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. Table 4-28. Groundwater Summary Statistics for 100-BC
Number | Number | Frequency Min Background No. of
of of of Detects Non- Max Non- | Min Max Mean | Median 90th Detects > Action No. of Detects >
Analyte Name Filtered | Units | Results | Detects (%) Detect Detect Detect | Detect | Detect | Detect Percentile | Background Level Action Level Action Level Basis
Iron e ug/L 127 46 36 9.0 38 9.5 71 26 24 570 -- 300 - 40 CFR 141 - Federal MCL
Lead N ug/L 54 4 7 0.1 0.2 0.2 0.3 Og 0.24 0.92 - 2.1 -- WAC 173-201A
Lead b g ug/L 54 0 0 0.1 0.2 - - - - 0.92 - 2.1 -- WAC 173-201A
Manganese N ng/L 109 15 14 0.96 6.0 4.0 41 12 9 39 1 50 - 40 CFR 141 - Federal MCL
Manganese e ug/L 127 19 15 0.84 6.0 1.8 39 9 6 39 1 50 = 40 CFR 141 - Federal MCL
Mercury N ug/L 54 | ] 0 0.050 0.10 - - - - 0.003 0.012 -- 40 CFR 131 -- Freshwater CCC
Mercury b ug/L 4 | 0 0 0.016 0.10 - - -~ -~ 0.003 - 0.012 - 40 CFR 131 -- Freshwater CCC
Nickel N ug/L 109 19 17 4.0 13 4.0 | 12 54 4.7 | 1.6 19 52 - Clean Water Act -- Freshwater CCC
Nickel Y ug/L 127 7 5.5 4.0 13 42 g3} 5.7 52 1.6 7 52 - Clean Water Act -- Freshwater CCC
Selenium N ug/L 54 44 81 0.60 0.60 0.58 1 4.2 14 1.2 11 - 5.0 - Clean Water Act -- Freshwater CCC
Selenium Y ug/L 54 49 91 0.60 0.60 0.40 83 15 1.2 11 -- 5.0 il Clean Water Act -- Freshwater CCC
. Thallium N | ugL | s4 1 19 0050 | 010 | 10 | 10 | 100 | L0 17 2 024 1 o e e
Thallium Y | wgl | 54 | 1.9 0.050 0.10 12 12 15 | 13 1.7 = 0.24 1 \CA;:; ‘j’gf; ;\:Stm Hurman Healt
' Uranium N ug/L 54 54 100 - - gl 7.4 21 1.6 9.9 - 30 = 40 CFR 141 - Federal MCL
Zinc N 7 ug/L 109 24 22 4.0 9.0 a | »n 11 9 21.8 1 91 | - WAC 173-201A
Zinc Y ug/L 127 31 24 4.0 9.0 1.7 22 8 6 22 1 91 D WAC 173-201A
| | | = Other -
Total petroleum ‘
hydrocarbons - diesel range N ug/L 54 2 3.7 17 70 180 | 220 200 200 - - 500 - WAC 173-340-900, Table 720-1
Sources:

40 CFR 131, “Water Quality Standards.”

40 CFR 141, “National Primary Drinking Water Regulations.”

40 CFR 141.66, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels for Radionuclides.”
WAC 173-201A, “Water Quality Standards for Groundwaters of the State of Washington.”

WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”

WAC 173-340-730, “Model Toxics Control Act - Cleanup,” “Surface Water Cleanup Standards.”

MCL = maximum contaminant level
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4.3.1.1  Final COPCs Warranting Evaluation in the FS

Section 6.3 identifies the COPCs that warrant further evaluation in the FS for each of the exposure areas
evaluated in the supplemental groundwater risk evaluation. Cr(VI), strontium-90 and tritium are identified
as COPCs in the 100-BC-5 Groundwater OU that warrant further evaluation in the FS.

Concentrations of Cr(VI) are widely distributed and consistently present at concentrations above the
AWQC. Strontium-90and tritium are identified as COPCs because groundwater concentrations above the
drinking water standards are present in localized areas. The following paragraphs provide a summary for
each COPC. Additional information regarding trend plots and contours are provided in Section 4.3.2.

Strontium-90 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it
was detected above the drinking water standard. Strontium-90 was detected in 50 of 105 unfiltered
groundwater samples (48 percent) and was not analyzed for in filtered groundwater samples.
Strontium-90 concentrations ranged between 0.52 and 49 pCi/L in unfiltered groundwater samples.
Strontium-90 was reported above the drinking water standard of 8 pCi/L in 76 percent of the unfiltered
detected results. Strontium-90 concentrations greater than the drinking water standard were reported at
seven wells:

e One of five sample results from 199-B2-14 (undetected to 8.6 pCi/L)
e All nine sample results from 199-B3-1 (20 to 42 pCi/L)
e All eight sample results from 199-B3-46 (15 to 49 pCi /L)

e All 10 sample results from 199-B3-47 (14 to 37 pCi /L)

o  Two of four sample results from 199-B4-1 (4.2 to 21.2 pCi /L)

e Three of five sample results from 199-B4-4 (undetected to 18.6 pCi /L)
e Five of six sample results from 199-B5-2 (7.4 to 15 pCi /L)

The results of this evaluation indicate that strontium-90 has been detected historically in groundwater
samples at concentrations greater than the drinking water standard of 8 pCi/L. Concentrations of
strontium-90 have been reported historically above the Hanford Site 90" percentile (filtered) background
level of 0.001 pCi/L.

Tritium was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the drinking water standard. Tritium was detected in 137 of 154 unfiltered groundwater
samples (89 percent) and was not analyzed for in filtered groundwater samples. Tritium concentrations
ranged between 190 and 125,000 pCi/L. Tritium was reported above the drinking water standard of
20,000 pCi/L in 31 percent of the unfiltered detected results. Tritium concentrations greater than the
drinking water standard were reported at six wells:

¢ Nine of 10 sample results from 199-B3-47 (20,000 to 47,000 pCi/L)
e Three of six sample results from 199-B4-1 (13,000 to 37,900 pCi/L)
e Two of eight sample results from 199-B5-2 (12,000 to 125,000 pCi /L)

e Four of eight sample results from 199-B8-6 (4,600 to 31,000 pCi /L)
e Eleven of 13 sample results from 199-B8-7 (16,000 to 35,600 pCi /L)
e All 13 sample results from 199-B8-8 (28,000 to 59,000 pCi /L)

The results of this evaluation indicate that tritium has been detected historically in groundwater at
concentrations greater than the drinking water standard. Tritium has been reported historically at
concentrations above the Hanford Site 90" percentile concentration of 119 pCi/L.
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Cr(VI) was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the AWQC. Cr(VI) was detected in 124 of 129 unfiltered samples (96 percent) and 87 of
94 filtered groundwater samples (93 percent). Cr(V1I) concentrations range between 2.4 and 64 pg/L in
unfiltered groundwater samples and between 2.4 and 58 pg/L in filtered groundwater samples’. Cr(VI)
was reported above the AWQC of 10 pg/L in 79 percent of the unfiltered detected results and 84 percent
of the filtered detected results. Cr(VI) concentrations greater than the AWQC were reported at 18 well
locations. MDLs ranged between 2.0 and 5.0 pg/L, which are less than the AWQC of 10 pg /L.

The results of this evaluation indicate the Cr(VI) has been detected historically in groundwater samples at
concentrations consistently above the AWQC of 10 pg /L at 18 of the 24 monitoring locations included in
the dataset.

4.3.1.2 Analytes of Interest

Analytes of interest are either those analytes that were identified as COPCs in the 100-BC SAP
(DOE/RL-2009-44) or those analytes for which a maximum concentration exceeding an action limit was
reported during the spatial and temporal sampling (Section 6.3). The following descriptions include
radionuclides, VOCs, anions, and metals.

Radionuclides. Carbon-14 was identified as a COPC in the 100-BC Work Plan
(DOE/RL-2008-46-ADD3). Although carbon-14 was detected at concentrations below the , there were
limited analytical results available for evaluation to determine its presence or absence in the 100-BC-5
Groundwater OU. Carbon-14 was not detected in any of the unfiltered groundwater samples analyzed
(54 samples) and was not analyzed for in filtered groundwater samples. All samples included in this
evaluation were collected as part of the spatial and temporal sampling activities of the RI. The results of
this evaluation indicate that carbon-14 was not detected in RI groundwater samples.

Cesium-137 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3). Although it
was detected at concentrations below the drinking water standard, there were limited analytical results
available for evaluation to determine its presence or absence in the 100-BC-5 Groundwater OU.
Cesium-137 was detected in one of 54 unfiltered groundwater samples (1.9 percent) and was not analyzed
for in filtered groundwater samples. The single detection was reported at a concentration of 2 pCi/L
which is less than the drinking water standard of 200 pCi/L. All samples included in this evaluation were
collected as part of the spatial and temporal sampling activities of the RI. The results of this evaluation
indicate that cesium-137 has been detected in RI groundwater samples at a low frequency (1.9 percent) at
concentrations less than the drinking water standard of 200 pCi/L. The single detection of cesium-137
was reported at a concentration less than the Hanford Site 90™ percentile (filtered) background level of
8.6 pCi/L.

Cobalt-60 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3). Although it
was detected at concentrations below the drinking water standard, there were limited analytical results
available for evaluation to determine its presence or absence in the 100-BC-5 Groundwater OU.
Cobalt-60 was not detected in any unfiltered groundwater samples (54 samples) and was not analyzed for
in filtered groundwater samples. All samples included in this evaluation were collected as part of the
spatial and temporal sampling activities of the RI. The results of this evaluation indicate that cobalt-60
was not detected in RI groundwater samples.

1 This section discusses groundwater results from January 5, 2006 through January 26, 2011. A total chromium
result from February 2012 also exceeded the action level (Section 4.3.2).
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Europium-155 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3). Although
it was not detected there were limited analytical results available to determine its presence or absence in
the 100-BC-5 Groundwater OU. Europium-155 was not detected in any unfiltered groundwater sample
(54 samples) and was not analyzed for in filtered samples. All samples included in this evaluation were
collected as part of the spatial and temporal sampling activities of the RI. The results of this evaluation
indicate that europium-155 was not detected in RI groundwater samples.

Gross alpha was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) as an
indicator parameter. Gross alpha was detected in 26 of 117 unfiltered groundwater samples (22 percent)
and was not analyzed for in filtered groundwater samples. Gross alpha concentrations ranged between
1.0 and 9.6 pCi/L in unfiltered samples, all of which are below the drinking water standard of 15 pCi/L.
The results of this evaluation indicate that gross alpha has been detected historically in groundwater
samples at concentrations less than the drinking water standard of 15 pCi/L.

Gross beta was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) as an indicator
parameter. Gross beta was detected in 115 of 117 unfiltered (98 percent) and was not analyzed for in
filtered groundwater samples. Gross beta concentrations ranged between 3.6 and 110 pCi/L in unfiltered
samples. It should be noted that the presence of elevated gross beta concentrations is generally co-located
with the presence of elevated technetium-99 and strontium-90 concentrations.

lodine-129 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3). Although it
was detected at concentrations below the drinking water standard, there were limited analytical results
available for evaluation to determine its presence or absence in the 100-BC-5 Groundwater OU. lodine-
129 was not detected in any of the unfiltered groundwater samples (54 samples) and was not analyzed for
in filtered groundwater samples. All samples included in this evaluation were collected as part of the
spatial and temporal sampling activities of the RI. The results of this evaluation indicate that iodine-129
was not detected in RI groundwater samples.

Nickel-63 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3). Although it
was not detected there were limited analytical results available to determine its presence or absence in the
100-BC-5 OU. Nickel-63 was not detected in any of the unfiltered groundwater samples (54 samples)
analyzed. All samples included in this evaluation were collected as part of the spatial and temporal
sampling activities of the RI. The results of this evaluation indicated that nickel-63 was not detected in RI
groundwater samples.

Radium-228 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3). There were
limited analytical data available to determine the presence or absence of it in the 100-BC-5 Groundwater
OU. Radium-228 was not detected in any unfiltered groundwater samples (54 samples) and was not
analyzed for in filtered groundwater samples. All samples included in this evaluation were collected as
part of the spatial and temporal sampling activities of the RI. The results of this evaluation indicate that
radium-228 was not detected in RI groundwater samples.

Technetium-99 was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3).
Although it was detected at concentrations below the drinking water standard, there were limited
analytical results available for evaluation. Technetium-99 was detected in 31 of 69 unfiltered groundwater
samples (45 percent) and was not analyzed for in filtered groundwater samples. Technetium-99
concentrations range between 5.9 to 26 pCi/L. The results of this evaluation indicate that technetium-99
has been detected historically in groundwater samples at concentrations below the drinking water
standard of 900 pCi/L. Techetium-99 concentrations have been reported historically above the Hanford
Site 90" percentile (unfiltered) background level of 0.83 pCi/L.
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Volatile Organic Compounds. 1,1,2,2-Tetrachloroethane was identified as a COPC in the 100-BC Work
Plan (DOE/RL-2008-46-ADD?3) because it was detected infrequently above the action level and all MDLs
were greater than the action level. 1,1,2,2-Tetrachloroethane was not detected in any unfiltered
groundwater samples (54 samples) and was not analyzed for in filtered groundwater samples. The action
level for 1,1,2,2-tetrachloroethane is 0.17 pg/L based on the National Recommended Water Quality
Criteria (EPA, 2009b), “Human Health Water + Organism” value; however, it defaults to the estimated
quantitation limit (EQL) of 1.5 pg/L listed in the 100-BC SAP (DOE/RL-2009-44) when the analytical
method cannot achieve the action level. MDLs were reported as 0.1 pg/L which is less than the EQL of
1.5 pg/L. All samples included in this evaluation were collected as part of the spatial and temporal
sampling activities of the RI. The results of this evaluation indicate that 1,1,2,2,-tetrachloroethane was not
detected in RI groundwater samples.

1,1-Dichloroethene was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3)
because all MDLs were greater than the action level. 1,1-Dichloroethene was not detected in any
unfiltered groundwater samples (54 samples) and was not analyzed for in filtered groundwater samples.
The action level for 1,1-dichloroethene is 0.057 pg/L based on the “Water Quality Standards”

(40 CFR 131) Human Health Water + Organism value; however, it defaults to the EQL of 2 ug/L listed in
the 100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the action level. MDLs
were reported as 0.08 pg/L which is less than the EQL of 2 pg/L. The results of this evaluation indicate
that 1,1-dichloroethene has not been detected in RI groundwater samples.

Benzene was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3) because it was
detected above the action level and because MDLs were greater than the action level. Benzene was not
detected in unfiltered groundwater samples (54 samples) and was not analyzed for in filtered groundwater
samples. The action level for benzene is 0.80 pg/L based on the MTCA “Groundwater Cleanup
Standards” (WAC 173-340-720); however, it defaults to the EQL of 1.5 pg/L reported in the

100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the action level. All MDLs
were reported as 0.06 pg/L which is less than the EQL of 1.5 pg/L. All samples included in this
evaluation were collected as part of the spatial and temporal sampling activities of the RI. The results of
this evaluation indicate that benzene was not detected in RI groundwater samples.

Carbon tetrachloride was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3)
because it was detected above the action level and most MDLs were greater than the action level. Carbon
tetrachloride was not detected in any unfiltered groundwater samples (54 samples) and was not analyzed
for in filtered groundwater samples. The action level for carbon tetrachloride is 0.23 pg/L based on the
National Recommended Water Quality Criteria (EPA, 2009b), “Human Health Water + Organism” value;
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. All MDLs were reported as 0.12 pg/L which is less
than the EQL of 1 pg/L. All samples included in this evaluation were collected as part of the spatial and
temporal sampling activities of the RI. The results of this evaluation indicate that carbon tetrachloride was
not detected in RI groundwater samples.

Chloroform was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it
was detected in groundwater and most MDLs were greater than the action level. Chloroform was detected
in 42 of 54 unfiltered groundwater samples (78 percent) and was not analyzed for in filtered groundwater
samples. The action level for chloroform is 1.4 ng/L based on the MTCA “Groundwater Cleanup
Standards” (WAC 173-340-720); however, it defaults to the EQL of 5 pg/L reported in the 100-BC SAP
(DOE/RL-2009-44) when the analytical method cannot achieve the action level. Chloroform
concentrations range between 0.1 and 3.0 pg/L in unfiltered samples. All MDLs were reported as
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0.1 pg/L which are less than the EQL of 5 pg/L. All samples included in this evaluation were collected as
part of the spatial and temporal sampling activities of the RI. The results of this evaluation indicate that
chloroform was detected in RI groundwater samples at concentrations below the EQL.

Tetrachloroethene was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3)
because it was detected infrequently above the action level and most MDLs were greater than the action
level. Tetrachloroethene was not detected in any unfiltered groundwater samples (54 samples) and was
not analyzed for in filtered groundwater samples. The action level for tetrachloroethene is 0.081 pg/L
based on the MTCA “Groundwater Cleanup Standards” (WAC 173-340-720); however, it defaults to the
EQL of 5 pg/L reported in the 100-BC SAP (DOE/RL-2009-44) when the analytical method cannot
achieve the action level. All MDLs were reported as 0.18 pg/L which are less than the EQL of 5 pg/L. All
samples included in this evaluation were collected as part of the spatial and temporal sampling activities
of the RI. The results of this evaluation indicate that tetrachloroethene was not detected in RI
groundwater samples.

Trichloroethene was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because
it was detected above the action level and MDLs were greater than the action level. Trichloroethene was
detected in 40 of 54 unfiltered groundwater samples (74 percent) and was not analyzed for in filtered
groundwater samples. The action level for trichloroethene is 0.49 pg/L based on the MTCA
“Groundwater Cleanup Standards” (WAC 173-340-720); 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 ranged between 0.23 pg/L and 3.3 pg/L in unfiltered samples.
MDLs range between 0.21 and 0.25 pg/L, which are less than the EQL of 1 pug/L. Trichloroethene
concentrations greater than the EQL were reported at seven wells:

¢ One of three sample results from 199-B3-46 (0.9 to 1.2 pg/L)

e Two of three sample results from 199-B3-50 (0.9 to 1.2 ug/L)

e One of three sample results from 199-B4-4 (0.7 to 1.2 ug/L)

e All three sample results from 199-B5-5 (1.8 to 2.2 pg/L)

e All three sample results from 199-B5-6 (2.8 to 3.3 pg/L)

e All three sample results from 199-B9-3 (1.2 to 2.0 pug/L)

e Two of three sample results from 699-65-72 (0.99 to 1.3 pg/L)

All samples included in this evaluation were collected as part of the spatial and temporal sampling
activities of the RI. The results of the evaluation indicate that trichloroethene has been detected in RI
groundwater samples at concentrations above the EQL of 1 pg/L.

Vinyl chloride was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3) because
all MDLs were greater than the action level. Vinyl chloride was not detected in any unfiltered
groundwater samples (54 samples) and was not analyzed for in filtered groundwater samples. The action
level for vinyl chloride is 0.025 pg/L based on the National Recommended Water Quality Criteria

(EPA, 2009b), “Human Health Water + Organism” value; however, it defaults to the EQL of 5 pg/L listed
in the 100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the action level. All
MDLs were reported as 0.08 pg/L which is less than the EQL of 5 pg/L. All samples included in this
evaluation were collected as part of the spatial and temporal sampling activities of the RI. The results of
this evaluation indicate that vinyl chloride was not detected in RI groundwater samples.
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Anions. Nitrate was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3) because it
was detected above the drinking water standard. Nitrate was detected in all unfiltered groundwater
samples (127 samples) and was not analyzed for in filtered groundwater samples. Nitrate concentrations
ranged between 0.708 and 44.2 mg/L. All nitrate concentrations were less than the drinking water
standard of 45 mg/L. Unfiltered nitrate concentrations were reported above the Hanford Site 90
percentile (unfiltered) background level of 26.9 mg/L.

Metals. Aluminum was detected above the secondary drinking water standard of 50 pug/L in samples
collected for the RI. Aluminum is included in the nature and extent evaluation; however, it was not
identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3). Aluminum was detected in
23 of 54 unfiltered groundwater samples (43 percent) and was detected in 5 of 54 filtered groundwater
samples (9 percent). The action level for aluminum is based on the secondary drinking water standard.
Aluminum affects aesthetic qualities relating to public acceptance of drinking water. These regulations
are not federally enforceable, but are intended as guidelines for states. Because the action level is based
on a secondary drinking water standard, aluminum concentrations in groundwater are compared to the
AWQC of 87 pg/L. Aluminum concentrations range between 7.1 and 72 pg/L in unfiltered samples and
between 12 and 30 pg/L in filtered samples. MDLs ranged from 5 to 10 pg/L which are less than the
action level. All samples included in this evaluation were collected as part of the spatial and temporal
sampling activities of the RI. The results of this evaluation indicate that aluminum has been detected in RI
groundwater samples at concentrations below the AWQC. Aluminum concentrations in unfiltered and
filtered samples are above the Hanford Site 90™ percentile (filtered) background level of 7.1 pg/L.

Antimony was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected infrequently above the action level and most MDLs were greater than the action level. Antimony
was not detected in any unfiltered groundwater sample (109 samples) or filtered groundwater sample
(127 samples). Samples collected for the RI were analyzed using trace methods identified in the 100-BC
SAP (DOE/RL-2009-44). MDLs for these RI samples range between 0.3 and 1.1 pg/L, which are less
than the action level of 5.6 ug/L. Unfiltered and filtered samples collected for purposes other than the RI
were analyzed by Method 6010. MDLs for the Method 6010 results range between 4 and 60 pg/L, almost
all of which were above the action limit of 5.6 ug/L. The results of this evaluation indicate that antimony
has not been detected historically in groundwater samples.

Arsenic was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the action level and all MDLs were greater than the action level. Arsenic was detected in
51 of 54 unfiltered (94 percent) and 50 of 54 filtered groundwater samples (93 percent). The action level
for arsenic is 0.018 nug/L is based on the National Recommended Water Quality Criteria (EPA, 2009b),
“Human Health Water + Organism” value; however, the action level defaults to the EQL of 4 pg/L
reported in the 100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the action
level. Arsenic concentrations in unfiltered groundwater samples range between 0.82 and 3.9 ug/L, which
are less than the EQL. In filtered groundwater samples, concentrations range between 0.84 and 18 pg/L.
Minimum, maximum, and 90th percentile values for Hanford Site background (filtered) concentrations of
arsenic are 0.5, 8.8, and 7.85 pg/L, respectively. With the exception of a single arsenic detection, arsenic
concentrations in all filtered and unfiltered samples are less than the 90th percentile Hanford site
background value of 7.85 pg/L. Arsenic was detected in 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. For these reasons the high arsenic result was flagged
with a “Y” review qualifier indicating that the result is suspect. All samples included in this evaluation
were collected as part of the spatial and temporal sampling activities of the RI. The results of this
evaluation indicate that arsenic was detected in RI groundwater samples. Arsenic concentrations in
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unfiltered and filtered samples are less than the Hanford Site 90th percentile (filtered) background level
of 7.9 pg/L with the exception of a single, suspect detection, which is not associated with a trend at
that location.

Beryllium was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3) because it was
detected above the action level. Beryllium was detected in 1 of 109 unfiltered groundwater samples

(0.9 percent) and in 3 of 127 filtered groundwater samples (2.4 percent). The detected result was

0.13 pg/L in the unfiltered sample and ranged between 0.06 and 0.24 pg/L in filtered samples, all of
which are less than the drinking water standard of 4 pg/L. MDLs ranged from 0.05 to 4 pg/L, which are
less than the drinking water standard of 4 ug/L. The results of this evaluation indicate that beryllium has
been detected infrequently in groundwater at concentrations less than the drinking water standard of

4 ng/L. Beryllium concentrations in unfiltered and filtered samples were reported below the Hanford Site
90th percentile (filtered) background level of 2.3 pg/L.

Cadmium was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3) because it was
detected above the AWQC and most MDLs were greater than the AWQC. Cadmium was not detected in
unfiltered groundwater samples (109 samples) and was detected in one of 127 filtered groundwater
samples (0.8 percent). The cadmium concentration in the filtered groundwater sample was 0.06 pg/L,
which is less than the AWQC of 0.25 pg/L. Samples collected for purposes other than the RI were
analyzed by Method 6010. MDLs for these results range between 0.5 and 4 pg/L, which are higher than
the AWQC of 0.25 pg/L. No detected results were reported by Method 6010. Samples collected for the RI
used trace methods identified in the 100-BC SAP (DOE/RL-2009-44). MDLs for these samples range
between 0.06 and 0.2 pg/L and with the exception of the single filtered result, cadmium was not detected
in samples collected for the RI. The results of this evaluation indicate that cadmium has been detected
historically in groundwater samples at a low frequency (less than 1 percent in filtered samples) at

a concentration below the AWQC and the Hanford Site 90th percentile (filtered) background level of
0.92 pg/L.

Chromium was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it
was detected above the AWQC. Chromium was detected in 95 of 109 unfiltered groundwater samples
(87 percent) and 111 of 127 filtered groundwater samples (87 percent). Chromium concentrations range
between 4.5 and 69 ng/L in unfiltered groundwater samples and between 3.1 and 56 pg/L in filtered
groundwater samples. MDLs ranged from 1.9 to 14 pg/L, which are lower than the AWQC of 65 pg/L.

A single chromium concentration above the AWQC of 65 ug/L was reported in an unfiltered sample at
Well 199-B3-47. The remaining 11 chromium results at this location were reported below the AWQC and
ranged from 38 to 56 pg/L. The results of this evaluation indicate that chromium has been detected
historically in groundwater. A chromium concentration above the AWQC was reported once in an
unfiltered sample (69 pug/L)2. All MDLs were reported below the AWQC. Chromium concentrations in
filtered and unfiltered samples are greater than the Hanford Site 90th percentile (filtered) background
level of 2.4 pug/L. The presence of total chromium in 100-BC groundwater reflects the presence of Cr(VI)
(Section 4.3.1.1).

Cobalt was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the action level. Cobalt was detected in eight of 109 unfiltered groundwater samples

(7.3 percent) and 21 of 127 filtered groundwater samples (17 percent). Cobalt concentrations in unfiltered
and filtered groundwater samples range between 0.05 and 9.4 pg/L. Samples collected for purposes other
than the RI were analyzed by Method 6010. MDLs for these results range between 1.7 and 5 pg/L,

2 This section discusses groundwater results from January 5, 2006 through January 26, 2011. A total chromium
result from February 2012 also exceeded the action level (Section 4.3.2).
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unfiltered concentrations (two detects) ranged between 5.5 and 7.9 pg/L, and filtered concentrations

(six detects) ranged between 3.0 and 9.4 pg/L. Most MDLs and the eight detected concentrations reported
by Method 6010 are above the action level of 2.6 pg/L. Six of the eight detected results reported by
Method 6010 were flagged with a “B” qualifier (indicating the analyte was detected at a concentration
less than the contract required detection limit, but greater than or equal to the instrument or method
detection limit) or a “C” qualifier (indicating the analyte was detected in both the sample and the
associated QC blank). Cobalt concentrations for unfiltered and filtered samples flagged with a “B” ranged
between 3.0 and 5.0 pg/L. Cobalt concentrations for unfiltered and filtered samples flagged with a “C”
ranged between 5.5 and 9.4 pg/L. Samples collected for the RI used trace methods identified in the
100-BC SAP (DOE/RL-2009-44). MDLs for these samples ranged between 0.05 and 0.22 pg/L;
unfiltered concentrations ranged between 0.05 and 0.67 pg/L; and filtered concentrations ranged between
0.06 and 1.2 pg/L. All MDLs and detected results reported by the trace methods are below the action
level of 2.6 pg/L. The results of this evaluation indicate that cobalt has been detected historically in
groundwater samples (7.3 percent of unfiltered samples and 17 percent of filtered samples) at
concentrations up to 3.6 times greater than the action level. However, all cobalt concentration above the
action level are reported by Method 6010 and almost all are flagged with either a “B” or C” qualifier.
Cobalt concentrations and MDLs for samples collected for the RI are less than the action level. Cobalt
concentrations in filtered samples are above the Hanford Site 90th percentile (filtered) background level
of 0.92 ng/L.

