminant Evaluation Process
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Process and Reduce 100-HR-3 Rl Data Set
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Figure 6-9. Comparison of EPC to Action Level Process

6-124



DOE/RL-2010-95, REV. 0
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Figure 6-10. EPA Tap Water Risk Assessment Process
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Table 6-30. Monitoring Wellsincluded in the Rl Data Set from the 100-HR-3 Groundwater OU

Well Name

100-D Source Exposure Area

199-D2-11 199-D2-6 199-D4-23 199-D4-84
199-D5-13 199-D5-14 199-D5-15 199-D5-16
199-D5-17 199-D5-18 199-D5-19 199-D5-37
199-D5-38 199-D5-43 199-D5-99 199-D8-5
199-D8-55 199-D8-70 199-D8-71 199-D8-88
100-H Source Exposure Area
199-H3-2A 199-H4-10 199-H4-11 199-H4-13
199-H4-16 199-H4-3 199-H4-45 199-H4-46
199-H4-48 199-H4-5 199-H4-6 199-H4-9
199-H6-1
Horn Exposure Area

199-H3-4 199-H3-5 199-H5-1A 699-101-45
699-87-55 699-90-45 699-93-48A 699-94-41
699-94-43 699-95-45 699-95-48 699-95-51
699-96-52B 699-97-41 699-97-45 699-97-48B
699-98-43 699-98-49A 699-98-51

OU = operable unit
RI remedial investigation

6.3.2.1.1 Analytical Data Processing

The analytical datasets used for COPC identification are extracted from the HEIS database.
After extraction, the analytical data are processed to obtain a single set of results per sampling location
and time of collection.

For the larger population of data, a total of 110,313 records were obtained from HEIS, and a total of
113 analytes were included in the dataset prior to analytical data processing. After analytical data
processing (as described in the next section), the final dataset used for the COPC identification process
contained a total of 95,126 record.

For the RI data set, a total of 27,354 records were obtained from HEIS, and a total of 113 analytes were
included in the dataset prior to analytical data processing. After analytical data processing (as described in
the next section), the final dataset used for the COPC identification process contained a total of 16,202
records, with 113 analytes included in the dataset.

The datasets obtained from HEIS included the following types of information:

e Analytical results from both unfiltered and filtered samples

o Data qualification and data validation flags, including rejected results

o Results for a given analyte reported by more than one analytical method
o Parent, field duplicate, and field split sample results
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The analytical data were processed using the steps described in the following paragraphs and thus identify
one set of results per sampling location and date of sample collection. The data processing steps and the
numbers of records associated with each step are presented on Figure 6-12 for the RI data set.

Descriptions of the data processing steps follow.

6.3.2.1.2 Sample Results

For the RI data set, only analytical results from unfiltered samples are used in identifying COPCs; results
from filtered samples that may have been collected in support of other monitoring or compliance
programs are excluded. Unfiltered sample results represent total concentrations of the analytes, while
filtered sample results represent only dissolved concentrations. Use of filtered sampling results might lead
to underestimation of chemical and radiological concentrations (for example, in water from an

unfiltered tap). Note that the filtered metals results are included in the larger population of data to provide a
comprehensive data set for evaluation of aquatic receptors.

The risk assessment guide (EPA/540/1-89/002) addresses this issue in providing guidance on estimating
exposure concentrations in groundwater:

While filtration of groundwater samples provides useful information for understanding

chemical transport within an aquifer, the use of filtered samples for estimating exposure
is very controversial, because these data may underestimate chemical concentrations in

water from an unfiltered tap. Therefore, data from unfiltered samples should be used to

estimate exposure concentrations.

6.3.2.1.3 Laboratory and Data Validation Flags

Analytical data are received from the laboratory with data qualification flags. Validation qualifiers are
assigned during the data validation process. The following rules determine how flagged and/or qualified
sample results are used in identifying COPCs.

o Sample results flagged with a “U” data qualifier or combinations of qualifiers that include a “U,” such
as a “UlJ,” are considered nondetected results.

e Sample results without a “U” data qualifier are considered detected concentrations, including results
with no qualifier or with a “J” data qualifier.

e Sample results that are rejected and flagged with an “R” validation qualifier are not used in
identifying COPCs.

where:
U = Analyzed for but not detected above limiting criteria
J = Estimated value
R = Do not use. Further review indicates the result is not valid

6.3.2.1.4 Analytes Reported by Numerous Analytical Methods

Often analytes are reported by more than one analytical method. Therefore, multiple results for an analyte
at the same location and sample date are possible. Because multiple sets of analytical results cannot be
used to quantify risk (that is, this would result in multiple counting of a chemical), the set of data that best
represents the actual concentration will be retained. The results are processed to select the method that
provides the most reliable results. Considerations for determining data to be retained include
method-associated sample size, detection frequency, method sensitivity and detection limits. The most
conservative (that is, health-protective) use of these types of data will be the goal. Larger sample size,
higher detection frequencies, and lower detection limits are given higher priority for method selection.
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For example, lead may be analyzed using EPA Method 200.8 (Methods for the Determination of Metals
in Environmental Samples, Supplement | [EPA-600/R-94/111]) with an EQL of 2 pg/L or EPA Method
6010 in SW 846 [SW-846] with an EQL of 50 pg/L. For a sample with lead concentrations reported using
both methods, the results reported by EPA Method 200.8 (Methods for the Determination of Metals in
Environmental Samples, Supplement | [EPA-600/R-94/111]) is selected over EPA Method 6010

(SW 846 [SW-846]) because of the more sensitive detection limit.

6.3.2.1.5 Field Duplicate and Field Split Results

Field QC samples (field duplicates and field splits) are collected in the field and analyzed by the
laboratory as unique samples. The parent sample and QC samples are collected from the same location
(that is, monitoring well) on the same date, resulting in more than one sample per location and date.
The following criteria are used to reduce multiple sample results for an individual location and date to a
single result:

o If two or more detections exist, the maximum concentration is used.

e |f at least one detection and one or more nondetected results exist, the detected concentration is used.
o If only (two or more) nondetected results exist, the lowest detection limit is used.

6.3.2.2 Identify Action Levels

For the purpose of risk assessment and identification of COPCs, action levels are screening levels derived
from chemical-specific promulgated standards and/or risk based concentrations using default exposure
assumptions. All sources of action levels for each of the 113 analytes reported in the HEIS database for
the 100-HR-3 OU are identified in Table 6-31.

Although the term “action level” is used for screening purposes, the term “action level” is not used to
determine remediation levels nor does it imply that a groundwater action should be taken. Cleanup levels
for groundwater contaminants are developed in the ROD.

The sources of action levels from federal regulations are as follows:

e “National Primary Drinking Water Regulations” (40 CFR 141), MCLs, secondary MCLs, and
nonzero MCLGs established under the Safe Drinking Water Act of 1974 (SDWA)

¢ National Recommended Water Quality Criteria (EPA, 2009b), Ambient Water Quality Criteria
(AWQC) established under Section 304 of the Clean Water Act of 1977

e “Water Quality Standards” (40 CFR 131) for states not complying with Section 303 of the Clean
Water Act of 1977

The sources of the action levels from Washington State regulations are:
e “Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A)
o “Groundwater Cleanup Standards” (WAC 173-340-720)

e “Group A Public Water Supplies,” “Maximum Contaminant Levels (MCLs) and Maximum Residual
Disinfectant Levels (MRDLs)” (WAC 246-290-310)

While surface water and AWQC standards are considered for the identification of action levels, it must be
noted that these standards only apply for groundwater where it enters the Columbia River. For the upland
parts of groundwater, only DWSs are applicable.

Derivation of State of Washington groundwater cleanup levels is provided in a separate calculation brief
(Calculation of Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the
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100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports [ECF-100NPL-10-0462]).
Derivation of State of Washington surface water cleanup levels is provided in a separate calculation brief
(Calculation of Standard Method B Surface Water Cleanup Levels for the 100 Areas and 300 Area
Remedial Investigation/Feasibility Study Reports [ECF-100NPL-10-0463]).

6.3.2.3 COPC Identification Process (Comparison of EPCs to Action Levels)

Section 6.3.2.1 defined the analytical dataset and described the analytical data processing steps used in
this section for identifying groundwater COPCs. Section 6.3.2.2 identified the action levels used in this
section for identifying groundwater COPCs. The COPC identification process described in this section is
the second evaluation step used to identify COPCs; this step uses the RI sampling and analysis data
collected from the 52 monitoring wells in the 100-HR-3 Groundwater OU. Initially all sampling and
analysis data are grouped together from each exposure area (that is, the 100-D Source exposure area, the
100-H Source exposure area, and the Horn exposure area) to identify those analytes with detected
concentrations above the lowest available action level before an EPC is calculated. Figure 6-9 is a flow
chart showing the steps of the COPC identification process that compares EPCs to action levels. The
COPC identification steps, number of records, and number of analytes associated with each step are
depicted on Figure 6-9 and listed as follows:

o Apply exclusion criteria

e Identify nondetected analytes

e Identify analytes with maximum detected concentrations less than action levels

o Identify analytes with maximum detected concentrations greater than action levels

e Calculate EPCs for analytes with maximum detected concentrations greater than action levels
o Identify analytes with EPCs less than action level

o Identify analytes with EPCs greater than action level

6.3.2.3.1 Apply Exclusion Criteria

The first step in the groundwater COPC identification process is to apply certain exclusion criteria.
Analytes that met one or more of the exclusion criteria were eliminated as COPCs. The eliminated
analytes are listed in Table 6-32. Analytes that did not meet any of the exclusion criteria were carried
forward into the next step. Following are the exclusion criteria:

e Naturally occurring radionuclides associated with background radiation

¢ Radionuclides that have half-lives of less than 3 years and are not significant daughter products
e Essential nutrients (minerals)

e Analytes without known toxicity information

One naturally occurring radionuclide associated with background radiation (potassium-40) was measured
in groundwater from the 100-HR-3 Groundwater OU and was eliminated as a COPC.

Radioisotopes with half-lives less than or equal to 3 years are eliminated from further consideration,
because only a small fraction of their original activity remains after 30 years of decay since the reactors
ceased operation. Four radioisotopes met this exclusion criterion (antimony-125, beryllium-7,
cesium-134, and ruthenium-106) and were eliminated from further consideration as COPCs. These
radioisotopes were reported with nondetectable concentrations. Additionally, these isotopes are not
significant daughter products associated with a decay chain.
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Essential nutrients are those analytes considered essential for human nutrition. The essential nutrients
calcium, magnesium, potassium and sodium were detected in the groundwater in the 100-HR-3 OU, but
are excluded from further consideration as COPCs.

Analytes without an action level were identified in Table 6-31. Because of the lack of promulgated
standards (see Table 6-32), these analytes were not evaluated herein because this section focuses on
comparing detected concentrations against action levels. However, the overall contribution of these
analytes (and all other detections) were evaluated in the EPA Tap Water scenario (Section 6.3.7), using
all available toxicity information. For example, chloromethane does not have a promulgated standard, but
toxicity information is published and was used to evaluate the risk contribution for this contaminant. For
some analytes without an action level, toxicological information that could be considered in assessing any
risks they may present is not available. Twelve analytes were eliminated from further consideration as
COPCs because they do not have an action level nor do they have available toxicological information.

6.3.2.3.2 Identify Nondetected Analytes

The next step in the groundwater COPC identification process was to identify nondetected analytes.
Chemicals and radionuclides that have been analyzed for, but not detected in any sample (collected from
appropriate locations with adequate detection limits), were eliminated as COPCs. All analytes detected at
least once were carried forward to the next step.

A total of 42 analytes were not detected in the 100-HR-3 OU groundwater samples collected for the RI.
These analytes are listed in Table 6-33, each with sampling dates, minimum and maximum MDLs, the
action level, the basis of the action level, and the level of exceedance.

Benzene, 1,1-dichloroethene, and vinyl chloride were not detected in the Rl samples and were identified
as historical COPCs in the work plan. These three analytes were not detected in samples collected
specifically for the RI nor were they detected in the larger population of monitoring wells described
previously in Section 4.4.1.2 or in Section 6.3.2.3.1. All MDLs associated with these analytes were less
than the action level or the EQL (as applicable) listed in the 100-D/H SAP (DOE/RL-2009-40).
Therefore, these three analytes are not retained as COPCs and will not be carried forward into the FS.

6.3.2.3.3 Identify Analytes with Maximum Detected Concentrations Less than Action Levels1>

This step identifies analytes with maximum concentrations less than action levels. In this screening, the
maximum concentration of each analyte detected in groundwater was compared to its action level, to
identify analytes not likely to contribute significantly to overall risk. If the maximum detected
concentration of an analyte was less than its action level, the analyte was eliminated as a COPC, unless
the nature and extent evaluation indicates otherwise.

Thirty-one analytes were detected at least once and had maximum detected concentrations less than their
respective action levels. A list of these analytes is presented in Table 6-34, each with sampling dates,
minimum and maximum MDLs, minimum and maximum detected concentrations, the action levels, and
the basis for each action level.

Antimony, beryllium, cadmium, cobalt, copper, fluoride, lead, nickel, nitrite, silver, technetium-99,
tritium, trichloroethene, uranium, and vanadium were identified as historical COPCs in the 100-D/H
Work Plan (DOE/RL-2008-46-ADD1). A discussion of these 15 analytes is provided in the
following paragraphs.

15 see Section 6.3.2.2 for the definition of an action level.
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630-20-6 1,1,1,2-Tetrachloroethane -- po/L -- -- -- -- 1.7 -- -- -- -- -- 1.7 WAC 173-340-720(4)(b)(iii)(A)
and (B)
71-55-6 1,1,1-Trichloroethane -- Mo/l 200 200 -- -- 16,000 -- - - - - 200 40 CFR 141 — Primary Federal
MCL
79-34-5 1,1,2,2-Tetrachloroethane -- Mo/l -- -- -- -- 0.22 -- -- -- -- -- 0.22 WAC 173-340-720(4)(b)(iii)(A)
and (B)
79-00-5 1,1,2-Trichloroethane -- Mg/l 5.0 3.0 -- -- 0.77 -- -- -- -- -- 0.77 WAC 173-340-720(4)(b)(iii)(A)
and (B)
75-34-3 1,1-Dichloroethane - Hg/L - - - - 7.7 - - - - - 7.7 WAC 173-340-720(4)(b)(iii)(A)
and (B)
75-35-4 1,1-Dichloroethene 1,1-Dichloroethylene Mo/l 7.0 7.0 -- -- 400 -- -- -- -- -- 400 WAC 173-340-720(4)(b)(iii)(A)
and (B)
96-18-4 1,2,3-Trichloropropane -- Mg/l -- -- -- -- 0.0015 -- -- -- -- -- 0.0015 WAC 173-340-720(4)(b)(iii)(A)
and (B)
96-12-8 1,2-Dibromo-3-chloropropa -- Mo/l 0.20 -- -- -- 0.055 -- -- -- -- -- 0.055 WAC 173-340-720(4)(b)(iii)(A)
ne and (B)
106-93-4 1,2-Dibromoethane - pg/L 0.050 - - - 0.022 - -- -- -- -- 0.022 WAC 173-340-720(4)(b)(iii)(A)
and (B)
107-06-2 1,2-Dichloroethane - pg/L 5.0 - - - 0.48 - -- -- -- -- 0.48 WAC 173-340-720(4)(b)(iii)(A)
and (B)
540-59-0 1,2-Dichloroethene (Total) 1,2-Dichloroethylene po/L -- -- -- -- 72 -- -- -- -- -- 72 WAC 173-340-720(4)(b)(iii)(A)
Mixed Isomers and (B)
78-87-5 1,2-Dichloropropane -- pg/L 5.0 -- -- -- 1.2 -- -- -- -- -- 1.2 WAC 173-340-720(4)(b)(iii)(A)
and (B)
106-46-7 1,4-Dichlorobenzene -- pg/L 75 75 -- -- 8.1 -- -- -- -- -- 8.1 WAC 173-340-720(4)(b)(iii)(A)
and (B)
123-91-1 | 1,4-Dioxane - Hg/L - - - - 0.44 - - - - - 0.44 WAC 173-340-720(4)(b)(iii)(A)
and (B)
71-36-3 1-Butanol N-Butanol pg/L - - - - 800 - -- -- -- -- 800 WAC 173-340-720(4)(b)(iii)(A)
and (B)
78-93-3 2-Butanone Methyl ethyl ketone po/L -- -- -- -- 4,800 -- -- -- -- -- 4,800 WAC 173-340-720(4)(b)(iii)(A)
and (B)
591-78-6 2-Hexanone - po/L - - - - 40 - - - - - 40 WAC 173-340-720(4)(b)(iii)(A)
and (B)
108-10-1 4-Methyl-2-pentanone 4-Methyl-2-penatone po/L -- -- -- -- 640 -- -- -- -- -- 640 WAC 173-340-720(4)(b)(iii)(A)
and (B)
67-64-1 Acetone - po/L - - - - 7,200 - - - - - 7,200 WAC 173-340-720(4)(b)(iii)(A)

and (B)
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Table 6-31. Summary of Federal and State Water Quality Criteria used as Action Levels for the 100-HR-3 Groundwater OU

107-02-8 Acrolein -- pa/L -- -- -- -- 4.0 -- 3.0 - - - 3.0 Clean Water Act -- Freshwater
CCC
107-05-1 Allyl chloride - po/L - - - - 21 - -- -- -- -- 21 WAC 173-340-720(4)(b)(iii)(A)
and (B)
7429-90-5 | Aluminum -- Mo/l -- -- -- -- 16,000 750 87 -- -- -- 87 Clean Water Act —Freshwater
CCC
7440-36-0 | Antimony Antimony (metallic) Mg/l 6.0 6.0 6.0 -- 6.4 -- -- -- -- -- 6.0 40 CFR 141 - Primary Federal
MCL
7440-38-2 | Arsenic Arsenic, inorganic Mg/l 10 -- 10 -- 0.058 340 150 190 360 190 0.058 WAC 173-340-720(4)(b)(iii)(A)
and (B)
7440-39-3 Barium -- Mo/l 2,000 2,000 2,000 -- 3,200 -- -- -- -- -- 2,000 40 CFR 141 - Primary Federal
MCL
71-43-2 Benzene -- pg/L 5.0 - - - 0.80 - -- -- -- -- 0.80 WAC 173-340-720(4)(b)(iii)(A)
and (B)
7440-41-7 | Beryllium Beryllium and Mo/l 4.0 4.0 4.0 -- 32 -- -- -- -- -- 4.0 40 CFR 141 - Primary Federal
compounds MCL
7440-42-8 | Boron Boron and borates pg/L -- -- -- -- 3,200 -- -- -- -- -- 3,200 WAC 173-340-720(4)(b)(iii)(A)
only and (B)
75-27-4 Bromodichloromethane -- pg/L -- -- -- -- 0.71 -- -- -- -- -- 0.71 WAC 173-340-720(4)(b)(iii)(A)
and (B)
75-25-2 Bromoform - Hg/L - 80 - - 55 - - - - - 55 WAC 173-340-720(4)(b)(iii)(A)
and (B)
74-83-9 Bromomethane -- pg/L -- -- -- -- 11 -- -- -- -- -- 11 WAC 173-340-720(4)(b)(iii)(A)
and (B)
7440-43-9 | Cadmium Cadmium (water) pg/L 5.0 5.0 5.0 -- 8.0 2.0 0.25 0.91 3.9 1.0 0.25 Clean Water Act -- Freshwater
CCC
75-15-0 Carbon disulfide - pg/L - - - - 800 - -- -- -- -- 800 WAC 173-340-720(4)(b)(iii)(A)
and (B)
56-23-5 Carbon tetrachloride -- pg/L 5.0 -- -- -- 0.63 -- -- -- -- -- 0.63 WAC 173-340-720(4)(b)(iii)(A)
and (B)
10045-97- | Cesium-137 -- pCi/L 200 -- -- -- -- -- - - - - 200 40 CFR 141 - Primary Federal
3 MCL
16887-00-6 | Chloride - po/L 250,000 - 250,000 - - 860,000 230,000 230,000 - - 230,000 Clean Water Act -- Freshwater
CcC
108-90-7 Chlorobenzene -- Mg/l 100 100 -- -- 160 -- -- -- -- -- 100 40 CFR 141 - Primary Federal
MCL
75-00-3 Chloroethane Ethylchloride - - - - - - - -- -- -- -- -- -
67-66-3 Chloroform - po/L 80 - - - 1.4 - - - - - 14 WAC 173-340-720(4)(b)(iii)(A)

and (B)
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74-87-3 Chloromethane - -- - - - - - - - - - - - -
126-99-8 Chloroprene 2-Chloro-1,3-butadien po/L -- -- -- -- 160 -- -- -- -- -- 160 WAC 173-340-720(4)(b)(iii)(A)
e and (B)

7440-47-3 | Chromium -- Ha/L 100 100 100 -- 24,000 570 65 156 550 180 65 Clean Water Act -- Freshwater
CCC

156-59-2 cis-1,2-Dichloroethylene -- po/L 70 70 -- -- 16 -- -- -- -- -- 16 WAC 173-340-720(4)(b)(iii)(A)
and (B)

10061-01-5 | cis-1,3-Dichloropropene -- po/L -- -- -- -- 0.44 -- -- -- -- -- 0.44 WAC 173-340-720(4)(b)(iii)(A)
and (B)

7440-48-4 | Cobalt - po/L - - - - 4.8 - - - - - 4.8 WAC 173-340-720(4)(b)(iii)(A)
and (B)

10198-40-0 | Cobalt-60 -- pCi/L 100 -- -- -- -- -- - - - - 100 40 CFR 141 - Primary Federal
MCL

7440-50-8 | Copper -- Ha/L 1,300 1,300 -- -- 640 13 9.0 - 17 11 9.0 Clean Water Act -- Freshwater
CCC

124-48-1 Dibromochloromethane -- Ha/L 60 60 -- -- 0.52 -- - - - - 0.52 WAC 173-340-720(4)(b)(iii)(A)
and (B)

74-95-3 Dibromomethane Methylene bromide Mo/l -- -- -- -- 80 -- - - - - 80 WAC 173-340-720(4)(b)(iii)(A)
and (B)

75-71-8 Dichlorodifluoromethane -- Mo/l -- -- -- -- 1,600 -- - - - - 1,600 WAC 173-340-720(4)(b)(iii)(A)
and (B)

97-63-2 Ethyl methacrylate - po/L - - - - 720 - - - - - 720 WAC 173-340-720(4)(b)(iii)(A)
and (B)

100-41-4 Ethylbenzene - po/L 700 700 - - 4.0 - - - - - 4.0 WAC 173-340-720(4)(b)(iii)(A)
and (B)

14683-23-9 | Europium-152 -- pCi/L 200 -- -- -- -- -- - - - - 200 40 CFR 141 - Primary Federal
MCL

15585-10-1 | Europium-154 -- pCi/L 60 -- -- -- -- -- -- -- -- -- 60 40 CFR 141 - Primary Federal
MCL

14391-16-3 | Europium-155 -- pCi/L 600 -- -- -- -- -- -- -- -- -- 600 40 CFR 141 - Primary Federal
MCL

16984-48-8 | Fluoride - po/L 4,000 4,000 4,000 - 960 - - - - - 960 WAC 173-340-720(4)(b)(iii)(A)
and (B)

12587-46-1 | Gross alpha -- pCi/L 15 -- -- -- -- -- - - - - 15 40 CFR 141 - Primary Federal
MCL

12587-47-2 | Gross beta -- mrem/year 4.0 -- -- -- -- -- - - - - 4.0 40 CFR 141 - Primary Federal
MCL

18540-29-9 | Hexavalent chromium Cr(VI) Mo/l -- -- -- -- 48 16 11 10 15 10 10 WAC 173-201A
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7439-89-6 | Iron -- pa/L -- -- 300 -- 11,200 -- 1,000 - - - 1,000 Clean Water Act -- Freshwater
CCC

78-83-1 Isobutyl alcohol - po/L - - - - 2,400 - - - - - 2,400 WAC 173-340-720(4)(b)(iii)(A)
and (B)

7439-92-1 | Lead Lead and compounds Mo/l 15 -- -- 15 -- 65 25 2.1 65 25 21 WAC 173-201A

7439-93-2 | Lithium - po/L - - - - 32 - - - - - 32 WAC 173-340-720(4)(b)(iii)(A)
and (B)

7439-96-5 | Manganese Manganese (water) Ha/L -- -- 50 -- 384 -- - - - - 384 WAC 173-340-720(4)(b)(iii)(A)
and (B)

7487-94-7 | Mercury Mercuric chloride Ha/L 2.0 2.0 2.0 -- 4.8 14 0.77 0.012 2.1 0.012 0.012 40 CFR 131 -- Freshwater CCC

126-98-7 Methacrylonitrile - po/L - - - - 0.80 - - - - - 0.80 WAC 173-340-720(4)(b)(iii)(A)
and (B)

80-62-6 Methyl methacrylate - po/L - - - - 11,200 - - - - - 11,200 WAC 173-340-720(4)(b)(iii)(A)
and (B)

75-09-2 Methylene chloride -- Ha/L 5.0 -- -- -- 21.9 -- - - - - 5.0 40 CFR 141 - Primary Federal
MCL

7439-98-7 | Molybdenum - po/L - - - - 80 - - - - - 80 WAC 173-340-720(4)(b)(iii)(A)
and (B)

7440-02-0 | Nickel Nickel soluble salts Mo/l -- 100 100 -- 320 470 52 137 1,400 160 52 Clean Water Act -- Freshwater
CCC

14797-55-8 | Nitrate - po/L 45,000 45,000 45,000 - 113,600 - - - - - 45,000 40 CFR 141 - Primary Federal
MCL

14797-65-0 | Nitrite - po/L 3,300 3,300 3,300 - 5,280 - - - - - 3,300 40 CFR 141 - Primary Federal
MCL

14265-44-2 | Phosphate - -- - - - - - - - - - - - -

7782-49-2 | Selenium -- Mo/l 50 50 50 -- 80 -- 5.0 5.0 20 5.0 5.0 Clean Water Act -- Freshwater
CCC

7440-22-4 | Silver - po/L 100 - 100 - 80 3.2 - 2.6 3.4 - 2.6 WAC 173-201A

7440-24-6 | Strontium Strontium, Stable Mo/l -- -- -- -- 9,600 -- - - - - 9,600 WAC 173-340-720(4)(b)(iii)(A)
and (B)

10098-97-2 | Strontium-90 -- pCi/L 8.0 -- -- -- -- -- -- -- -- -- 8.0 40 CFR 141 - Primary Federal
MCL

100-42-5 Styrene -- po/L 100 100 -- -- 1,600 -- - - - - 100 40 CFR 141 - Primary Federal
MCL

14808-79-8 | Sulfate -- po/L 250,000 -- 250,000 -- -- -- -- -- -- -- 250,000 40 CFR 141 — Secondary Federal

MCL
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14133-76-7 | Technetium-99 -- pCi/L 900 -- -- -- -- -- - - - - 900 40 CFR 141 - Primary Federal
MCL
127-18-4 Tetrachloroethene Perchloroethylene Mo/l 5.0 -- -- -- 21 -- - - - - 5 40 CFR 141 - Primary Federal
(PCE) MCL
7440-28-0 | Thallium Thallium (soluble Mo/l 2.0 0.50 2.0 -- -- -- -- -- -- -- 0.50 40 CFR 141 - Primary Federal
salts) MCLG
7440-31-5 | Tin - po/L - - - - 9,600 - - - - - 9,600 WAC 173-340-720(4)(b)(iii)(A)
and (B)
108-88-3 Toluene - po/L 1,000 1,000 - - 640 - - - - - 640 WAC 173-340-720(4)(b)(iii)(A)
and (B)
156-60-5 trans-1,2-dichloroethylene -- Mo/l 100 100 -- -- 160 -- -- -- -- -- 100 40 CFR 141 - Primary Federal
MCL
10061-02-6 | trans-1,3-dichloropropene -- Mg/l -- -- -- -- 0.44 -- -- -- -- -- 0.44 WAC 173-340-720(4)(b)(iii)(A)
and (B)
110-57-6 trans-1,4-dichloro-2-butene - -- - - - - - - - - - - - -
79-01-6 Trichloroethene Trichloroethylene Ha/L 5.0 -- -- -- 0.95 -- - - - - 0.95 WAC 173-340-720(4)(b)(iii)(A)
and (B)
75-69-4 Trichloromonofluoro-metha | Trichlorofluoro-meth Mo/l -- -- -- -- 2,400 -- - - - - 2,400 WAC 173-340-720(4)(b)(iii)(A)
ne ane and (B)
10028-17-8 | Tritium -- pCi/L 20,000 -- -- -- -- -- - - - - 20,000 40 CFR 141 - Primary Federal
MCL
7440-61-1 Uranium Uranium (soluble Mo/l 30 -- -- -- 48 -- - - - - 30 40 CFR 141 - Primary Federal
salts) MCL
7440-62-2 Vanadium Vanadium and Mo/l -- -- -- -- 80 -- - - - - 80 WAC 173-340-720(4)(b)(iii)(A)
compounds and (B)
108-05-4 Vinyl acetate - po/L - - - - 8,000 - - - - - 8,000 WAC 173-340-720(4)(b)(iii)(A)
and (B)
75-01-4 Vinyl chloride - po/L 2.0 - - - 0.061 - - - - - 0.061 WAC 173-340-720(4)(b)(iii)(A)
and (B)
1330-20-7 | Xylenes (total) Xylenes (mixture) pg/L 10,000 10,000 -- -- 1,600 -- -- -- -- -- 1,600 WAC 173-340-720(4)(b)(iii)(A)
and (B)
7440-66-6 | Zinc Zinc (metallic) po/L 5,000 - 5,000 - 4,800 120 120 91 110 100 91 WAC 173-201A
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Note: That 40 CFR 131, “Water Quality Standards,” National Recommended Water Quality Criteria (EPA, 2009b), and WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington” only apply in locations where groundwater has the potential to discharge to the
Columbia River. Sources:

40 CFR 131, “Water Quality Standards.”

40 CFR 141, “National Primary Drinking Water Regulations.”

Ecology Publication 94-06, Model Toxics Control Act Cleanup Regulation Chapter 173-340 WAC.

