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. Table 6-24. Comparison of Exposure Point Concentration to Action Levels for the Near-River Exposure Area
Frequency of Minimum Maximum Minimum Maximum EPC > Action Level of
Analyte Name Analyte Class Total Samples Total Detects Detection Units Detection Limit Detection Limit Detected Result Detected Result | 90" Percentile Action Level Action Level Basis Level? Exceedance
i : 7 o ; ‘ 7 40 CFR 141 — Secondary ;
Aluminum METAL 24 11 46% 2/L 10 10 7.1 72 43 50 Feriens] WG No 0.86

rsenic ETAI - Clean Water Act -- Human 2 27
i = 1 - 4 # a ' xl o Al Health Water + Organism 5 L

Clean Water Act --

1 0, . o E ‘)
Chromium METAL 24 24 100% ng/L 8.1 69 53 65 Freshwater CCC No 0.81
Hexavalent Chromium METAL 24 24 100% ng/L = = 26 57 50 10 4URER 13(1: ECFr“hW"‘“ Yes 5.0

2 B _ 40 CFR 141 — Secondary
‘ : % 2 3 > 5
Iron METAL 24 13 54% pg/L 18 38 21 347 173 300 Pesterl RaE] No 0.58

. = . Clean Water Act -- Human
- 498 ; 5 .
Thallium METAL 24 1 4.2% ug/L 0.050 0.10 1.0 1.0 0.10 0.24 Bleafhy Wiy + Crgamius No 0.42

40 CFR 141 — Primary

Strontium-90 RAD 2% 14 58% pCilL 6.10E+00 -7.80E-01 31 49 38 80| e R Yes 48
Tritium RAD 24 24 100% pCill. " = 690 69.000 33,200 20,000 - C]fe'zelrill ]\‘APC’E““’Y Yes 1.7
—
Chloroform voC 24 19 79% pg/L 0.10 0.10 01] 3.0 24 14 s (X(Ab)(fi i‘gff;j‘;g‘d - Yes 17
. Trichloroethene vOC 24 16 67% pg/l 0.21 0.25 0.23 22 1.9 0.49 - (?)(Ab;iiili;&ﬁ?)—d - Yes 38
1
2
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Table 6-25. Comparison of Exposure Point Concentration to Action Levels for the Upland Exposure Area

Frequency of Minimum Maximum Minimum Maximum EPC > Action Level of
Analyte Name Analyte Class Total Samples Total Detects Detection Units Detection Limit Detection Limit Detected Result Detected Result 90" Percentile Action Level Action Level Basis Level? Exceedance
" ; 40 CFR 14] — Secondary ;
0/ /
Aluminum METAL 30 12 40% pg/l 5.0 10 9.8 41 23 50 Federal MCL No 0.46
. Clean Water Act -- Human
9, = -
Arsenic METAL 30 30 100% pg/L 1.5 3.9 3.5 0.018 Eleith Waater 4 Orpanilsris Yes 193
: ; o Clean Water Act --
- o - -
Chromium METAL 30 30 100% pg/L 4.5 39 28 65 Freshwater CCC No 0.43
Hexsvalent Chromitint METAL 29 2 83% ug/L 20 2.0 24 37 23 10 RPN BT Yes 23
' — 40 CFR 141 — Secondary z
0/ < o
Iron METAL 30 11 37% ug/L 18 38 18 188 93 300 Federal MCL No 031
: . g 40 CFR 141 — Primary
Strontium-90 RAD 30 2 6.7% pCi/L ~-8.40E+00 1.8 6.7 8.6 1.2 8.0 Federal MCL No 015
TE RAD 30 23 77% pCi/L -1 20E+02 100 190 24,000 11,000 20,000 MO T PR aRg No 0.55
Federal MCL
WAC 173-340-
0,
Chloroform vOC 30 23 77% ug/L 0.10 0.10 011 1.6 1 1.4 720(4)(b)(iii)(A) and (B) No 0.79
. WAC 173-340-
o " g
Trichloroethene vOC 30 24 8% ug/L 0.21 0.25 0.29 33 2.4 0.49 720(4)(b)(iii)(A) and (B) Yes 4.9
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Iron was detected in groundwater samples collected for the RI and the EPC is less than the action level.
Detections of iron above the secondary MCL were reported in groundwater samples from the larger
population of wells sampled over the past five years, as described previously in Section 4.3.1 and
Section 6.3.2.3.1. The action level for iron is based on the secondary MCL, which is not federally
enforceable but intended as a guideline for states. Additionally, iron concentrations in filtered and
unfiltered water samples are less than the background level of 760 ng/L. Based on the results of this
assessment, iron is not 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 action
level. Thallium data from the larger population of monitoring wells sampled over the past 5 years, as
described previously in Section 4.3.1 and Section 6.3.2.3.1, were not available. Thallium was detected in
one groundwater sample collected for the RI at concentration above the action level but below the EQL
identified in the 100-BC SAP (DOE/RL-2009-44). In addition, the EPC is less than the EQL of 2 ug/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 the results of this assessment,
thallium is not a COPC and will not be carried forward into the risk characterization section or into

the FS.

Upland Exposure Area. Six of the nine analytes (aluminum, chloroform, chromium, iron, tritium, and
strontium-90) have been detected at least once in groundwater and have 90™ percentile values less than
their respective action levels (Table 6-25).

Four of the six analytes (chloroform, chromium, strontium-90, and tritium) were identified as historical
COPCs in the 100-BC Work Plan (DOE/RL-2008-46-ADD3). A discussion of all analytes reported with an
EPC less than the action level is provided below.

Aluminum was detected in groundwater samples collected for the RI and the EPC is less than the action
level. Aluminum data from the larger population of monitoring wells sampled over the past fiveyears, as
described previously in Section 4.3.1 and Section 6.3.2.3.1, were not available. The action level for
aluminum is based on the secondary MCL which is not federally enforceable, but intended as a guideline
for states. As such, aluminum concentrations in groundwater are compared to the AWQC of 87 pg/L.
All aluminum results (detected concentrations and MDLs) are less than the AWQC of 87 ug/L. Based on
these results, aluminum is not 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. Chloroform data from the larger population of monitoring wells sampled over the past five years, as
described previously in Section 4.3.1 and Section 6.3.2.3.1, were not available. The action level for
chloroform is 1.4 ug/L based on the “Groundwater Cleanup Standards” (WAC 173-340-720) groundwater
cleanup level; however, it defaults to the EQL of 5 pg/L reported in the 100-BC Area SAP
(DOE/RL-2009-44) when the analytical method cannot achieve the action level. All chloroform results
(detected concentrations and MDLs) were less than the EQL of 5 pg/L. Based on these results,
chloroform is not a COPC and will not be carried forward into the risk characterization section.

Chromium was detected in groundwater samples collected for the RI and the EPC is less than the action
level. Detections of chromium were less than the AWQC in the samples collected for the RI and the
larger population of monitoring wells sampled over the past five years, as described previously in
Section 4.3.1 and Section 6.3.2.3.1. Based on the results of this evaluation, chromium is not identified as
a COPC and will not be carried forward into the risk characterization section.
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Iron was detected in groundwater samples collected for the RI and the EPC is less than the action level.
Detections of iron were less than the secondary MCL in groundwater samples from the larger population
of wells sampled over the past five years, as described previously in Section 4.3.1 and Section 6.3.2.3.1.
The action level for iron is based on the secondary MCL which is not federally enforceable, but intended
as a guideline for states. Additionally, iron concentrations in filtered water samples are less than the
background level of 760 pg/L. Based on these results, iron is not a COPC and will not be carried forward
into the risk characterization section or into the FS.

Strontium-90 was detected in groundwater samples collected for the Rl and the EPC is less than the
action level. Detections of strontium-90 above the DWS were reported in groundwater samples collected
for the RI and in the larger population of wells sampled over the past fiveyears, as described previously in
Section 4.3.1 and Section 6.3.2.3.1. Strontium-90 concentrations range between 1.8 and 19 pCi/L when
measured at 199-B4-4 and between 4.4 and 21 pCi/L when measured at 199-B4-1 over the past fiveyears,
with concentrations at both wells trending downward. Strontium-90 is identified as a COPC because it is
associated with trends at 199-B4-4 and 199-B4-1, and will be carried forward into the risk
characterization section.

Tritium was detected in groundwater samples collected for the RI and the EPC is less than the action
level. Detections of tritium above the DWS were reported in groundwater samples collected for the RI
and in the larger population of wells sampled over the past fiveyears, as described previously in Section
4.3.1 and Section 6.3.2.3.1. Tritium concentrations measured at 199-B4-1, 199-B8-6, 199-B-8-7, and 199-
B8-8 range between 4,600 and 59,000 pCi/L over the past fiveyears. Tritium is identified as a COPC
because it is associated with a trend at 199-B4-1, 199-B8-6, 199-B-8-7, and 199-B8-8, and will be carried
forward into the risk characterization section.

6.3.2.3.10 Identify COPCs with 90th Percentile Values Greater than Action Levels in Each Exposure Area.

The 90" percentile values are compared to the lowest available chemical-specific ARARs for protection
of human health and aquatic receptors (that is, action levels). A comparison of EPCs to action levels for
the Near-River exposure area and Upland exposure area are provided in Table 6-24 and

Table 6-25, respectively. A flow-chart depicting this comparison is provided in Figure 6-10.

Near-River Exposure Area. Six of the 10 analytes (arsenic, chloroform, Cr(VI), strontium-90,
trichloroethene, and tritium) have been detected at least once in groundwater and have 90" percentile
values greater than their respective action levels (Table 6-24). All six analytes (arsenic, Cr(VI), strontium-
90, tritium, chloroforim, and trichloroethene) were identified as historical COPCs in the 100-BC Work
Plan (DOE/RL-2008-46-ADD?3). A discussion of all analytes reported with an EPC greater than the action
level is provided below.

Arsenic is detected in groundwater samples collected for the RI and the EPC is above the action level.
Arsenic data from the larger population of monitoring wells sampled over the past fiveyears, as described
previously in Section 4.3.1 and Section 6.3.2.3.1, were not available. 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 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 greater than the
action level. Chloroform data from the larger population of monitoring wells sampled over the past five
years, as described previously in Section 4.3.1 and Section 6.3.2.3.1, were not available. The action level
for chloroform is 1.4 pg/L based on the “Groundwater Cleanup Standards” (WAC 173-340-720)
groundwater cleanup level; however, it defaults to the EQL of 5 pg/L reported in the 100-BC Area SAP
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(DOE/RL-2009-44) when the analytical method cannot achieve the action level. All chloroform results
(detected concentrations and MDLs) were less than the EQL of 5 ug/L. Based on these results,
chloroform is not a COPC and will not be carried forward into the risk characterization section.

Cr(VI) was detected in groundwater samples collected for the RI and the EPC is greater than the AWQC
of 10 pg/L. Detections of Cr(VI) were also measured in the larger population of wells sampled over the
past 5 years, as described previously in Section 4.3.1 and Section 6.3.2.3.1. Cr(VI) is identified as

a COPC and will be carried forward into the risk characterization section.

Strontium-90 was detected in groundwater samples collected for the RI and the EPC is greater than the
DWS of 8 pCi/L. Detections of strontium-90 were also measured in the larger population of wells
sampled over the past fiveyears, as described previously in Section 4.3.1 and Section 6.3.2.3.1.
Strontium-90 is identified as a COPC and will be carried forward into the risk characterization section.

Tritium was detected in groundwater samples collected for the RI and the EPC is greater than the DWS of
20,000 pCi/L. Detections of tritium were also measured in the larger population of wells sampled over the
past fiveyears, as described previously in Section 4.3.1 and Section 6.3.2.3.1. Tritium is identified as

a COPC and will be carried forward into the risk characterization section.

Trichloroethene was detected in groundwater samples collected for the RI and the EPC is greater than the
action level of 0.49 pg/L. Trichloroethene data from the larger population of monitoring wells sampled
over the past five years, as described previously in Section 4.3.1 and Section 6.3.2.3.1, were not available.
The action level for trichloroethene is 0.49 pg/L based on the “Groundwater Cleanup Standards”

(WAC 173-340-720) groundwater cleanup level; however, it defaults to the EQL of 1 pg/L reported in the
100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the action level. The EPC is
also greater than the EQL of 1 pg/L. Trichloroethene concentrations greater than the EQL (ranging
between 0.9 pg/L and 2.2 pg/L) were reported at two wells, 199-B3-46 and 199-B5-5. Trichloroethene is
identified as a COPC because it is associated with a trend at wells 199-B3-46 and 199-B5-5, and will be
carried forward into the risk characterization section.

Upland Exposure Area. Three of the nine analytes (arsenic, Cr(VI), and trichloroethene) have been
detected at least once in groundwater and have 90" percentile values greater than their respective action
levels (Table 6-25).

All three analytes (arsenic, Cr(VI), and trichloroethene) were identified as historical COPCs in the
100-BC Work Plan (DOE/RL-2008-46-ADD3). The conclusions of the nature and extent evaluation for
analytes identified as historical COPCs support the findings of this risk evaluation®. A discussion of all
analytes reported with an EPC less than the action level is provided below.

Arsenic is detected in groundwater samples collected for the RI and the EPC is above the action level.
Arsenic data from the larger population of monitoring wells sampled over the past fiveyears, as described
previously in Section 4.3.1 and Section 6.3.2.3.1, were not available. With the exception of one arsenic
detection, arsenic concentrations in all filtered and unfiltered samples are less than the 90" percentile
Hanford Site background value of 7.85 ug/L. Arsenic was detected one filtered groundwater sample from
199-B3-50 (July 2010) at a concentration of 18 pg/L; however, the corresponding unfiltered sample
reported an arsenic concentration of 3.1 pg/L. Arsenic concentrations from the previous and subsequent
sampling rounds were less than the arsenic background value. Additionally, the arsenic result was flagged
with a “Y” review qualifier indicating that the result is suspect; however, there is insufficient evidence to

10 Arsenic and trichloroethene are represented only by Rl data (no other data were available over last five years).
Cr(VI) is represented by RI data and have historical data collected from the last five years.
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show the result is valid or invalid. Based on these results, arsenic is a not a COPC and will not be carried
forward into the risk characterization section.

Cr(VI) was detected in groundwater samples collected for the RI and the EPC is greater than the AWQC
of 10 ug/L. Detections of Cr(V1) were also measured in the larger population of wells sampled over the
past fiveyears, as described previously in Section 4.3.1 and Section 6.3.2.3.1. Cr(V1) is identified as

a COPC and will be carried forward into the risk characterization section.

Trichloroethene was detected in groundwater samples collected for the RI and the EPC is greater than the
action level of 0.49 pg/L. Trichloroethene data from the larger population of monitoring wells sampled
over the past fiveyears, as described previously in Section 4.3.1 and Section 6.3.2.3.1, were not available.
The action level for trichloroethene is 0.49 pg/L based on the “Groundwater Cleanup Standards”

(WAC 173-340-720) groundwater cleanup level; however it defaults to the EQL of 1 pg/L reported in the
100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the action level.
Trichloroethene concentrations greater than the EQL were reported at five wells including 199-B3-50,
199-B4-4, 199-B5-6, 199-B9-3, and 699-65-72, with concentrations ranging between 0.72 pg/L and

3.3 pg/L. Trichloroethene is identified as a COPC because it is associated with a trend at

wells 199-B3-50, 199-B4-4, 199-B5-6, 199-B9-3, and 699-65-72, and will be carried forward into the risk
characterization section.
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6.3.24 Summary of COPCs

Table 6-26 presents a summary of the COPCs identified for the 100-BC-5 Groundwater OU. This list of
COPCs represents the analytes most likely to contribute to overall risk within each
100-BC-5 Groundwater OU exposure area.

Table 6-26. Summary of Groundwater COPCs Identified for the 100-BC-5 Groundwater OU

Near-River Exposure Area

Metals VOCs Radionuclides

Cobalt** Trichloroethene Strontium-90

Hexavalent Chromium Tritium

Upland Exposure Area

Metals VOCs Radionuclides

Cobalt** Trichloroethene Strontium-90*

Hexavalent Chromium Tritium*

* 90™ percentile value did not exceed an action level but retained as COPC due to localized contamination.

** EPC did not exceed action level, but infrequent detections above action level result in uncertain status and warrants further
evaluation in the FS.

With the exception of strontium-90 and tritium in the Upland exposure area, all COPCs were identified
because the 90™ percentile concentration exceeds the action level. As described in Section 6.3.2.3,
strontium-90 and tritium are identified as COPCs because they are associated with a long-term trend.

The COPC identification process identified one analyte for the 100-BC-5 Groundwater OU that is
considered a COPC and warrants further evaluation in the FS. The occurrence of cobalt in groundwater is
uncertain because this analytes historically has been detected in groundwater at concentrations above the
action level; however, its 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 EPC for
this analytes is less than its respective action level. Therefore, cobalt is considered a COPC and warrants
further evaluation in the FS; however, it will not move forward into the risk characterization section.

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

The primary sources of contamination in 100-BC Source OU are the two water-cooled nuclear reactors
(105-B and 105-C) and the structures (e.g., fuel storage basins) and processes (e.g., the sodium
dichromate process) associated with reactor operations. A complete discussion of primary and secondary
sources 1s provided in Section 4.2.1 and Section 5.2.
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6.3.3.2 Release Mechanisms and Environmental Transport Media

The primary COPC release mechanisms and transport pathways at 100-BC are discussed in Sections 5.3
and 5.4, and include the following:

e Direct contact with groundwater containing COPCs
e  Volatilization of COPCs in groundwater from showering or household activities
» Discharge of groundwater to the Columbia River through upwelling and seeps

6.3.3.3 100-BC-5 Groundwater OU Exposure Areas

The 100-BC-5 Groundwater OU is generally distinguished by the presence of hexavalent chromium,
strontium-90, and tritium plumes with concentrations above federal MCLs or aquatic standards.

A wedge-shaped plume of strontium-90 extends from central 100-BC north toward the Columbia River.
Strontium-90 trends in wells near some of the former contaminant sources including the 116-B-11
retention basin, 116-B-1 Trench, and the 116-C-1 Trench. The unconfined aquifer beneath the 100-B C
Source OU contains localized areas of tritium that are above the federal MCL. Tritium was present in
effluent discharged to former cribs near the B Reactor (116-B-5 Crib) and near the Columbia River.
The former 118-B-1 Burial Ground in the southwestern area of 100-BC is an additional source of tritium.
Sources of hexavalent chromium are located primarily in the eastern portion of 100-BC. The sources
included cribs near the reactor buildings, trenches, and retention basins near the Columbia River
(116-B-1, 116-B-11, 116-C-1, and 116-C-5), and pipelines from the reactor buildings to these near river
facilities. The 100-BC-5 Groundwater OU represents all of the plume sources in 100-BC.

The 100-BC-5 Groundwater OU is evaluated as two exposure areas. The Near-River exposure

area represents the portion of the Cr(VI) plume that is located within 500 m (1,640 ft) of the

Columbia River shoreline. The Upland exposure area represents the portion of the Cr(VI) plume that is
located greater than 500 m (1,640 ft) from the Columbia River shoreline. The primary objectives for
evaluating each exposure area are to provide information necessary to determine the need for remedial
action and to use the information to select the best remedy. These objectives are achieved by performing
the following steps:

e EPCs for each COPC are compared to contaminant-specific ARARSs for the purpose of understanding
the potential for exposure to groundwater contaminants and the associated health risks.

e Specific locations are identified within the exposure area for the purpose of evaluating remedial
alternatives in the FS.

The basis for the exposure area and the known or suspected sources were described above. The location
of each well within the 100-BC-5 Groundwater OU network is shown on Figure 6-5. Table 6-18 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 federal and state chemical-specific ARARs evaluated in this groundwater
risk assessment.

6.3.3.4.1  Chemical-Specific ARARs for Protection of Human Health

All the chemical-specific ARARSs 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
VOC:s 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
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federal regulations consider dermal contact exposure a complete but insignificant groundwater
contaminant exposure pathway. Elimination of the dermal contact exposure route from chemical-specific
ARARSs may result in an overestimation of the cleanup level; uncertainties associated with exclusion of
this exposure route are addressed in Section 6.3.9.4.

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 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.

6.3.34.2  Chemical-Specific ARARs for 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:

e Commercially, recreationally, and other important species
s Fish and benthic invertebrate assemblages in rivers and streams

e Fish, benthic invertebrate, and zooplankton assemblages in lakes, reservoirs, estuaries, and oceans

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
1s the numeric water quality criteria used as the chemical-specific ARAR 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 chemical-specific ARARs takes into consideration the likelihood
of an adverse health effect to occur to the potentially exposed population. The risk-based concentrations,
such as the 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, as
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described in Section 6.2.4. The assignment of chemical-specific ARARs 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 (SDWA) amendments in 1996, the MCL was set as close to the MCLG
as was feasible. The 1996 Amendments to the SDWA allow 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.

The 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 reference dose
(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 radium-226, but excluding uranium
and radon), and 5 pCi/L combined for radium-226 and radium-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 upon 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 or Water for Occupational Exposure (NBS Handbook 69).

6.3.4.3 Washington State Regulations

Toxicological parameter values are obtained from the CLARC (Ecology, 2009) compendium of technical
information related to the calculation of cleanup levels under MTCA regulation (WAC 173-340).

The sources for the oral cancer potency values and RfDs are provided in the CLARC database (Ecology,
2009). The sources for identifying reference doses and carcinogenic potency factors are defined in MTCA
and “Human Health Risk Assessment Procedures” (WAC 173-340-708(7) and WAC 173-340-708(8)).

6.3.4.4 Toxicily Values
The sources of toxicity values for human health are the same as those described in Section 6.2.4.2 of
this 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 chemical-specific ARAR for protection of freshwater species. Technical Support .
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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 a decision is made 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, the data 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 (e.g. 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 quantitatively estimate both
carcinogenic risk and risks from noncarcinogens. The risk characterization step is completed through the
comparison of the EPC to the chemical-specific ARAR using the equations presented in Section 6.3.5.1.
As described earlier in this section, the comparison to chemical-specific ARARs determines whether
existing groundwater concentrations are protective of HHE. It is also used to determine if current
groundwater 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 the RME for both
current and future land use.

6.3.5.1 Protectiveness Evaluation

Protectiveness of human health is determined by the comparison of 90™ percentile groundwater
concentrations to existing federal or state MCLs. Similarly, protectiveness of human and aquatic
receptors 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. The presence of either one of these conditions may
render ARARSs not adequately protective. This step is also included to address the requirements of
MTCA, “Human Health Risk Assessment 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 (40 CFR 300) risk
range for cumulative carcinogenic site risk to an individual based on the RME for both current and future
land use, the following standards are used:

*  “Groundwater Cleanup Standards”, (WAC 173-340-720)
e “Surface Water Cleanup Standards” (WAC 173-340-730)
e National Recommended Water Quality Criteria (EPA, 2009a)

For the purposes of this risk assessment, the potential for unacceptable human health risk is identified
using the following risk thresholds:

» ELCR values are compared to the “target range” of 10°to 107 that is generally used by EPA.
The MTCA (WAC 173-340) states that cancer risks resulting from multiple hazardous substances
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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.

» An HI (the sum of the ratios of the chemical intake to the RfDs for all COPCs) greater than

I 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 may 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.

Protectiveness of humans 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, a risk assessment is not conducted for COPCs that

are radionuclides.

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 site chemicals occurs). To estimate the cancet
risks from exposure to an individual carcinogen from all exposure routes considered, the following
equation is used:

EPC,

RiSk] - water X TR
CULcm'c'inogen
where:
Risky = ELCR for individual chemical
EPCier = 90™ percentile concentration in groundwater (ug/L)
CUL e = groundwater cleanup level based on 10°¢ carcinogenic effect (ug/L)
1R = 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:

HPL

S e water 7
Risk, = 3, A x TR
where:
Riskr = total ELCR for all chemicals
EPC. .. = 90" percentile concentration in groundwater (pg/L)
COlmiongee = groundwater cleanup level based on 10 carcinogenic effect (ug/L)
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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 (i.c., its RfD). The ratio of the chronic daily intake divided by RfD is termed the

HQ.

When the HQ for a chemical exceeds 1 (i.e., 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:

o
HQ . water
CUl’noncm‘Cin(gen
where:
HQ = HQ for individual chemical
EPC. s =5 percentile concentration in groundwater (ug/L)

CUL yoncarcinogen = groundwater cleanup level based on HQ = 1 noncarcinogenic effects (pg/L)

To estimate the HI from all exposure routes considered for multiple hazardous substances, the following
equation is used:

EPC
HIT — Z[ CU waler

noncar CIN(gE 7

where:
Hlr = total HI for all chemicals
EPC i = 90™ percentile concentration in groundwater (ug/L)
CUL soncarcinoger = groundwater cleanup level based on HQ=1 noncarcinogenic effects (pg/L)
i = the sum of the ratios for the i chemical

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 (SOF) 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 if the 4 mrem standard is exceeded
when a mixture of radioisotopes is present:

Sum of Fractions =
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where:
A = the EPC activity concentration of specific beta/photon emitting nuclide A
B = the EPC activity concentration of specific beta/photon emitting nuclide B
MCL, = the derived single-nuclide beta/photon emitting MCL-equivalent activity
concentration for nuclide A
MCLy = the derived single-nuclide beta/photon emitting MCL-equivalent activity

concentration for nuclide B

The 4 mrem standard is not exceeded if the SOF 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 Chemical-Specific ARARs by Exposure Area

A comprehensive set of chemical-specific ARARs that are considered protective of HHE were used to
identify COPCs that warrant further evaluation in the FS. The lowest of the available chemical-specific
ARARs was selected for comparison if more than one chemical-specific ARAR exists for a certain
analyte. The analytes listed in Tables 6-27, 6-28, 6-29, and 6-30 for the Near-River exposure area and
Tables 6-31, 6-32, 6-33, and 6-34 for the Upland exposure area are considered COPCs because (1) the
90™ percentile groundwater concentration is greater than the lowest available chemical-specific ARAR, or
(2) the analyte is measured at concentrations above the lowest chemical-specific ARAR in a localized
area.

6.3.6.1 Near-River Exposure Area

Groundwater in the Near-River exposure area is evaluated as a potential drinking water source and
nearshore groundwater has the potential to discharge to the Columbia River. Table 6-27 provides

a summary of the COPCs, the 90" percentile groundwater concentration, federal and state MCLs, and the
MTCA “Groundwater Cleanup Standards” (WAC 173-340-720) groundwater cleanup standards for
carcinogenic and noncarcinogenic effects. Table 6-28 provides a summary of the COPCs, the

90" percentile groundwater concentration, and federal and state surface water quality standards. These
standards (listed in Tables 6-27 and 6-28) represent the chemical-specific ARARs that were exceeded by
at least one COPC.