Copper was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3) because it was
detected above the AWQC. Copper was detected in 24 of 109 unfiltered groundwater samples

(22 percent) and 21 of 127 filtered groundwater samples (17 percent). Copper concentrations in unfiltered
and filtered groundwater samples range between 0.11 and 5.0 pg/L and the MDLs range between 0.1 and
6 ug/L. All MDLs and concentrations were reported below the AWQC of 9 pg/L. The results of this
evaluation indicate that copper has been detected historically in groundwater samples (22 percent of
unfiltered samples and 17 percent of filtered samples) at concentrations below the AWQC of 9 pg/L.
Copper concentrations in filtered samples are above the Hanford Site 90™ percentile (filtered) background
level of 0.81 ug/L.

Iron was detected above the secondary drinking water standard of 300 pg/L in samples collected for the RI.
Iron is included in the nature and extent evaluation; however, it was not identified as a COPC in the 100-BC
Work Plan (DOE/RL-2008-46-ADD3). The action level for iron is based on the secondary drinking water
standard. Iron affects aesthetic qualities relating to public acceptance of drinking water. These regulations
are not federally enforceable, but are intended as guidelines for states. Because the action level is based on a
secondary drinking water standard, iron concentrations in groundwater are compared to the AWQC of

300 ug/L. Iron was detected in 52 of 109 unfiltered groundwater samples (48 percent) and 46 of 127 filtered
groundwater samples (36 percent). Iron concentrations range between 9.2 and 347 pg/L in unfiltered
samples and between 9.5 and 71 pg/L in filtered samples. MDLs ranged between 9 and 38 pg/L. All MDLs
and concentrations were reported below the action level of 300 ug/L. The results of this evaluation indicate
that iron has been detected historically in groundwater (48 percent in unfiltered samples and 36 percent in
filtered samples) at concentrations below the AWQC of 300 ug/L. Iron concentrations in filtered and
unfiltered samples are less than the Hanford Site 90" percentile (filtered) background level of 570 pg/L.

Lead was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the AWQC. Lead was detected in four of 54 unfiltered (7 percent) and was not detected in
filtered groundwater samples (54 samples). Lead concentrations in unfiltered groundwater samples range
between 0.2 and 0.3 pg/L and MDLs range from 0.1 to 0.2 pg/L. All MDLs and concentrations were
reported below the AWQC of 2.1 pg/L. All samples included in this evaluation were collected as part of
the spatial and temporal sampling activities of the RI. The results of this evaluation indicate that lead has
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been detected in RI groundwater samples (7 percent of unfiltered samples) at concentrations less than the
AWQC of 2.1 pg/L. Unfiltered lead concentrations are less than the Hanford Site 90" percentile (filtered)
background level of 0.92 ug/L.

Manganese was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it
was detected above the secondary drinking water standard. Manganese was detected in 15 of

109 unfiltered groundwater samples (14 percent) and 19 of 127 filtered groundwater samples

(15 percent). The action level for manganese is based on the secondary drinking water standard.
Manganese affects aesthetic qualities relating to public acceptance of drinking water. These regulations
are not federally enforceable, but are intended as guidelines for states. Because the action level is based
on a secondary drinking water standard, manganese concentrations in groundwater are compared to the
MTCA “Surface Water Cleanup Standards” (WAC 173-340-730) of 907 pg/L. Manganese concentrations
in unfiltered and filtered groundwater samples range between 1.8 and 41 pg/L and MDLs ranged between
0.8 and 6 pg/L.. All MDLs and concentrations were reported below the secondary drinking water standard
of 50 pg/L and the surface water cleanup level of 907 pug/L. The results of this evaluation indicate that
manganese has been detected historically in groundwater samples (14 percent of unfiltered samples and
15 percent of filtered samples) at concentrations below the surface water cleanup level of 907 pg/L.

A single manganese concentration in a filtered sample was reported above the Hanford Site 90" percentile
(filtered) background level of 39 pg/L..

Mercury was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the AWQC and all MDLs were greater than the AWQC. Mercury was not detected in
unfiltered groundwater samples (54 samples) or in filtered groundwater samples (54 samples).

The AWQC for mercury is 0.012 pg/L based on the AWQC; however, it defaults to the EQL of 0.5 pg/L
reported in the 100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the AWQC.
MDLs range from 0.016 to 0.1 pg/L, which are less than the EQL of 0.5 pg/L. All samples included in
this evaluation were collected as part of the spatial and temporal sampling activities of the RI. The results
of this evaluation indicated that mercury has not been detected in RI groundwater samples. All MDLs are
reported above the Hanford Site 90" percentile (filtered) background level of 0.003 pg/L.

Nickel was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the AWQC. Nickel was detected in 19 of 109 unfiltered groundwater samples (17 percent)
and 7 of 127 filtered groundwater samples (5.5 percent). Nickel concentrations in unfiltered and filtered
groundwater samples range between 4 and 12 pg/L; MDLs range from 4.0 to 13 pg/L. All results and
MDLs are less than the AWQC of 52 pg/L. The results of this evaluation indicate that nickel has been
detected historically in groundwater samples (17 percent of unfiltered samples and 5.5 percent of filtered
samples) below the AWQC. Nickel concentrations in filtered samples are above the Hanford Site 90™
percentile (filtered) background level of 1.6 pg/L.

Selenium was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD?3) because it was
detected above the AWQC and MDLs were greater than the AWQC. Selenium was detected in 44 of

54 unfiltered groundwater samples (81 percent) and 49 of 54 filtered groundwater samples (91 percent).
Selenium concentrations in unfiltered and filtered samples range between 0.40 and 8.3 pg/L. All MDLs
were reported as 0.6 pg/L. All samples included in this evaluation were collected as part of the spatial and
temporal sampling activities of the RI. A single filtered result was reported greater than the AWQC of

5 ng/L (8.3 ug/L at 199-B3-50) and was flagged with a “B” qualifier (indicating the analyte was detected
at a concentration less than the contract required detection limit, but greater than or equal to the
instrument or method detection limit). The corresponding unfiltered result was less than the AWQC.

The results of this evaluation indicate that selenium has been detected in RI groundwater samples

(81 percent of unfiltered samples and 91 percent of filtered samples). A single detections greater than the
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AWQC is not associated with a trend or a location. All selenium concentrations are less than the Hanford
Site 90" percentile (filtered) background level of 11 pg/L.

Thallium was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the action level and all MDLs were greater than the action level. The action level for
thallium is 0.24 pg/L based on the AWQC; however, it defaults to the EQL of 2 pg/L identified in the
100-BC SAP (DOE/RL-2009-44) when the analytical method cannot achieve the action level. Thallium
was detected in one of 54 of unfiltered groundwater samples (1.9 percent) and one of 54 filtered
groundwater samples (1.9 percent). Thallium concentrations in unfiltered and filtered samples range
between 1.0 and 1.2 pg/L.. MDLs range from 0.05 to 0.1 ug/L. All MDLs and concentrations were
reported below the EQL. All samples included in this evaluation were collected as part of the spatial and
temporal sampling activities of the RI. The results of this evaluation indicate that thallium was detected at
a low frequency in RI groundwater samples (1.9 percent of unfiltered samples and 1.9 percent of filtered
samples) at concentrations below the EQL. Thallium concentrations in unfiltered and filtered samples are
below the Hanford Site 90™ percentile (filtered) background level of 1.7 pg/L.

Uranium was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because
additional data are needed to determine is its concentration in groundwater. Uranium was detected in all
unfiltered samples (54 samples) and was not analyzed for in filtered groundwater samples. Uranium
concentrations ranged between 1.1 and 7.4 pg/L. The results of this evaluation indicated that uranium was
reported below the drinking water standard of 30 pg/L and the Hanford Site 90™ percentile (filtered)
background level of 9.9 pug/L in RI groundwater samples.

Zinc was identified as a COPC in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) because it was
detected above the action level. Zinc was detected in 24 of 109 unfiltered groundwater samples

(22 percent) and 31 of 127 filtered groundwater samples (24 percent). Detected concentrations ranged
between 4 and 23 pg/L for unfiltered samples and between 1.7 and 22 pg/L for filtered samples. MDLs
ranged between 4 and 9 pg/L. All MDLs and concentrations were reported below the action level of

91 pg/L. The results of this evaluation indicate that zinc has been detected historically in groundwater
samples (22 percent of unfiltered samples and 24 percent of filtered samples) at concentrations below the
action level. A single zinc concentration in a filtered sample is above the Hanford Site 90" percentile
(filtered) background level of 22 pg/L.

Other Analytes. Total petroleum hydrocarbons — diesel range was identified as a COPC in the 100-BC
Work Plan (DOE/RL-2008-46-ADD3) because it was analyzed infrequently and an MDL was greater
than the action level. Total petroleum hydrocarbons — diesel range was detected in two of 54 unfiltered
groundwater samples (3.7 percent). Total petroleum hydrocarbons — diesel range concentrations were
reported as 180 and 220 pg/L. Both detected concentrations and all MDLs were reported below the action
level of 500 pg/L. All samples included in this evaluation were collected as part of the spatial and
temporal sampling activities of the RI. The results of this evaluation indicate that total petroleum has been
detected at low frequency in RI groundwater samples at concentrations below the action level.

4.3.1.3 Conclusions from Analysis

Uncertainties identified for the COPCs in the 100-BC Work Plan (DOE/RL-2008-46-ADD3) were
generally associated with limitations in the analytical methods selected for analysis. Action levels for
many of the metals and VOCs require methods that can measure the analyte at low levels and require the
use of analytical methods that can detect analytes at trace levels. The analytical data set evaluated for this
evaluation represented five years of data from all of the monitoring and compliance wells in use between
January 5, 2006 and January 25, 2010. The analysis provided above identified when uncertainties were
associated with data quality issues or limitations associated with the analytical method used.
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1 Table 4-29 summarizes the outcome of the analysis Cr(VI), strontium-90, and tritium are groundwater
. 2 COPCs. Most of the analytes of interest (32 of 37) were not detected above levels of concern (that
3 is, action level, background, or EQL). Trichloroethene was detected at concentrations above action levels
4 but concentrations were all below the drinking water standard and the 1 x 107 for chemicals based on the
5 MTCA “Human Health Risk Assessment Procedures” (WAC 173-340-708(5)) cumulative risk threshold.
6  Gross beta was detected as an indicator of strontium-90 or tecnetium-99. Three metals were detected
7  above action levels but circumstances indicate they are not of continuing concern:
8 e Arsenic: A single, filtered sample had a concentration above Hanford Site background. The unfiltered
9 sample had a much lower concentration and the high result was outside the trend for the well and is
10 considered unrepresentative.

11 e Chromium: A single, unfiltered sample had a concentration above the AWQC for total chromium.

12 Total chromium in filtered samples represents Cr(VI), which is a COPC.

13 s Cobalt was detected at concentrations greater than the action level. However, all of the exceedances
14 were for samples analyzed by Method 6010, which has a higher detection limit and is less accurate at
15 low concentrations than Method 200.8. Consequently most of the detections are flagged with

16 a “B” qualifier. Others are flagged “C,” indicating associated blank contamination. Samples collected
17 for the RI were analyzed for cobalt using Method 200.8, which has a lower detection limit, and those
18 results were less than the action level. Thus cobalt is not a groundwater contaminant of concern.

Table 4-29. Summary of Groundwater Contaminant Evaluation

. Category Constituent
Contaminant of potential concern (contaminants that Cr(VD), strontium-90; tritium

warrant further evaluation in FS)

Detected at levels above action level and background trichloroethene?; gross beta”

Detected above action level, but isolated instances and/or Arsenic; total chromium; cobalt
suspect data

Detected in groundwater but below action level, EQL, or Cs-137; Tc-99; gross alpha; chloroform; nitrate;
background levels aluminum; beryllium; cadmium; copper; iron;
lead; manganese; nickel; selenium; thallium;
uranium; zinc; TPH-diesel

Not detected in groundwater C-14, Co-60; Eu-155; [-129; Nickel-63; Ra-228;
1,1,2,2-Tetrachloroethane; 1,1-Dichloroethene;
benzene; carbon tetrachloride; tetrachloroethene;
vinyl chloride; antimony; mercury

Based on cvaluation of data collected January 2006 through January 2010.
“See discussion in Section 4.3.2

"Gross beta indicates presence of strontium-90 or Tc-99. See results for those radionuclides.
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4.3.2 Groundwater Contaminant Plumes

Defining contaminant plumes was part of the work scope designed to fill Data Gap 4. Data from new
wells were combined with data from existing wells to refine knowledge of the nature and extent of
groundwater contamination in 100-BC,

An evaluation of the nature and extent of contamination in 100-BC groundwater concluded that
hexavalent chromium, strontium-90, tritium, and trichloroethene exceeded action levels (Section 4.3.1).
Table 4-30 lists estimated areas of the plumes. The following sections discuss the current distribution of
these contaminants in groundwater.

Table 4-30. 100-BC Plume Areas (2011)

Constituent Contour Concentration Area (km®)
Cr(VI) 10 pg/L 2.2
Strontium-90 8 pCi/L 0.38
Tritium 20,000 pCi/L 0.16
Trichloroethene* 0.5 1.67

* This plume is not well defined because concentrations are near detection limits. Area is for fall 2010 plumes because map not
prepared for 201 1.

Contaminant plume maps presented in this section include:

e Cr(VI), strontium-90, tritium, and trichloroethene maps for two of the three periods sampled for RI
spatial and temporal assessment: spring (May) and fall (September) 2010. The spring event was
intended to represent high river stage conditions. However, as illustrated in Figure 4-28, the major
increase in river stage occurred after the sampling event. The fall sampling event represented low
river stage conditions.

o Cr(VI), strontium-90, and tritium plume maps representing average concentrations for 2011, as
prepared for the Hanford Site groundwater annual report. The comprehensive, annual sampling event
for 2011 was spread across several months (Figure 4-28) because of safety-related work stoppages.
Selected wells were sampled quarterly in 2011.

* Cr(VI) for February 2012. The annual event for 2012 occurred in February. Plume maps for
strontium-90 and tritium are not provided for this time period because their distribution did not
change significantly from 2011.

Most of the monitoring wells in 100-BC are screened in the upper 5 m (16 ft) of the unconfined aquifer.
New Wells 199-B2-16, 199-B3-51, 199-B5-5, and 199-B5-6 monitor intervals near the bottom of the
unconfined aquifer (Table 3-5). Two of these deep wells are paired with wells screened at the top of the
aquifer. In these cases, data from both wells are posted on the maps, and the higher concentration was
honored in contouring the plume maps. Data from the two wells screened in the Ringold confined aquifer
were excluded from the maps.
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4.3.2.1 Cr(Vl) in Groundwater

Groundwater samples may be analyzed specifically for Cr(VI) or for total chromium, which includes
hexavalent and trivalent. Dissolved chromium in Hanford Site groundwater is virtually all hexavalent
(Speciation and Transport Characteristics of Chromium in the 100D/H Areas of the Hanford Site
[WHC-SD-EN-TI-302]). Filtered, total chromium data effectively represent Cr(VI) (Appendix C of
Hanford Site Groundwater Monitoring for Fiscal Year 2007 [DOE/RL-2008-01]). Trend plots in the
section include filtered, total chromium, and Cr(V1) data because Cr(VI) data were not available in
the past.

Cr(VI) exceeds the 10 pg/L AWQC in groundwater beneath a large portion of 100-BC, as illustrated in
Figures 4-29 through 4-32. The plume changed little between spring and fall 2010, indicating little
seasonal variation. Data from new wells helped refine the plume outline from previous estimates, but the
boundaries of the plume at the 10 pg/L contour are still not well defined. The western boundary lies cast
of Well 199-B3-13 near the river but the boundary farther south, west of 199-B5-5, is not defined.

The eastern boundary of the plume lies between new Well 199-B3-50 and older well 699-71-77.
Interpreting the southern boundary at 10 pg/L is difficult because concentrations in wells 199-B9-3 and
199-B5-8 fluctuate above and below that level. The plume is much better defined at the 20 pg/L contour.

Data from 2011 indicate the western edge of the plume has contracted (Figure 4-31). Declining
concentrations in wells in this region suggest that clean water is migrating in from the west.
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Figure 4-32. Cr(VI) in 100-BC Unconfined Aquifer, February 2012
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The February 2012 map (Figure 4-32) shows significant changes from the 2010 and 2011 maps.
Groundwater samples from Well 199-B4-14, screened in the Hanford formation, showed a sharp increase
in Cr(V]) concentration to levels above 100 pg/L (Figure 4-33). The timing of the increase and the
estimated direction of groundwater flow (Section 3.6) suggest that the source of contamination was
remediation of the 100-C-7:1 waste site. This site has significant Cr(VI) contamination in soil at the water
table (Section 4.2.1.11) that may have been mobilized by remediation activities. DOE is conducting
additional studies of groundwater beneath the 100-C-7:1 waste site in 2012. Well 199-B5-6, adjacent to
199-B4-14 but screened at the bottom of the unconfined aquifer in Ringold unit E, did not show a similar
Cr(VI) increase in February 2012 because Ringold unit E is less permeable than the Hanford formation.
Farther east, the Cr(VI) concentration in Well 199-B8-9 rose to 50 pg/L in June 2010 and subsequently
declined again. The increase also may be related to remediation activities at the 100-C-7:1 or 100-C-7
waste sites.

Another noteworthy change in February 2012 was a decrease in Cr(VI) concentration to 8 pug/L in

Well 199-B5-1 (Figure 4-34). A previous decline (2003 to 2006) was accompanied by low specific
conductance, indicating dilution. A leaking water line was subsequently identified and repaired. The 2012
decline in Cr(VI) was not accompanied by low specific conductance, indicating dilution is not a factor.

If the low concentrations persist, it will indicate cleaner groundwater entering the area from the west.

The upper portion of the aquifer in the vicinity of Well 199-B5-1 is believed to include a portion of the
permeable Hanford formation. This would explain why Well 199-B5-1 responds to changes more rapidly
than does nearby Well 199-B5-5, which is screened in the lower, less permeable part of the aquifer
(Ringold unit E).

Trends in Cr(VI) concentrations in different parts of 100-BC indicate that the plume is gradually
migrating to the northeast. This reflects movement of clean groundwater from the west and is consistent
with the estimated directions of groundwater flow (Section 3.6). However, in most locations, the Cr(VI)
plume is not attenuating rapidly. Specific observations that support these interpretations include

the following.

o Concentrations have declined in wells 199-B2-13, 199-B8-6, and 199-B5-1 in western 100-BC
(Figure 4-34). These wells show larger percent declines from peak levels than do wells in other parts
of 100-BC, suggesting eastward movement of the plume.

e Many of the wells in central or northern 100-BC show similar trends in chromium concentrations
with time, with rising levels in the 1990s, and then remained stable or very gradually declined
(Figure 4-35).

» Concentrations are increasing gradually in wells 199-B3-1 and 199-B3-46 in northeastern 100-BC
(Figure 4-36) indicating down-river movement of the plume.

Cr(VI) is detected in 100-BC aquifer tubes at concentrations similar to those in groundwater monitoring
wells. Figure 4-37 illustrates chromium concentrations in a cross section through aquifer tubes and near
river wells. Concentrations are typically highest in the mid-depth or deepest tubes, and lower in the
shallow tubes. The shallowest tubes tend to have lower specific conductance, indicating greater mixing
with river water,
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4.3.2.2 Strontium-90 in Groundwater

The strontium-90 plume in 100-BC groundwater had sources near the B Reactor and also near the
Columbia River. Figures 4-38 and 4-39 illustrates the plume based on data from spring (May) and fall
(September) 2010. Figure 4-40 shows the plume in 2011. New Wells 199-B2-14, 199-B5-5, 199-B4-14,
and 199-B3-50 helped define the extent of the plume.

The fall 2010 plume map includes data from groundwater grab samples from RI vadose boreholes. These
data affected the interpretation of the plume near its southern tip. A characterization sample of
groundwater from vadose borehole C7845, collected 1.5 m (4.8 ft) below the water table, contained

72.9 pCi/L strontium-90 (Figure 4-39). This concentration was higher than those recently detected in
monitoring wells because of the borehole location at a waste site. The higher concentration also may
reflect the fact that in 100-BC groundwater, strontium-90 concentrations are highest at the top of the
aquifer. Monitoring wells typically have screened intervals of 4.6 m (15 ft). Strontium-90 concentrations
continued to decline in Well 199-B4-4, located south of borehole C7845 (Figure 4-41).

Based on 2011 data, the plume is interpreted to have split into two portions (Figure 4-40). Although few
wells near B Reactor had concentrations above the drinking water standard in 2011, data from 2010
support the interpretation that a plume remains in this region. Concentrations in wells 199-B4-1 and
199-B5-2 were atypically low in 2011. Concentrations in wells near the river remained above the drinking
water standard.

The highest concentrations of strontium-90 are typically in Wells 199-B3-1 and 199-B3-46 (Figure 4-42).
The maximum concentration in 2010 or 2011 was 49 pCi/L in Well 199-B3-46. Concentrations are
declining overall.

Strontium-90 concentrations in shallow aquifer tubes are typically the same or lower than in nearby
monitoring wells. Trends are declining overall.
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Figure 4-38. Strontium-90 in 100-BC Unconfined Aquifer, Spring 2010

4-133




DOE/RL-2010-96, WORKING DRAFT A

+ : — =

i -0.08U(B4-8)
EPELE .

41(C8239) & 'j = 8.6(B4-15)

* 6.7(B4-4)

3.1U(B4-14) ]
4.8U(B5-6)

,5:2U(B8-6)

3.2U(B8-9)s .
= 0.11U(C7849)

-4.1U(B9-3)

JANUARY 2013
53(C7782) )
Columbia River s +~
1.50(C7718) WerTs) B
1. il * 2
Bl hoEast) o B4 4 ,45(B3-46)
-~ 13(C7842) ® *
o BT ERET g 3.1(B2-14)
L ]
) 4.4(B2-16) ®
— 54(B3-52)
2 ,-5:3U(B3:50)
,61U(B55)
o 14(B5.2)
,-5:8U(B5-1) - 22(C7844)

0.57U(B5-8)
a2

Fall 2010 Strontium-90
2 8 pCi/L
L Well

~-0.99U(65-83)
* L Characterization Data

Waste Site
Facility
Former Operational Area

Basalt Above Water Table

Uhan tordidasissedata PRC-RCCRemSetdlt FS1100 BOWMXDSPRC 1008C 2010SFan 14un2012

” + Aquifer Tube
Well label = Concentration in pCi/L (Well Name)
Well prefix 199- or 699- omitted i 450
U = Undetected c.) ?0 3?0 5 )
CHPUBS_100BC_0029 0 500 1,000 1500 ft

Figure 4-39. Strontium-90 in 100-BC Unconfined Aquifer, Fall 2010

4-134

—




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

Columbia River

A 0.0U(B2-13)

100-B-27
\

0.0 U(B5-1) A
72.9(C7845)
116-B-5 Crib— L
4 0.0 U(B4-8)
41.4(C8239) o @ 8.6(B4.15)
5.1(B4-a) A
@ 3.2(B4-7)
©0.0 U(B4-14)
. © 0.0 U(B8-6)
4 0.0 U(B8-9) p D.ou(es-3)
100-C-7:1~

118-B-1
Burial Ground

0.0 U(65-83)
A

8.35(05-M)

10.0(06-M)

3.5(C6233)
N

8.6(C7724) o

13.3(C7842)

¢21:2(B3-47)

@ 36.0(B3-46)
® 30.0(E3-1)

0.0 U(B2-14) - \11 6-C-1 Trench

54.1(B3-52) ®

116-B-1 Trench .o_o U(B3-50)

116-B-11 Retention Basin

N 116-C-5
Retention Basin

7.4(B5-2) ®

21.6(C7844)
4.4(34-1),/

0.0 U(C7849)

\\100-C-7

@ 0.0 U(B5-8)
Strontium-90 In The Upper Unconfined Aquifer, 2011
<8 pCi/lL Waste Site
[ J=8pcin Facility

® \Well Sampled in 2011
A Well Sampted in 2010
+ Aquifer Tube

Former Operational Area
Basalt Above Water Table

Well label = Concentration in pCi/L (Well Name) 0| 15|0 Sty
Well prefix 199-' and '699-' omitted pr——
U = Undetected 0 500 1.000 ft
gwi11067
1
2 Figure 4-40. Strontium-90 in 100-BC Unconfined Aquifer, 2011

L

4-135




DOE/RL-2010-96, WORKING DRAFT A

JANUARY 2013
60 -
Strontium-90
50 - —e— 199-B4-4
e ‘ DWS
= [
3 ab Y
o
= 1
B |
E 30 1
b= |
Q
o |
S 20 -
(@) |
10 -
!
|
(e = = s e ————— e e e Y]
Jan-82 Jan-86 Jan-90 Jan-94 Jan-98 Jan-02 Jan-06 Jan-10
CHPUBS_100BC_0030
Figure 4-41. Strontium-90 in Well 199-B4-4
160
. 1 Strontium-90
140 | o o
ol ? ? —&— 199-B3-46
120 - ;?ﬁ‘ | /\ —— 199-B3-1
S 100 - 5 \
e [
§ 804 |
E ||
5 601 ¢
(8] i
5
O 40
20 -
W S TG TN ==yl iy == e el
Jan-92 Jan-96 Jan-00 Jan-04 Jan-08 Jan-12

CHPUBS_100BC_0031

Figure 4-42, Strontium-90 Wells 199-B3-1 and 199-B3-46

4-136




e e e L
[CL R SR VS B \S

—_—
o0 3 O

—
D

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

4.3.2.3 Tritium in Groundwater

Figures 4-43 and 4-44 depict the tritium plume in 100-BC groundwater in May and September 2010, and
Figure 4-45 shows the plume in 2011. Concentrations above 2,000 pCi/L are observed beneath much of
the area, and two portions of the plume have concentrations above the 20,000 pCi/L drinking water
standard. Differences in the maps are explained by variability in concentrations in individual wells, as
explained below. Changing river stage between spring and fall appeared to have little influence on plume
configuration.

Tritium concentrations are declining in many parts of 100-BC because of migration, dispersion, and
radioactive decay. This pattern is especially evident in wells in western 100-BC and in the 600 Area
(Figure 4-46). Tritium in well 699-72-77, located southeast of 100-BC, originated in the 200 Areas. Peak
concentrations have passed this well and the plume is attenuating.

Tritium concentrations have spiked several times in Well 199-B5-2 in the northern plume since the 1990s
(Figure 4-47). Each spike has been smaller than the previous one; in 2010, the maximum concentration was
69,000 pCi/L in September. Other wells in northeastern 100-BC (for example, 199-B3-47) also have variable
tritium concentrations,

Increases in tritium concentrations in eastern 100-BC between 2008 and early 2012 (Figure 4-48) indicate
movement of the southern plume to the northeast. This is consistent with a hydraulic gradient sloping to the
northeast or east in southern 100-BC (Section 3.6) and with movement of the chromium plume.
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Figure 4-48. Increasing Tritium Levels in Wells in Eastern 100-BC

4.3.2.4 Nitrate in Groundwater

Nitrate concentrations range from 4 to 14 mg/L (as NO5) beneath most of 100-BC. Concentrations are
higher in two wells near the Columbia River: 199-B3-1 (20 mg/L in July 2010) and 199-B3-47

(43.8 mg/L in July 2010). Both of these wells had nitrate concentrations above the drinking water
standard in the past (Figure 4-49). Concentrations have recently increased to near the drinking water
standard in Well 199-B3-47, perhaps because of movement of the plume. Concentrations in aquifer tube
06-M also have been near the drinking water standard. Plume maps are not provided for nitrate because
concentrations are below the drinking water standard.
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Figure 4-49 Nitrate in Wells 199-B3-1, 199-B3-47 and Aquifer Tube 06-M

4.3.2.5 Trichloroethene in Groundwater

‘Volatile organic compounds are not routinely monitored in 100-BC wells, but were analyzed for the RI in
2010. Based on the 2010 results, VOCs were added to routine monitoring list for selected wells in 2011
and 2012. Trichloroethene concentrations exceed the MTCA “Groundwater Cleanup Standards™

(WAC 173-340-720) groundwater cleanup level of 0.49 pg/L and the EQL (1 pg/L) in many wells
throughout 100-BC (Figure 4-50), Most of these results are flagged J, indicating they are estimated
concentrations that are above the method detection limit but below the contractually required detection
limit. All concentrations were below the 5 pg/L drinking water standard and 1 x 10 for chemicals based
on the MTCA “Human Health Risk Assessment Procedures” (WAC 173-340-708(5)) cumulative risk
threshold. Therefore trichloroethene is not considered a final COPC for groundwater in 100-BC. Sources
of trichloroethene contamination are unknown. The 100-BC waste sites cannot solely be responsible
because trichloroethene contamination occurs in upgradient and 600 Area wells at levels similar to those
in 100-BC wells.