EPA, 2009b, National Recommended Water Quality Criteria.

WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington.”

WAC 173-340-720(4)(b)(ii)(A) and (B), “Groundwater Cleanup Standards,” “Noncarcinogens and Carcinogens.”
WAC 246-290-310, “Group A Public Water Supplies,” “Maximum Contaminant Levels (MCLs) and Maximum Residual Disinfectant Levels (MRDLs).”
CCC = criteria continuous concentration

CMC = criteria maximum concentration

MCL = maximum contaminant level

MCLG = maximum contaminant level goal
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Begin Sarltir;)?ing Total Total Frequency of Minimum Maximum Minimum Maximum

Analyte Name Analyte Class | Sampling Date Date Samples Detects Detection Units Detection Limit | Detection Limit | Detected Result | Detected Result Basis for Exclusion
Bromide ANION 10/7/2009 6/11/2010 117 86 73.50% pg/L 90 450 98 320 No Action Level/No Toxicity Values
Phosphate ANION 10/7/2009 6/11/2010 117 3 2.56% pg/L 429 2,150 460 1,260 No Action Level/No Toxicity Values
Bismuth METAL 10/7/2009 6/11/2010 122 7 5.74% pg/L 0 23 23 38 No Action Level/No Toxicity Values
Calcium METAL 10/7/2009 6/11/2010 156 156 100.00% pg/L -- -- 34,200 157,000 Essential Nutrient
Magnesium METAL 10/7/2009 6/11/2010 156 156 100.00% pg/L -- -- 774 39,600 Essential Nutrient
Potassium METAL 10/7/2009 6/11/2010 156 156 100.00% pg/L -- -- 1,870 7,190 Essential Nutrient
Silicon METAL 10/7/2009 6/11/2010 122 122 100.00% Mo/l -- -- 7,510 22,800 No Action Level/No Toxicity Values
Sodium METAL 10/7/2009 6/11/2010 156 156 100.00% pg/L - - 4,200 38,100 Essential Nutrient
Antimony-125 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -4.30E+00 6.5 - - Half-Life less than 3 years
Beryllium-7 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -3.28E+01 32 -- -- Half-Life less than 3 years
Cesium-134 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -2.81E+00 2.7 -- -- Half-Life less than 3 years
Gross beta RAD 10/7/2009 6/11/2010 156 116 74.36% pCi/L 0.055 6.3 3.4 58 No Action Level/No Toxicity Values
Potassium-40 RAD 10/7/2009 6/11/2010 156 1 0.64% pCi/L -8.60E+01 37 58 58 Background Radiation
Ruthenium-106 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -2.79E+01 26 -- -- Half-Life less than 3 years
1-Chloro-1,1-difluoroethane VOC 10/9/2009 10/9/2009 1 1 100.00% Mo/l -- -- 56 56 No Action Level/No Toxicity Values
Acetonitrile VOC 3/18/2010 6/11/2010 104 0 0.00% po/L 2.0 2.0 -- -- No Action Level/Toxicity Values Available
Chloroethane VOC 10/7/2009 6/11/2010 156 0 0.00% po/L 0.085 1.0 - - No Action Level/No Toxicity Values
Chloromethane VOC 10/7/2009 6/11/2010 156 1 0.64% po/L 0.077 1.0 0.10 0.10 No Action Level/Toxicity Values Available
Ethyl cyanide VOC 10/7/2009 6/11/2010 156 0 0.00% po/L 1.2 2.0 -- -- No Action Level/No Toxicity Values
lodomethane VOC 3/18/2010 6/11/2010 104 0 0.00% po/L 0.092 0.092 - - No Action Level/No Toxicity Values
Tetrahydrofuran VOC 10/7/2009 6/11/2010 156 0 0.00% po/L 11 2.0 -- -- No Action Level/No Toxicity Values
trans-1,4-Dichloro-2-butene VOC 3/18/2010 6/11/2010 104 0 0.00% po/L 0.29 0.29 - - No Action Level/No Toxicity Values
Trichloroacetyl chloride VOC 10/9/2009 10/9/2009 1 1 100.00% po/L -- -- 15 15 No Action Level/No Toxicity Values
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Table 6-33. Summary of Analytes that Were Not Detected in the 100-HR-3 Groundwater OU

Minimum Maximum
Frequency of Detection Detection Action Level of
Analyte Name Analyte Class Begin Sample Date End Sample Date Total Samples | Total Detects Detection Units Limit Limit Level Action Level Basis Exceedance

Cesium-137 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -2.15 2.96 200 40 CFR 141 - Primary Federal MCL -0.011
Cobalt-60 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -2.98 2.09 100 40 CFR 141 - Primary Federal MCL -0.030
Europium-152 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -6.76 6.52 200 40 CFR 141 - Primary Federal MCL -0.034
Europium-154 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -6.14 7.94 60 40 CFR 141 - Primary Federal MCL -0.10
Europium-155 RAD 10/7/2009 6/11/2010 156 0 0.00% pCi/L -5.03 4.24 600 40 CFR 141 - Primary Federal MCL -0.008
1,4-Dichlorobenzene sSvoC 10/7/2009 6/11/2010 156 0 0.00% Hg/L 0.12 1 8.1 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.015
1,1,1,2-Tetrachloroethane VOC 3/18/2010 6/11/2010 104 0 0.00% Mg/l 0.09 0.09 1.7 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.054
1,1,1-Trichloroethane VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.067 1 200 40 CFR 141 - Federal MCL 0.00034
1,1,2,2-Tetrachloroethane VOC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.098 1 0.22 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.45
1,1,2-Trichloroethane VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.063 1 0.77 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.082
1,1-Dichloroethane VOC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.068 1 7.7 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.0088
1,1-Dichloroethene VOC 10/7/2009 6/11/2010 156 0 0.00% Mo/l 0.051 1 400 40 CFR 131 -- Human Health Water + Organism 0.00013
1,2,3-Trichloropropane VOC 3/18/2010 6/11/2010 104 0 0.00% pg/L 0.15 0.15 0.0015 WAC 173-340-720(4)(b)(iii)(A) and (B) 103
1,2-Dibromo-3-chloropropane VOC 3/18/2010 6/11/2010 104 0 0.00% po/L 0.41 0.41 0.055 WAC 173-340-720(4)(b)(iii)(A) and (B) 7.5
1,2-Dibromoethane VvOoC 3/18/2010 6/11/2010 104 0 0.00% pg/L 0.13 0.13 0.022 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.9
1,2-Dichloroethene (Total) VOC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.13 1 72 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.0018
1,2-Dichloropropane VvOoC 10/7/2009 6/11/2010 156 0 0.00% Ho/L 0.097 1 1.2 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.081
1,4-Dioxane VOC 3/18/2010 6/11/2010 104 0 0.00% Hg/L 7.6 7.6 0.44 WAC 173-340-720(4)(b)(iii)(A) and (B) 17.2
1-Butanol VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 12 100 800 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.015
2-Hexanone VOC 10/7/2009 6/11/2010 156 0 0.00% Hg/L 0.22 1.0 40 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.0055
4-Methyl-2-pentanone VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.12 1.0 640 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.00019
Acrolein VOC 3/18/2010 6/11/2010 104 0 0.00% pa/L 2.8 2.8 3.0 Clean Water Act -- Freshwater CCC 0.93
Allyl chloride VOC 3/18/2010 6/11/2010 104 0 0.00% Hg/L 0.091 0.11 2.1 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.044
Benzene VOC 10/7/2009 6/11/2010 156 0 0.00% Hg/L 0.045 1.0 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.057
Chlorobenzene VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.15 1.0 100 40 CFR 141 - Primary Federal MCL 0.0015
Chloroprene VOC 3/18/2010 6/11/2010 104 0 0.00% Hg/L 0.086 0.097 160 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.00054
cis-1,2-Dichloroethylene VOC 10/7/2009 6/11/2010 156 0 0.00% Hg/L 0.083 1.0 16 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.0052
cis-1,3-Dichloropropene VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.073 1.0 0.44 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.17
Dibromochloromethane VOC 10/7/2009 6/11/2010 156 0 0.00% Hg/L 0.057 1.0 0.52 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.11
Dibromomethane VvOoC 3/18/2010 6/11/2010 104 0 0.00% pg/L 0.21 0.21 80 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.0026
Dichlorodifluoromethane \Yole 3/18/2010 6/11/2010 104 0 0.00% Hg/L 0.070 0.084 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.00004
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Table 6-33. Summary of Analytes that Were Not Detected in the 100-HR-3 Groundwater OU

Minimum Maximum
Frequency of Detection Detection Action Level of
Analyte Name Analyte Class Begin Sample Date End Sample Date Total Samples | Total Detects Detection Units Limit Limit Level Action Level Basis Exceedance

Ethyl methacrylate VvOC 3/18/2010 6/11/2010 104 0 0.00% pg/L 0.11 0.11 720 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.00015
Ethylbenzene VOC 10/7/2009 6/11/2010 156 0 0.00% Hg/L 0.086 1.0 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.022
Isobutyl alcohol VvOC 3/18/2010 6/11/2010 104 0 0.00% pg/L 8.7 8.7 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.0036
Methacrylonitrile VOC 3/18/2010 6/11/2010 104 0 0.00% Hg/L 0.050 0.50 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.063
Methyl methacrylate VvOC 3/18/2010 6/11/2010 104 0 0.00% pg/L 0.26 0.26 11,200 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.00002
Styrene VOC 10/7/2009 6/11/2010 156 0 0.00% pa/L 0.036 1.0 100 40 CFR 141 - Primary Federal MCL 0.00036
trans-1,2-Dichloroethylene VOC 10/7/2009 6/11/2010 156 0 0.00% Mg/l 0.083 1.0 100 40 CFR 141 - Primary Federal MCL 0.00083
trans-1,3-Dichloropropene VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.083 1.0 0.44 WAC 173-340-720(4)(b)(iii)(A) and (B) 019
Trichloromonofluoromethane VOC 3/18/2010 6/11/2010 104 0 0.00% po/L 0.041 0.11 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.00002
Vinyl acetate VvOoC 3/18/2010 6/11/2010 104 0 0.00% pg/L 0.17 0.18 8,000 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.00002
Vinyl chloride VvOoC 10/7/2009 6/11/2010 156 0 0.00% pg/L 0.032 1.0 0.061 WAC 173-340-720(4)(b)(iii)(A) and (B) 0.52

Note: Shading indicates that an analyte was identified in the list of COPCs in DOE/RL-2009-40, Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units Remedial Investigation/Feasibility Study.
MCL = maximum contaminant level
OU = operable unit
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Table 6-34. Summary of Groundwater Analytes That Do Not Exceed an Action Level in the 100-HR-3 Groundwater OU

Minimum Maximum Minimum Maximum
Begin Sample End Sample Total Total Frequency of Detection Detection Detected Detected Action
Analyte Name Analyte Class Date Date Samples Detects Detection Units Limit Limit Result Result Level Action Level Basis
Chloride ANION 10/7/2009 6/11/2010 156 156 100.00% Mg/l -- -- 3,960 44,900 230,000 Clean Water Act -- Freshwater CCC
Fluoride ANION 10/7/2009 6/11/2010 156 63 40.38% pg/L 60 300 60 343 960 WAC 173-340-720(4)(b)(iii)(A) and (B)
Nitrite ANION 10/7/2009 6/11/2010 156 10 6.41% po/L 9.9 591 1,140 2,270 3,300 40 CFR 141 - Primary Federal MCL
Antimony METAL 10/7/2009 6/11/2010 156 13 8.33% pa/L 0.30 11 0.61 1.0 6.0 40 CFR 141 - Primary Federal MCL
Barium METAL 10/7/2009 6/11/2010 156 156 100.00% pa/L -- -- 25 133 2,000 40 CFR 141 - Primary Federal MCL
Beryllium METAL 10/7/2009 6/11/2010 156 5 3.21% po/L 0.050 0.11 0.10 0.31 4.0 40 CFR 141 - Federal MCL
Boron METAL 10/7/2009 6/11/2010 122 44 36.07% Hg/L 19 19 9.7 102 3,200 WAC 173-340-720(4)(b)(iii)(A) and (B)
Cadmium METAL 10/7/2009 6/11/2010 156 2 1.28% po/L 0.055 0.20 0.11 0.22 0.25 Clean Water Act -- Freshwater CCC
Cobalt METAL 10/7/2009 6/11/2010 156 44 28.21% pg/L 0.050 0.22 0.062 3.0 4.8 WAC 173-340-720(4)(b)(iii)(A) and (B)
Copper METAL 10/7/2009 6/11/2010 156 104 66.67% pg/L 0.10 0.20 0.10 2.8 9.0 Clean Water Act -- Freshwater CCC
Lead METAL 10/7/2009 6/11/2010 156 23 14.74% po/L 0.10 0.20 0.20 0.71 2.1 WAC 173-201A
Molybdenum METAL 10/7/2009 6/11/2010 122 115 94.26% Hg/L 4.0 4.0 0.56 12 80 WAC 173-340-720(4)(b)(iii)(A) and (B)
Nickel METAL 10/7/2009 6/11/2010 156 33 21.15% po/L 4.0 4.0 2.4 39 52 Clean Water Act -- Freshwater CCC
Silver METAL 10/7/2009 6/11/2010 156 6 3.85% pg/L 0.040 0.20 0.13 1.00 2.6 WAC 173-201A
Strontium METAL 10/7/2009 6/11/2010 156 156 100.00% pg/L -- - 138 938 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B)
Tin METAL 10/7/2009 6/11/2010 122 11 9.02% Hg/L 0.050 39 0.055 43 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B)
Uranium METAL 10/7/2009 6/11/2010 156 156 100.00% po/L -- -- 0.29 13 30 40 CFR 141 - Federal MCL
Vanadium METAL 10/7/2009 6/11/2010 156 66 42.31% Hg/L 4.1 12 5.4 33 80 WAC 173-340-720(4)(b)(iii)(A) and (B)
Gross alpha RAD 10/7/2009 6/11/2010 156 34 21.79% pCi/L -2.90 11 2.0 7.9 15 40 CFR 141 - Primary Federal MCL
Technetium-99 RAD 10/7/2009 6/11/2010 155 8 5.16% pCi/L -17 3.6 7.9 35 900 40 CFR 141 - Primary Federal MCL
Tritium RAD 10/7/2009 6/11/2010 156 142 91.03% pCi/L -13 170 180 12,000 20,000 40 CFR 141 - Primary Federal MCL
2-Butanone \Yole 10/7/2009 6/11/2010 156 1 0.64% Hg/L 0.52 1.0 10 10 4,800 WAC 173-340-720(4)(b)(iii)(A) and (B)
Acetone \Y/ele 10/7/2009 6/11/2010 156 2 1.28% pg/L 0.34 1.0 0.82 6.9 7,200 WAC 173-340-720(4)(b)(iii)(A) and (B)
Bromodichloromethane VOC 10/7/2009 6/11/2010 156 2 1.28% pg/L 0.082 1.0 0.67 0.68 0.71 WAC 173-340-720(4)(b)(iii)(A) and (B)
Bromoform VOC 10/7/2009 6/11/2010 156 1 0.64% pg/L 0.094 1.0 0.58 0.58 55 WAC 173-340-720(4)(b)(iii)(A) and (B)
Bromomethane VOC 10/7/2009 6/11/2010 156 1 0.64% Hg/L 0.084 1.0 0.97 0.97 11 WAC 173-340-720(4)(b)(iii)(A) and (B)
Carbon disulfide \Yole 10/7/2009 6/11/2010 156 1 0.64% Hg/L 0.050 1.0 0.076 0.076 800 WAC 173-340-720(4)(b)(iii)(A) and (B)
Tetrachloroethene VOC 10/7/2009 6/11/2010 156 8 5.13% pg/L 0.088 1.0 0.093 0.43 5 40 CFR 141 - Federal MCL
Toluene \Y/ele: 10/7/2009 6/11/2010 156 3 1.92% pg/L 0.062 1.0 0.062 0.18 640 WAC 173-340-720(4)(b)(iii)(A) and (B)
Trichloroethene VOC 10/7/2009 6/11/2010 156 3 1.92% pg/L 0.21 1.0 0.26 0.33 0.95 WAC 173-340-720(4)(b)(iii)(A) and (B)
Xylenes (total) \Yole 10/7/2009 6/11/2010 156 2 1.28% Hg/L 0.11 1.0 0.44 0.46 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B)

Note:Shading indicates that an analyte was identified in the list of COPCs in DOE/RL-2009-40, Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units Remedial Investigation/Feasibility Study.

CCC = criteria continuous concentration
OU = operable unit
MCL = maximum contaminant level
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Beryllium, technetium-99, tritium, and vanadium were detected in groundwater at concentrations below
their respective action level in samples collected for the RI and in the larger population of wells described
previously in Sections 4.4.1.2 and 6.3.2.3.1. Beryllium, tritium, and vanadium are not retained as COPCs
and will not be carried forward into the risk characterization section or into the FS. It should also be noted
that concentrations of beryllium and fluoride (outside the 100-D ISRM area) in filtered groundwater
samples are less than their 90™ percentile Hanford Site background value.

Antimony, cadmium, cobalt, copper, fluoride, lead, nickel, nitrite, silver, trichloroethene, and uranium
were detected in groundwater samples collected for the RI at concentrations below their respective action
level. However, these analytes were detected at concentrations above their respective action level in the
larger population of wells described previously in Sections 4.4.1.2 and 6.3.2.3.1. The following text
discusses the results for these 10 analytes.

Detections of antimony, cadmium, cobalt, copper and silver above the action level were from the larger
population of wells sampled in the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1.
All antimony, cadmium, cobalt, copper, and silver results (detected concentrations and MDLS) reported
by Method 6010 (SW 846 [SW-846]) were greater than the action level. Groundwater samples analyzed
by Method 6010 generally report MDLs greater than the action level, resulting in nondetected
concentrations greater than the action level. Similarly, detected concentrations are reported as estimates
(flagged with a “B” qualifier) at concentrations greater than the action level and are below the
contract-required calibration range of the instrument. Some results are also flagged with a “C” qualifier
indicating that the analyte was detected in both the sample and the associated QC blank, and the sample
concentration is less than or equal to five times the blank concentration. Additionally, antimony,
cadmium, cobalt, copper, and silver concentrations above the action level are not associated with a
specific location or with a trend. Although antimony, cadmium, cobalt, copper, and silver were detected at
concentrations less than the action level in samples analyzed for the Rl by Method 200.8 (Methods for the
Determination of Metals in Environmental Samples, Supplement 1 [EPA-600/R-94/111]), their historical
presence with infrequent detections above the action level result in an uncertain status. Therefore, antimony,
cadmium, cobalt, copper, and silver are retained as COPCs for further monitoring.

Detections of fluoride and nitrite above the action level were from the larger population of wells sampled
in the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Fluoride and nitrite were each
detected in two wells from the 100-D ISRM area at concentrations above their respective action levels.
Elevated fluoride and nitrite concentrations are associated with the reducing conditions created by the
presence of zero valence iron at the 100-D ISRM area. Based on these results, fluoride and nitrite are both
retained as COPCs for further monitoring at 100-D ISRM area.

Detections of lead above the action level were from the larger population of wells sampled in the past

7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. At the 100-D groundwater area, all lead
results (detected concentrations and MDLs) were less than the DWS. All MDLs were less than the state
water quality criteria of 2.1 pg/L. Lead in filtered samples were reported above the state water quality
standard at two wells (199-D5-142 and 199-D8-101). A single detection of lead was reported at
199-D5-142 (2.24 pg/L) and at 199-D8-101 (3.66 pg/L) and both lead results were flagged with a “B”
laboratory qualifier. Samples from these wells were not analyzed by the trace methods identified in the
100-D/H SAP (Method 6020 or 200.8) but were analyzed by Method 6010, which is not accurate for
measuring trace levels of lead. At the 100-H area, all MDLs (10 pg/L) for samples analyzed by Method
6010 were above the state water quality standard. At the Horn area, all lead results (MDLs and detected
concentrations) were less than the state water quality standard and the DWS, this is a result of being
analyzed by the the trace methods identified in the 100-D/H SAP (Method 6020 or 200.8). However, lead
was detected in a single well at the 100-D ISRM at concentrations above the state water quality standard
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and the DWS. Elevated lead concentrations at this well are associated with the reducing conditions
created by the presence of zero valence iron at the 100-D ISRM area. Lead is retained as a COPC for
further monitoring in the 100-D, 100-D ISRM, and 100-H groundwater areas.

Detections of nickel above the AWQC were from the larger population of wells sampled over the past

7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Although all groundwater results were
compared to the AWQC, these concentrations would need to be measured as close as practicable to the
groundwater/surface water interface or biologically active zone. Wells located inland would need to meet
the DWS of 100 pg/L. All nickel results (detected concentrations and MDLs) are less than the DWS.
With the exception of four samples from the 100-D Area analyzed in 2011, all MDLs for filtered samples
were less than the AWQC. All detected nickel concentrations in filtered samples are less than the AWQC.
Therefore, nickel in not retained as a COPC and will not be carried forward into the risk characterization
section or into the FS.

Detections of trichloroethene above the action level were from the larger population of wells sampled
over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. The action level for
trichloroethene is 0.95 pg/L based on the 2007 MTCA (“Groundwater Cleanup Standards”

[WAC 173-340-720]) cleanup level. However, the analytical method cannot achieve the action level for
trichloroethene; therefore, nondetected concentrations are reported at the EQL of 1 pg/L listed in the
100-D/H SAP (DOE/RL-2009-40). Trichloroethene was detected infrequently in the Horn area plume
(6 percent frequency) at concentrations less than the EQL. Therefore, trichloroethene is not retained as a
COPC and will not be carried forward into the risk characterization section or into the FS.

Detections of uranium above the DWS were from the larger population of wells sampled over the

past 7years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Uranium concentrations were
infrequently reported above the DWS at well 199-H4-3 (86 ug/L) between May 2006 and February 2014.
Well 199-H4-3 monitors groundwater conditions near the 183-H Solar Evaporation Basin. As a result of
this evaluation, uranium is retained as a COPC for further monitoring at the 100-H area.

6.3.2.3.4 Identify Analytes with Maximum Detected Concentrations Greater than Action Levels16

This step identifies analytes with maximum concentrations greater than their respective action levels.
Such analytes have the potential to contribute to overall risk. If the maximum detected concentration of an
analyte is greater than its action level, the analyte is carried forward into the next step of the analysis for
calculation of EPCs.

Eighteen analytes were detected in the RI data at least once, with maximum detected concentrations
greater than their respective action levels. A list of these analytes is presented in Table 6-35, each with
sampling dates, minimum and maximum MDLs, minimum and maximum detected concentrations, the
action level, and the basis of the action level.

