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G1 Summary of Risk Characterization Results with  
Inclusion of Background Concentrations 

Appendix G provides the risk estimates for each of the exposure scenarios considered for the 
100-K Source OU. Risk estimates which include all COPCs regardless of their EPCs relative to 
background concentrations are provided in Tables G-17 through G-23 (residential scenario) , Tables G-32 
through G-34 (resident Monument worker scenario), and Tables G-38 through G-40 (casual user 
scenario).  

Appendix G also includes risk estimates which include only those COPCs with EPCs greater than 
background values or do not have a background value in Tables G-24 through G-31 (residential scenario), 
Tables G-35 through G-37 (resident Monument worker scenario), and Tables G-41 through G-43 (casual 
user scenario). These risk estimates without background contributions are summarized and discussed in 
the risk characterization provided in Section 6.2.5.1 and it is this information that is used for decisions 
concerning appropriate remedial actions. 

A summary of the risk estimates including contributions from background for each scenario is provided 
below for completeness. 

Residential Scenario. PRGs developed for the residential scenario are the numeric values that represent the 
RAOs presented in Chapter 8 and are used as RBSLs for evaluation of risk for the residential scenario.   A 
complete description of the residential exposure scenario is provided in Section 6.2.3.3.  

Risk estimates with background contributions were calculated for each decision unit within a waste site 
including shallow vadose zone material, deep-vadose zone material, and overburden material. The results 
for the residential scenario are summarized in Tables G-17 and G-18.  

Shallow Zone. A total of 18 shallow zone decision units (from 16 waste sites) are included in the 100-K 
Source OU. Of the 16 waste sites, ten waste sites were sampled using a focused sampling design, four 
waste sites were sampled using a statistical sampling design, and two waste sites were sampled using both 
a statistical and a focused sampling design; resulting in 18 decision units. The residential scenario results 
for shallow vadose zone materials are summarized in Table G-19 and G-20. 

As presented in Table G-19, the potential cumulative ELCR from all radiological COPCs with background 
contribution ranges from 2.3 × 10-5 to 1.3 × 10-4 for nine of the 18 decision units. The potential cumulative 
ELCR is greater than the upper range of the regulatory target risk threshold value of 1 × 10-4 for two 
decision units. Radiological COPCs were not reported at nine decision units. No individual radiological 
COPCs were reported with a risk greater than 1 × 10-4.  

As presented in Table G-19, the potential cumulative ELCR from direct contact for all nonradiological 
carcinogenic COPCs with background contribution ranges from 3.7 × 10-6 to 1.0 × 10-5 for 10 of the 
18 decision units. The potential cumulative ELCR is less than or equal to the WAC 173-340-708(5) 
cumulative risk threshold of 1 × 10-5 for the 10 decision units. Carcinogenic analytes were not reported at 
eight decision units.  

As shown in Table G-19, the potential HI from direct contact for noncarcinogenic COPCs with 
background contribution ranges from less than 1 to 1.2, which is greater than the EPA target HI of 1 and 
the WAC 173-340-740 target HI of 1. Two decision units reported a HI greater than the EPA target HI 
and the WAC 173-340-740 target HI of 1. No individual COPCs were reported with a HQ greater than 1.  

As presented in Table G-20, the potential cumulative ELCR for the inhalation pathway from all 
nonradiological carcinogenic COPCs with background contribution ranges from 1.2 × 10-10 to 1.5 × 10-9 
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for 15 of the 18 decision units. The potential cumulative ELCR is less than the lower risk threshold of 
1 × 10-6 for all decision units. Carcinogenic analytes were not reported at three decision units 

As presented in Table G-20, the potential HI from the inhalation pathway for noncarcinogenic COPCs 
with background contribution is less than 1 for all decision units. The potential HI is less than the EPA 
target HI of 1 and the WAC 173-340-740 target HI of 1.  

As shown in Table G-26, all lead and arsenic EPCs are less than their respective Method A soil cleanup 
level of 250 mg/kg and 20 mg/kg, respectively.  