Figure 4-50 illustrates the maximum reported trichloroethene detections in 100-BC groundwater between
January 2010 and February 2012. The data are not contoured because concentrations are so close to
detection limits and most are flagged J,” and because there is no obvious pattern to the distribution.
Concentrations > 1 pg/L are detected throughout 100-BC, and also in wells 199-B5-8 and 699-65-72,
located southeast of 100-BC.

Samples from Wells 199-B5-5, 199-B5-6, and 199-B5-8 contained slightly higher concentrations of
trichloroethene (up to 3.3 pg/L; Figure 4-51) than other wells. Wells 199-B5-5 and 199-B5-6 are screened
in the lower portion of the unconfined aquifer and 199-B5-8 is screened at the top of the aquifer.
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Figure 4-50. Trichloroethene in 100-BC Unconfined Aquifer (Maximum Concentration,

January 2010 through February 2012)
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Figure 4-51. Trichloroethene in Wells 199-B5-5, 199-B5-6, and 199-B5-8

4.3.2.6 Carbon Tetrachloride in Characterization Samples

Groundwater samples collected during drilling of new wells were analyzed for volatile organic
compounds. Carbon tetrachloride was detected in a percentage of the samples at low levels, but it appears
the detections were not representative of aquifer conditions. Samples collected from completed wells for
the RI did not detect carbon tetrachloride (Section 4.3.1).

The detection limit for carbon tetrachloride (1 pg/L) is higher than the MTCA “Groundwater Cleanup
Standards” (WAC 173-340-720) groundwater cleanup level. Thus, any detection of carbon tetrachloride
was an exceedance. This contaminant was detected in 13 of 191 100-BC characterization samples

(6.8 percent). All but one of the results were flagged “J” (near detection limit). The maximum (unflagged)
was 6 pg/L in upgradient Well 199-B5-8. The detections were not associated with specific instances of
field blank contamination. An evaluation of the entire Hanford Site groundwater monitoring program
showed detections of carbon tetrachloride in 6.7 percent of field blanks in 2010 and early 2011, at
concentrations as higher or higher than observed in 100-BC groundwater samples (Figures 3 and 4 of
SGW-52194, YOC Contamination in Groundwater Samples). The contamination was attributed to
contamination of the deionized water used to generate field blanks, which does not explain their
occurrence in 100-BC groundwater samples. None of the samples collected from completed wells had
carbon tetrachloride detections, including results of analyses with lower detection limits (0.12 pg/L).
These data included samples from Wells 199-B2-14, 199-B3-50, 199-B5-5, and 199-B5-8, all of which
had detections in characterization samples. The cause of the false detections in the 100-BC
characterization samples is unknown.

4.3.3 Vertical Distribution of Contaminants in Groundwater

Data Gaps 4 and 6 include tasks to provide additional information about vertical contaminant distribution
in groundwater. Before recent RI studies, little information was available about vertical distribution in the
thick, unconfined aquifer beneath 100-BC. In addition, only one well was screened beneath the
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unconfined aquifer. Sources of information about vertical distribution of groundwater contaminants
include the following:

¢ Characterization data collected during installation of wells in 2009 through 2011
e Monitoring data from well clusters

= 199-B2-12 (confined Ringold), 199-B3-51 (bottom of unconfined aquifer), and 199-B3-47 (top of
unconfined aquifer)

= 199-B5-6 (bottom of unconfined aquifer) and 199-B4-14 (top of unconfined aquifer)
— 199-B2-15 (confined Ringold) and 199-B2-14 (top of unconfined aquifer)
» Agquifer tube clusters screened at various depths in the unconfined aquifer

During drilling of new monitoring wells, water samples were collected every 1.5 m (5 ft) through the
thickness of the unconfined aquifer and analyzed for COPCs. These were the first comprehensive data
collected to define vertical distribution of contaminants through the entire aquifer thickness.

The drilling process can create chemically reducing conditions in the borehole. This has the effect of
lowering concentrations of Cr(VI) and dissolved total chromium, and increasing concentrations of some
other metals like manganese. The effect can be minimized by purging the borehole until the dissolved
oxygen of the water increases and indicates an oxidizing environment. During drilling of the first few
wells, relatively high-flow pumps were used, and sufficient flow could not always be maintained to
achieve an adequate purge. Later, lower-flow pumps were used and most intervals could be purged
adequately. Project staff analyzed purge rates/volumes, dissolved oxygen, chromium, and manganese
concentrations from the wells installed in 2009 and early 2010, and determined a general rule that
dissolved oxygen above 6 mg/L (preferably above 7 mg/L) appeared to indicate representative samples.
Chromium data from samples with lower dissolved oxygen (or other factors indicating insufficient
purging) were subsequently flagged as suspect in HEIS using the project’s data review process. Figures in
this section indicate suspect data (for this or other reasons) with an X.

4.3.3.1 Vertical Distribution of Groundwater Contamination in Wells 199-B2-14 and 199-B2-15

This well pair is located near the Columbia River within an area contaminated by Cr(VI) and
strontium-90. Well 199-B2-14 is screened in the upper 5 m (16 ft) of the aquifer and Well 199-B2-15 is
screened in the RUM. The unconfined aquifer is entirely in Ringold unit E at this location.

In general, contaminant concentrations decreased with depth in the aquifer at Well 199-B2-14

Figure 4-52. Chromium concentrations greater than 15 pg/L were observed only in the upper half of the
aquifer. The maximum concentrations were 22 to 23 pg/L. Cr(VI) concentrations declined steadily below
26 m (85 ft) depth and were below or near detection limits at the bottom of the aquifer. Cr(VI)
concentrations of routine samples collected after well completion were comparable to characterization
data from the same interval.

Tritium and nitrate concentrations were below their drinking water standards in all samples from

Well 199-B2-14, and decreased with depth. Strontium-90 concentrations were below detection limits in
all but three characterization samples. The maximum concentration was 5.3 + 4.4 pCi/L at 4.3 m (14 ft)
below the water table. The other two detections were much deeper in the aquifer, but were barely above
detection limits. Routine samples collected after completion of the well at the top of the aquifer had
strontium-90 concentrations ranging from undetected to 8.6 = 2.8 pCi/L.

4-146




DOE/RL-2010-96, WORKING DRAFT A

. Well 193-B2-14 Characterization Data (1/21/2010 - 2/16/2010)
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Cr(VI1) was detected throughout the thickness of the aquifer. Concentrations ranged from 5 to 22 pg/L,

increasing slightly with depth (Figure 4-53). Strontium-90 was detected at levels below the drinking water
standard in two samples, both in the upper portion of the aquifer. Nitrate and tritium concentrations were
far below the drinking water standard and declined with depth. Chloroform was detected at the bottom of
the aquifer at concentrations up to 4.8 pg/L. Trichloroethene concentrations were above detection limits

in three samples in the lower half of the aquifer (maximum of 2.1 pg/L). After well completion,
chromium concentrations increased from 15 to approximately 25 pg/L. Strontium-90 and tritium
concentrations in routine samples were comparable to those in characterization samples.
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Figure 4-53. Vertical Distribution of Contaminants in Well 199-B2-16
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This well, which is located in northeastern 100-BC, was intended to delimit the eastern extent of the
Cr(VI) and strontium-90 plumes. It is screened at the top of the unconfined aquifer in the Hanford
formation. Well 199-B3-50 has only low levels of groundwater contaminants (Figure 4-54).

The highest Cr(VI) concentration during drilling was 11 pg/L at a depth of 31 m (102 ft) below land
surface (8.7 m [29 ft] below the water table). Concentrations in deeper samples were all less than 10 pg/L.
Chromium concentrations in routine samples collected after well completion were slightly higher than
characterization samples (15 to 21 pg/L).
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Figure 4-54. Vertical Distribution of Contaminants in Well 199-B3-50
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Tritium and nitrate concentrations were all far below their drinking water standards and were highest in
the middle portion of the aquifer. Strontium-90 was undetected in all samples. Concentrations of these
contaminants in the completed well were comparable to those from characterization samples at
equivalent depths.

Chloroform was undetected at all depths. Trichloroethene was detected in three samples, with the
maximum of 4.2 pg/L. The highest concentrations were near the bottom of the aquifer.

4.3.3.4 Vertical Distribution of Groundwater Contamination in Wells 199-B3-51, 199-B2-12,
and 199-B3-47

New Well 199-B3-51 was installed adjacent to two older wells to provide data on contaminant and head
distribution with depth. Well 199-B3-47 is screened at the top of the unconfined aquifer, Well 199-B3-51
at the base of the unconfined aquifer, and Well 199-B2-12 in the RUM. Characterization data were
unavailable for the older wells, so samples were collected during drilling of the new well. The water table
1s in Ringold unit E at this location.

Well 199-B3-47, screened at the top of the unconfined aquifer, has some of the highest levels of
contaminants in 100-BC. Tritium and strontium-90 arc above their drinking water standards; Cr(VI) is
above the AWQC; and nitrate is near the drinking water standard,

Characterization samples from new Well 199-B3-51 showed a general decrease in contamination with
depth (Figure 4-55). Cr(VI) concentrations were near 20 pig/L at the top of the aquifer and declined to
below the detection limit in the bottom half of the aquifer. Strontium-90 and tritium concentrations were
above the drinking water standard near the top of the aquifer and declined to lower levels at 8 m (26 ft)
below the water table. Nitrate concentrations were below the drinking water standard in all samples and
declined with depth. No chloroform or trichloroethene were detected in any samples.

Contaminant concentrations are low in Well 199-B2-12, screened in the RUM. Chromium concentrations
have been near or below detection limits since the well was installed in 1992. Nitrate concentrations are
less than 2 mg/L, much lower than in the unconfined aquifer. Strontium-90 and tritium are undetected.

4.3.3.5 \Vertical Distribution of Groundwater Contamination in Wells 199-B4-14 and 199-B5-6

This well pair is located in central 100-BC with an objective of defining contaminant plumes.

Well 199-B4-14 is screened at the top of the unconfined aquifer in the Hanford formation. Well 199-B5-6
is screened in the lower portion of the unconfined aquifer, in Ringold unit E. Characterization samples
were collected during drilling of the deeper well.

Many of the Cr(VI) characterization results from Well 199-B5-6 were unrepresentative because recharge
was slow and dissolved oxygen of the water remained low. However, the remaining data were sufficient
to define an apparent bimodal distribution in the aquifer, with maximum concentrations (>30 ug/L) near
the water table and near the base of the aquifer (Figure 4-56). Concentrations in routine samples collected
after completion of Well 199-B5-6 in 2010 were comparable. Concentrations increased in late 2011 and
early 2012 (Section 4.3.2).
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The vertical profile for tritium differed from Cr(VI). Tritium concentrations exceeded the drinking water

standard in the upper portion of the aquifer and decreased with depth. Nitrate concentrations were low

throughout the aquifer, and strontium-90 was undetected. Tritium, nitrate, and strontium-90
concentrations in the completed wells initially were consistent with characterization results. Tritium

concentrations later declined. Chloroform was detected in two samples near the bottom of the aquifer,

with a maximum concentration of 2.2 ug/L. Trichloroethene also was detected in two samples. However,
a duplicate of one of the samples showed no detectable trichloroethene. The maximum concentration was
2.9 pg/L. After completion of the well, trichloroethene concentrations ranged from 2.2 to 3.3 pg/L, and

chloroform from 1.5 to 1.6 pg/L (Figure 4-51).
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Figure 4-55. Vertical Distribution of Contaminants in Well 199-B3-51
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Well 199-B5-6 Characterization Data (12/29/2009 - 1/29/2010) .
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Figure 4-56. Vertical Distribution of Contaminants in Well 199-B5-6

4.3.3.6 Vertical Distribution of Groundwater Contamination in Well 199-B5-5

This well is located in northwestern 100-BC, downgradient of the 100-B-27 waste site, which was
excavated to groundwater in two phases. The initial excavation was in 2007. This was followed by
additional excavation to groundwater in 2009. The well is screened in the lower portion of the unconfined
aquifer, in Ringold unit E.

Chromium concentrations in Well 199-B5-5 were elevated in a thin layer at the top of the unconfined

aquifer (Hanford formation) and at a depth of 37 to 56 m (121 to 184 ft) bgs (bottom portion of Ringold

unit E; Figure 4-57). The highest concentration was 31.5 pg/L at a depth of 45 m (148 ft) bgs (30 m

[98 ft] below the water table). Concentrations gradually decreased below this depth. Cr(VI) .
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Well 199-B5-5 Characterization Data (10/13/2009 - 12/7/2003)
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Figure 4-57. Vertical Distribution of Contaminants in Well 199-B5-5

concentrations in routine samples collected after well completion (32 to 38 pg/L) were comparable to
characterizations samples from the same depths.

Nitrate and tritium concentrations were far below their drinking water standards and, unlike Cr(VI),
decreased with depth in the aquifer. Strontium-90 was undetected in all samples. Tritium, nitrate, and
strontium-90 concentrations in the completed well were consistent with characterization results.

Chloroform was detected at concentrations up to 4.8 ug/L 37 to 56 m (121 to 184 ft) bgs. The well was
screened across this depth, and samples collected after well completion had concentrations ranging from
2.2t0 3.0 pug/L. Trichloroethene was detected in one deep characterization sample, and ranged from

1.8 to 2.2 pg/L after well completion (Figure 4-51).
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4.3.3.7 Vertical Distribution of Groundwater Contamination in Well 199-B5-8

This well is located southeast of 100-BC, with an objective of defining the southern extent of
contamination. It is screened in the upper portion of the unconfined aquifer, in the Hanford formation.

Cr(VI) concentrations were near or below detection limits throughout the thickness of the unconfined
aquifer (Figure 4-58). Nitrate and tritium concentrations were low and did not show vertical stratification.
No strontium-90 or chloroform was detected. Trichloroethene was detected at low concentrations
(=2 pg/ L) throughout the aquifer. Cr(VI) levels in the completed well (screened at the top of the aquifer)
were higher than in characterization samples, ranging from 6 to 13 nug/L.
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Figure 4-58. Vertical Distribution of Contaminants in Well 199-B5-8
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4.3.3.8 Vertical Distribution of Groundwater Contamination in Well 199-B8-9

This well is located in southern 100-BC near C Reactor. Its objective is to define the extent of

N W A [FOT N6 T Y

contamination. It is screened in the upper portion of the unconfined aquifer in the Hanford formation.

Cr(VI) concentrations in Well 199-B8-9 were below 10 pg/L except for a single sample at a depth of
50.3 m (165 ft) bgs, which had a Cr(VI) concentration of 15 pg/L (Figure 4-59). Total chromium ranged
from 2 to 19 ug/L. Concentrations were lowest at the bottom of the aquifer.

Well 199-B8-9 Characterization Data (7/1/2010 - 8/20/2010)

Spec. Conductance Teotal Chromium Hex. Chromium Nitrate
Concentration (uS/cm) Concentration (ugiL} Concentration {ug'L) Concentration (mg/L).
0 200 43C 60 O 10 20 30 20 50 0 10 20 30 40 5C 0 10 22 0 40 50
(¢]
—e—Calo l
Haulurd-Ringa d Cor tect
10 Viater | ablz
RUM |
.2 Sﬂaened Interval
E
L
3
o
» 5!
::: o-(j - x / )< o«
a = s L
g ;
+ 40
n
£ { x Y
o
S e 3 ‘
P4 P
4 Open symbols balow
./} ' x detection limit
€0 *
< o
pe . - S e b e
X Suspect Data (low purge) X Buspect Data ('ow purge)
70 — s
Strontium-90 Tritium Chloroform Trichloroethene
Coneentration (pCilt) Concentration (pCi/L) Concentration (pCill) Concantration (pCi/t )
-20 -10 0 10 20 0 5000 12000 15000 20000 C 3 10 o 5 10
0 ’
10
Open symbcls te ow
detection limit
_ 20
E
o
I+
)
E =
3 N
g = <‘
5 0/2 ; pagp= SRER
F
2 .\‘\
5 i A
£
3
@
a
Y - 7
el s
€0 o N T
S §_
& e s S —
|
70 J

8 Figure 4-59. Vertical Distribution of Contaminants in Well 199-B8-9
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Tritium concentrations all were below the drinking water standard. The highest concentrations (15,000 to
17,000 pCi/L) were in the middle of the aquifer. Concentrations were lower near the top of the aquifer in the
Hanford formation. Nitrate concentrations all were far below the drinking water standard and strontium-90
was undetected in all samples. Chloroform was undetected. Trichloroethene was detected in only three
samples, at 1.1 to 1.3 pg/L.

4.3.3.9 Vertical Distribution of Groundwater Contamination in Aquifer Tubes

Aquifer tubes in 100-BC have screen depths ranging from 2 to 8 m (6 to 27 ft) bgs (Figure 4-37).

The elevations of these screens all fall within the upper half of the unconfined aquifer, which is in
Ringold unit E in northern 100-BC. Concentrations of most contaminants (such as, Cr(VI) and tritium)
tend to be lowest in the shallowest tubes, which are most affected by mixing with river water. This is
evident from lower specific conductance in these tubes. In 100-BC, Cr(VI) concentrations in mid-depth
and deep tubes are fairly consistent. Unlike other contaminants, strontium-90 concentrations are higher in
shallow or mid-depth tubes than in deep tubes. This reflects its distribution in the aquifer and its lower
mobility in the subsurface.

4.3.3.10 Summary of Vertical Distribution of Groundwater Contamination

The vertical distribution of Cr(VI) varies with location in 100-BC. In western 100-BC (Figures 4-60 and
4-61), chromium has an apparently bimodal distribution, with the highest concentrations at the top of the
aquifer and in the bottom third of the aquifer. In Well 199-B2-16, Cr(VI) concentrations were low at the
top of the aquifer and increased slightly with depth. In eastern 100-BC, Cr(VI) concentrations decreased
with depth and were undetectable at the bottom of the unconfined aquifer (Figures 4-60 and 4-62).

Wells 199-B5-5 and 199-B5-6 both showed a thin layer of relatively high Cr(VI) concentrations near the
top of the aquifer. This layer appears to be within the Hanford formation (Figures 4-56 and 4-57).

The Cr(VI) concentration declined in the upper portion of Ringold unit E, and increased again deeper in
the unit. There is no obvious geologic explanation for the distribution within Ringold unit E.

The bimodal vertical distribution of Cr(VI) in western 100-BC may be an expression of different periods
of waste releases. Waste released when groundwater mounds were present would have been driven deep
into the aquifer. Subsequent recharge with less contaminated water would account for the portion of the

aquifer with lower Cr(VI) concentrations. The higher concentrations in the Hanford formation at the top
of the aquifer (for example, 199-B4-14 February 2012 result) may represent more recent releases.

Tritium concentrations decreased with depth in most locations. One exception was Well 199-B8-9, near
C Reactor, where maximum concentrations at the time of drilling were in the middle of the aquifer.
Tritium concentrations in this well are higher in Ringold unit E than in the overlying Hanford formation.
However, concentrations increased in the completed well (screened in Hanford formation) in late 2011.

Strontium-90 was detected in very few characterization samples, except in Well 199-B3-51. In that well,
its concentration is highest near the top of the aquifer, and was undetectable at 8 m (26 ft) below the water
table. This observation is consistent with strontium-90 concentrations in multi-depth aquifer tube clusters
in 100-BC, and in monitoring wells elsewhere in the 100 Area.

Low levels of chloroform and trichloroethene (<5 pg/L) were detected in some wells, generally in the
lower portion of the aquifer. The highest concentrations were in wells in western 100-BC.

Groundwater in the confined Ringold (that is, beneath the RUM) is uncontaminated.
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Section 4.2 summarized analytical results for sediment above the water table in groundwater monitoring
wells. Samples were also collected at 1.5 m (5 ft) below the water table, at the bottom of the unconfined
aquifer, and 1.5 m (5 ft) into the RUM. Additional samples were collected at depths relative to the
Hanford/Ringold geologic contact, and some of these fell below the water table. Table 4-31 summarizes
soil chemistry data from these samples collected below the water table, compared to Hanford Site soil
background (Non-Rad Soil Background document [DOE/RL-92-24]). The background values represent
soils in the vadose zone, so they are not directly applicable to soils from below the water table.
Background values are used here only for general perspective on concentrations measured in sediment
samples from the 100-BC wells.

Table 4-31. Summary of Soil Chemistry Data from New Monitoring Wells,

Samples Collected below the Water Table

Max.
Number Background Cone.
Number above (pg/kg or (ng/kg or | Depth Geologic Unit Where
Well Constituent® Samples | Background pCi/g)b pCi/g) (m) Maximum Detected

199-B2-14 Arsenic 3 1 6,470 6,530 44.68 | RUM

Nickel L 1 19,100 19,500 44.68

Selenium 3 2 780 1,780 44.68

Zinc 3 1 67,800 85,000 44.68
199-B2-15 Chromium 11 8 18,500 53,400 51.33 | RUM

Lead 11 1 10,200 10,400 44 .90

Nickel 11 2 19,100 22,200 44.90

Selenium 11 22 780 1,280 4490
199-B2-16 None 3 0 — — — Nothing above background
199-B3-50 Chromium 4 1 18,500 60,400 23.74 | Hanford formation

Lead 4 1 10,200 128,000 26.79

Zinc 4 1 67,800 71,200 23.74
199-B3-51 Chromium 6 2 18,500 37,300 47.60 | Ringold unit E ]

Nickel ] 1 19,100 23,900 14.51

Selenium 6 1° 780 800

strontium-90 6 3 0.178 0.396+ 14.51

0.17

199-B5-5 Chroniium 5 1 18,500 23,900d 15.76 | Hanford formation

Selenium 5 iy 780 830 6248 | RUM
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Table 4-31. Summary of Soil Chemistry Data from New Monitoring Wells,
Samples Collected below the Water Table
Max.
Number Background Conc.
Number above (ng/kg or (ng/kg or | Depth Geologic Unit Where
Well Constituent® Samples | Background pCi/g)® pCi/g) (m) Maximum Detected

199-B5-6 Arsenic 4 1 6,470 6,780 58.83 | RUM

Lead 4 i 10,200 12,200 58.83

Nickel 4 il 19,100 25,700 23.59 | Hanford formation

Selenium 4 2 780 1,360 23.59

Zinc 4 4 67,800 93,800 23.59
199-B5-8 Chromium 2 T 2 18,500 31,400 68.28 | Bottom of Ringold unit E

Lead 2 1 10,200 1,600 | 7029 | RUM

Manganese 2 1 512,000 910,000 70.29

Nickel 2 1 19,100 24,500 70.29

Selenium 2 28 780 1,740 70.29
199-B8-9 Arsenic 12 1 6,470 9,340 66.90 | RUM

Chromium 12 2 18,500 53,100 31.39 | Hanford formation

Selenium 12 i 780 1,660 66.90 | RUM

a. Constituents evaluated were antimony, arsenic, beryllium, cadmium, cesium-137, chromium, cobalt-60, copper, europium-152,
europium-154, Cr(V1), lead, manganese, nickel, selenium, silver, strontium-90, thallium, vanadium, and zinc ( 100-BC SAP
[DOE/RL-2009-44], Table 2-12). Only those constituents with a result over background (90™ percentile; Table 4-1) are listed here,

b. Background concentrations are 90" percentile from the Non-Rad Soil Background document (DOE/RL-92-24), as listed in
Table 4-1 of this chapter. Background concentration not available for Cr(V1); undetected except in few samples from Wells
199-B3-51 (maximum = 300 pg/kg) and 199-B8-9 (maximum = 280 pg/L); results near detection limit.

c. Results flagged “B” (near detection limit).
d. Split sample had lower concentration (9,410 pg/kg).
e. Results flagged “C” (associated with blank contamination).

f. Duplicate samples had lower values (6,030 to 16,100 ng/kg).

The only radionuclide exceeding a background concentration was strontium-90 in Well 199-B3-51.
The other exceedances were all for metals. Results for individual wells are discussed in the following text.

No soil background has been established for Cr(VI). Concentrations in most samples were below
detection limits. Wells 199-B3-51 and 199-B8-9 each had three Cr(VI) detections in the unconfined
aquifer. The maximum concentration was 300 pg/kg, which is near the detection limit.

Well 199-B2-14. Three soil samples were collected below the water table: one from the top of the
unconfined aquifer and two from the RUM. Arsenic, nickel, and zinc exceeded background in one sample
from the RUM. Selenium exceeded background in two samples from the RUM.
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Well 199-B2-15. Eleven soil samples were collected below the water table, all from the RUM. Shallower
sampling was not required because adjacent Well 199-B2-14 had previously been characterized. Total
chromium concentrations in five samples (four depths) exceeded background. Lead, nickel, and selenium
concentrations exceeded background in one or two samples.

Well 199-B2-16. Three soil samples were collected below the water table and concentrations were all
below background.

Well 199-B3-50. Three soil samples were collected below the water table: one near the top of the
unconfined aquifer and two in the RUM. Chromium, lead, and zinc concentrations each exceeded
background in one Hanford formation sample.

Well 199-B3-51. Six samples were collected below the water table: three (two depths) near the top of the
unconfined aquifer, one at the bottom of the aquifer, and two in the RUM. Chromium, nickel, selenium,
and strontium-90 concentrations exceeded background in one or more sample from the top of the
aquifer. Strontium-90 was detected in three samples near the top of the aquifer; concentrations were
undetectable in the RUM. This was the only monitoring well with detectable strontium-90 in soil below
the water table.

Well 199-B5-5. Five samples were collected below the water table: three (two depths) in the unconfined
aquifer and two in the RUM. Chromium concentration exceeded background in one of the Hanford
formation samples. However, a split sample had a much lower concentration that did not exceed
background (Table 4-31). The selenium concentration in one of the RUM samples exceeded background.

Well 199-B5-6. Four samples were collected below the water table: two in the unconfined aquifer and two
in the RUM. Concentrations of arsenic and lead exceeded background in one RUM sample. Nickel
concentrations exceeded background in one sample from the top of the unconfined aquifer. Selenium
concentrations exceeded background in both unconfined aquifer samples. Zinc concentrations exceeded
background in all four samples.

Well 199-B5-8. Metals results are available from two soil samples below the water table, both in the RUM.
Radionuclides were analyzed in four samples. Chromium, lead, manganese, nickel, and selenium
concentrations exceeded background in the RUM.

Well 199-B8-9. Four depths below the water table were sampled: two in the unconfined and two in the
RUM. Multiple results are available for some of the metals, for 12 samples. Arsenic and selenium
concentrations exceeded background in the RUM. Chromium concentrations exceeded background in
one sample from the unconfined aquifer, but results of duplicates were highly variable (Table 4-31).
One RUM sample also exceeded background for chromium.