16 see Section 6.3.2.2 for the definition of an action level.
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Minimum Maximum Minimum Maximum
Begin Sample End Sample Total Total Frequency of Detection Detection Detected Detected

Analyte Name Analyte Class Date Date Samples Detects Detection Units Limit Limit Result Result Action Level Action Level Basis
Nitrate ANION 10/7/2009 6/11/2010 155 155 100.00% po/L — — 7,880 99,200 45,000 40 CFR 141 - Primary Federal MCL
Sulfate ANION 10/7/2009 6/11/2010 156 156 100.00% pa/L -- -- 24,900 438,000 250,000 40 CFR 141 — Secondary Federal MCL
Aluminum METAL 10/7/2009 6/11/2010 156 65 41.67% Mg/l 5.0 10 5.4 188 87 Clean Water Act -- Freshwater CCC
Arsenic METAL 10/7/2009 6/11/2010 156 147 94.23% ug/L 0.40 0.80 0.61 75 0.058 WAC 173-340-720(4)(b)(iii)(A) and (B)
Chromium METAL 10/7/2009 6/11/2010 156 156 100.00% Mg/l -- -- 5.6 4,460 65 Clean Water Act -- Freshwater CCC
Cr(VI) METAL 10/7/2009 6/11/2010 156 144 92.31% pa/L 2.0 2.0 2.6 6,390 10 WAC 173-201A
Iron METAL 10/7/2009 6/11/2010 156 110 70.51% po/L 18 18 17 7,840 1,000 Clean Water Act -- Freshwater CCC
Lithium METAL 10/7/2009 6/11/2010 122 102 83.61% Hg/L 4.0 4.0 2.6 133 32 WAC 173-340-720(4)(b)(iii)(A) and (B)
Manganese METAL 10/7/2009 6/11/2010 156 24 15.38% Hg/L 3.3 4.0 0.60 122 384 WAC 173-340-720(4)(b)(iii)(A) and (B)
Mercury METAL 10/7/2009 6/11/2010 156 1 0.64% Mo/l 0.050 0.10 0.11 0.11 0.012 40 CFR 131 -- Freshwater CCC
Selenium METAL 10/7/2009 6/11/2010 156 150 96.15% po/L 0.60 0.60 0.38 7.1 5.0 Clean Water Act -- Freshwater CCC
Thallium METAL 10/7/2009 6/11/2010 156 6 3.85% Mo/l 0.050 0.10 0.10 1.0 0.50 40 CFR 141 - Primary Federal MCLG
Zinc METAL 10/7/2009 6/11/2010 156 36 23.08% pg/L 5.2 6.0 0.90 260 91 WAC 173-201A
Strontium-90 RAD 10/7/2009 6/11/2010 156 19 12.18% pCi/L -14 2.6 2.2 27 8.0 40 CFR 141 - Primary Federal MCL
1,2-Dichloroethane VvOoC 10/7/2009 6/11/2010 156 1 0.64% pg/L 0.10 1.0 0.67 0.67 0.48 WAC 173-340-720(4)(b)(iii)(A) and (B)
Carbon tetrachloride VOC 10/7/2009 6/11/2010 156 14 8.97% Hg/L 0.063 1.0 0.088 2.7 0.63 WAC 173-340-720(4)(b)(iii)(A) and (B)
Chloroform VOC 10/7/2009 6/11/2010 156 113 72.44% Hg/L 0.10 1.0 0.12 8.3 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B)
Methylene chloride VOC 10/7/2009 6/11/2010 156 18 11.54% pa/L 0.11 10 0.12 11 5.0 40 CFR 141 - Primary Federal MCL

Note: Shading indicates that the analyte is identified in the list of COPCs in DOE/RL-2009-40, Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units Remedial Investigation/Feasibility Study.
CCC = criteria continuous concentration

MCL = maximum contaminant level

OU = operable unit
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6.3.2.3.5 Calculate EPCs for Each Analyte with Maximum Detected Concentrations Greater than
Action Levels’

COPC:s are identified by comparing statistical EPC estimates to action levels for each analyte and
exposure area. EPCs are calculated as the 90" percentile value for each analyte with a maximum detected
concentration greater than the action level from the groundwater dataset collected specifically for the RI.
The MDL is used as the concentration for nondetect results in the percentile calculations. The 90" percentile
exposure is identified in Guidelines for Exposure Assessment (EPA/600/Z-92/001) for describing and
characterizing health risks and produces risk estimates corresponding to an RME. A description of the
methodology used to calculate the 90" percentile values is provided in Calculation of Exposure Point
Concentrations for the 100-HR-3 Groundwater Operable Unit (ECF-100HR3-10-0473) (Appendix G).

In general, Calculating UCL for EPCs (OSWER 9285.6-10) recommends using a 95 percent UCL on the
average for estimating EPCs. However, experience at the Hanford Site indicates that averages and UCLs
cannot be reliably calculated for groundwater datasets. The 100-HR-3 Groundwater OU exhibits an
aquifer setting where multiple groundwater contaminants are present in overlapping plumes, and the
highest concentrations of the various COPCs have different locations within the plumes.

Use of the 90" percentile value from a distribution of groundwater concentration data as an estimate of
the EPC is a different approach for estimating EPCs than that provided in Calculating UCL for EPCs
(OSWER 9285.6-10). However, as described in the following text, the 90" percentile exposure
concentration is identified in other EPA risk assessment guidance as appropriate for describing and
characterizing health risks; its use yields risk estimates that correspond to an RME.

According to An Examination of EPA Risk Assessment Principles and Practices (EPA/100/B-04/001), the
RME is an appropriate exposure scenario for risk calculations, within the realistic range of exposure,
since the goal of the Superfund program is to protect against high-end, not worst-case, exposures.

The “high end” is defined as that part of the exposure distribution that is above the 90™ percentile, but
below the 99.9™ percentile. The approach is consistent with the peer-reviewed Guidelines for Exposure
Assessment (EPA/600/Z-92/001). Groundwater concentrations directly reflect potential exposures and
risks, so a 90™ percentile concentration reflects an RME scenario.

Groundwater datasets at the Hanford Site are highly skewed, with a large proportion of below detection
limit (BDL) values. Data Quality Assessment: Statistical Methods for Practitioners (EPA/240/B-06/003)
provides guidance for estimating statistical parameters (whether means or upper percentiles) depending on
the variability in the dataset. The variability of the dataset is assessed in terms of the CV and the proportion
of observations that are BDL. For datasets with CVs greater than 0.5 and 50 percent or more observations
that are BDL, EPA recommends using upper percentiles as opposed to means to develop summary statistics

Therefore, the rationale for using a 90™ percentile value as an estimate of the EPC is consistent with the
definition of an RME scenario, and is an appropriate statistic for groundwater datasets in this groundwater
OU. Additional statistical evaluation of the 100-HR-3 Groundwater OU datasets that support the selection of
the 90" percentile value as the EPC is provided in Calculation of Exposure Point Concentrations for the
100-HR-3 Groundwater Operable Unit (ECF-100HR3-10-0473) (Appendix G). This evaluation includes an
estimation of the 95 percent UCL value for each detected analyte, along with the analysis of variability, to
assess the reliability of the 95 percent UCL estimates. Results of the evaluation indicate that, for the
majority of analytes, a reliable and meaningful 95 percent UCL estimate cannot be calculated, because of
(1) an insufficient number of samples, (2) an insufficient number of detections, or (3) a high variance of

17 see Section 6.3.2.2 for the definition of an action level.

6-147



DOE/RL-2010-95, REV. 0

the data. Therefore, the 90™ percentile is adopted as the estimated EPC for all analytes. A comparison of
the 90" percentile and 95 percent UCL values is provided in the uncertainty analysis (Section 6.3.8.2).

A flowchart depicting the COPC identification process and the number of analytes associated with each
process step is provided on Figure 6-9. The steps in the sequence are described in the following sections.

6.3.2.3.6 Identify Monitoring Wells in Each Exposure Area

Three exposure areas are identified for the 100-HR-3 Groundwater OU including: (1) the 100-D Source
exposure area, (2) the 100-H Source exposure area, and (3) the Horn exposure area. Table 6-30 lists the
monitoring wells associated with each exposure area.

6.3.2.3.7 Identify Nondetected Analytes in Each Exposure Area

Analytes that have not been detected in any of the groundwater samples from an exposure area are
eliminated as COPCs for that exposure area. The analytes 1,2-dichloroethane and mercury were
eliminated as COPCs in the 100-D Source exposure area. The analyte 1,2-dichloroethane was eliminated
as a COPC in the 100-H Source exposure area. The analytes mercury and thallium were eliminated as
COPCs in the Horn exposure area. All analytes detected at least once in an exposure area are carried
forward to the next step of the process for that exposure area.

6.3.2.3.8 Identify Analytes with 90th Percentile Values Less than Action Levels in Each
Exposure Area.

The 90" percentile values are compared to the lowest available action level for protection of human health
and aquatic receptors. Comparisons of EPCs to action levels for the 100-D Source, 100-H Source, and
Horn exposure areas are provided in Tables 6-36, 6-37, and 6-38, respectively.

100-D Source Exposure Area. Ten of the 16 analytes have been detected at least once in groundwater
and have 90" percentile values less than their respective action levels (Table 6-36).

Six of the ten analytes (manganese, selenium, strontium-90, sulfate, thallium, and zinc) were identified as
historical COPCs in the work plan. A discussion of all analytes with EPCs less than the action level is
provided in the following paragraphs.

Aluminum was detected in groundwater samples collected for the R1 and the EPC is less than the AWQC
of 87 ug/L. There were no detections of aluminum reported above the AWQC in groundwater samples
collected for the RI. Aluminum was not analyzed in the larger population of wells sampled over the past
7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Although all monitoring wells within the
groundwater OU were compared to the AWQC of 87 ug/L, these concentrations would need to be
measured as close as practicable to the groundwater/surface water interface or biologically active zone.
Wells located inland would need to meet the 2007 MTCA (“Groundwater Cleanup Standards”

[WAC 173-340-720]) level of 16,000 pg/L. Only one filtered aluminum result was greater than the
AWQC (199-D5-38; 110 pg/L) and all aluminum results (detected concentrations and MDLS) in
unfiltered samples were less than the 2007 MTCA (“Groundwater Cleanup Standards”

[WAC 173-340-720]) level of 16,000 pg/L. Based on these results, aluminum is not retained as a COPC
and will not be carried forward into the risk characterization section.
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Minimum Maximum Minimum Maximum 90" Per(?é)r:?ile >

Total Number | Number of | Frequency of Detection Detection Detected Detected Percentile Action Action

Analyte Name Analyte Class of Samples Detects Detection Units Limit Limit Result Result of RI Data Level Action Level Basis Level?
Nitrate ANION 60 60 100.00% Mg/l -- -- 10,800 99,200 69,500 45,000 40 CFR 141 — Primary Federal MCL Yes
Sulfate ANION 60 60 100.00% pa/L -- -- 24,900 438,000 161,500 250,000 | 40 CFR 141 — Secondary Federal MCL No
Aluminum METAL 60 19 31.67% Mg/l 5 10 5.9 42 24 87 Clean Water Act -- Freshwater CCC No
Arsenic METAL 60 56 93.33% Hg/L 0.8 0.8 0.61 2.9 2.6 0.058 | WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Chromium METAL 60 60 100.00% Mg/l -- -- 7.7 4,460 925 65 Clean Water Act -- Freshwater CCC Yes
Cr(VI) METAL 60 60 100.00% pg/L - - 7.9 6,390 992 10 WAC 173-201A Yes
Iron METAL 60 39 65.00% Mo/l 18 18 22 265 106 1,000 Clean Water Act -- Freshwater CCC No
Lithium METAL 47 42 89.36% Hg/L 4 4 43 133 21 32 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Manganese METAL 60 3 5.00% Hg/L 3.3 4 5.5 47.0 4.0 384 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Selenium METAL 60 56 93.33% po/L 0.6 0.6 0.38 6.5 4.4 5.0 Clean Water Act -- Freshwater CCC No
Thallium METAL 60 4 6.67% Mo/l 0.05 0.1 0.12 1.0 0.10 0.50 40 CFR 141 — Primary Federal MCLG No
Zinc METAL 60 18 30.00% po/L 5.2 6 6.4 260 34 91 WAC 173-201A No
Strontium-90 RAD 60 3 5.00% pCi/L -14 24 2.3 3.7 0.67 8.0 40 CFR 141 - Primary Federal MCL No
Carbon tetrachloride VOC 60 2 3.33% po/L 0.063 1 2.6 2.7 1.0 0.63 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Chloroform VvOoC 60 50 83.33% pg/L 1 1 0.12 8.3 51 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Methylene chloride VOC 60 6 10.00% pa/L 0.11 1 0.16 0.27 1.0 5.0 40 CFR 141 — Primary Federal MCL No
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Table 6-37. Comparison of EPCs to Action Levels for the 100-H Source Exposure Area

Total 90th
Number | Number | Frequency Maximum | Minimum | Maximum oo™ Percentile
Analyte of of of Minimum Detection Detected Detected Percentile Action > Action
Analyte Name Class Samples | Detects Detection Units Detection Limit Limit Result Result of RI Data Level Action Level Basis Level?

Nitrate ANION | 38 38 100.00% Mo/l | - - 16,700 46,900 39,800 45,000 40 CFR 141 — Primary Federal MCL No
Sulfate ANION 39 39 100.00% pa/L -- -- 38,000 88,700 79,700 250,000 40 CFR 141 - Secondary Federal MCL No
Aluminum METAL | 39 13 33.33% Mg/l 10 10 6.1 188 41 87 Clean Water Act -- Freshwater CCC No
Arsenic METAL | 39 39 100.00% po/L | -- - 1.4 3.7 3.3 0.058 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Chromium METAL | 39 39 100.00% Mo/l | - - 7.3 39 31 65 Clean Water Act -- Freshwater CCC No
Cr(VI) METAL | 39 34 87.18% pa/L 2.0 2.0 2.6 29 26 10 WAC 173-201A Yes
Iron METAL | 39 29 74.36% po/L 18 18 17 7,840 444 1,000 Clean Water Act -- Freshwater CCC No
Lithium METAL | 32 27 84.38% Hg/L | 4.0 4.0 4.4 23 14 32 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Manganese METAL | 39 8 20.51% Hg/L | 4.0 4.0 12 120 35 384 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Mercury METAL | 39 1 2.56% pg/L 0.050 0.10 0.11 0.11 0.10 0.012 40 CFR 131 -- Freshwater CCC Yes
Selenium METAL | 39 38 97.44% pg/L | 0.60 0.60 0.83 3.2 2.7 5.0 Clean Water Act -- Freshwater CCC No
Thallium METAL | 39 2 5.13% pg/L 0.050 0.10 0.10 0.28 0.10 0.50 40 CFR 141 — Primary Federal MCLG No
Zinc METAL | 39 9 23.08% Ha/L 6.0 6.0 2.8 30 16 91 WAC 173-201A No
Strontium-90 RAD 39 12 30.77% pCi/lL | -7.8 2.6 3.2 27 14 8.0 40 CFR 141 - Primary Federal MCL Yes
Carbon tetrachloride VvOoC 39 2 5.13% pg/L | 0.063 1.0 0.088 2.0 1.0 0.63 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Chloroform VOC 39 31 79.49% pg/L | 1.0 1.0 0.55 1.7 1.4 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Methylene chloride VOC 39 5 12.82% Mo/l 0.11 1.0 0.13 11 1.0 5.0 40 CFR 141 — Primary Federal MCL No
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Total 90th
Number | Number | Frequency Minimum Maximum Minimum Maximum oo™ Percentile >
Analyte of of of Detection Detection Detected Detected Percentile Action Action
Analyte Name Class Samples | Detects Detection | Units Limit Limit Result Result of RI Data Level Action Level Basis Level?

Nitrate ANION 57 57 100.00% pg/L - -- 7,880 33,900 29,550 45,000 40 CFR 141 - Primary Federal MCL No
Sulfate ANION 57 57 100.00% pg/L -- -- 30,000 97,300 78,350 250,000 | 40 CFR 141 — Secondary Federal MCL No
Aluminum METAL 57 33 57.89% pg/L 5 10 5.4 150 54 87 Clean Water Act -- Freshwater CCC No
Arsenic METAL 57 52 91.23% Hg/L 0.4 0.8 0.6 75 55 0.058 | WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Chromium METAL 57 57 100.00% pg/L - -- 6 88 76 65 Clean Water Act -- Freshwater CCC Yes
Cr(VI) METAL 57 50 87.72% pg/L 2 2 4 90 71 10 WAC 173-201A Yes
Iron METAL 57 42 73.68% pg/L 18 18 18 2490 422 1,000 Clean Water Act -- Freshwater CCC No
Lithium METAL 43 33 76.74% Hg/L 4 4 3 16 12 32 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Manganese METAL 57 13 22.81% Hg/L 4 4 1 122 11 384 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Selenium METAL 57 56 98.25% pg/L 0.6 0.6 0.9 7.1 3.2 5.0 Clean Water Act -- Freshwater CCC No
Zinc METAL 57 9 15.79% po/L 1 6 6 46 12 91 WAC 173-201A No
Strontium-90 RAD 57 4 7.02% pCi/L -9.70 1.00 2.20 4.20 0.90 8.0 40 CFR 141 - Primary Federal MCL No
1,2-Dichloroethane VOC 57 1 1.75% Hg/L 0.1 1.0 0.7 0.7 1.0 0.48 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Carbon tetrachloride VOC 57 10 17.54% Hg/L 0.1 1.0 0.2 1.7 1.3 0.63 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes
Chloroform VOC 57 32 56.14% Hg/L 0.1 1.0 0.2 1.0 1.0 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B) No
Methylene chloride VOC 57 7 12.28% po/L 0.1 1.0 0.1 0.6 1.0 5.0 40 CFR 141 - Primary Federal MCL No
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Iron was detected in groundwater samples collected for the RI and the EPC is less than the AWQC of
1,000 ug/L. There were no detections of iron reported above theAWQC in groundwater samples collected
for the RI and the larger population of wells from the 100-D groundwater area sampled over the past 7
years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. However, iron concentrations above the
AWQC were measured in three wells at the 100-D ISRM area; elevated concentrations are associated
with the reducing conditions created by the presence of zero valence iron at the 100-D ISRM area.
Although all monitoring wells within the groundwater OU were compared to the AWQC of 1,000 ug/L,
these concentrations would need to be measured as close as practicable to the groundwater/surface water
interface or biologically active zone. Wells located inland would need to meet the 2007 MTCA
(“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 11,200 pg/L. Except for three wells
within the 100-D ISRM, all iron concentrations are less than the AWQC of 1,000 ug/L. In addition, iron
concentrations in unfiltered and filtered water samples are less than the background level of 760 pg/L.
Based on these results, iron is retained as a COPC for further monitoring at the 100-D ISRM area.

Lithium was detected in groundwater samples collected for the RI and the EPC is less than the action
level. Detections of lithium above the action level were reported in groundwater samples collected for the
RI. Lithium was not analyzed in the larger population of wells sampled over the past 7 years as described
previously in Sections 4.4.1.2 and 6.3.2.3.1. A single detection of lithium (133 pg/L) was measured at
well 199-D8-71 at a concentration greater than the action level of 32 pg/L. However, lithium
concentrations at this well were less than the action level in the previous and subsequent sampling rounds.
The single detection of lithium at 199-D8-71 does not appear to be associated with a trend. Based on
these results, lithium is not retained as a COPC and will not be carried forward into the risk
characterization section or into the FS.

Manganese was detected in groundwater samples collected for the Rl and the EPC is less than the 2007
MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 384 pg/L. There were no
detections of manganese reported above the action level in groundwater samples collected for the Rl and
the larger population of wells from the 100-D groundwater area sampled over the past 7 years as
described previously in Sections 4.4.1.2 and 6.3.2.3.1. However, manganese concentrations above the
action level were measured in three wells at the 100-D ISRM area; elevated concentrations are associated
with the reducing conditions created by the presence of zero valence iron at the 100-D ISRM area. Based
on these results, manganese is retained as a COPC for further monitoring at the 100-D ISRM area.

Methylene chloride was detected in groundwater samples collected for the Rl and the EPC is less than the
DWS. Methylene chloride was not analyzed in the larger population of wells sampled over the past 7
years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. All detections of methylene chloride were
less than the DWS of 5.0 ug/L. Based on these results, methylene chloride is not retained as a COPC and
will not be carried forward into the risk characterization section.

Selenium was detected in groundwater samples collected for the Rl and the EPC is less than the AWQC.
Selenium concentrations above the AWQC of 5 ug/L were measured in four RI wells and in the larger
population of wells sampled over the past 7 years as described previously in Sections 4.4.1.2 and
6.3.2.3.1. Although all monitoring wells within the groundwater OU were compared to the AWQC of

5 ug/L, these concentrations would need to be measured as close as practicable to the
groundwater/surface water interface or biologically active zone. Wells located inland would need to meet
theDWS of 50 pg/L. Additionally, all selenium concentrations in filtered and unfiltered groundwater
samples are less than or equal to the 90" percentile Hanford Site background level of 11 pg/L. Therefore,
selenium is not retained a COPC and will not be carried forward into the risk characterization section or
the FS.
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Strontium-90 was detected in groundwater samples collected for the RI and the EPC is less than the
action level. With the exception of a single result reported at Well 199-D5-132, all strontium-90
concentrations in Rl samples and the larger population of wells were less than the DWS of 8 pCi/L.
Strontium-90 was reported at a concentration of 45 pCi/L at Well 199-D5-32, this is the only result
reported at this well during the specified time period because it was installed during the RI to fill data gap
2 and data gap 5. Additionally, Well 199-D5-12, located south of the 116-D-1A liquid waste stream,
historically reported strontium-90 concentrations above the DWS (with concentrations up to 52.6 pCi/L)
until it was decommissioned in 2002. Based on these results, strontium-90 is retained as a COPC and will
be carried forward into the FS for further evaluation.

Sulfate was detected in groundwater samples collected for the RI and the EPC is less than the secondary
DWS. Sulfate concentrations above the secondary DWS were measured in two RI wells and in the larger
population of wells sampled over the past 7 years as described previously in Sections 4.4.1.2 and
6.3.2.3.1. Sulfate concentrations are associated with a trend at Wells 199-D4-23, 199-D4-84, 199-D4-13,
and 199-D4-19 where concentrations are above the secondary MCL (note these wells are associated with
the ISRM at 100-D). In addition to the four wells listed above, sulfate concentrations in five additional
wells from the ISRM at 100-D are above the secondary DWS. The presence of sulfate in these nine wells
is associated with sodium dithionite, which is used for the ISRM barrier at the OU and is not the result of
a Hanford Site release. Therefore, sulfate is retained as a COPC for further monitoring at the 100-D ISRM
area.

Thallium was detected in groundwater samples collected for the Rl and the EPC is less than theDWS
goal. Thallium was detected in four groundwater samples collected for the RI at concentrations above the
action level. However, the analytical method cannot attain the action level for thallium; therefore,
nondetected concentrations are reported at the EQL of 2 pg/L identified in the 100-D/H SAP
(DOE/RL-2009-40). All MDLs are less than the EQL of 2 pg/L. It should also be noted that
concentrations of thallium in filtered groundwater samples are less than the 90™ percentile Hanford Site
background level of 1.7 ug/L. Based on these results, thallium is not retained as a COPC and will not be
carried forward into the risk characterization section or into the FS.

Zinc was detected in groundwater samples collected for the RI and the EPC is less than the state water
guality standard (WAC 173-201A). Zinc concentrations above the state standard were measured in five
RI wells and in the larger population of wells sampled over the past 7 years as described previously in
Sections 4.4.1.2 and 6.3.2.3.1. Although all monitoring wells within the groundwater OU were compared
to the state water quality standard (WAC 173-201A) of 91 ug/L, these concentrations would need to be
measured as close as practicable to the groundwater/surface water interface or biologically active zone.
Wells located inland would need to meet the 2007 MTCA (“Groundwater Cleanup Standards”

[WAC 173-340-720]) level of 4,800 ug/L. All zinc results (detected concentrations and MDLS) are less
than the 2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) groundwater cleanup level
of 4,800 pg/L. Detections of zinc in filtered samples above the state standard were reported in the larger
population of wells during 2006. It is likely that the presence of zinc in these samples is associated with a
source of zinc that was introduced in the laboratory. Zinc is also associated with a trend at 199-D3-2,
199-D4-20, and 199-D4-84 (associated with the 100-D ISRM) where concentrations in filtered samples
are above the state standard. Zinc concentrations above the state water quality standard were measured in
three additional wells at the 100-D ISRM area. Elevated zinc concentrations are associated with the
reducing conditions created by the presence of zero valence iron at the 100-D ISRM area. Therefore, zinc
is retained as a COPC for further monitoring at the 100-D ISRM area.

100-H Source Exposure Area. Twelve of 17 analytes have been detected at least once in groundwater
and have 90" percentile values less than their respective action level (Table 6-37).
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Eight analytes (chloroform, chromium, manganese, nitrate, selenium, sulfate, thallium, and zinc) were
identified as historical COPCs in the work plan. A discussion of all analytes with EPCs less than the action
level is provided in the following paragraphs.

Aluminum was detected in groundwater samples collected for the Rl and the EPC is less than the AWQC
of 87 pg/L. Detections of aluminum above the AWQC were reported in groundwater samples collected
for the RI. Aluminum was not analyzed in the larger population of wells sampled over the past 7 years as
described previously in Sections 4.4.1.2 and 6.3.2.3.1. Although all monitoring wells within the
groundwater OU were compared to the AWQC of 87 pg/L, these concentrations would need to be
measured as close as practicable to the groundwater/surface water interface or biologically active zone.
Wells located inland would need to meet the 2007 MTCA (“Groundwater Cleanup Standards”

[WAC 173-340-720]) level of 16,000 pg/L. All groundwater results (detected concentrations and MDLs)
are less than the 2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level of

16,000 pg/L. All filtered aluminum results (detected concentrations and MDLSs) are less than the AWQC.
Based on these results, aluminum is not retained as a COPC and will not be carried forward into the risk
characterization section.

Chloroform was detected in groundwater samples collected for the RI and the EPC is less than the action
level. The action level for chloroform is 1.4 ug/L based on the 2007 MTCA (“Groundwater Cleanup
Standards” [WAC 173-340-720]) level. However, the analytical method cannot attain the action level for
chloroform; therefore, nondetected concentrations are reported at the EQL of 5 pg/L listed in the 100-D/H
SAP (DOE/RL-2009-40). All chloroform results (detected concentrations and MDLSs) for Rl samples and
the larger population of wells sampled over the past 7 years are less than the EQL. Therefore, chloroform
is not retained as a COPC and will not be carried forward into the risk characterization section or into

the FS.