Table 6-27. Summary of Current Conditions 90™ Percentile Groundwater Concentrations,
Federal and State MCLs, and WAC 173-340-720 Groundwater Cleanup Levels for the Near-River Exposure
Area (Human Health Action Levels)

WAC 173-340-720 Cleanup Levels
90™ Carcinogens Carcinogens
Percentile Federal Non- at 10 Risk at 10 Risk
COPCs Units Value MCL State MCL | carcinogens Level Level

Strontium-90 pCi/L 38 8 - - - --
Tritium pCi/L 33,200 20,000 -- -- - -
Trichloroethene pg/L 1.9 o] 5 0.49 4.9
Cr(VD) ng/L 50 ~ - 48 - -
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Table 6-28. Summary of Current Conditions 90" Percentile Groundwater Concentrations, and
Federal and State Water Quality Standards for the Near-River Exposure Area (Aquatic Action Levels)

CFR 131 Water Quality

AWQC WAC 173-201A Standards
90" Freshwater | Freshwater Freshwater Freshwater Freshwater
Percentile CMC CcCC CcCC CMC cccC
COPCs Units Value (Acute) (Chronic) (Chronic) (Acute) (Chronic)
Strontium-90 pCi/L 38 == = - = =
Tritium pCi/L 33,200 - -- et e -
Trichloroethene pg/L 1.9 = = = = P
Cr(VI) ng/L | 50 16 i1 10 15 10
Sources:

“Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A).
“Water Quality Standards™ (40 CFR 131).

6.36.1.1
The protectiveness evaluation for human health is performed to help determine if 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.

Protectiveness Evaluation for Human Health

The 90™ percentile groundwater concentration for strontium-90 is greater than the DWS developed for the
protection of human health. Strontium-90 is identified as a COPC indicating the need to evaluate potential
remedial technologies for strontium-90 in the FS. As Table 6-29 shows, potential exposure to
groundwater as a drinking water source would result in a dose greater than 4 mrem/yr from strontium-90.
Of the eight wells in the Near-River exposure area, five monitoring wells (199-B2-14, 199-B3-1, 199-B3-
46, 199-B3-47, and 199-B5-2) were reported with concentrations of strontium-90 above 8 pCi/L. Section
4.3.2 provides a detailed discussion of the strontium-90 plume in the 100-BC-5 Groundwater OU.

Table 6-29. Summary of 90t Percentile Current Groundwater
Concentrations and Associated Sum of Fractions for the Near-River Exposure Area

Individual T
CoPrC Units 90" Percentile Value Federal MCL Fraction
Strontium-90 pCi/L 38 8 4.8
Tritium . Bl pCi/L 33,200 20,000 1.7
Sum of Fractions 6.5
Cumulative Annual Dose (mrem) 26

Note: MCL; derived single-nuclide MCL-equivalent activity concentration.
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protection of human health. Tritium is identified as a COPC, indicating the need to evaluate potential
remedial technologies for tritium in the FS. As Table 6-29 shows, potential exposure to groundwater as
a drinking water source would result in a dose greater than 4 mrem/yr from tritium. Of the eight wells in
the Near-River exposure area, two monitoring wells (199-B3-47 and 199-B5-2) were reported with
concentrations of tritium above 20,000 pCi/L. Section 4.3.2 provides a detailed discussion of the tritium
plume in the 100-BC-5 Groundwater OU.

The 90" percentile groundwater concentration of tritium is greater than the DWS developed for the .

A federal and state MCL is not available for Cr(VI); therefore, the protectiveness evaluation was
not performed. Cr(VI) is discussed in the protectiveness evaluation for aquatic organisms
(Scction 6.3.6.1.2) and the risk evaluation (Section 6.3.6.1.3).

The 90™ percentile groundwater concentration for trichloroethene is less than the federal and state MCL
of 5 pg/L. Trichloroethene 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.

6.3.6.1.2  Protectiveness Evaluation for Aquatic Receptors

The protectiveness evaluation for aquatic receptors is performed to help determine if 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
(National Recommended Water Quality Criteria [EPA, 2009a)) is exceeded. 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 MTCA, “Surface Water Cleanup Standards”
(WAC 173-340-730(7)(a)) as the point or points at which hazardous substances are release to surface
waters of the state. 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-BC-5 Groundwater OU are compared to
determine if groundwater concentrations discharging to the Columbia River are in compliance with
federal and state standards.

Federal and state water quality standards for the protection of freshwater organisms are not published for
tritium or strontium-90; therefore, a protectiveness evaluation is not included. Strontium-90 and tritium
are included in the protectiveness evaluation for human health in Section 6.3.6.1.1.

Federal and state water quality standards for the protection of freshwater organisms are not published for
trichloroethene; therefore, a protectiveness evaluation is not included. Trichloroethene is included in the
protectiveness evaluation for human health in Section 6.3.6.1.1 and the risk evaluation presented in
Section 6.3.6.1.3.

The 90" percentile groundwater concentration for Cr(VI) 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 as
shown in Table 6-27. Cr(VI) is identified as a COPC indicating the need to evaluate potential remedial
technologies for Cr(VI) in the FS. Of the eight monitoring wells in the Near-River exposure area,

seven monitoring wells (199-B2-14, 199-B3-1, 199-B3-46, 199-B3-47, 199-B5-1, 199-B5-2, and
199-B5-5) were reported with concentrations of Cr(VI) above 10 pg/L. The approximate distances from
the Columbia River for those wells reporting concentrations greater than 10 pg/L are listed below:

e 199-B2-14 (147 m [482 fi))
o 199-B3-1 (145 m [478 ft])
o 199-B3-46 (222 m [728 fi])
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o 199 B3-47 (88 m [289 fi])
o 199-B5-1 (483 m [1,585 fi])
o 199-B5-2 (495 m [1,624 ft])

e 199-B5-5 (304 m [997 ft])
Section 4.3.2 provides a detailed discussion of the Cr(VI) plume in the 100-BC-5 Groundwater OU.

6.3.6.1.3 Risk Evaluation

The risk evaluation is also 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 the estimated risk calculated in a risk assessment exceeds

a noncarcinogenic level for an adverse health effect or the upper end of the NCP (40 CFR 300) risk range
for “cumulative carcinogenic site risk” to an individual based on the RME for both current and future
land use.

The potential cumulative ELCR for the Near-River exposure area from all nonradiological carcinogenic
COPCs is 3.9 x 10", which is less than the 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 6-30 shows the only
contributor to risk is trichloroethene (3.9 x 10, 100 percent contribution). Trichloroethene is not
identified as COPC based on the results of this evaluation. Concentrations of trichloroethene in
monitoring wells from this exposure area range between 0.23 and 2.2 pg/L. However, there have been no
measured concentrations above the 10 level of 4.9 ug/L.

The HI for the Near-River exposure area is 1.0, which is equal to the EPA and WAC 173-340 target
HI of 1. The individual HQ for Cr(VI) is equal to one. Cr(VI) is not identified as a COPC based on the
results of this evaluation.

Table 6-30. Summary of 90t Percentile Current Groundwater Concentrations
and Associated Cancer Risk and Noncancer Hazard Index for the Near-River Exposure Area

WAC 173-340-720 Cleanup Levels
90" Carcinogens
Percentile Non- at 10°°
COPC Units Value carcinogens HQ Risk Level ELCR

Trichlorocthene pg/L 1.9 -- -- 0.49 3.9x10°
Total ELCR - 3.9 x10°
Cr(V]) pg/L 50 48 1.0 - -
Hazard Index 1.0

6.3.6.2 Upland Exposure Area

Groundwater in the Upland exposure area is evaluated as a potential drinking water source and nearshore
groundwater has the potential to discharge to the Columbia River. Table 6-31 provides a summary of the
COPCs, the 90" percentile groundwater concentration, federal and state MCLs, and the MTCA
“Groundwater Cleanup Standards” (WAC 173-340-720) groundwater cleanup standards for carcinogenic
and noncarcinogenic effects. Table 6-32 provides a summary of the COPCs, the 90™ percentile
groundwater concentration, and federal and state surface water quality standards. These standards (listed
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in Tables 6-31 and 6-32) represent the chemical-specific ARARs that were exceeded by at least

one COPC.

Table 6-31. Summary of Current Conditions 90t Percentile Groundwater Concentrations,
Federal and State MCLs, and WAC 173-340-720 Groundwater Cleanup Levels for the Upland Exposure
Area (Human Health Action Levels)

WAC 173-340-720 Cleanup Levels

90" Carcinogens Carcinogens
Percentile | Federal Non- at 10°° Risk at 10 Risk
COPC Units Value MCL State MCL carcinogens Level Level
Strontium-90 pCi/L L2 8 - - - -
Tritium pCi/L 11,000 20,000 -- -- -- --
Trichloroethene pg/L 2.4 5 $ - 0.49 4.9
Cr(VI) ng/L 23 - - 48 = -
Table 6-32. Summary of Current Conditions 90t Percentile Groundwater Concentrations, and
Federal and State Water Quality Standards for the Upland Exposure Area (Aquatic Action Levels)
CFR 131 Water Quality
AWQC WAC 173-201A Standards
90" Freshwater | Freshwater Freshwater Freshwater Freshwater
Percentile CMC CCC CCC CMC CCC
COPC Units Value (Acute) (Chronic) (Chronic) (Acute) (Chronic)
Strontium-90 pCi/L 1.2 -- -- = - =
Tritium pCi/L 11,000 -- -- -- -- --
Trichloroethene pg/L 24 - == -- - -
Cr(VI) ug/L 23 16 11 10 15 10
Sources:

“Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A).
“Water Quality Standards” (40 CFR 131).

6.3.6.2.1

Protectiveness Evaluation for Human Health

The protectiveness evaluation for human health is performed to help determine if a CERCLA remedial
action 1is 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 strontium-90 is less than the DWS developed for the
protection of human health and is a minimal contribution to overall dose (Table 6-33). Of the 10 wells in
the Upland exposure area, strontium-90 has been detected in 199-B4-4 at concentrations above the federal
MCL, indicating its presence is localized downgradient of the 116-B-12 Crib. Because of this, strontium-
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90 is identified as a COPC, indicating the need to evaluate potential remedial technologies for strontium-
90 in the FS. Section 4.3.2 provides a detailed discussion of the strontium-90 plume in the 100-BC-5
Groundwater OU.

Table 6-33. Summary of 90" Percentile Current Groundwater
Concentrations and Associated Sum of Fractions for the Upland Exposure Area

Individual
COPC Units 90" Percentile Value Federal MCL Fraction
Strontium-90 -~ pCGilL 1.2 8 0.15
Tt | pCiL 1.000 20,000 | 0.55
Sum of Fractions 0.70
Cumulative Annual Dose (mrem) 2.8

Note: MCL; derived single-nuclide MCL-equivalent activity concentration.

The 90" percentile groundwater concentration of tritium is less than the DWS developed for the
protection of human health and is a minimal contribution to overall dose (Table 6-32). Of the 10 wells,
tritium has been detected in 199-B8-6 at concentrations above the DWS, indicating its presence is
localized downgradient of 118-B-1 Burial Ground. Tritium concentrations above the DWS were also
measured in wells 199-B8-7 and 199-B8-8, based on results from the larger population of wells and
longer sampling timeframe. Because of this, tritium is identified as a COPC, indicating the need to
evaluate potential remedial technologies for strontium-90 in the FS. Section 4.3.2 provides a detailed
discussion of the trittum plume in the 100-BC-5 Groundwater OU.

A federal and state MCL is not available for Cr(VI); therefore, the protectiveness evaluation was
not performed. Cr(VI) is discussed in the protectiveness evaluation for aquatic organisms
(Section 6.3.6.2.2) and the risk evaluation (Section 6.3.6.2.3).

The 90" percentile groundwater concentration for trichloroethene is less than the federal and state MCL
of 5 ng/L. Trichloroethene is not identified as COPC and a need for further review in the FS is not
established based on the results of this evaluation.

6.3.6.2.2  Protectiveness Evaluation for Aquatic Receptors

The protectiveness evaluation for aquatic receptors is performed to help determine if 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
(National Recommended Water Quality Criteria) is exceeded.

Federal and state water quality standards for the protection of freshwater organisms are not published for
tritium or strontium-90; therefore, a protectiveness evaluation is not included. Strontium-90 and tritium
are included in the protectiveness evaluation for human health in Section 6.3.6.2.1.

Federal and state water quality standards for the protection of freshwater organisms are not published for
trichloroethene; therefore, a protectiveness evaluation is not included. Trichloroethene is evaluated in the
protectiveness evaluation for human health in Section 6.3.6.2.1 and the risk evaluation presented in
Section 6.3.6.2.3.
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The 90" percentile groundwater concentration for Cr(VI) is greater than the “Water Quality Standards for
Surface Waters of the State of Washington” (WAC 173-201A) freshwater AWQC value of 10 ug/L.
Cr(VI) is identified as a COPC, indicating the need to evaluate potential remedial technologies for Cr(VI)
in the FS. Of the 10 monitoring wells in the Upland exposure area, five monitoring wells (199-B3-50,
199-B4-4, 199-B4-8, 199-B5-6, and 199-B9-3) were reported with concentrations of Cr(VI) above

10 ug/L. Cr(V) concentrations above the AWQC were also measured in wells 199-B4-1, 199-B4-7,
199-B8-7, 199-B8-8, and 199-B9-2, based on the larger population of wells and longer sampling time
frame. All wells in this exposure area are a distance of 500 m (1,640 ft) or more from the Columbia River.
Section 4.3.2 provides a detailed discussion of the Cr(VI) plume in the 100-BC-5 Groundwater OU.

6.3.6.23 Risk Evaluation

The risk evaluation is also 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 the estimated risk calculated in a risk assessment exceeds

a noncarcinogenic level for an adverse health effect or the upper end of the NCP (40 CFR 300) risk range
for “cumulative carcinogenic site risk™ to an individual based on the RME for both current and future
land use.

The potential cumulative ELCR for the Upland exposure area from all nonradiological carcinogenic
COPCs is 4.9 x 10°°, which is less than the WAC 173-340-708 risk threshold of 1 x 10™ for multiple
hazardous substances and less than the upper NCP threshold of 1 x 107, Table 6-34 shows the only
contributor to risk is trichloroethene (4.9 x 10, 100 percent contribution). Trichloroethene is not
identified as COPC based on the results of this evaluation. Concentrations of trichloroethene in
monitoring wells from this exposure area range between 0.29 and 3.3 pg/L; however, there have been no
measured concentrations above the 1 x 10™ level of 4.9 pg/L.

The HI for the Upland exposure area is 0.48, which is less than the EPA and WAC 173-340 target
HI of 1. Cr(VI) is not identified as a COPC based on the results of this evaluation.

Table 6-34. Summary of 90* Percentile Current Groundwater Concentrations
and Associated Cancer Risk and Noncancer Hazard Index for the Upland Exposure Area

WAC 173-340-720 Cleanup Levels
90" Carcinogens
Percentile Non- at 107
COPC Units Value carcinogens HQ Risk Level ELCR

Trichloroethene ng/L 2.4 0.49 49%10°
Total ELCR - 4.9 x 10"
Cr(VI) ng/L 23 48 0.48 -- --
Hazard Index 0.48

6.3.7 Risk Characterization Resuits 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 EPA guidelines
(http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/), the EPA tap water scenario reflects
a RME scenario. The EPA tap water scenario is consistent with a residential exposure scenario as it
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incorporates default residential exposure assumptions. The results of the Tap Water Risk Assessment are
provided in Tap Water Risk Assessment for the 100-BC-5 Groundwater Operable Unit (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 from the following:

Ingestion of drinking water
¢ Inhalation of volatiles when showering and other domestic purposes

®  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 (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-BC-5
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 6-35 provides a summary of the risk estimates by
exposure route for the Near-River and Upland exposure areas. Table 6-36 and Table 6-37 show the details
of contribution to risk and hazard, respectively, by contaminant for the Near-River exposure area.

Table 6-38 and Table 6-39 show the details of contribution to risk and hazard, respectively, by
contaminant for the Upland exposure area. The results in Tables 6-36 through 6-39 provide overall
summaries of the EPA tap water scenario analysis for all detected analytes identified in Section 6.3.2.4.

Table 6-35. Summary of Risk Estimates from Use of Groundwater
as a Potential Drinking Water Source Using EPA Tap Water Equations

Near-River Exposure Area Upland Exposure Area
Exposure Route ELCR Hazard Index ELCR Hazard Index
Nonradionuclide Analytes
Ingestion 5.5x%10° 1.3 8.1x107 )
Dermal 7.8% 107 0.20 9.9 x 107 0.10
Inhalation 5.0x 107 <0.01 43 %107 <0.01
Total 5.6 %107 L5 8.3 %107 1.2
Radionuclide Analytes
Ingestion T4 % 10° - 1.2% 107 -
Inhalation 4.9 x10° - 1.6 x 10° -
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Table 6-35. Summary of Risk Estimates from Use of Groundwater .
as a Potential Drinking Water Source Using EPA Tap Water Equations
Near-River Exposure Area Upland Exposure Area
Exposure Route ELCR Hazard Index ELCR Hazard Index

Total 7.9 x10° = 1.4 x 10 =

—=

Total Cumulative

-5
bt 9.7x10

1.4 x 10™

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

s = hazard index is not applicable

6.3.7.1.1  Near-River Exposure Area

The total ELCR is 5.6 x 10~ for nonradiological analytes and 7.9 x 10” for radiological analytes (total
cumulative ELCR is 1.4 x 10™), the total cumulative risk is greater than the EPA upper target risk
threshold of 1 x 107 (Table 6-35).

Results in Table 6-36 show the major contributors to ELCR (those analytes that contribute greater than

1 percent of total cumulative ELCR) are strontium-90 (4.0 X 10™; 30 percent contribution), tritium

(3.7 x 10; 27 percent contribution), trichloroethene (3.1 x 10°°; 2.3 percent contribution), and chloroform

(1.5 % 0% 1.1 percent contribution). Strontium-90, tritium, and trichloroethene are identified as COPCs

in Section 6.3.2.4. Chloroform was not identified as a COPC in Section 6.3.2.4 because reported

concentrations were not greater than the EQL. Contribution to ELCR is elevated for arsenic (5.1 % 107%; .
38 percent), where measured contributions are within natural background values.

The HI is 1.5, which is slightly greater than the EPA target HI of 1. Results in Table 6-37 show that all
individual analytes that contribute greater than 1 percent of the HI also reported a HQ less than 1. No
COPCs were identified based on the results of this evaluation. Although the HQ for Cr(VI) is less than 1,
it is identified as a COPC in Section 6.3.2.4 because concentrations are greater than the AWQC.

6.3.7.1.2  Upland Exposure Area

The total ELCR is 8.3 x 10~ for nonradiological analytes and 1.4 x 10” for radiological analytes (total
cumulative ELCR is 9.7 x 10”°), which are within the EPA risk range of 1 x 107 to 1 x 10 (Table 6-35).

Results in Table 6-38 show the major contributors to ELCR (those analytes that contribute greater than
1 percent of the total cumulative ELCR) are tritium (1.2 x 107; 13 percent contribution), trichloroethene
(4.0 x 10°%; 4.1 percent contribution), and strontium-90 (1.3 x 10°%; 1.3 percent contribution). Tritium,
trichloroethene, and strontium-90 are identified as COPCs in Section 6.3.2.4. Contribution to ELCR is
elevated for arsenic (7.8 x 107; 81 percent), where measured contributions are within natural
background values.

The HI is 1.2, which is slightly greater than the EPA target HI of 1. Results in Table 6-39 show that all
individual analytes that contribute greater than 1 percent of the HI also report a HQ less than 1. No
COPCs were identified based on the results of this evaluation. Although the HQ for Cr(V1) is less than 1,
it is identified as a COPC in Section 6.3.2.4 because concentrations are greater than the AWQC.
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Table 6-36. Near-River Exposure Area - Summary of Tap Water Scenario --Cancer Risk Results for Nonradiological
and Radiological Analytes in Groundwater

90th Percentile
Concentration in

Groundwater Risk Risk Risk %
Analyte Name (mg/L or pCi/L) Volatilea | (Ingestion) | (Dermal) | (Inhalation) Total Risk Contribution
Aluminum 0.043 s - s --(b) = 2
Arsenic 0.0023 -- 5.11E-05 2.75E-07 | --(b) 5.14E-05 38
Barium 0.045 -- = =2 -—(b) = "
Boron 0.041 - . = = --(b) cs =
Bromomethane 0.00057 Yes = . - o -
Carbon disulfide 0.000051 Yes - - - s =
Chloride 22 = - - --(b) = o
Chloroform 0.0024 Yes 1.08E-06 9.52E-08 | 2.68L-07 1.45E-06 1.1
Chromium 0.053 -- = - -(b) & o
Cobalt 0.00018 - - = --(b) » -
Copper 0.00072 -- -- - -~(b) = =
Fluoride 0.16 = - - --(b) o ) 2
Hexavalent Chromium 0.050 == we . --(b) 2 s
[ron 0.17 - = = --(b) . o
Lithium 0.00060 - - - --(b) - -
Manganese 0.0073 - - == --(b) - o
Molybdenum 0.0091 - = = ==} e =
Nickel 0.0050 —~ -- -- --(b) == 2
Nitrate 35 --_ = = --(b) = -
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Table 6-36. Near-River Exposure Area - Summary of Tap Water Scenario --Cancer Risk Results for Nonradiological
and Radiological Analytes in Groundwater

881-9

90th Percentile
Concentration in
Groundwater Risk Risk Risk %
Analyte Name (mg/L or pCi/L) Volatilea | (Ingestion) | (Dermal) | (Inhalation) Total Risk Contribution
Selenium 0.0022 -- -- -- --(b) = --
Strontium 0.34 -- - - -(b) = -
Sulfate 65 - - -- --(b) -- -
Thallium 0.00010 - -- -- -(b) - --
Tin 0.00010 -- -~ -- --(b) -- -
Total petroleum hydrocarbons - diesel
range 0.070 Yes - = = - s
Trichloroethene 0.0019 Yes 2.45E-06 4.09E-07 | 2.30E-07 3.09E-Q6 2.3
Uranium 0.0057 - - -- --(b) -- -
Vanadium 0.026 - - - -(b) - --
Zinc 0.0095 -- -- -- --(b) -- - 8
Cesium-137 1.6 - 9.25E-07 - --(b) 9.25E-07 0.69 m
Y
Gross alpha 3.9 = = = | --(b) - o E
o
Strontium-90 38 -- 4.01E-05 -- --(b) 4.01E-05 30 ‘IC‘;
©
Technetium-99 21 -- 1.07E-06 -- --(b) 1.07E-06 0.79 2
Tritium 33,200 Yes 3.18E-05 -- 4 88E-06 3.67E-05 27 %
—
P
Total Cumulative ELCR 1.29E-04 7.87E-07 | 5.381:-06 1.35E-04 100 5 =
. c®
>
33
< 5
23
w >
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Table 6-36. Near-River Exposure Area - Summary of Tap Water Scenario --Cancer Risk Results for Nonradiological

and Radiological Analytes in Groundwater

L

Analyte Name

90th Percentile
Concentration in

Groundwater

(mg/L or pCi/L)

Volatilea

Risk
(Ingestion)

Risk
(Dermal)

Risk
(Inhalation)

Total Risk

%
Contribution

a. Volatile contaminants as defined by EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites” or as defined by EPA, 2001, Health Effects
Assessment Summary Tables database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuciide Table: Radionuclide Carcinogenicity — Slope Factors.”

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicates toxicity criteria are not available to quantify contaminant's cancer risk via this exposure route.

Shading identifies analytes with a risk contribution of greater than or equal to | x 10-6.

Table 6-37. Near-River Exposure Area Summary of Tap Water Scenario -- Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90th Percentile

Concentration

in Groundwater HQ HQ HQ

Analyte Name (mg/L) Volatile" | (Ingestion) | (Dermal) | (Inhalation) Total HQ % Contribution

Aluminum 0.043 - 1.18E-03 6.17E-06 --(b) <0.01 0.079
Arsenic 0.0023 - 2.09E-01 1.09E-03 --(b) 0.21 14
Barium 0.045 -- 6.12E-03 4.56E-04 -~(b) <0,01 0.44
Boron 0.041 - 5.62E-03 2.93E-05 --(b) <0.01 0.38
Bromomcthane 0.00057 Yes 1.12E-02 3.55E-04 1.32E-03 0.013 0.86
Carbon disulfide 0.000051 Yes 1.40E-05 2.46E-06 8.44E-07 <0.01 0.0012
Chloride 22 - - -- --(b) -- --
Chloroform 0.0024 Yes 6.44E-03 5.86E-04 2.78E-04 <0.01 0.49
Chromium 0.053 -~ 9.62E-04 3.86E-04 --(b) <0.01 0.090
Cobalt 0.00018 - 1.62E-02 3.38E-05 --(b) 0.016 1.1
Copper 0.00072 -- 4.94E-04 2.58E-06 -(b) <0.01 0.033

vV 14vHd ONIMYOM ‘96-0L02-T4/300
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Table 6-37. Near-River Exposure Area Summary of Tap Water Scenario -- Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90th Percentile

Concentration
in Groundwater HQ HQ HQ
Analyte Nanie (mg/L) Volatile® | (Ingestion) | (Dermal) | (Inhalation) Total HQ % Contribution
Fluoride 0.16 -- 7.24E-02 3.78E-04 --(b) 0.073 4.9
Hexavaleat Chromium 0.050 -- 4.56E-01 1.90E-01 --(b) 0.65 43
Iron 0.17 - 6.77E-03 3.53E-05 -(b) <0.01 0.46
Lithium 0.0060 - 8.22E-02 4.29E-04 --(b) 0.083 5.5
Manganese 7 0.0073 - 8.33E-03 1.09E-03 -(b) <0.01 0.63
Molybdenum 0.0091 -- 5.00E-02 2.61E-04 --(b) 0.050 34
Nickel 0.0050 - 6.85E-03 1.79E-04 --(b) <0.01 0.47
Nitrate 35 - 1.36E-01 7.08E-04 --(b) 0.14 9.1
Selenium 7 0.0022 -- 1.19E-02 6.22E-05 --(b) 0.012 0.80
Strontium 0.34 -- 1.55E-02 8.10E-05 --(b) 0.016 1.0
Sulfate 65 -- -- -- --(b) -- -
Thallivm 0.00010 -- -- = -~(b) -- -
Tin 0.00010 - 4.57E-06 2.38E-08 --(b) <0.01 0.00031
Total petrolcum hydrocarbons - diescl
range 0.070 -- -- - --(b) --
Trichloroethene 0.0019 Yes - 7 - 6.12E-04 <0.01 0.041
Uranium 0.0057 -~ 5.25E-02 2.74E-04 --(b) 0.053 35
Vanadium 0.026 -- 1.40E-01 7.29E-04 --(b) 0.14 9.4
Zinc 0.0095 - 8.68E-04 2.72E-006 --(b) <0.01 0.058
Total Hazard Index 1.3 0.20 0.0022 1.5 100
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Table 6-37. Near-River Exposure Area Summary of Tap Water Scenario -- Noncancer Hazard Results for Nonradiological Analytes in Groundwater

Analyte Name

90th Percentile
Concentration
in Groundwater
(mg/L)

Volatile®

HQ
(Ingestion)

HQ
(Dermal)

HQ
(Inhalation)

Total HQ

% Contribution

a. Volatile contaminants as defined by EPA, 2009, “Regional Screcning Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicates toxicity criteria are not available to quantify contaminant's hazard via this exposuire routc.