4.4 Columbia River Surface Water and Sediments

Hanford Site surface water and sediment investigations include annual environmental monitoring (2010
Sitewide Environmental Report [PNNL-20548]), and recent remedial investigations (Columbia River RI
Report [WCH-380]; Hanford Site Releases Data Summary [WCH-398]). This section summarizes results
from those reports, and presents results of additional pore water sampling conducted as part of this 100-BC RI.

In 2004, DOE established a process to compile, classify, and manage environmental data (for example,
surface water and sediment) associated with the Columbia River in the Columbia River Component of the
River Corridor Baseline Risk Assessment: Basis and Assumptions on Project Scope (DOE/RL-2004-49).
The Columbia River Component (CRC) database was created as a result of these efforts and was
documented in the Existing Source Information Summary Report Compilation/ Evaluation Effort;
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December 2004 to September 2005 (WCH-64). The subsequent Columbia River Component Data
Evaluation Summary Report (WCH-91) described the activities that were undertaken to evaluate the data
collected and to assist in defining the extent of Hanford Site-related contamination. The compiled data
were used to identify potential data gaps in the spatial, temporal, and chemical composition of the existing
data set. The Columbia River Component Data Gap Analysis (WCH-201) presented the results of that
analysis and formed the foundation for the sampling plan that was documented in the Columbia River R1
Work Plan (DOE/RL-2008-11).

During this time, sampling was underway supporting the Risk Assessment Work Plan for the 100 Area
and 300 Area Component of the RCBRA (DOE/RL-2004-37). Samples of surface water, groundwater,
nearshore sediment, soils, and biota were collected and analyzed to support the RCBRA. Evaluation of
that data is summarized in the RCBRA Volume II (DOE/RL-2007-21).

Sampling to fulfill the needs defined in the Columbia River Rl Work Plan (DOE/RL-2008-11) took place
between October 2008 and June 2010. Surface water, pore water, sediment (shoreline, shallow, cores),
island soils, and six species of fish were sampled. The RI field activities associated with the collection of
sediment, river water, and island soil in the Columbia River adjacent to and downstream of the Hanford
Site and in nearby tributaries are documented in the Field Summary Report for Remedial Investigation of
Hanford Site Releases to the Columbia River, Hanford Site, Washington: Collection of Surface Water,
River Sediments, and Island Soils (WCH-352). That document describes the sampling locations, identifies
samples collected, and describes modifications and additions made to the SAP. Groundwater upwelling
field activities and data collection are documented in the Columbia River RI Report (WCH-380).

Groundwater beneath the Hanford Site discharges to the Columbia River via seeps and upwelling to the
river bed. This flow path for groundwater provides a means for transporting Hanford Site-associated
contaminants in groundwater to the Columbia River. Nearshore groundwater conditions are directly
affected by river stage. The greatest contaminant flux and highest concentrations at exposure locations are
postulated to occur during periods of low river stage. During this period, the hydraulic gradient toward the
river is greatest and mixing between river water and groundwater is minimal.

Sampling locations and methods were described in Chapter 2. Sediment sample volume was limited in
some locations because of the dominance of cobbles on the riverbed. In locations where sediment sample
volume was limited, not all analyses could be performed at each location. Information on the number of
sediment samples collected and the period in which they were obtained is presented in Table 2-3. Additional
sediment, island soils, and surface water samples were collected in areas identified in Columbia River
Component Data Gap Analysis (WCH-201) and the Columbia River Rl Work Plan (DOE/RL-2008-11}).

Further discussion of the sediment, surface water, and pore water samples collected during the CRC Rl are
discussed in the following sections.

441 Groundwater Upwelling Investigations at 100-BC

Data were collected near 100-BC to address the uncertainty related to the level of contamination entering
the Columbia River via upwelling, including the contaminant transport mechanisms. Pore water, surface

water, and sediment sampling in the Columbia River was conducted in 2009 and 2010, as outlined in the

Columbia River RI Work Plan (DOE/RL-2008-11).

Results of Phase Ila of the study, which mapped locations where groundwater discharged through the
riverbed, are summarized in Section 3.6.4.
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During Phase IIb of the study, 30 100-BC locations were sampled during August and September 2009 to
collect pore water for Cr(VI) analyses. All but three sample locations (JI00BC5, T100BC4A, and
J100BC2) were sampled during relatively low and stable river levels.

Seventeen of 29 (57 percent) pore water Cr(VI) results were reported above the practical quantitation
limit (PQL) of 3.7 pg/L (Table 4-32). Fourteen results exceeded the AWQC (10 pg/L), and results ranged
between 15 and 112 pg/L. Four of the five highest Cr(VI) pore water concentrations (range 56 to

112 pg/L) were collected from offshore locations, including the deepest channel of river near 100-BC.
The Cr(VI) results generally corresponded to the groundwater plume estimates, but one sample location
(J100BC47) was located nearly 0.6 km (0.37 mi) downstream of known groundwater plume and proximal
to an active remediation site. This site also contained a significant temperature anomaly value during the
Phase Ila mapping effort.

Table 4-32. Concentrations of Chromium in Columbia River Pore Water at 100-BC

August-September 2009 January—February 2010
Phase ITb Phase 111 November 2010

Station No. Cr(VI) (ug/L) Cr(VI) (ng/L) | Tot. Cr (ng/L) Cr(VI) (ug/L) Tot. Cr (ng/L)
2A-A 24 10 6.7 44 1.4 b
J100BC10 3
J100BC13 27 u
JIOOBC19 15
J100BC2 16
J100BC21 73
J100BC23 91 3.7 U 3.17 2 U 52
J100BC25 5
J100BC33 3.7
J100BC42 3.7
J100BC47 28 13 8.8 13.6 14.5 b
JI00BC47 SPLIT ] 15.1 b
J100BCS5 ‘ 3.7 U
J100BC9 15
T100BC1J1 18 5 2 u 27 u 1 8]
T100BC1J5 23 J 3.7 u 1.29 B 2 U 221
T100BC2A 3.7 8)
T100BC2B 27
T100BC2C 3.7 ul
T100BC3C 112 il 22 23.6 2.3 8.99 b |
TI100BC3C DUP 6.9 15.8 b
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. Table 4-32. Concentrations of Chromium in Columbia River Pore Water at 100-BC
7 August-September 2009 January—February 2010
Phase 1Ib Phase 111 November 2010
| Station No. Cr(VI) (ng/L) Cr(VI) (ug/L) | Tot. Cr (ug/L) Cr(VI) (ng/L) Tot. Cr (ng/L)
| T100BC3D 37 U V
TI00BC3E 37 u
| TI00BC4A 80 46 | a 20 a | 126 13.7
| T100BC4B 9 7 ) 7 |
T100BC3C 57 3.7 UV 11.1 2 U 5.01 b
T100BC6A 37 U
T100BC6J10 26 10 10.2 12.6 14.3
T100BC6J2 3.7 u
T100BC6J4 37 u
TI00BC6J5 3.7 U
Upstream1 2 U
Upstream?2 2 U
. a. Note that Cr(VI) result much higher than tortal chromium, suggesting a possible data quality problem.

b. Unfiltered, total Cr. Other total Cr results are for filtered samples.
B = value is less than contractually required detection limit but above method detection limit
J = estimated value (for example, quality control sample results out of range)

U = undetected

Phase IIb pore water specific conductance values were generally higher than Phase Ila results obtained
during January through March 2009, and supported the premise that low- and stable river levels were
important factors to consider during the Phase IIb and 111 sampling events. However, higher specific
conductance levels observed at all three mid-river sample locations during Phase Ila compared to Phase IIb
may indicate changes in the groundwater upwelling patterns as seasons and hydraulic gradients change.

High pore water specific conductance values indicated the presence of groundwater, but high specific
conductance was not linearly consistent with the level of Cr(VI) contaminated groundwater present near
100-BC. For example, a 91 pg/L concentration of Cr(VI) was found where specific conductance was only
160 uS/cm, a specific conductance value just marginally higher than surface water (approximately

140 pS/cm). The Cr(VI) pore water patterns seen at 100-BC suggested a non-uniform pattern of
contaminated pore water might exist.

— O O o0 =1 UV R W —

—_— —

Phase III sample locations were selected as a subset of the previous sample locations for characterization
sampling and analysis of pore water, surface water (defined as water 0.3 m [1 ft] above the riverbed), and
collocated sediment for a broad range of analyses as defined in the Columbia River Rl Work Plan
(DOE/RL-2008-11). Sediment samples were attained as close to the pore water sample location as
reasonably possible, with a preference given to locations with sediment deposits. Additional discussion of
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these results and all other analyses performed can be found in the Hanford Site Releases Data Summary
(WCH-398). .

Ten sample locations were selected for Phase [1I sampling near 100-BC, six primary sites and four
secondary sites. Pore water and surface water samples were collected at nine of the ten 100-BC sites. One
site (J100BC21) was not sampled because a groundwater signal greater than 160 uS/cm could not be
found. Pore water specific conductance values ranged between 163 and 344 uS/cm. Site J100BC47
yielded the maximum pore water specific conductance (344 uS/cm) value during Phase II1 near 100-BC.
This site was found to have 28 pg/L of Cr(VI) during Phase IIb and was located just offshore of an active
remediation site. Pore water specific conductance dropped more than 10 percent on one sample near
100-BC (T100BC6J10), but the final specific conductance value obtained during Phase III was similar to
that obtained during Phase IIb.

Laboratory results for Cr(VI) and total uranium in surface water were all at nondetect levels during Phase
[1I. Only one detection of strontium-90 at 0.6 pCi/L was seen in surface water at Station T100BC3C.

Phase Il pore water sample results for Cr(VI) ranged from 5 to 46 ug/L, but the latter value is
questionable because the total chromium result was lower. At station TI00BC3C where the Cr(VI) result
was 112 pg/L during Phase Ilb, a detection of only 22 pg/L was observed in Phase I1I. In general,

Phase III chromium results were lower than Phase IIb. Strontium-90 was detected once in pore water at
station T100BC4A at a concentration of 6.1 pCi/L. Tritium was detected over a range of

1,400 to 12,100 pCi/L with the maximum found at station T100BC4A.

This study was followed up by additional pore water sampling as part of the RI/FS (100-BC SAP
[DOE/RL-2009-44]; Columbia River Pore Water Sampling in 100-BC Area, November 2010
[SGW-49368]). Figure 4-63 and Table 4-32 list Cr(VI) data from pore water samples collected during
Phase IIb (August/September 2009), Phase III (January/February 2010}, and RI sampling

(November 2010). Concentrations in the RI sampling of November 2010 were the lowest of the

three sampling campaigns: up to 13.6 pg/L. It appears that Cr(VI) concentrations in Columbia River pore
water declined between fall 2009 and fall 2010. This may represent the passage of a historical
groundwater plume that was not fully detected by monitoring wells and aquifer tubes.

Another explanation of the apparent decline in Cr(VI) concentrations is that an increase in river stage
suppressed groundwater upwelling and caused a decrease in specific conductance and Cr(VI)
concentrations. Staff evaluated river stage, specific conductance, and Cr(VI) data to determine possible
relationships. In some cases, an increase in river stage or decrease in specific conductance was
accompanied by a decrease in Cr(VI). However, this relationship was determined to be statistically
insignificant. Columbia River Pore Water Sampling in 100-BC Area, November 2010 (SGW-49368)
describes the November 2010 sampling task and presents the results of statistical evaluations.

The average river stage during the November 2010 sampling event (119.5 m) was slightly higher than
during Phase IIb (119.2 m) and river stage was more variable in November 2010 (Figure 4-64). This
could have decreased the ratio of groundwater to river water in the pores. However, this would have been
evident from the specific conductance of the samples. As explained previously, the change in conductance
was not statistically significant.

Co-contaminants were analyzed only in the Hanford Site releases study, Phase III. Strontium-90 was
detected in only one pore water sample (6.1 pCi/L). Tritium was detected over a range of
1,400 to 12,100 pCi/L.
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Figure 4-64. Daily Average River Stage during 100-BC Pore Water Sampling

442 Sitewide Environmental Monitoring of Surface Water and Sediments

DOE conducts environmental monitoring on the Hanford Site, including surface water and associated
sediment. The following information for 2010 is summarized from 2010 Sitewide Environmental Report
(PNNL-20548).

Samples of surface water and sediment are collected upstream of the Hanford Site at Priest Rapids Dam,
downstream of the site at the City of Richland, and at several locations on the site, but not at 100-BC.
Constituents of interest in Columbia River water samples collected at Priest Rapids Dam and the City of
Richland include gamma-emitting radionuclides, tritium, strontium-90, technetium-99, uranium isotopes,
and plutonium isotopes.

4.4.2.1 Columbia River Water Monitoring

Radionuclide concentrations monitored in Columbia River water were low throughout 2010 and similar to
previous years. Statistical analyses were performed to determine if concentrations downstream of the
Hanford Site were greater than those upstream of the site.

Statistical analyses indicated that downstream tritium concentrations were higher than upstream
concentrations. The average tritium concentration in Columbia River water collected at the City of
Richland (39 + 5.2 pCi/L) was higher than at Priest Rapids Dam (25 + 8.9 pCi/L), but was only

0.2 percent of the Washington State ambient surface water quality criterion of 20,000 pCi/L. Average total
uranium concentration measured at the City of Richland (0.66 +0.099 pCi/L) was higher than at Priest
Rapids Dam (0.43 £0.078 pCi/L). The primary source of uranium discharging to the Columbia River at the
Hanford Site is the 300 Area, a short distance upstream from the City of Richland. Statistical comparisons
for plutonium, strontium-90, gross alpha, and gross beta concentrations at Priest Rapids Dam and the City
of Richland were not performed because most of the concentrations were less than detection limits.
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All metal and anion concentrations in river water, including dissolved chromium, were less than the
AWQC in 2010.

The U.S. Geological Survey sampled Columbia River water at Vernita Bridge (upstream of the

Hanford Site) and the City of Richland in 2010. These data provided no indication of any deterioration of
water quality along the Hanford Reach of the Columbia River. Median concentrations of dissolved
chromium were similar for water samples collected near Vernita Bridge and the City of Richland and
were well below the ambient water quality criterion.

4.4.2.2 Columbia River Sediment Monitoring

Some constituents in liquid effluents previously discharged to the Columbia River on the Hanford Site
may have become associated with particles that accumulated in riverbed sediment, particularly in
slackwater areas and in the reservoirs upstream of dams. Fluctuations in the river flow may redistribute
these contaminated sediments. Upper-layer sediment in the Columbia River downstream of the
Hanford Site contains low concentrations of radionuclides and metals of Hanford origin, as well as
contaminants from mining, agriculture, and atmospheric fallout.

Sediment samples were collected upstream of the Hanford Site at the Priest Rapids Dam reservoir and
downstream of the site at McNary Dam. Sediment samples were also collected within the Hanford Site
from slackwater areas where fine-grained material is known to deposit (for example, the White Bluffs,
100-F, and Hanford Sloughs), and from the publicly accessible City of Richland shoreline. Radionuclides
consistently detected in river sediment adjacent to and downstream of the Hanford Site during 2010
included beryllium-7, potassium-40, cesium-137, uranium isotopes, and plutonium isotopes.

The concentrations of all other radionuclides, including strontium-90, were below detection limits for
most samples. Cesium-137 and plutonium isotopes exist in worldwide fallout as well as in effluent from
Hanford Site facilities. Beryllium-7, potassium-40 and uranium isotopes occur naturally in the
environment, and uranium isotopes are also present in Hanford Site effluent. There were no obvious
differences between locations.

Detectable amounts of most metals were found in all river sediment samples. Maximum and average
concentrations of most metals were higher for sediment collected in the reservoir upstream of Priest
Rapids Dam than in sediment from either the Hanford Reach or McNary Dam. The concentrations of
cadmium, lead, nickel, and zinc differed the most between locations and may be associated with upstream
mining activity.

4.4.2.3 Columbia River Shoreline Spring Monitoring

Shoreline springs represent areas where groundwater discharges to the Columbia River. DOE routinely
samples springs and associated sediments along the Hanford Reach. This section summarizes results of
monitoring springs at 100-BC.

Table 4-33 lists concentration maxima for radionuclides, metals, and nitrate in 100-BC spring water over
the period 2004 through 2010. Figure 4-65 shows chromium concentrations at a 100-BC spring (located
near aquifer tube site 04) since 1996. Concentrations typically range from 10 to 20 pg/L.

Concentrations of radionuclides in sediment associated with a 100-BC shoreline spring are very low.
Concentrations of cobalt-60, strontium-90, europium-152, and europium-154 have all been below
detection limits from 2004 through 2009. Cesium-137 was detected at a maximum concentration

of 0.055 £0.012 pCi/g.
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Table 4-33. Sitewide Environmental Monitoring Results for Shoreline Springs in 100-BC

Constituent, Units No. Samples Concentration Maximum, 2004-2010
Radionuclides
Gross alpha, pCi/L 10 14+56
Gross beta, pCi/L 10 23:5.1
Strontium-90, pCi/L 10 28+042
Technetium-99, pCi/L 10 78+1.0
Tritium, pCi/L 10 2,800 + 180
Dissolved Metals
Antimony, ug/L 12 0.25
Arscnice, pg/L 12 1.3
Cadmium, pg/L 12 0.029
Chromium®, pg/L 12 18
Copper, pg/L 12 1.6
Lead, pg/L 12 1.4
Nickel, pg/L 12 2.1
Silver, pg/L 12 0.0050
Thallium, ug/L 12 0.024
Zinc, pg/L 12 17
Anions
Nitrate (as NOs), mg/L 10 9.9°

Source:, Hanford Site Environmental Report for Calendar Year 2010 (PNNL-20548), Tables 8.5.3 and C.10

a. Dissolved chromium is considered to represent Cr(VI).

b. Converted from nitrate as N.
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3 4.5 Biota
4 This section summarizes ecological sampling or biological monitoring data that have been collected for
5 100-BC. Biota data are useful to understand biological receptors, which are evaluated in Chapter 7.
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summarized for this section. The Surface Environmental Surveillance Project (SESP) is a multimedia
environmental surveillance project. The primary goal of the SESP is to measure concentrations of
radionuclides and chemicals in environmental media to demonstrate compliance with applicable
environmental quality standards and public exposure limits, and assess environmental impacts. Project
personnel annually collect selected samples of ambient air, surface water, agricultural products, fish,
wildlife, and sediments. Soil and vegetation samples are collected approximately every five years.
Analytical capabilities include the measurement of radionuclides at environmental concentrations, and in
selected media, nonradiological constituents including metals, anions, volatile organic compounds, and
total organic carbon. The SESP sampling design is described in the Hanford Site Environmental
Monitoring Plan United States Department of Energy Richland Operations Office (DOE/RL-91-50).

Biota data from three main environmental sampling projects conducted at Hanford were reviewed and .

Some of the biota data are summarized from ecological samples collected to support 100-BC Ecological
Risk Assessment (BC Pilot). The BC Pilot project was a small-scale ecological risk assessment conducted
in 100-BC. The primary goal of the BC Pilot ecological risk assessment was to evaluate current and
potential future risks to the environment posed by releases of hazardous substances and to serve as a test
project for a larger, River Corridor risk assessment. The BC Pilot project appraised relevant sources of
contamination, exposure pathways, and contaminants for several environmental media and receptors
including surface soil, vegetation, soil invertebrates, and small mammals. Analytical capabilities include
the measurement of radionuclides, metals, anions, semivolatile organic compounds, herbicides, and
pesticides at environmental concentrations as well as physical properties (such as, pH, moisture, and
particle size) in selected media. The BC Pilot sampling and analytical specifications are documented in
the 7100-B/C Area Ecological Risk Assessment Sampling and Analysis Plan (DOE/RL-2003-08).

Finally, biota data are summarized from ecological samples collected to support the RCBRA. .
The primary goal of the RCBRA ecological risk assessment is to evaluate current and potential future

risks to the environment posed by releases of hazardous substances. The RCBRA appraises relevant

sources of contamination, exposure pathways, and contaminants for several environmental media and

receptors including surface soil, vegetation, soil invertebrates, small mammals, and birds. Analytical

capabilities include the measurement of radionuclides, metals, anions, semivolatile organic compounds,

herbicides, and pesticides at environmental concentrations as well as physical properties (such as, pH,

moisture, and particle size) in selected media. The RCBRA sampling and analytical specifications are

documented in the RCBRA SAP (DOE/RL-2005-42).

The location of the SESP, BC Pilot, and RCBRA biota samples summarized in this section are shown in
Figure 4-66. The river level is shown at high water stage. Samples collected at lower river stages may
appear to have been collected in the river, when in fact, the area would have been exposed at the time.
The collection dates for the samples collected as a part of the SESP ranged from 1994 to 2008. The
collection dates for the samples collected as a part of the BC Pilot Project ranged from 2002 to 2004.
The majority of the RCBRA environmental samples were collected in 2006 and 2007. The various
terrestrial species of plants and animals collected and the tissues analyzed are summarized below.

e Perennial vegetation:
— Unique local plants: mulberry leaves and shoots
— Dominant shrub: current year’s growth, stems and leaves (combined)
— Dominant grass: current year’s growth, stems and leaves (combined)
— Balsam root: leaves, roots

o Terrestrial invertebrate: whole-body composites

» Mouse: whole-body composites, kidney and liver (combined)

4-172



DOE/RL-2010-96, WORKING DRAFT A

JANUARY 2013
A PNNL Sampie Location = i
/\ RCBRASample Location | S ;‘k .
| A\ BC Pilot Sampie Location f‘*‘«- o B
! ~—
rve'
cau
, |4 Plant |
B (2 Ptant 1 Invenebratel 4 Plant A
1 Invertebrate||3 Mt;g_e. J /); 'h;l“’e”e‘)'ateJ / ‘;'
5 Plant ) 2 Mouse g pusel
|1 lnvenebratel =) [FY i / ’ {
[~ 3 Mouse ,1 / o R— (4 Plant
~- o T e\ N A VB [~
\ 2 Plant | iy ‘J (3 Piant ;;mveﬂebfafj [2Mouse |~
13 Plant ;‘( ,\//\\ 1Ianertebrate ’ \ [ N > Mouse _/
‘1 Invertebrate| | A oUse _a e
5 Mou Mouse I/ Npal ! e
’ [ I\ - n " h /A
\ N ey Vi i
. . ‘aPant 7 /—ﬁ_/. W[ Plantl \ _"'—d 1
" o |1 Invenebrate/ Plant \‘ A 11 Plant
‘ 3 Mouse | 1 Invertebrate 5 =
ﬂP e = 1 1Mouse ./ \7 Plant
e lr:\?:r‘tebrate " e . 4 P'EEE; | 1 Invertebrate .
l—\ 1 v
| Mosss // | (2Pant | (3Mouse | / o
' | | 1 Invertebrate| e
L —— {3 Mouse ; T 3
|
L |
. | | | S,
| | 1 ‘ / T
|
P T
T |
0 125 250 500 750 1000 | \F\— _— |
— Meters \ [
WCH Q472611 WCRighto | cllgngsta\CHPRCY 1008_wate_samis mxd 4 28 17 P |- i

Figure 4-66. Terrestrial Upland Biota Sampling Locations in 100-BC

Although 100-BC is adjacent to the river, only samples of terrestrial plants and animals are summarized
for this discussion. Water, sediment, and aquatic organisms from the Columbia River areas adjacent to
100-BC are addressed in the Columbia River RI Work Plan (DOE/RL-2008-11).

Appendix H, Attachment H-1 shows a summary of plant tissue samples collected for the SESP, BC Pilot,
and RCBRA projects in 100-BC. Samples of Icaves, stems, and roots from several varietics of plants were
analyzed for metals and radionuclides. Samples collected for the RCBRA project were also analyzed for
organic compounds. The results for the organics and radionuclides are below or very near the detection
levels. Although metals were detected in many of the samples, no unusual trends were observed for the
analytes detected.

Appendix H, Attachment H-1 shows a summary of invertebrate tissue samples collected for the BC Pilot
and RCBRA projects in 100-BC. The samples were analyzed for metals. Samples collected for the
RCBRA project were also analyzed for selected radionuclides. Results for the radionuclides are below or
very near the detection levels. Although metals were detected in many of the samples, no unusual trends
were observed for the analytes detected.

Appendix H, Attachment H-1 shows a summary of mouse muscle and kidney tissue samples collected for
the BC Pilot and RCBRA projects in 100-BC. The samples were analyzed for metals and radionuclides.
Samples collected for the RCBRA project were also analyzed for organic compounds. The results for the
organics and radionuclides are below or very near the detection levels. Although metals were detected in
many of the samples, no unusual trends were observed for the analytes detected.
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4.6 Air .

Atmospheric releases of radioactive materials from Hanford Site facilities and operations to the
surrounding region are potential sources of human exposure. On the Hanford Site, radioactive
constituents in the air are monitored onsite near facilities and operations, at site-wide locations away from
facilities, and offsite around the Hanford Site perimeter as well as in nearby and distant communities.

As discussed in Section 2.1.8, Hanford Site contractors monitor radionuclide airborne emissions from site
facilities through several programs. The Near-Facility Environmental Monitoring Program measures
concentrations of radionuclides in the ambient air on the Hanford Site near facilities and operations.

The Hanford Site Environmental Surveillance Program measures the ambient air at Site locations away
from facilities, around the perimeter of the Site, and offsite in nearby and distant communities.
Remediation projects under CERCLA may also establish additional monitoring stations specific to their
needs. In addition, emissions from stacks, vents, or other types of point sources are monitored
individually by analyzing samples extracted from the outflow at each point of release. No point source
releases are currently associated with the 100-BC. The data collected by each program are used to assess
the effectiveness of emission treatment and control systems and pollution management practices, and to
determine compliance with state and federal regulatory requirements. Additional description of the
ambient air sampling activities is available in the 2010 Sitewide Environmental Report (PNNL-20548).

461 Site-Wide and Offsite Ambient-Air Monitoring

Airborne radioactivity across Hanford is sampled by a network of continuously operating ambient air
samplers. The samplers were monitored biweekly for gross alpha and gross beta, and composite samples
were collected for gamma energy analysis, strontium-90, plutonium-238, plutonium-239/240, and
uranium-234, uranium-235, and uranium-238.

Overall, the effective dose equivalent (EDE) to the Hanford Site maximally exposed individual (MEI)
resulting from routine and nonroutine emissions in 2010 from Hanford Site point sources was

0.053 mrem. The EDE from fugitive emissions at the Hanford Site in 2010 was 0.008 1 mrem.

The contribution from radon emissions in 2010 was 0.014 mrem. The total radiological dose for 2010 to
the MEI from all Hanford Site radionuclide emissions, including radon, was 0.075 mrem, or 0.75 percent
of the federal and state standard of 10 mrem/yr, to which the Hanford Site was in compliance
(Radionuclide Air Emissions Report for the Hanford Site, Calendar Year 2010 [DOE/RL-2011-12]).

4.6.2 Ambient Air Monitoring Near Facilities and Operations

At 100-BC, sources of air emissions include environmental restoration activities. These activities were
conducted at 100-BC in recent years, with contaminated soil and debris from inactive waste sites, such as
100-C-7, being excavated, transported, and disposed of at ERDF and other appropriate locations. Air
emissions at 100-BC are limited to nonpoint sources such as fugitive dust.

As discussed in Section 2.1.8, near facility air sampling monitors measure the effectiveness of waste
management, environmental remediation controls, and effluent treatment systems in reducing effluents
and emissions. These air samplers also monitor diffuse source emissions. Air radioactivity was sampled
by a network of continuously operating samplers (N466, N496, and N497) at three locations in 100-BC in
2008. Sampling locations are shown in Figure 2-2, Potential Air Sampling Locations at 100-BC. Samples
have not been collected since 2008.