Overburden. There are three overburden decision units (from three waste sites) in the 100-K Source OU. 
Of the three decision units, all samples were collected using a statistical sampling design. The residential 
scenario results for overburden materials are summarized in Tables G-21 and G-22. 

As presented in Table G-21, the potential cumulative ELCR from all radiological COPCs with 
background contribution ranges from 1.1 × 10-6 to 5.4 × 10-5 for the decision units. The potential 
cumulative ELCR is less than the upper range of the regulatory target risk threshold value of 1 × 10-4 for 
all the decision units.  

As presented in Table G-21, no risk estimates were calculated for direct contact because nonradiological 
carcinogenic analytes were not reported in the three decision units.  

As presented in Table G-21, the potential HI from direct contact for noncarcinogenic COPCs with 
background contribution is less than 1 for all decision units. The potential HI is less than the EPA target HI 
of 1 and the WAC 173-340-740 target HI of 1. Noncarcinogenic analytes were not reported at one 
decision unit. 

As presented in Table G-22, the potential cumulative ELCR for the inhalation pathway from all 
nonradiological carcinogenic COPCs with background contribution is 1.4 × 10-10 for one decision unit. 
The potential cumulative ELCR is less than the lower risk threshold of 1 × 10-6 for this decision unit. 
Carcinogenic analytes were not reported at two decision units.  

A presented in Table G-22, the potential HI from the inhalation pathway for noncarcinogenic COPCs with 
background contribution is less than 1 for one decision unit. The potential HI is less than the EPA target 
HI of 1 and the WAC 173-340-740 target HI of 1. Noncarcinogenic analytes were not reported at two 
decision units. 

Arsenic and lead were not analyzed in the overburden decision units. 

Deep Zone. Deep zone soil samples are compared to RBSLs developed for the residential exposure 
scenario, although residents are unlikely to be exposed to contaminants in deep zone soil. Deep zone soil 
samples are collected from depths greater than 4.6 m (15 ft) bgs and as a result, direct contact within the 
point of compliance is incomplete. Additionally, the residential exposure scenario does not reflect 
reasonably anticipated future land use in the River Corridor. This comparison is included because it is the 
most conservative land use basis for the evaluation of waste sites and presentation of these results is only 
included to provide additional information for risk management decisions. There are four deep zone 
decision units (four waste sites) in the 100-K Source OU. All were sampled using a statistical sampling 
design. Table G-23 summarizes the residential scenario results for deep vadose zone materials.   

As presented in Table G-23, the potential cumulative ELCR from all radiological COPCs ranges from 
7.3 × 10-5 to 6.3 × 10-3 for the four decision units. The potential cumulative ELCR is greater than the 
upper range of the regulatory target risk threshold of 1 × 10-4 for three decision units. Three waste sites 
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report concentrations of site-related COPCs that exceed the upper range of the regulatory target risk 
threshold. The cancer risk levels are as follows:  

• 100-K-56:1 (cesium-137—4.7 × 10-4 and europium-152—6.1 × 10-4) 

• 116-K-1 (cesium-137—2.5 × 10-4, cobalt-60 – 1.1 × 10-4; europium-152—2.5 × 10-4, and Sr-90—
3.8 × 10-4) 

• 116-K-2 (cesium-137—2.7 × 10-3, cobalt-60 – 1.7 × 10-4; europium-152—2.8 × 10-3, europium-154—
1.6 × 10-4, nickel-63—1.3 × 10-4, and Sr-90 – 2.8 × 10-4) 

Resident Monument Worker Scenario. The resident Monument worker represents reasonably anticipated 
future land use. The results of this comparison are used to confirm that cleanup actions are protective of 
the reasonably foreseeable land uses that DOE and the USFWS anticipate for the river corridor. The 
resident Monument worker scenario is described in Section 6.2.3.3.  

Risk estimates with background contributions were calculated for the shallow and overburden decision 
units within a waste site. Risk estimates were not calculated for the deep zone decision units because the 
direct contact exposure pathway is incomplete (i.e. samples are collected from depths greater than 15 feet 
bgs). The results for the resident Monument worker scenario are summarized in Table G-32.   