Shading identifies analytes with a HQ of greater than or equal to 1.

Table 6-38. Upland Exposure Area - Summary of Tap Water Scenario -- Cancer Risk Results for Nonradiological
and Radiological Analytes in Groundwater

90th Percentile
Concentration in . . .
Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile® | (Ingestion) | (Dermal) | (Inhalation) Total Risk % Contribution
Acetone 0.00034 Yes = =t e o o
- —

Aluminum 0.023 e o = -(b) o -
Arsenic 0.0035 - 7.75E-05 4.18E-07 | --(b) 7.79E-05 81
Barium 0.047 - o= 5 --(b) = -
Beryllium 0.00010 = = = --(b) =S -~
Boron 0.041 -- == - --(b) s -
Bromomethane 0.00033 Yes - e — = -
Chloride 92 = - - =(h) s i
Chloroform 0.0011 Ycs 5.12E-07 4 50E-08 | 1.27E-07 6.84E-07 0.71
Chloromethane 0.00020 Yes = = = = -
Chromium 0.028 . o o= —(b) - o
Cobalt 0.00010 == - o --(b) e =

Y 14v¥d ONIMEOM ‘96-0L02-T4/300

€10C AJVNNYT




Z¢61-9

Table 6-38. Upland Exposure Area - Summary of Tap Water Scenario -- Cancer Risk Results for Nonradiological
and Radiological Analytes in Groundwater

90th Percentile
Concentration in

Groundwater Risk Risk Risk

Analyte Name (mg/L or pCi/L) Volatile® | (Ingestion) | (Dermal) | (Inhalation) | Total Risk % Contribution
Copper 0.00075 -- - - --(b) = <
Fluoride 0.22 5 = -(b) s -
Hexavalent Chromium 0.023 - = = --(b) - -
Iron 0.093 = - 5 --(b) e s
Lead 0.00021 - - -— -(b) o 4y
Lithium 0.0080 - " - |-m __ -
Mangancse 0.0060 -- . = -(b) ) - s
Molybdenum 0.0078 -- = s -~(b) 5 -
Nickel 0.0040 - = == --(b) = o
Nitrate 12 -~ = - -(b) - 2
Selenium 0.0022 = = - --(b) 25 s
Strontium 0.24 - =¥ - --(b) s -
Sulfate. 51 - - 25 --(b) = -
Tin 0.00010 7 . ﬁ-_ - --(b) et o
Total petroleum hydrocarbons - diescl ,
range 0.070 Yes = -- - - =
Trichloroethenc 0.0024 Yes 3.18E-06 5.31E-07 | 2.98E-07 4.01E-06 4.1
Uranium 0.0022 -- = = --(b) s £
Vanadiam 0.031 -- - - -~(b) 5 <
Zinc 0.0065 - = = --(b) = =
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Table 6-38. Upland Exposure Area - Summary of Tap Water Scenario -- Cancer Risk Results for Nonradiological
and Radiological Analytes in Groundwater

| 90th Percentile
Concentration in
Groundwater Risk Risk Risk
Analyte Name (mg/L or pCi/L) Volatile® | (Ingestion) | (Dermal) | (Inhalation) Total Risk % Contribution

Gross alpha 2.4 - -- - --(b) e --

Strontium-90 1.2 -- 1.27E-06 -- --(b) 1.27E-06 13

Technetium-99 11 = 5.46E-07 - --(b) 5.46E-07 0.56

Tritium 11,000 Yes 1.05E-05 -- 1.62E-06 1.22E-05 13

Total Cumulative ELCR 9.36E-05 9.93E-07 | 2.04E-06 9.66E-05 100

a. Volatile contaminants as defined by EPA, 2009, “Regional Screcning Levels for Chemical Contaminants at Superfund Sites” or as defined by EPA, 2001, Health Effects.
Assessment Summary Tables database, “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 risk contribution of greater than or equal to 1 x [0+6.

Table 6-39. Upland Exposure Area—Summary of Tap Water Scenario -- Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90th Percentile
Concentration in

Groundwater (mg/L or HQ HQ HQ

Analyte Name pCi/L) Volatile® (Ingestion) | (Dermal) | (Inhalation) | Total HQ % Contribution
Acetone 0.00034 Yes 1.04E-05 - 1.27E-07 <0.Q1 0.00088
Aluminum 0.023 6.34E-04 3.31E-06 ‘ --(b) <0.01 0.054
Arsenic 0.0035 - 3.17E-01 1.66E-03 | --(b) 0.32 27
Barium 0.047 - 6.49E-03 4.84E-04 | --(b) <0.01 0.59
Beryllium 0.00010 - 1.37E-03 1.02E-03 | --(b) <0.01 0.20
Boron 0.041 -~ 5.62E-03 2.93E-05 | --(b) <0.01 0.47 7

V 14vdd ONIMHOM 96-0102-14/30d
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Table 6-39. Upland Exposure Area—Summary of Tap Water Scenario -- Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90th Percentile
Concentration in |
Groundwater (mg/L or HQ HQ HQ
Analyte Name pCi/L) Volatile® (Ingestion) | (Dermal) | (Inhalation) | Total HQ % Contribution
Bromomethane 0.00033 Yes 6.36E-03 2.02E-04 | 7.53E-04 <0.01 0.61
Chloride 92 o o s --(b) - e
Chloroform 7 0.0011 Yes 3.04E-03 2.77E-04 | 1.31E-04 <0.01 0.29
Chloromethanc _ 0.00020 7 7 7 Yes ) .= -- 2.57E-05 <0.01 0.0022
Chromium 0.028 -~ 5.06E-04 2.03E-04 | --(b) <0.0} 0.060
Cobalt 0.00010 -- 9.13E-03 1.91E-05 | --(b) <0.01 0.77 7
Copper 0.00075 -- 5.11E-04 2.67E-06 | --(b) <0.01 0.043
» Fluoride 0.22 -- 1.02E-01 532E-04 | --(b) 7 0.10 8.6
‘E Hexavalent Chromium 0.023 7 -- 2.14E-01 8.92E-02 | -~(b) 0.30 25

Iron 0.093 7 | -- 3.64E-03 1.90E-05 | --(b) <0.01 0.31
Lead 0.00021 - - “s --(b) - -- .
Lithium 0.0080 -- 1.09E-01 5.68E-04 | --(b) 0.11 9.2 §
Manganese 7 0.0060 -- 6.85E-03 8.94E-04 | --(b) <0.01 0.65 ?
Molybdenum 0.0078 - 4.26E-02 2.22E-04 | --(b) 0.043 3.6 ) §
Nickel 0.0040 -- 5.48E-03 1.43E-04 | --(b) <0.01 0.47 7 g
Nitrate 12 -- 4.71E-02 246E-04 | --(b) 0.047 4.0 g
Selenium 0.0022 | -- 1.18E-02 6.16E-05 | --(b) 0.012 1.00 C)Z; g
Strontium 0.24 -- 1.11E-02 5.77E-05 | --(b) 0.011 0.93 % 8
Sulfate 51 - - - —(b) e % = :>2

’ - ST
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Table 6-39. Upland Exposure Area—Summary of Tap Water Scenario -- Noncancer Hazard Results for Nonradiological Analytes in Groundwater

90th Percentile
Concentration in

Groundwater (mg/L or HQ HQ HQ

Analyte Name pCi/L) Volatile® (Ingestion) | (Dermal) | (Inhalation) | Total HQ % Contribution
Tin 0.00010 - 4.57E-06 2.38E-08 | --(b) <0.01 0.00039
Total petroleum
hydrocarbons - dicsel
range 0.070 - -- -- --(b) -- -
Trichlorocthene 0.0024 Yes - -- 7.95E-04 <0.01 0.067
Uranium 0.0022 -- 1.99E-02 1.04E-04 | --(b) 0.020 1.7
Vanadium 0.031 - 1.67E-01 8.72E-04 | --(b) 0.17 14
Zinc 0.0065 - 5.94E-04 1.86E-06 | --(b) <0.01 0.050
Total Hazard Index 1.1 0.097 0.0017 1.2 100

a. Yolatile contaminants as defined by EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

b. Nonvolatile constituents are not considered in the inhalation exposure route.

-- = Indicatcs loxicity criteria are not available to quantify contaminant's hazard via this cxposure route

Shading identifics analytes with a HQ of greater than or cqual to 1.
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6.3.8 Uncertainties in the 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.

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 site-specific and general
uncertainties. Based on the anticipation of uncertainty when quantifying exposure and toxicity, the health
risks and hazards presented in this risk assessment are more likely to provide an upper bound on risk.

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 Report (DOE/RL-2007-21) and the 100-BC Work Plan
(DOE/RL-2008-46—ADD?3). 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 because of differing

monitoring programs.

Current baseline conditions are presented by groundwater data collected over an 8-month period between
May 10, 2010 and September 7, 2010. Three sampling events were used to capture the effects that
temporal fluctuations of river stage have on groundwater conditions. The proposed COPCs identified
during the work plan phase were validated by using groundwater samples analyzed for the analytical
methods documented in the 100-BC SAP (DOE/RL-2009-44). The groundwater data set used for COPC
identification consists of sampling and analysis data collected from 18 monitoring wells within the
100-BC-5 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
or less than the lowest chemical-specific ARAR. When analytical methods could not achieve the lowest
chemical-specific ARAR, the action level defaulted to the MDL that could reasonably be achieved. These
detection limits are documented in Table 2-14 of the 100-BC SAP (DOE/RL-2009-44).

6.3.8.2 Uncertainties Associated with Exposure Point Concentrations

The protectiveness and risk evaluation methodology uses an RME concentration for each COPC in an
exposure area 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. EPA
data analysis guidance (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 less than | and 50 percent or more
observations that are BDL, EPA, 2006 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 (EPA, 1989). ProUCL
contains computational methods for parametric and nonparametric UCLs, upper prediction limits (UPLs),
and upper tolerance limits (UTLs) for use with datasets without non-detects as well as datasets with BDL
observations. These computational methods can address skewed data sets with and without BDL
observations. However, in practice, ProUCL will provide warning flags for 95 percent UCLs from
datascts that arc both highly skewed and that contain a large proportion (50 percent or greater)

BDL observations.

Use of the 90" 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 90™ percentile exposure concentration to develop an EPC is consistent
with other EPA risk assessment guidance for describing and characterizing health risks. EPA’s 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 90" percentile of the population distribution, but not higher than the individual in the population with
the highest exposure (EPA. 1992), which is comparable to the definition of RME as defined in Superfund
guidance (EPA, 1989). Therefore, use of the 90™ percentile as the basis for a groundwater EPC yields risk
estimates that correspond to an RME.

A comparison of the 90™ percentile values used for the protectiveness and risk evaluations and the

95 percent UCLs is presented in Table 6-40. In addition, Table 6-44 also shows the frequency of detection
and CVs for the COPCs in groundwater. As shown in Table 6-44, the datasets for most of the COPCs are
characterized by a high proportion of BDL values, high CVs, or both; for those COPCs, the 90" percentile
is the most appropriate statistic for an EPC. In addition, the 90" percentile concentrations are greater than
the 95 percent UCL values for COPCs that are risk drivers in groundwater, such as Cr(VI) in the
Near-River and Upland exposure areas.
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Table 6-40. Percentile Concentrations and Summary Statistics for Analytes in the 100-BC-5 Groundwater OU Data Set

Frequency | Coefficient 90th Is 95 Percent
Number of | Number of of of Percentile UCL > 90th Action
Analyte Units | Detections | Nondetects | Nondetects | Variation of RI Data | Maximum | Mean | 95% UCL Percentile? Levela
Near River Exposure Area

Aluminum pg/L 11 13 54% 0.59 43 72 31 28 No 50
Arsenic ng/lL 21 3 13% 0.35 23 34 1.7 18 No (2403)?
Barium pg/L 24 0 7 0% 0.20 45 49 35 37 No 1,000
Boron ug/L 1 23 96% N/A 41 19 19 Cal?uolrne d N/A 3,200
Bromomethane pg/L 9 15 63% 0.41 0.57 0.74 0.44 0.43 No 11
Carbon disulfide | pg/L 1 23 96% N/A 0.05] 0.074 0.074 Cal?u(i;tc d N/A 800
Chloride pg/L 24 0 0% 0.54 21,800 25,700 10,229 12,182 No 230,000
Chlstofarm pg/L 19 5 2% 1.5 24 3.0 0,61 15 No (é:g)
Chromium pe/L 24 0 0% 0.46 53 69 30 35 No 65
Cr(VI) pg/l 24 0 0% 0.55 50 57 25 30 No 10
Cobalt pg/L 8 19 79% 0.40 0.18 0.2} 0.14 0.15 No 2.6
Copper pe/L 11 13 54% 0.4] 0.72 0.75 0.49 0.44 No 9.0
Fluoride pg/L 13 9 38% 0.31 159 186 115 113 No 960
[ron ug/L 13 I 46% 0.90 173 347 101 92 No 300
Lithium ng/L 13 11 46% 0.12 6.0 6.0 53 52 No 32
Manganese ug/L 4 20 83% 0.48 7.3 14 84 9.1 Yes 50
Molybdenum pg/L 24 0 0% 0.77 9.1 11 34 58 No 80

V 147HA ONIMHOM ‘96-0102-T4/30d

[
>
Z
c
>
By
<
N
51
w




Table 6-40. Percentile Concentrations and Summary Statistics for Analytes in the 100-BC-5 Groundwater OU Data Set
Frequency | Coefficient 90th Is 95 Percent
Number of | Number of of of Percentile UCL >90th | Action
Analyte Units | Detections | Nondetects | Nondetects | Variation of RI Data | Maximum | Mean | 95% UCL Percentile? Levela
Nickel pg/L 6 18 75% 0.38 5.0 9.0 52 4.7 No 52
Nitrate ug/L 24 0 0% 0.74 35,150 44,200 14,189 18.048 No 45,000
Selenium pg/L 19 5 21% 0.50 2.2 42 1.5 1.7 ‘No 50
Strontium pg/L 24 4] 0% 0.25 340 365 227 248 No 9,600
Sulfate ng/L 24 0 0% 0.29 65,400 70,500 43,046 47,376 No 250,000 '
' Not 0.24 |
Thallium ng/L i 23 96% N/A 0.10 1.0 1.0 N/A
Calculated (2.0) |
|
Tin /L 1 23 96% N/A 0.10 0.25 0.25 Mt N/A 519 |
ug ; ] ) Calculated |
P ;
a | JrElesl it 1 23 96% N/A 70 220 220 Natt N/A 500 |
© range Calculated
= |
Trichloroethene ng/L 16 8 33% 0.78 1.9 2.2 0.82 0.83 No 0.49
Uranium ug/L 24 0 0% 0.62 5.7 1.3 2.6 32 No 30 o
Vanadium pg/L 8 16 67% 0.18 26 28 22 21 No 80 8
; X
Zinc pg/L 4 20 83% 0.62 9.5 2| 11 13 Yes 91 I
Not S
st . s - 0/ 7 5 [¢] -_
Cesium-137 pCi'L 1 23 96% N/A 1.6 2.0 2.0 Cialisulutad N/A 200 g
_ b |
Gross alpha pCi/L 4 20 83% 0.39 39 6.4 4.2 43 Yes 15 = |
]
Strontium-90 pCVL 14 10 42% 0.63 38 49 21 20 No 8 . ;
> 2
Technetium-99 pCi/L, 14 10 42% 0.39 21 21 14 13 No 900 % %
Tritium pCi/L 24 0 0% 1.4 33,200 69,000 11,314 17,779 No 20,000 E :DU
A = >
23
w >
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Table 6-40. Percentile Concentrations and Summary Statistics for Analytes in the 100-BC-5 Groundwater OU Data Set

Frequency | Coefficient 90th Is 95 Percent
Number of | Number of of of Percentile UCL > 90th Action
Analyte Units | Detections | Nondetects | Nondetects | Variation | of RI Data | Maximum | Mean | 95% UCL Percentile? Levela
Upland Exposure Area
Acctone pg/L 1 29 97% N/A 0.34 1.0 1.0 Cul?u(;ztned N/A 7,200
Aluminum pg/L 12 18 60% 0.55 23 41 18 15 No 50
Arsenie pg/L 30 0 0% 0.23 3.5 3.9 2.8 3.0 No (;40(1)?
Barium pg/L 30 0 0% 0.76 47 88 26 7 32 No 1,000
Beryllium pg/L i 29 97% N/A 0.10 0.13 0.13 Cal?t?l;ted N/A 4.0
Boron pg/L I 29 97% N/A 41 131 131 blot N/A 3,200
Calculated

Bromomethane pg/L 7 23 71% 0.30 0.33 0.45 0.3L 0.31 No 11
Chloride ng/L 30 0 0% 0.34 9,195 9,350 6,579 7,263 No 230,000
Chloroform pg/L 23 7 23% 0.93 1.1 1.6 0.48 0.53 No (:3)
Chloromethane pg/L 7 6 7 24 80% 0.35 0.20 0.31 0.21 0.20 No -
Chromium pg/L 30 0 0% 0.62 28 39 15 19 No 65
Cobalt ug/L { 29 97% N/A 0.10 0.67 0.67 Cal?u?;ted N/A 2.6
Copper ng/L 12 18 60% 0.46 0.75 0.92 0.54 0.45 No 9.0
Cr(VI) ng/L 24 5 17% 0.72 23 37 13 15 No 7 10
Fluoride ng/L 27 3 10% 0.36 223 290 156 165 No 960
Iron pg/L 11 19 63% 0.70 93 188 73 58 No 300
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Table 6-40. Percentile Concentrations and Summary Statistics for Analytes in the 100-BC-5 Groundwater OU Data Set

Frequency | Cocfficient 90th Is 95 Percent
Number of | Number of of of Percentile UCL > 90th Action
Analyte Units | Detections | Nondetects | Nondetects | Variation | of Rl Data | Maximum | Mean | 95% UCL Percentile? Levela
Lead ng/L 4 26 87% 0.25 021 0.32 0.25 0.27 Yes 2.1
Lithium pg/L 24 6 20% 0.24 8.0 L0 6.2 6.3 No 32
Manganese pg/L 3 27 90% 1.0 6.0 4] 19 4] Yes 50
Molybdenum pg/L 30 0 0% 0.50 7.8 8.6 4.1 4.8 No 80
Nickel pg/L 4 26 87% 0.62 4.0 12 6.3 438 Yes 52
Nitrate ng/L 30 0 0% 0.56 12,200 16,500 6,715 7.878 No 45,000
Selenium pg/L 25 3 17% 0.54 22 4.0 1.4 s No 5.0
Strontium ng/L 30 0 0% 0.20 242 249 179 191 No 9,600
Sulfate pg/L 30 0 0% 0.34 51,450 67,300 34,457 38,270 No 250,000
; Not
: e
Tin pg/L | 29 97% N/A 0.10 0.066 0.066 Esloulatal N/A 519
; : ; Not
PH-diesel ranee 7 370/ ) I
TPH-diesel range pg/L | 29 97% N/A 70 180 180 Ealonlied N/A 500
. ; : 0.49
Trichloroethene ng/L 24 6 20% 0.69 24 3.3 1.2 13 No (1.0)
Uranium pg/L 30 0 0% 0.30 27 3.1 1.6 1.8 No 30
Vanadium ng/L L7 13 43% 0.34 31 35 22 20 No 80
Zinc ng/L J 23 77% 0.30 6.5 10 6.5 6.3 No 91
Gross alpha pE‘/ 4 26 87% 0.12 24 3.0 2.6 33 s 15
Strontium-90 pEi/ 2 28 93% 0.18 1.2 8.6 77 7.6 Yes 8
Technetium-99 pCi/ 12 18 60% 045 11 26 11 15 Yes 900
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Table 6-40. Percentile Concentrations and Summary Statistics for Analytes in the 100-BC-5 Groundwater OU Data Set

a. Value in parentheses () represents the estimated quantitation limit reported in the 100-BC SAP (DOE/RL-2009-44).

Sufficient percentage of detections is considered to be 50% or greater.

Coefficient of Varijation = Standard Deviation / Mean. Data is considered variable if greater than 0.5,

Frequency | Coefficient 90th Is 95 Percent
Number of | Number of of of Percentile UCL > 90th Action
Analyte Units | Detections | Nondetects | Nondetects | Variation of RI Data | Maximum | Mean | 95% UCL Percentile? Levela
L
Tritium pCi/L 23 7 23% 1.1 11,000 24,000 5,205 13,957 Yes 20,000
Notes:
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For the Near-River exposure area, the 90" percentile concentrations are greater than the 95percent UCL
values for all analytes except manganese, gross alpha, and zinc. For manganese, the 95percent UCL of
9.1 ug/L is greater than the 90" percentile value of 7.3 pg/L. Both manganese concentrations are less than
the secondary MCL value of 50 pg/L. For gross alpha, the 95percent UCL of 4.3 pCi/L is greater than the
90™ percentile value of 3.9 pCi/L. Both gross alpha concentrations are less than the MCL value of

15 pCi/L. For zinc, the 95percent UCL of 13 pg/L is greater than the 90" percentile value of 9.5 ug/L.
Both zinc concentrations are less than the AWQC of 91 pg/L. Manganese, gross alpha, and zinc were not
identified as COPCs for the Near-River exposure area; use of the 95 percent UCL would not have resulted
in a different outcome.

For the Upland exposure area, the 90" percentile concentrations are greater than the 95percent UCL
values for all analytes except manganese, gross alpha, lead, nickel, strontium-90, and technetium-99. For
manganese, the 95percent UCL of 41 pg/L is greater than the 90" percentile value of 6.0 ug/L. Both
manganese concentrations are less than the secondary MCL value of 50 pug/L. For gross alpha, the

95 percent UCL of 2.7 pCi/L is greater than the 90" percentile value of 2.4 pCi/L. Both gross

alpha concentrations are less than the MCL value of 15 pCi/L. For lead, the 95percent UCL of 0.27 pg/L
is greater than the 90" percentile value of 0.21 pg/L. Both lead concentrations are less than the AWQC of
2.1 pg/L. For nickel, the 95percent UCL of 4.8 ug/L is greater than the 90™ percentile value of 4.0 ug/L.
Both nickel concentrations are less than the AWQC of 52 pg/L. For strontium-90, the 95percent UCL of
7.6 pCi/L is greater than the 90" percentile value of 1.2 pCi/L. Both strontium-90 concentrations are less
than the MCL value of 8 pCi/L. For technetium-99, the 95percent UCL of 15 pCi/L is greater than the
90" percentile value of 11 pCi/L. Both technetium-99 concentrations are less than the MCL value of

900 pCi/L. Manganese, gross alpha, and technetium-99 were not identified as COPCs for the Upland
exposure area, use of the 95 percent UCL would not have resulted in a different outcome. Strontium-90
was identified as a COPC in the Upland exposure area because of localized measurements greater than the
MCL in the larger population of wells considered for the nature and extent evaluation discussed in
Chapter 4.

6.3.8.3 Uncertainties Associated with Exposure Assumptions

The exposure assumptions used to develop the chemical-specific ARARs 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 (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.

6.3.8.4 Uncertainties Associated with Dermal Contact Exposure

The chemical-specific ARARs for use as a drinking water source consider ingestion and inhalation of
vapors as complete and significant pathways for exposure. For the chemical-specific ARARs, 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 chemical-specific
ARARs may have the potential to underestimate the actual cleanup level.
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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 hexavalent chromium and trichloroethene.
The ratio of the dermal absorbed dose (DAD) from dermal to oral is 42 percent for hexavalent chromium
and 17 percent for trichloroethene. Based on this comparison, the chemical-specific ARARs
concentrations may have the potential to underestimate exposure to these COPCs.

6.3.8.5 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 guidance (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 I [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.

6.3.8.5.1 Slope Factors for Trichloroethene.

The oral cancer potency factor of 0.089 (mg/kg-day)™ used to develop the MTCA “Groundwater Cleanup
Standards” (WAC 173-340-720) groundwater cleanup level was obtained from the CLARC database
(Ecology, 2010). The factor is obtained from a draft EPA risk assessment prepared in 2001, which has
since been updated; therefore, in this case, the oral cancer potency factor does not reflect the most current
source of information.

The oral slope factor currently recommended by EPA for trichloroethene was published in IRIS in
September 2011. The source of this toxicity value is consistent with the hierarchy of toxicity values
recommended in Superfund HHT Risk Assessment Values (Cook, 2003). The oral slope factor is
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0.046 (mg/kg-day)” (IRIS). Trichloroethene is considered an “early-life exposure” carcinogen for kidney
cancer because it acts through a mutagenic mode-of-action. Accounting for kidney cancer risks from
early-life exposure would result in slightly more conservative value (by a factor of 2) for the oral

slope factor.

The newly revised EPA value is lower than the value of 0.089 (mg/kg-day)™ for oral exposures published
in the CLARC database (Ecology, 2010). However, the EPA value accounting for early life exposure is
slightly greater than the value published by Ecology in the CLARC database.

If the revised EPA value was used to calculate the MTCA “Groundwater Cleanup Standards”

(WAC 173-340-720) groundwater cleanup level, the groundwater concentration would increase from
0.49 to 0.95 pg/L. The groundwater risks at the 90" percentile would decrease from 3.9 x 10° to

2.0 x 107 in the Near-River exposure area and would decrease from 4.9 x 10 to 2.5 x 10 in the Upland
exposure area. However, the cumulative risk would continue to remain below 1 x 107, Use of the oral
cancer potency factor from HEAST overstates risks when compared to the oral slope factor established
by EPA.

6.3.8.5.2 Slope Factors for Hexavalent Chromium.

The oral reference dose of 0.003 mg/kg-day published by IRIS is used to develop the MTCA
“Groundwater Cleanup Standards” (WAC 173-340-720) groundwater cleanup level for Cr(VI). An oral
carcinogenic potency factor has recently been published by the NJDEP (2009, Derivation of an
Ingestion-Based Soil Remediation Criterion for Cr+6 Based on the NTP Chronic Bioassay Data for
Sodium Dichromate Dihydrate). The oral carcinogenic potency factor derived by NJDEP is

0.5 (mg/kg-day)™, as presented in Derivation of an Ingestion-Based Soil Remediation Criterion for Cr+6
Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dihvdrate (NJDEP, 2009). If the
NJDEP value was used to calculate the MTCA “Groundwater Cleanup Standards” (WAC 173-340-720)
groundwater cleanup level, the groundwater concentration would decrease from 48 to 0.18 pg/L.

6.3.8.6 Uncertainties Associated with Risk Characterization

In the risk characterization, the assumption was made that the total risk of developing cancer from
exposure to 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.