Chromium was detected in groundwater samples collected for the Rl and the EPC is less than the AWQC of
65 ng/L. Detections of chromium above the AWQC were measured in the larger population of wells
sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Although all
monitoring wells within the groundwater OU were compared to the AWQC of 65 ug/L, these
concentrations would need to be measured as close as practicable to the groundwater/surface water
interface or biologically active zone. Wells located inland would need to meet the DWS of 100 pg/L.

All chromium results (detected concentrations and MDLSs) are less than the DWS. Except for chromium
detected at 199-H3-5, chromium concentrations above the AWQC are not associated with a specific location
or with a trend. Chromium concentrations above theAWQC are associated with a trend at 199-H3-5;
however, Cr(VI1) is collocated at this well with concentrations greater than the State water quality standard.
The results of this evaluation indicate that chromium is locally present in groundwater at 199-H3-5; and,
infrequent detections above theAWQC result in an uncertain status. Therefore, chromium is retained as a
COPC and warrants further evaluation in the FS.

Zinc was detected in groundwater samples collected for the RI and the EPCs are less than the state water
quality standard (WAC 173-201A). Detections of zinc above the standard were measured in Rl samples and
the larger population of wells sampled over the past 7 years as described previously in Sections 4.4.1.2 and
6.3.2.3.1. Although all monitoring wells within the groundwater OU were compared to the standard of

91 pg/L, these concentrations would need to be measured as close as practicable to the
groundwater/surface water interface or biologically active zone. Wells located inland would need to meet
the 2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 4,800 pg/L. All zinc
results (detected concentrations and MDLs) were less than the 2007 MTCA groundwater cleanup level.
All filtered zinc results (detected concentrations and MDLSs) were less than the state water quality
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standard. Therefore, zinc is not retained as a COPC and and will not be carried forward into the risk
characterization section or into the FS.

Iron was detected in groundwater samples collected for the RI and the EPC is less than the AWQC of
1,000 ug/L. Detections of iron above the AWQC were reported in groundwater samples collected for the
R1 and the larger population of wells sampled over the past 7 years as described previously in

Sections 4.4.1.2 and 6.3.2.3.1. Although all monitoring wells within the groundwater OU were compared
to the AWQC of 1,000 pg/L, these concentrations would need to be measured as close as practicable to
the groundwater/surface water interface or biologically active zone. Wells located inland would need to
meet the 2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 11,200 ug/L.
All iron results (detected concentrations and MDLs) are less than the 2007 MTCA (“Groundwater
Cleanup Standards” [WAC 173-340-720]) level of 11,200 pg/L. All filtered iron results (detected
concentrations and MDLs) are less than the AWQC. Additionally, iron concentrations in filtered water
samples are less than the background level of 570 pg/L. Based on these results, iron is not retained a COPC
and will not be carried forward into the risk characterization section or into the FS.

Selenium and sulfate were detected in groundwater samples collected for the RI and their EPCs are less
than the AWQCor secondary DWS, respectively. Detections of these analytes in Rl samples and the
larger population of wells sampled over the past 7 years as described previously in Sections 4.4.1.2 and
6.3.2.3.1 were measured at concentrations less than the AWQC or secondary DWS. In addition, selenium
concentrations in filtered and unfiltered samples are less than the 90™ percentile Hanford Site background
level. Based on these results, selenium and sulfate are not retained as COPCs and will not be carried
forward into the risk characterization section or into the FS.

Lithium was detected in groundwater samples collected for the RI and the EPC is less than the action
level. Lithium was not analyzed in the larger population of wells sampled over the past 7 years as
described previously in Sections 4.4.1.2 and 6.3.2.3.1. All detections of lithium are less than the action
level of 32 pg/L. Based on these results, lithium is not retained as a COPC and will not be carried forward
into the risk characterization section or into the FS.

Manganese was detected in groundwater samples collected for the Rl and the EPC is less than the action
level. The action level for manganese is 384 ug/L based on the 2007 MTCA (“Groundwater Cleanup
Standards” [WAC 173-340-720]) level. Detections of manganese above the action level were reported in
groundwater samples collected for the RI and the larger population of wells sampled over the past 7 years
as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Manganese concentrations reported in Rl
samples and the larger population of wells are less than 384 pg/L. Based on these results, manganese is
not retained as a COPC and will not be carried forward into the risk characterization section or into

the FS.

Methylene chloride was detected in groundwater samples collected for the Rl and the EPC is less than the
DWS of 5 ug/L. Methylene chloride was not analyzed in the larger population of wells sampled over the
past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. All methylene chloride results
(detected concentrations and MDLs) were less than the DWS of 5.0 ug/L. Based on these results,
methylene chloride is not retained as a COPC and will not be carried forward into the risk
characterization section.

Thallium was detected in groundwater samples collected for the RI and the EPC is less than the DWS
goal of 0.5 pg/L. However, the analytical method cannot attain the action level for thallium; therefore,
nondetected concentrations are report at the EQL of 2 pg/L identified in the 100-D/H SAP
(DOE/RL-2009-40). Thallium concentrations detected in the larger population of wells sampled over the
past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1 were also less than the EQL. It
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should also be noted that concentrations of thallium in filtered groundwater samples are less than the
90™ percentile Hanford Site background level of 1.7 pug/L. Based on these results, thallium is not retained
as a COPC and will not be carried forward into the risk characterization section or into the FS.

Nitrate was detected in groundwater samples collected for the RI and the EPC is less than the DWS.
Detections of nitrate above the DWS were reported in the Rl samples and the larger population of wells
sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Nitrate
concentrations at or above the DWS were measured at 199-H4-3, 199-H4-46, and 199-H6-1.
Concentrations range between 27,400 and 253,000 pg/L in these wells. Nitrate is retained as a COPC
because it is associated with a trend and will be carried forward into the risk characterization section.

Horn Exposure Area. Eleven of 16 analytes have been detected at least once in groundwater and have
90" percentile values less than their respective action level (Table 6-38).

Seven analytes (chloroform, manganese, nitrate, selenium, strontium-90, sulfate, and zinc) were identified
as historical COPCs in the work plan. A discussion of all analytes with EPCs less than action levels is
provided in the following paragraphs.

Aluminum was detected in groundwater samples collected for the R1 and the EPC is less than the AWQC
of 87 ug/L. Detections of aluminum above the AWQC were reported in groundwater samples collected
for the RI. Aluminum was not analyzed in the larger population of wells sampled over the past 7 years as
described previously in Sections 4.4.1.2 and 6.3.2.3.1. Although all monitoring wells within the
groundwater OU were compared to the AWQC of 87 ug/L, these concentrations would need to be
measured as close as practicable to the groundwater/surface water interface or biologically active zone.
Wells located inland would need to meet the 2007 MTCA (“Groundwater Cleanup Standards”

[WAC 173-340-720]) level of 16,000 pg/L. All aluminum results (detected concentrations and MDLSs) are
less than the AWQC of 87 ug/L. Based on these results, aluminum is not retained as a COPC and will not
be carried forward into the risk characterization section.

Chloroform was detected in groundwater samples collected for the R1 and the EPC is less than the action
level. The action level for chloroform is 1.4 pg/L based on the 2007 MTCA (“Groundwater Cleanup
Standards” [WAC 173-340-720]) level. However, the analytical method cannot attain the action level for
chloroform; therefore, nondetected concentrations are report at the EQL of 5 ug/L reported in the
100-D/H SAP (DOE/RL-2009-40). All chloroform results (detected concentrations and MDLSs) are less
than the EQL for the RI samples and in the larger population of wells. Therefore, chloroform is not
retained a COPC and will not be carried forward into the risk characterization or into the FS.

Nitrate, sulfate, and strontium-90 were detected in groundwater samples collected for the RI and their
EPCs are less than the DWS or secondary DWS. Detections of these analytes were not reported above
their action levels in Rl samples or the larger population of wells sampled over the past 7 years as
described previously in Sections 4.4.1.2 and 6.3.2.3.1. Based on these results, nitrate, strontium-90, and
sulfate are not retained as COPCs and will not be carried forward into the risk characterization section or
into the FS.

Iron was detected in groundwater samples collected for the RI and the EPC is less than the AWQC of
1,000 pg/L. Detections of iron above the AWQC were reported in groundwater samples collected for the
RI and the larger population of wells sampled over the past 7 years as described previously in

Sections 4.4.1.2 and 6.3.2.3.1. Although all monitoring wells within the groundwater OU were compared
to the AWQC of 1,000 pg/L, these concentrations would need to be measured as close as practicable to
the groundwater/surface water interface or biologically active zone. Wells located inland would need to
meet the 2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 11,200 pg/L.
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All iron results (detected concentrations and MDLSs) are less than the 2007 MTCA groundwater cleanup
value of 11,200 pug/L. Iron concentrations above the AWQC in filtered samples were measured at
699-90-45 (1,780 to 2,050 ug/L), this well is located approximately 3,700 m (12,100 ft) and would not
discharge directly into the river. Based on these results, iron is not retained as a COPC and will not be
carried forward into the risk characterization section or into the FS.

Lithium was detected in groundwater samples collected for the Rl and the EPC is less than the action
level. Lithium was not analyzed in the larger population of wells sampled over the past 7 years as
described previously in Sections 4.4.1.2 and 6.3.2.3.1. All detections of lithium are less than the action
level of 32 pg/L. Based on these results, lithium is not retained as a COPC and will not be carried forward
into the risk characterization section or into the FS.

Manganese was detected in groundwater samples collected for the Rl and the EPC is less than the action
level of 384 ug/L. The action level for manganese is based on the 2007 MTCA (“Groundwater Cleanup
Standards” [WAC 173-340-720]) level. Detections of manganese were not reported above the action level
in groundwater samples collected for the RI and the larger population of wells sampled over the past

7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Based on these results, manganese is not
retained as a COPC and will not be carried forward into the risk characterization section or into the FS.

Methylene chloride was detected in groundwater samples collected for the RI and the EPC is less than the
DWS. Methylene chloride was not analyzed in the larger population of wells sampled over the past 7
years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. All methylene chloride results (detected
concentrations and MDLs) were less than theDWS of 5.0 ug/L. Based on these results, methylene
chloride is not retained as a COPC and will not be carried forward into the risk characterization section.

Zinc was detected in groundwater samples collected for the Rl and its EPCs is less than the state water
quality standard (WAC 173-201A). Zinc wasdetected above the AWQC in the larger population of wells
sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Although all
monitoring wells within the groundwater OU were compared to the state standard of 91 pg/L, these
concentrations would need to be measured as close as practicable to the groundwater/surface water
interface or biologically active zone. Wells located inland would need to meet the 2007 MTCA
(“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 4,800 pg/L. All zinc results (detected
concentrations and MDLs) were less than the 2007 MTCA groundwater cleanup level. Zinc
concentrations in filtered samples above the state water quality standard were reported at four wells
(699-87-55, 699-97-43, 699-99-41, and 699-99-42B). Zinc concentrations above the state water quality
standard were reported in one of seven sample rounds at 699-87-55 (364 ug/L); however, four previous and
two subsequent rounds were less than the standard. Zinc concentrations in filtered samples above the state
water quality standard were reported in one of three sample rounds at 699-97-43 (93 ug/L); however, one
previous and one subsequent sample rounds were less than the standard. Zinc concentrations above the state
water quality standard were reported in one of six sample rounds at 699-99-42B (306 pg/L); however, five
previous sample rounds were reported as nondetected concentrations less than the action level. Zinc
concentrations above the action level in these four wells are not associated with a trend. Therefore, zinc is
not retained as a COPC and will not be carried forward into the risk characterization section or into

the FS.

Selenium was detected in groundwater samples collected for the Rl and the EPC is less than the AWQC.
Detections of selenium above the AWQC were measured in Rl samples and in the larger population of
wells sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. However,
selenium concentrations in filtered and unfiltered samples are less than the 90" percentile Hanford Site
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background level. Based on these results, selenium is not retained as a COPC and will not be carried
forward into the risk characterization section or into the FS.

6.3.2.3.9 Identify COPCs with 90th Percentile Values Greater than Action Levels in Each
Exposure Area.

The 90™ percentile values are compared to the lowest available action level for protection of human health
and aquatic receptors. Comparisons of EPCs to action levels for the 100-D Source, 100-H Source, and
Horn exposure areas are provided in Tables 6-32, 6-33, and 6-34, respectively.

100-D Source Exposure Area. Six of the 16 analytes have been detected at least once in groundwater and
have 90" percentile values greater than their respective action levels (Table 6-36). A discussion of all
analytes reported with an EPC greater than the action level is provided in the following paragraphs.

Arsenic, carbon tetrachloride, chloroform, chromium, Cr(V1), and nitrate were identified as historical COPCs
in the work plan and are also listed on Table 6-36 because EPCs are greater than their respective action levels.

Arsenic is detected in groundwater samples collected for the RI and the EPC is above the action level.
Detections of arsenic above the action level have also been measured in the larger population of wells
sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Arsenic
concentrations in all filtered and unfiltered samples are less than the 90" percentile Hanford Site
background value of 7.85 ug/L. Based on these results, arsenic is a not retained as a COPC and will not
be carried forward into the risk characterization section or into the FS.

Carbon tetrachloride was detected in groundwater samples collected for the Rl and the EPC is greater than
the action level. The action level for carbon tetrachloride is 0.63 pg/L based on the 2007 MTCA
(“Groundwater Cleanup Standards” [WAC 173-340-720]) level. However, the analytical method cannot
attain the action level for carbon tetrachloride; therefore, nondetected concentrations are reported at the
EQL of 1 pg/L identified in the 100-D/H SAP (DOE/RL-2009-40). Nonrecurring detections of carbon
tetrachloride above the 2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level were
measured at well 199-D2-6 and well 199-D5-18; subsequent measurements at both wells were
nondetected concentrations less than or equal to the EQL as described below. Carbon tetrachloride was
detected twice in 199-D2-6 with values of 1.7 pg/L on 8/2/2009 (transitional river stage) and 2.6 pg/L on
10/8/2010 (low river stage), both at concentrations greater than the action level. Well 199-D2-6 (see
Figure 4-63 for well location) was sampled and analyzed for carbon tetrachloride during a subsequent
transitional river stage (3-30-2010) for the spatial and temporal sampling (0.063 U) and again in May
2010 (0.12 U) both results were nondetected and reported below the action level. No other carbon
tetrachloride results were reported for 199-D2-6 during a low river stage. Carbon tetrachloride was
detected once in 199-D5-18 (2.7 pug/L) at a concentration greater than the action level. Carbon
tetrachloride was analyzed in four subsequent sampling rounds at this well and reported as nondetected
concentrations less than the action level or the EQL. All MDLs are less than or equal to the EQL listed in
the 100-D/H SAP (DOE/RL-2009-40). The nonrecurring presence of carbon tetrachloride at

well 199-D2-6 and 199-D5-18 is not associated with a trend. Therefore, carbon tetrachloride is not
retained as a COPC and will not be carried forward into the risk characterization section or into the FS.

Chloroform, chromium, Cr(V1), and nitrate were detected in groundwater samples collected for the RI.
Their EPCs are greater than the action level. Concentrations of chloroform, chromium, Cr(V1), and nitrate
are widely distributed and are consistently present at concentrations above the DWS (nitrate), AWQC
(chromium), the state water quality standard (WAC 173-201A) (Cr(V1)), and the 2007 MTCA
(“Groundwater Cleanup Standards” [WAC 173-340-720]) level (chloroform). The distribution of these
analytes within the groundwater OU are discussed in detail in Section 4.5.1. Based on the results of this
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evaluation, chloroform, chromium, Cr(V1), and nitrate are retained as COPCs and are carried forward into
the risk characterization section.

100-H Source Exposure Area. Five of the 17 analytes have been detected at least once in groundwater
and have 90" percentile values greater than their respective action levels (Table 6-37). A discussion of all
analytes reported with an EPC greater than the action level is provided in the following paragraphs.

Arsenic, carbon tetrachloride, Cr(\VI), mercury, and strontium-90 were identified as historical COPCs in the
work plan and are also listed on Table 6-37 because EPCs are greater than their respective action levels.

Arsenic is detected in groundwater samples collected for the RI and the EPC is above the action level.
Detections of arsenic above the action level have also been measured in the larger population of wells
sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Arsenic
concentrations in all filtered and unfiltered samples are less than the 90™ percentile Hanford Site
background value of 7.85 pg/L. Based on these results, arsenic is a not retained as a COPC and will not
be carried forward into the risk characterization section or into the FS.

Carbon tetrachloride was detected in groundwater samples collected for the Rl and the EPC is greater than
the action level. The action level for carbon tetrachloride is 0.63 pg/L based on the 2007 MTCA
(“Groundwater Cleanup Standards” [WAC 173-340-720]) level. However, the analytical method cannot
attain the action level for carbon tetrachloride; therefore, nondetected concentrations are reported at the EQL
of 1 ug/L reported in the 100-D/H SAP (DOE/RL-2009-40). Detections of carbon tetrachloride above the
EQL were measured in the larger population of wells sampled over the past 7 years as described previously
in Sections 4.4.1.2 and 6.3.2.3.1. Nonrecurring single detections of carbon tetrachloride above the 2007
MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level were measured at well 199-H3-5,
well 199-H4-10 and well 199-H4-11; previous and subsequent measurements at all wells were
nondetected concentrations less than or equal to the EQL as described below. Carbon tetrachloride was
detected once in 199-H4-10 (0.088 pg/L) at a concentration less than the EQL of 1 pg/L. Carbon
tetrachloride was analyzed at 199-H4-10 in one previous and one subsequent sampling round and reported
with nondetected concentrations less than or equal to the EQL. Carbon tetrachloride was detected once in
199-H4-11 (2 pg/L) at a concentration greater than the EQL of 1 pg/L. Carbon tetrachloride was analyzed
in two subsequent sampling rounds at 199-H4-11 and reported at nondetected concentrations less than the
EQL. Carbon tetrachloride was detected in well 199-H3-5 (1.2 ug/L) at a concentration greater than the
EQL of 1 ug/L. Carbon tetrachloride was analyzed at 199-H3-5 in two previous and four subsequent
sampling rounds and reported with nondetected concentrations less than or equal to the EQL. All MDLs
are less than or equal to the EQL listed in the 100-D/H SAP (DOE/RL-2009-40). The nonrecurring
presence of carbon tetrachloride in these three wells does not suggest it is associated with a trend.
Therefore, carbon tetrachloride is not retained as a COPC and will not be carried forward into the risk
characterization section or into the FS.

Mercury was detected in groundwater samples collected for the Rl and the EPC is above the action level.
The action level for mercury is 0.012 pg/L based on the AWQC. However, the analytical method cannot
attain the action level for mercury; therefore, nondetected concentrations are reported at the EQL of
0.05 pg/L identified in the 100-D/H SAP (DOE/RL-2009-40). Mercury was not measured at
concentrations greater than the EQL of 0.05 pg/L in Rl samples and in the larger population of wells
sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Based on these
results, mercury is not retained as a COPC and will not be carried forward into the risk characterization
section or into the FS.

Cr(VI) and strontium-90 were detected in groundwater samples collected for the Rl and their EPCs are
greater than the State water quality standard (WAC 173-201A) or the DWS, respectively. Concentrations
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of Cr(VI) and strontium-90 are widely distributed and are consistently present at concentrations above the
State water quality standard (Cr(V1)) or the DWS (strontium-90). The distribution of these analytes within
the groundwater OU is discussed in detail in Section 4.5.1. Based on the results of this evaluation, Cr(\V1)
and strontium-90 are both retained as COPCs and are carried forward into the risk characterization
section.

Horn Exposure Area. Five of the 16 analytes have been detected at least once in groundwater and have
90™ percentile values greater than their respective action levels (Table 6-38). A discussion of all analytes
reported with an EPC greater than the action level is provided in the paragraphs in the following text.

Arsenic, carbon tetrachloride, total chromium, and Cr(V1) were identified as historical COPCs in the
work plan and are also listed on Table 6-38 because EPCs are greater than their respective action levels.

Arsenic is detected in groundwater samples collected for the RI and the EPC is above the action level.
Detections of arsenic above the action level have also been measured in the larger population of wells
sampled over the past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Arsenic
concentrations in all filtered and unfiltered samples are less than the 90" percentile Hanford Site
background value of 7.85 pg/L. Based on these results, arsenic is not retained as a COPC and will not be
carried forward into the risk characterization section or into the FS.

1,2-Dichloroethane was detected in groundwater samples collected for the RI and the EPC is greater than
the action level. 1,2-Dichloroethane was not analyzed in the larger population of wells sampled over the
past 6 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. The action level for
1,2-dichloroethane is 0.38 pg/L based on the 2007 MTCA (“Groundwater Cleanup Standards”

[WAC 173-340-720]) groundwater cleanup level; however, it defaults to the EQL of 5 pug/L reported in
DOE/RL-2009-40 when the analytical method cannot achieve the action level. Detections of
1,2-dichloroethane in Rl samples are less than the EQL. Therefore, 1,2-dichloroethane is not retained as a
COPC and will not be carried forward into the risk characterization section or into the FS.

Carbon tetrachloride was detected in groundwater samples collected for the R1 and the EPC is greater
than the action level. The action level for carbon tetrachloride is 0.63 pg/L based on the 2007 MTCA
(“Groundwater Cleanup Standards” [WAC 173-340-720]) level. However, the analytical method cannot
attain the action level for carbon tetrachloride; therefore, nondetected concentrations are reported at the
EQL of 1 pug/L identified in the 100-D/H SAP (DOE/RL-2009-40). Detections of carbon tetrachloride
greater than the EQL were measured in Rl samples and the larger population of wells sampled over the
past 7 years as described previously in Sections 4.4.1.2 and 6.3.2.3.1. Detections of carbon tetrachloride
above the EQL were infrequent and were not associated with a specific location or with a trend, resulting
in an uncertain status. Therefore, carbon tetrachloride is retained as a COPC for further monitoring.

Chromium and Cr(VI) were detected in groundwater samples collected for the RI and their EPCs are
greater than the AWQC or the State water quality standard. Concentrations of chromium and Cr(V1) are
widely distributed and are consistently present at concentrations above the AWQC and the state water
guality standard (WAC 173-201A). The distribution of these analytes within the groundwater OU is
discussed in detail in Section 4.5.1. Based on the results of this evaluation, chromium and Cr(VI) are
retained as COPCs and are carried forward into the risk characterization section.

6.3.2.4 Summary of COPCs

Table 6-39 presents a summary of the COPCs identified for the 100-HR-3 Groundwater OU. This list of
COPCs represents the analytes most likely to contribute to overall risk within each 100-HR-3 Groundwater
OU exposure area.
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Table 6-39. Summary of Groundwater COPCs Identified for the 100-HR-3 Groundwater OU

100-D Source Exposure Area

Metals VOCs Nonradioactive Anions
Fluoride®

Antimony? Chloroform

Cadmium? Nitrate

Chromium Nitrite®

Cobalt? Sulfate®

Copper?

Cr(VvI) Radionuclides

Iron® Strontium-90

Lead®®

Manganese®

Silver?

Zinc®

100-H Source Exposure Area

Metals Radionuclides Nonradioactive Anions

Antimony? Strontium-90 Nitrate®

Cadmium?

Cobalt?

Copper®

Chromium®
Cr(vi)
Lead?

Silver?

Uranium®

Horn Exposure Area

Metals VOCs

Antimony? Carbon tetrachloride®

Cadmium?

Chromium

Cobalt?

Copper?
Cr(vI)
Silver®

a. Exposure Point Concentration (EPC) did not exceed action level, but infrequent detections above action level result in

uncertain status and warrant further evaluation in the FS.
b. EPC did not exceed an action level but retained as a COPC due to localized contamination.
c¢. EPC did not exceed action level; elevated concentrations above action level associated with reducing conditions at the 100-D

ISRM area.
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Chromium, Cr(V1), chloroform, and strontium-90 were retained as COPCs because the 90" percentile
concentration exceeded the action level. As described in Section 6.3.2.3, nitrate and strontium-90 in the
100-H Source exposure area are retained as COPCs becausethey are associated with a localized source of
contamination. As described in Section 6.3.2.2.3, uranium is retained as a COPC because it is associated
with a localized source of contamination.

The COPC identification process identified ten analytes for the 100-HR-3 Groundwater OU that were
retained as COPCs for further monitoring. The occurrence of antimony, cadmium, carbon tetrachloride,
cobalt, copper, lead, silver, and zinc in groundwater is uncertain because these analytes historically have
been detected in groundwater at concentrations above their respective action level; however, their
presence was not associated with a specific location or a trend and the analytical methods used were not
of sufficient accuracy for risk characterization purposes. In addition, the EPCs for these analytes (except
carbon tetrachloride in the Horn area) are less than their respective action level. Therefore, antimony,
cadmium, carbon tetrachloride, cobalt, copper, lead, and silver are retained as COPCs where they warrant
further monitoring. Fluoride, iron, manganese, nitrite, sulfate, and zinc were retained as COPCs for
further monitoring at the 100-D ISRM area because they are associated with the reducing conditions from
the presence of zero valence iron at the 100-D ISRM area.

In addition the COPC identification steps performed in this section and Section 4.4 of this report, a set of
seven monitoring wells were identified for well-specific risk evaluation. The purpose of this well-specific
evaluation is to confirm the COPCs identified in Sections 4.4 and 6.3.2 of this report are consistent with
those that are identified in the select wells. The results of this well-specific evaluation are presented in
Appendix G.

6.3.3 Exposure Assessment

The exposure assessment component of the risk assessment typically identifies the populations that may
be exposed, the routes by which these receptors may become exposed, and the magnitude, frequency, and
duration of potential exposures.

6.3.3.1 Contaminant Sources

Contaminant sources (that is, facilities and waste sites) were previously discussed in Section 6.2.3.1 and
are listed in Sections 4.2.1 and 5.2 of this report.

6.3.3.2 Release Mechanisms and Environmental Transport Media

The primary COPC release mechanisms and transport pathways evaluated at the 100-D/H Source OU are
discussed in Sections 5.3 and 5.4, and include the following:

o Direct contact with groundwater containing COPCs
e Volatilization of COPCs in groundwater from showering or household activities
o Discharge of groundwater to the Columbia River through upwelling and seeps

6.3.3.3 100-HR-3 Groundwater Operable Unit Exposure Areas

The 100-HR-3 Groundwater OU is generally distinguished by the presence of Cr(V1) plumes within the
100-D, 100-H, and the Horn area as discussed in detail in Chapter 4. The 100-D Source exposure area
represents the northern and southern plume sources in the 100-D Area. The 100-H Source exposure area
represents the plume sources within the 100-H Area. The Horn exposure area represents the portion of the
plume that is located in the Horn area. The Horn exposure area is located downgradient from the

100-D sources where contaminant concentrations have migrated over time. The primary objectives for
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evaluating each exposure area are to provide information necessary to determine the need for remedial
action and to use this information to select the best remedy. These objectives are achieved by performing
the following steps for each exposure area:

1. EPCs for each COPC are compared to action levels for understanding the potential for exposure to
groundwater contaminants and the associated health risks.