The Hanford Site Air Operating Permit (Federal Facility License FF-01) requires regulatory notification

for composite (isotopic) air sample results that exceed 10 percent of EPA Table 2 (“National Emission

Standards for Hazardous Air Pollutants,” [40 CFR 61] Appendix E, “Compliance Procedures Methods for .
Determining Compliance with Subpart I,” Table 2) values. At the three 100-BC stations monitored in
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2008, uranium-234 (N466, N496, and N497), uranium-238 (N466), and plutonium-239/240 (N497) were
detected, but none of the air results exceeded 10 percent of EPA Table 2, so Washington State
Department of Health (WDOH) notifications were not required.

4.7 Summary of Nature and Extent of Contamination

This section summarizes the main components of a conceptual site model describing the nature and extent
of contamination in 100-BC. Data collected for the RI helped delimit contaminant concentrations in the
vadose zone, groundwater, and pore water of the Columbia River.

471 Operational Period

Liquid and solid waste discharged during the reactor operational period represented the primary
contaminant sources. These included cooling water conditioning and handling facilities, underground
piping, liquid waste and solid waste storage and disposal sites, and unplanned releases (surface spills).
Vadose zone soil and aquifer sediments affected by releases represent potential secondary contaminant
sources. Secondary sources can release contaminants to the environment long after discharges from
primary contaminant sources have stopped.

In the vadose zone, the downward movement of infiltrating water was perpendicular to the orientation of
the sedimentary layers and lenses in the Hanford formation and Ringold Formation unit E. Transient
saturated conditions were present during reactor operations throughout the vadose zone beneath high
volume liquid effluent waste sites. Pressure head and vertical saturated hydraulic conductivity would have
been the dominant factors controlling the downward movement of water and contaminants during

this period.

Low-mobility contaminants, including many metals and radionuclides, sorbed to sediment grains in the
vadose zone. These contaminants were found at the greatest concentrations within and near the areas of
discharge. When little or no liquid effluent was discharged to a waste site, soil contamination remained in
the shallow sediment. Most of this shallow contamination has been removed during remediation

activities. Sufficiently high volumes of liquid discharged into a waste site modestly expanded the depth of
low-mobility contamination in the vadose zone.

Strontium-90 is a slightly mobile contaminant in the subsurface and was present in several 100-BC waste
sites. The largest estimated inventories were at the 118-B-1 and 118-C-1 Solid Waste Burial Grounds, but
this contamination was less mobile than that carried in liquid effluent. Strontium-90 was also disposed at
liquid waste sites, principally from decontamination solutions and, particularly, contaminated reactor
coolant or fuel storage basin liquid. This contaminant migrated vertically and horizontally in groundwater
but is not as widespread as the more mobile contaminants. During the operational period, some of it
sorbed to sediment grains in the vadose zone and aquifer.

Mobile or moderately mobile contaminants include trittum and Cr(VI). During the period of reactor
operations, large volumes of water containing Cr(VI1) and radionuclides were discharged to the soil

via trenches, cribs, and leaks from pipelines and retention basins, primarily in eastern 100-BC. Liquid
effluent also was released through outfall piping to the Columbia River. During the operational period,
large groundwater mounds helped spread these contaminants in groundwater in a radial pattern.

Some contaminants were released in relatively low volumes, but at higher concentrations. Examples of
this type of waste distribution are the 100-B-27 and 100-C-7 sites in western 100-BC where Cr(VI)
remained in vadose zone soils, rather than being washed through by high volumes of water.
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4,7.2 Post-Operations, Pre-Interim Remediation .

After reactor operations and liquid effluent disposal ceased, the driving force for infiltration decreased.
For an undetermined period, water in the vadose zone continued to drain beneath the sites, but the volume
was minor compared to the operational period. Infiltration of precipitation through contaminated vadose
zone sediments carried some additional contamination to groundwater. Net infiltration of 17 to 52 mm/yr
(0.67 to 2.0 in./yr) likely continued at nonvegetated waste sites. During this period, short-lived
radionuclides continued to decay. The groundwater mounds dissipated and groundwater began flowing
northward toward the Columbia River.

4.7.3 Post-Interim Remediation

DOE began interim remediation of 100-BC waste sites in the mid-1990s. Remediation generally included
excavation to about 4.6 m (15 ft) bgs, which removed the most heavily contaminated sediments. Dust
suppression water was used during demolition and remediation of waste sites, which may have
temporarily mobilized some contaminants in the vadose zone. Once waste sites are revegetated, the plants
consume the natural precipitation, limiting infiltration deep into the vadose zone. Some contaminants may
remain dissolved in the unsaturated water content of the vadose zone, but the mass in this phase is likely
to be low, given the relatively low moisture content of the vadose zone (Chapter 3).

The 100-C-7 and 100-C-7:1 waste sites are currently undergoing remediation. Characterization and
excavation continue to reveal Cr(VI) throughout the thick vadose zone at these sites. Sharp increases in
Cr(VI) concentrations in wells north and east of the site in 2011 and 2012 indicate mobilization of
chromium from the waste site into groundwater.

Remedial investigation sampling of the vadose zone identified no substantive quantities of residual
contaminant mass in the vadose zone. Notable detections in the vadose zone included the following.

s Low concentrations of strontium-90 were detected through the vadose zone to groundwater beneath
several waste sites.

¢ Low concentrations of tritium were detected through the vadose to groundwater beneath the
118-B-6 Burial Ground. Tritium concentrations measured during the deep zone closeout sampling
were elevated.

e Cr(VI) concentrations beneath remediated waste sites were generally low. The most elevated result
was 1.05 mg/kg beneath the [18-B-6 burial ground. Low level detections of Cr(V]) in the rewetted
zone and within the water table were present at 100-BC groundwater characterization wells.

Based on these multiple lines of evidence, waste sites that have undergone interim remedial action are not
a significant, ongoing source of contaminants to groundwater.

Contaminants of potential concern in 100-BC groundwater include Cr(VI), strontium-90, and tritium,
Data from wells installed for the RI helped define the extent of these contaminants horizontally and
vertically. Key elements of the nature and extent of groundwater contamination include the following.

e (r(VI) exceeds the 10 ng/L AWQC beneath much of 100-BC, with an estimated plume area of
2.2 km" (0.85 mi”). Three wells had concentrations above the MTCA “Groundwater Cleanup
Standards” (WAC 173-340-720) groundwater cleanup level of 48 pg/L at least once in 2010 through
early 2012.

* Data from a new groundwater well in northwestern 100-BC show that a portion of the Cr(VI) plume
extends farther west than previously known. ‘
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e Cr(VI) concentrations in groundwater decrease with depth in eastern 100-BC. In western 100-BC,
concentrations are highest at the top and bottom of the aquifer, and lower in between.

e Strontium-90 exceeds the 8 pCi/L drinking water standard in a plume beneath northeastern 100-BC
with an area of 0.38 km? (0.15 mi®). Concentrations decline with depth in the aquifer.

e Tritium concentrations exceed the 20,000 pCi/L drinking water standard in a narrow plume in
northern 100-BC and a larger, less-defined plume in southern 100-BC. Total area of the plumes is
estimated to be 0.16 km” (0.06 mi’). Concentrations generally decline with depth.

e Groundwater contains trichloroethene at concentrations above action levels, but below drinking water
standards. trichloroethene is detected in wells in the 600 Area, as well as in 100-BC.

¢ Nitrate concentrations are below the 45 mg/L drinking water standard (expressed as NOs), but are
above background.

e Trends in Cr(VI) and tritium concentrations indicate the plumes are migrating from the south part of
100-BC to the northeast.

e Groundwater contamination is limited to the unconfined aquifer. Wells screened in a confined aquifer
of the Ringold Formation are uncontaminated.

Groundwater continues to flow towards the north-northeast, discharging to the Columbia River.

The groundwater contaminant plumes persist despite the length of time since waste discharges ceased,
and despite removal of contaminated sediment from the waste sites. Factors that contribute to the
persistence of the plumes include the following.

e The horizontal hydraulic gradient is low in southern 100-BC.

e Low hydraulic conductivity of Ringold unit E compared to Hanford formation—The top of the
aquifer is in Ringold unit E near the river, which slows flow.

e Recent presence of secondary sources—Interim remediation of some waste sites has only recently
been completed (for example, 100-B-27) or is still going on (100-C-7). Data collected during
excavation of 100-C-7 indicate that vadose zone contamination from this site has recently leached
Cr(VI) to groundwater.

e Contaminant sorption in the aquifer—Strontium-90 is known to sorb to sediment grains in the vadose
zone and aquifer. This behavior also has been observed for a relatively small percentage of Cr(VI).

As groundwater approaches the Columbia River, it enters a zone of interaction with river water. Flow
paths in the zone of interaction vary with daily and seasonal fluctuations in river stage. River water
infiltrates the banks when river stage is high, moves inland, and then reverses flow as the river stage
subsides. Modeling suggests that there is a significant back-and-forth motion in the groundwater,
effectively lengthening the flow path through the aquifer. A water molecule will experience numerous
reversals in flow direction before it eventually reaches the water column in the river. This mechanism
delays contamination from reaching the river and provides additional opportunity for contaminant
attenuation by chemical reaction or radioactive decay.

The water in the zone of interaction is a mixture of groundwater and river water, as evidenced by lower
specific conductance in shallow aquifer tubes and, seasonally, in near-river monitoring wells. Mixing
continues in the pore water of shallow river sediments. Recent studies show that specific conductance
rapidly declines as the river rises.
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Groundwater from the unconfined aquifer eventually discharges to the Columbia River near the 100-BC
shoreline and farther out in the channel. Groundwater flow under the river channel is prevented by higher
hydraulic heads on the north side of the river. Columbia River pore water was sampled during periods of
low river flow three times at 100-BC. Cr(VI) concentrations were far above the aquatic standard in some
locations in 2009. Concentrations declined in two subsequent sampling campaigns, but remained slightly
above the standard at some locations. Co-contaminants were below applicable standards in pore water.
All contaminants were below standards in river water.

4.7.4 Human and Ecological Receptors/Exposure Pathways

There are currently no unacceptable human health risks from contaminants in the 100-BC groundwater,
primarily because exposure is precluded by DOE site controls. Groundwater is a potential, albeit not
planned, drinking water source at 100-BC, and it discharges into the Columbia River, which is used for
drinking water.

A qualitative ecological risk assessment concluded that the Cr(VI) concentrations in groundwater
discharging to surface water cause exceedances of the AWQC of 10 ug/L for protection of freshwater
aquatic life. However, there are no data to support that there is significant affect on receptors.

Of particular concern is the potential for groundwater to enter pore water in the gravel river bottom
habitat used by salmon eggs, alevins, and fry.

Looking Forward in this Document

Chapter 4 described the contaminants resulting from 100-BC operations and their current extent in the environment.
Contaminants can be harmful to human health and the environment if there is contact with sufficient concentrations,
mass, or radioactivity.

Chapter 5 describes and predicts fate and transport, that is, how these contaminants will migrate through the
environment. The potential harm depends on specific receptors as well as exposure times and patterns that might bring
receptors and contaminants into contact. The ways that the contaminants could come into contact with humans and the
environment are called pathways. Chapter 6 addresses the human health pathway, and evaluates potential uses.
Chapter 7 addresses the biological receptor pathway and evaluates how plant, animal, bird, or invertebrate species
might be affected,

Chapter 8 identifies technologies that could remove contaminants from the setting or interrupt these pathways. Chapter
9 develops and evaluates remedial alternatives using these technologies. Chapter 10 compares the alternatives that
can best address the problem. This evaluation and comparison will support a remedial decision to implement actions to
protect human health and the environment.
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5 Contaminant Fate and Transport

This chapter presents an evaluation of the anticipated behavior
of contaminants present in vadose zone soil and groundwater at
100-BC. An approach is presented for the assessment of the
anticipated future behavior of vadose zone contaminants that
may function as secondary groundwater contaminant sources.
The approach describes how contaminants released to the
environment may affect the underlying groundwater.

An approach is also presented to simulate the future behavior
of selected COPCs already present in 100-BC groundwater.
The conditions affecting contaminant behavior, modeling
methods and results, and uncertainties are also discussed,
concluding with a summary of the chapter as a whole.

The purpose of the fate and transport information presented in
this chapter is to describe:

1. The development of soil screening levels (SSLs) and PRGs
for COPCs present in vadose zone soil at 100-BC and to
describe the application of SSLs and PRGs to observed soil
conditions to support the assessment of potential threats to
groundwater and surface water.

2. How SSLs and PRGs are used to evaluate whether COPCs
present in the vadose zone at waste sites characterized
during the RI and during the preceding LFI, as well as
previously remediated waste sites, may act as secondary
sources of groundwater contamination.

3. The process that will be used to evaluate ongoing and
future vadose zone remediation activities.

4, How existing Cr(VI), strontium-90, and tritium
groundwater contaminant plumes will behave in the future
if no further action is taken.

Understanding contaminant fate and transport in the
environment is an important part of the RI/FS process.
Simulations of future contaminant behavior and concentrations
at points of exposure are needed to assess potential threats to
human health and the environment. These simulations are
especially important for waste sites where contaminants arc
long-lived or where groundwater contaminant plumes may

Highlights
The disposal of large volumes of liquid
effluent to the vadose zone during reactor
operations resulted in accelerated transport
of contaminants to deeper portions of the

vadose zone and the unconfined aquifer in
100-BC.

Contaminant migration rates are currently
much slower because liquid effluent
discharges stopped in 1974,

Eighty-one previously remediated waste
sites were evaluated to assess the potential
for groundwater and surface water quality
impacts under native vegetation and
irrigation conditions.

Tritium at the 118-B-1 and 118-B-6
remediated waste sites was found to pose
a threat to groundwater or surface water
quality under native vegetation conditions.

Pesticides, antimony, and carbon
tetrachloride present in soil at the 100-B-1,
100-B-14:2, 100-B-18, 116-B-4, 116-B-14,
and 118-C-1 waste sites may pose a threat
to groundwater or surface water quality
under future irrigation conditions.

Localized tritium and strontium-90
groundwater plumes are present in 100-BC.
Tritium decays to concentrations below its
20,000 pCi/L MCL between 5 and 15 years.
Strontium-30 decays to concentrations
below its 8 pCi/L MCL in a timeframe
between 52 and 72 years.

Contaminant transport simulations indicate
that Cr(V1) concentrations in groundwater
along the river shoreline persist at
concentrations above the 10 ug/L state
AQWC for timeframes between 104 and
108 years, and above the 48 pg/L
groundwater CUL for up to 11 years.

The persistence of Cr(VI) in 100-BC
groundwater is attributed to slow transport
and degradation rates.

migrate beyond the area covered by a monitoring well network. Contaminant fate and transport were
simulated using a one-dimensional computer model for the vadose zone and a three-dimensional

computer model for groundwater.

This chapter describes the key processes affecting the fate and transport of COPCs present in 100-BC
environmental media, and the effect these processes may have on the future distribution of COPCs.
The information presented in this chapter was used to calculate SSLs and PRGs that are protective of
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groundwater and surface water quality for the conditions simulated. Remediated waste site COPC
concentrations are compared to the SSLs and PRGs to identify waste sites requiring consideration in the
FS for groundwater and surface water protection. A saturated zone contaminant transport model was used
to simulate the fate and transport of selected COPCs in groundwater for the period between 2010 and
2160.

The assumptions and model input parameters described in this chapter are important for future waste site
remediation efforts and assessing achievement of remedial goals. The cleanup verification process,
including demonstration of how remedial goals are achieved, involves comparing the waste site CSM to
the generic CSM used to develop the SSLs and PRGs. To the extent a significant deviation in the two
CSMs is observed, site-specific conditions can be used to evaluate the potential for a waste site to act as a
source of groundwater contamination.

Eighty-one previously remediated waste sites representing 176 decision units were evaluated to determine
whether further action might be needed for groundwater and surface water quality protection. Based on
the results of these evaluations, tritium present in soil at the 118-B-1 and 118-B-6 waste sites was
determined to pose a potential threat. The 100-C-7:1 side slope is also expected to represent a secondary
Cr(VI) contaminant source. Remediation of this waste site is ongoing and scheduled for completion in
early 2013. If irrigation of the land surface overlying the waste site were to occur, pesticides, antimony
and carbon tetrachloride present at the 100-B-1, 100-B-14:2, 100-B-18, 116-B-14, 116-B-4, and 118-C-1
waste sites may pose a potential threat to groundwater or surface water quality.

5.1 Evaluation Process for Assessment of Groundwater and Surface
Water Protection

The evaluation process used to assess whether there is potential for vadose zone contaminants to affect
groundwater and/or surface water quality followed a specific set of logical steps as shown on Figure 5-1
This process is intended to determine whether the potential for soil contaminants to migrate to the
underlying groundwater and, subsequently, be discharged to surface water at concentrations that would
pose a threat to human or ecological receptors exists (this evaluation does not include assessment of
potential for effects due to direct contact exposures to shallow or surface contamination). The activities
associated with the evaluation process included the following:

¢ The available data describing the nature and extent of residual vadose zone soil contamination at
a particular waste site are identified and assembled. This may include laboratory analysis of soil
samples collected from the vadose zone, field measurements of specific contaminant concentrations,
qualitative and quantitative measurements of radionuclides present in the vadose zone, measurements
of soil physical properties (for example, moisture or particle size distribution), and field observations
made during drilling and/or excavation. These data have been generated from process knowledge and
operating history, specific waste site characterization activities (for example, LFIs and RI activities),
or completion and verification measurements associated with vadose zone remedial activities.

e The data that provide a description of residual contaminant distribution, including concentrations and
horizontal and vertical distribution, for each waste site were evaluated to develop the waste site CSM.

¢ The waste site CSM is then compared to the generic CSM, upon which the SSL and PRG values are
based. If the known waste site conditions are similar to those used for the SSL and PRG simulations
(that is, 100:0 or 70:30 contaminant distributions, depending on individual contaminant soil:water
partition coefficients), then the evaluation may follow the SSL and PRG comparison pathway.
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If known waste site conditions differ from the generic CSM, then the waste site is evaluated using

a site-specific contaminant transport simulation. Conditions that may indicate that the generic CSM is
not representative include: presence of historical or persistent groundwater plumes associated with

a specific waste site or operating area or contaminant distribution within the vadose zone that is not
consistent with the default distribution (that is, 100:0 or 70:30) for that contaminant. Waste sites that
are not represented by the default simulation scenarios are subsequently evaluated individually; that
analysis is discussed later in this chapter.

Exposure point concentrations (EPCs) for each COPC are calculated based on the site-specific data at
hand. The EPC is calculated using either a 95 percent upper confidence level (UCL) on the mean or
a maximum observed concentration (if insufficient data are available to derive a UCL).

The EPCs for each contaminant at a waste site are then compared to the SSL.. The SSLs represent

a conservative groundwater and surface water protection value based on the assumption of a long-
term irrigation recharge scenario. If the EPC is less than the SSL, then that contaminant is identified
for no further action and the assessment moves to the next contaminant.

If the site-specific contaminant EPC is greater than the SSL, then the EPC is subsequently compared
to the PRG for that contaminant. The PRG represents a groundwater and surface water protection
value based on the expected land use in the 100 Area (that is, conservation activities that do not
include intensive irrigated agriculture). If the EPC is greater than the SSL, but less than the PRG, then
the affected waste site is identified for application of institutional controls that will prevent irrigation
in the future at the waste site. If the EPC is greater than the PRG, then the contaminant is identified as
a contaminant of concern (COC) for groundwater/surface water protection, and the waste site carried
forward into the feasibility study for identification of appropriate remedial alternatives to mitigate
risks to groundwater and surface water posed by the vadose zone contamination.

If the condition described above (that is, waste site conditions are not adequately represented by the
generic CSM used for SSL and/or PRG development simulations), then the waste site and its affected
contaminants are evaluated using a site-specific vadose zone transport simulation. This simulation utilizes
the same general fate and transport modeling approach used for the SSL and PRG development, except
that site-specific conditions are substituted where appropriate. The site-specific simulation also uses the
Subsurface Transport Over Multiple Phases (STOMP) transport computer code. The simulations include
recharge estimates with and without the assumed application of irrigation. When the simulations are
completed, the results were evaluated as follows:

The site-specific transport simulation results for the specified contaminant are prepared
and evaluated.

The site-specific results under the irrigation recharge scenario are evaluated to determine whether the
waste site conditions result in an exceedance of the contaminant-specific groundwater or surface
water protection criteria (for example, maximum contaminant levels [MCLs] or AWQC). If the waste
site conditions do not cause an exceedance of any of the criteria, then the site is identified for no
further action. If site conditions cause an exceedance of the groundwater or surface water protection
criteria, then the waste site is identified for application of institutional controls that prevent future
irrigation at the site.

The site-specific results under the expected land use (native vegetation recharge scenario) are
evaluated next to determine whether waste site conditions result in exceedance of the groundwater or
surface water protection criteria. If the site conditions do not cause an exceedance of any of the
criteria, then the site is identified for no further action. If site conditions cause an exceedance of the
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groundwater or surface water protection criteria, then the affected waste site is carried forward into
the FS for identification of appropriate remedial alternatives to mitigate risks to groundwater and
surface water posed by the vadose zone contamination.

Site-specific modeling can be done in either of two ways:

e Developing site-specific SSLs and PRGs in a manner similar to development of the generic CSM
based SSLs/PRGs, but modifying the model input parameters to reflect the site-specific conditions
that vary at the selected waste site, or

e Performing a site-specific fate and transport simulation to assess the site-specific effects
to groundwater

The result of the site-specific evaluation is an assessment of the overall site conditions and if those
conditions result in an unacceptable threat to groundwater or surface water. Site-specific evaluations were
not performed for any 100-BC waste sites.

5.2 Overview of the 100-BC Conceptual Site Model

The components of a CSM include contaminant sources, release mechanisms, transport processes,
exposure pathways, and receptors. The following subsections identify the primary sources of
contamination in 100-BC, describe probable release mechanisms, and summarize the means by which
contaminants are transported in the environment. Processes that influence contaminant fate are also
described. The information presented in the following subsections lays the groundwork for the vadose
zone contaminant transport assessment presented in Section 5.7 and the groundwater contaminant
transport modeling presented in Section 5.8.

Components of the CSM that are essential to the evaluation of contaminant fate and transport under
current and future conditions at 100-BC include the following:

e The disposal of contaminants creating the primary sources ceased when 100-BC reactor operations
stopped in 1974.

e Contaminants associated with primary sources were transported to various depths in the vadose zone
and to groundwater according to their relative mobility and volume of liquid effluent discharged.
Moderately mobile to highly mobile constituents such as Cr(VI) and tritium were transported to the
water table while slightly mobile constituents, such as strontium-90, moved more slowly.

e Contaminants that reached groundwater were transported at varying rates that are generally
determined by their soil:water distribution coefficient (Ky). Mobile contaminants were transported by
groundwater flow where they may have entered surface water by upwelling though the river bottom
or by direct discharge via springs or seeps that, in turn, may flow overland across the riparian zone
into the river. River bottom upwelling and springs and seeps represent ongoing sources of
contaminant release in 100-BC.

e Secondary contaminant sources may occur at lower depths within the vadose zone, beneath
remediated and unremediated waste sites, because of COPC sorption to soil. Residual contaminant
concentrations at remediated sites were evaluated in cleanup verification package reports and reported
to be below the applicable interim action RAGs. Residual contaminant concentrations are evaluated
further in Section 5.7 to determine whether they pose a future threat to groundwater and surface
water quality.
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Groundwater in 100-BC contains Cr(VI) at concentrations above the 10 pug/L state AWQC. Cr(VI)
concentrations above the 48 pg/L state MTCA groundwater CUL occur at several inland monitoring well
locations. Strontium-90 and tritium occur in localized areas at concentrations above their respective
federal drinking water standards.

5.2.1 Contaminant Sources

The identified sources of contamination at 100-BC fall into two types: primary and secondary. Primary
sources are the process chemicals, working solutions, and radioactive and nonradioactive wastes that were
released into the environment during the reactor operations period. Releases from the primary 100-BC
sources ceased in 1974.

Secondary sources consist of environmental media (for example, soil, sediment, and groundwater)
impacted by releases from the primary sources. These media can retain sufficient levels of contaminants
that can act as a reservoir for continuing releases to adjacent soil, surface water, groundwater, or air.
Current and future remedial actions will focus on the control of secondary contaminant sources that may
result in either direct contact exposure to identified receptors, or be released and transported to
groundwater or surface water or air, where potential exposures may occur.

Historical releases of various liquid and solid wastes resulted in contamination of the vadose zone and
underlying groundwater. Contaminated groundwater flowed north towards the Columbia River and
discharged into the river through surface springs and direct interaction of groundwater with surface water
or the river’s hyporheic zone. Unremediated waste sites continue to represent potential sources of
contamination. The sites are evaluated in this chapter to determine if they pose a threat to human health
and the environment.

5.2.1.1 Primary Sources

The contaminants detected at 100-BC arose from the historical operation of the two water-cooled nuclear
reactors (105-B and 105-C) and their support infrastructure. The primary source was the liquid waste
generated during reactor operation (that is, reactor cooling water, fuel storage basin water, and
decontamination solutions). Reactor cooling water, obtained from the Columbia River, was conditioned
before passing through the reactors. The conditioning process included solids removal and sodium
dichromate addition for corrosion protection. Contaminants potentially introduced into the cooling water
as it passed through the reactors consisted of fuel materials, fission and activation products, and

residual Cr(VI).

Reactor cooling water was by far the largest volume of primary source material at 100-BC. Other liquid
primary sources included concentrated water treatment chemical solutions (for example, high-concentration
sodium dichromate solutions). Solid waste associated with reactor operations included sludge from the
fuel storage basin, solids generated from cooling water pretreatment (for example, crystalline sodium
dichromate dihydrate), reactor components, and various other contaminated items. Waste generated from
reactor operations may have been contaminated with radionuclides, chemicals, or both (mixed waste).

5.2.1.2 Secondary Sources

The release of contaminants from primary sources to the environment resulted in contaminated vadose
zone soil beneath facilities and waste sites. Some of this contamination may be mobile and subject to
leaching to groundwater, transport by surface water run-on or run-off, or transport by wind as particulates
or vapors. Left unremediated, this material may allow the further release of contaminants to the
environment and potential exposure to human and ecological receptors. The main secondary source at
100-BC is vadose zone soil contaminated with Cr(VI).
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In 100-BC, nearly all waste sites have undergone remediation, significantly reducing the potential for

a remaining source. Other potential secondary sources that may still be present include the 10-C-7:1 west
side slope (Cr(VI) contamination) and residual contamination within the vadose zone, periodically
rewetted zone (PRZ) or the unconfined aquifer beneath remediated and unremediated waste sites. The
C-7:1 side slope remediation excavation is expected to be complete by early 2013.

The evaluation of risks posed by the identified secondary sources to human health and the environment
through direct exposure are discussed in Chapters 6 and 7, respectively. The potential for secondary sources to
provide a significant ongoing source of contamination is evaluated through comparison of contaminant EPCs
present in waste site vadose zone soil to the SSLs and PRGs (Section 5.7) for groundwater and surface
water quality protection.

The continued presence of a Cr(VI) plume in 100-BC groundwater is largely due to the low horizontal
hydraulic gradient and periodic gradient reversals that occur along the river shoreline. This, in turn, slows
plume migration and the natural flushing of Cr(VI) from the unconfined aquifer. In general, the RI
characterization dataset did not identify any significant remaining sources of Cr(VI) in the vadose zone or
the PRZ except for the 100-C-7 and 100-C-7:1 subsites. Cr(VI) concentrations beneath remediated waste
sites were generally low with the highest concentration of 1.05 mg/kg occurring beneath 118-B-6. At the
100-C-7 and 100-C-7:1 subsites, Cr(VI) concentrations up to 1,970 mg/kg have been detected. Interim
remedial actions are ongoing at both sites.

5.2.2 Release Mechanisms

Primary release mechanisms are the processes during reactor operations that resulted in the initial
distribution of contaminants to the environment. Secondary release mechanisms are the processes that
redistribute secondary source contaminants to other environmental media.