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 radium-226, but
excluding uranium and radon), and 5 pCi/L combined for radium-226 and radium-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 MTCA
“Groundwater Cleanup Standards,” “Method B Cleanup Levels for Potable Groundwater”

(WAC 173-340-720(4)(iii)(B)) and radionuclide slope factors from HEAST. The MCL concentrations
reported for each of the radionuclide COPCs do not individually exceed the 10 ELCR end of the NCP
(40 CFR 300) risk range (Table 6-41 and Table 6-42).
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Table 6-41. Summary of 90t Percentile Groundwater Concentrations, .
Associated Cancer Risk, and Associated Sum of Fractions for Radioactive COPCs in the
Near-River Exposure Area

' 90™ Percentile Federal or
Value State MCL ELCR at Individual Individual
COPC (pCi/L) (pCi/L) Federal MCL Fraction ELCR

Strontium-90 38 8 8.5 x 107 4.8 4.0 %107
Tritium 33,200 20,000 18 % 1o+ 1.7 2% 10°
Sum of Fractions 0.5 =
Cumulative Annual Dose (mrem) 26 -
Cumulative ELCR for Radioactive COPCs - 7.2 x 10

* An excess lifetime cancer risk for tritium, which includes the ingestion and inhalation exposure routes, would be 1.3 x 104,
The ELCR for tritium would be 1.9 x 10 for the ingestion exposure route only.

Table 6-42. Summary of 90* Percentile Groundwater Concentrations,
Associated Cancer Risk, and Associated Sum of Fractions for Radioactive COPCs in the
Upland Exposure Area

90™ Percentile Federal or
Value . State MCL ELCR at Individual Individual
corC (pCi/L) (pCi/L) Federal MCL Fraction ELCR

Strontium-90 i 8 8.5 x 10 0.15 13x10°
Tritium 11,000 20,000 18 % 10~ 0.55 6.9 %107
Sum of Fractions 0.70 -
Cumulative Annual Dose (mrem) 2.8 -
Cumulative ELCR for Radioactive COPCs - 1.2 x10°

* An excess lifetime cancer risk for tritium, which includes the ingestion and inhalation exposure routes, would be 1.3 x 107,
The ELCR for tritium would be 1.9 x 10” for the ingestion exposure route only.

6.3.8.6.1 Uncertainties Associated with the Native American Risk Assessments

As discussed in Section 6.1.3, the RCBRA Report (DOE/RL-2007-21) evaluated three residential

scenarios that describe exposure related to rural land-use patterns that involved exposure assumptions

which represented subsistence use. Of the three residential scenarios, two Native America scenarios were

evaluated including the CTUIR and the Yakama Nation. While groundwater within the 100-BC OU is not

anticipated to become a source of drinking water, contaminants in groundwater were assessed using the

two Native American scenarios to provide estimates of human health risks under the assumption of

full-time occupancy in the future. In addition, the risks calculated using the Native American scenarios

were compared with risks estimated using EPA’s standard default assumptions for residential tap water .
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use (the tap water scenario). As described in EPA guidelines (“Regional Screening Table,” EPA, 2012),
the residential tap water scenario reflects an RME scenario.

The groundwater risk assessment provided in this RI/FS provides an update to address the uncertainties
associated with the assessment of groundwater risks presented in the RCBRA (see Section 6.3.2).

The uncertainties in the RCBRA were associated with the ability of the groundwater dataset collected
from 1998 to 2008 to represent current baseline conditions and potential exposure within each
groundwater OU. The following paragraphs discuss the uncertainties with risks associated with
groundwater contaminants based on current baseline conditions.

The Native American and tap water scenarios addressed direct exposure to contaminants in groundwater
associated with household uses of groundwater, such as drinking and cooking (ingestion) and bathing
(dermal absorption). If VOCs were measured in groundwater and identified as COPCs, indirect exposure
by inhalation of VOCs in air while bathing or when using groundwater in the home for other purposes
was also addressed. The CTUIR and Yakama Nation scenarios incorporated ingestion, inhalation, and
dermal exposures to COPCs in groundwater used in a sweat lodge.

Exposure parameters for drinking water ingestion, VOC inhalation and dermal absorption differ between
the Native American exposure scenarios and the EPA tap water scenario. Examples of these differences
include the following: exposure frequency (Native American 365 day/yr; EPA tap water 350 day/yr);
exposure duration (Native American 70 years; EPA tap water 30 years); drinking water ingestion rate
(Native American 4 L/day [1 gal/day]; EPA tap water 2 L/day [0.5 gal/day]); and inhalation rate (CTUIR
25 m’/day [883 ft'/day], Yakama Nation 26 m’/day [918 ft'/day]; EPA tap water 20 m’/day [706 ft’/day]).
As a result, the Native American exposure scenarios both produce higher total ELCR and HI that the EPA
tap water scenario; depending on the contaminants and pathways involved, As described below, ELCR
and HI for the Native American scenarios may be 4- to 5-fold greater than for the tap water scenario, for
the drinking water ingestion, VOC inhalation and dermal absorption exposure pathways. COPCs are the
same between each of the exposure scenarios; the percent contribution for each COPC is higher for the
Native American scenarios than the EPA Tap Water scenario.

The largest uncertainties associated with the Native American scenarios are with the use of groundwater
in a sweat lodge. When groundwater from the Near-River exposure area is used to produce steam in

a sweat lodge, the total cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are

3.4 % 107 and 7.0 x 107, respectively (Appendix G, Attachment G-1). The major contributor to the
cumulative ELCR (those analytes that contribute greater than 1 percent of total cumulative ELCR for both
Native American scenarios is Cr(VI). The total HI for the CTUIR and Yakama Nation exposure scenarios
are 8.9 and 18, respectively (see Appendix G, Attachment G-1). Primary contributors to the noncancer HI
(those analytes that contribute greater than 1 percent of HI) are hexavalent chromium, manganese, and
barium (Yakima Nation scenario only). All remaining individual analytes (barium [CTUIR scenario
only], cobalt, fluoride, and nickel) that contribute greater than one percent of the HI also report a HQ less
than 1. Contribution to HI is elevated for arsenic, where measured contributions are within natural
background values.

When groundwater from the Upland exposure area is used to produce steam in a sweat lodge, the total
cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are 1.6 x 107 and 3.4 x 107,
respectively (see Appendix G, Attachment G-1). The major contributor to the cumulative ELCR (those
analytes that contribute greater than | percent of total cumulative ELCR for both Native American
scenarios is Cr(VI). The total HI for the CTUIR and Yakama Nation exposure scenarios are 6.8 and 14,
respectively (Appendix G, Attachment G-1). Primary contributors to the noncancer HI (those analytes
that contribute greater than 1 percent of total HI) are hexavalent chromium, manganese, and barium
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cobalt, fluoride, and nickel) that contribute greater than one percent of the HI also report a HQ less than 1.
Contribution to HI is elevated for arsenic, where measured contributions are within natural
background values.

(Yakama Nation scenario only). All remaining individual analytes (barium [CTUIR scenario only], .

Exposure point concentrations for air in a sweat lodge were calculated for the CTUIR Resident and
Yakama Resident scenarios. Appendix 4 of Exposure Scenario for CTUIR Traditional Subsistence
Lifeways (Harris and Harper, 2004) provides equations for estimating air-phase contaminant
concentrations for volatile and semivolatile COPCs in the water used to create steam in the lodge, as well
as separate equations for nonvolatile COPCs. Inhalation exposure to nonvolatile COPCs in the sweat
lodge was evaluated in the CTUIR and Yakama Nation resident scenarios in spite of concerns with the
model for calculating these air-phase EPCs. The Harris and Harper (2004) equation for calculating
air-phase EPCs for nonvolatile analytes (Equation 3-2) calculates the concentration of a nonvolatile
COPC in air as a function of the concentration of water vapor produced by the volatilization of water
poured over hot rocks in a sweat lodge. Because nonvolatile contaminants have no vapor pressure,
Equation 3-2 does not have a common physical basis with volatile chemicals. It is possible that inhalation
of nonvolatile COPCs might occur by an alternative physical model, such as respiration of respirable-size
aerosols, if such aerosols were formed when water is poured over the hot rocks in a lodge. However,

a model of resuspension of nonvolatile impurities in aerosol form is inconsistent with other mechanical
processes involving steam. For example, EPA does not address this pathway in shower volatilization
models (Volatilization Rates from Water to Indoor Air Phase I [EPA 600/R-00/096]). It is also
inconsistent with the widespread use of steam distillation for commercial water purification.

When groundwater is used as a drinking water source from the Near-River exposure area, the total
cumulative ELCRs for the CTUIR and Yakama Nation exposure scenarios are 6.1 x 10 and 6.3 x 10,
respectively. The total cumulative ELCR for the EPA tap water scenario is 1.4 x 10™. All scenarios are
greater than the EPA upper target risk threshold of 1 x 10™. Major contributors to risk for the Native
American scenarios and the EPA tap water scenario are strontium-90, tritium, and trichloroethene.

The total HI is 2.9 for both the CTUIR and Yakama Nation exposure scenarios. The HI for the EPA tap
water scenario is 1.5. Cr(VI) is the primary contributor to the non-cancer HI for the Native American
scenarios. All individual analyte report a HQ less than 1.0 for the EPA tap water exposure scenario.

When groundwater is used as a drinking water source from the Upland exposure area, the total cumulative
ELCRs for the CTUIR and Yakama Nation exposure scenarios are 3.9 x 10 and 4.2 x 10, respectively.
The total cumulative ELCR for the EPA tap water scenario is 9.7 x 10”. The Native American scenarios
are greater than the EPA upper target risk threshold of 1 x 10™*. Major contributors to risk for the Native
American scenarios and the EPA tap water scenario are tritium, trichloroethene, and strontium-90.

The total HI is 2.4 for both the CTUIR and Yakama Nation exposure scenarios. The HI for the EPA tap
water scenario is 1.2. All individual analytes report a HQ less than 1.0 for the Native American scenarios
and the EPA tap water exposure scenario.

These results for the Near-River and Upland exposure areas are consistent with the screening level
groundwater risk assessment provided in the RCBRA Report (DOE/RL-2007-21), which identified
strontium-90, tritium, and trichloroethene in the 100-BC-5 Groundwater OU as the primary contributors
to risk through ingestion and dermal contact with groundwater. As discussed above, the uncertainties
associated with the sweat lodge scenario would considerably overstate the contribution of hexavalent
chromium to total risks and noncancer hazards from contaminants in groundwater.

Groundwater within the 100-BC-5 OU is currently contaminated, and withdrawal is prohibited as a result
of institutional controls placed on it by DOE through the interim action ROD. Under current site use
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conditions, no complete human exposure pathways to groundwater are assumed to exist. 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.

6.4 Risk Assessment Conclusions of the Riparian and Nearshore Environment from
RCBRA and the Columbia River Component

Human health risks were assessed in areas outside the footprints of waste sites as part of the RCBRA
Volume [ (DOE/RL-2007-21, Volume I1) and the Columbia River Component Risk Assessment,

Volume I1: Baseline Human Health Risk Assessment (hereinafter called the CRC HHRA; DOE/RL-2010-
117, Volume II). The following sections summarize the conclusions obtained from these two risk
assessments. Table 6-43 presents a summary of the total risks and noncancer hazards associated with the
riparian and nearshore area and the Columbia River. Several investigations conducted on effluent
pipelines that discharged to the Columbia River are also summarized.

6.4.1 Risk Assessment Conclusions from the River Corridor Baseline Risk Assessment

The assessment of human health risks was based on “broad-area” environmental data that characterized
concentrations of COPCs in upland and riparian surface soils, river water and sediment in nearshore
areas, and fish tissue.

The exposure scenarios considered for riparian and nearshore areas were avid angler, casual user, and
Tribal scenarios, including a nonresident Tribal scenario, and ingestion of fish in the CTUIR and
Yakama residential scenarios. The casual user scenario addresses occasional recreational use.

The scenario is focused on activities such as walking and picnicking in riparian areas near the river.

The avid angler is focused on individuals who are not engaged in a subsistence lifestyle. The avid angler
application is associated with exposure in the necarshore region of the River Corridor, and takes into
consideration potential exposures to sediments and fish. The nonresident Tribal scenario is focused on
individuals engaged in a subsistence lifestyle who reside offsite but use the River Corridor for various
activities such as hunting, gathering plants, and fishing.
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Table 6-43. Summary of Total Risks and Noncancer Hazards for the Riparian
and Nearshore in the 100-BC OUs

0LZ-9

Excess
Lifetime Primary  Noncancer Primary
Environment/Exposure Cancer Risk Hazard Noncanecer
Media Risk Drivers Index Hazards Comment Source
Casual User Scenario
Riparian Soil 3.0 x10° None 0.019 None -- RCBRA Report (DOE/RL-
2007-21) Tables 4-14
and 4-16
Avid Angler Scenario
Nearshore — sediment, river 1.Ox 15 None 0.012 None - RCBRA Report (DOE/RL-
water, dust 2007-21) Tables 4-17
e ) ) . : . and 4-19
Fish ingestion - Sculpin NA None 2.2 Metals Screening-lcvel result employing
ncarshore COPC concentrations
in sculpin, a small fish with
a limited home range.
Nonresident Tribal Scenario
Soil, sediment, water 7.0x 10° Arsenic 0.96 None -- RCBRA Report (DOE/RL-
5 : ) : _ 2007-21) Tables 4-24
Plants and game 1.0 x 10 Arsenic 78 Arsenic Ingestion of contaminants plants 4 4-26
and game modcled were using
bio-transfer factors which
overstated concentrations
accumulated from soil.
Fish Ingestion - Sculpin NA None 13 Metals Screening-level result employing

nearshore COPC concentrations
in sculpin, a small fish with
a limited home range.
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Table 6-43. Summary of Total Risks and Noncancer Hazards for the Riparian
and Nearshore in the 100-BC OUs

Excess

Lifetime Primary  Noncancer Primary
Environment/Exposure Cancer Risk Hazard Noncancer
Media Risk Drivers Index Hazards Comment Source
Casual User Scenario (Child- Columbia River)
100-A Study Area COPCs in 0 None 0 None Risks in each media summed CRC (DOE/RL-2010-117),
Surface Water across chcmical carcinogens and  Tables 6-1 and 6-2.
] radionuclides.
100-A Study Arca COPCs in 0 None 0 None
Sediment
100-B Study Area COPCs in 0 None 0 None
Surface Water
100-B Study Area COPCs in 40107 None 0.02 None
Sediment
100-B Study Area COPCs in 6x10° None 0.02 None
Island Soil
Casual User Seenario (Adult- Columbia River)
100-A Study Arca COPCs in 0 Nong 0 None Risks in each media summed CRC (DOE/RL-2010-117)
Surface Water across chemical carcinogens and ~ Tables 6-13 and 6-14.
—n = ; - radionuclides.
100-A Study Area COPCs in 3.0x 107 None 0.003 None
Sediment
100-B Study Area COPCs in Q None 0 None
Surface Water
100-B Study Arca COPCs in 2% 10<° None 0.002 None
Sediment
100-B Study Area COPCs in 2% 107 None 0.003 None

Island Soil
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Table 6-43. Summary of Total Risks and Noncancer Hazards for the Riparian
and Nearshore in the 100-BC OUs

Excess
Lifetime Primary  Noncancer Primary
Environment/Exposure Cancer Risk Hazard Noncancer
Media Risk Drivers Index Hazards Comment. Source
Avid Angler Scenario (Child- Columbia River)
300 Arca, Fish Ingestion 0 None 0 None -~ CRC (DOE/RL-2010-117),
Table 6-25
Avid Angler Scenario (Youth- Columbia River)
100-A Study Arca COPCs in 0 None 0 None Risks in each media summed CRC (DOE/RL-2010-117)
Surface Water across chemical carcinogens and  Tables 6-28 and 6-29.
: . radionuclides.
100-A Study Arca COPCs in 7.0 x 107 None 0.005 None
Sediment
100-A Study Arca COPCs in 0 None 0 None
Fish
100-B Study Area COPCs in 0 None 0 None
Surface Water
100-B Study Arca COPCs in 5.0x%107 None 0.003 None
Sediment
100-B Study Area COPCs in 3.0% 507 None 0.006 None
Island Soil
100-B Study Area COPCs in 0 None 0 None

Fish
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Table 6-43. Summary of Total Risks and Noncancer Hazards for the Riparian
and Nearshore in the 100-BC OUs

Excess
Lifetime Primary  Noncancer Primary
Environment/Exposure Cancer Risk Hazard Noncancer
Media Risk Drivers Index Hazards Comment Source
Avid Angler Scenario (Adult- Columbia River)
100-A Study Area COPCs in 1.0 x 107 None 0.0008 None Risks in each media summed CRC (DOE/RL-2010-117)
Surface Water across chemical carcinogens and ~ Tables 6-34 and 6-35.
_ : = radionuclides.
100-A Study Area COPCs in 3.0x10 None (0. 003 None
Sediment
100-A Study Area COPCs in 0° None 0 None
Fish
100-B Study Area COPCs in ) None 0 None
Surface Water
100-B Study Arca COPCs in 3.0 % [§° None 0.002 None
Sediment
300-B Study Area COPCs in 50% 197 None 0.003 None
Island Soil
300-B Study Area COPCs in 0 None 0 None

Fish

Notes:

Carbon-14 was detected in one sucker fillet at a concentration slightly higher than the minimum detectable activity of the instrument and is likely a false positive resull. Risk
contributions of carbon-14 were low relative to the contribution of risk from polychlorinated biphenyls and chlorinated pesticides. Carbon-14 was not detccted in nearshore

groundwater, seeps, or sediment but was detected in one soil sample collected from the riparian area.

Zero value indicates that there were not COPCs for that medium,; therefore, no risks or noncancer hazards were calculated.

NA - not available. Carbon-14 in the 100-K area is the only COPC in sculpin.

Risks presented in this table are for COPCs identified in the Study Area (that is, along the River Corridor sites. COPCs for Reference Areas arc presented in the
CRC report. Note that risks associated with Reference Area COPCs typically are greater than risks associated with Study Area COPCs.

Risk estimates for the CTUIR and Yakama Nation scenarios are provided in the RCBRA Report (DOE/RL-2007-21) and CRC (DOE/RL-2010-117) reports.
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riparian locations in the 100-BC Area (RCBRA SAP [DOE/RL-2005-42]). Discrete sediment samples
used to calculate EPCs were obtained from sites in the River Corridor selected from locations of known
groundwater plumes, areas of groundwater discharge to the river, results of past biota sampling locations,
or areas of fine-grained sediment deposits. Data from sculpin, clams, and benthic macroinvertebrates
(primarily crayfish and clams) were used to estimate fish ingestion risks to avid angler and nonresident
Tribal receptors.

EPCs in soil in the riparian environment were calculated using MULTI-INCREMENT® sampling from .

The results of the broad area risk assessment in the 100-BC Area for the casual user and avid angler
scenarios showed that lifetime cancer risk was 3 x 10 and below a noncancer HI of one for direct
exposures to soil, sediment, and surface water.

Risks for riparian soils were higher than 1 x 10™ cancer risk and above a noncancer HI of one for the
nonresident Tribal scenario. Modeled concentrations of arsenic from riparian soil into native vegetation
provided the largest contribution to cancer risks. Modeled concentrations of cadmium and zinc into native
vegetation provided the largest contribution to noncancer hazard indices. However, as discussed in the
RCBRA Report (DOE/RL-2007-21), uncertainties in the food chain modeling methods considerably
overstate risks from plant ingestion exposure pathways. No carcinogenic COPCs were identified in fish,
based on data in sculpin, clams, crayfish, and juvenile suckers. The noncancer Hls associated with fish
ingestion, based on these biota data in sculpin, clams, crayfish and juvenile suckers was higher than one
for the Tribal scenarios. The COPC providing the major contribution to noncancer hazard was copper
detected in clams and crayfish. As discussed in the RCBRA Report (DOE/RL-2007-21), it is likely that
the calculated HI values for copper considerably overstate the risks from ingestion of this metal. Copper
is normally present in hemocyanin for carrying oxygen in the blood, both in crayfish and clams. In
addition, HI values for ingestion of crayfish from reference areas are similar to the 300 Area. In addition,
human health risks from copper are associated with gastrointestinal irritation by free copper ions in
drinking water, which is an effect that may not be relevant to ingestion of copper in food.

6.4.2 Risk Assessment Conclusions from the Columbia River Component

The CRC HHRA provides a comprehensive assessment of human health risks for the Hanford Reach.
The intent of the CRC risk assessment was to complete the assessment of the “bank-to-bank™ Hanford
Reach and downstream areas (i.e., Lake Wallula) of the Columbia River, characterizing risk in areas not
previously addressed under the RCBRA Report (DOE/RL-2007-21). Human exposure scenarios
addressed in the CRC HHRA were an avid angler, casual user, hypothetical future resident, and a Native
American (Yakama Nation) subsistence fisher. As discussed in the CRC HHRA (DOE/RL-2010-117,
Volume II), fish ingestion exposure provided the largest contribution to overall human health risks. A fish
sampling program was created specifically to support the HHRA within the CRC RI, and provided

a consistent sampling and analysis approach among species, tissue types, and analytes (Columbia River
RI Work Plan [DOE/RL-2008-11]). The fish species targeted in the sampling program were intended to
be the most representative of the exposure scenarios identified in the HHRA, and included the following:

e Common carp (Cvprinus carpio)

#»  Mountain whitefish (Prosophium williamsoni)
¢ Walleye (Stizostedion vitrium)

o Smallmouth bass (Micropterus dolomieui)

e Bridgelip sucker (Catostonus columbianus)

e  White sturgeon (Acipenser transmonatnus)
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Separate fillets, carcass (including the head and skeleton), and combined livers and kidneys were
analyzed. Fillet samples for all species except sturgeon were prepared with the skin on, as skin for these
types of fish is often left on during preparation and consumption.

As described previously, the fish consumption pathway provided the largest contribution (99 percent
contribution) to human health risks (evaluated for the avid angler and Native American scenarios).

The fish consumption pathway was evaluated using two separate approaches. In the first approach, risk
was quantified assuming a receptor consumed a varied diet consisting of all six species cvaluated. In

a second approach, risk was quantified for each individual fish species. Although the concentrations of
COPCs, and hence, estimated hazard/risk, varied among the different species, the relative magnitude of
risk remained similar among all six fish species. Relative magnitude of risk for the avid angler scenario
was generally in the range of 2 x 107 to 8 x 107, with bass and carp having the overall lowest and highest
associated cancer risk. PCBs, chlorinated pesticides, cobalt, arsenic, and mercury were the primary risk
drivers through fish ingestion. Throughout the Hanford Site study area, nearly all of the risk drivers also
were identified as COPCs in upstream reference arcas. Several radionuclides were detected in some fish
tissue samples, at a very low (1 percent) frequency of detection. These radionuclides were eliminated as
COPCs because it was concluded the concentrations were crroncous data quality or

data consistency issues.

PCBs, mercury, and chlorinated pesticides in fish tissue, which are primary risk drivers, are prevalent in
fish tissue in many waterbodies, because of their widespread historical use, atmospheric deposition and,
consequently, high prevalence in abiotic media. The results from Chapter 4 and Riparian and Nearshore
CSM in Appendix M show that there are unlikely to be sources or transport pathways from Hanford Site
soils or groundwater that would have resulted in transport of PCBs, mercury, or chlorinated pesticides to
Columbia River media (sediment or surface water) where they could have been accumulated into fish
tissue. Based on the absence of transport pathways from 100-BC Area sites or groundwater, coupled with
comparable risks associated with fish caught in reference areas, it is unlikely that Hanford Site activities
in the 100-BC Area are associated with the fish ingestion risks projected in the CRC HHRA.

6.4.3 Risk Assessment Conclusions for River Pipelines

During operations, water used in fuel production to cool the reactors was discharged to the

Columbia River via effluent pipelines. The release of this cooling water ended when the associated
reactors and facilities were shut down. Today, one inactive 100-BC effluent pipeline remains in its
original location in the Columbia River channel. Past characterization efforts obtained samples of the
river effluent pipelines from the 100-BC, 100-D, and 100-F Areas. Characterization data collected during
the river pipeline evaluations were used to evaluate potential risks from contaminants within the
pipelines. The RCBRA Volume Il (DOE/RL-2007-21, Volume II) provided a summary of the previous
characterization efforts and risk assessment for these pipelines in Section 8.2.2.

In 1984, River Discharge Lines Characterization Report (UNI-3262) discussed samples of scale (flakes
of mostly rust) from the interior surfaces and enclosed sediment of the effluent pipelines from the 105-C,
105-DR, and 105-F Reactors. The pipelines were also visually inspected underwater by a diver, and their
positions and physical conditions were assessed. Samples of scale and sediment were analyzed for
radionuclides. The major radionuclides detected included cobalt-60, cesium-137, europium-152,
europium-154, and europium-155. Radionuclide concentrations were greater in the scale than in the
sediment. Direct beta-gamma radiation measurements were also obtained for interior and exterior

pipe surfaces. The HHRA determined that elevated human radiological exposure could occur if portions
of the river pipelines became dislodged and washed ashore (RCBRA Report [DOE/RL-2007-211,
Section 8.2.2).
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In 1994, a comprehensive geophysical survey (Columbia River Effluent Pipeline Survey
[WHC-SD-EN-TI-278]) located and mapped the reactor effluent pipelines. The study relied mainly on .
remote sensing geophysical techniques, including navigation and echo sounding, side-scanning radar,

sub-bottom profiling, seismic reflection profiling, and ground-penetrating radar. The results indicated that,

the pipelines have neither broken loose nor moved from their original locations. However, portions of

some pipelines are no longer buried.

In 1995, pipe scale and sediment from the interior of the effluent pipelines from the 100-BC and

100-D Areas were sampled and physically characterized using a robotic transporter (/00 Area River
Effluent Pipelines Characterization Report [BHI-00538]). Analytical data from these two pipelines were
intended to complement the 1984 radionuclide data (River Discharge Lines Characterization Report
[UNI-3262]) and were expected to represent “worst case” conditions with respect to radiological
contamination. This assumption was based on the long years of pipeline service and the volume of
effluent known to have been discharged from the 105-B and 105-D/DR Reactors.

The analytical results from the 1984 and 1995 effluent pipeline characterization studies at the 105-B,
105-C, 105-D/DR, and 105-F Reactors may reasonably be applied to effluent pipelines in 100-K because
operations among these reactors were similar. Evaluations of human health and ecological risk have been
performed for the river effluent pipelines, as they are today, located on or beneath the river channel
bottom, and for a scenario in which a pipeline section breaks away from the main pipeline and is washed
onto the shore of the river. Both the 1996 risk assessment effort (/00 Area River Effluent Pipelines
Characterization Report [BHI-00538]) and the 1998 risk assessment effort (/00 Area River Effluent
Pipelines Risk Assessment [BHI-01141]) relied on data collected from the 1984 and 1995 characterization
work. The evaluation of human health and ecological risk performed in 1998 (100 Area River Effluent
Pipelines Risk Assessment [BHI-01141]) concluded that the concentrations of chromium and mercury in .
the scale and sediment within the pipelines pose minimal ecological risk because they have been in
contact with river water without dissolving since the reactors were shut down. The 1998 risk evaluation
results indicated pipelines present no unacceptable risks; therefore, no remediation requirements under
CERCLA. This is supported by the following:

# Minimal deteriorated condition of the pipelines
e Continued decrease of radionuclide concentrations due to decay
e Inaccessible location

e Unavailability of significant contaminants to affect human health and the environment

Based on available information, no elevated risk levels are expected to be associated with the pipeline.