2. Specific locations are identified within the exposure area for evaluating remedial alternatives in
the FS.

The basis for each exposure area and the known or suspected sources are described in the following text.
Exposure areas and the location of associated monitoring wells are shown on Figures 2-1 and 2-2.
Table 6-30 lists the monitoring wells included in each exposure area.

6.3.3.4 Potentially Complete Human and Aquatic Exposure Pathways and Receptors

This section describes the potentially complete exposure pathways and receptors that are specifically
addressed in the action levels (see Section 6.3.2.2) evaluated in this groundwater risk assessment.

6.3.3.4.1 Action Levels Used to Evaluate Protection of Human Health

All of the action levels for use as a drinking water source consider ingestion as a complete and significant
pathway for exposure. Washington State regulations assume that inhalation of vapors for VOCs is also a
complete and significant exposure pathway. Washington State regulations do not include the dermal
contact exposure route in the equations for calculation of groundwater cleanup levels, whereas federal
regulations consider dermal contact exposure a complete but insignificant groundwater contaminant
exposure pathway. Elimination of the dermal contact exposure route from action levels may result in an
overestimation of the cleanup level; uncertainties associated with exclusion of this exposure route are
addressed in Section 6.3.6.4.

For groundwater with the potential to impact surface water, federal water quality standards assume that
exposure to humans occurs through ingestion of water and consumption of fish tissue, and Washington
State regulations assume that exposure occurs through consumption of fish tissue. These federal standards
are developed for protection of human health where groundwater discharges to surface water that is used
as a drinking water source and used for fishing. Washington State regulations as defined in 2007 MTCA
(“Surface Water Cleanup Standards” [WAC 173-340-730(3)(b)]) developed surface water standards that
assume that exposure occurs through consumption of fish tissue.

6.3.3.4.2 Action Levels Used to Evaluate Protection of Aquatic Receptors

The objectives and methodology for deriving the numerical AWQC are described in Guidelines for
Deriving Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their
Uses (PB85-227049). The AWQC are intended to provide a reasonable level of protection of all except a
small fraction (0.05) of the taxa, unless a commercially or recreationally important species is very
sensitive. Protection of the following aquatic organisms and their uses are defined in Guidelines for
Deriving Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their
Uses (PB85-227049) as prevention of unacceptable long-term and short-term effects:

o Commercially, recreationally, and other important species
e Fish and benthic invertebrate assemblages in rivers and streams
e Fish, benthic invertebrate, and zooplankton assemblages in lakes, reservoirs, estuaries, and oceans
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Numeric values are expressed as two numbers, the criteria maximum concentration (CMC) and criteria
continuous concentration (CCC), which provide an appropriate degree of protection of aquatic organisms
and their uses from acute and chronic toxicity to animals, toxicity to plants, and bioaccumulation by
aquatic organisms. The CMC is an estimate of the highest concentration of a material in surface water to
which an aquatic community can be exposed briefly without resulting in an unacceptable effect.

EPA derives acute criteria from 48- to 96-hour tests of lethality or immobilization. The CCC is an
estimate of the highest concentration of a material in surface water to which an aquatic community can be
exposed indefinitely without resulting in an unacceptable effect. EPA derives chronic criteria from
longer-term (often greater than 28 days) tests that measure survival, growth, reproduction or, in some
cases, bioconcentration. The CMC and the CCC are two of the six parts of the aquatic life criterion.

The other four parts are the acute averaging period, chronic averaging period, acute frequency of allowed
exceedance, and chronic frequency of allowed exceedance. The lower of the CMC or the CCC is the
numeric water quality criteria used as the action level for protection of freshwater species.

6.3.4 Toxicity Assessment

The toxicity assessment component evaluates the relationship between the magnitude of exposure to an
analyte and the likelihood of adverse health effects to potentially exposed populations. Similar to the
exposure assessment, the comparison to action levels takes into consideration the likelihood of an adverse
health effect to occur to the potentially exposed population. The risk-based concentrations, such as the
2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]), are developed using
toxicological information published at EPA’s IRIS database and EPA’s hierarchy of toxicity values
described in Section 6.2.2. The assignment of action levels to COPCs is described in Section 6.3.2.2.

6.3.4.1 State and Federal Maximum Contaminant Levels for Nonradionuclides

The MCLG is the maximum level of a contaminant in drinking water at which no known or anticipated
adverse health effects occur, allowing for an adequate margin of safety. MCLGs are nonenforceable
health goals. EPA establishes the MCL, an enforceable standard, based on the MCLG. The MCL is the
maximum permissible level of a contaminant in water that is delivered to any user of a public water
system. Prior to the Safe Drinking Water Act of 1974 amendments in 1996, the MCL was set as close to
the MCLG as was feasible. The 1996 Amendments to the SDWA permit consideration of costs and
benefits in establishing an MCL. Primary MCLs are legally enforceable standards and protect public
health by limiting the levels of contaminants in drinking water. Secondary MCLs are nonenforceable
guidelines regulating those contaminants that may cause cosmetic effects (such as skin or tooth
discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. The secondary MCLs
are recommended standards but are not federally enforceable.

Six-Year Review Chemical Contaminants Health Effects Technical Support Document

(EPA 822-R-03-008) describes how MCLGs are derived. MCLGs are developed using an oral RfD for
contaminants that exhibit a threshold toxic effect. The RfD is an estimate (with uncertainty spanning
perhaps an order of magnitude) of a daily oral exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious noncancer effects during a
lifetime. EPA generally assumes that the relative source contribution from drinking water is 20 percent of
the RfD, unless other exposure data for the chemical are available. This allows 80 percent of the total
exposure to come from sources other than drinking water, such as exposure from food, inhalation, or
dermal contact.

6.3.4.2 Maximum Contaminant Levels for Radionuclides in Drinking Water

Current MCLs for radionuclides are set at 4 mrem/yr for the sum of the doses from beta particle and
photon emitters, 15 pCi/L for gross alpha emitter activity (including Ra-226, but excluding uranium and
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radon), and 5 pCi/L combined for Ra-226 and Ra-228. A mass-based concentration MCL of 30 pg/L has
been established for uranium. The current MCLs for beta emitters specify that MCLs are to be calculated
based on an annual dose equivalent of 4 mrem to the total body or any internal organ. It is further
specified that the calculation be performed based on a 2 L (0.5 gal)/day drinking water intake using the
168-hour data listed in Maximum Permissible Body Burdens and Maximum Permissible Concentrations
of Radionuclides in Air and in Water for Occupational Exposure (NBS Handbook 69).

6.3.4.3 Washington State Regulations

Toxicological parameter values are obtained from the CLARC database (Ecology, 2010) compendium of
technical information related to the calculation of cleanup levels under the 2007 MTCA (WAC 173-340).
The sources for the oral cancer potency values and RfDs are provided in the CLARC database.

The sources for identifying RfD s and carcinogenic potency factors are defined in 2007 MTCA (“Human
Health Risk Assessment Procedures” [WAC 173-340-708(7) and WAC 173-340-708(8)]).

6.3.4.4 Toxicity Values

The sources of toxicity values for human health are the same as those described in Section 6.2.4.2 of
the report.

As discussed in Section 6.3.3.4.2, the lower of the CMC or the CCC is the numeric water quality criteria
used as the action level for protection of freshwater species. Technical Support Document for Water
Quality-based Toxics Control (EPA/505/2-90-001) explains that development of national numerical water
quality criteria for the protection of aquatic organisms is a complex process that uses information from
many areas of aquatic toxicology. After it is decided that a national criterion is needed for a particular
material, all available information concerning toxicity to and bioaccumulation by aquatic organisms is
collected and reviewed for acceptability. If enough acceptable data for 48- to 96-hour toxicity tests on
aquatic animals are available, they are used to derive the acute criterion. If sufficient data on the ratio of
acute to chronic toxicity concentrations are available, they are used to derive the chronic or long-term
exposure criteria. The chronic criteria can also be calculated directly if sufficient data are available.

If justified, one or both of the criteria may be related to another water quality characteristic (for example,
pH, temperature, or hardness). Separate criteria are developed for fresh water and salt water.

6.3.5 Risk Characterization

Risk characterization is the final step of the HHRA process. In this step, the toxicity values are combined
with the estimated chemical intakes for the receptor populations in order to estimate both carcinogenic and
noncarcinogens risks quantitatively. The risk characterization step is completed through the comparison of
the EPC to the action level using the equations presented in Section 6.3.5.1. As described earlier in this
section, the comparison to action levels determines whether existing groundwater concentrations protect
human health and the environment. It is also used to determine whether current groundwater concentrations
have the potential to exceed an HI greater than 1 or the upper end of the NCP risk range for cumulative
carcinogenic site risk to an individual based on RME for both current and future land use.

6.3.5.1 Protectiveness Evaluation

Human health protection is determined by the comparison of 90" percentile groundwater concentrations to
existing federal or state MCLs. Similarly, aquatic receptor protection is determined by the comparison of
90™ percentile groundwater concentrations to water quality criteria established under Section 304 or

303 of the Clean Water Act of 1977 and Washington State water quality standards.

This risk characterization step is included to address the presence of multiple exposure pathways or the
potential for exposure to multiple contaminants. This step is also included to address the requirements of
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2007 MTCA (HHRA Procedures [WAC 173-340-708(5)(a) and WAC 173-340-708(6)(b)]). These
regulations require that cleanup levels be adjusted downward to take into account exposure to multiple
hazardous substances or multiple pathways of exposure. This adjustment needs to be made only if without
this adjustment, the HI would exceed 1 or the total ELCR would exceed 1 in 100,000 (1 x 10”).

To determine the potential to exceed an HI greater than 1 or the upper end of the NCP risk range for
cumulative carcinogenic site risk to an individual based on RME for both current and future land use, the
following standards are used:

e  WAC 173-340-720, “Groundwater Cleanup Standards”
e WAC 173-340-730, “Surface Water Cleanup Standards”
¢ National Recommended Water Quality Criteria (EPA, 2009b)

For the purposes of this evaluation, the potential for unacceptable human health risk is identified using the
following risk thresholds:

e ELCR values are compared to the “target range” of 10 to 10* that is generally used by EPA. 2007
MTCA (WAC 173-340) states that cancer risks resulting from multiple hazardous substances should
not exceed 1 x 10” for unrestricted land use. ELCR values within or exceeding the target range
require a risk management decision that includes evaluating site-specific characteristics and exposure
scenario factors to assess whether remedial action is warranted.

e An HI (the sum of the ratios of the chemical intake to the RfDs for all COPCs) greater than 1 indicates
that some potential exists for adverse noncancer health effects associated with exposure to the COPCs.

Although this groundwater risk assessment produces numerical estimates of risk, it should be recognized
that these numbers might not predict actual health outcomes because they are based largely on
hypothetical assumptions. Their purpose is to provide a frame of reference for risk management decision
making. Interpretation of the risk estimates provided should consider the nature and weight of evidence
supporting these estimates, as well as the magnitude of uncertainty surrounding them.

Human protection from exposure to beta/photon emitters is determined by an annual dose equivalent to
the body or any internal organ and determined by comparison to an activity concentration in drinking
water for alpha emitters; therefore, the sum of fractions is used determine the annual dose from exposure
to beta/photon emitters.

6.3.5.1.1 Cancer Risk Estimation Method

The potential for cancer effects is evaluated by estimating the ELCRs. This risk is the incremental
increase in the probability of developing cancer during one’s lifetime in addition to the background
probability of developing cancer (that is, if no exposure to Hanford Site chemicals occurs). To estimate
the cancer risks from exposure to an individual carcinogen from all exposure routes considered, the
following equation is used.

. EPC
Risk, = ——"_xTR
CU Lcarcinogen
where:
Risk, = ELCR for individual chemical
EPCater = 90" percentile concentration in groundwater (pg/L)
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CULcarcinogen = groundwater cleanup level based on 10 carcinogenic effect (ug/L)

TR

target ELCR for individual hazardous substance for unrestricted land use (10°°)

To estimate the cancer risks from exposure to multiple carcinogens from all exposure routes considered,
the following equation is used.

. EPC
Risk, = )" ——"_xTR
CU Lcarcinogen

where:
Riskr = total ELCR for all chemicals
EPCater = 9o" percentile concentration in groundwater (pg/L)
CULcarcinogen = groundwater cleanup level based on 10°® carcinogenic effect (ug/L)
TR = target ELCR for individual hazardous substance for unrestricted land use (10°°)

i = the sum of the ratios for the i chemical

6.3.5.1.2 Noncancer Risk Estimation Method

For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by
comparing the predicted level of exposure for a particular chemical with the highest level of exposure that
is considered protective (that is, its RfD). The ratio of the chronic daily intake divided by RfD is the HQ.

When the HQ for a chemical exceeds 1 (that is, exposure exceeds RfD), a concern exists for potential
noncancer health effects. To estimate the HQ from all exposure routes considered for an individual
hazardous substance, the following equation is used.

HQ — EPC water
CU Lnoncarcingen
where:
HQ = HQ for individual chemical
EPCater = 90" percentile concentration in groundwater (pg/L)
CULnoncarcinogen = groundwater cleanup level based on HQ = 1 noncarcinogenic effects (pug/L)

To estimate the HI from all exposure routes considered for multiple hazardous substances, the following
equation is used.

HI, = ZM
CU Lnoncarcingen
where:
Hl; = total HI for all chemicals
EPCuater = 90" percentile concentration in groundwater (ug/L)
CULnoncarcinogen = groundwater cleanup level based on HQ=1 noncarcinogenic effects (ng/L)

i = sum of the ratios for the i"" chemical
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6.3.5.1.3 Estimating the Sum of Fractions and 4 mrem/yr Dose Equivalent

An annual cumulative dose equivalent of 4 mrem to the total body or any internal organ from beta and
photon emitters is considered protective of human health. The sum of fractions is used to determine
whether the contribution of each radioisotope is greater than the cumulative annual dose equivalent of
4 mrem. The following equation is used to determine whether the 4 mrem standard is exceeded when a

Sum of Fractions = Ci + Gi
MCLA[pL') MCLB(pL'j

+oo0e

where:

A = EPC activity concentration of specific beta/photon emitting nuclide A

B = EPC activity concentration of specific beta/photon emitting nuclide B

MCL, = derived single-nuclide beta/photon emitting MCL-equivalent activity concentration for
nuclide A

MCLg = derived single-nuclide beta/photon emitting MCL-equivalent activity concentration for

nuclide B

The 4 mrem standard is not exceeded if the sum of fractions is less than 1. Each fraction is converted to
a dose equivalent of 4 mrem/year by multiplying the fraction by 4.

6.3.6 Risk Characterization Results Using Action Levels by Exposure Area

Action levels that are considered to protect human health and the environment were used to identify
COPCs that warrant further evaluation in the FS. The lowest of the available action levels was selected

for comparison if more than one action level exists for a certain analyte. The analytes listed in

Tables 6-40, 6-41, and 6-42 are considered COPCs because the 90" percentile groundwater concentration
is greater than the lowest available action level, or the analyte is measured at concentrations above the

lowest action level in a localized area.

Table 6-40. Summary of Current Conditions 90t Percentile Groundwater Concentrations,
Federal and State MCLs, and WAC 173-340-720 Groundwater Cleanup Levels for the 100-D Source
Exposure Area (Human Health Action Levels)

2007 MTCA, “Groundwater Cleanup Standards”
(WAC 173-340-720) Cleanup Levels
oot Carcinogens Carcinogens
Percentile | Federal State at 10°® Risk at 10° Risk
COPCs Units Value MCL MCL Noncarcinogens Level Level
Chloroform ng/L 5.1 80 - 80 14 14
Chromium ng/L 925 100 100 24,000 -
Cr(VI) ng/L 992 - - 48 -
Nitrate ng/L 69,500 45,000 45,000 113,600 --

Source: WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”
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Table 6-41. Summary of Current Conditions 90t Percentile Groundwater Concentrations, and
Federal and State Water Quality Standards for the 100-D Source Exposure Area (Aquatic Action Levels)

WAC 40 CFR 131 Water Quality
AWQC 173-201A Standards
9ot Freshwater Freshwater Freshwater Freshwater Freshwater
Percentile CMC CCC CCC CMC CCC
COPCs Units Value (acute) (chronic) (chronic) (acute) (chronic)
Chloroform ug/L 5.1 -- -- -- - --
Chromium ng/L 925 570 65 156 550 180
Cr(VI) ng/L 992 16 11 10 15 10
Nitrate pg/L 69,500 - - - . -

Sources:40 CFR 131, “Water Quality Standards.”
WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington.”

Table 6-42. Summary of 90t Percentile Current Groundwater Concentrations

and Associated Cancer Risk and Noncancer Hazard Index for the 100-D Source Exposure Area

2007 MTCA, “Groundwater Cleanup Standards

(WAC 173-340-720) Cleanup Levels

Carcinogens at
9™ 10°
COPC Units Percentile Value Noncarcinogens HQ Risk Level ELCR

Chloroform ng/L 51 80 0.06 1.4 3.6 x 10°
Total ELCR - 3.6 x10°
Chromium pg/L 925 24,000 0.04 -- --
Cr(VI) ng/L 992 48 21 - -
Nitrate pg/L 69,500 113,600 0.61 -- --
Hazard Index 21

Source: WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”

6.3.6.1

100-D Source Exposure Area

Groundwater in the 100-D Source exposure area is evaluated as a potential drinking water source and
nearshore groundwater has the potential to discharge to the Columbia River. Table 6-40 provides

a summary of the COPCs, the 90" percentile groundwater concentration, federal and state MCLs, and the
2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) for carcinogenic and
noncarcinogenic effects. Table 6-41 provides a summary of the COPCs, the 90" percentile groundwater
concentration, and federal and state surface water quality standards. These standards (listed in Tables 6-40
and 6-41) represent the action levels that were exceeded by at least one COPC.

6-170




DOE/RL-2010-95, REV. 0

6.3.6.1.1 Protectiveness Evaluation for Human Health

This evaluation for human health is performed to help determine whether a CERCLA remedial action is
appropriate. Rules of Thumb for Superfund Remedy Selection (EPA 540-R-97-013) states that a remedial
action is generally appropriate when a regulatory standard that helps define protectiveness (a federal or state
MCL or nonzero MCLG for current or potential drinking water aquifers) is exceeded.

The 90" percentile groundwater concentration for chromium is greater than the federal and state MCL
developed for the protection of human health. Chromium is identified as a COPC indicating the need to
evaluate potential remedial technologies for chromium in the FS. Of the 20 monitoring wells in the
100-D Source exposure area, 11 monitoring wells were reported with concentrations of chromium above
100 pg/L. A detailed discussion of the chromium plume is also provided in Section 4.5.1.

A federal and state MCL is not available for Cr(V1); therefore, the protectiveness evaluation was not
performed. Cr(V1) is discussed in the protectiveness evaluation for aquatic organisms and the risk evaluation.

The 90" percentile groundwater concentration for nitrate is greater than the federal and state MCL
developed for the protection of human health. Nitrate is identified as a final COPC indicating the need to
evaluate potential remedial technologies for nitrate in the FS. Of the 20 monitoring wells in the

100-D Source exposure area, nhine monitoring wells were reported with concentrations of nitrate above
45,000 pg/L. A detailed discussion of the nitrate plume is provided in Section 4.5.2.

The 90" percentile groundwater concentration for chloroform is less than the federal and state MCL
developed for the protection of human health. Chloroform is not an identified as a COPC indicating
a need for further review in the FS is not established based on the results of this evaluation.

6.3.6.1.2 Protectiveness Evaluation for Aquatic Receptors

As described in the exposure assessment, groundwater discharges to the Columbia River through
upwelling and seeps. The point of compliance for surface water cleanup levels is defined in the 2007
MTCA (“Surface Water Cleanup Standards” [WAC 173-340-730(7)(a)]) as the point or points at which
hazardous substances are released to surface waters of the state. 2007 MTCA (“Surface Water Cleanup
Standards” [WAC 173-340-730(7)(b)]) indicates that no mixing zone shall be allowed to demonstrate
compliance with surface water cleanup levels. Groundwater EPCs from each exposure area within the
100-HR-3 Groundwater OU are compared to determine whether groundwater concentrations discharging
to the Columbia River are in compliance with federal and state standards.

The 90™ percentile groundwater concentration for chromium is greater than the federal freshwater AWQC
value of 65 pug/L. Chromium is identified as a COPC, indicating the need to evaluate potential remedial
technologies for chromium in the FS. Of the 20 monitoring wells, 13 monitoring wells were reported with
concentrations of chromium above the freshwater AWQC value of 65 pg/L. It is assumed that a portion of
the dissolved concentrations of total chromium are present in the form of Cr(VI) and total chromium is not
presented separately from Cr(V1) in the nature and extent evaluation and the FS.

The 90" percentile groundwater concentration for Cr(V1) is greater than the “Water Quality Standards for
Surface Waters of the State of Washington” (WAC 173-201A) freshwater AWQC value of 10 pg/L.
Cr(VI) is identified as a COPC, indicating the need to evaluate potential remedial technologies for Cr(V1)
in the FS. Of the 20 monitoring wells, 19 monitoring wells were reported with concentrations of
chromium above the “Water Quality Standards for Surface Waters of the State of Washington”

(WAC 173-201A) freshwater AWQC value of 10 ug/L. Cr(VI) concentrations above the AWQC were
also measured in 25 additional wells, based on the results from the larger population of wells and longer
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sampling timeframe. The following lists the approximate distance from the Columbia River for those
wells reporting concentrations greater than 10 pg/L.

199-D2-11 (1,134 m [3,720 ft])
199-D2-6 (832 m [2,730 ft])
199-D2-8 (1,008 m [3,307 ft])
199-D3-2 (241 m [790 ft])
199-D4-14 (212 m [696 ft])
199-D4-15 (488 m [1,601 ft])
199-D4-19 (250 m [820 ft])
199-D4-20 (500 m [1,640 ft])
199-D4-22 (247 m [810 ft])
199-D4-23 (81 m [266 ft])
199-D4-84 (120 m [394 ft])
199-D5-102 (1,045 m [3,428 ft])
199-D5-103 (1,028 m [3,373 ft])
199-D5-104 (811 m [2,661 ft])
199-D5-122 (921 m [3,022 ft])

199-D5-13 (602 m [1,975 ft])
199-D5-132 (1,269 m [4,163 ft])
199-D5-14 (983 m [3,070 ft])
199-D5-140 (950 m [3,117 ft])
199-D5-142 (1,219 m [3,999 ft])
199-D5-143 (889 m [2,917 ft])
199-D5-15 (1,035 m [3,396 ft])
199-D5-16 (1,235 m [4,052 ft])
199-D5-17 (1,368 m [4,488 ft])
199-D5-18 (1,510 m [4,954 ft])
199-D5-34 (670 m [2,198 ft])
199-D5-37 (161 m [528 ft])
199-D5-38 (294 m [964 ft])
199-D5-40 (537 m [1,762 ft])
199-D5-43 (649 m [2,129 ft])

199-D5-93 (624 m [2,047 ft])
199-D5-97 (647 m [2,123 ft])
199-D5-98 (769 m [2,523 ft])
199-D5-99 (659 m [2,162 ft])
199-D8-101 (470 m [1,542 ft])
199-D8-4 (224 m [735 ft])
199-D8-5 (143 m [469 ])
199-D8-54A (174 m [571 ft])
199-D8-55 (106 m [348 ft])
199-D8-6 (251 m [823 ft])
199-D8-69 (93 m [305 ft])
199-D8-70 (188 m [617 ft])
199-D8-71 (185 m [607 ft])
199-D8-73 (136 m [446 ft])
199-D8-88 (106 m [348 ft])

Although all monitoring wells within the plume area were compared to the AWQC concentration, these
concentrations would need to be measured as close as practicable to the groundwater/surface water
interface or biologically active zone. Section 4.5.1 provides a detailed discussion of the Cr(VI) plume.

Federal and state water quality standards for the protection of freshwater organisms are not published for
chloroform or nitrate; therefore, an evaluation for them is not included. Chloroform and nitrate are
evaluated in the evaluation for human health in Section 6.3.6.1.1 and the risk evaluation is presented in
Section 6.3.6.1.3.

6.3.6.1.3 Risk Evaluation

The potential cumulative ELCR for the 100-D Source exposure area from all nonradiological carcinogenic
COPCs is 3.6 x 10°®, which is less than the 2007 MTCA (HHRA Procedures [WAC 173-340-708]) risk
threshold of 1 x 10 for multiple hazardous substances and less than the upper NCP threshold of 1 x 10™.
Table 6-42 shows the only contributor to risk is chloroform (3.6 x 10°®, 100 percent contribution).
Chloroform is not identified as a COPC based on the results of this evaluation. As discussed previously, the
nature and extent evaluation of groundwater presented in Section 4.5 also supports the conclusion of this
analysis. Over the past 7 years, chloroform has been associated with a trend in 12 wells (199-D8-88,
199-D2-6, 199-D2-11, 199-D4-84, 199-D5-13, 199-D5-14, 199-D5-15, 199-D5-16, 199-D5-37, 199-D5-38,
199-D5-99, and 199-D8-5) where concentrations have ranged between 1.1 to 5.9 times greater than the
action level of 1.4 pg/L. However, there have been no measured concentrations above the 10” level of

14 pg/L.

The HI for the 100-D Source exposure area is 21, which is greater than the EPA and 2007 MTCA
(WAC 173-340) target HI of 1. The primary contributor to the noncancer Hl is Cr(VI) (HQ=21,
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97 percent contribution). The individual HQs for chloroform, chromium, and nitrate are each less than 1.
The primary noncancer health effects associated with exposure to Cr(V1) is nasal septum atrophy. Cr(V1)
is identified as a COPC based on the results of this evaluation. Chromium, nitrate, and zinc are not
identified as COPCs based on the results of this evaluation.

6.3.6.2 100-H Source Exposure Area

Groundwater in the 100-H Source exposure area is evaluated as a potential drinking water source and
nearshore groundwater has the potential to discharge to the Columbia River. Table 6-43 provides

a summary of the COPCs, the 90™ percentile groundwater concentration, federal and state MCLs, and the
2007 MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) for carcinogenic and
noncarcinogenic effects. Table 6-44 provides a summary of the COPCs, the 90" percentile groundwater
concentration, and federal and state water quality standards. These standards (listed in Tables 6-43 and
6-44) represent the action levels that were exceeded by at least one COPC.