5.2.2.1 Primary Liquid Waste Release Mechanisms

The primary release mechanism for liquid waste at 100-BC falls into two general categories: intentional
or the planned discharge of liquid waste, and UPRs. Planned releases fall into two groups:

e High-volume, low-concentration liquids (for example, reactor cooling water) that were typically
released directly to the Columbia River but were also sometimes discharged to engineered trenches.

e Lower-volume, higher concentration liquids (for example, contaminated reactor cooling water during
upset conditions) that were released directly to the land surface and allowed to infiltrate or were
discharged to engineered subsurface waste infiltration structures (for example, cribs and
covered trenches).

In addition, acids, solvents, and cleaning solutions used in reactor maintenance were discharged to cribs
and trenches.

During 100-BC reactor operations, high volumes of process effluent (which includes reactor cooling
water), steam condensate, and fuel storage basin cooling/shielding water) were intentionally released

via pipelines through retention basins to either outfalls to the Columbia River or trenches where the
effluent was allowed to infiltrate into the vadose zone. In addition, liquid waste was intentionally released
to the subsurface via cribs, trenches, French drains, and sewage disposal systems. Although trenches are
surface features, their purpose was to facilitate rapid infiltration of wastewater into the vadose zone.
Unplanned releases occurred during various material handling transfers. Cooling water and other liquid
waste was routinely transferred using underground pipelines. Releases through leaks at joints or material
failure between joints occurred because of corrosion, thermal, or other physical damage. Other UPRs at
100-BC included leakage of cooling water from pipelines and retention basins, and spillage of water
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treatment chemicals (for example, sodium dichromate at various solution concentrations and as a
crystalline solid).

5222 Primary Dry Waste Release Mechanisms

Contaminants associated with dry solid waste were released to the environment through intentional
disposal at waste sites or through UPRs of particulate material. Various solid wastes, including
contaminated reactor hardware and components, were placed directly in burial grounds. Once the material
was made available to interact with water or air, contaminants may have transferred to other media
through leaching or dissolution. Dry granular or crystalline chemical materials (for example, sodium
dichromate dihydrate) or contaminated soil particulates may also have become windborne, suspended in
surface run-off, or transferred to soil through physical contact with a contaminated surface. Intentional/
planned releases of solid waste are believed to account for most of the historical dry waste releases to

the environment.

5223 Secondary Release Mechanisms

Contaminated material in the vadose zone or aquifer is considered an ongoing secondary source of some
contaminants. Secondary sources remaining in pipelines and control structures in the form of pipe scaling,
corrosion products, sludge, or sediment may be released through structural failure of the pipeline and
exposure to net infiltration. Other contaminant release mechanisms include the following:

e Volatilization to the atmosphere or soil gas (applicable to VOCs and tritium)
e Resuspension of particulates in air (applicable to all contaminants located at the soil surface)

e Transport in surface water run-off, both as dissolved constituents and suspended particles
(applicable to all contaminants)

e Dissolution, desorption, and transport with infiltrating precipitation (applicable to
soluble contaminants)

¢ Biotic uptake (applicable to soluble contaminants)
* Groundwater discharge to surface water and to the riparian zone in seeps and springs
e Release of reactor-related chemicals that could occur during facility demolition

5.2.3 Potential Routes of Migration

Contaminants released during 100-BC reactor operations or currently present as potential secondary
sources have the ability to migrate through the air, vadose zone, groundwater, surface water, and biota
uptake pathways. Each of these migration routes is discussed in the following subsections.

5231 Air

Contaminants can potentially migrate to the air as vapor or solid particles. The meteorological conditions
summarized here are described in more detail in Chapter 3. In the 100 Area, and along the Columbia
River, local winds are strongly influenced by near river topography. At 100-BC, the prevailing wind
direction is from the west (NEPA Characterization Report [PNNL-6415]).

During historical operations, contaminants may have been released with stack emissions. No stack release
events have been identified for the 100-BC Reactors, and such events, if they occurred, would have likely
distributed contaminants over a broad portion of the 100-BC Area. Without appropriate mitigation
measures, strong winds can disperse contaminated surface soil while waste sites are exposed during
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excavation or demolition. Methods employed to minimize this hazard include applying dust suppression
water and soluble adhesives during remedial activities. Air monitoring is conducted during waste site
remediation under approved site-specific air monitoring plans. Air monitoring programs conducted
Sitewide are summarized in Chapter 2.

5232 Vadose Zone

The stratigraphic units relevant to contaminant transport at 100-BC are the Hanford formation and
Ringold unit E. The RUM interface is well below the groundwater table and is, therefore, not significant to
contaminant transport within the vadose zone. Following are the characteristics of these two geologic units:

e The Hanford formation consists of gravel with sandy interbeds. Cobble-size clasts are common and
boulders may be present.

e Ringold unit E consists of fluvial gravel with minor amounts of silt and sand. Ringold unit E is more
inhibitive of water and contaminant movement and generally less permeable than the Hanford
formation, although migration can still occur.

In the vadose zone, the downward movement of infiltrating water is generally perpendicular to the
orientation of the sedimentary bedding present in the Hanford formation and Ringold unit E. Transient
water saturated conditions were present during reactor operations throughout the vadose zone beneath
high-volume, liquid effluent waste sites. Pressure head and vertical saturated hydraulic conductivity
would have been the dominant factors controlling the downward movement of water and contaminants
during this period.

The local saturation of the vadose zone due to creation of recharge mounds (see Figures 5-2 and 3-39)
during the reactor operations period, resulted in the modification of local groundwater gradients, with
water flowing radially away from the recharge mounds in all directions, with a preference towards the
west (Status of the Ground Water Beneath Hanford Reactor Areas April 1, 1962 through January 1, 1963
[HW-77170]). During this period, isotopic analysis of well and spring waters was used to calculate the
average horizontal groundwater flow velocity. These evaluations revealed velocities ranging from 3.05 to
9.14 m/day (10 to 30 ft/day) versus a natural groundwater flow velocity of 0.07 to 0.7 m/day (0.23 to 2.3
ft/day).

In the Hanford Site’s low rainfall, semi-arid climate, the soil water holding capacity, or matric potential,
largely controls the movement of water through the soil and the corresponding rate of migration of mobile
contaminants. Migration of contaminants through the vadose zone is currently slower than during reactor
operations due to elimination of local liquid effluent discharges at the end of reactor operations and
reestablishment of surface vegetation following remediation. Natural interbedding of gravel layers with
fine grained sand and silt layers in the vadose zone produces capillary barriers that inhibit the vertical
movement of water under natural water infiltration rates. Vertical migration of contaminants within the
soil pore spaces is therefore slowed under these conditions.

5233 Groundwater

As described previously in Section 3.6, the uppermost aquifer at 100-BC occurs within Ringold unit E,
and in the lower portion of the Hanford formation.
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historical primary sources, secondary sources, and the river. Characterization of the 100 Area
hydrogeology requires an understanding of surface water recharge sources, vadose zone characteristics,
groundwater flow, and groundwater/surface water interactions. Both natural and anthropogenic recharge
sources have influenced vadose zone water and unconfined aquifer groundwater flow patterns and
contaminant distribution in the subsurface underlying 100-BC. The effects of natural processes on
contaminant migration are ongoing, while the effects of anthropogenic driven processes have diminished
with the end of reactor operations.

The groundwater flow system beneath 100-BC is the principal contaminant transport pathway between .

Generally, natural groundwater flow patterns transport contaminants north toward the Columbia River.
Groundwater flow directions close to the Columbia River are influenced by the river stage. During the
fall, when the river stage is relatively low, groundwater flow is toward the river. In spring, when the river
stage is high, the water table near the river flattens and river water may flow a limited distance inland into
the aquifer. High river stages can be more than 4 to S m (13 to 16 ft) greater than low river stage.

The river stage can also fluctuate several meters over short periods (that is, hours to days), based on
Columbia River dam operations. River stage fluctuations influence groundwater elevations and flow
directions several hundred meters inland from the river. The magnitude of the influence is tempered with
increasing distance from the river.

5234 Surface Water

The Columbia River is the only natural surface water feature in 100-BC, except for the overland flow of |
seasonal seepage in the riparian zone. The routes of migration to the river include groundwater upwelling I
to the riverbed, previous discharges to the river during operations, and overland flow of water discharged
from seeps. Previous groundwater discharges to the Columbia River were observed as seeps on the
riverbank that may have transported mobile contaminants (Status of the Ground Water Beneath Hanford
Reactor Areas April 1, 1962 through January 1963 [HW-77170]). The Columbia River is the dominant
aquatic ecosystem on the Hanford Site and supports a large and diverse population of plankton, benthic
and lotic invertebrates, fish, and other ecological communities.

5.2.3.5 Biotic Uptake

Plants may absorb contaminants through their roots. Animals may also uptake contaminants from surface
deposits, which could accumulate in their tissues. This migration pathway is discussed further in
Chapters 6 and 7. Impacts from biotic uptake of Hanford Site contaminants is of particular concern in the
riparian zone where contaminants may be found at the ground surface, within plants growing in
contaminated soil, and where contaminated groundwater may discharge seasonally to the ground surface
and flow overland to the river.

5.3 Contaminant Persistence

The persistence of various contaminants determines how long they remain in the environment and how

long they are available for transport to potential receptors. If a contaminant remains in the environment

for a long time, and is mobile, it is more likely to be transported from the vadose zone to the groundwater,

and eventually to the surface water. Persistence also determines how long it takes a particular contaminant

to be transformed into a less toxic or less available form, or how long it takes the contaminant to leave the

affected area. Radionuclides undergo radioactive decay at varying rates specific to the individual nuclide.

Chemicals may also degrade (abiotically or through microbial mediated oxidation-reduction reactions) in

the subsurface or be dispersed in a manner that reduces the mass and/or the concentration of the

contaminant available for transport or direct exposure. The following paragraphs discuss the persistence

of selected COPCs detected in 100-BC environmental media. .
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5.3.1 Nonradionuclide Chemical Constituents

The persistence or decay of chemical constituents at 100-BC is primarily driven by biological and
geochemical oxidation/reduction (redox) processes, potential biological uptake, and physical processes
(for example, volatilization and water solubility). The chemical constituents identified for this discussion
include Cr(VI), which is generally present as an oxyanion, VOCs (trichloroethene and chloroform in
groundwater), and PAHs. These constituents are subject to a variety of transformational processes.

Cr(VI) is both relatively stable and persistent in the vadose zone and groundwater environments at
100-BC. Chromium is typically present in the environment in one of two oxidation states, trivalent
(chromium(I11)) or hexavalent (Cr(VI)). Chromium(Ill) is typically precipitated in the environment as

a low-solubility hydroxide molecule, Cr(OH); and, as such, has low mobility and exhibits low
mammalian toxicity. Cr(VI), however, is acutely toxic and is typically present under ambient conditions
at 100-BC as a soluble oxyanion, Cr,0;* or CrO,”, depending primarily on pH. The ionic forms of
Cr(VI) are relatively stable under the redox conditions typically found in soil and unconfined groundwater
at 100-BC, and as such, Cr(VI) tends to have moderate mobility under present conditions.

The primary source of Cr(VI) present in the subsurface environment was the sodium dichromate
dihydrate used for corrosion control in reactor cooling water. This compound is acidic in its concentrated
form. However, the dichromate, or chromate, ion can react with other metals in the environment to form
compounds of lower solubility. These compounds can include potassium dichromate (which is about one
tenth as soluble as sodium dichromate dihydrate) and lead chromate (which is relatively insoluble). The
Cr(VI) ion can also undergo chemical reduction under moderately reducing conditions, or upon reaction
with reducing agents such as ferrous iron. Ferrous iron is effective at reducing Cr(VI) to Chromium(III),
producing a very low solubility hydroxide molecule (Monitored Natural Attenuation of Inorganic
Contaminants in Ground Water [EPA/600/R-07/140]).

Trichloroethene and chloroform, both found at relatively low concentrations in 100-BC groundwater,
degrade very slowly under the redox and dissolved oxygen conditions currently present in groundwater
(that is, moderately aerobic). These compounds can be reductively dechlorinated by facultative® and
obligate? anaerobic microorganisms under anoxic conditions or undergo abiotic transformation
(Identification and Characterization Methods for Reactive Minerals Responsible for Natural Attenuation
of Chlorinated Organic Compounds in Ground Water [EPA 600/R-09/115]). Additionally,
trichloroethene and chloroform may volatilize from the land surface or surface water directly to the
atmosphere. Trichloroethene and chloroform dissolved in soil moisture or groundwater can partition to
soil gas and then migrate to the atmosphere; however, gas exchange from the deep vadose zone (for
example, below a few meters bgs) or from groundwater accounts for only a small potential loss. Once in
the atmosphere, these compounds can be destroyed through photodegradation (sunlight). The potential for
volatilization, abiotic or biologically mediated degradation is dependent upon the specific physical and
chemical properties of the constituent, the diversity and population of microorgansiims, and the
geochemical characteristics of the subsurface environment. The chlorinated VOCs present at 100-BC are
expected to persist in soil and groundwater, however, due to the low concentrations present they pose
limited threats to human health and the environment.

‘I Can survive in both aerobic and anaerobic conditions.

2 Can survive only in anaerobic conditions.
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Microbial metabolism is the primary process for transformation and degradation of PAHs in soil
environments. Photolysis, hydrolysis, and oxidation generally are not considered to be important
processes for PAH degradation in soil (“Fate of Polynuclear Compounds (PNAs) in Soil-Plant Systems”
[Sims and Overcash, 1983]). A study performed to assess abiotic degradation (photolysis and oxidation)
reported mass losses of 13 percent, 8.3 percent, and 15.8 percent for naphthalene, anthracene, and
phenanthrene, respectively. No significant abiotic-driven mass reduction was observed for other PAHs
(Fate of PAH Compounds in Two Soil Types: Influence of Volatilization, Abiotic Loss and Biological
Activity. Environ. Toxicol. Chem. 9:187-195, Park et al., 1990).

Environmental factors that may influence PAH microbial degradation rates in soil include temperature,
pH, oxygen concentration, initial PAH concentrations, soil contamination history, soil type, moisture
content, nutrients, and other substances that may act as substrate co-metabolites (“Fate of Polynuclear
Compounds (PNAs) in Soil-Plant Systems” [Sims and Overcash, 1983]). The size and makeup of
microbial populations, in turn, can be affected by these factors. For example, in low pH soil, fungi are
dominant over bacteria, and thereby control microbial degradation in these environments. Sorption of
PAHs to organic matter and soil particulates also influences bioavailability and, hence, biotransformation
potential. Sorption of PAHs by soil organic matter may limit biodegradation of compounds that would
otherwise rapidly undergo metabolism (Factors affecting the microbial degradation of phenanthrene in
soil, Appl. Microbiol. Biotechnol. 35: 401-405. Manila and Alexander, 1991; Adsorption of Polycyclic
Aromatic Hydrocarbons (PAHs) by Soil Particles: Influence on Biodegradability and Biotoxicity. Appl.
Microbiol. Biotechnol.36: 689-696, Weissenfels et al., 1992).

Based on laboratory experiments, observed biodegradation half-lives have ranged from as little as

2.1 days for naphthalene to as much as 420 days for dibenz(a,h)anthracene (Fate of PAH Compounds in
Two Soil Types: Influence of Volatilization, Abiotic Loss and Biological Activity. Environ. Toxicol.
Chem. 9:187-195, Park et al., 1990). However, these experiments were likely conducted under favorable
oxygen, nutrient, and temperature conditions. Actual PAH half-lives are expected to be much greater
because of the less favorable oxygen and nutrient conditions present in most subsurface environments.

5.3.2 Radionuclide Constituents

Radionuclide persistence is controlled by the radioactive decay process that transforms the original
radioisotope either into another isotope of the same element or into another element. The daughter

product of radioactive decay may be a radionuclide or a stable isotope. Exclusive of their relative mobility

in the environment, radionuclides with relatively long half-lives (T)? are of more environmental
concern than radionuclides with shorter Ty,,. This is due to the potential for constituents with longer
half-lives to remain in the environment after release and to present a potential for exposure to human and
ecological receptors either through direct exposure at or near the point of release, or through migration to
distant exposure points. The following radionuclides were identified as COPCs for 100-BC:

® Tritium in soil and groundwater. T, = 12.3 years; decays by beta emission to stable helium.

* Stronium-90 in soil and groundwater. T,, = 28.8 years; decays beta emission to yttrium-90, which
decays by beta emission with a T, of 64 hours to stable zirconium.

e Cesium-137 in soil. T, = 30.2 years; decays by beta emission to barium-137.

® Carbon-14 in soil. T, = 5,730 years; decays by beta emission to stable nitrogen.

3 For this RI/FS, half-life data were obtained from the Radiochemistry Web site in September 2011.
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e Europium-152 in soil. T;, = 13.5 years; decays electron capture to stable samarium-152 (branch

ratio 72.1 percent) and by beta emission to gadolinium-152, a long-lived alpha emitter (branch ratio
27.9 percent).

e Europium-154 in soil. T, = 8.6 years; decays by beta to stable gadolinium-154 (branch ratio
99.98 percent) and by electron capture to stable samarium-154 (branch ratio 0.02 percent),

e Cobalt-60 in soil. T,, = 5.27 years; decays by beta emission to stable nickel-60.
e Nickel-63 in soil. T;, = 100.1 years; decays by beta emission to stable copper-63.
§ Plutonium-238 in soil. T}, = 88 years; decays via alpha to uranium-234.

e Plutonium-239/240 in soil. There are 15 radioisotopes of plutonium. The three most common are
plutonium-239 (~ 94 percent), plutonium-240 (~ 6 percent), and plutonium-241 (0.4 percent).
The T, of plutonium-239 is 24,100 years, and it decays to uranium-235 with the emission of an
alpha particle. The Ty» of plutonium-240 is 6,540 years, producing uranium-236 via alpha decay.

¢ Americium-241 in soil. T, = 432 years; decays by alpha emission to neptunium-237.

In addition to radioactive decay, the persistence of radionuclides in groundwater is affected by their
individual chemical and physical behaviors. For example, strontium-90 will also behave as a metallic
strontium molecule, with the exception being that the isotope fraction will decay. In the environment,
strontium-90 commonly remains as an exchangeable divalent cation. As such, it is not readily mobile and
tends to be sorbed on soil particles near its point of release. Conversely, tritium is found in the
environment most commonly as tritiated water. Tritium typically replaces one of the hydrogen ions in

a water molecule. In the environment, tritium behaves as water because it is most commonly a part of

a water molecule. Tritium is transported at the same rate as other water molecules,

5.4 Vadose Zone Contaminant Migration Assessment

In addition to posing direct contact risk to future human or ecological receptors, which are discussed in
Chapters 6 and 7 respectively, COPCs present in vadose zone soil may pose a threat to groundwater and
surface water quality. Leaching of COPCs from secondary sources (contaminated soil) with subsequent
transport by infiltrating water (rainfall, snowmelt, export water system [EWS] leaks, dust suppression,
irrigation, or septic drain field return flow) represents the primary vadose zone contaminant transport
process for nonvolatile COPCs.

Contaminants released from the 100-BC primary and secondary sources were transported through the
vadose zone and, in some cases, reached the water table. This section describes the factors affecting
contaminant transport through the vadose zone. The most significant factors affecting subsurface
contaminant migration are the type of surface cover and its effect on net infiltration or recharge rates; the
physical, chemical, and hydraulic characteristics of the matrix; and the physical and chemical properties
of the contaminant.

Once contaminants reached groundwater, mobile contaminants traveled with the groundwater in the
direction of groundwater flow. Contaminated groundwater may flow downgradient to upwell into the
Columbia River. In addition, contaminated groundwater may be seasonally discharged through seeps or
springs to flow overland across the riparian zone to the river. Seasonal seeps and springs may be an
ongoing contaminant source for the riparian zone.
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The vadose zone contaminant migration assessment presented in this section focuses on evaluation of
waste sites characterized during the LFI, the current Rl, and sites where soil remediation is complete and
CVP data describing post-remediation conditions are available (that is, the “previously remediated sites™).
This assessment provides a basis for confirming that completed remedial actions at these sites do not pose
a threat to groundwater or surface water.

5.4.1 Factors Affecting Contaminant Migration in the Vadose Zone

Contaminant migration from 100-BC waste sites through the vadose zone to the underlying aquifer is
controlled by the driving forces and the interactions between the contaminants and sediments specific to
100-BC. The driving forces include gravity, matric potential gradients, recharge, and artificial discharges
such as those from septic tank leach fields, pipe leaks, and tank leaks. The types, thicknesses, and
properties of the sediments affect the rate and direction of solute and water movement in the vadose zone.
A contaminant’s concentration in the groundwater and its concentration in Columbia River surface water,
including the peak concentration, are dependent on the solute flux from the vadose zone, vadose zone
thickness and properties, groundwater flux rates, travel distance, groundwater and river water mixing, and the
sample location. Each contaminant’s decay rate and propensity to sorb to vadose zone or aquifer materials are
important factors that control the peak concentration from which the SSL and PRG are calculated. Specific
factors that affect contaminant transport in the vadose zone are discussed further in the following subsections.

5.4.1.1 |Infiltration and Recharge

Net infiltration into the vadose zone is driven by competition between the processes of precipitation,
evaporation, transpiration, run-off, and run-on. In a semiarid or arid climate, downward water fluxes
resulting from this competition are episodic and usually infrequent. Many studies have been carried out at
the Hanford Site to ascertain representative long-term averages of the episodic fluxes (that is, recharge
rates), such as those compiled in the Vadose Zone Hydrogeology Package (PNNL-14702) for the

100 Area.

The 100 Area-specific recharge rates described in the Vadose Zone Hydrogeology Package
(PNNL-14702) vary with surface soil type and provide an estimate of the range of possible recharge rates
for various land uses. The four surface soil types identified in the 100 Area include the Ephrata Sandy
Loam, Ephrata Stony Loam, Burbank Loamy Sand, and Rupert Sand. Recharge rates for the Ephrata
Sandy Loam and the Ephrata Stony Loam are described as being identical (Vadose Zone Hydrogeology
Package [PNNL-14702]). The Ephrata soil series and Burbank Loamy Sand are the primary soil series
present in 100-BC. Two other soil series identified as the Kiona Silt Loam and Pasco Silt Loam also
occur in remote portions of 100-BC. The Kiona Silt Loam occupies steep slopes and ridges whereas the
Pasco Silt Loam occurs in low areas adjacent to the Columbia River. These latter two soil series were not
considered part of the vadose zone contaminant migration assessment.

The long-term natural driving force for contaminant transport through the vadose zone is the downward
movement of water. This movement is expressed as follows (Compendium of Data for the Hanford Site
(Fiscal Years 2004 to 2008) Applicable to Estimation of Recharge Rates [PNNL-17841]):

¢ Infiltration refers to water usually resulting from precipitation that enters the ground. Enhanced
infiltration may result where surface depressions act as terminuses for overland flow.

e Deep percolation or deep drainage refers to water that has percolated or drained below the zone of
evaporation and the influence of plant roots.

» Recharge is water that flows to the water table, and is the primary mechanism for transporting
contaminants through the vadose zone to groundwater.
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Direct measurement of naturally occurring recharge attributed to surface infiltration at the Hanford Site is
not practical. Therefore, the measurement is made indirectly because the thickness of the vadose zone and
the time scale required for water to travel from the surface to the water table would require long periods
of observation. In place of direct measurements of recharge at the water table, measurements and analyses
of deep drainage in the unsaturated zone are used to approximate recharge. The terms can be equated, as
long as the climate, land use, and land cover remain the same. Consequently, the terms deep percolation
or deep drainage are often used synonymously with recharge.

There is ample evidence that revegetation of the disturbed land at the Hanford Site occurs both with and
without human intervention. Data collected from the Prototype Hanford Barrier in 200 East Area
indicates the sagebrush community begins to reduce net infiltration very soon after planting. The species
richness of the plant community on the Prototype Hanford Barrier dropped from 35 in 1997 to 12 in 2007.
The dominance of Artemisia tridentata (sagebrush) on the surface may continue to reduce the species
richness on the surface (Figure 5-3).

Grass cover has decreased from initial levels on the barrier surface, and continued decreasing from 2004
to 2007. Cheatgrass (Bromus tectorum) and Russian thistle (Salsola kali) are nearly nonexistent on the
barrier surface. The western and northern side slopes of the barrier, which were not planted with
sagebrush, show less plant cover but higher species diversity than the barrier surface. This may be due to
the influence of windblown material and seeds from adjacent land, or the lack of shrubs competing for
resources. Insects and small mammals infest the barrier surface, which indicates that the restored barrier
surface is beginning to function like a recovering ecosystem.

Numerous studies have estimated recharge rates for the vadose zone at the Hanford Site under various
surface cover conditions. One such study, Estimated Recharge Rates at the Hanford Site (PNL-10285),
cites the results of radioisotopic tracer studies that were used to estimate recharge rates under various
covers. This included an evaluation of the Ephrata Sandy Loam and Ephrata Stony Loam soils, similar to
those present at 100-BC, where a chlorine-36 tracer study indicated a recharge rate of 2.6 mm/yr under
shrub and bunchgrass cover. The same report describes estimated recharge rates of 4.9 mm/yr and

17.3 mm/yr for cheatgrass and bare ground, respectively,

The recharge rate affects the flow velocity/volume of water through the vadose zone. The flow velocity in
the vadose zone 1s expected to have been greatest beneath the retention basin, French drains, trenches, and
cribs during the operational period when percolation was greatest. The velocity of downward movement
1s expected to have decrcased after the waste disposal ceased, as the subsurface water content profile
began to equilibrate to new (bare soil) surface conditions. After waste disposal operations ended,
alterations to the surface cover (including excavation of contaminated soil, backfilling the excavation with
clean fill, revegetation, and stabilization) began to alter and reduce the net infiltration rate to the

vadose zone.

The recharge input values to the STOMP model for SSL (irrigation) and PRG (native vegetation
conditions) development were based on the vadose zone data package compiled in the Vadose Zone
Hydrogeology Package (PNNL-14702). These data provided the basis for the recharge rates input to the
sequential models used to calculate SSLs and PRGs. The first simulation, called the pre-2010 model, was
used to establish the initial matric potential distribution in the vadose zone for the post-2010 model,
which simulated the migration of water and contaminants to the underlying aquifer. The recharge rates,
summarized in the following paragraphs, are discussed in detail in STOMP [-D Modeling for
Determination of Soil Screening Levels and Preliminary Remediation Goals for 100 Area B and C Source
Areas (ECF-HANFORD-12-0003) (Appendix F).
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(PNNL-17176).

Figure 5-3. Prototype Hanford Barrier Cover in 2007 Dominated by Tall Sage (Artemisia tridentata)
Covering Most of the Soil Surface, 13 Years after Plant Community Establishment
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For the pre-2010 simulations, land use and recharge rates were assumed to change from a native
shrub-steppe plant community (preoperational) to bare soil (operational). Recharge rates for each type of
land cover, and for each soil type, were applied to the top boundary of the model for the year 0 to year
1944 (preoperational) period. The preoperational period is an arbitrarily long period used simply to
establish a steady state moisture profile for the specified recharge rate. The second period, which extends
from 1944 to 2010, corresponds to the operational period (Table 5-1) and accounts for surface cover
changes arising during the operational era and their influence on soil moisture conditions in the

soil column.