6.5 Summary and Conclusions

The soil and groundwater risk assessments for the 100-BC Source OU and 100-BC-5 Groundwater OU
accomplishes the following objectives:

e Proposes direct contact PRGs in soil for use in the FS from values presented in the RCBRA Report
(DOE/RL-2007-21).

e Evaluates the effectiveness of source interim actions for the 100-BC Source OU.

s Qualitatively evaluates soil data from RI and LFI soil borings and wells to determine if results could
be useful for risk management decisions.
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e Confirms that wastes sites are remediated to the RAOs and RAGs published in the 100 Area
RDR/RAWP (DOE/RL-96-17). In addition, confirms that waste sites achieve the direct contact PRGs
proposed for the FS. In other words, sites cleaned up under interim action do not need to be revisited
in the FS to demonstrate protection of human health.

e Identifies the waste sites and COCs in the vadose zone that require further evaluation in the FS.

o Confirms that waste sites that have not been remediated are carried forward into the FS based on
process history and/or sampling results.

¢ Identifies the COCs in groundwater that require further evaluation in the FS.

The methodology used to assess risks for the RI/FS uses PRGs developed in the RCBRA Report
(DOE/RL-2007-21), and incorporates the most current agency guidance. COPCs in the vadose zone and
groundwater were identified in a conservative manner, using exclusions identified in the RCBRA to
identify COPCs. The methods for developing EPCs are based on EPA’s ProUCL guidance manual.

The residential scenario used to develop PRGs and characterize risks to human health from contaminants
in the vadose zone is drawn from the scenario that was used to develop cleanup levels for the 100 Area
RDR/RAWP (DOE/RL-96-17), and was brought up to date to be consistent with most recent regulatory
guidance. PRGs for the vadose zone were developed to reflect a range of exposure scenarios and include
those that represent the RAOs (residential scenario) and reasonably anticipated future land use (the
resident Monument worker and casual recreational user).

Contaminant concentrations in groundwater were compared with a range of groundwater and surface
water standards for protection of human health and aquatic organisms. Risks from contaminants in
groundwater were assessed using the EPA tap water scenario to confirm identification of COPCs. Tribal
scenarios based on assumptions provided by the CTUIR and Yakama Nation were also evaluated.

The EPA tap water scenario is also evaluated to provide a similar scenario using exposure assumptions
that represent reasonable maximum exposure.

Cumulative risks were calculated for multiple contaminants and multiple exposure pathways by exposure
media (that is, soil or groundwater). Cumulative risks summed across soil and groundwater were not
calculated for the residential scenario because the RME for this scenario does not include combined
exposures to both media; therefore, they are presented separately.

RI and LFI data were compared to PRGs developed in the RCBRA Report (DOE/RL-2007-21). Soil
samples collected from depth intervals ranging from 0 to 4.6 m (15 ft) bgs from each individual soil
boring or test pit were combined and compared to PRGs including those that represent the RAOs
(residential scenario) and reasonably anticipate future land use (resident Monument worker and
casual-recreational user). Soil samples collected from depth intervals greater than 4.6 m (15 ft) bgs from
each individual soil boring or test pit were combined and compared to residential PRGs.

The protection of groundwater and surface water from contaminants currently in the vadose zone was
discussed in Chapter 5. The ecological risk assessment that evaluates the protection of terrestrial receptors
is discussed in Chapter 7.

6.5.1 Conclusions for the Soil Risk Assessment

The contaminants that arc the largest contributors to calculated risks and hazard indices in the vadose
zone are radionuclides and metals. The radionuclides can be categorized as being related to waste
disposal, including cesium-137, cobalt-60, europium-152, europium-154, and strontium-90,
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6.5.1.1.1  Shallow Zone Results for Closeout Verification Data

Cancer risks associated with radionuclides within the top 4.6 m (15 ft) of soil are in the 10~ range, based
on the residential exposure scenario. The risks from those radionuclides in the top 4.6 m (15 ft) of soil
that are related to waste disposal are less than 1 x 10, under any of the exposure scenarios. Soil
concentrations met target risk thresholds that were updated from a target annual dose rate of 15 mrem/yr
to a target risk of 1 x 107 to be consistent with Radiation Risk Assessment At CERCLA Sites: Q&4
(EPA/540/R/99/006).

The following waste sites were reported with risks greater than the EPA upper threshold of 1 x 107
however, concentrations of radioisotopes that were the primary risk drivers have decayed to levels less
than residential PRGs and do not warrant further evaluation in the FS.

® 116-B-14 (shallow decision unit) contained europium-152 at a concentration of 4.4 pCi/g, resulting in
arisk of 1.2 x 107, when sampled in year 1998. Europium-152 concentrations decayed to levels less
than residential PRG in year 2002.

e 116-B-5 (shallow focused decision unit) contained europium-152 at a concentration of 7.3 pCi/g
resulting in a risk of 2.0 x 10 and tritium at a concentration of 680 pCi/g resulting in a risk of
1.2 x 10™, when sampled in year 1995. Europium-152 and tritium concentrations decayed to levels
less than residential PRGs in year 2008 and year 1997, respectively.

s 116-B-6A (shallow decision unit) contained strontium-90 at a concentration of 2.6 pCi/g, resulting in
arisk of 1.1 x 10™, when sampled in year 1999. Strontium-90 concentrations decayed to levels less
than the residential PRG in year 2004.

The following waste sites contain site-related COPCs, although they are assigned to shallow zone
decision units the residual contamination is located at depths greater than 4.6 m (15 ft). These waste sites
warrant further evaluation in the FS:

e 100-B-21:4 (shallow decision unit) contained cesium-137 at a concentration of 45 pCi/g, resulting in
arisk of 1.0 x 10™ and 100-B-21:4 (overburden focused decision unit) contained cesium-137 at
a concentration of 8 pCi/g resulting in a risk of 1.8 x 10, when sampled in 2009. Cesium-137
concentrations decay to levels less than residential PRGs by year 2110 in the shallow decision unit
and by year 2035 in the overburden decision unit, warranting further evaluation in the FS. Although
the samples from this decision unit were assigned to the shallow zone, the closeout documentation
indicates that samples were collected from an excavation depth of 7.5 m (25 ft) bgs.

e 116-C-3 (shallow focused decision unit) contained cesium-137 at a concentration of 14 pCi/g,
resulting in a risk of 3.2 x 10 and strontium-90 at a concentration of 18 pCi/g resulting in a risk of
8.0 x 107, when sampled in 2007. Cesium-137 concentrations decay to levels less than residential
PRG by year 2057 and strontium-90 concentrations decay to levels less than residential PRG by year
2094, warranting further evaluation in the FS. Although the samples from this decision unit were
assigned to a shallow zone, the closeout documentation indicates that samples were collected from an
excavation depth of 8.5 m (28 ft) bgs.

¢ 118-B-1 (shallow 3 decision unit) contained strontium-90 at a concentration of 4.4 pCi/g, resulting in
arisk of 2.0 x 10™ and 118-B-1 (shallow 5 decision unit) contained strontium-90 at a concentration of
2.4 pCi/g resulting in a risk of 1.1 x 10™, when sampled in year 2006 and year 2007, respectively.
Strontium-90 concentrations in the shallow 3 decision unit decay to levels less than residential PRGs
by year 2034 and decayed to levels less than residential PRGs in year 2009 in the shallow 5 decision .
unit. Although the samples from these decision units were assigned to the shallow zone, the closeout
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documentation indicates that the remediation footprint is partially in the deep zone (greater than 4.6 m
[15 ft] bgs), with the deepest portion of the excavated area being approximately 10 m (33 ft) bgs.

e 118-C-1 (staging pile area decision unit) contained carbon-14 at a concentration of 182 pCi/g,
resulting in a risk of 2.3 x 10, Carbon-14 concentrations do not decay to levels less than the
residential PRG within a reasonable period, warranting further evaluation in the FS. The closeout
documentation indicates that the staging pile material associated with this waste site was backfilled
into the deep zone portions of the waste site.

6.5.1.1.2 Shallow Zone Results for Rl and LFI Data

Soil samples were collected from depths ranging between 0 to 4.6 m (15 ft) bgs from two Rl soil borings,
one RI test pit, one LFI test pit, and three LFI soil borings. The conclusion from the evaluation of the
shallow zone RI and LFI data are consistent with the conclusions of the soil risk assessment.

For the 100-B/C Source OU, three LFI soil borings (1 16-B-2 Fuel Storage Basin Trench, 116-B-3 Pluto
Crib, and 116-C-5 Retention Basin) report soil concentrations greater than residential PRGs. These three
waste sites have been subsequently remediated under the interim action ROD. The soil risk assessment
did not identify risks associated with these sites based on current conditions.

The R soil boring collected from the 118-B-8:1 Fuel Storage Basin (B Reactor Subsite) (C7847) reports
concentrations of cesium-137, curopium -152, and strontium-90 greater than residential PRGs at depths
ranging between 3.8 m (12.5 ft) and 4.1 m (13.4 ft) bgs. Concentrations of cesium-137, europium-152,
and strontium-90 in the RI borehole decay to levels less than residential PRGs by year 2203. These are
results from the first attempted boring near the 105-B FSB and had to be abandoned following the
collection of samples at four intervals because of refusal at 4.6 m (15 ft) bgs. These samples were
collected to determine the nature and vertical extent of contamination in the vadose zone around the
105-B Reactor structure. The 118-B-8:1 waste site is an accepted site and remediation has not

yet occurred.

The risk results for all remaining RI soil borings are within acceptable EPA risk thresholds.

6.5.1.1.3  Deep Zone Results for Closeout Verification Data

Deep vadose zone samples are compared to PRGs developed for the residential exposure scenario,
although residents are unlikely to be exposed to contaminants in deep zone soil. Deep vadose zone
samples are collected from depths greater than 4.6 m (15 ft) bgs and as a result, direct contact within the
point of compliance is incomplete. Additionally, the residential exposure scenario does not reflect
reasonably anticipated future land use in the River Corridor. This comparison is included because it is the
most conservative land use basis for the evaluation of waste sites and presentation of these results is only
included to provide additional information for risk management decisions. The following paragraphs
summarize the waste sites that warrant further evaluation in the FS.

The following waste sites were reported with risks greater than the EPA upper threshold of 1 x 107;
however, concentrations of radioisotopes that were the primary risk drivers have decayed to levels less
than residential PRGs and do not warrant further evaluation in the FS.

e 116-B-1 (deep decision unit) contained europium-152 at a concentration of 7.1 pCi/g, resulting in
a risk of 1.9 x 10 when sampled in year 1999. Europium-152 concentrations decayed to levels less
than residential PRG in year 2012.
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116-B-14 (deep decision unit) contained cesium-137 at a concentration of 5.9 pCi/g, resulting in
arisk of 1.3 x 10™ when sampled in year 1998. Cesium-137 concentrations decayed to levels less
than residential PRG in year 2011.

Fifteen waste sites are reported with concentrations of site-related COPCs at depths greater than 4.6 m
(15 ft) bgs and warrant further evaluation in Chapter 8:

100-B-14:1 (deep focused decision unit) contained carbon-14 at a concentration of 275 pCi/g,
resulting in a risk of 3.4 x 10™. Carbon-14 concentrations do not decay to levels less than the
residential PRG within a reasonable period, warranting further evaluation in the FS.

100-B-5 (deep decision unit) contained cesium-137 at a concentration of 22 pCi/g resulting in a risk
of 5.1 x 10™* and europium-152 at a concentration of 15 pCi/g resulting in a risk of 4.2 x 10™*, when
sampled in year 2003. Cesium-137 and europium-152 concentrations decay to levels less than
residential PRGs by year 2073 and year 2030, respectively.

100-B-8:1 (deep decision unit) contained cesium-137 at a concentration of 9.6 pCi/g, resulting in
arisk of 2.2 x 10™, when sampled in year 2003. Cesium-137 concentrations decay to levels less than
residential PRG by year 2037.

100-B-8:2 (deep decision unit) contained cesium-137 at a concentration of 13 pCi/g resulting in a risk
of 2.9 x 10, europium-152 at a concentration of 5.1 pCi/g resulting in a risk of 1.4 x 10, and
strontium-90 at a concentration of 2.7 pCi/g resulting in a risk of 1.2 x 10, when sampled in year
2003. Cesium-137 concentrations decay to levels less than residential PRGs in year 2048.
Europium-152 and strontium-90 concentrations both decayed to levels less than residential PRGs by
year 2010.

100-B-8:2 (overburden decision unit) contained strontium-90 at a concentration of 29 pCi/g resulting
in a risk of 1.3 x 10, when sampled in year 2003. Strontium-90 concentrations decay to levels less
than residential PRGs by year 2111.

116-B-11 (deep decision unit) contained cesium-137 at a concentration of 122 pCi/g resulting in
arisk of 2.8 x 107, cobalt-60 at a concentration of 40 pCi/g resulting in a risk of 1.3 x 107,
europium-152 at a concentration of 325 pCi/g resulting in a risk of 8.9 x 10, europium-154 at

a concentration of 42 pCi/g resulting in a risk of 9.6 x 10, nickel-63 at a concentration of

2,702 pCi/g resulting in a risk of 4.4 x 10, and strontium-90 at a concentration of 4.8 pCi/g resulting
in a risk of 2.1 x 10™, when sampled in year 1998. Cesium-137, cobalt-60, europium-152,
europium-154, nickel-63, and strontium-90 concentrations decay to levels less than residential PRGs
by year 2142, year 2017, year 2084, year 2027, year 2205, and year 2029, respectively.

116-B-2 (deep decision unit) contained cesium-137 at a concentration of 47 pCi/g resulting in a risk
of 1.1 x 107 and strontium-90 at a concentration of 7.2 pCi/g resulting in a risk of 3.2 x 10™, when
sampled in year 1999. Cesium-137 and strontium-90 concentrations decay to levels less than
residential PRGs by year 2102 and year 2047, respectively.

116-B-3 (deep decision unit) contained cesium-137 at a concentration of 20 pCi/g resulting in a risk
of 4.5 x 10™ and strontium-90 at a concentration of 3.2 pCi/g resulting in a risk of 1.4 x 10™*, when
sampled in year 1999. Cesium-137 and strontium-90 concentrations decay to levels less than
residential PRGs by year 2064 and year 2013, respectively.

116-B-4 (deep decision unit) contained cesium-137 at a concentration of 112 pCi/g resulting in a risk
of 2.5 x 107, cobalt-60 at a concentration of 18 pCi/g resulting in a risk of 5.9 x 10, europium-152 at
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a concentration of 194 pCi/g resulting in a risk of 5.3 x 10>, and europium-154 at a concentration of
45 pCi/g resulting in a risk of 1.0 x 10~, when sampled in year 1999. Cesium-137, cobalt-60,
europium-152, and europium-154 concentrations decay to levels less than residential PRGs by year
2139, year 2012, year 2075, and year 2028, respectively.

116-B-5 (deep focused decision unit) contained europium-152 at a concentration of 10 pCi/g,
resulting in a risk of 2.7 x 10™, when sampled in year 1995. Europium-152 concentrations decay to
levels less than the residential PRG by year 2014.

116-B-6A (deep decision unit) contained strontium-90 at a concentration of 21 pCi/g, resulting in
arisk of 9.3 x 10™, when sampled in year 1999. Strontium-90 concentrations decay to levels less than
residential PRGs by year 2093.

116-C-1 (deep focused decision unit) contained cesium-137 at a concentration of 5,690 pCi/g
resulting in a risk of 1.3 x 10, cobalt-60 at a concentration of 115 pCi/g resulting in a risk of

3.7 x 107, europium-152 at a concentration of 1,120 pCi/g resulting in a risk of 3.1 x 107,
curopium-154 at a concentration of 144 pCi/g resulting in a risk of 3.3 x 10™, nickel-63 at

a concentration of 1,590 pCi/g resulting in a risk of 2.6 x 107, and strontium-90 at a concentration of
88 pCi/g resulting in a risk of 3.9 x 10™, when sampled in year 1998. Cesium-137, cobalt-60,
europium- 152, europium- 154, nickel-63, and strontium-90 concentrations decay to levels less than
residential PRGs by year 2308, year 2025, year 2108, year 2042, yecar 2131, and year 2151,
respectively.

116-C-2A (deep decision unit) contained cesium-137 at a concentration of 23 pCi/g resulting in a risk
of 5.2 x 10™, cobalt-60 at a concentration of 12 pCi/g resulting in a risk of 3.9 x 10™, curopium-152 at
a concentration of 30 pCi/g resulting in a risk of 8.1 x 10, and strontium-90 at a concentration of

6.2 pCi/g resulting in a risk of 2.7 x 10™", when sampled in year 1999. Cesium-137, cobalt-60,
europium-152, and strontium-90 concentrations decay to levels less than residential PRGs by year
2071, year 2009, year 2039, and year 2041, respectively.

116-C-2A (overburden decision unit) contained cesium-137 at a concentration of 12 pCi/g resulting in
arisk of 2.8 x 10, when sampled in year 1999. Cesium-137 concentrations decay to levels less than
the residential PRG by year 2043.

116-C-5 (deep decision unit) contained cesium-137 at a concentration of 52 pCi/g resulting in a risk
of 1.2 x 107, cobalt-60 at a concentration of 18 pCi/g resulting in a risk of 5.9 x 10, europium-152 at
a concentration of 73 pCi/g resulting in a risk of 2.0 x 107, europium-154 at a concentration of

16 pCi/g resulting in a risk of 3.6 x 107, nickel-63 at a concentration of 644 pCi/g resulting in a risk
of 1.1 x 107, and strontium-90 at a concentration of 4.4 pCi/g resulting in a risk of 1.9 x 10™, when
sampled in year 1999. Cesium-137, cobalt-60, curopium-152, europium-154, nickel-63, and
strontium-90 concentrations decay to levels less than residential PRGs by year 2106, year 2012, year
2056, year 2015, year 2007, and year 2027, respectively.

118-B-6 (deep decision unit) contained tritium at a concentration of 2,780 pCi/g, resulting in a risk of
4.5 x 10™, when sampled in year 2006. Tritium concentrations decay to levels less than residential
PRGs by year 2033.

118-C-3:2 (deep focused decision unit) contained cesium-137 at a concentration of 171 pCi/g
resulting in a risk of 3.9 x 107, europium-152 at a concentration of 9.2 pCi/g resulting in a risk of
2.5 x 10, and strontium-90 at a concentration of 38 pCi/g resulting in a risk of 1.7 x 10”, when
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sampled in year 1998. Cesium-137, europium-152, and strontium-90 concentrations decay to levels
less than residential PRGs by year 2156, year 2016, and year 2116, respectively.

With the exception of four waste sites in the 100-BC Source OUs, the risks to the resident Monument
worker from exposure to radionuclides in shallow soil are in EPA’s target risk range of 10 to 10
Waste site 100-B-21:4 and waste site 116-C-3 report concentrations of cesium-137 in the shallow
decision unit that result in a risk of 7.3 x 10™ and 2.3 x 107, respectively. Waste site 116-B-14 and waste
site 116-B-5 report concentrations of europium-152 in the shallow zone decision unit that result in a risk
of 1.1 x 10*and 1.9 x 107, respectively.

6.5.1.2 Deep Zone Results for Rl and LFI Data

Soil samples were collected from depths greater than 4.6 m (15 ft) bgs from seven RI soil borings, nine RI
wells, two test pits, one LFI test pit, eight LFI soil borings, and five LF1 wells. The conclusions from the
evaluation of the deep zone RI and LFI data are consistent with the conclusion of the soil risk assessment.

RI soil boring/well samples from 100-B-5 Trench (199-B4-15/C7846), 116-C-5 Retention Basin
(116-B3-52/C7843), 118-B-6 Burial Ground (C7845), 118-B-8:1 (C8239), and 199-B5-6 (C7507) report
radionuclide concentrations greater than residential PRGs. LFI soil boring samples from 199-B5-2 from
the process effluent pipelines south of 116-C-5, 116-B-1 Trench (199-B3-48), 116-C-1 Liquid Waste
Disposal Trench (199-B3-46), and 116-C-2A Pluto Crib (199-B9-4) also report radionuclide
concentrations greater than residential PRGs. Radionuclide concentrations from cach of the above soil
borings were decayed to determine the year that activities would be reduced to levels less than the
residential PRG. The following summarizes the results of the comparisons for the above waste sites:

e Rl soil boring data and CVP/RSVP closeout data are available for the 100-B-5 Trench. The RI
data analysis identifies cesium-137 and strontium-90 as contributors to risk and they are present at
depths ranging between 8.5 m (27.9 ft) and 18.5 m (60.7 ft) bgs. The risk assessment for 100-B-5
Trench waste site (deep decision unit) identifies cesium-137 and europium-152 as contributors to risk.
Based on the RI data analysis and the risk assessment, radioisotope concentrations decay to levels less
than residential PRGs by year 2071 and year 2073, respectively.

e Rl soil boring data, CVP/RSVP closeout data, and LFI data are available for 116-C-5 Retention
Basin. The RI data analysis identifies cesium-137 as a contributor to risk and is present at depths
ranging between 10.6 m (34.9 ft) and 12.3 m (40.3 ft) bgs. The risk assessment for 116-C-5 waste site
(deep decision unit) identifies cesium-137, cobalt-60, europium-152, europium-154, nickel-63, and
strontium-90 as contributors to risk. The LFI data indicate that individual risks from all detected
analytes are less than the risk threshold of 1 x 10™. Based on the results of the RI data analysis and
the risk assessment, radioisotope concentrations decay to levels less than residential PRGs by year
2029 and year 2106, respectively.

¢ Rl soil boring data and CVP/RSVP closeout data are available for the 118-B-6 Burial Ground. The RI
data analysis identifies strontium-90 and tritium as contributors to risk. Strontium-90 is present at
depths ranging between 21.6 m (71 ft) and 24.0 m (78.9 ft) bgs and tritium is present at depths
ranging between 9.5 m (31.1 ft) and 22.4 m (73.5 ft). The risk assessment identifies tritium as
a contributor to risk. Based on the RI data analysis and the risk assessment, radioisotope
concentrations decay to levels less than residential PRGs by year 2042 and year 2033, respectively.

* Rl soil boring data are available for the 118-B-8:1 Fuel Storage Basin. The RI data analysis identifies
carbon-14 and strontium-90 as contributors to risk. Carbon-14 is present at depths ranging between
53 m(17.4 ft) and 6.1 m (19.9 ft) bgs, and strontium-90 is present at depths ranging between 5.3 m
(17.4 ft) and 25 m (82.2 ft) bgs. Concentrations of strontium-90 in the RI borehole decay to levels
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less than residential PRG by year 2080. Concentrations of carbon-14 do not decay within a reasonable
time frame.

e RI soil boring data are available for the 199-B5-6 monitoring well. The RI data analysis identifies
tin-126 as a contributor to risk. Tin-126 is present at a depths ranging between 22.8 m (74.9 ft) and
23.6 m (77.4 ft) bgs. Concentrations of tin-126 do not decay within a reasonable time frame. Eight
soil samples were collected and analyzed for Sn-126 from 199-B5-6. With the exception of the one
depth interval, all tin-126 activity levels were not detectable. The single occurrence of tin-126 is
likely an anomalous result because tin-126 is not known to be associated with releases at the
Hanford Site.

e LFI data and CVP/RSVP closeout data are available for 116-B-1 Trench. The LFI data analysis
identifies cesium-137, cobalt-60, europium-152, europium-154, and strontium-90 as contributors to
risk and these radioisotopes are present at depths ranging between 4.6 m (15 ft) and 8.2 (27 ft) bgs.
The risk assessment for 116-B-1 waste site (decp decision unit) identifies cesium-137, europium-152,
and stronium-90 as contributors to risk. Based on the results of the LFI data analysis and the risk
assessment, radioisotope concentrations decay to levels less than residential PRG by year 2092 and
year 2012, respectively.

e LFI data and CVP/RSVP closeout data are available for 116-C-1 Liquid Waste Disposal Trench.
The LFI data analysis identifies strontium-90 as a contributor to risk and is present at depths ranging
between 10.7 m (35 ft) and 11.3 (37 ft) bgs. The risk assessment identifies cesium-137, cobalt-60,
europium-152, europium-154, nickel-63, and strontium-90 as contributors to risk. Based on the
results of the LFI data analysis and the risk assessment, radioisotope concentrations decay to levels
less than residential PRG by year 2044 and year 2308, respectively.

o [FI data and CVP/RSVP closeout data are available for 116-C-2A Pluto Crib. The LFI data analyses
identifies nickel-63 and strontium-90 as contributors to risk and are present at depths ranging between
7.0 m (22.9 ft) and 8.2 m (26.9 ft) bgs. The risk assessment identifies cesium-137, cobalt-60,
europium-152, europium-154, and strontium-90 as contributors to risk. Based on the results of the
LFI data analysis and the risk assessment, radioisotope concentrations decay to levels less than
residential PRG by year 2223 and year 2071, respectively.

For nonradiological contaminants, the COPCs that are the largest contributors to calculated risks and
hazard indices are metals and PAHs. For all exposure scenarios, the cancer risks and noncancer hazard
indices for nonradioactive contaminants fell within EPA’s target risk ranges. Concentrations of arsenic in
soil are associated with cancer risks higher than 10 under unrestricted (residential) exposure
assumptions. The concentrations of arsenic in soil posing risks greater than 10°® are consistent with site-
wide naturally occurring background in soil. Five waste sites were reported with PAH concentrations greater
than the acceptable risk value of 1 x 10°® for individual carcinogens but less than the MTCA HHRA
Procedures “Multiple Hazardous Substances” (WAC 173-340-708(5)) cumulative risk threshold of

1 x 10” for multiple contaminants and multiple pathways. No waste sites require further evaluation in the FS
based on the presence of nonradiological COPCs.

In some cases, restdual risks are higher than the state of Washington’s cancer risk threshold; however, in
most of those cases, the contaminant exceeding the state of Washington’s cancer risk threshold is arsenic
and is present at concentrations consistent with naturally occurring background. Cleanup of shallow
vadosc zone material (4.6 m [ 15 ft]) to achieve residential or unrestricted uses is also protective of a range
of exposure scenarios, including a casual recreational user and a resident Monument worker. While
concentrations of radionuclides in deep soil (deeper than 4.6 m [15 ft]) are associated with risks to
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residents that are higher than EPA’s risk reduction ranges, these concentrations do not pose significant
risks, and would decay to levels protective of future residents within one to 211 years. In addition,

data and process knowledge indicate that human health PRGs would be exceeded at unremediated waste
sites and provides the basis for action. Table 8-6 lists the contaminants that are anticipated to exceed
human health PRGs for unremediated waste sites.

6.5.2 Conclusions for the Groundwater Risk Assessment

The 100-BC-5 Groundwater OU was evaluated as two separate exposure areas including the Near-River
(monitoring wells less than 500 m from the river shoreline) and Upland exposure areas (monitoring wells
greater than 500 m from the river shoreline).