Table 6-43. Summary of Current Conditions 90t Percentile Groundwater Concentrations,
Federal and State MCLs, and WAC 173-340-720 Groundwater Cleanup Levels for the 100-H Source Exposure
Area (Human Health Action Levels)

2007 MTCA, “Groundwater Cleanup Standards”
(WAC 173-340-720) Cleanup Levels
oo Carcinogens | Carcinogens
Percentile | Federal | State at 10° Risk | at 10”° Risk
COPCs Units Value MCL MCL Noncarcinogens Level Level
Strontium-90 pCi/L 14 8 -- -- -- -
Cr(VI) ng/L 26 - - 48 - -
Nitrate ng/L 39,800 45,000 | 45,000 113,600 -- --

Source: WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”

Table 6-44. Summary of Current Conditions 90t Percentile Groundwater Concentrations, and
Federal and State Water Quality Standards for the 100-H Source Area (Aquatic Action Levels)

40 CFR 131 Water Quality
AWQC WAC 173-201A Standards
90" Freshwater | Freshwater Freshwater | Freshwater
Percentile CMC CCC Freshwater CMC CCC
COPCs Units Value (acute) (chronic) CCC (chronic) (acute) (chronic)

Strontium-90 pCi/L 14 -- -- -- -- -
Cr(VI) ng/L 26 16 11 10 15 10
Nitrate pg/L 39,800 - - - - -

Sources: 40 CFR 131, “Water Quality Standards,”
WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington.”
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6.3.6.2.1 Protectiveness Evaluation for Human Health

The 90" percentile groundwater concentration for strontium-90 is greater than the federal MCL developed
for the protection of human health. As Table 6-45 shows, potential exposure to groundwater as a drinking
water source would result in a dose greater than 4 mrem per year from strontium-90. Of the 13 wells,
three monitoring wells (199-H4-11, 199-H4-13, and 199-H4-45) were reported with strontium-90
concentrations greater than the MCL of 8 pCi/L. Strontium-90 is identified as a COPC, indicating the
need to evaluate potential remedial technologies for strontium-90 in the FS. A detailed discussion of the
strontium-90 plume is provided in Section 4.5.

Table 6-45. Summary of 90t Percentile Current Groundwater
Concentrations and Associated Sum of Fractions for the 100-H Source Exposure Area

Final COPC Units 90™ Percentile Value Federal MCL Individual Fraction
Strontium-90 pCi/L 14 8 1.8
Sum of Fractions 1.8
Cumulative Annual Dose (mrem) 7.0

Note: MCL; derived single-nuclide MCL-equivalent activity concentration.

A federal and state MCL is not available for Cr(VI); therefore, the evaluation was not performed. Cr(VI)
is discussed in the evaluation for aquatic organisms(Section 6.3.6.2.2) and the risk evaluation.

The 90" percentile groundwater concentration for nitrate is less than the federal and state MCL developed
for the protection of human health. Nitrate has only been detected in Wells 199-H4-3, 199-H4-46, and
199-H6-1 at concentrations above the MCL, indicating its presence is localized downgradient of the
following sources: 105-H reactor or the 1607-H1 septic system (199-H4-46), the solar evaporation basin
(199-H4-3) and the 116-H-1 trench (199-H6-1). Although the 90" percentile groundwater concentration is
less than the federal MCL, nitrate is identified as a COPC and it warrants further evaluation in the FS.

A detailed discussion of the nitrate plume is provided in Section 4.5.2,

6.3.6.2.2 Protectiveness Evaluation for Aquatic Receptors

Federal and state water quality standards for the protection of freshwater organisms are not published for
strontium-90 or nitrate; therefore, an evaluation is not included. Strontium-90 is evaluated for human health
in Section 6.3.6.2.1. Nitrate is for human health in Section 6.3.6.2.1 and the risk evaluation is presented in
Section 6.3.6.2.3.

The 90™ percentile groundwater concentration for Cr(V1) is greater than the “Water Quality Standards for
Surface Waters of the State of Washington” (WAC 173-201A) freshwater AWQC value of 10 pg/L.

Of the 13 monitoring wells, 10 monitoring wells were reported with concentrations of Cr(V1) above the
“Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A) freshwater
AWQC value of 10 pg/L. Cr(VI) is identified as a COPC, indicating the need to evaluate potential
remedial technologies for Cr(V1) in the FS. Cr(VI) concentrations above the AWQC were also measured
in 15 additional wells, based on the results from the larger population of wells and longer sampling
timeframe. The following lists the approximate distance from the Columbia River for those wells
reporting concentrations greater than 10 pg/L.
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199-H1-7 (256 m [840 ft]) 199-H4-14 (332 m [1,089 ft]) 199-H4-6 (415 m [1,361 ft])
199-H3-2A (482 m [1,581 ft]) 199-H4-18 (150 m [492 ft]) 199-H4-65 (152 m [499 ft])
199-H3-2C (472 m [1,549 ft]) 199-H4-3 (162 m [531 ft]) 199-H4-84 (200 m [656 ft])
199-H3-3 (746 m [2,447 ft]) 199-H4-4 (62 m [203 ft]) 199-H4-9 (152 m [499 ft])
199-H3-4 (792 m [2,598 ft]) 199-H4-45 (205 m [673 ft]) 199-H5-1A (717 m [2,352 ft])
199-H3-5 (868 m [2,848 ft]) 199-H4-46 (422 m [1,384 ft]) 199-H6-1 (295 m [968 ft])
199-H4-10 (54 m [177 ft]) 199-H4-48 (413 m [1,355 ft]) 199-H6-2 (575 m [1,886 ft])
199-H4-11 (55 m [180 ft]) 199-H4-49 (566 m [1,857 ft])

199-H4-13 (55 m [180 ft]) 199-H4-5 (107 m [351 ft])

Although all monitoring wells within the plume area were compared to the AWQC concentration, these
concentrations would need to be measured as close as practicable to the groundwater/surface water
interface or biologically active zone. A discussion of the Cr(VI) plume is presented in Section 4.5.

6.3.6.2.3 Risk Evaluation
No carcinogenic COPCs were identified in the 100-H Source exposure area.
Table 6-46 shows the HI for the 100-H Source exposure area is 0.89, which is less than the EPA and 2007

MTCA (WAC 173-340) target HI of 1. The individual HQs for Cr(V1) and nitrate are less than one.
Cr(V1) and nitrate are not identified as COPCs based on the results of this evaluation.

Table 6-46. Summary of 90t Percentile Current Groundwater Concentrations
and Associated Cancer Risk and Noncancer Hazard Index for the 100-H Source Exposure Area

. 2007 MTCA, “Groundwater Cleanup Standards”
90 . (WAC 173-340-720) Cleanup Levels
Percentile
COPC Units Value Noncarcinogens | HQ | Carcinogens at 10° Risk Level ELCR
Cr(VI) pg/L 26 48 0.54 -
Nitrate ng/L 39,800 113,600 0.35 --
Hazard Index 0.89

Source: WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”

6.3.6.3 Horn Exposure Area

Groundwater in the Horn exposure area is evaluated as a potential drinking water source and nearshore
groundwater has the potential to discharge to the Columbia River. Table 6-47 provides a summary of the
COPCs, the 90" percentile groundwater concentration, federal and state MCLs, national recommended
water quality criteria (human health water + organism), and 2007 MTCA (“Groundwater Cleanup
Standards” [WAC 173-340-720]) for carcinogenic and noncarcinogenic effects. Table 6-48 provides

a summary of the COPCs, the 90™ percentile groundwater concentration, and federal and state water
quality standards. These standards (listed in Tables 6-47 and 6-48) represent the action levels that were
exceeded by at least one COPC.
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Table 6-47. Summary of Current Conditions 90t Percentile Groundwater Concentrations, and Federal and State
MCLs, and WAC 173-340-720 Groundwater Cleanup Levels for the Horn Exposure Area

2007 MTCA, “Groundwater Cleanup Standards”
Federal Human 2
oot P Health (WAC 173-340-720) Cleanup Levels
Percentile | State Water + Carcinogens at | Carcinogens at
COPCs Units | Value MCL | Organism | Noncarcinogens | 10°Risk Level | 10° Risk Level
Chromium ng/L 76 100 -- 24,000 --
Cr(VI) ng/L 71 - - 48 -

Source: WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”

Table 6-48. Summary of Current Conditions 90t Percentile Groundwater Concentrations, and
Federal and State Water Quality Standards for the Horn Exposure Area (Aquatic Action Levels)

WAC 173-2 | 40 CFR 131 Water Quality
AWQC 01A Standards
90t Freshwater | Freshwater | Freshwater | Freshwater Freshwater
Percentile CMC CCC CCC CMC CCC
COPCs Units Value (acute) (chronic) (chronic) (acute) (chronic)
Chromium ug/L 76 570 65 156 550 180
cr(vI) pg/L 71 16 11 10 15 10

Sources: 40 CFR 131, “Water Quality Standards.”
WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington.”

6.3.6.3.1 Protectiveness Evaluation for Human Health

The 90" percentile groundwater concentration for chromium is less than the federal and state MCL
developed for the protection of human health. Chromium is not identified as a COPC and a need for
further review in the FS is not established based on the results of this evaluation. A detailed discussion of
the chromium plume is provided in Section 4.5.

A federal MCL is not available for Cr(V1); therefore, the evaluation was not performed. Cr(1V) is
discussed in the evaluation for aquatic organisms presented in Section 6.3.6.3.1 and the risk evaluation
presented in Section 6.3.6.3.3.

6.3.6.3.2 Protectiveness Evaluation for Aquatic Receptors

The 90™ percentile groundwater concentration for Cr(V1) is greater than the “Water Quality Standards for
Surface Waters of the State of Washington” (WAC 173-201A) freshwater AWQC value of 10 pg/L.

Of the 19 monitoring wells, 16 monitoring wells were reported with concentrations of Cr(\V1) above the
“Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A) freshwater
AWQC value of 10 pg/L. Cr(IV) is identified as a COPC, indicating the need to evaluate potential
remedial technologies for Cr(V1) in the FS. Cr(V1) concentrations above the AWQC were also measured
in eight additional wells, based on the results from the larger population of wells and longer sampling
timeframe. The following lists the approximate distance from the Columbia River for those wells
reporting concentrations greater than 10 pg/L.

699-100-43B (22 m [72 f])

699-101-45 (232 m [761 ft])

699-95-51 (595 m [1,952 ft])

699-96-43 (1,171 m [3,842 ft])
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699-87-55 (1,384 m [4,541 ft]) 699-96-49 (891 m [2,923 ft]) 699-98-43 (461 m [1,512 ft])
699-93-48A (1,553 m [5,095 ft]) 699-96-52B (54 m [177 ft]) 699-98-46 (1,046 m [3,432 ft])
699-94-41 (1,170 m [3,839 ft]) 699-97-41 (522 m [1,713 ft]) 699-98-51 (230 m [754 ft])
699-94-43 (1,645 m [5,397 t]) 699-97-43 (796 m [2,611 ft]) 699-99-41 (51 m [167 ft])
699-95-45 (1,469 m [4,819 ft]) 699-97-43B (792 m [2,598 ft]) 699-99-42B (59 m [194 ft])
699-95-48 (1,430 m [4,692 ft]) 699-97-45 (1,228 m [4,029 ft]) 699-99-44 (488 m [1,601 ft])

Although all monitoring wells within the plume area were compared to the AWQC concentration, these
concentrations would need to be measured as close as practicable to the groundwater/surface water
interface or biologically active zone. Section 4.5.1 provides a detailed discussion of the distribution of
Cr(VI) in the 100-HR-3 Groundwater OU.

6.3.6.3.3 Risk Evaluation
No carcinogenic COPCs were identified in the Horn exposure area.

Table 6-49 shows the HI for the Horn exposure area is 1.7, which is greater than the EPA and 2007
MTCA (WAC 173-340) target HI of 1. The primary contributor to the noncancer Hl is Cr(VI) (HQ=1.5;
88 percent contribution). The individual HQ for chromium is less than 1. The primary noncancer health
effects associated with exposure to Cr(V1) is nasal septum atrophy. Cr(V1) is identified as a COPC based
on the results of this evaluation. Chromium is not identified as COPC based on the results of this
evaluation.

Table 6-49. Summary of 90t Percentile Current Groundwater Concentrations
and Associated Cancer Risk and Noncancer Hazard Index for the Horn Exposure Area

2007 MTCA, “Groundwater Cleanup Standards”

(WAC 173-340-720) Cleanup Levels
oot Carcinogens at
Percentile Non 10°®
COPC Units Value Carcinogens HQ Risk Level ELCR
Chromium pg/L 76 24,000 <0.01 --
Cr(V1) ng/L 71 48 1.5 -
Hazard Index 1.7

Source: WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”

6.3.7 Risk Characterization Results of the EPA Tap Water Scenario

This section summarizes the results for each of the exposure pathways associated with use of groundwater as a
drinking water (tap water source). As described in Regional Screening Levels (EPA, 2013a), the EPA Tap
Water scenario reflects a RME scenario. The EPA Tap Water scenario is consistent with a residential
exposure scenario because it incorporates default residential exposure assumptions. The results of the Tap
Water Risk Assessment for the 100-HR-3 Groundwater Operable Unit (ECF-100HR3-10-0478)
(Appendix G). Potentially complete exposure routes for the EPA Tap Water scenario include exposure of
adult and children residents to groundwater used as a drinking water source and include the following:
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e Ingestion of drinking water
¢ Inhalation of volatiles when showering and other domestic purposes

e Dermal contact with skin while showering and using groundwater for other domestic purposes
(such as washing dishes)

It should be noted that EPA considers external radiation to be a significant exposure route only for
radionuclides in soil (risk assessment guide [EPA/540/1-89/002]). External radiation from radionuclides
in water is considered insignificant because of its shielding effects. EPA does not publish radionuclide
cancer slope factors to quantify cancer risk from external or dermal exposure to radioactive analytes in
groundwater. Radionuclide cancer risk is, therefore, calculated in this evaluation only for ingestion and
inhalation exposure routes.

6.3.7.1  Use of Groundwater as a Potential Tap Water Source

In order to provide a comprehensive evaluation of current risks associated with the 100-HR-3
Groundwater OU, potential exposure to groundwater as a tap water source is evaluated under this
scenario. Potential routes of exposure to groundwater include ingestion, dermal contact, and inhalation of
volatiles during household activities. Results from this analysis are used to provide baseline conditions for
all analytes with available toxicity information. Table 6-50 provides a summary of the risk estimates by
exposure route for each exposure area evaluated. As discussed earlier in Section 6.3.2 and shown in
Figure 6-10, all analytes which have reported concentrations and have available toxicity values are
included in the calculation of cancer risks and noncancer hazards for the for the RI data set (see

Section 4.2 of ECF-100HR3-10-0478, Appendix G). Tables 6-51 and 6-52 show the details of
contribution to risk and hazard, respectively, by contaminant for the 100-D Source exposure area,

Tables 6-53 and 6-54 for the 100-H Source exposure area, and Tables 6-55 and 6-56 for the Horn
exposure area. The results in Tables 6-51 through 6-56 provide overall summaries of the EPA Tap Water
scenario analysis for all detected analytes identified in Section 6.3.2.4.

Table 6-50. Summary of Risk Estimates from Use of Groundwater
as a Potential Drinking Water Source Using EPA Tap Water Equations

100-H Source

100-D Source Exposure Area Exposure Area Horn Exposure Area
Exposure Route ELCR HI ELCR HI ELCR HI
Nonradionuclide Analytes
Ingestion 7.1%x10° 10 7.7%x10° 15 1.4 x 10" 2.0
Dermal 5.7 x 10°® 3.8 9.1x107 0.12 6.3x10° 0.30
Inhalation 8.7 x 107 <0.01 2.4 %107 <0.01 5.0x 107 <0.01
Total 7.7x10° 14 7.8x10° 1.6 1.4 x10* 2.3
Radionuclide Analytes
Ingestion 1.0 x 10 - 1.9x10% - 5.2 x10° -
Inhalation 1.3x10% - 5.7 x 107 - 6.4 x 107 -
Total 1.1x 10 - 2.0x10° - 5.9 x 10° -
Total ELCR* 8.8x10° - 9.8x10° - 15x10™ -

* Total cumulative ELCR represents the sum of the total nonradionuclide ELCR and the total radionuclide ELCR.
- = Indicates HI not applicable
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Nonradiological and Radiological Analytes in Groundwater

Table 6-51. 100-D Source Exposure Area - Summary of Tap Water Scenario Cancer Risk Results for

90" Percentile
Concentration in

Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile? (Ingestion) (Dermal) (Inhalation) Total Risk % Contribution
Acetone 0.0010 Yes -- -- -- -- -
Aluminum 0.024 - - - --(b) - -
Arsenic 0.0026 -- 5.72E-05 3.08E-07 --(b) 5.75E-05 65
Barium 0.10 - - - --(b) - -
Beryllium 0.00010 - - - --(b) - -
Boron 0.067 - - - --(b) - -
Bromodichloromethane 0.0010 Yes 9.22E-07 7.27E-08 1.84E-07 1.18E-06 1.33
Cadmium 0.00020 -- -- -- --(b) -- --
Carbon tetrachloride 0.0010 Yes 1.93E-06 4.99E-07 7.45E-08 2.51E-06 2.8
Chloroform 0.0051 Yes 2.35E-06 2.07E-07 5.82E-07 3.14E-06 3.6
Chromium 0.92 - - - --(b) - -
Cobalt 0.0013 - - - --(b) - -
Copper 0.00073 -- -- -- --(b) -- -
Fluoride 0.12 - - - --(b) - -
Cr(VI) 0.99 - - - --(b) - -
Iron 0.11 - - -- --(b) - -
Lithium 0.021 - - - --(b) - -
Manganese 0.0040 - - -- --(b) - -
Methylene chloride 0.0010 Yes 1.12E-07 4.04E-09 2.33E-09 1.18E-07 0.13
Molybdenum 0.0044 - - - --(b) - -
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Nonradiological and Radiological Analytes in Groundwater

Table 6-51. 100-D Source Exposure Area - Summary of Tap Water Scenario Cancer Risk Results for

90" Percentile
Concentration in

Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile? (Ingestion) (Dermal) (Inhalation) Total Risk % Contribution
Nickel 0.0095 - - - --(b) - -
Nitrate 70 - - -- --(b) -- --
Selenium 0.0044 - - -- --(b) -- --
Silver 0.00020 - - -- --(b) -- -
Strontium 0.63 - - -- --(b) -- --
Tetrachloroethene 0.0010 Yes 8.03E-06 4.62E-06 2.93E-08 1.27E-05 14.3
Tin 0.039 - - - --(b) - -
Uranium 0.0041 - - -- --(b) -- --
Vanadium 0.026 - - -- --(b) -- --
Zinc 0.034 - - -- --(b) -- --
Strontium-90 0.67 - 7.03E-07 - --(b) 7.03E-07 0.79
Technetium-99 16 - 8.32E-07 - --(b) 8.32E-07 0.94
Tritium 8,800 Yes 8.43E-06 - 1.29E-06 9.73E-06 11
Total Cumulative ELCR 8.05E-05 5.71E-06 2.17E-06 8.84E-05 100

a. Volatile contaminants as defined by EPA, 2013a, “Regional Screening Levels for Chemical Contaminants at Superfund Sites,” or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables: FY 1997 Update, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors.”

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicates toxicity criteria not available to quantify contaminant’s cancer risk via this exposure route.
Shading identifies analytes with a contribution greater than 1 percent to total cumulative risk.
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Table 6-52. 100-D Source Exposure Area - Summary of Tap Water Scenario Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90" Percentile

%

Concentration in HQ HQ
Analyte Name Groundwater C,, (mg/L) Volatile? (Ingestion) HQ (Dermal) (Inhalation) Total HQ Contribution

Acetone 0.0010 Yes <0.01 -- <0.01 <0.01 0.00022
Aluminum 0.024 -- <0.01 <0.01 --(b) <0.01 0.0047
Arsenic 0.0026 -- 0.23 <0.01 --(b) 0.24 1.7
Barium 0.10 - 0.014 <0.01 --(b) 0.015 0.10
Beryllium 0.00010 - <0.01 <0.01 --(b) <0.01 0.017
Boron 0.067 -- <0.01 <0.01 --(b) <0.01 0.065
Bromodichloromethane 0.0010 Yes <0.01 <0.01 - <0.01 0.010
Cadmium 0.00020 -- 0.011 <0.01 --(b) 0.012 0.085
Carbon tetrachloride 0.0010 Yes 0.039 0.011 <0.01 0.050 0.35
Chloroform 0.0051 Yes 0.014 <0.01 <0.01 0.016 0.11
Chromium 0.92 -- 0.017 <0.01 --(b) 0.024 0.17
Cobalt 0.0013 -- 0.12 <0.01 --(b) 0.12 0.85
Copper 0.00073 - <0.01 <0.01 --(b) <0.01 0.0035
Fluoride 0.12 -- 0.053 <0.01 --(b) 0.053 0.37
Cr(V1) 0.99 - 9.1 3.8 --(b) 13 90
Iron 0.11 - <0.01 <0.01 --(b) <0.01 0.029
Lithium 0.021 == 0.28 <0.01 --(b) 0.29 2.0
Manganese 0.0040 - <0.01 <0.01 --(b) <0.01 0.036
Methylene chloride 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.003
Molybdenum 0.0044 -- 0.024 <0.01 --(b) 0.024 0.17
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Table 6-52. 100-D Source Exposure Area - Summary of Tap Water Scenario Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90" Percentile

Concentration in HQ HQ %
Analyte Name Groundwater C,, (mg/L) Volatile? (Ingestion) HQ (Dermal) (Inhalation) Total HQ Contribution
Nickel 0.0095 -- 0.013 <0.01 --(b) 0.013 0.094
Nitrate 70 -- 0.27 <0.01 --(b) 0.27 1.9
Selenium 0.0044 -- 0.024 <0.01 --(b) 0.024 0.17
Silver 0.00020 -- <0.01 <0.01 --(b) <0.01 0.0083
Strontium 0.63 - 0.029 <0.01 --(b) 0.029 0.20
Tetrachloroethene 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.031
Tin 0.039 -- <0.01 <0.01 --(b) <0.01 0.013
Uranium 0.0041 -- 0.038 <0.01 --(b) 0.038 0.27
Vanadium 0.026 -- 0.14 <0.01 --(b) 0.15 1.0
Zinc 0.034 -- <0.01 <0.01 --(b) <0.01 0.022
Total HI 104 3.81 <0.01 142 100

a. Volatile contaminants as defined by EPA, 2013a, “Regional Screening Levels for Chemical Contaminants at Superfund Sites.”

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicates toxicity criteria not available to quantify contaminant's hazard via this exposure route.

Shading identifies analytes with a contribution of greater than 1 percent to HI.
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Table 6-53. 100-H Source Exposure Area - Summary of Tap Water Scenario Cancer Risk Results for
Nonradiological and Radiological Analytes in Groundwater

90" Percentile
Concentration in
Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile? (Ingestion) (Dermal) (Inhalation) Total Risk % Contribution
Aluminum 0.041 - - -- --(b) - -
Antimony 0.00061 - - -- --(b) -- --
Arsenic 0.0033 -- 7.41E-05 3.99E-07 --(b) 7.45E-05 76
Barium 0.067 - - - --(b) - -
Boron 0.037 - - - --(b) - -
Bromoform 0.0010 -- 1.17E-07 7.89E-09 --(b) 1.25E-07 0.13
Bromomethane 0.0010 Yes -- -- - - -
Carbon disulfide 0.0010 Yes - -- - - -
Carbon tetrachloride 0.0010 Yes 1.93E-06 4.99E-07 7.45E-08 2.51E-06 2.6
Chloroform 0.0014 Yes 6.45E-07 - 1.60E-07 8.05E-07 0.8
Chloromethane 0.0010 Yes - -- - - -
Chromium 0.031 - - -- --(b) - -
Cobalt 0.00043 - - - --(b) - -
Copper 0.0013 -- -- -- --(b) - -
Fluoride 0.11 - - - --(b) - -
Cr(VI) 0.026 -- - - -(b) - -
Iron 0.44 - - -- --(b) - -
Lithium 0.014 -- - - -(b) - -
Manganese 0.035 -- -- -- --(b) - --
Mercury 0.00010 - - -- --(b) - -
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Nonradiological and Radiological Analytes in Groundwater

Table 6-53. 100-H Source Exposure Area - Summary of Tap Water Scenario Cancer Risk Results for

90" Percentile
Concentration in

Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile? (Ingestion) (Dermal) (Inhalation) Total Risk % Contribution
Methylene chloride 0.0010 Yes 1.12E-07 4.04E-09 2.33E-09 1.18E-07 0.12
Molybdenum 0.0054 - - - --(b) - -
Nickel 0.0089 - - - —(b) - -
Nitrate 40 - - - --(b) - -
Nitrite 1.6 -- - -- --(b) - -
Selenium 0.0027 - - - --(b) - -
Strontium 0.39 - - - --(b) - -
Tin 0.039 - - - —(b) - -
Toluene 0.0010 Yes - -- - - -
Uranium 0.0061 - - -- --(b) - -
Vanadium 0.012 - - - --(b) - -
Zinc 0.016 -- - - --(b) - -
Strontium-90 14 -- 1.48E-05 -- --(b) 1.48E-05 15
Technetium-99 8.8 - 4.57E-07 -- --(b) 4.57E-07 0.47
Tritium 3,900 Yes 3.74E-06 -- 5.73E-07 4.31E-06 4.4
Total Cumulative ELCR 9.59E-05 9.10E-07 8.10E-07 9.76E-05 100

a. Volatile contaminants as defined by EPA, 2013a, “Regional Screening Levels for Chemical Contaminants at Superfund Sites,” or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables: FY 1997 Update, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors.”

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicates toxicity criteria not available to quantify contaminant’s cancer risk via this exposure route.

Shading identifies analytes with a contribution greater than 1 percent to total cumulative risk.