Table 5-1. Recharge Rate for Different Time Periods in STOMP Model Simulations

Recharge Rate (mm/yr)
2010-2015 | 2010-2045 | 2045-5010
Soil Type Recharge Scenario | 0to 1944 | 1944-2010 | (Period 1) | (Period2 | (Period 3)
Ephrata Sandy and Native Vegctation 1.5 17.0 17.0 30 1.5
Stony Loam
Irrigation 1.5 17.0 17.0 71.4 69.9
Burbank Sandy Native Vegetation 3.0 52.0 52.0 6.0 3.0
Loam
Irrigation 30 52.0 52.0 74.4 71.4
Notes:

Period 1: Disturbed surface and no vegetation
Period 2: Developing young shrub steppe vegetation progressing to mature shrub steppe vegetation

Period 3: Mature shrub-steppe vegetation

Three recharge periods were specified for the post-2010 simulations to account for evolutionary changes
in the surface cover (Table 5-1). Bare soil was assumed to continue to be the land cover above the waste
site during the first recharge period spanning 2010 to 2015. For the native vegetation scenario, the second
recharge period of 30 years (Regulatory Basis and Implementation of a Graded Approach to Evaluation
of Groundwater Protection [DOE/RL-2011-501) represents a period where grasses and shrubs cover bare
soil. The third recharge period represents the establishment of a mature shrub-steppe that continues for the
remainder of the simulation period. Thus, recharge rates decrease with time as the vegetation cover
transitions from bare soil to a mature shrub steppe state that is maintained thereafter.

Recharge rates for the irrigation scenario were estiimated using the same approach employed to assess
interim remediation at 100 Area waste sites (100 Area RDR/RAWP [DOE/RL-96-17]). These site
assessments used levels calculated from RESidual RADioactivity (RESRAD) simulations for radioactive
contaminants of interest. The recharge rates (Table 5-1) used in the model were adjusted to reflect the two
primary soil types present in 100-BC (see Figure 3-31) and the different vegetation covers that evolve
over time. The first recharge period (Period 1) of 5 years begins in 2010 with an initial disturbed soil
surface and no vegetation. This is followed by a 30-year period (Period 2) with a cover of developing
young shrub-steppe vegetation progressing to mature shrub-steppe vegetation (Period 3). The recharge
rate to the aquifer during Period 2 increases from that present in Period 1 for both soil types. For a future
irrigation land use scenario, Periods 2 and 3 assume an additional 68.4 mm/yr of recharge for each soil
type that assumes total recharge is a combination of irrigation and non-irrigation recharge.

As the recharge rates used in the RESRAD simulations were different from those adopted from the
Vadose Zone Hydrogeology Package (PNNL-14702), the RESRAD equation for total recharge was
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solved to determine the rate attributable to irrigation alone. Based on that approach, the calculated non-
irrigation total recharge rate was 11.6 mm/yr (0.5 in./yr), and the recharge attributable to irrigation alone
was 68.4 mm/yr (2.7 in./yr). This resultant irrigation rate was added to the native soil recharge rate to
determine a recharge rate for the irrigation scenario for each soil type in the SSL and PRG simulations.
The resulting recharge rates for native soil and irrigation scenarios for each soil type are shown in

Table 5-1.

The final SSL and PRG values were calculated assuming the most conservative set of input values. For
the SSL calculation, the maximum recharge rate (irrigation scenario) was applied for each soil type
(Table 5-1) at 100-BC. For the PRG value calculation, the base case recharge rate was applied for each

soil type,
54.1.2 Stratigraphy

The characteristics of material in the vadose zone affecting contaminant mobility are the particle size,
permeability, and organic content of the lithologies present beneath the waste site. The primary
mechanism for transport in the vadose zone is the flow of infiltrating water in response to gravitational
and capillary forces. The pore networks (represented by grain-size distributions in each vertical lithologic
sequence, the hydraulic and transport properties of each lithologic unit in the sequence, and the thickness
of each lithologic unit) affect water flow and contaminant transport through the vadose zone.

The unsaturated hydraulic conductivity of each lithologic unit varies with moisture content and, therefore,
is a function of matric potential. The effects of the different lithologic units and variations in their
individual thicknesses in the 100-BC SSL and PRG values were determined by running STOMP
simulations for a number of stratigraphic columns that represent the range of conditions present

at 100-BC.

Representative 100-BC stratigraphic columns for the STOMP model simulations were developed from
existing borehole logs. The two lithologic units present in the 100-BC vadose zone include the
gravel-dominated Hanford formation and Ringold Formation unit E. Due to its coarse texture and higher
permeability, the Hanford formation transmits water and dissolved or particulate bound contaminants
more rapidly than the underlying Ringold Formation. The borehole geologic logs were divided into

seven stratigraphic column types (Figure 5-4) to correspond with the range of vadose zone thicknesses
(based on June 2008 [high groundwater elevation] conditions) and lithologic composition observed in
100-BC. Each column was assumed to contain a clean backfill layer to represent conditions following
interim remedial action completion. Backfill was assumed to replace the uppermost 4.6 m (15 ft) of native
material in each column.

5.4.1.3 Matric Potential

The matric potential is a measure of the attractive forces between water and porous or fractured materials
that are important during variably saturated flow conditions (Vadose Zone Processes [Selker et al.,
1999]). Moisture content and hydraulic conductivity are functions of matric potential. These functions are
typically nonlinear and must be determined for each medium. The combination of matric potential
gradients and gravity constitute the most important driving forces for vadose zone flow. The soil cover
types discussed in the preceding section will cause variations in the moisture and matric potential, in
accordance with the net infiltration allowed by each cover type.

Like pressure head, matric potential can be measured in the field and the laboratory. In situ measurements
of matric potential in the shallow Hanford Site vadose zone have been made using tensiometers and heat
dissipation sensors installed in lysimeters, pits, and boreholes (Compendium of Data for the Hanford Site
(Fiscal Years 2004 to 2008) Applicable to Estimation of Recharge Rates [PNNL-17841]; Hyvdrologic

5-20




o~ N L B N o~

36

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

Characterizations Using Vadose Zone Monitoring Tools: Status Report [PNNL-14115]; and Soil Water
Balance and Recharge Monitoring at the Hanford Site — FY09 Status Report [PNNL-18807]).

The nonlinear relationship between water content and matric potential, frequently called the moisture
retention or characteristic curve, can usually be measured in the laboratory. The much greater nonlinearity
of the hydraulic conductivity and matric potential constitutive relation, termed the relative permeability,
can typically be measured only over a small range of matric potential values. The remainder of the matric
potential range must be inferred because the hydraulic conductivity can decrease several orders of
magnitude for a much smaller decrease in matric potential.

The van Genuchten (“A Closed-form Equation for Predicting the Hydraulic Conductivity of Unsaturated
Soils” [van Genuchten, 1980]) alpha and » parameters used in the STOMP 1D simulations were selected
to represent materials from 100-BC and help define the relationship between moisture content in variably
saturated media, the matric potential, and relative permeability. The inputs used in the simulations are
described in detail in STOMP [-D Modeling for Determination of Soil Screening Levels and Preliminary
Remediation Gouals for 100 Area B and C Source Areas (ECF-HANFORD-12-0003) (Appendix F).

54.1.4 Sorption

One of the single most important properties influencing contaminant mobility is the soil:water distribution
coefficient or Ky value. This parameter is dependent on the relative abundance of different cations and
anions in soil, soil pH, reduction oxidation potential, cation exchange capacity, and the organic carbon
content of the soil matrix. In general, organic constituents with lower molecular weights have lower

K, values than those with higher molecular weights. Ky values for metals and metallic radionuclides are
influenced by soil pH, cation exchange capacity, and the metal’s oxidation state.

Several metals of environmental concern, such as arsenic, chromium, and mercury, may occur in more than
one oxidation state: trivalent (1) and pentavalent (V) arsenic; trivalent (I1I) and hexavalent (VI) chromium;
and monovalent (I) and divalent (IT) mercury represent a few common examples. The oxidation state and
mineral speciation of these metals determines their relative mobility and toxicity. Cr(VI), originally
released as high-solubility sodium dichromate dihydrate, is moderately mobile in soil and, therefore,
moderately sorbed. However, Cr(VI) may also be present in soil as relatively low-solubility mineral
species such as potassium dichromate or lead chromate. Batch leach testing performed during the Rl
indicates that Cr(VI) present in vadose zone soil is moderately mobile (K, = 0.8 mL/g) suggesting
different mineral phases may be present. Chromium(IIl) is relatively immobile, being generally present as
relatively insoluble precipitate such as chromium hydroxide Cr(OH); (Ground Water Issue: Behavior of
Metals in Soils [EPA/540/S-92/018)).

Tritium is often used as a tracer for water molecules in column breakthrough testing and is assumed to
define the zero K, condition. It is conceivable that tritium, substituted for hydrogen in a water molecule or
hydroxyl species, can exchange with water molecules adsorbed to solids or with hydroxyl groups on the
surfaces of solid hydrous oxides (K; Values for Agricultural and Surface Soils for Use in Hanford Site
Farm, Residential, and River Shoreline Scenarios: Technical Report for Groundwater Protection

Project Characterization of Systems Task [PNNL-16531]).

Strontium-90 is assumed to exist as cationic species in the 100-BC subsurface environment. Cationic
species, which have higher K, values than anions, are typically moderately mobile to relatively immobile.
Cations are absorbed by clay minerals, oxides, and organic matter. Adsorption is pH dependent, increasing
with increasing pH. Stronium-90 may also become immobilized by forming precipitates with phosphate,
carbonate, and hydroxide (Ground Water Issue: Behavior of Metals in Soils [EPA/540/S-92/018]).
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Table 5-2 summarizes the Ky values and relative mobility for selected 100-BC COPCs. These
contaminants are grouped by their relative mobility and K, values. The K, values used for the
STOMP simulations were taken from Calculation of Nonradiological Preliminary Remediation Goals
Using the Fixed Parameter 3-Phase Equilibrium Partitioning Equation for the Protection of
Groundwater for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports
(ECF-HANFORD-10-0442) (Appendix F).The K4 value for strontium-90 was obtained from
Corrective Measures Study for 100-NR-1 and 100-NR-2 Operable Units (DOE/RL-95-111).

As described further in Section 5.5, batch leach testing was performed during the RI to develop

a site-specific Ky value for Cr(VI).

Table 5-2. Relative Mobility of Selected 100-BC Contaminants of Potential Concern

Relative Mobility Inorganics Radionuclides Organics
High None Tritium (K;=0 mL/g) None

Carbon-14 (K40 mL/g)

Moderate Cr(VI) (Kg=0.8 mL/g) None Trichloroethene
(Kg=0.094 mL/g)

Slight None Strontium-90 (K4=25 mL/g) PAHs- Naphthalene
(Kg=1.19 mL/g)
Low Chromium (K4 =200 mL/g)  Cesium-137 (K4=50 mL/g) PAHs — Benzo(a)pyrcne
Cobalt-60 (K=50 mL/g) (K¢ =5500 mL/g)
Nickel-63 (K;=30 mL/g)
Europium-152 (K4=200 mL/g)
Europium-154 (K~=200 mL/g)

Source: Calculation of Nonradiological Preliminary Remediation Gouls Using the Fixed Parameter 3-Phase Equilibrium
Partitioning Equation for the Protection of Groundwarer for the 100 Areas and 300 Area Remedial Investigation/Feasibilin:
Study Reports (ECF-HANFORD-10-0442).

Highly Mobile COPCs. Contaminants that are considered highly mobile move freely with the water in
which they are dissolved, exhibiting limited interaction with the vadose zone soil or aquifer matrix
that would retard their movement. High mobility contaminants are those that exhibit a K, of zero
(no retardation) such as tritium and carbon-14.

Moderately Mobile COPCs. Modcrate mobility contaminants move readily with infiltrating water or
groundwater but also exhibit a moderate degree of interaction with vadose zone soil and aquifer
sediments. Sorptive processes generally tend to slow the rate of migration of these contaminants.

A reduction is observed in the contaminant’s concentration with increasing depth in the vadose zone
and in groundwater with increasing distance downgradient from the point of entry. The definition of
modecrately mobile is somewhat subjective; for the 100 Arca, moderate mobility contaminants are
identified as those exhibiting K4 values greater than 0 but less than 1. Hexavalent chromium falls in
the moderately mobile group.

Slightly Mobile COPCs. Contaminants in the slight mobility group exhibit a high degrec of interaction
with vadose zone soil and aquifer sediments and, as a result, migrate slowly through the vadose zone
and aquifer. The concentration in soil decreases rapidly with increasing vadose zone depth, while the
concentration in groundwater decreases with increasing distance from the point of entry. The decrease
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in concentration is due to the relatively large fraction of the contaminant that interacts with soil. This
contaminant becomes sorbed to the vadose zone and aquifer solids. The slight mobility group
includes contaminants that exhibit K4 values greater than one but less than 30 such as strontium-90.

Low Mobility COPCs. Contaminants with low mobility sorb strongly to vadose zone soil such that no
apparent migration occurs under natural recharge rates and infiltrating water near neutral pH
conditions. Liquid waste sources with highly acidic or basic pH values, or those that contained
complexing agents, may have transported these contaminants deeper into the vadose zone at the time
of disposal, but their migration has since decreased as the liquid waste equilibrated with the vadose
zone soil. These constituents are not expected to reach the water table except at waste sites that
discharge directly to the aquifer (deep injection/reverse wells) or where the vadose zone is very thin, or
where the effluent had acidic or caustic pH. Those that may have reached groundwater would not be
expected to migrate much further in the aquifer. The low mobility contaminants are identified as those
that exhibit K4 values greater than 30 and include chromium(I1l) and many radionuclides.

5.5 Batch Leach Tests

As described in the 100-BC Work Plan (DOE/RL-2008-46-ADD3), batch leach tests were conducted
on samples from 12 borings and 3 test pits at 100-BC to estimate K, values for selected metals to
support the vadose zone modeling assessment. Contaminants present in pore water within the bulk
soil matrix were not analyzed or accounted for separately, as the associated contaminant mass is
included within the bulk leachate concentration. K4 calculations for each contaminant and each
dilution ratio were performed using the analytical results from bulk soil analysis and leach testing of
material collected from the same location.

Batch leach tests were performed on soil and aquifer sediment samples using a leach procedure based
on Standard Test Method for Shake Extraction of Solid Waste with Water (ASTM D3987-06).

The procedure was performed using a 2 mm sieve to include the entire sand fraction based on the
United States Department of Agriculture soil grain-size classification scheme. Where insufficient
sample mass with less than 2 mm particle diameter was available based on actual field conditions,

a 3/8 in. mesh screen was used instead. Demineralized water, pH-adjusted according to EPA’s West
Coast recommendation, was used as the leaching liquid. Selected soil samples were leached at soil to
water weight ratios of 1 to 1, 1 to 2.5, and 1 to 5, with one test in each series duplicated.

Soil/water mixtures were placed in clean, water-tight sample containers (extraction vessels) and
rotated end over end through the vessel centerline at a rate of about 30 rotations per minute for

18 hours. Following 18 hours of mixing, the soil/water slurry was filtered using a 0.45 um filter.

The leachate was analyzed for pH and conductivity. The leachate, after the 18-hour extraction period,
and untreated soil were analyzed for arsenic, barium, cadmium, total chromium and Cr(VI), lead,
selenium, and silver. Metals analysis for leachate and soil digestions was performed using

Method 6010, 6020, or 200.8 for [CP metals, as applicable (bulk soil was digested using

Method 3050B or 3051 for metals and Method 3060A for Cr(VI) to prepare for analysis). Separate
aliquots of material were used for the bulk soil analysis and leaching tests.

The K4 was calculated as the ratio of the contaminant sorbed to soil to the contaminant in solution by
the following equation:
(CsxMg)-(C xV,) 1000
Kd = x
Mg CL

where:
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K4 = soil-water distribution coefficient (mL/g)
Cs = contaminant concentration in bulk soil matrix before leaching (ng/g)
Mjs = dry mass of soil used for leaching (g)
C. = contaminant concentration in leachate (ug/L)
V¢ = liquid volume used for leaching (L)

The boring number, formation identification, sample depth intervals, and calculated K, values for the
metals identified above are presented in Table 5-3. Calculated K, values for selenium and silver are
not shown in the table because the soil samples had consistently non-detcct concentrations.

The complete datasets for vadose zone samples are provided in Appendix D.

For each vadose zone soil sample, four replicate samples were analyzed for total metal
concentrations. The average of the four measurements was used in the calculation of Ky. If one or
more of the four replicates was found to be below the reporting limit, the sample concentration was
not considered reliable enough to report a Ky value. This was done because the reporting limit varied
among replicates, with the reporting limit for one replicate often being several times that of another.
This variation precluded the use of surrogate values such as half-reporting limits because of the
significant uncertainty introduced by the variable reporting limits. [n most cases, more than one or all
four replicates were below reporting limit. For duplicate samples, the larger Ky of the two was
reported in Table 5-3. In the common case, where an average soil concentration was calculated but.
the leachate water concentration was below reporting limit, that reporting limit was used in the
calculation of a minimum Ky value, and a greater than (>) sign was placed before the calculated K4
value shown in Table 5-3.

5.5.1 Batch Leach Testing Data Evaluation

The batch leach test results were further evaluated to provide a basis for estimating a Ky value to use
in the vadose zone transport estimates used to calculate the SSLs and PRGs. This data analysis
includes evaluation of uncertainty and a focused statistical analysis to recommend an area-wide
conservative estimate for the Cr(VI) K, value.

In calculating K, using the equation above, it was assumed that each soil sample was 100 g, and the
volumes of water used in the ratios were 100, 250, and 500 mL. Exact quantities of soil and water
were not available from the laboratory, but the K4 value is not very sensitive to slight variances from
these assumed values. Given these uncertainties, along with laboratory analytical uncertainty, the
reported K, values are considered accurate within approximately 30 percent.

Because of the nature of the procedure, these K, values are to be viewed as desorption partition
coefficients, as opposed to adsorption coefficients. It is common to observe differences in Ky between
adsorption and desorption reactions, termed hysteresis (“Nonreversible Adsorption of Divalent Metal
lons (Mn”, Co", Ni"", Cu", and Pb") onto Goethite: Effects of Acidification, Fe"' Addition, and
Picolinic Acid Addition” [Coughlin and Stone, 1995]), with the desorption K, usually greater than the
adsorption value.

Except for silver and selenium, many of the metals were detected at some frequency in the soil
samples. Chromium (total) was detected at concentrations between 2.75 and 246 mg/kg. Cr(VI) was
at concentrations between 0.4 and 0.80 mg/kg.
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Table 5-3. Calculated Soil-Water Partition Coefficients (Kq)
Arsenic K, (L/kg) Barium K (L/kg) Cadmium K, (L/kg) Chromium K, (L/kg) Cr(VI) Ky (L/kg) Lead K, (L/kg)
Waste Site Formation Interval Depth (ft bgs) 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5

Well 199-B8-9 Hanford Interval 1-001 | 80.1 - 82.6 >25 >24 >17 545 900 1480 | >6 >4 >1 3810 |>913 | >758 | N/A N/A N/A 121 >39 >30
(T8 Hanford Interval 1-002 | 85.8 —88.3 >24 >23 >20 466 654 1,120 | >5 >4 >1 >421  [>419  |>417 | N/A N/A N/A >35 >33 >31
Hanford Interval 1-003 | 89.5-92.0 >23 >18 >15 302 610 1,190 | >6 >3 >1 676 381 >379 | N/A N/A N/A >40 >31 >29
Hanford Interval 1-004 | 93.0-95.5 >17 >16 >13 298 284 397 >5 >3 >1 451 277 415 N/A N/A N/A >31 >30 >27
Hanford Interval 1-005 | 95.0-97.5 >18 >16 >14 451 429 502 >5 >3 >1 386 329 628 N/A N/A N/A 105 145 >39
Hanford Interval 1011 | 100.5-107.6 | »17 >15 >13 207 348 616 >4 ) >0 679 1270|2540 | NA N/A N/A 17.6 15.1 126
well 199-B2-16 Hanford Interval 1-001 | 23.6 - 26.1 >29 >28 20 393 241 190 >7 >6 >2 1290 | 921 771 N/A N/A N/A >54 182 >41
WeTed) Hanford Interval 1-002 | 28.5-31.0 >3] >24 >22 1,140 | 1,860 | 501 >7 >4 >2 5550 | >1290 |4310 |NA N/A N/A >76 >61 59
Ringold unit E Interval 1004 | 36.4 - 38.9 >22 >21 >18 603 7250 | 10200 | >3 >2 >0 1,760 | >492 | >489 | N/A N/A N/A >66 65 >62
Ringold unit E Interval 1-005 | 38.4-40.9 >23 >21 >19 5300 | 14600 | 9710 | >4 >2 >0 826 >759 | >756 | N/A N/A N/A >55 >54 >51

Ringold unit E Interval 1-013 | 47.3 483 >15 >17 >14 241 632 774 N/A N/A N/A 227 1,400 |>33 | NA N/A N/A 478 >180 | >177

Well 199-B3-51 Ringold unit E Interval 1-001 | 29.8 - 30.8 >15 >76 >73 >2930 | 24400 | 36600 | N/A N/A N/A >1370 | >6,830 | >6830 | N/A N/A N/A >21 >106 | >103
I=7758) Ringold unit E Interval 1-002 | 34.7-36.5 >19 >98 >95 10900 |27.200 |36200 |NA N/A N/A >1360 | >6780 |>6780 |>22 >20 >18 >22 >20 >18
Ringold unit E Interval 1-003 | 40.4—42.2 >11 >57 >55 6260 | >13800 | >13,800 | N/A N/A N/A >1260 | >6310 |>6310 | N/A N/A N/A >16 >84 >82
Ringold unit E Interval [-004 | 43.5-44.8 >15 >75 >73 53,050 | 19,100 | 25400 | N/A N/A N/A 51,200 |>5980 |>5980 | N/A N/A N/A >14 >74 >72
Ringold unit E Interval 1-005 | 45.1 —47.6 N/A N/A N/A 4490 [ 11,700 | 19,500 | N/A N/A N/A >1240 | >6210 |>6210 |N/A N/A N/A >18 >93 90
Ringold unit E Interval 1011 | 49.0—~51.5 N/A N/A N/A >1,740 | 10900 | 21800 | N/A N/A N/A >799 | >4.000 |>4000 |N/A N/A N/A >15 >78 >75

Well 199-B5-8 Hanford Interval 1-001 | 80.7-83.2 >10 >53 >50 >2260 | 11300 |9440 | N/A N/A N/A >1,080 | >5410 |>5400 | N/A N/A N/A >32 >161 | >158

(GRE Hanford Interval 1-002 | 85.8 —88.3 >7 >38 >36 52240 | 18600 | 27,900 | N/A N/A N/A >509 | >2,550 | >2,540 | N/A N/A N/A >48 >240 | >238
| Hanford Interval 1-003 | 90.0 - 92.5 >15 >77 >74 4240 | 15600 |9330 | NA N/A N/A >348 | >1740 | 2620 | NA N/A N/A >14 >71 69
Hanford Interval 1-004 | 92.5-95.0 >14 >73 >70 >2250 | 14,100 | 14100 | N/A N/A N/A >316 | >1580 |>1,580 | N/A N/A N/A >12 >64 >62
Hanford Interval 1-005 | 95.0-97.5 >14 >75 >72 2460 | 9430 | 11300 |N/A N/A N/A 492 >3450 |>3440 | N/A N/A N/A >13 >68 >65
Hanford Interval 1-006 | 97.8-1003 | >11 >59 >56 >1920 | 16000 | 16,000 | N/A N/A N/A 145 >1,020 |>1,020 | N/A N/A N/A >9 >50 >47
Hanford Interval 1-007 | 100.4-1029 | >13 65 >63 3830 9970 | 12500 | NA N/A N/A >549 | >27750 |>2740 | N/A N/A N/A >11 >58 >56
Hanford Interval 1-008 | 102.3-104.8 | >11 >56 >53 4700 | 11,800 | 15700 | N/A N/A N/A >198  [>993 | >990 | N/A N/A N/A >12 >64 >61
Hanford Interval 1010 | 104.5-107.0 | >10 >51 >49 >1860 | 11,600 | 11,600 | N/A N/A N/A >389 | >1,950 | >1940 | N/A N/A N/A >11 >55 >53
Hanford Interval 1-012 | 11081133 | >16 >82 >80 2850 | 12,100 | 16200 | N/A N/A N/A >386 | >1,930 | >1930 | NA N/A N/A >12 >65 >62
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Table 5-3. Calculated Soil-Water Partition Coefficients (Kq)
Arsenic Ky (L/kg) Barium Ky (L/kg) Cadmium K, (L/kg) Chromium K, (L/kg) Cr(VI) K, (L/kg) Lead K4 (L/kg)
Waste Site Formation Interval Depth (ft bgs) | 1:1 1:2.5 1:5 1:1 I:Z.Si 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 15 1:1 1:2.5 1:5
Borehole C7842 Hanford Interval 1-001 | 19.8-223 >35 >33 >31 4,220 7,590 >15,200 | >5 >4 >1 >680 >679 1,890 N/A N/A N/A >68 >66 >64
Hanford Interval 1-003 | 29.8-323 >24 >27 >25 2,040 5,720 7,800 >3 >2 >0 711 >924 N/A N/A N/A >66 >78 >76
Hanford Interval 1-004 | 32.7-352 >22 >26 >23 1,500 2,560 4,930 >2 >2 >0 >841 4,210 >1,000 | N/A N/A N/A >68 >80 >78
Hanford Interval [-005 | 34.8 - 373 >18 >20 >17 1,980 5,770 9,880 >3 >2 >0 >601 >720 >717 N/A N/A N/A >57 >67 >64
Hanford Interval 1-006 | 37.3-39.8 =17 >19 Bl 4,390 8,780 17,600 | >2 >1 >0 >906 >1,000 | >1,080 | N/A N/A N/A >65 >76 >74
Hanford Interval [-008 | 448473 >14 >15 >12 5,260 7,370 7,360 N/A N/A N/A >862 >1,030 | >1,030 | N/A N/A N/A >46 >54 >52
Hanford Interval 1-009 | 42.3-448 >21 333 >107 5,200 11,700 | 23,400 | >2 >11 >9 >1,140 | >5720 |>5720 | N/A N/A N/A >61 1,030 >305
Hanford Interval 1-010 | 50.3 - 52.8 >9 >9 >7 2,940 4,780 5,460 >2 >1 >0 >4280 | >5140 | >5130 | N/A N/A N/A >137 >163 >160
Borehole C7843 Hanford Interval 1-002 | 15.5-18.0 >20 >15 >12 666 1,180 1,200 >5 >3 >0 1,680 >447 >445 N/A N/A N/A >64 >51 >49
(199-B3-32) Ringold unit E Interval 1-004 | 29.9-32.4 >11 >21 >18 >9.810 | 24,500 | >19.600 | >9.810 | >2 >0 1,580 | 3,620 |4220 |NA N/A N/A 69 208 >58
Ringold unit E Interval 1-005 | 34.9-374 >26 >25 >22 18,600 | 37,200 | >22.300 | >4 >2 >0 8,200 5,220 9,560 N/A N/A N/A 173 180 >64
Ringold unit E Interval 1-006 | 37.8 — 40.3 >39 >38 >35 14,600 | 116,500 | >23.300 | >4 >3 >0 6,780 7,630 6,780 N/A N/A N/A 169 189 165
Ringold unit E Interval 1-007 | 39.7-424 >22 >20 >18 56,660 | 8,800 15,800 | >5 >3 >1 >1,900 | >1,900 |>1,900 | >11 >9 >7 >56 >55 >52
Ringold unit E Interval [-008 | 42.5-453 >25 >24 >21 5,130 9,530 33,400 | >4 >3 >0 >920 >919 >916 N/A N/A N/A >105 >104 >101
Ringold unit E Interval -009 | 45.0-475 >23 >22 >19 6,840 10,300 | 13,700 | >3 >2 >0 >854 >853 >850 N/A N/A N/A >62 >61 >58
Ringold unit E Interval I-010 | 47.2-49.7 >26 >24 >22 4,930 9,160 9,160 >3 >2 >0 >1,030 | >1,030 | >1,030 | N/A N/A N/A >113 >111 >109
Ringold unit E Interval 1-012 | 54.9 572 >24 >22 >118 3.820 7,150 9,540 >3 >1 >15 >781 >780 >3,900 | N/A N/A N/A >52 >51 >262
Borehole C7844 Hanford Interval 1-001 | 15.2-17.7 >20 >103 >100 1,820 4,540 727) >22 >114 >112 >477 >2,390 | >2,380 | N/A N/A N/A >72 >365 >362
Hanford Interval 1-002 | 19.5-22.0 >20 >100 >98 2,740 5,020 8,610 >9 >48 >46 >666 >3330 | >3330 | N/A N/A N/A >27 >140 >137
Hanford Interval 1-003 | 25.0-27.0 >9 >47 >44 2,100 4,900 2,940 N/A N/A N/A >268 >1,340 | >1,340 | N/A N/A N/A >19 >97 >95
Hanford Interval 1-004 | 29.2 - 31.7 >9 >49 >47 1,830 4,390 9,410 N/A N/A N/A >353 >1,770 | >1,760 | N/A N/A N/A 225 >126 >123
Hanford Interval 1-005 | 19.5-22.0 >10 >41 >49 2,410 5,540 9,230 N/A N/A N/A >386 >1,930 | >1,930 | N/A N/A N/A >29 >147 >145
Hanford Interval 1-006 | 39.5-42.0 >10 >51 >48 3,710 5,930 14,800 | N/A N/A N/A >2,530 | >12,600 | >12.600 | N/A N/A N/A >23 >119 >116
Hanford Interval 1-007 | 46.1 —48.6 >10 >52 >50 >2,100 | 17,500 | >10,500 | N/A N/A N/A >1,210 | >6,030 | >6,030 | N/A N/A N/A >25 >128 >126
Hanford Interval 1-008 | 50.5-53.0 =12 >61 >58 >3,020 | >15,100 | >15100 | >4 >22 >19 >297 >1,490 | >1,480 | N/A N/A N/A >24 >124 >122
Hanford Interval 1-009 | 56.0 - 58.5 >16 >81 >78 1,490 4,910 11,500 | N/A N/A N/A >1,390 | >6,940 | >6,940 | N/A N/A N/A >31 >155 >153
Hanford Interval 1-010 | 57.3-59.8 >10 >50 >48 >2,660 | 5.540 11,100 | >3 >20 317 >3,090 | >15,400 | >15,400 | N/A N/A N/A >28 >141 >138
Hanford Interval 1011 | 60.5 —63.0 >10 >53 >50 >3,700 | 23,100 | 46300 |>5 >30 >27 >2,320 | >11,600 | >11,600 | N/A N/A N/A >39 >200 >197
Hanford Interval -012 | 63.0-65.5 >9 >48 >45 6,790 13,600 | 15500 |>6 >33 >992 >4,960 | >4,960 | N/A N/A N/A >36 >182 >179
Hanford Interval I-015 | 65.5-68.0 >18 >92 >89 >4,020 | <20,100 | <20,100 | N/A N/A N/A >2,350 | >11,700 | >11,700 | N/A N/A N/A >28 >143 >140
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Arsenic Ky (L/kg)