Cobalt moves forward into the FS because it has uncertainty associate with the data set and its occurrence
in groundwater, but it is not a COPC. The nature and extent evaluation indicates that cobalt historically
has been detected in groundwater at concentrations above the action level, but the presence was not
associated with a specific location or a trend. Therefore, monitoring of this analyte will be performed to
understand its persistence in the environment.

6.5.2.1 Near-River Exposure Area

The contaminants in groundwater that are the largest contributors to calculated risks, dose, and hazard
indices are Cr(VI), tritium, strontium-90, and trichloroethene. The EPCs in groundwater were compared
with federal and state surface water standards for protection of human health and aquatic organisms,
federal and state primary and secondary DWSs, and state groundwater cleanup levels.

The EPC for Cr(VI) is greater than the federal and state water quality criteria. Cr(V1) is identified as
a COPC, indicating the need to evaluate potential remedial technologies for this analyte in the FS.

The EPCs for strontium-90 and tritium are greater than the federal MCL developed for the protection of
human health. strontium-90 and tritium are identified as COPCs, indicating the need to evaluate potential
remedial technologies for tritium in the FS.

The EPC for trichloroethene is greater than the MTCA Method B groundwater cleanup level, which is
based on a 1 x 10 target cancer risk level. However, the cumulative risk for trichloroethene is less than
the MTCA HHRA Procedures (WAC 173-340-708) cumulative risk level of 1 x 107 for multiple
contaminants. The EPC for trichloroethene is less than federal and state MCLs. The results of the
evaluation for trichloroethene do not indicate the need to evaluate potential remedial technologies in
the FS.

The COPC identification process for the 100-BC-5 Groundwater OU identified cobalt as a COPC and
warrants further evaluation in the FS. The occurrence of cobalt in groundwater is uncertain because this
analyte has been detected historically in groundwater at concentrations above the respective action level;
however, its present was not associated with a specific location or a trend and the analytical methods used
were not of sufficient accuracy for risk characterization purposes. Therefore, cobalt is considered a COPC
and warrants further evaluation in the FS.

Risks associated with all analytes with available toxicity information were quantified using EPA’s tap
water scenario. This scenario was used to quantify risks from ingestion of tap water, inhalation of
volatiles, and dermal exposure from showering, bathing, or performing other domestic activities. The risk
posed by each analyte was then quantified and compared individually and collectively to the CERCLA
(10 to 10°%) acceptable risk range. Additionally, the quantified risks were used to confirm that the COPC
identification process was reasonable and representative of the starting dataset. The results of this
confirmation analysis indicate that the COPCs identified are representative and appropriate for assessing
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risk and for making contaminant-specific remedial action decisions. If the contaminant had a quantified
risk level that was above EPA’s acceptable risk range, the contaminant was defined as a COPC subject to
remedial technology review in the FS.

The cumulative ELCR is 5.6 x 10” for nonradiological analytes and 7.9 x 10~ for radiological analytes,
which are within the EPA risk range of 1 x 107 to 1 x 10, Contributors to ELCR (those analytes that
contribute greater than 1 percent of total ELCR) are strontium-90 (4.0 x 107; 30 percent contribution),
tritium (3.7 % 10'5; 27 percent contribution), and trichloroethene (3.1 x 1% 23 percent contribution).
Strontium-90, trittum, and trichloroethene are identified as COPCs. Contribution to ELCR is elevated for
arsenic (5.1 x 107; 38 percent), where measured contributions are within natural background values.

The HI is 1.5, which is slightly greater than the EPA target HI of 1. All individual analytes that contribute
greater than | percent of the HI also reported a HQ less than 1. Although the HQ for Cr(VI) is less than 1,
it 1s identified as a COPC because concentrations are greater than the AWQC.

In addition to the chemical-specific ARARs analysis, risks were evaluated using the Native American
scenarios. The total cumulative ELCRs for the Near-River exposure area for the CTUIR and

Yakama Nation exposure scenarios are 6.1 x 10™ and 6.3 x 10, respectively, when groundwater is used
as a drinking water source. The primary contributors to risk for the Native American exposure scenarios
are arsenic, strontium-90, trittum, and trichlorocthene. The remaining analytes that are reported
contributed less than 1 percent of the total cumulative risk. The total HI for the Near-River exposure
area is 2.9 for both the CTUIR and Yakama Nation exposure scenarios. Cr(VI) is the primary contributor
to the noncancer HI for the Native American scenarios.

The cumulative ELCR is 3.4 x 10~ for the CTUIR scenario and 7.0 x 107 for the Yakama Nation scenario
when groundwater is used as a source of steam for a sweat lodge. The cumulative risk for the native
American scenarios is greater than the EPA upper target risk threshold of 1 x 10™. The individual ELCR
values for Cr(V1) is greater than the EPA upper target risk threshold of 1 x 10, The HI for the Near-River
exposure area is 8.9 for the CTUIR scenario and 18 for the Yakama Nation scenario when groundwater is
used as a source of steam for a sweat lodge, which is greater than the EPA target HI of 1.0. The primary
contributors to the noncancer HI are Cr(VI), arsenic, manganese, and barium.

The results from the assessment of groundwater risks were based on three additional rounds of groundwater
sampling across the 100-BC-5 Groundwater OU, which were intended to provide a more definitive
identification of COPCs. The results of this groundwater risk assessment did not identify any COPCs in
addition to those identified in the 100-BC Work Plan (DOE/RL-2008-46-ADD3). The results of the
groundwater risk assessment for the Near-River exposure area identified Cr(VI), cobalt, strontium-90,
tritium, and trichloroethene as contaminants warranting further evaluation in the FS.

6.5.2.2 Upland Exposure Area

The contaminants in groundwater that are the largest contributors to calculated risks, dose, and hazard
indices are Cr(VI), strontium-90, tritium, and trichloroethene. The EPCs in groundwater were compared
with federal and state surface water standards for protection of human health and aquatic organisms,
federal and state primary and secondary MCLs, and state groundwater cleanup levels.

The EPC for Cr(VI) is greater than the federal and state water quality criteria. Cr(VI) is identified as
a COPC indicating the need to evaluate potential remedial technologies for this analyte in the FS.

Although the EPC for strontium-90 is less than the MCL developed for the protection of human health,
Strontium-90 is present at concentrations above the MCL in localized areas. Strontium-90 is identified as
a COPC, indicating the need to evaluate potential remedial technologies for this analyte in the FS.
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is present at concentrations above the MCL in localized areas. Tritium is identified as a COPC, indicating
the need to evaluate potential remedial technologies for this analyte in the FS.

Although the EPC for tritium is less than the MCL developed for the protection of human health, tritium .

The EPC for trichloroethene is greater than the MTCA Method B groundwater cleanup level, which is
basedonal x 10° target cancer risk level. However, the cumulative risk for trichloroethene is less than
the MTCA HHRA Procedures (WAC 173-340-708) cumulative risk level of 1 x 107 for multiple
contaminants. The EPC for trichlorocthene is less than the federal and state MCLs. The results of the
evaluation for trichloroethene do not indicate the need to evaluate potential remedial technologies in
the FS.

The COPC identification process identified cobalt for the 100-BC-5 Groundwater OU that is considered
a COPC and warrants further evaluation in the FS. The occurrence of cobalt in groundwater is uncertain
because historically this analyte has been detected in groundwater at concentrations above the respective
action level; however, its present was not associated with a specific location or a trend and the analytical
methods used were not of sufficient accuracy for risk characterization purposes. Therefore, cobalt is
considered a COPC and warrants further evaluation in the FS.

Risks associated with all analytes with available toxicity information were quantified using EPA’s tap
water scenario. This scenario was used to quantify risks from ingestion of tap water, inhalation of
volatiles, and dermal exposure from showering, bathing, or performing other domestic activities. The risk
posed by each analyte was then quantified and compared individually and collectively to the CERCLA
(107 to 10°°) acceptable risk range. Additionally, the quantified risks were used to confirm that the COPC
identification process was reasonable and representative of the starting dataset. The results of this
confirmation analysis indicate that the COPCs identified are representative and appropriate for assessing
risk and for making contaminant-specific remedial action decisions. If the contaminant had a quantified
risk level that was above EPA’s acceptable risk range, the contaminant was defined as a COPC, subject to
remedial technology review in the FS.

The cumulative ELCR is 8.3 x 10~ for nonradiological analytes and 1.4 x 107 for radiological analytes,
which are within the EPA risk range of 1 x 10 to 1 x 10°. Contributors to ELCR (those analytes that
contribute greater than 1 percent of the total ELCR) are tritium (1.2 x 107; 13 percent contribution),
trichloroethene (4.0 x 10 4.1 percent contribution), and strontium-90 (1.3 x 10% 1.3 percent
contribution). Tritium, trichloroethene, and strontium-90 are identified as COPCs. Contribution to ELCR
is elevated for arsenic (7.8 x 107; 81 percent), where measured contributions are within natural
background values. The HI is 1.2, which is slightly greater than the EPA target HI of 1. All individual
analytes that contribute greater than 1 percent of the HI also report a HQ less than 1. Although the HQ for
Cr(V1) is less than 1, it is identified as a COPC because concentrations are greater than the AWQC.

In addition to the chemical-specific ARARSs analysis, risks were evaluated using the Native American
scenarios. The total cumulative ELCRs for the Upland exposure area for the CTUIR and Yakama Nation
exposure scenarios are 3.9 x 107 and 4.2 x 107, respectively, when groundwater is used as a drinking
water source. The primary contributors to risk for the Native American exposure scenarios are arsenic,
tritium, trichloroethene, and strontium-90. The remaining analytes that are reported contributed less than

1 percent of the total cumulative risk. The total HI for the Upland exposure area is 2.4 for both the CTUIR
and Yakama Nation exposure scenarios. All individual analytes are reported with a HQ less than 1.0.

The cumulative ELCR is 1.6 x 10 for the CTUIR scenario and 3.4 x 10” for the Yakama Nation scenario

when groundwater is used as a source of steam for a sweat lodge. The cumulative risk for the native

American scenarios is greater than the EPA upper target risk threshold of 1 x 10™. The individual ELCR .
values for Cr(VI) is greater than the EPA upper target risk threshold of 1 x 10™. The HI for the Upland
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exposure area is. 6.8 for the CTUIR scenario and 14 for the Yakama Nation scenario when groundwater is
used as a source of steam for a sweat lodge, which is greater than the EPA target HI of 1.0. The primary
contributors to the noncancer HI are Cr(VI), arsenic, manganese, and barium.

The results from the assessment of sroundwater risks were based on three additional rounds of groundwater
sampling across the 100-BC-5 Groundwater OU, which were intended to provide a more definitive
identification of COPCs. The results of this groundwater risk assessment did not identify any COPCs in
addition to those identified in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3). The results of the
groundwater risk assessment for the Upland exposure area identified Cr(VI), cobalt, strontium-90, tritium,
and trichloroethene as contaminants warranting further evaluation in the FS.
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7 Ecological Risk Assessment

The integration of past and ongoing ERAs supports the
development of remedial alternatives for waste sites and
contaminated groundwater in the 100-BC OUs. These risk
assessments have been integrated with the cleanups
performed under the interim action RODs to identify the
need for further remedial action and development of
ecological PRGs.

As described in the previous chapters, the remedial actions
completed to date in the River Corridor were implemented
under interim action RODs. The RAOs in the 100 Area
interim action RODs were developed to achieve protection
of human health from direct contact with vadose zone
material or to protect groundwater and surface water from
contaminants leaching from vadose zone material.
Protection of ecological receptors from direct contact with
contaminated vadose zone material was not addressed
directly in the interim action RODs, but indirectly with the
assumption that attainment of standards for protection of
human health or that reduced contaminant leaching would
also be protective of ecological receptors. Protection of
ecological receptors from discharges into the river was
considered in the interim action RODs through
consideration of state water quality standards and federal
ambient water quality criteria.

CERCLA requires a baseline risk assessment to
characterize current and potential threats to human health
and the environment before issuance of the ROD.

The source and groundwater component of the RCBRA
Volume 1 (DOE/RL-2007-21) was prepared to address the
regulatory requirement to perform a baseline risk
assessment. The RCBRA (DOE/RL-2007-21, Volume I)
was a comprehensive examination of current and potential
risks in areas potentially affected by Hanford Site
processes within the 100 and 300 Area OUs. One of the

Highlights
The ERA assessed soil contaminant
concentrations at waste sites within the
100-BC OUs.

The ERA relied on ecological PRGs presented in
the RCBRA that are protective of populations
and communities. The exposure area and the
relative size of the waste sites were used in
conjunction with the ecological PRGs to
determine where ecological protection

is required.

Concentrations of radionuclides in upland soil
verification samples did not exceed
screening levels.

Interim remedial actions at 100-BC under interim
action ROD RAGs were protective of ecological
receptors at all waste sites.

An examination of the interrelationships between
potential contaminant sources, transport
mechanisms, exposure pathways, and receptors
in the Columbia River concluded that Cr{VI) in
the 100-BC-5 Groundwater OU is contributing to
potential ecological risks identified in pore water
at upwelling sites within the Columbia River.

Data and process knowledge indicate ecologicat
PRGs will be exceeded at unremediated waste
sites. Those exceedances will be evaluated
through the ERA process, including
consideration of such factors as waste site size
and wildlife home ranges within a scientific
management decision point, to determine

a basis for action.

objectives of the RCBRA was to determine whether the interim actions were protective of ecological

receptors (Risk Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA

[DOE/RL 2004-37]). The scope of the RCBRA addressed the following portions of the River Corridor:

e Upland areas, including remediated CERCLA waste sites within 100-K, 100-D, 100-F, 100-H,
100-BC, and 100-N areas; the White Bluffs and Hanford townsites; and the 300 Area

e Riparian and nearshore aquatic zones on the south and west shoreline of the Columbia River on the

Hanford Site

»  Groundwater and areas of groundwater emergence on the south and west shoreline of the

Columbia River on the Hanford Site

The RCBRA used multiple measures of exposure, ecological effect, and ecosystem/receptor
characteristics to evaluate risks at 20 study sites across the River Corridor associated with remediated
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waste sites (10 excavated/backfilled sites and 10 surface removal/native soil sites) and 10 reference areas,
as described in the RCBRA SAP (DOE/RL-2005-42). The sites studied were selected from high-priority
waste sites that had been remediated when the study was developed and represent the types of waste sites
and remedial actions addressed by the interim action RODs. Based on this set of study sites, the results
from the RCBRA Volume I (DOE/RL-2007-21) identified some contaminants in soil as contaminants of
ecological concern. Contaminants of ecological concern principally were metals and pesticides,

The study design of the ERA in the RCBRA provided risk conclusions that applied across the entire River
Corridor. The study design, coupled with results that identified contaminants of ecological concern across
the River Corridor, required development of an ERA approach for the RI/FS that allowed assessment of
risks on a site-by-site basis, as well as supported development of PRGs. That approach incorporates the
use of ecological soil screening levels (SSLs) and ecological PRGs, which have been developed using the
tiered process outlined in Tier I Risk-Based Soil Concentrations Protective of Ecological Receptors at the
Hanford Site (CHPRC-00784) and Tier 2 Risk-Based Soil Concentrations Protective of Ecological
Receptors at the Hanford Site (CHPRC-01311), respectively. This tiered process allows the incorporation
of more sophisticated ERA methods and increasing levels of ecological site-specific information, to
provide SSLs and PRGs that are more representative of Hanford Site conditions. Development of the risk-
based concentration values (SSLs) and PRGs incorporates the problem formulation, the conceptual
ecological exposure models, and selected bioaccumulation datasets developed in the RCBRA
(DOE/RL-2007-21). These values were used to screen the waste sites in the 100-BC OUs with verification
sampling and analytical information, to provide site-specific ecological risk information for each site.

The CRC (DOE/RL-2010-117) used analytical chemistry collected from surface water, sediment, pore
water, and island soils to evaluate the potential for risk to ecological receptors including aquatic life living
within the Columbia River and wildlife frequenting or inhabiting the islands within the river. Based on

a screening level ERA, the CRC identified some contaminants in soil as contaminants of potential
ecological concermn. Contaminants of potential ecological concern principally were metals. The potential
for these contaminants to have originated from the 100-BC Area is discussed later in this chapter.

For the 100-BC Source OUs, the results of the ERA presented in this chapter will be used to determine
whether additional remedial action is necessary for waste sites where remediation has been completed, as
demonstrated by verification sampling and analysis. It is important to note that another objective of the ERA
1s to determine and affirm a basis for action. Although the RI/FS risk assessment and the RCBRA focus on
the protection of human health and the environment at waste sites that have been remediated, there are
potential risks at unremediated sites that require continuation of cleanup actions.

The following approach has been used for addressing ecological risks potentially associated with waste
sites in the 100-BC OUs:

e Updating the identification of COPCs (Section 7.1). The RCBRA went through a process to
identify COPCs for ecological receptors, based on a Sitewide review of River Corridor data. This
identification process has been updated to account for verification sampling data specifically in
individual 100-BC Area waste sites.

s Presenting the problem formulation (Section 7.2). This section summarizes the problem
formulation used in developing the risk-based concentration values used in this assessment as
ecological SSLs. This problem formulation reflects conditions in upland environments across the
Hanford Site, and incorporates information developed from the RCBRA.

e Presenting effects and exposure assessments (Section 7.3). This section summarizes the
quantitative assessments used in developing the SSL and PRG risk-based concentration values,

7-2




DOE/RL-2010-96, WORKING DRAFT A
JANUARY 2013

1 including the wildlife exposure factors, biotransfer factors, and wildlife toxicity reference values
. 2 (TRVs). The data and methods used to develop risk-based concentrations protective of plants and soil
3 invertebrates are discussed in this section. More detailed descriptions of the data and methods used to
4 calculate all of the ecological risk-based concentrations in soil are presented in Tier / Risk-Based Soil
=) Concentrations Protective of Ecological Receptors at the Hanford Site (CHPRC-00784) and Tier 2
6 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site
7 (CHPRC-01311). In addition, these values are also incorporated into the ERA of the RCBRA Volume
8 [ (DOE/RL-2007-21).
9 e Updating the ecological risk characterization for 100-BC Area waste sites (Section 7.4).
10 Verification sampling and analysis data for the 81 waste sites in 100-BC Arca waste sites were used
11 to calculate EPCs, which were then compared with the ecological SSLs and, as appropriate, the
12 PRGs. The results from these comparisons were used to identify receptors of interest and
13 contaminants of ecological concern, for purposes of identifying the need for further action at the
14 100-BC Arca sites. In addition, the results of this risk characterization were used to determine which
15 of the risk-based concentration values should be recommended for use as PRGs.

16 e Analyzing Risks in the Riparian and Nearshore Areas and the Columbia River (Section 7.5).

117 Final recommended contaminants of ecological concern in riparian and island soils and the surface
18 water and sediments of the Columbia River as identified in the RCBRA (DOE/RL-2007-21) and CRC
19 (DOE/RL-2010-117) were evaluated as to the potential for attribution to 100-BC OUs.

20 s  Preliminary Scientific Management Decision Point (SMDP) (Section 7.6). Potential risks

21 identified through the direct comparison of verification sampling soil data to SSLs and PRGs were
22 considered in the context of a number of additional factors. Uncertainties in the risk characterization,
23 spatial information, data quality, magnitude and aerial extent of risk, and confidence in risk-based
24 values were included with other factors to make recommendations for which if any risks should be
25 addressed further in the FS. A discussion of the process for developing final remediation goals was
26 also included, along with recommendations for the SMDP for evaluating waste sites:

27 —  Size of the waste site relative to home range of wildlife receptors (e.g., developing and applying
28 an area use factor (AUF) in the comparison of an exposure point concentration to the PRGs)

29 — Estimation of exposure using a central tendency estimate such as the 95 percent UCL

30 —  Size of the waste site relative to area of adjacent uncontaminated habitat

3l — Nature and extent of residual contamination following remediation

32 —~ Potential presence of exposure pathways following remediation

33 —  The number and frequency of exceedances of the risk thresholds (PRGs)

34 —  The location of the samples exceeding thresholds, sample frequency, and proximity of

35 other exceedances

36  Section 7.3 evaluates the protection of aquatic receptors from groundwater that has the potential to

37  discharge to the Columbia River. The approach used to identify COPCs that warrant further evaluation in
38  the FS presented in Section 7.3 is based on comparison of groundwater concentrations to the lowest

39  available chemical-specific ARARs published for the protection of human health and aquatic receptors.
40  Thus, risks to aquatic receptors have been considered in the context of evaluating the risks groundwater
41 may contribute to surface water at the groundwater-surface water interface. Combining the assessment of
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human health provides a streamlined approach that addresses the restoration of groundwater and the
protection of aquatic receptors.

In addition to the analysis of waste sites, Chapter 7 summarizes an assessment of ecological risks in
riparian and nearshore areas based on the analysis developed in the RCBRA (DOE/RL-2007-21) and risk
in the Columbia River developed for the CRC. Appendix M evaluates ecological risks identified within
the Columbia River and the relationship between potential sources to the Columbia River in the 100-BC
OUs, transport pathways, and ecological receptors. The RCBRA (DOE/RL-2007-21) evaluated risks to an
array of assessment endpoints using multiple measures of exposure, effect, and ecosystem/receptor
characteristics at representative nearshore study sites. The study sites were selected to represent locations
that may be adjacent to or directly affected by known contaminated media (groundwater seeps and
springs, soil, sediment). The assessment conducted in the RCBRA (DOE/RL-2007-21) has been
supplemented through the development of a conceptual model depicting the relationships between sources
in the 100-BC OUs and riparian and nearshore media (soil, sediment, pore water, and surface water). This
conceptual model is presented as Appendix M.

7.1 Identification of Contaminants of Potential Concern

This section describes the sources of data used in the ERA, the DQA and data validation process, and the
identification process for COPCs in soil. CVP and RSVP data collected within waste sites in the 100-BC
Source OU were used to identify COPCs. This chapter presents the risk assessment for individual waste
sites using CVP/RSVP data. During the course of this ERA, COPCs were examined to identify a refined
list of chemicals of potential ecological concern (COPECs) estimated to pose site-related ecological risks
to receptor populations.

711 Data Summary

Remediation of waste sites in the 100-BC Source OUs began in 1996. This risk assessment focused on
examining potential residual risk at all sites within the 100-BC Source OUs, including and primarily those
that were not included in the RCBRA (DOE/RL-2007-21). Eighty-one waste sites have verification
sampling data and analysis data and are included in this risk assessment. Forty-five of these 81 100-BC
Source OU waste sites were evaluated in the RCBRA (DOE/RL-2007-21). An additional eight 100-BC
Source OU sites, referred to as consolidated waste sites. have been remediated but are included in another
waste site’s sampling and closeout documentation. Table G-1 in Appendix G summarizes the waste sites,
associated decision unit(s)'), and reclassification status for the 100-BC OUs. The waste sites listed in
Table G-1 are a subset of the waste sites that were listed in Appendix B, Table B-1, of the 100-BC Work
Plan (DOE/RL-2008-46-ADD3). A summary of the waste sites, associated decision unit(s), and
reclassification status for the 100-BC Source OU was provided in Chapter 6, Table 6-7. CVP

data residing in the HEIS database were used in the ERA. All of the closeout verification data used in this
ERA are included in Appendix D.

7.1.2 Data Quality Assessment

A data quality assessment (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 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 clean site verification. The cleanup verification sample analytical data and detailed DQA are

1 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 (e.g., shallow zone and overburden). A sampling design was developed for each decision unit,

7-4




O

11
12
13
14

L3
16
17
18
19
20

21

°
23
24
25

26
27

29
30

31
32
33
34

35
36
37
38

39
40
41

DOE/RL-2010-96, WORKING DRAFT A
JANUARY 2013

summarized in the 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 of the analytical data are evaluated and a portion is 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 RCBRA SAP
(DOE/RL-2005-42) 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.

7.1.3 ldentification of COPCs

All analytes detected at least once in a waste site decision unit for the 81 waste sites in the 100-BC OU,
included in the ERA, were identified as COPCs except those exclusions described below. Verification
sampling and analysis data are collected according to sample design requirements for the type of decision
unit. For this ERA, an “exposure area” and a “decision unit” are operationally defined as being the same.
Verification sampling and analysis data are subscquently grouped to calculate EPCs.

The contribution from naturally occurring metals and anthropogenic radioisotopes is discussed in the risk
characterization section in accordance with Guidance for Comparing Background and Chemical
Concentrations in Soil for CERCLA Sites (EPA 540-R-01-003). The risk characterization discusses both
clevated background concentrations and their contribution to site risks and naturally occurring elements
that are not CERCLA hazardous substances, pollutants, and contaminants, but which exceed the
risk-based screening levels.

The RCBRA Volume [ (DOE/RL-2007-21) identifies a subset of analytes that are excluded from
consideration as COPCs by agreement among the Tri-Parties based on relevant Hanford Site data. A total
of 54 analytes for the 100-BC Source OUs meet the exclusion criteria and are listed in Table G-3
(Appendix G). The following exclusion lists employed in the RCBRA were also applied to the waste site
verification data during the data reduction steps described in Section 6.2.2.2:

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

o Essential nutrients: Essential nutrients that are present at relatively low concentrations and are toxic
only at high concentrations were not considered in the quantitative risk assessment.

e«  Water quality or soil physical property measurements: These analytes were measured only 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 (e.g., grain size for soils, water hardness for metal effects).

e Background radionuclides (potassium-40, radium-226, radium-228, thorium-228, thorium-230,
and thorium-232): As identified and implemented in the RCBRA, these background radionuclides
were identified by consensus of Tri-Party managers as not directly related to Hanford operations
Or processes.

A list of the analytes that meet the exclusion criteria for the soil risk assessment is described in
Section 6.2.2.2 and presented in Appendix G, Table G-3. The RCBRA includes two additional steps to
identify COPCs that the soil risk assessment did not apply:
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of detection, inclusion list analytes were not consistently reported in the CVP and RSVP data;
therefore, this step was not implemented.

e For analytes that are commonly reported in waste site cleanup verification reports based on frequency .

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

As a result of not applying the last two steps used in the RCBRA to identify COPCs, more analytes are
identified as COPCs in this ERA than were identified in the RCBRA. Identifying all detected analytes
(except those on the exclusion list) as COPCs is a more streamlined approach that is consistent with
Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites (EPA
540-R-01-003).

In addition to the steps described above, aluminum and iron were excluded as COPCs for all decision
units within the 100-BC OUs. The ecological soil screening levels (EcoSSLs) for aluminum and iron are
based on soil pH (Ecological Soil Screening Level for Aluminum: Interim Final [OSWER Directive
9285.7-60)), and the potential for toxicity is only identified in soils when the pH is 5.5 or less. Although
some concentrations of aluminum and iron may have exceeded a risk-based value, all measurements of
soil pH in the River Corridor are greater than the 5.5 threshold for iron and aluminum. Data collected
during the RCBRA (RCBRA [DOE/RL-2007-21]) indicated that pH in soils range between 7 and 9. Thus,
aluminum and iron concentrations are not bioavailable and do not pose a risk to terrestrial ecological
receptors.

The COPC list for these Source OUs will be evaluated to develop a COPEC list in this risk assessment.
A COPEC is defined as a COPC with concentrations exceeding both the background concentration and
ecological screening level. The process for identifying COPECs is discussed in Section 7.4.