0 'A3d 'S6-0T0Z-T4/30d



G8T-9

Table 6-54. 100-H Source Exposure Area - Summary of Tap Water Scenario Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90" Percentile

Concentration in HQ HQ %
Analyte Name Groundwater C,, (mg/L) Volatile? (Ingestion) HQ (Dermal) (Inhalation) Total HQ Contribution
Aluminum 0.041 - <0.01 <0.01 --(b) <0.01 0.070
Antimony 0.00061 = 0.042 <0.01 --(b) 0.043 2.6
Arsenic 0.0033 = 0.30 <0.01 --(b) 0.31 19
Barium 0.067 -- <0.01 <0.01 --(b) <0.01 0.60
Boron 0.037 - <0.01 <0.01 --(b) <0.01 0.31
Bromoform 0.0010 -- <0.01 <0.01 --(b) <0.01 0.090
Bromomethane 0.0010 Yes 0.020 <0.01 <0.01 0.022 1.4
Carbon disulfide 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.021
Carbon tetrachloride 0.0010 Yes 0.039 0.011 <0.01 0.050 3.0
Chloroform 0.0014 Yes <0.01 <0.01 <0.01 <0.01 0.27
Chloromethane 0.0010 Yes - - <0.01 <0.01 0.008
Chromium 0.031 - <0.01 <0.01 --(b) <0.01 0.048
Cobalt 0.00043 == 0.039 <0.01 --(b) 0.039 24
Copper 0.0013 -- <0.01 <0.01 --(b) <0.01 0.053
Fluoride 0.11 = 0.048 <0.01 --(b) 0.049 3.0
Cr(V1) 0.026 - 0.23 0.097 --(b) 0.33 20
Iron 0.44 == 0.017 <0.01 --(b) 0.018 11
Lithium 0.014 == 0.20 <0.01 --(b) 0.20 12
Manganese 0.035 -~ 0.040 <0.01 --(b) 0.046 2.8
Mercury 1.00E-04 -- <0.01 <0.01 --(b) <0.01 0.60
Methylene chloride 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.030
Molybdenum 0.0054 -- 0.029 <0.01 --(b) 0.030 1.8
Nickel 0.0089 -- 0.012 <0.01 --(b) 0.013 0.77
Nitrate 40 -- 0.15 <0.01 --(b) 0.16 9.5
Nitrite 1.6 - 0.14 <0.01 --(b) 0.14 8.8
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Table 6-54. 100-H Source Exposure Area - Summary of Tap Water Scenario Noncancer Hazard Results for Nonradiological Analytes in Groundwater

Selenium 0.0027 -- 0.015 <0.01 --(b) 0.015 0.91
Strontium 0.39 == 0.018 <0.01 --(b) 0.018 1.1
Tin 0.039 -- <0.01 <0.01 --(b) <0.01 0.11
Toluene 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.028
Uranium 0.0061 = 0.055 <0.01 --(b) 0.056 34
Vanadium 0.012 = 0.067 <0.01 --(b) 0.067 4.1
Zinc 0.016 . <0.01 <0.01 --(b) <0.01 0.090
Total HI 151 0.12 <0.01 1.63 100
a. Volatile contaminants as defined by EPA, 2013a, “Regional Screening Levels for Chemical Contaminants at Superfund Sites.”
b. Nonvolatile constituents are not considered in the inhalation exposure route.
-- = Indicates toxicity criteria not available to quantify contaminant’s hazard via this exposure route.
Shading identifies analytes with a contribution of greater than 1 percent to HI.

Table 6-55. Horn Exposure Area - Summary of Tap Water Scenario Cancer Risk Results for

Nonradiological and Radiological Analytes in Groundwater

1,2-Dichloroethane 0.0010 Yes 1.35E-06 6.41E-08 1.29E-07 1.55E-06 1.0
2-Butanone 0.0010 Yes -- -- -- -- --
Acetone 0.0010 Yes -- -- -- -- --
Aluminum 0.054 - - - --(b) - -
Antimony 0.00074 - - -- --(b) -- --
Arsenic 0.0055 - 1.23E-04 6.61E-07 --(b) 1.23E-04 83
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Table 6-55. Horn Exposure Area - Summary of Tap Water Scenario Cancer Risk Results for
Nonradiological and Radiological Analytes in Groundwater

90" Percentile
Concentration in

Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile? (Ingestion) (Dermal) (Inhalation) Total Risk % Contribution
Barium 0.067 - - -- --(b) - -
Boron 0.024 - - - --(b) - -
Carbon tetrachloride 0.0013 Yes 2.51E-06 6.49E-07 9.68E-08 3.26E-06 2.2
Chloroform 0.0010 Yes 4.61E-07 4.05E-08 1.14E-07 6.16E-07 0.41
Chromium 0.076 - - - -(b) - -
Cobalt 0.00010 - - - --(b) - -
Copper 0.0014 -- -- -- --(b) - -
Fluoride 0.26 - - - --(b) - -
Cr(VI) 0.071 - - - --(b) - -
Iron 0.42 - - -- --(b) - -
Lithium 0.012 - - - --(b) - -
Manganese 0.011 - - -- --(b) - -
Methylene chloride 0.0010 Yes 1.12E-07 4.04E-09 2.33E-09 1.18E-07 0.079
Molybdenum 0.0085 - - - --(b) - -
Nickel 0.0049 - - - --(b) - -
Nitrate 30 - - - --(b) - -
Nitrite 0.12 - - - --(b) - -
Selenium 0.0032 - - - --(b) - -
Silver 0.00020 - - - --(b) - -
Strontium 0.36 - - - --(b) - -
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Table 6-55. Horn Exposure Area - Summary of Tap Water Scenario Cancer Risk Results for
Nonradiological and Radiological Analytes in Groundwater

90" Percentile
Concentration in

Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile? (Ingestion) (Dermal) (Inhalation) Total Risk % Contribution

Tetrachloroethene 0.0010 Yes 8.03E-06 4.62E-06 2.93E-08 1.27E-05 8.5
Tin 0.039 -- -- - --(b) - --
Toluene 0.0010 Yes -- -- -- - --
Trichloroethene 0.0010 Yes 1.32E-06 2.21E-07 1.24E-07 1.67E-06 1.1
Uranium 0.0042 -- -- - --(b) - --
Vanadium 0.022 - - - --(b) - -
Xylenes (total) 0.0010 Yes - -- - -- --
Zinc 0.012 - - - --(b) - -
Strontium-90 0.90 -- 9.51E-07 - --(b) 9.51E-07 0.64
Technetium-99 1.9 -- 9.88E-08 - --(b) 9.88E-08 0.066
Tritium 4,350 Yes 4.17E-06 -- 6.39E-07 4.81E-06 3.2
Total Cumulative ELCR 1.42E-04 6.26E-06 1.14E-06 1.49E-04 100

Note: Shading identifies analytes with a contribution greater than 1 percent to total cumulative risk.

a. Volatile contaminants as defined by EPA, 2013a, “Regional Screening Levels for Chemical Contaminants at Superfund Sites,” or as defined by EPA 540-R-97-036, Health
Effects Assessment Summary Tables: FY 1997 Update, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity — Slope Factors.”

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicates toxicity criteria not available to quantify contaminant’s cancer risk via this exposure route.
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Table 6-56. Horn Exposure Area - Summary of Tap Water Scenario Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90" Percentile

%

Concentration in HQ HQ
Analyte Name Groundwater C,, (mg/L) Volatile? (Ingestion) HQ (Dermal) (Inhalation) Total HQ Contribution

1,2-Dichloroethane 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.063
2-Butanone 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.0021
Acetone 0.0010 Yes <0.01 - <0.01 <0.01 0.0014
Aluminum 0.054 -- <0.01 <0.01 --(b) <0.01 0.066
Antimony 0.00074 -- 0.050 <0.01 --(b) 0.052 2.3
Arsenic 0.0055 -- 0.50 <0.01 --(b) 0.50 22
Barium 0.067 -- <0.01 <0.01 --(b) <0.01 0.43
Boron 0.024 -- <0.01 <0.01 --(b) <0.01 0.14
Carbon tetrachloride 0.0013 Yes 0.051 0.014 <0.01 0.065 2.8
Chloroform 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.14
Chromium 0.076 - <0.01 <0.01 --(b) <0.01 0.086
Cobalt 0.00010 -- <0.01 <0.01 --(b) <0.01 0.40
Copper 0.0014 - <0.01 <0.01 --(b) <0.01 0.042
Fluoride 0.26 -- 0.12 <0.01 --(b) 0.12 5.3
Cr(V1) 0.071 - 0.65 0.27 --(b) 0.92 40
Iron 0.42 -- 0.017 <0.01 --(b) 0.017 0.73
Lithium 0.012 == 0.17 <0.01 --(b) 0.17 7.4
Manganese 0.011 - 0.013 <0.01 --(b) 0.015 0.64
Methylene chloride 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.02
Molybdenum 0.0085 -- 0.046 <0.01 --(b) 0.047 2.0
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Table 6-56. Horn Exposure Area - Summary of Tap Water Scenario Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90" Percentile

Concentration in HQ HQ %
Analyte Name Groundwater C,, (mg/L) Volatile? (Ingestion) HQ (Dermal) (Inhalation) Total HQ Contribution

Nickel 0.0049 -- <0.01 <0.01 --(b) <0.01 0.30
Nitrate 30 -- 0.11 <0.01 --(b) 0.12 5.0
Nitrite 0.12 -- 0.011 <0.01 --(b) 0.011 0.48
Selenium 0.0032 - 0.018 <0.01 --(b) 0.018 0.78
Silver 0.00020 -- <0.01 <0.01 --(b) <0.01 0.052
Strontium 0.36 - 0.016 <0.01 --(b) 0.017 0.72
Tetrachloroethene 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.19
Tin 0.039 -- <0.01 <0.01 --(b) <0.01 0.078
Toluene 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.020
Trichloroethene 0.0010 Yes -- -- <0.01 <0.01 0.015
Uranium 0.0042 == 0.039 <0.01 --(b) 0.039 1.7
Vanadium 0.022 -- 0.12 <0.01 --(b) 0.12 5.4
Xylenes (total) 0.0010 Yes <0.01 <0.01 <0.01 <0.01 0.015
Zinc 0.012 -- <0.01 <0.01 --(b) <0.01 0.048
Total HI 1.98 0.30 <0.01 2.28 100

Note: Shading identifies analytes with a contribution of greater than 1 percent to HI.

a. Volatile contaminants as defined by EPA, 2013a, “Regional Screening Levels for Chemical Contaminants at Superfund Sites.”

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicates toxicity criteria not available to quantify contaminant’s hazard via this exposure route.

HI — hazard index
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100-D Source Exposure Area. The total ELCR is 1.1 x 10°° for nonradiological analytes and 1.2 x 10
for radiological analytes. The radiological ELCR and nonradiological ELCRs are within the EPA range of
1x10%to 1 x 10°.

As shown in Table 6-51, the major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tetrachloroethene (1.3 x 107°; 14 percent
contribution), tritium (9.7 x 10°; 11 percent contribution), chloroform (3.1 x 10°®; 3.6 percent
contribution), carbon tetrachloride (2.5 x 10°®; 2.8 percent contribution), and bromodichloromethane

(1.2 x 10°®%; 1.3 percent contribution). Contribution to ELCR is elevated for arsenic (5.8 x 107°; 65 percent
contribution) where measured concentrations are within natural background values.

As shown in Table 6-52, the HI is 14, which is greater than the EPA target HI of 1. The primary
contributor to the noncancer HI (those analytes that contribute greater than 1 percent of total HI) is Cr(VI)
(HQ of 13; 90 percent contribution). All remaining individual analytes (arsenic, lithium, nitrate, and
vanadium) that contribute greater than one percent of the HI also report a HQ less than 1.

100-H Source Exposure Area. The total ELCR is 7.8 x 10 for nonradiological analytes and 2.0 x 107
for radiological analytes. Both total ELCRs are within the EPA range of 1 x 10*to 1 x 10°®,

As shown in Table 6-53, the major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are strontium-90 (1.5 x 10°°; 15 percent
contribution), tritium (4.3 x 10°®; 4.4 percent contribution), and carbon tetrachloride (2.5 x 10°®;

2.6 percent contribution). Contribution to ELCR is elevated for arsenic (7.4 x 10°; 76 percent
contribution) where measured concentrations are within natural background values.

As shown in Table 6-54, the HI is 1.6, which is greater than the EPA target HI of 1.0. All individual
analytes (antimony, arsenic, bromomethane, carbon tetrachloride, cobalt, fluoride, Cr(V1), iron, lithium,
manganese, molybdenum, nitrate, nitrite, strontium, uranium, and vanadium) that contribute greater than
one percent of the HI also report a HQ less than 1.

Horn Exposure Area. The total ELCR is 1.4 x 10 for nonradiological analytes and 5.9 x 10°® for
radiological analytes. The nonradiological ELCR is greater than the EPA upper target risk threshold of
1 x 10" and the radiological ELCR is within the EPA range of 1 x 10 to 1 x 10°.

As shown in Table 6-55, the major contributors to the total cumulative ELCR (those analytes that
contribute greater than 1 percent of total cumulative ELCR) are tetrachloroethene (1.3 x 10”; 8.5 percent
contribution), tritium (4.8 x 10°®; 3.2 percent contribution), carbon tetrachloride (3.3 x 10°®; 2.2 percent
contribution), trichloroethene (1.7 x 10°®; 1.1 percent contribution), and 1,2-dichloroethane (1.6 x 10°;
1.0 percent contribution). Contribution to ELCR is elevated for arsenic (1.2 x 10™; 83 percent
contribution) where measured concentrations are within natural background values.

As shown in Table 6-56, the HI is 2.3, which is greater than the EPA target HI of 1.0. All individual
analytes (antimony, arsenic, carbon tetrachloride, fluoride, Cr(V1), iron, lithium, molybdenum, nitrate,
uranium, and vanadium) that contribute greater than one percent of the HI also report a HQ less than 1.

6.3.8 Uncertainties in Groundwater Risk Assessment

The purpose of this groundwater risk assessment is to determine whether a groundwater remedial action is
warranted under CERCLA. Estimating and evaluating health risk from exposure to environmental
contaminants is a complex process with inherent uncertainties. Uncertainty reflects limitations in
knowledge, and simplifying assumptions must be made to quantify health risks.
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In this assessment, uncertainties relate to the selection of COPCs and the development of media
concentrations to which receptors may be exposed, the assumptions about exposure and toxicity, and the
characterization of health risks. Uncertainties exist regarding the quantification of health risks in terms of
several assumptions about exposure and toxicity, including Hanford Site-specific and general uncertainties.

6.3.8.1 Uncertainties Associated with Sampling and Analysis Data

Sampling and analysis data used in this groundwater risk assessment were collected specifically to
address the uncertainties identified in the RCBRA (DOE/RL-2007-21) and the 100-D/H Work Plan
(DOE/RL-2008-46-ADD1). These uncertainties were generally associated with the chemical, spatial, and
temporal representativeness of the dataset used to evaluate current baseline conditions in the RCBRA.
Uncertainties with chemical representativeness were related to the analysis of varying analytical methods
between monitoring wells within the OU. Uncertainties with spatial and temporal representativeness were
associated with varying sampling frequencies between monitoring wells as a result of differing
monitoring programs.

Current baseline conditions are presented by groundwater data collected over an 8-month period between
October 7, 2009 and June 11, 2010. Three sampling events were used to capture the effects that temporal
fluctuations of river stage have on groundwater conditions. The COPCs identified during the work plan
phase were validated by using groundwater samples analyzed for the analytical methods documented in
the 100-D/H SAP (DOE/RL-2009-40). The groundwater dataset used for COPC identification consists of
sampling and analysis data collected from 52 monitoring wells within the 100-HR-3 Groundwater OU.
The monitoring well network represents locations where human or ecological receptors could potentially
encounter groundwater within the OU. The primary exposure pathway for humans is through groundwater
obtained from a residential or community water well, assuming development of the land for future human
habitation. The primary exposure pathways for aquatic organisms are direct discharge of groundwater to
the Columbia River or through seeps.

All samples were analyzed using methods that could accurately measure analytes to concentrations equal
to or less than the lowest action level. When analytical methods could not achieve the lowest action level,
the action level defaulted to the MDL that could reasonably be achieved. These detection limits are
documented in Table 2-19 of the 100-D/H SAP (DOE/RL-2009-40).

Technetium-99 was reported at a concentration of 2,100 pCi/L in sample number B257L.3 at Well
199-D5-18 (collected on May 12, 2010). This result is flagged with a “Y” review qualifier and a
subsequent review of the results indicates that samples were misidentified. The review indicates that an
aliquot (either B24949 or B24952) from well 299-E27-24 was inadvertently substituted for B257L.3
during sample preparation and analysis at the laboratory. Additionally, two previous sampling rounds
(March 30, 2010 and October 21, 2009) reported nondetected concentrations and gross beta
measurements at this well from all three results consistently report concentrations between 7.5 and

9.5 pCi/L. Technetium-99 results from 199-D5-18 reported in 1992 were also reported as nondetected
concentrations. The technetium-99 result for sample B257L.3 was not included in the data set used to
calculate exposure point concentrations.

6.3.8.2 Uncertainties Associated with Exposure Point Concentrations

The protectiveness and groundwater risk assessment methodology uses an RME concentration for each
CORPC for the entire OU rather than performing the evaluation on a specific well or location. In general,
EPA Superfund guidance recommends using a 95 percent UCL on the arithmetic mean for estimating
EPCs that reflect a RME. However, experience indicates that averages and UCLs cannot be reliably
calculated for Hanford Site groundwater datasets.
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Groundwater datasets at the Hanford Site are highly skewed, with a large proportion of BDL values. Data
Quality Assessment: Statistical Methods for Practitioners (EPA/240/B-06/003) provides guidance for
estimating parameters (whether means or upper percentiles) depending on the variability in the dataset, as
expressed as the CV and the proportion of observation that are BDL. For datasets with CVs greater than 1
and 50 percent or more observations that are BDL, Data Quality Assessment: Statistical Methods for
Practitioners (EPA/240/B-06/003) recommends using upper percentiles as opposed to means to develop
summary statistics.

EPA’s ProUCL software is used to estimate EPCs and statistics for comparison with standards and
background levels, in accordance with EPA Superfund risk assessment guidance. ProUCL contains
computational methods for parametric and nonparametric UCL, upper prediction limits (UPLs) and upper
tolerance limits for use with datasets without non-detects as well as datasets with BDL observations.
These computational methods can address skewed datasets with and without BDL observations. However,
in practice, ProUCL will provide warning flags for 95 percent UCLs from datasets that are both highly
skewed and that contain a large proportion (50 percent or greater) BDL observations.

Use of the 90th percentile value from a distribution of groundwater concentration data as an estimate of
the EPC is an alternative approach for estimating EPCs in cases where ProUCL does not provide reliable
UCL values. However, use of the 90th percentile exposure concentration to develop an EPC is consistent
with other EPA risk assessment guidance for describing and characterizing health risks. Guidance for
Risk Characterization (EPA, 1995) states that risk assessments should provide an evaluation of risks at
the high end of the distribution of exposure. Conceptually, the high end of the distribution means above
the 90th percentile of the population distribution, but not higher than the individual in the population with
the highest exposure (Guidelines for Exposure Assessment [EPA/600/Z-92/001]), which is comparable to
the definition of RME as defined in the risk assessment guide (EPA/540/1-89/002). Therefore, use of the
90th percentile as the basis for a groundwater EPC yields risk estimates that correspond to an RME.

To illustrate the problem with using the 95 percent UCL for the groundwater data sets described in this
report, Table 6-57 presents a few statistics for each contaminant, including the frequency of detection,
90th percentile, mean, and 95 percent UCL (or ProUCL value). The mean in Table 6-57 is calculated (by
the ProUCL software) using only the detected concentration values; nondetect results are not used. The
Kaplan-Meier mean is also provided in Table 6-57 which includes both detected concentration values and
nondetected results. For the 95 percent UCL recommended by ProUCL for censored datasets (i.e., some
concentrations were below the detection limit), the nondetect results were used (by the same software,
ProUCL) in the calculation of the 95 percent UCL using a Kaplan-Meier statistical method (a
nonparametric method) (these values are shown in Table 6-57). For highly skewed and/or highly censored
datasets (i.e., those when the frequency of detection is low), these differing statistical approaches with
respect to the dataset can lead to large differences between the two calculated values. This is especially
true when the frequency of nondetects exceeds 40 percent. For example, the calculated mean
concentration value for aluminum in the 100-D Source Exposure Area is 19 ug/L. This mean value is
based on only the 19 detected values. When ProUCL used its algorithms to calculate the 95 percent UCL,
the recommended calculated value was 13 pg/L, which is smaller than the mean value calculated by the
software. This is due to the consideration of the 41 nondetect values in calculating the 95 percent UCL,
for which the method detection limit is used as the observed concentration for these measurements. This
situation occurs for many of the contaminants in the 100-HR-3 Groundwater OU. A similar situation
exists for the other exposure areas in Table 6-57.
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Table 6-57. Percentile Concentrations and Summary Statistics for the 100-HR-3 Groundwater OU Dataset
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Recommended 1s 95% UCL or
Number of Number of Frequency of Coefficient of 90" Percentile Kaplan Meier Kaplan Meier 95% UCL or ProUCL Value >
COPC Units Detections Nondetects Nondetects Variation of RI Data Max Mean Mean ucCL ProUCL Value 90" Percentile? Action Level”
100-D Source Exposure Area
Acetone pg/L 1 59 98% N/A 1 0.82 0.82 Not Calculated Not Calculated Not Calculated N/A 7,200
Aluminum pg/L 19 41 68% 0.55 24 42 19 10 13 13 No 87
Arsenic pg/L 56 7% 0.29 2.6 2.9 1.8 1.7 19 1.9 No 0.058 (4.0)
Barium po/L 60 0% 0.28 100 133 73 Not Calculated Not Calculated 78 No 2,000
Beryllium pg/L 5 55 92% 0.46 0.1 0.31 0.17 0.11 0.17 0.17 Yes 4.0
Boron pg/L 19 28 60% 0.50 67 102 49 31 38 38 No 3,200
Bromodichloromethane pg/L 2 58 97% 0.011 1 0.68 0.68 0.67 0.68 0.68 No 0.71
(5.0)
Cadmium pg/L 2 58 97% 0.46 0.2 0.22 0.17 0.12 0.12 0.12 No 0.25
Carbon tetrachloride pg/L 2 58 97% 0.027 1 2.7 2.7 2.6 2.7 2.7 Yes 0.63
(1.0)
Chloride pg/L 60 0 0% 0.41 30,000 37,300 18,800 Not Calculated Not Calculated 20,473 No 230,000
Chloroform pg/L 50 10 17% 0.99 5.1 8.3 2.2 1.9 31 3.1 No 1.4
(5.0)
Chromium pg/L 60 0 0% 2.0 925 4,460 412 Not Calculated Not Calculated 905 No 65
Cobalt pg/L 23 37 62% 1.4 1.3 3 0.82 0.38 0.55 0.55 No 4.8
(4.0)
Copper pg/L 38 22 37% 0.78 0.73 2.3 0.48 0.35 0.47 0.47 No 9.0
Fluoride pg/L 13 47 78% 0.35 115 148 86 66 70 70 No 960
Gross alpha pCi/L 7 53 88% 0.38 3.5 6.8 4.3 2.4 4.1 4.1 Yes 15
Gross beta pCi/L 44 16 27% 0.65 14 35 8.9 7.5 8.8 8.8 No --
Cr(VI) po/L 60 0 0% 2.3 992 6,390 494 Not Calculated Not Calculated 1,534 Yes 10
Iron pg/L 39 21 35% 0.84 106 265 70 53 66 66 No 1,000
Lead pg/L 14 46 77% 0.30 0.35 0.52 0.34 0.23 0.26 0.26 No 21
Lithium pg/L 42 5 11% 1.4 21 133 15 14 26 26 Yes 32
Manganese pa/L 3 57 95% 1.2 4 47 19 6.2 47 47 Yes 384
Methylene chloride pa/L 54 90% 0.18 0.27 0.22 0.17 0.22 0.22 No 5.0
Molybdenum pg/L 43 4 9% 0.78 4.4 8.7 2.1 2.1 3.1 3.1 No 80
Nickel pg/L 13 47 78% 0.91 9.5 39 14 6.2 7.8 7.8 No 52
Nitrate po/L 60 0% 0.44 69,500 99,200 45,011 Not Calculated Not Calculated 49,284 No 45,000
Selenium pg/L 56 7% 0.49 4.4 6.5 2.8 2.6 3 3 No 5.0
Silver pg/L 4 56 93% 0.32 0.2 0.26 0.19 0.13 0.23 0.23 Yes 2.6
Strontium pg/L 60 0 0% 0.36 629 938 452 Not Calculated Not Calculated 488 No 9,600
Strontium-90 pCi/L 3 57 95% 0.27 0.67 3.7 2.8 2.3 3.7 3.7 Yes 8.0
Sulfate pg/L 60 0 0% 0.66 161,500 438,000 118,847 Not Calculated Not Calculated 162,675 Yes 250,000
Technetium-99 pCi/L 2 57 97% 0.20 16 16 14 12 13 13 No 900
Tetrachloroethene po/L 1 59 98% N/A 1 0.14 0.14 Not Calculated Not Calculated Not Calculated N/A 5.0
(5.0)
Thallium pg/L 4 56 93% 1.1 0.1 1 0.38 0.14 0.17 0.17 Yes 0.5
(2.0)
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Table 6-57. Percentile Concentrations and Summary Statistics for the 100-HR-3 Groundwater OU Dataset