Barium K4 (L/kg)

Cadmium K4 (L/kg)

Chromium K, (L/kg)

Cr(VI) K, (L/kg)

Lead K4 (L/kg)

Waste Site Formation Interval Depth (ft bgs) 1:1 1:25 15 1:1 1:2.5 1:5 1:1 1:2.5 1:5 11 1:2.5 1:5 1:1 125 1:5 1:1 1:2.5 1:5
Hanford Interval 1016 | 71.6-73.1 N/A N/A N/A 1,850 | 17,500 | 23,400 | N/A N/A N/A 52,090 | >14,900 | >14,900 | N/A N/A N/A >24 >123 | >120
Borehole C7845 Hanford Interval 1003 | 31.1 -32.9 >19 >17 >15 13500 | 18,000 | 27,100 |>7 >6 >3 >208 | >206 |>204 | N/A N/A N/A >49 >48 >45
Hanford Interval 1-004 | 36.0-37.5 >19 >18 >15 27,100 | 13600 | 1800 | >s >4 >1 >415 | >413  |>411 | N/A N/A N/A >42 >41 >38
Hanford Interval 1-006 | 45.8 - 47.2 >15 >79 >76 7380 | 12,300 | 14800 | >8 >44 >41 52370 | >11.800 | >11,800 | N/A N/A N/A >44 447 556
Hanford Interval [-007 | 50.6 - 53.1 >21 >20 >17 11,200 | 18,700 | 2,550 | >8 >6 >4 >731  |[>m0 |>727 | NA N/A N/A >41 >39 >37
Hanford Interval 1-008 | 56.0 - 58.5 >15 >17 >14 8370 | 8360 | 14600 | >5 >4 >2 >157  |>187  |>185 | N/A N/A N/A >33 >38 >35
Hanford Interval 1-009 | 51.5-63.5 >17 >19 >17 12400 | 18,600 | 24800 | >5 >5 >2 >582 | >698 | >695 | N/A N/A N/A >43 >50 >47
Hanford Interval 1010 | 63.9 - 66.4 >22 >20 >18 4350 | 16300 | 65200 | >7 >5 >3 52380 | >2,380 |>2,380 | N/A N/A N/A >92 >91 >88
Hanford Interval 1011 | 66.4— 689 106 128 >44 12700 | 15200 | 25300 | >8 >6 >4 >759 | >758 | >755 | N/A N/A N/A >61 >60 >57
Hanford Interval 1-012 | 68.4—70.9 28 >27 24 6.660 | 21,600 | 21,600 | 8 >6 >4 >893 | >892 |>889 | N/A N/A N/A >65 >63 >61
Hanford Interval 1-015 | 71.0-73.5 >19 >98 >96 52990 | 24900 | 24900 | >4 >23 >20 >1480 | >7,410 |>7400 |>1s >16 >14 >21 >110 | >107
Hanford Interval 1-016 | 76.4 - 78.9 >54 >53 >50 11900 | 19.900 | 19900 | >19 >18 >15 54460 | >4460 |>4450 | N/A N/A N/A >124 | >123 | >120
Borehole C7846 Hanford Interval 1-001 | 27.9-30.4 >26 25 >22 5140 | 9640 | 12900 | >13 >11 >9 >1,760 | >1,760 | >1,760 | N/A N/A N/A 94 >93 90
R} Hanford Interval 1-002 | 32.8 -35.3 >18 >17 >14 6,150 | 14300 | 21,500 |>10 >8 >6 21000 |>5870 |>5860 | N/A N/A N/A >57 >55 >53
Hanford Interval 1-003 | 38.0 - 40.5 >20 >15 >16 7980 | 16000 | >12,800 | >5 >2 >1 >536 | >445 |>532 | N/A N/A N/A >46 >36 >42
Hanford Interval 1-004 | 42.8 -45.3 >14 >13 >10 1430 | 1,830 | 190 | >5 >3 >1 >503 | >502 | >499 | N/A N/A N/A 41 40 >37
Hanford Interval 1-005 | 47.8 - 50.6 N/A >15 >12 N/A 7733 | 27,000 | N/A >3 >0 N/A >278 | >276 | N/A N/A N/A N/A >38 >38
Hanford Interval 1-006 | 53.1 - 55.6 20 >19 >16 1,530 | 1850 |2070 | >4 >3 >0 >665 | >664 | >661 | N/A N/A N/A >52 >50 >48
Hanford lnterval 1-007 | 58.2 - 60.7 >19 >18 >15 5430 | 8530 |59700 |6 >4 >2 >212 | >211  [>208 | NA N/A N/A 36 >35 >32
Hanford Interval 1008 | 63.2-65.7 >21 >19 >17 1,720 | 11,500 | 17,200 | >6 >5 >2 >478 | >476 | >474 | NA N/A N/A >77 >76 >73
Hanford Interval 1009 | 68.0 -70.5 20 >19 >16 5700 | 34200 |17,100 |>6 >5 >2 5000 | >998 | >995 | N/A N/A N/A >64 >63 >60
Hanford Interval 1-010 | 72.9-75.4 >18 >16 >14 9540 | 8350 | 16700 |>6 >5 >2 >901 [>900 |>807 | N/A N/A N/A >51 >50 >47
Hanford Interval [-011 | 75.4-77.9 >7 >13 >10 3580 | 7160 |8600 | >2 >4 >1 >291 | >581  |>578 | N/A N/A N/A >19 >37 >35
Hanford Interval 1015 | 80.2 - 82.8 >22 >21 >18 6.640 | 14400 | 14400 | >4 >2 >0 >372 | >371 >368 | N/A N/A N/A >47 46 >43
Borchole C7847 Hanford Interval 1-001 | 0.0~ 2.5 26 24 >22 5320 [8870 | 13300 |>5 >3 >1 >343  |>31  |>339 | NA N/A N/A >78 >76 >74
Hanford Interval 1-002 | 5.0 7.5 45 >43 >41 6800 | 13,600 | 13600 | >6 >5 >2 1,740 | >1320 |>1320 |N/A N/A N/A >96 95 >92
Hanford Interval 1003 | 10.0-12.5 >26 211 306 52,980 | 14900 | 18600 | >7 >36 >33 >816 | >4.080 | >4080 | N/A N/A N/A >68 >345 | >342
Hanford Interval 1004 | 12.513.4 30 5152 | 458 >3,120 | 15600 | 26000 |>9 >49 >47 >1,080 | 8140 | 16300 | N/A N/A N/A >103 | >518 | >515
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Table 5-3. Calculated Soil-Water Partition Coefficients (Kq)
Arsenic Ky (L/kg) Barium K, (L/kg) Cadmium K, (L/kg) Chromium K, (L/kg) Cr(VD) K; (L/kg) Lead K; (L/kg)
Waste Site Formation Interval Depth (ft bgs) 1:1 1:2.5 1:5 1:1 1:2.5 1:5 k1 1:2.5 1:5 I:1 1:25 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5

Borehole C7849 Hanford Interval 1-001 15.1-17.6 >24 245 332 >2,320 11,600 19,400 >6 >31 >29 >689 >3,440 | >3,440 | N/A N/A N/A >28 >144 >141
Hanford Interval 1-002 19.5-22.0 >160 2,100 2,010 6,650 8.310 8,310 >10 >52 >49 1,450 >1,320 5,810 N/A N/A N/A >0 >4 >1
Hanford Interval 1-003 242-26.7 >20 >18 >16 4,100 7,780 11,100 >7 >5 >3 >1,290 >1,290 | >1,280 | N/A N/A N/A >44 >42 >40
Hanford Interval [-004 30.2-327 >21 >19 >17 1,720 7,860 10,100 >7 >5 >3 >893 >892 >889 N/A N/A N/A >46 >45 >42
Hanford Interval [-005 347-37.2 >33 >32 >29 11,000 21,900 3,650 >3 >2 >0 >660 >659 >656 N/A N/A N/A >171 >170 >167
Hanford Interval 1-006 40.6 —43.1 >24 >22 >20 5,550 18,500 18,500 >3 >1 >0 >402 >401 >398 N/A N/A N/A >82 >81 >78
Hanford Interval 1-007 453-478 >17 >16 >13 7,610 26,600 >10,700 | >3 >2 >0 >’264 >2;3 >260 N/A N/A N/A =55 >53 >51
Hanford Interval 1-008 49.5-52.0 >17 >15 >13 29,500 >11,800 | >11,800 | >4 >2 >0 >332 >330 >328 N/A N/A N/A >85 >84 >81
Hanford Interval [-009 545-57.0 >14 >13 >10 19,700 >11,800 | >11,800 | >4 >2 >0 >321 >319 >317 N/A N/A N/A >62 >61 >58
Hanford Interval 1-010 60.6 —63.1 >22 >20 >18 4,240 14,800 29,700 >5 >3 >1 >310 >309 >306 N/A N/A N/A >59 >57 >55
Hanford Interval [-011 65.2-67.6 >24 >23 >20 14,400 28.800 11,500 >4 =2 >0 >331 >330 >327 N/A N/A N/A >171 >169 >167
Hanford Interval [-012 70.6 -73.1 >22 >114 >111 12,400 31,100 31,100 >4 >22 >20 >292 >1,460 >1.460 N/A N/A N/A >344 >1,720 >1,720
Hanford Interval [-013 752-77.7 >20 >103 391 7.390 14,800 24,600 >3 >20 >17 >1,190 >5,970 <5,970 N/A N/A N/A >199 >997 2,490
Hanford Interval 1-014 80.1 —82.6 >19 >95 >93 4,960 14,900 20,000 >4 >21 >18 <267 >1,340 | >1,330 N/A N/A N/A >267 >1,340 >1,340
Hanford Interval 1-015 84.5-87.0 >21 >105 >103 19,200 14,400 28,500 >3 >18 >16 1270 >1,530 >1,530 N/A N/A N/A >305 >1,520 >1,520
Hanford Interval 1-016 87.5-90.0 >13 >66 >63 >2,020 | 25300 25,200 =8 >17 >15 >345 >1,730 >1,730 N/A N/A N/A >46 >234 >232
Hanford Interval [-017 90.2-92.7 >14 >71 >68 4,600 13,800 18,400 >3 >18 >15 >489 >2,450 >2,440 | N/A N/A N/A >171 >859 >857
Hanford Interval 1-018 92.0-94.5 >19 >18 >15 7,560 10,600 17,600 N/A N/A N/A 927 >294 >292 N/A N/A N/A >43 >42 >39
Hanford Interval [-019 94.6 - 97.1 >17 >15 >13 9,380 23,500 46,900 >3 =1 >0 >384 1,200 >380 N/A N/A N/A >38 >36 >34
Hanford Interval [-020 97.0-99.5 >16 >14 >12 9,380 23,500 >9380 | >3 >] >0 >162 >160 >158 N/A N/A N/A >34 >32 >30
Hanford Interval 1-026 99.7-102.2 >8 >42 >39 >1,770 | >8.860 >8.860 | N/A N/A N/A >264 >1,320 >1,320 N/A N/A N/A >12 >63 >60

Borehole C8239 Hanford Interval 1-001] 0.0-2.5 >24 >124 >121 >3,240 11,600 16,200 N/A N/A N/A >726 10,900 >3,630 N/A N/A N/A >54 >275 >272
Hanford Interval [-002 V 48-73 >31 >156 >153 >3,550 | 22,200 22,200 N/A N/A N/A >802 12,000 >4,010 | N/A N/A N/A >59 >298 >295
Hanford Interval 1-003 10.0-12.5 >53 571 798 6,330 12,700 19,000 N/A N/A N/A >420 >2.,100 >2,100 | N/A N/A N/A >140 2,350 >701
Hanford Interval [-004 124-149 >57 868 >285 5,220 14,600 18,500 N/A N/A N/A >455 >2,280 >2,270 N/A N/A N/A >96 >482 >479
Hanford Interval [-005 17.4-19.9 >43 >217 >215 14,200 17,800 23,700 >7 >37 >35 >632 >3,160 | >3,160 | N/A N/A N/A >179 >898 3,000
Hanford Interval 1-006 223-248 >15 >77 >75 >2,680 22,400 >13,400 | >6 >34 >31 >772 >3,860 11,600 N/A N/A N/A >36 >184 >181
Hanford Interval [-007 27.7-30.2 >13 >65 >63 >2,220 11,100 >11,100 | >5 >28 >25 >418 >2,090 >2,090 N/A N/A N/A >24 >123 >121
Hanford Interval 1-008 323-348 >21 >109 >107 7,190 19,200 28,800 N/A N/A N/A >225 >1,130 >1,120 N/A N/A N/A >60 >302 >300
Hanford Interval 1-009 37.4-399 >34 >174 >171 6,640 9,300 23,200 N/A N/A N/A >235 >1,180 >1,180 N/A N/A N/A >42 >212 530
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Table 5-3. Calculated Soil-Water Partition Coefficients (Kq)
Arsenic Ky (L/kg) Barium K, (L/kg) Cadmium Ky (L/kg) Chromium K, (L/kg) Cr(VI) Ky (L/kg) Lead K, (L/kg) |
Waste Site Formation Interval Depth (ft bgs) 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5 1:1 1:2.5 1:5
Hanford Interval 1-010 42.3-449 >35 >176 >174 5,640 12,400 20,700 N/A N/A N/A >288 >1,440 >1,440 N/A N/A N/A >50 629 837
Hanford Interval [-011 473 -49.8 N/A N/A N/A 2,370 5,930 7,900 N/A 7 N/A N/A >558 >2,790 >2,790 N/A N/A N/A >14 >73 >71
Hanford Interval 1-012 522-547 >18 >90 >g8 >1,890 9,450 7,870 N/A N/A N/A >265 >1,320 >1.320 N/A N/A N/A >21 >108 >105
Hanford Interval 1-013 553-572 | >é1 >109 >107 >3,820 31.900 >19,100 | N/A N/A N/A >346 >1,730 >1,730 N/A N/A N/A >17 >87 >8S
Hanford Interval 1-014 57.2-59.7 >6 >31 >28 1,810 5,090 7,000 N/A N/A N/A >454 >2,270 >2,270 N/A N/A N/A >21 >106 >104
Hanford Interval I-015 62.3-6438 >20 >101 >98 >3,030 9,480 15,200 N/A N/A N/A >824 >4,120 >4,120 N/A N/A N/A >23 >116 >114
Hanford Interval 1-016 65.0-67.5 >12 >62 >60 2,860 8,570 11,000 N/A N/A N/A >4,480 >22.400 | >22,400 | N/A N/A N/A >17 >86 >83
Hanford Interval [-017 67.3 -69.8 >9 >48 >45 4,090 10,200 15,300 N/A N/A N/A >1,910 9,570 >9,570 N/A N/A N/A >18 >90 >89
Hanford 7 Interval I-018 69.8-723 >19 >100 >97 6,460 11,800 17,800 N/A N/A N/A >1,080 >5.410 >5,400 N/A N/A N/A >51 >259 >257
Hanford Interval 1-020 72.5-175.0 >11 >56 >53 2,650 7,580 13,300 N/A N/A N/A >1,060 >5,320 >5,320 >20 >19 >16 >17 >87 >84
Test Pit 116-B-6B Hanford 16.4 - 184 ft 16.4-18.4 >31 213 >153 >2.910 >14,600 | >14,600 | N/A N/A N/A >501 >2,500 >2,500 N/A N/A N/A >64 >320 >318
Hanford 19.4-214ft 19.4-21.4 >16 150 >82 >1,800 >8,990 >8,980 N/A N/A N/A >20 3,000 >098 N/A N/A N/A >11 >60 =57
. Test Pit 116-B-9 Hanford 8-10ft 8-10 >25 276 >125 >2,550 21,300 5,800 N/A N/A N/A >743 856 11,200 N/A N/A N/A >40 >201 >198
Hanford 11-13ft 11-13 >30 216 301 >2,880 14,400 >14,400 | N/A N/A N/A >830 >4,150 >4,150 N/A N/A N/A >39 >198 >195
Test Pit 118-B-8:3 NA Pipe Sediment | N/A >24 >124 >121 4,600 6,440 7,430 >107 >539 >537 2,170 3,150 6,930 N/A N/A N/A >385 >1,930 >1,920
Hanford N/A 23 >15 213 >74 >3,050 25,400 >15,300 | N/A N/A N/A >443 6,660 >2,220 N/A N/A N/A >23 >118 >115
Hanford N/A 22 >12 140 >61 >2.530 21,100 21,100 N/A N/A N/A >708 5310 3,540 N/A N/A N/A >30 >150 >148
1 Note: 1:1, 1:2.5, 1:5—ratios of soil mass (g) to leaching solution (mL).
2 N/A = At least one of the four replicate soil samples was below detection limit, so Ky was not calculated.
3 >.] = Kd values with greater than (>) signs indicate that the constituent was below reporting limit in the leaching solution, and the minimum Kd was calculated using that reporting limit.
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In the leachate samples, most metals, except for barium, were infrequently detected. Cr(VI) was
detected in only five (includes samples flagged with B) of the 1:1 batch leachate samples at
concentrations between 0.01 and 0.03 mg/L and in four of the 1:2.5 and 1:5 dilution leachate samples.
The relative vertical distribution of total chromium and Cr(VI) observed in the bulk soil samples is
illustrated on Figures 5-5 through 5-12. Laboratory analysis results for the saturated soil samples are
presented (100-BC-5 Operable Unit, Batch Leach Analyses and Report for Sediments at RI/F'S Wells
C7508, C7783, C7784, C7785, and C7787 [PNNL-20352]). The calculation of K, values for the 100-BC
samples is presented in /00-BC Remedial Investigation Distribution Coefficient Calculations
(0100X-CA-V0058).

The calculated Ky value for Cr(VI) ranged from >7 to >22 suggesting that most chromium in soil is in
trivalent (chromium(III)) form. Chromium(I1I) is relatively insoluble and more strongly bound to soil
than Cr(VI). The calculated K, vales for total chromium of 145 to 21,000 mL/g, with a median value
of 2,580, are consistent with what is known about its subsurface behavior. Only 56 of the 132 samples
could be quantified for total chromium Ky due to the low solubility of chromium(lII) in the leachate.

Cr(VI) is generally presumed to have moderate sorption potential with nominal solubility in aqueous
solutions of neutral pH. The infrequent and low concentrations observed in the soil and leachate
samples make quantification of K4 highly uncertain in the batch leach test dataset. The low measured
concentrations observed in the dataset, and as reported in other literature sources, suggest a K, close
to 0. It is important to note that the Cr(VI) sample extraction method used to prepare the solid soil
samples for Cr(VI) analysis is intended to extract low water-solubility Cr(VI) compounds for
measurement. Although mineralogical analysis to identify specific Cr(VI) compounds in the soil
samples was not performed, some of these compounds (for example, potassium dichromate, lead
chromate) likely can be found in 100-BC soil as a result of simple ionic reactions between the sodium
dichromate in reactor cooling water and other naturally occurring metal ions. The batch leach solution
used in this test is intended to approximate weakly acidic rainfall, which should solubilize Cr(VI)
present in vadose zone soil under future expected land use conditions.

5.5.2 Uncertainty in Batch Leach Testing Results

The results of batch leach testing using the method specified in the SAP are subject to some degree of
uncertainty because of the test method and the computational approach used in calculating K.
Specific areas of uncertainty identified during the data evaluation apply to the derivation of
contaminant-specific Ky as described in Evaluation of Hexavalent Chromium Leach Test Data
Conducted in Vadose Zone Sediment Samples from the 100 Area (ECF-HANFORD-11-0165)
(Appendix F). The following general conditions may produce some uncertainty in derivation of K4
values from batch leach testing measurements:

« Differences in the pH of the extract solutions used to prepare the solid phase and liquid phase
for analysis

» Dilution effects of batch leaching at differing solid to liquid ratios
e Variations in the linearity of the measured distribution coefficients
e Effects of coarse material (that is, gravel fraction) on the Ky in the geologic formation

e Potential dilution effects on the samples resulting from addition of potable water to boreholes
during drilling
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Figure 5-5. Soil Batch Leach Vertical Profile for Test Pits 116-B-6B and 116-B-9
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. 3 Figure 5-6. Soil Batch Leach Vertical Profile for Test Pit 118-B-8:3 and Well 199-B8-9 (C7508)
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Figure 5-7. Soil Batch Leach Vertical Profile for Wells 199-B2-16 (C7784) and 199-B3-51 (C7785)
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Figure 5-8. Soil Batch Leach Vertical Profile for Borehole C7842 and Well 199-B3-52 (C7843)
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Figure 5-9. Soil Batch Leach Vertical Profile for Boreholes C7844 and C7845
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3 Figure 5-10. Soil Batch Leach Vertical Profile for Well 199-B4-15 (C7846) and Borehole C7847
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Figure 5-11. Soil Batch Leach Vertical Profile for Boreholes C7849 and C8239
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Figure 5-12. Soil Batch Leach Vertical Profile for Well 199-B5-8 (C8244)

5.5.3 Development of a Hexavalent Chromium Kgq for Vadose Zone Simulations from Batch
Leach Testing Results

The results of the batch leach testing for Cr(VI) were further evaluated to identify a single K, value to
represent Cr(VI) behavior in the vadose zone model used for SSL and PRG development.

The results of leach tests described in Calculations 0100K-CA-V0081 (100-K), 0100X-CA-V0058
(100-BC), 0100X-CA-V0059 (100-D/H), and 0100X-CA-V0060 (100-F) were analyzed to estimate
a linear isotherm (K,) value for residual Cr(VI) in the vadose zone. The assessment of K, relies on
collected field data and the corresponding laboratory analysis outlined in the 100-BC SAP (DOE/RL-
2009-44) to recommend a K, value for use in the 100 Area. All methods used to calculate a K, value
were outlined in the SAP for each respective River Corridor OU. The objective for this evaluation
was to recommend a single Ky value for use in the River Corridor, including 100-BC. Details of the
evaluation, including a historical evaluation of 100-BC column leaching tests, is described in
Evaluation of Hexavalent Chromium Leach Test Data Conducted in Vadose Zone Sediment Samples

Srom the 100 Area (ECF-HANFORD-11-0165).

The large number of K4 measurements and the lack of calculated Ky correlation with possible
explanatory paramcters require use of a conservative value across the River Corridor for evaluation of
future fate and transport of residual Cr(VI) after interim remedial actions have been implemented for
waste sites in the vadose zone. The evaluation of K, for the soil samples indicates that more than

90 percent of the values are higher than 1.2 mL/g and more than 95 percent of the values are higher
than 0.65 mL/g. If the K, values are adjusted for water used during the tests (normalizing the values
to the smallest soil:water extract ratio), the 90" percentile K, value drops to about 0.8 mL/g.
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Based on the batch leach results for the 100 Area soil samples, a K4 value of 0.8 mL/g was used as
a conservative estimate for calculating the Cr(VI) SSLs and PRGs in the vadose zone contaminant
migration assessment. This value is subject to the uncertainties described in Section 5.5.2.

5.6 Vadose Zone Modeling Methods and Results

Vadose zone transport simulations were performed using the STOMP computer code (STOMP:
Subsurface Transport Over Multiple Phases Version 2.0: Theory Guide [PNNL-12030]).

The STOMP code was selected to perform the simulations because it can adequately simulate the
vadose zone features, events, and processes relevant to the SSL and PRG calculations for the

100 Area while satisfying the criteria for numerical model code selection described in Regulatory
Basis and Implementation of a Graded Approach to Evaluation of Groundwater Protection
(DOE/RL-2011-50). The mode! development approach used to support this Rl is documented in
Model Package Report: Vadose Zone Model for the River Corridor (SGW-50776). The numerical
approach for calculations made using this model is described in STOMP 1-D Modeling for
Determination of Soil Screening Levels and Preliminary Remediation Goals for 100 Area B and C
Source Areas (ECF-Hanford-12-0003) included in Appendix F.

A range of model input values (Table 5-4) were used for the simulations to account, to the extent
possible, for the range of conditions observed or measured at representative locations within 100-BC.
One-dimensional numerical models were constructed to represent the key facets of the conceptual
model and were solved using STOMP. The STOMP-W (water) mode was used to solve the Richards
equation and the advection-dispersion equation that govern unsaturated water flow and dilute solute
transport, respectively, under variably saturated conditions in porous media. The STOMP simulations
predict contaminant concentration and the time to reach the peak concentration for the recharge rates
and sediment types, thicknesses, and properties appropriate to 100-BC.

Conceptually, the model simulation represents a column of sediments that comprise the vadose zone
underlain by an aquifer. Recharge-driven flow moves downward through the vadose zone, where it
encounters contaminated soil that releases soluble contaminants for transport to the underlying
aquifer, across which a hydraulic gradient drives horizontal groundwater flow. At the start of each
vadose transport simulation, the vadose zone is composed of a cover of clean fill with constant
thickness as well as contaminated and uncontaminated sediments of varying thickness. The aquifer
constitutes the base of the column with a thickness of 5 m (16.4 ft), so that contaminant
concentrations in a monitoring well with a 5 m (16.4 ft) long screen interval are simulated. Within
100-BC (Figure 5-4), the vadose zone is composed of backfill, Hanford formation and Ringold
Formation unit E sediments while the saturated zone is comprised of Hanford formation and Ringold
Formation unit E sediments.

5.6.1 Initial Contaminant Distribution
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