7.2 Problem Formulation

The problem formulation includes the physical layout of the site, its history and ecology, and the
development of a conceptual ecological site model (ecological CSM) that evaluates potential exposure
pathways and identifies the representative species that were used to assess ecological risk to those and
other similar species. The problem formulation includes identification of the important aspects of the
100-BC Source OU waste site decision units to be protected (referred to as “assessment endpoints”) and
the means by which the assessment endpoints are evaluated (measures of exposure and effects).

7.2.1  Site Setting

The 100-BC Source OU is situated between the IU2/IU6 and the 100-BC Area, and covers an area of
approximately 11.54 km” (4.45 mi’). The Columbia River section along the 100-BC Source OU defines

a portion of the Hanford Reach, an important ecological, cultural, historical, and recreational feature. The
upland environment is described in this section, and the riparian and nearshore habitats are described in
Appendix M, which focuses on evaluating the potential for exposures in the riparian and nearshore
environments to be of concern and to have originated from Hanford Site operations (i.e., from waste sites
in the 100-BC OUs).

The predominant plant community in the 100 Areas is sagebrush/Sandberg’s bluegrass/cheatgrass.

Currently, no plant species on the Hanford Site are federally listed as threatened or endangered under the

Endangered Species Act of 1973. Plant species listed as threatened or endangered by Washington State

include the awned halfchaff sedge (Lipocarpha aristulata), grand redstem (dmmannia robusta), lowland

toothcup (Rotala ramosior), and persistentsepal yellowcress (Rorippa columbiae). All of these plant

species are restricted to wetlands in the riparian zone of the Columbia River (NEPA Characterization .
Report [PNNL-6415]). Table 3-18 presents the complete list of state-listed flora.
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Shrub and grassland habitats dominate the Hanford Site and support a diverse and abundant variety of
wildlife species, including in the uplands of the River Corridor. The 100 areas are mostly undisturbed or
fully recovered and thus support these diverse and abundant wildlife communities, while wildlife use of
the remaining disturbed and developed areas is expected to be reduced because these areas are less
attractive and provide less of the needs of wildlife than do natural habitats. Common species include large
animals like Rocky Mountain elk (Cervus elaphus) and mule deer (Odocoileus hemionus); predators such
as coyote (Canis latrans), bobcat (Lynx rufus), and badger (Taxidea taxus); and herbivores including deer
mice (Peromyscus maniculatus), harvest mice (Riethrodontonomys megalotis), ground squirrels
(Spermophilus spp.), voles (Lemmiscus curtatus, Microtus spp.), and black-tailed jackrabbits

(Lepus californicus). The most abundant mammal on the Hanford Site is the Great Basin pocket mouse
(Perognathus parvus). Other nonburrowing animals including cottontails (Sylvilagus nutalli), jackrabbits,
snakes, and burrowing owls (4thene cunicularia) may use abandoned burrows of other animals.

There are no species that regularly frequent the Hanford Site that are listed currently as threatened or
endangercd under the Endungered Species Act of 1973. Species listed as threatened or endangered by
Washington State include the burrowing owl (4dthene cunicularia), Merriam’s shrew (Sorex merriami),
and Washington ground squirrel (Urocitellus washingtoni). However, no species are known or expected
to occur onsite because of the highly developed nature of this area. Table 3-19 presents the complete list
of state-listed fauna.

Although the bald eagle has been removed from the list of federally endangered species, it is still
protected under the Bald and Golden Eagle Protection Act of 1940. In addition, DOE has decided to
continue to protect nest and roost sites on the Hanford Site under the Bald Eagle Management Plan
(DOE/RL-94-150). This plan is currently under revision to account for the de-listing of the bald eagle.
Changes have been made to reduce the buffer zones surrounding winter night roosts and nest sites from
800 to 400 m (2,625 to 1,312 ft).

Bald eagles have generally been observed at the Hanford Site from November to March (Fitzner and
Hanson, 1979). During daylight hours, bald eagles perch along the Hanford Reach of the Columbia River
and a few kilometers inland (Bald Eagle Management Plan [DOE/RL-94-150]). The primary perching
areas occur in trees from the Hanford Townsite to the Vernita Bridge. Bald eagles predominantly forage
on the banks of the river and the island where waterfowl roost and salmon carcasses can be found. Two
roosting sites are located in this same area (Bald Eagle Management Plan [DOE/RL-94-150]). These
areas along the Columbia River are primarily located between 100-D and 100-H, not near the 100-BC
Area. The 100-B/C Source OUs are outside of the nesting buffer zones and important foraging areas.
Additional consideration of these species is not required for this risk assessment. Additional Site setting
discussion is located in Section 3.9 and Site history is described in Section 1.2.

7.2.2 Simplified Ecological Exposure Model

Development of the ecological CSM for this ERA involved characterizing the exposure pathways and
ecological receptors that might be associated with the habitat types in the upland environment of the
waste sites within the 100-BC Source OUs. Appropriate exposure pathways and representative endpoint
species for the upland environment of the 100-BC Source OU were developed based on information from
the RCBRA (DOE/RL-2007-21) and are discussed below. As mentioned earlier, full risk evaluations of
the riparian area or the islands within the Columbia River are not presented because they were already
completed for the RCBRA (DOE/RL-2007-21) and CRC (DOE/RL-2010-117); however, the same
models and receptors were employed here as in those documents. The aquatic exposure models are
described in Appendix M.2.5 with the evaluation of the aquatic exposure pathways. Results of those
exposure and effects assessments (i.e., the risk characterization) are discussed in Chapter 4 and Appendix
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M as well as Section 7.6 of this chapter with respect to the potential for 100-BC Source OUs to contribute
to the final identified risks. .

With consideration of the ecological setting, land use, and COPC release mechanisms and transport
pathways known at the 100-BC Source OU upland environments, the ecological exposure pathways
considered most plausible are graphically displayed on Figure 7-1 and included the following:

h b W

e Direct contact of vegetation with analytes in surface soil.

~ A

e Direct contact with, or ingestion of, surface soil by terrestrial invertebrates (e.g., beetles and ants).
3 e Direct contact with, or ingestion of, surface soil by terrestrial avian and mammalian wildlife.

9 # Dietary exposure of terrestrial and mammalian wildlife to COPCs bioaccumulated in food items
10 (e.g., plants or prey).

11 = Dietary exposure to emissions from radionuclides bioaccumulated and retained within the tissues of
12 plants, terrestrial invertebrates, and terrestrial wildlife.

13 e External exposure of plants, terrestrial invertebrates, and terrestrial wildlife to emissions from
14 radionuclides in soil.

15 e Ecological receptors are not likely to have complete exposure pathways to soils below the
16 biologically active zone. Therefore, deep soils were not evaluated in this ERA.

17 A food web model for the upland environment of the Hanford Site (Figure 7-2) has been developed based
18  on an understanding of the ecology of the area and documented in the previous ERAs. .

19  The following entities (represented by trophic guilds) and their associated organizational level have been
20  identified for evaluation:

21 e Terrestrial plants—community level

22 e Terrestrial invertebrates—community level

23  #® Soil microorganisms and microbial processes—community level
24 = Herbivorous birds—population level

25 & Herbivorous mammals—population level

26 e Insectivorous birds—population level

27 = Insectivorous mammals—population level

28 e Omnivorous birds—population level

29 e Omnivorous mammals—population level

7-8
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Figure 7-1. Conceptual Ecological Site Model for Terrestrial Habitats in Hanford Site Upland Environment

2 Although part of the food web for the upland environment, effects data for reptiles and amphibians are limited.
Therefore, SSLs were not developed for this trophic guild.
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Figure 7-2. Hanford Site Upland Environment Terrestrial Food Web

Some endpoint entities are evaluated at the population level and others at the community level. As
reported i Summary Report: Risk Assessment Forum Technical Workshop on Population-Level
Ecological Risk Assessment (EPA/100/R-09/006), “Define ecological risk assessment..... as estimating
the likelthood or probability of adverse effects (e.g. mortality to single species of organisms, reduction in
populations of nontarget organisms due to acute, chronic, a reproductive effects, or disruption in
community and ecosystem level functions.” The EPA has developed guidance that can aid in
distinguishing the assessment level including Framework for Ecological Risk Assessment
(EPA/630/R-92/001), Ecological Significance and Selection of Candidate Assessment Endpoints
(EPA/540/F-95/037), and Generic Ecological Assessment Endpoints (GEAEs) for Ecological Risk
Assessment (EPA/630/P-02/004F). These guidelines intentionally do not specify a target level of
organization to protect for an entity, allowing flexibility in setting the target organizational level that
works for the individual project. The organizational levels described above align with the management
goals originally defined in DQO Summary Report for the 100 Area and 300 Area Component of the
RCBRA (BHI-01757), which focuses on the protection of individuals for special-status species, preventing
adverse effects on Hanford biota from contaminants, protecting rare habitats, and minimizing contaminant
loading into biota. With the ecosystem present at the Hanford Site, maintaining the health of wildlife
populations and the function of a plant community are appropriate as opposed to focusing on populations
of particular plant species within that community.
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As noted in Appendix A to Generic Ecological Assessment Endpoints (GEAESs) for Ecological Risk
Assessment (EPA/630/P-02/004F), EPA’s principles for ecological risk assessment and risk management
at Superfund sites state that “Superfund’s goal is to reduce ecological risks to levels that will result in the
recovery and maintenance of healthy local populations and communities of biota.” Should a special-status
species of plant (such as an endangered species of native grass or forb) be present at a given waste site at
the Hanford Site, then protecting that population would be acceptable. However, the measurement
endpoints described in the next section to align with these entities described above were selected
appropriately to protect populations and communities. Although the endpoints identified may be
expressed as single species toxicity tests, as these guidance documents express, interpretation of the
results relative to lowest adverse effect concentration (LOEC) or lowest observed adverse effect level
(LOAEL) endpoints for the protection of populations and communities is appropriate. Section III of
Issuance of Final Guidance: Ecological Risk Assessment and Risk Management Principles for Superfund
Sites (OSWER Directive 9285.7-28 P) states: “Levels that are expected to protect local populations and
communities can be estimated by extrapolating from effects on individuals and groups of individuals
using a lines-of-evidence approach. The performance of multi-year field studies at Superfund sites to try
to quantify or predict long-term changes in local populations is not necessary for appropriate risk
management decisions to be made. Data from discrete field and laboratory studies, if properly planned
and appropriately interpreted can be used to estimate local population or community-level effects.”
Issuance of Final Guidance: Ecological Risk Assessment and Risk Management Principles for Superfind
Sites (OSWER Directive 9285.7-28 P) further states that “Superfund ERAs gather effects data on
individuals in order to predict or postulate potential effects on local wildlife, fish, invertebrates, and
plant populations and communities that occur in specific habitats at sites.” Finally, as noted in
Overview of the Ecological Risk Assessment Process in the Office of Pesticide Programs,

U.S. Environmental Protection Agency—Endangered and Threatened Species Effects Determinations
(EPA, 2004): “If effects on the survival and reproduction of individuals are limited, it is assumed that
risks at the population level from such effects will be of minor consequence.”

To calculate ecological SSLs, endpoint representative species were selected for each entity identified
above (trophic guilds/functional groups) that could use the site. For example, a red-tailed hawk may be
considered representative of raptors visiting the site. Consistent with ERAGS (EPA 540-R-97-006);
Guidelines for Ecological Risk Assessment (EPA/630/R-95/002F); and MTCA, “Site-Specific Terrestrial
Ecological Evaluation Procedures” (WAC 173-340-7493), endpoint species should preferably be ones
that have ecological relevance, are of societal value, are susceptible to chemical stressors at the site, or
allow risk managers to meet policy goals. These factors were used to select representative receptor
species common to the Hanford Site upland environment that are within the trophic guilds identified
above. Selected receptors are conservative indicators of the potential for risk to the trophic guilds
identified for assessment. The representative receptor species selected for each of the trophic guilds are
as follows:

» Herbivorous birds—California quail (Callipepla californica)
Herbivorous mammals—Great Basin pocket mouse (Perognathus parvus)
e Insectivorous birds—killdeer (Charadrius vociferus)
e Insectivorous mammals—northern grasshopper mouse (Onvchomys leucogaster)
e Omnivorous birds—western meadowlark (Sturnella neglecta)
e Omnivorous mammals—deer mouse (Peromyscus maniculatus)

e Carnivorous birds (raptors)—red-tailed hawk (Bureo jamaicensis)

o  Carnivorous mammals—badger (Taxidea taxus)
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Unlike birds and mammals, methods to differentiate exposure and/or effects among different plant species
or among different invertebrate species are unavailable. Therefore, individual species for terrestrial
vegetation and invertebrates were not selected to represent the plant or invertebrate populations and
communities for evaluation.

7.23 Assessment Endpoints

Assessment endpoints are an expression of the important ecological values that are to be protected at

a site (Ecological Risk Assessment [Suter, 1993]; Guidelines for Ecological Risk Assessment
[EPA/630/R-95/002F]; Ecological Risk Assessment for Contaminated Sites [Suter et al., 20007).
Assessment endpoints are based on known information concerning the analytes present, the study area,
the ecological CSM, and risk hypotheses. There are three components to each assessment endpoint: an
entity (e.g., migratory birds), an attribute of that entity (e.g., individual survival), and a measure

(e.g., a measurable value, such as an effect level). Measures are described following the general
description of assessment endpoints (Guidelines for Ecological Risk Assessment [EPA/630/R-95/002F];
Ecological Risk Assessment for Contaminated Sites [Suter et al., 2000]).

The assessment endpoint entities for the 100-BC OU waste sites were selected based on the following
principal criteria:

e Ecological relevance
e Societal relevance

e Susceptibility (or high exposure) to known or potential stressors at the Hanford Site

The attribute selected for each entity was based on the organizational level of the entity and the primary
criteria that were used to select it. Entities and attributes were selected for community and population
levels of assessment. Measures of Exposure and Effects

Measures (formerly referred to as measurement endpoints) are measurable attributes used to evaluate the
risk hypotheses and are predictive of effects on the assessment endpoints (Guidelines for Ecological Risk
Assessment [EPA/630/R-95/002F]). The three categories of measures include the following:

e Measures of exposure are used to evaluate intake of a contaminant from contact with environmental
media (e.g., soil). Measures of exposure can be an EPC of a COPC in an environmental medium or
food item. A measure of exposure also can be a dose occurring through ingestion, inhalation, or
dermal contact with a contaminant in an environmental medium. SSLs were estimated by
back-calculating from a target dose associated with the selected assessment endpoint to
a corresponding concentration in soil (see Section 7.3.1 for further discussion).

e The measure of exposure represents the exposure appropriate for the assessment endpoint (e.g.,
a wildlife population) throughout its exposure area (e.g., the entire home range of the target species).
Thus, the average exposure to multiple individuals (e.g. the population of wildlife or the plant
community) in a species is the basis for population or community level effects.

e Measures of effect are used to evaluate the response of an organism that is exposed to a stressor.
Measures of effects included TRVs for wildlife and the LOECs in soil for plants and soil
invertebrates (see Section 7.3.1). The maximum acceptable adverse effect levels generally selected
for population- and community-level assessment endpoints are lowest LOECs or LOAELS,
when available.

¢ Measures of ecosystem and receptor characteristics are used to evaluate the ecosystem characteristics
that influence the assessment endpoints, the distribution of stressors, and the characteristics of the
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assessment endpoints that may affect exposure or response to the stressor. Measures of ecosystem and
receptor characteristics are used to characterize ecological risks as part of a baseline ERA. These
kinds of ecological information were not used directly in calculating SSLs. However, measures of
ecosystem and receptor characteristics may represent additional lines of evidence that can be used
along with SSLs in evaluating remedial alternatives in the RI/FS.

7.3 Effects and Exposure Assessment

The effects and exposure assessments were conducted and then integrated to develop two levels of
thresholds for evaluating the 100-BC Area data. This follows the tiered-process referred to earlier and as
described in ERAGS (EPA 540-R-97-006). The initial evaluation versus conservative thresholds (SSLs)
helps to focus the assessment down to those COPEC-receptor-waste site combinations that might require
further evaluation. The additional assessment complcted with a comparison to PRGs helps identify which
COPEC-receptor-waste site combinations should be brought forward to the SMDP in Section 7.6.

For wildlife, the effects assessment presents TRVs that have been derived from available literature-based
toxicity information on COPCs and that can be used in determining the potential for adverse effects to
ecological receptors. Two types of effects-based values are presented in this ERA: initial conservative
values from the published literature (e.g., Ecology, EPA, and DOE guidance or compendiums), and the
more Hanford Site-specific values (values cstablished using data collected at the Hanford Site). These
values are then used within food chain exposure dose models from the exposure assessment to establish
media benchmarks (thresholds). For plants and invertebrates, the effects data are incorporated more
simply because the effects are measured relative to direct exposure. Thus, the concentration associated
with an observed effect in the exposure medium (soil, water, sediment) becomes the benchmark
(threshold).

The exposure assessment identifies exposure pathways associated with the representative receptor species
listed in Section 7.2.2. As with the effects values, the exposure assessment employs two types of exposure
evaluations: the avian and mammalian SSLs, and the more site-specific avian and mammalian PRGs. It
also describes the models used to calculate SSLs and PRGs.

The TRVs were combined with the exposure information to calculate SSLs and PRGs. This section
presents the salient features of the effects and exposure assessments as they were used to calculate the
SSLs and PRGs. An overview of the development of the nonradionuclide and radionuclide SSLs and
PRGs is described in the exposure assessment for each receptor group (i.e., plants, soil invertebrates, and
wildlife). The methodology used to develop the SSLs is detailed in Tier | Risk-Based Soil Concentrations
Protective of Ecological Receptors at the Hanford Site (CHPRC-00784). The methodology used to
develop the PRGs for wildlife is detailed in Tier 2 Risk-Based Soil Concentrations Protective of
Ecological Receptors at the Hanford Site (CHPRC-01311). The methodology used to develop the
Hanford Site-specific risk thresholds and to select PRGs for plants and invertebrates is detailed in Tier 2
Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) for Nonradionuclides for Use
at the Hanford Site (ECF-HANFORD-11-0158). These documents are presented in Appendix H of the
100-K RI/FS.

The effects and exposure assessment is organized as follows:

o Section 7.3.1 presents the effects assessment with separate sections for radionuclides
(Section 7.3.1.1) and nonradionuclides (Section 7.3.1.2) because of the method of their derivation.
Within each of these, effects for plants and invertebrates are discussed separately from wildlife. For
non-radionuclides, plant and invertebrate effects are described relative to direct exposure, whereas
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for wildlife, the effects are described relative to the ingested dose. For radionuclides, the effects
assessment includes values that correspond to effects from a dose of radiation. .

e Section 7.3.2 presents the exposure assessment with separate sections for plants and invertebrates
(Section 7.3.2.1) and wildlife (Section 7.3.2.2). Exposure to wildlife is further broken out to
describe the food chain models that estimate the concentration in ingested prey and how the
assumptions of the model differ in the development of SSLs versus PRGs. Section 7.2.3.3 further
describes specific differences in the modeling of wildlife exposure to radionuclides. The SSLs that
result from the effects and exposure assessments are presented in these sections.

e  Section 7.3.3 provides a description of wildlife exposure through drinking from seeps along the
Columbia River.

e Section 7.3.4 describes and presents the PRGs that result from the effects and exposure assessment.

e Section 7.3.5 describes how soil and seep data were used to estimate EPCs for comparison with the
SSLs and PRGs presented.

7.31 Effects Assessment

The ecological effects assessment consists of an evaluation of available toxicity or other effects
information that can be used to interpret the significance of the exposures to COPCs relative to potential
adverse cffects to ecological receptors. Data that can be used include literature-derived or site-specific
single chemical toxicity data (wildlife), site-specific ambient media toxicity tests (plants and
invertebrates), and site-specific field surveys (Ecological Risk Assessment for Contaminated Sites

[Suter et al., 2000]). The effects data used in this ERA are represented by single-chemical toxicity

data from literature sources and are summarized below for radionuclides and nonradionuclides. The
effects levels presented are used either directly (for plants and invertebrates) or within exposure dose
models (for wildlife) to establish concentrations in exposure media (e.g., soil) that are protective of plant
and invertebrate communities and wildlife populations.

7.3.1.1 Effects Assessment for Radionuclides

Radionuclide toxicity data for plants and wildlife are represented by DOE’s Biota Concentration Guides
(BCGs) for radionuclides presented in 4 Graded Approach for Evaluating Radiation Doses to Aquatic
and Terrestrial Biota (hereinafter called Graded Approach for Radiation Doses to Biota
[DOE-STD-1153-2002]). Two radionuclide effect thresholds, as determined by consensus of international
radiation regulatory agencies, form the basis for effect thresholds used to develop screening levels of
radionuclides in soil for the protection of plants and animals. General guidance from the International
Council for Radiological Protection (Recommendations of the International Commission on Radiological
Protection [ICRP-60]), the International Atomic Energy Agency (Proliferation Resistance Fundamentals

Jfor Future Nuclear Energy Systems [IAEA STR-332], and United Nations Scientific Committee on the

Effects of Atomic Radiation (Sowurces and Effects of Inonizing Radiation [UNSCEAR, 2000]), with
scientific annexes (Sales Publication No. E.00.IX.4) concluded that radiological doses to terrestrial plants
and terrestrial vertebrates should not exceed 1.0 and 0.1 rad/day, respectively. If radiation exposure does
not exceed these biota dose levels, the consensus opinion of the international radiological organizations is
that ecological populations will be protected. DOE has adopted these effect thresholds and integrated
them into Graded Approach for Radiation Doses to Biota (DOE-STD-1153-2002).

Graded Approach for Radiation Doses to Biota (DOE-STD-1153-2002) includes a screening method and
three more detailed levels of analysis for demonstrating compliance with applicable dose limits for
protection of biota:
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1 =& A general screening that involves comparing maximum radionuclide concentrations in environmental
2 media (i.e., soil) with a set of BCGs to evaluate compliance with the biota dose limits.

3 e Site-specific screening using more realistic site representative lumped parameters (e.g.,

4 bioaccumulation factors [BAFs]) in place of conservative default parameters, using mean

5 radionuclide concentrations in place of maximum values, and taking into account time dependence
6 and spatial extent of contamination.

7 = Site-specific analysis employing a kinetic-allometric modeling methodology. Multiple parameters,

8 which represent contribution to an organism’s internal dose, can be modified to represent site- and

9 organism-specific characteristics. These parameters include body mass, consumption rates of food or
0 soil, inhalation rate, lifespan, and biological elimination rates. Development of the organism-specific
1 characteristics involves using allometric equations that relate these parameters to body mass.

12 e Site-specific biota dose assessment involving the collection and analysis of biota samples.

13 BCGs can be calculated using dose models, equations, and default parameters that are presented in

14 Graded Approach for Radiation Doses to Biota (DOE-STD-1153-2002). The values in soil calculated

15 using these default methods are found in Table 6.4 in Graded Approach for Radiation Doses to Biota

16  (DOE-STD-1153-2002). These dose models, equations, and default parameters are also incorporated into

17  the RESRAD-BIOTA for Windows, Version 1.5 (ANL, 2009b) model (RESRAD-BIOTA. A Tool for

18  Implementing a Graded Approach to Biota Dose Evaluation, User’s Guide, Version | [DOE/EH-06761)

19  to establish values protective of wildlife populations and plant communities. Effects of lonizing Radiation

20 on Terrestrial Plants and Animals: A Workshop Report (ORNL/TM-13141) also discusses populations of

21 wildlife and communities of plants as the basis for the BCGs. RESRAD-BIOTA presents three levels of
‘ 22 analysis, which correspond to the following levels in the graded approach:

23 e Level |—general screening approach
24 e Level 2—site-specific screening with representative parameters

25 e level 3—site-specific analysis using the kinetic/allometric modeling methodology

26 The BCGs for plants for this ERA were calculated using the Level | analysis in RESRAD-BIOTA and
27  are shown in Table 7-1.

28  For wildlife (animals), more site-specific SSLs were developed using RESRAD-Biota Version 1.5 with
29  Level 3 assumptions. Values were established for eight different species representing feeding guilds

30  found at the Site. However, Hanford Site-specific tissue residue of radionuclides was insufficient for

31 developing models, so values from relevant published literature were employed (“Derivation of Transfer
32 Parameters for Use Within the ERICA Tool and the Default Concentration Ratios for Terrestrial Biota”
33 [Beresford et al., 2008]). Final radionuclide SSLs for wildlife are shown in Table 7-2.

34 Because the dose from radionuclides is additive (“Principles and Issues in Radiological Ecological Risk
35  Assessment” [Jones ct al., 2003]), the total contribution of radionuclides known to be associated with
36  Hanford Site processcs was also calculated. A total radionuclide exposure estimate was calculated using
37  the SOF method. With the SOF method, the contributions of various radionuclides were reviewed to

38  determine their contribution to dose. Contributions were considered significant if the radionuclide EPC
39  was greater than the SSL and was detected frequently.
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7.3.1.2 Effects Assessment for Nonradionuclides

Effects data for the nonradionuclide COPCs are presented below for plants and invertebrates and for
wildlife. Included is a description of the sources of the information employed and an explanation of the
selection of effects data. The overarching theme was to employ the most recent of relevant toxicological
information available as described within ERAGS (EPA 540-R-97-006) and MTCA, “Site-Specific
Terrestrial Ecological Evaluation Procedures” (WAC 173-340-7493).

Plants and Invertebrates. Single-chemical, screening-level toxicity values for terrestrial plants and soil
invertebrates were available from the following sources:

s EPA’s Ecological Soil Screening Levels (http:/www.epa.gov/ecotox/ecossl/).

e Screening benchmark concentrations in soil developed by the Oak Ridge National Laboratory
(ORNL); many of the Ecological Indicator Soil Concentrations published by Ecology (see below)
were drawn from ORNL screening benchmark concentrations.

» Ecology’s Ecological Indicator Soil Concentrations, found in MTCA, “Site-Specific Terrestrial

Ecological Evaluation Procedures” (WAC 173-340-7493(2)(a)(1)), Table 749-3.

The lowest available plant or invertebrate value from these sources was selected as the SSL for each
analyte because they represent direct exposure of the receptors to the media. These SSLs are presented in
Table 7-1. A brief discussion of each source is provided below.

EPA’s EcoSSLs for plants and soil invertebrates were derived using data from tests performed within soil
conditions favoring relatively high bioavailability for upland soils. The soil chemistry conditions of
relatively high bioavailability were defined by organic matter content and by low soil pH. From the studies
reviewed, the measure of toxic effects to either plants or soil invertebrates were grouped into one of four
ecologically relevant endpoints: reproduction, population characteristics, growth, or physiological
changes. Toxicity parameters used in deriving the Eco-SSLs were the EC20 (effective concentration
affecting 20 percent of a test population), the maximum acceptable toxicant concentration (MATC), and
the EC10 (effect concentration affecting 10 percent of a test population). The MATC was calculated by
EPA from studies that reported a no-observed-adverse-effects concentration (NOAEC) and a lowest
observed adverse effects concentration (LOAEC). The MATC was calculated as the geometric mean of the
LOAEC and NOAEC. Studies that reported only a LOAEC or only a NOAEC were not considered to
provide a reliable assessment of the dose response, and were not used for EcoSSL development.