Recommended 1s 95% UCL or
Number of Number of Frequency of Coefficient of 90" Percentile Kaplan Meier Kaplan Meier 95% UCL or ProUCL Value >
COPC Units Detections Nondetects Nondetects Variation of RI Data Max Mean Mean ucL ProUCL Value 90™ Percentile? Action Level”
Tin pg/L 9 38 81% 29 39 43 5 1.0 11 11 No 9,600
Tritium pCi/L 48 12 20% 0.91 8,800 12,000 3,808 3,082 5,854 5,854 No 20,000
Uranium po/L 60 0 0% 0.38 41 4.8 2.8 Not Calculated Not Calculated 3 No 30
Vanadium pg/L 30 30 50% 0.30 26 33 20 16 17 17 No 80
Zinc pg/L 18 42 70% 15 34 260 57 22 37 37 Yes 91
100-H Source Exposure Area
Aluminum pg/L 13 26 67% 1.2 41 188 49 21 35 35 No 87
Antimony pg/L 4 35 90% 0.28 0.61 1 0.72 0.62 0.65 0.65 Yes 6.0
Arsenic pg/L 39 0% 0.26 3.3 3.7 2.3 Not Calculated Not Calculated 2.5 No 0.058 (4.0)
Barium pg/L 39 0% 0.29 67 72 45 Not Calculated Not Calculated 48 No 2,000
Boron pg/L 17 15 47% 0.33 37 56 29 24 27 27 No 3,200
Bromoform po/L 1 38 97% N/A 1 0.58 0.58 Not Calculated Not Calculated Not Calculated N/A 55
Bromomethane po/L 1 38 97% N/A 1 0.97 0.97 Not Calculated Not Calculated Not Calculated N/A 11
Carbon disulfide po/L 1 38 97% N/A 1 0.076 0.076 Not Calculated Not Calculated Not Calculated N/A 800
Carbon tetrachloride pg/L 2 37 95% 1.3 1 2 1 0.14 0.82 0.82 No 0.63
(1.0)
Chloride pg/L 39 0% 0.24 37,600 44,900 27,013 Not Calculated Not Calculated 28,774 No 230,000
Chloroform pg/L 31 21% 0.27 1.4 1.7 1 0.99 11 11 No 1.4
(5.0)
Chloromethane pg/L 1 38 97% N/A 1 0.1 0.1 Not Calculated Not Calculated Not Calculated N/A -
Chromium pg/L 39 0 0% 0.44 31 34 17 Not Calculated Not Calculated 19 No 65
Cobalt pg/L 16 23 59% 0.81 0.43 0.9 0.29 0.15 0.2 0.2 No 4.8
(4.0)
Copper pg/L 21 18 46% 0.79 1.3 2.8 0.8 0.50 0.65 0.65 No 9.0
Fluoride pg/L 8 31 79% 0.23 106 114 91 67 89 89 No 960
Gross alpha pCi/L 10 29 74% 0.41 4 7.9 4 2.8 3.3 3.3 No 15
Gross beta pCi/L 34 13% 0.76 30 58 19 17 27 27 No 4.0
Cr(V1) pg/L 34 13% 0.62 26 29 13 11 14 14 No 10
Iron pg/L 29 10 26% 35 444 7,840 414 313 1,575 1,575 Yes 1,000
Lead pg/L 5 34 87% 0.58 0.23 0.71 0.37 0.24 0.29 0.29 Yes 21
Lithium pg/L 27 5 16% 0.54 14 23 8.6 7.9 11 11 No 32
Manganese pa/L 8 31 79% 0.81 35 120 47 19 25 25 No 384
Mercury po/L 1 38 97% N/A 0.1 0.11 0.11 Not Calculated Not Calculated Not Calculated N/A (2.01)2
0.5
Methylene chloride pg/L 5 34 87% 2.0 1 11 2.4 0.42 2.3 2.3 Yes 5.0
Molybdenum pg/L 29 3 9% 11 5.4 7.8 1.9 1.8 3.3 3.3 No 80
Nickel pg/L 12 27 69% 0.58 8.9 18 8.3 4.2 6.3 6.3 No 52
Nitrate po/L 38 0 0% 0.20 39,800 46,900 30,037 Not Calculated Not Calculated 31,686 No 45,000
Nitrite pg/L 8 31 79% 0.22 1,560 2,270 1,609 1,236 1,485 1,485 No 3,300
Selenium pg/L 38 3% 0.37 2.7 3.2 1.7 1.7 1.8 1.8 No 5.0
Strontium po/L 39 0 0% 0.18 391 477 321 Not Calculated Not Calculated 337 No 9,600
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Recommended 1s 95% UCL or
Number of Number of Frequency of Coefficient of 90" Percentile Kaplan Meier Kaplan Meier 95% UCL or ProUCL Value >
COPC Units Detections Nondetects Nondetects Variation of RI Data Max Mean Mean ucL ProUCL Value 90™ Percentile? Action Level”
Strontium-90 pCi/L 12 27 69% 0.77 14 27 11 5.6 7.2 7.2 No 8.0
Sulfate pg/L 39 0 0% 0.19 79,700 88,700 62,613 Not Calculated Not Calculated 65,752 No 250,000
Technetium-99 pCi/L 5 34 87% 0.82 8.8 35 14 8.7 16 16 Yes 900
Thallium pg/L 2 37 95% 0.64 0.1 0.28 0.19 0.11 0.28 0.28 Yes 0.50
(2.0)
Tin pg/L 1 31 97% N/A 39 0.11 0.11 Not Calculated Not Calculated Not Calculated N/A 9,600
Toluene pg/L 1 38 97% N/A 1 0.062 0.062 Not Calculated Not Calculated Not Calculated N/A 640
Tritium pCi/L 39 0% 0.29 3,900 4,400 2,636 Not Calculated Not Calculated 2,843 No 20,000
Uranium pg/L 39 0% 1.0 6.1 13 2.6 Not Calculated Not Calculated 34 No 30
Vanadium pg/L 6 33 85% 0.52 12 23 12 7.0 13 13 Yes 80
Zinc pg/L 9 30 77% 0.67 16 30 14 5.4 9.3 9.3 No 91
Horn Exposure Area
1,2-Dichloroethane po/L 1 56 98% N/A 1 0.67 0.67 Not Calculated Not Calculated Not Calculated N/A 0.48
2-Butanone pa/L 1 56 98% N/A 1 10 10 Not Calculated Not Calculated Not Calculated N/A 4,800
Acetone pg/L 1 56 98% N/A 1 6.9 6.9 Not Calculated Not Calculated Not Calculated N/A 7,200
Aluminum pg/L 33 24 42% 1.0 54 150 34 22 30 30 No 8
Antimony pg/L 9 48 84% 0.13 0.74 0.95 0.77 0.67 0.75 0.73 No 6.0
Arsenic pg/L 52 9% 0.51 55 7.5 3.2 29 3.4 3.4 No 0.058 (4.0)
Barium pg/L 57 0 0% 0.27 67 80 48 Not Calculated Not Calculated 51 No 2,000
Boron pg/L 8 35 81% 0.43 24 35 23 12 21 21 No 3,200
Carbon tetrachloride po/L 10 47 82% 0.35 1.3 1.7 1.2 0.34 11 11 No 0.63
(1.0)
Chloride pa/L 57 0 0% 0.30 23,600 26,600 15,768 Not Calculated Not Calculated 16,798 No 230,000
Chloroform pg/L 32 25 44% 0.53 1 1 0.44 0.39 0.45 0.45 No 1.4
(5.0)
Chromium pa/L 57 0 0% 0.65 76 88 37 Not Calculated Not Calculated 43 No 65
Cobalt pg/L 5 52 91% 0.41 0.1 0.21 0.15 0.080 0.14 0.14 Yes 4.8
(4.0)
Copper pg/L 45 12 21% 0.84 14 2.8 0.68 0.56 0.7 0.7 No 9.0
Fluoride pg/L 42 15 26% 0.45 263 343 167 140 159 159 No 960
Gross alpha pCi/L 17 40 70% 0.31 35 5.6 34 24 35 35 No 15
Gross beta pCi/L 38 19 33% 0.46 12 21 8 6.5 7.3 7.3 No 4.0
Cr(V1) pg/L 50 7 12% 0.64 71 90 40 35 51 51 No 10
Iron pg/L 42 15 26% 2.1 422 2,490 271 204 498 498 Yes 1,000
Lead pg/L 4 53 93% 0.56 0.2 0.66 0.38 0.22 0.43 0.43 Yes 2.1
Lithium pg/L 33 10 23% 0.38 12 16 8.1 6.8 8 8 No 32
Manganese pg/L 13 44 T7% 14 11 122 33 8.1 24 24 Yes 384
Methylene chloride po/L 7 50 88% 0.65 1 0.62 0.33 0.16 0.25 0.25 No 5.0
Molybdenum po/L 43 0 0% 0.57 8.5 12 4.7 Not Calculated Not Calculated 54 No 80
Nickel pg/L 8 49 86% 0.31 4.9 7.9 55 3.1 5.1 5.1 Yes 52
Nitrate po/L 57 0 0% 0.33 29,550 33,900 20,073 Not Calculated Not Calculated 21,558 No 45,000
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Table 6-57. Percentile Concentrations and Summary Statistics for the 100-HR-3 Groundwater OU Dataset

Recommended 1s 95% UCL or
Number of Number of Frequency of Coefficient of 90" Percentile Kaplan Meier Kaplan Meier 95% UCL or ProUCL Value >
COPC Units Detections Nondetects Nondetects Variation of RI Data Max Mean Mean ucL ProUCL Value 90™ Percentile? Action Level”

Nitrite pg/L 2 55 96% 0.13 118 1,380 1,265 1,154 1,380 1,380 Yes 3,300
Selenium pg/L 56 1 2% 0.50 3.2 7.1 2 2.1 2.3 2.3 No 5.0
Silver pg/L 2 55 96% 0.79 0.2 1 0.64 0.29 1 1 Yes 2.6
Strontium po/L 57 0 0% 0.21 360 409 280 Not Calculated Not Calculated 293 No 9,600
Strontium-90 pCi/L 4 53 93% 0.32 0.9 4.2 2.9 2.2 2.7 2.7 Yes 8.0
Sulfate pg/L 57 0 0% 0.20 78,350 97,300 62,219 Not Calculated Not Calculated 65,061 No 250,000
Technetium-99 pCi/L 1 56 98% N/A 1.9 12 12 Not Calculated Not Calculated Not Calculated N/A 900
Tetrachloroethene pg/L 7 50 88% 0.71 1 0.43 0.2 0.12 0.14 0.14 No 5.0

(5.0)
Tin pg/L 1 42 98% N/A 39 1.3 1.3 Not Calculated Not Calculated Not Calculated N/A 9,600
Toluene pg/L 55 96% 0.34 1 0.18 0.15 0.11 0.18 0.18 No 640
Trichloroethene pg/L 3 54 95% 0.13 1 0.33 0.31 0.26 0.27 0.27 No 0.95

(1.0)
Tritium pCi/L 55 4% 0.52 4,350 4,700 2,569 2,485 3,286 3,286 No 20,000
Uranium pg/L 57 0 0% 0.43 4.2 5 2.6 Not Calculated Not Calculated 2.8 No 30
Vanadium pg/L 30 27 47% 0.28 22 29 17 15 16 16 No 80
Xylenes (total) pg/L 2 55 96% 0.031 1 0.46 0.45 0.44 0.44 0.44 No 1,600
Zinc po/L 9 48 84% 0.82 12 46 17 35 10 10 No 91

* Value in parentheses () represents the estimated quantitation limit reported in Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units Remedial Investigation/Feasibility Study (DOE/RL-2009-40).

6-198




DOE/RL-2010-95, REV. 0

Other situations exist for which the recommended 95 percent UCL value is either not calculated

(because the frequency of detection is too small) or where the UCL value is higher than the mean but only
nominally higher and within less than a single significant digit. For example, the chloroform EPC
calculation in the Horn Exposure Area has a 95 percent UCL of 0.45 against a mean value of 0.44.

This discussion only highlights the limits of the 95 percent UCL calculations and the need to use
judgment in the establishment of the final EPCs. One advantage of using the 90th percentile is that fewer
assumptions are used in the calculation and it can be consistently used for data sets regardless of
skewness, frequency of detection issues, multiple detection limits, and other similar factors that can
influence the 95 percent UCL calculation. Finally, future monitoring efforts should facilitate the calculation
of the 95 percent UCL value to allow future compliance monitoring to provide the requisite data.

A comparison of the 90th percentile values used for the protectiveness and groundwater risk assessments,
the recommended 95 percent UCLs (or ProUCL value), and the Kaplan-Meier UCL are presented in
Table 6-57. Table 6-57 also shows the frequency of detection and CVs for the COPCs in groundwater. It
should be noted that in most cases, the recommended 95 percent UCL is the same as the Kaplan-Meier
UCL. As shown in Table 6-57, the datasets for most of the COPCs are characterized by a high proportion
of BDL values, high CVs, or both; for those COPCs, the 90th percentile is the most appropriate statistic
for an EPC. In addition, the 90th percentile concentrations are greater than the 95 percent UCL values (or
ProUCL value) for COPCs that are risk drivers in groundwater, such as Cr(\V1), nitrate, and strontium-90
in the 100-D and 100-H Areas.

6.3.8.2.1 100-D Source Exposure Area

The 90™ percentile concentrations of Rl data are greater than the 95 percent UCL (or ProUCL value) for
26 of 35 analytes reported on Table 6-57. The 95 percent UCL (or ProUCL value) is greater than the

90™ percentile concentration for beryllium, carbon tetrachloride, gross alpha, Cr(V1), lithium, manganese,
silver, strontium-90, sulfate, thallium, and zinc. Although the 90™ percentile concentrations are less than
the 95 percent UCL (or ProUCL value) concentration for beryllium, gross alpha, lithium, manganese,
silver, strontium-90, sulfate, thallium, and zinc, both concentrations were less than the action level or EQL
(as applicable) and use of the 95 percent UCL (or ProUCL value) would not result in a different conclusion.
Although the 90" percentile concentrations are less than the 95 percent UCL (or ProUCL value)
concentration for carbon tetrachloride and Cr(V1), both concentrations were greater than the action level or
EQL (as applicable) and use of the 95 percent UCL (or ProUCL value) would not result in a different
conclusion.

A 95 percent UCL was not calculated for acetone and tetrachloroethene because only one detection was
reported for each of these analytes. Therefore, a comparison could not be made.

6.3.8.2.2 100-H- Source Exposure Area

The 90" percentile concentrations of RI data are greater than the 95 percent UCL (or ProUCL value) for
seven of 41 analytes reported on Table 6-57. The 95 percent UCL (or ProUCL value) is greater than the
90™ percentile concentration for antimony, iron, lead, methylene chloride, technetium-99, thallium and
vanadium. Although the 90" percentile concentration is less than the 95 percent UCL (or ProUCL value)
concentration for iron, both concentrations were greater than the action level and use of the 95 percent
UCL (or ProUCL value) would not result in a different conclusion. The 95 percent UCL (or ProUCL
value) is greater than the 90" percentile concentration for iron. Although the 90" percentile
concentrations are less than the 95 percent UCL (or ProUCL value) concentration for antimony, lead,
methylene chloride, technetium-99, thallium, and vanadium, both concentrations were less than the action
level or EQL (as applicable) and use of the 95 percent UCL (or ProUCL value) would not result in a
different conclusion.
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A 95 percent UCL was not calculated for bromoform, bromomethane, carbon disulfide, chloromethane,
mercury, tin, and toluene, because only one detection was reported for each of these analytes. Therefore, a
comparison could not be made.

6.3.8.2.3 Horn Exposure Area

The 90" percentile concentrations of RI data are greater than the 95 percent UCL (or ProUCL value) for
eight of 42 analytes reported on Table 6-57. The 95 percent UCL (or ProUCL value) is greater than the
90" percentile concentration for cobalt, iron, lead, manganese, nickel, nitrite, silver, and strontium-90.
Although the 90™ percentile concentration is less than the 95 percent UCL (or ProUCL value)
concentration for iron, both concentrations were greater than the action level and use of the 95 percent
UCL (or ProUCL value) would not result in a different conclusion. The 95 percent UCL (or ProUCL
value) is greater than the 90" percentile concentration for iron. Although the 90™ percentile
concentrations are less than the 95 percent UCL (or ProUCL value) concentration for cobalt, iron, lead,
manganese, nickel, nitrite, silver, and strontium-90, both concentrations were less than the action level or
EQL (as applicable) and use of the 95 percent UCL (or ProUCL value) would not result in a different
conclusion.

A 95 percent UCL was not calculated for 1,2-dichloroetane, 2-butanone, acetone, technetium-99, and tin,
because only one detection was reported for each of these analytes. Therefore, a comparison could not
be made.

For the 100-D Source exposure area, the 90" percentile concentrations for chloroform, chromium, and
nitrate are greater than the 95 percent UCL (or ProUCL value) values. For Cr(V1), the 95 percent UCL of
1,534 pg/L is greater than the 90" percentile value of 992 pg/L. Both Cr(VI) concentrations are similar,
indicating that Cr(V1) is distributed throughout the 100-D Source exposure area and both are greater than
the freshwater CCC value of 10 pg/L.

For the 100-H Source exposure area, the 90" percentile value for Cr(V1), nitrate, and strontium-90 are
greater than the 95 percent UCL (or ProUCL value). For Cr(VI), both the 95 percent UCL (or ProUCL
value) value of 14 pg/L and the 90" percentile value of 34 ug/L are greater than the freshwater CCC value
of 10 pg/L. For strontium-90, the 90" percentile value of 14 pCi/L is greater than the MCL value of 8
pCi/L, whereas the 95 percent UCL (or ProUCL value) value of 7.2 is not greater than the MCL. For
nitrate, both the 90™ percentile value of 39,800 pg/L and the 95 percent UCL (or ProUCL value) value of
31,868 pg/L are less than the MCL value of 45,000 ng/L.

For the Horn exposure area, the 90" percentile values for carbon tetrachloride, chromium, and Cr(V1) are
greater than the 95 percent UCL (or ProUCL value). For carbon tetrachloride, the 95 percent UCL (or
ProUCL value) value of 1.1 pug/L and the 90™ percentile value of 1.3 ug/L are greater than the 2007
MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) groundwater cleanup level of

0.23 pg/L. For chromium, the 90" percentile value of 76 pg/L is greater than the freshwater CCC value of
65 pg/L, whereas the 95 percent UCL (or ProUCL value) value of 54 p/L is not greater than the criterion.
For Cr(V1), the 95 percent UCL value (or ProUCL value) of 51 ug/L and the 90™ percentile value of

71 pg/L are greater than the freshwater CCC value of 10 pg/L.

6.3.8.3 Uncertainties Associated with Exposure Assessment

The exposure assumptions used to develop the action levels represent an RME. For estimating the RME,
95 percent UCL values (or upper-bound estimates of national averages) are generally used for exposure
assumptions, and exposed populations and exposure scenarios are also selected to represent upper-bound
exposures. The intent of the RME, as discussed by the EPA Deputy Administrator and the Risk
Assessment Council (“Guidance on Risk Characterization for Risk Managers and Risk Assessors”
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[Habicht, 1992]), is to present risks as a range from central tendency to high-end risk (above the

90™ percentile of the population distribution). This descriptor is intended to estimate the risks that are
expected to occur in small but definable “high-end” segments of the subject population (“Guidance on
Risk Characterization for Risk Managers and Risk Assessors” [Habicht, 1992]). EPA distinguishes
between those scenarios that are possible but highly improbable and those that are conservative but more
likely to occur within a population, with the latter being favored in risk assessment. In general, these
assumptions are intended to be conservative and yield an overestimate of the true risk or hazard.

6.3.8.3.1 Uncertainties Associated with Inhalation of Aersols Containing Hexavalent Chromium

A study by Finley et al (1996) determined that cancer risk from exposure during showering with Cr (V1)
aerosols from tapwater ranged from 9.0E-07 to 5.5E-06 from water containing 2 to 10 Cr(VI) mg/L.
Average air-borne concentrations of Cr(V1) at breathing-zone height ranged from 0.087 pug/m3 to

0.324 pg/m3 which was measured over 24 hours of use. The air concentrations of 0.087 pg/m3 to 0.324
ng/m3 were directly correlated to water concentrations of 0.89 mg/L to 11.5 mg/L. This study concluded
that exposure to indoor aerosols containing up to 10 mg/L is unlikely to create a health hazard. Finley et
al (1996) also determined that ambient (outdoor) concentrations of Cr(\V1) were about the same as those
calculated from indoor shower aerosols (suggesting no difference between indoor and ambient air
concentrations). Cr(V1) is identified as a COPC for the 100-HR-3 groundwater OU and warrants
evaluation of remedial alternatives in the feasibility study. Cr(VI) is identified as a COPC because
groundwater concentrations are greater than WAC 173-340-720 groundwater cleanup level of 48 pg/L
and the ambient water quality criteria of 10 pg/L. Although there may be some potential for health
hazards from exposure to Cr(VI) during showering at concentrations at 2 mg/L, this concentration would
result in risk approximately equal to 1 x 10°® and is considerably greater than the levels identified for
protection of human health and aquatic receptors.

6.3.8.3.2 Uncertainties Associated with Dermal Contact Exposure

The action levels for use as a drinking water source consider ingestion and inhalation of vapors as
complete and significant pathways for exposure. For the action levels, the dermal contact pathway is
considered a complete but insignificant pathway of exposure for the contaminants detected in
groundwater. The exclusion of the dermal contact exposure route from the action levels may have the
potential to underestimate the actual cleanup level.

EPA considers the dermal contact route to be significant if it contributes at least 10 percent of the
exposure derived from the oral pathway. These results are based on comparing two main household daily
uses of water: as a source for drinking, and for showering or bathing (Risk Assessment Guidance for
Superfund Volume I: Human Health Evaluation Manual [Part E, Supplemental Guidance for Dermal
Risk Assessment]: Final [EPA/540/R/99/005]). Exhibits B-3 and B-4 of Risk Assessment Guidance for
Superfund Volume I: Human Health Evaluation Manual [Part E, Supplemental Guidance for Dermal
Risk Assessment]: Final [EPA/540/R/99/005]) provide a screening tool to focus the dermal risk assessment
on those chemicals that are more likely to make a contribution to the overall risk. Exhibit B-3 indicates that
dermal exposure exceeds 10 percent of drinking water for carbon tetrachloride, chromium, and Cr(\V1).

The ratio of the dermal absorbed dose from dermal to oral is 40 percent for chromium, 42 percent for
Cr(V1), and 17 percent for carbon tetrachloride. Based on this comparison, the action level concentrations
may have the potential to underestimate exposure to these COPCs.
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6.3.8.3.3 Uncertainties Associated with Action Levels that include the Fish Consumption
Exposure Pathway

Water quality standards used as action levels to identify COPCs have been developed to include exposure
to groundwater contaminants through direct contact (groundwater ingestion and fish consumption). These
specific action levels are:

o “Water Quality Standards” (40 CFR 131) for states not complying with Section 303 of the Clean
Water Act of 1977, Human Health Water + organism

o National Recommended Water Quality Criteria, Ambient Water Quality Criteria (AWQC) established
under Section 304 of the Clean Water Act of 1977, Human Health Water + organism

These water quality standards were used to identify COPCs in groundwater based on the potential for
impacts to surface water. While groundwater adjacent to the Columbia River can discharge to the river
through the hyporheic zone, contaminants potentially in groundwater undergo dilution in the river flows
to concentrations indistinguishable from levels upstream. Correspondingly, this limits potential
accumulation of groundwater contaminants into fish to levels indistinguishable from levels upstream.
Based on these factors, potential exposure pathways from groundwater through fish consumption along
the Hanford Site are considered incomplete.

6.3.8.3.4 Uncertainties Associated with Toxicity Assessment

The toxicological database was also a source of uncertainty. EPA has outlined some of the sources of
uncertainty as defined in the risk assessment guide (EPA/540/1-89/002) and in Superfund HHT Risk
Assessment Values (Cook, 2003). These sources may include or result from the extrapolation from high
to low doses and from animals to humans. This is contingent on the species, gender, age, and strain
differences in the uptake, metabolism, organ distribution, and target site susceptibility of a toxin.

The human population’s variability with respect to diet, environment, activity patterns, and cultural
factors are also sources of uncertainty.

Traditionally, EPA has developed toxicity criteria for carcinogens by assuming that all carcinogens are
nonthreshold contaminants. However, EPA has recently published revised cancer guidelines (Guidelines
for Carcinogen Risk Assessment | [EPA/630/P-03/001F]) in which they have modified their former
position of assuming nonthreshold action for all carcinogens. This new guidance emphasizes establishing
the specific toxicokinetic mode of action that leads to development of cancer. In the future, toxicity
criteria for carcinogens in the United States will be developed assuming no threshold for contaminants
that exhibit genotoxic modes of action, or where the mode of action is not known. However, currently
available EPA toxicity criteria for carcinogens were all derived assuming a nonthreshold model.

In most of the world, nonthreshold toxicity criteria are developed only for those carcinogens that appear
to cause cancer through a genotoxic mechanism (International Toxicity Estimates for Risk database
[TERA, 2011). Specifically, for genotoxic contaminants, the cancer dose response model is based on high
to low dose extrapolation and assumes there is no lower threshold for the initiation of toxic effects.
Cancer effects observed at high doses are found in laboratory animals or are extrapolated from
occupational or epidemiological studies. Cancer effects observed at low doses are commonly found in
environmental exposures. These models are essentially linear at low doses, so no dose is without some
risk of cancer.

6.3.8.3.5 Slope Factors for Cr(Vl)

The oral RfD of 0.003 mg/kg-day published by IRIS is used to develop the 2007 MTCA (“Groundwater
Cleanup Standards” [WAC 173-340-720]) level for Cr(VI). An oral carcinogenic potency factor has
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recently been published (Derivation of an Ingestion-Based Soil Remediation Criterion for Cr*® Based on
the NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate [NJDEP, 2009]). The oral
carcinogenic potency factor derived is 0.5 (mg/kg-day)™, as presented in Derivation of an
Ingestion-Based Soil Remediation Criterion for Cr*® Based on the NTP Chronic Bioassay Data for
Sodium Dichromate Dihydrate (NJDEP, 2009). If the NJDEP value were used to calculate the 2007
MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level, the groundwater concentration
would decrease from 48 to 0.18 pg/L.

6.3.8.4 Uncertainties Associated with Risk Characterization

As discussed in Section 6.3.4, MCLs for radionuclides are set at 4 mrem/yr for the sum of the doses from
beta particle and photon emitters, 15 pCi/L for gross alpha emitter activity (including Ra-226, but
excluding uranium and radon), and 5 pCi/L combined for Ra-226 and Ra-228. A mass concentration
MCL has been established for uranium as 30 pg/L. At this time, no additional federal or state standards
are associated with evaluating the effects of exposure to radionuclides. Risks were estimated for
radioisotopes identified as COPCs using inputs and equation 720-2 from 2007 MTCA (“Groundwater
Cleanup Standards” [WAC 173-340-720(4)(iii) (B)]) and radionuclide slope factors from HEAST

(EPA 540-R-97-036). Exposure inputs and equation 720-2 were selected to calculate risks to be consistent
with the risk evaluation section for 100-H Source exposure area that is presented in Section 6.3.6.2.3.
Cancer risks for strontium-90 in the 100-H Source exposure area were also calculated using the tap water
scenario and presented in Table 6-58. Table 6-58 shows the MCL concentration for strontium-90, and the
EPC reported in the 100-H Source exposure area does not individually exceed the 10 ELCR end of the
NCP (40 CFR 300) risk range. Although the 90" percentile value for strontium-90 does not exceed the
upper end of the risk range, strontium-90 was retained as a contaminant of potential concern for further
evaluation in the FS because it was present in localized areas at concentrations greater than the DWS.

Table 6-58. Summary of 90t Percentile Current Groundwater Concentrations,
Associated Cancer Risk, and Associated Sum of Fractions for Radioactive COPCs

90™ Percentile Feder