The EcoSSL for plants and soil invertebrates was calculated as the geometric mean of all the toxicity
parameters from studies conducted under conditions of high bioavailability. Note that use of the EC20,
MATC, and EC10 as toxicity parameters means that EcoSSLs for plants and soil invertebrates are not
based on NOAECs; thus, the recommended value is at a level where effects have been observed but to

a percent of individuals considered acceptable within the ecological risk assessment practice as
demonstrated by its use within the EcoSSL approach documents (Guidance for Developing Ecological
Soil Screening Levels [OSWER Directive 9285.7-55]).

The ORNL benchmarks for the toxicity to plants from chemical analytes in soil were based on thresholds
for effects on growth and reproduction derived from published toxicity studies conducted in soil or
solution. The benchmarks are concentrations of chemicals that correspond to the LOEC for the

10" percentile of plant species tested. The ORNL benchmarks for toxicity to soil invertebrates and
heterotrophic processes from analytes in soil represent thresholds (LOECs) for statistically significant
effects on growth, reproduction, or activity. The toxicity benchmarks were derived by rank ordering the
LOEC values and then selecting a value that approximated the 10" percentile.
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Table 7-1. SSLs in Upland Soil for Plants and Soil Invertebrates
Washington Dept.
of
ORNL - Ecology - MTCA
ES/ER/TM-85/R3, (WAC 173-340, Lowest Screening Benchmark
EPA EcoSSLs ES/ER/TM-126/R2 DOE BCGs Table 749-3) by Receptor Type
[ Overall
Lowest SSL for Plants
Plant Terrestrial | Terrestrial | Screening Background Seil and Soil
Group Soil Constituent Units | Planis | Invertebrate Reference s Invertebrate Plant Animal Plant | Soil Biota Plant Inverts j Benchmark | Concentrations® | Invertebrates® Basis

Radionuclides Americium-241 pCi/g - --- --- - --- 21500 3890 - --- 21500 - !L 21500 --- 21500 Benchmark

Antimony-125 pCi/g - - --- - e --- - - --- - e i --- — --- —=
Carbon-14 pCi/g - --- --- - s 60700 4760 --- e 60700 e " 60700 —— 60700 Benchmark
Cesium-134 pCi/g - == - - --- 1090 11.3 - - 1090 I 1090 — 1090 Benchmark
Cesium 137 pCi/g - -~ -— - --- 2210 20.8 - ne- 2210 e 2210 1.05 2210 Benchmark
Cobalt-60 pCi/g --- - - -— --- 6130 692 -— --- 6130 - 6130 0.00842 6130 Benchmark
Curium-244 pCi/g - = == - - 153000 4060 - --- 153000 - 153000 --- 153000 Benchmark
Europium-152 pCi/g - --- - - - 14700 1520 -— - 14700 - 14700 - 14700 Benchmark
Europium-154 pCi/g --n --- --- --- --- 12500 1290 - --- 12500 e 12500 0.0334 12500 Benchmark
Europium-155 pCi/g --- - - - --- 153000 15800 --- —n 153000 - 153000 0.0539 153000 Benchmark
Hydrogen-3 (tritium) pCi/g - - = - --- 1680000 174000 -— -== 1680000 — [ 1680000 - 1680000 Benchmark
Neptunium-237 pCi/g - - - - - 8150 3860 - --- 8150 -— 8150 --- 8150 Benchmark

Nickel-63 pCi/g - --- ——n ——— - - - - - - - - - - -~
Plutonium-238 pCi/g - --- --- -—- --- 17500 5270 - o 17500 - 17500 0.00378 17500 Benchmark
Plutonium-239/240 pCi/g --- - - — --- 12700 6110 - - 12700 e 12700 0.0248 12700 Benchmark
Radium-226 pCi/g - - - - 288 50.6 - -=- 288 - 288 0.815 288 Benchmark
Radium-228 pCi/g - -e- o - --- 245 439 --- --- 245 o 245 --- 245 Benchmark
Strontium 90 pCi/g - - --- --- --- 3580 22.5 - - 3580 - 3580 0.178 3580 Benchmark
Technetium-99 pCi/g - --- --- - - 21900 4490 - -=- 21900 - 21900 -~ 21900 Benchmark
Thorium-232 pCi/g - --- - --- 23500 1510 --- == 23500 7 e 23500 132 23500 Benchmark
Uranium-234 pCi/g - - - - - 51600 5130 -— --- 51600 - 51600 1.1 51600 Benchmark
Uranium-235 pCi/g --- - - -— - 27400 2770 - - 27400 | - 27400 0.109 27400 Benchmark
Uranium-238 pCi/g -— - - e = 15700 1580 --- - 15700 B 15700 1.06 15700 Benchmark
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Table 7-1. SSLs in Upland Soil for Plants and Soil Invertebrates
Washington Dept.
of
ORNL - Ecology - MTCA
ES/ER/TM-85/R3, (WAC 173-340, Lowest Screening Benchmark
EPA EcoSSLs ES/ER/TM-126/R2 DOE BCGs Table 749-3) by Receptor Type
Overall
Lowest SSL for Plants
Plant Terrestrial | Terrestrial Screening Background Soil and Soil
Group Soil Constituent Units | Plants | Invertebrate Reference s Invertebrate Plant Animal Plant | Soil Biota Plant Inverts Benchmark | Concentrations® | Invertebrates® Basis
Metals Aluminum mg/kg Narrative Statement OSWER Dir. 9285.7-60 50 - - - 50 ==s 50 - 50 11800 11800 Backgroun
d
Antimony mg/kg -— 78 OSWER Dir. 9285.7-61 5 - - - ) - 5 78 5 5.2 52 Backgroun
d
Arsenic, Total all valence states mg/kg 18 - OSWER Dir. 9285.7-62 10 60 - --- -—- -- 10 60 10 6.47 10 Benchmark
Arsenic (III) mg/kg - = — = == == e — = = = = = o e
Arsenic (V) mg'kg - --- e- --- —- --- —— 10 60 10 60 10 s 10 Benchmark
Barium mg/kg — 330 OSWER Dir. 9285.7-63 | 500 --- --- --- 500 --- 500 330 330 132 330 Benchmark
Beryllium mg/kg - 40 OSWER Dir. 9285.7-64 10 - --- --- 10 - 10 40 10 1.51 10 Benchmark
Bismuth mg/kg -—- - - - - - - - e == - = -- - ===
Boron mg/kg - -—- --- 0.5 --- - - 0.5 - 0.5 - 0.5 - 0.5 Benchmark
Cadmium mg/kg 32 140 OSWER Dir. 9285.7-65 4 20 --- -en 4 20 4 20 4 0.78 4 Benchmark
Chromium (total)*® mg/kg — - ‘OSWER Dir. 9285.7-66 1 0.4 --- --- 42 42 1 0.4 0.4 18.5 18.5 Backgroun
d
Chromium (+3) mg/kg — - OSWER Dir. 9285.7-66 1 0.4 - 2o 42 42 1 04 04 . 0.4 Benchmark
Chromium (+6) mg/kg — - OSWER Dir. 9285.7-66 - - —-- - - - - - - - - -
Cobalt mg/kg 13 - OSWER Dir. 9285.7-67 20 o= - --- 20 == 13 -— 13 15.7 15.7 Backgroun
d
Copper mg/kg 70 80 OSWER Dir. 9285.7-68 | 100 50 --- - 100 50 70 50 50 22 50 Benchmark
Lead mg/kg 120 1700 OSWER Dir. 9285.7-70 50 500 --- - 50 500 50 500 50 10.2 50 Benchmark
Lithium® mg/kg 2 = 35 e 2 2 335 335 Backgroun
d
Manganese® mg/kg 220 450 OSWER Dir. 9285.7-71 500 ——- - -—- 1100 - 220 450 220 512 512 Backgroun
d
Mercury mg/kg -—- --- - 03 0.1 - - 0.3 0.1 0.3 0.1 0.1 0.33 0.33 Backgroun
d
Molybdenum mg/kg -— --- -- 2 - - - 2 - 2 -— 2 6 6 Backgroun
d
Nickel mg/kg 38 280 OSWER Dir. 9285.7-76 30 200 --- --- 30 200 30 200 30 19.1 30 Benchmark
Selenium mg/kg 0.52 4.1 OSWER Dir. 9285.7-72 1 70 --- - 1 70 0.52 4.1 0.52 0.78 0.78 Backgroun
d
Silver mg/kg 560 - OSWER Dir. 9285.7-77 2 - == - 2 - 2 — 2 0.73 2 Benchmark
Strontium mg/kg --- - - e - --- - - - --- - - aen --- -
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. Table 7-1. SSLs in Upland Soil for Plants and Soil Invertebrates
Washington Dept.
of
ORNL - Ecology - MTCA
ES/ER/TM-85/R3, (WAC 173-340, Lowest Screening Benchmark
EPA EcoSSLs ES/ER/TM-126/R2 DOE BCGs Table 749-3) by Receptor Type
Overall
Lowest SSL for Plants
) Plant Terrestrial | Terrestrial Screening Background Soil and Soil
Group Soil Constituent Units | Plants | Invertebrate Reference ] Invertebrate Plant Animal Plant | Soil Biota Plant Inverts Benchmark | Concentrations® | Invertebrates® Basis

Thallium mg/kg -- == == 1 --- - -—- 1 -- 1 ae 1 1 Benchmark
Tin mg'kg —- == --- 50 --- - - 50 - 50 - 50 - 50 Benchmark
Uranium mg/kg - - --- 5 --- --- - 5 --- 5 - S 3.21 5 Benchmark
Vanadium mg/kg - -~ OSWER Dir. 9285.7-75 2 --- --- - 2 = 2 - 2 85.1 85.1 Backgroun

d
Zinc® mg/kg 160 120 OSWER Dir. 9285.7-73 50 200 - --- 86 200 50 120 50 67.8 67.8 Backgroun

d
General Ammonia/Ammonium mg/kg - - --- — - -—- - - - s - .- 9.23 9.23 Backgroun

Inorganics d
Chloride mg/kg - --- - - --- --- - - --- = — o 100 100 Backgroun

d

. Cyanide mg/kg - -—- < - - - - -—- - --- e - - - -
Fluoride mg/kg -— e | - - - - - - - - e - 2.81 2.81 Backgroun

d
lodine mg/kg - --- -~- 4 - - - 4 - 4 7 - 4 --- 4 Benchmark
Nitrate/Nitrite mg/kg - - = — == --- - - - - e - 52 52 Backgroun

d
Phosphate mg/kg - - --- - --- == - - --- - - 0.785 0.785 Backgroun

d
Sulfate/Sulfite mg/kg - - - - --- - - - - - e - 237 237 Backgroun

d

Total Organic Carbon mg/kg — - - - - -—- - -— - — -— - - === -

Volatile Organics | 1,1-dichloroethane mg/kg - | o —- == o - s = - — == = e =

1,1-dichloroethene mg/kg - - - — - - - --- - --- e - --- -—- ---

1,1,1-trichloroethane mg/kg —— e o= —— - - - -— == - - -—- - | e —

1,1,2-trichloroethane mg/kg - - - = = — . == s sn it = i — ==

1,1,2,2-tetrachloroethane 7 mg/kg — = = J— i ey e == = == e e e Soes o

1,2-dichlorobenzene mg/kg - - e i s = --- = == e —— - - - —m

1,2-dichloroethane (DCA) mg/kg - g sse — o = o s —— o — = = — =

1,3-dichlorobenzene mg/kg oo o — o — = = — = = = ~— o s _—

2-butanone (Methy! Ethyl Ketone/MEK) mg/kg - - - == S = = = = s e s . s -

. ] 2-hexanone mg/kg — = e = - S = s =" . _— s s s o

Benzene mg/kg - — e = = - - == —-- z-e — —— - —ae —
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Table 7-1. SSLs in Upland Soil for Plants and Soil Invertebrates
Washington Dept.
of
ORNL - Ecology - MTCA
ES/ER/TM-85/R3, (WAC 173-340, Lowest Screening Benchmark
EPA EcoSSLs ES/ER/TM-126/R2 DOE BCGs Table 749-3) by Receptor Type
; Overall
Lowest SSL for Plants
Plant Terrestrial | Terrestrial Screening Background Soil and Soil
Group Soil Constituent Units Plants | Invertebrate Reference S Invertebrate Plant Animal Plant | Soil Biota Plant Inverts Benchmark | Concentrations® | Invertebrates® Basis

Butanol mg/kg — = - s == e S aon e =2 e — — — -
Carbon Tetrachloride me/kg — - ——- -— = = s = = == | - £ =5 - -
Chlorobenzene mg/kg - --- n- e 40 --- - -—- 40 - 40 40 --- 40 Benchmark
Chloroform mg/kg ——— - s i e — — - - e = oS = = o
Cis-1,2-dichloroethylene mg/kg —— t—«- - —— = - == = = — — = — — -
Dichloromethane (Methylene Chloride) mg/kg — --- et = s S = e e e- s Lo — = ==
Ethyl Benzene mg/kg - e = = - = s o P = == s s = g
Methyl Isobutyl Ketone mg/kg — - e —— - e = - e - -~ = o -z
n-butyl Benzene 7 mg/kg - - ‘ _— - = == =2 = = = —— == = . o
Tetrachloroethylene mg/kg - - == - --- --- --- — -~ --- - = --- - ---
Toluene mg/kg - - - 200 --- - - 200 - 200 - 200 - 200 Benchmark
Trans-1,2-dichloroethylene mg/kg - - - — == = == e =S e e = e =
Trichloroethylene (TCE) mg/kg — — = o = = _— = e e == s e sig s
Xylene mg/kg - e ] - - - - —— - = — e | = - - =

Polycyc_lic Acenaphthene mg/kg - 29 OSWER Dir. 9285.7-75 20 - - --- 20 - 20 29 20 - 20 Benchmark

I;Ary(zirrri)a;;bons Acenaphthylene mg/kg -— 29 OSWER Dir. 9285.7-75 — - --- --- - - - 29 29 - 29 Benchmark
Anthracene mg/kg - 29 OSWER Dir. 9285.7-75 - - - - -—- --- - 29 29 - 29 Benchmark
Benzo(a)pyrene mg/kg - 18 OSWER Dir. 9285.7-75 — e - -—- -—- - -— 18 18 - 18 Benchmark
Benzo(a)anthracene mg/kg -—- 18 OSWER Dir. 9285.7-75 - - --- --- - — - 18 18 7 -— 18 Benchmark
Benzo(b)fluoranthene mg/kg --- 18 OSWER Dir. 9285.7-75 - == e --- --- --- = 18 18 - 18 Benchmark
Benzo(ghi)perylene mg/kg - 18 OSWER Dir. 9285.7-75 - ~== - -- - - - [ 18 18 e 18 Benchmark
Benzo[k]fluoranthene mg/kg — 18 OSWER Dir. 9285.7-75 - - -—- - -—- e -~ 18 18 s 18 Benchmark
Chrysene N mg/kg -— 18 OSWER Dir. 9285.7-75 s : == - -—- -—- o= -— 18 18 - 18 Benchmark
Dibenz(ah)anthracene mg/kg -—- 18 OSWER Dir. 9285.7-75 - --- - --- -—- - - 18 18 - 18 Benchmark
Fluoranthene mg/kg - 18 OSWER Dir. 9285.7-75 - o - -—- - -—- - 18 ‘ 18 - 18 Benchmark
Fluorene mg/kg --- 29 OSWER Dir. 9285.7-75 - 30 -on --- --- 30 - 29 | 29 --- 29 Benchmark
Indeno[1,2,3-cd]pyrene mg/kg -— 18 OSWER Dir. 9285.7-75 = --- - -—-- --- e - 18 18 | - 18 Benchmark
2-Methylnaphthalene mg/kg — 29 OSWER Dir. 9285.7-75 - e - -—- --- - o 29 29 == 29 Benchmark
Naphthalene mg/kg - 29 OSWER Dir. 9285.7-75 - --- --- --- --- === - 29 29 -~ 29 Benchmark
Phenanthrene mg/kg --- 29 OSWER Dir. 9285.7-75 —— = -- --- --- --- --- 29 29 =-- 29 Benchmark
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. Table 7-1. SSLs in Upland Soil for Plants and Soil Invertebrates
Washington Dept.
of
ORNL - Ecology - MTCA
ES/ER/TM-85/R3, (WAC 173-340, Lowest Screening Benchmark
EPA EcoSSLs ES/ER/TM-126/R2 DOE BCGs Table 749-3) by Receptor Type
o Overall
Lowest SSL for Plants
Plant Terrestrial | Terrestrial Screening Background Soil and Soil
Group Soil Constituent Units | Plants | Invertebrate Reference s Invertebrate Plant Animal Plant | Soil Biota Plant Inverty Benchmark | Concentrations® | Invertcbrates” Basis

Pyrene mg/kg -— 18 OSWER Dir. 9285.7-75 - - - --- - - - 18 18 -~ 18 Benchmark

Total PAHs mg/kg --- - - --- - --- --- —-- - - -— - - = —-
Low MW PAHs® mg/kg - 29 OSWER Dir. 9285.7-75 - - - - - --- - 29 29 - 29 Benchmark
High MW PAHs' mg/kg - 18 OSWER Dir. 9285.7-75 e - wm - - - s 18 18 - 18 Benchmark
Petroleum Gasoline Range Organics mg/kg --- - - --- --- --- - --- 100 = 100 100 --- 100 Benchmark
TPH - diesel mg/kg - -- -- --- - --- - --- 200 : - 200 200 e 7 200 Benchmark

TPH - kerosene mg/kg -—- --- --- --- --- - - -- --- --- -—- - --- --- o

Semivolatile Normal paraffin hydrocarbons mg/kg - - --- --- --- --- --- --- - --n - - - ---
CagAtied Phenol mgkg | — = 70 30 70 30 70 30 30 30 | Benchmark

2-methylphenol (ocresol) mg/kg --- e - -- ——= - --- - o n —— - - - -

. 4-methylphenol (pcresol) mg/kg - - - - - -- --- --- ——- - —— e e - -

2,4-dinitrotoluene mg/kg - -—- - i --- --- - - --- - - - - ;_, ---
Bis[2-ethylhexyl] phthalate® mg/kg —-- --- - 100 ~ - -—- 100 --- 100 ~ 100 - 100 Benchmark
Polychlorinated Biphenyls (PCB)™ mg/kg - - - 40 e - - 40 s 40 - 40 - 40 Benchmark
Aroclor 1016™ mg/kg - 40 o 40 40 40 40 Benchmark
Aroclor 1221™ mg/kg - ~e- —-- 40 --- --- - 40 o= 49 —— 40 - 40 Benchmark
Aroclor 1232M mg/kg -- -n- - 40 s - - 40 e 40 | = 40 o ‘ 40 Benchmark
Aroclor 1242 mg/kg 40 40 40 40 40 Benchmark
Aroclor 1248M mg/kg 49 40 S 40 ~ 40 s 40 Benchmark
Aroclor 1254% mg/kg 40 - 40 40 40 40 Benchmark
Aroclor-1260™ mg/kg - - 7 == 40 - —- - 40 -—- 40 —- 40 — 40 Benchmark
Aroclor-1262"i mgkg | ’ 40 40 40 - 40 - 40 Benchmark

Herbicide Dichloroprop mg/kg --- --- — = —-- - -—- e o - - - =

Pesticide Aldrin mg/kg == s e — = e = = e —y = o s st e

beta-1,2,3,4,5,6-Hexachlorocyclohexane®™ | mg/kg -— = == - - - - - - - e e --- --- -
alpha-Chlordane™ mg/kg —— - 7 == — = == o= e I --- 1 q —n 1 Benchmark
gamma-Chlordane™ mg/kg --- -- - —— --- --- -e- --- 1 e 1 L - 1 Benchmark

Dichlorodiphenyldichloroethylene™ mg/kg - -- OSWER Dir. 9285.7-57 — - --- - --- - == === - o == -

. ‘ Dichlorodiphenyltrichloroethane’ mg/kg - - OSWER Dir. 9285.7-57 e --- --- -—- --- - -~ e = --- - ---

Dieldrin mghkg | — OSWER Dir. 9285.7-56 | == | -
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Table 7-1. SSLs in Upland Soil for Plants and Soil Invertebrates .
Washington Dept.
of
ORNL - Ecology - MTCA
ES/ER/TM-85/R3, (WAC 173-340, Lowest Screening Benchmark
EPA EcoSSLs ES/ER/TM-126/R2 DOE BCGs Table 749-3) by Receptor Type
Overall
Lowest SSL for Plants
Plant Terrestrial | Terrestrial Screening Background Soil and Soil
Group Soil Constituent Units | Plants | Invertebrate Reference S Invertebrate Plant Animal Plant | Soil Biota Plant Inverts Benchmark | Concentrations® | Invertebrates” Basis
Endosulfan | mg/kg --- - -—- --- - - -—- —n --- -—- -—- -—- -—- -
Endosulfan II mg/kg --- - --- - mm - -—- - --- -— - - - -- -
Endosulfan sulfate mg/kg —— = - T o == <= e 25 = == T o= --- e
Endrin aldehyde? mg/kg -—- -—- - - - --- -— - -— -—- --- - - e
Methoxychlor mg/kg --- - s -e- - == =5 o = — = e e e oo ‘

Note: Complete citations of OSWER Directives are provided in Chapter 11.

Sources: Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 Revision (ES/ER/TM-85/R3), .

Toxicological Benchmarks for Contaminants of Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision (ES/ER/TM-126/R2)

MTCA (WAC 173-340, “Model Toxics Control Act—Cleanup”).

a. Background soil concentrations are selected according to the following hierarchy: the 90th percentile of Hanford Site background; Washington state-wide background. See the text for further discussion of sources.

b. The selected PRG is the higher of either the background in soil or the Overall Lowest Screening Value between plants and soil invertebrates.

¢. When Cr (total) not available, the lower of either Cr+3 or Cr+6 as available were used as a surrogate. .
d. MTCA plant and soil biota benchmarks were replaced by Washington State natural background concentration.

e. The Low MW PAHs screening values from EPA (OSWER Directive 9285.7-78 [Ecological Soil Screening Levels for Polvevclic Aromatic Hydrocarbons (PAHs): Interim Final]) represents the sum of the low molecular weight polycyclic aromatic hydrocarbons (PAHs). For the purposes of this
assessment, the benchmark was also applied to the individual low molecular weight PAHs.

f. The High MW PAHs screening values from EPA (OSWER Directive 9285.7-78 [Ecological Soil Screening Levels for Polycyclic Aromatic Hydrocarbons (PAHs): Interim Final]) represents the sum of the high molecular weight PAHs. For the purposes of this assessment, the benchmark was also
applied to the individual high molecular weight PAHs.

g. Values for diethyl phthalate were used as a surrogate for bis[2-ethylhexyl] phthalate.
h. Aroclor 1254 value was used as surrogate.

1. MTCA values represent screening value for PCB mixtures.

j- MTCA Aroclor-1260 values used as surrogate for Aroclor 1262.

k. Form of HCB not identified in Toxicological Benchmarks for Contaminants of Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision (ES/ER/TM-126/R2).
1. MTCA value based on benzene hexachloride, including lindane.

m. MTCA values based on chlordane.

n. DDT values used as a surrogate for DDE.

0. MTCA value based on total DDT/DDE/DDD.

p. MTCA endrin aldehyde values based on endrin.

--= = Value not available
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. Table 7-2. Wildlife (Birds and Mammals) SSLs for Radionuclides
NOAEL-based site-specific SSLs LOAEL-based site-specific SSLs
Great Great
| Basin Basin Grass-
\ Meadow- Red-tailed Pocket Deer Grass-hopper 7 NOAEL Meadow- Red-tailed | Pocket | Deer | hopper LOAEL
| Group Soil Constituent Units | California Quail ‘ lark Killdeer Hawk Mouse Mouse Mouse Badger Lowest | California Quail | lark | Killdeer| Hawk Mouse | Mouse | Mouse | Badger | Lowest
‘ Americium-241 pCi/g -- -- -- -- - -- - -- -- 28900 25000 11900 17800 72100 | 48700 | 41400 | 4840 4840
Carbon-14 pCi/g - -~ - - - - - -- -- 54 60 56 50 61 60 135 32 32
Curium-244 pCi/g -- - - - -- -- -- -- -- 389000 252000 | 105000 | 207000 2300000 [ 722000 [ 499000 | 50800 | 50800
Cobalt-60 pCi/g -- -- -- -- - -- -- -- e 805 805 805 863 805 805 806 1000 805
Cesium-134 pCi/g = - - ~- - -- -= - -- 1140 1190 1200 854 1160 1180 1270 562 562
Cesium 137 pCi/g - -- -- -- - -- -- -- - 2390 2700 2800 1430 2510 2630 3280 924 924
Europium-152 pCi/g -- - -- -- -- -- -- - -- 1740 1740 1740 1880 1740 1740 1740 2220 1740
Europium-154 pCi/g -- - - -- -- - -- = - 1610 1610 1610 1740 1610 1610 1610 2060 1610
Europium-155 pCi/g - -- -- - -- -- -- - - 33400 33400 33400 37300 33400 | 33400 | 33400 | 48600 | 33400
Hydrogen-3 (tritium) pCi/g - - - - -- - - - - 1430 1280 936 1130 3270 2290 | 2830 420 420
_g Neptunium-237 pCi/g o= - - - -- -~ - - -- 8190 8140 7880 9150 8250 8170 8180 | 11200 7880
g Nickel-63 pCi/g -- -- - - -- - -- - --
. E Plutonium-238 pCi/g = -- -~ -- - -~ -- -- - 36300 56200 20900 26800 291000 | 161000 | 161000 | 5980 5980
Plutonium-239/240 pCi/g - - - - -- -~ -- - -- 38800 60300 22300 28400 324000 | 175000 | 176000 | 6270 6270
Radium-226 pCi/g - -- -- -- -- -- -- -- -- 168 142 58 377 285 165 199 193 58
Radium-228 pCi/g - -- - - - - - -- - 169 140 55 418 306 165 203 193 55
Antimony-125 pCi/g -- - -- - -= - -- -~ -- 4580 4580 4580 5040 4580 4580 4580 6130 4580
Strontium 90 pCi/g e -- -- -- - - - -- e 521 302 151 112 706 519 413 91 91
Technetium-99 pCi/g -= -- - -- -- - - -- - 5360 11500 | 137000 | 280000 8670 12100 | 412000 | 128000 | 5360
Thorium-232 pCi/g - -- - - -- - - - -- 5070 12900 5340 12400 34400 | 32500 | 86200 | 4560 4560
Uranium-234 pCi/g -- - w - -- -- -- -- - 12700 21800 6370 40900 30300 | 24800 | 51600 | 14200 6370
Uranium-235 pCi/g -- -- - -- - -- -- -- -- 6340 7810 4360 10200 8600 8130 9630 8060 4360
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