Shallow Zone. A total of 18 shallow zone decision units (from 16 waste sites) are included in the 100-K 
Source OU. Of the 16 waste sites, ten waste sites were sampled using a focused sampling design, four 
waste sites were sampled using a statistical sampling design, and two waste sites were sampled using both 
a statistical and a focused sampling design; resulting in 18 decision units. The resident monument worker 
scenario results for shallow vadose zone materials are summarized in Table G-33. 

As presented in Table G-33, the potential cumulative ELCR from all radiological COPCs with background 
contribution ranges from 1.6 × 10-5 to 9.8 × 10-5 for nine of the 18 decision units. The potential cumulative 
ELCR is less than the upper range of the regulatory target risk threshold value of 1 × 10-4 for all decision 
units. Radiological COPCs were not reported at nine decision units. No individual radiological COPCs were 
reported with a risk greater than 1 × 10-4.  

Overburden. There are three overburden decision units (from three waste sites) in the 100-K Source OU. 
Of the three decision units, all samples were collected using a statistical sampling design. The resident 
monument worker scenario results for overburden materials are summarized in Table G-34. 

As presented in Table G-34, the potential cumulative ELCR from all radiological COPCs with 
background contribution ranges from 8.5 × 10-6 to 2.3 × 10-5 for the decision units. The potential 
cumulative ELCR is less than the upper range of the regulatory target risk threshold value of 1 × 10-4 for all 
decision units. No individual radiological COPCs were reported with a risk greater than 1 × 10-4. 

Casual Recreational User Scenario. The casual user represents reasonably anticipated future land use. The 
results of this comparison are used to confirm that cleanup actions are protective of the reasonably 
foreseeable land uses that DOE and the USFWS anticipate for the river corridor.  The casual recreational 
user scenario is described in Section 6.2.3.3.  

Risk estimates with background contributions were calculated for the shallow and overburden decision 
units within a waste site. Risk estimates were not calculated for the deep zone decision units because the 
direct contact exposure pathway is incomplete (i.e. samples are collected from depths greater than 15 feet 
bgs). The results for the casual user scenario are summarized in Table G-38. 
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Shallow Zone. A total of 18 shallow zone decision units (from 16 waste sites) are included in the 
100-K Source OU. Of the 16 waste sites, ten waste sites were sampled using a focused sampling design, 
four waste sites were sampled using a statistical sampling design, and two waste sites were sampled using 
both a statistical and a focused sampling design; resulting in 18 decision units. The casual recreational 
user scenario results for shallow zone materials are summarized in Table G-39. 

As presented in Table G-39, the potential cumulative ELCR from all radiological COPCs with 
background contribution ranges from 9.6 × 10-7 to 5.8 × 10-6 for nine of the 18 decision units. The 
potential cumulative ELCR is less than the lower regulatory target risk threshold of 1 x 10-6 for nine 
decision units. No individual radiological COPCs were reported with an ELCR greater than 1 × 10-4. 
Radiological COPCs were not analyzed at nine decision units.  

As presented in Table G-39, the potential cumulative ELCR from direct contact for all nonradiological 
carcinogenic COPCs with background contribution ranges from 2.6 × 10-12 to 1.5 × 10-6 for 15 of the 18 
decision units. The potential cumulative ELCR is within the EPA target risk range of 1 x 10-6 to 1 x 10-4 
for two decision units and less than the lower EPA risk threshold of 1 x 10-6 for 13 decision units. 
Carcinogenic analytes were not detected in three decision units.  

As presented in Table G-39, the potential HI from noncancer effects from direct contact for all 
noncarcinogenic COPCs with background contribution is less than 1 for all decision units. The HI is less 
than the EPA target HI of 1 and the WAC 173-340-740 target HI of 1.  

Overburden. There are three overburden decision units (from three waste sites) in the 100-K Source OU. 
Of the three decision units, all samples were collected using a statistical sampling design. The residential 
scenario results for shallow vadose zone materials are summarized in Table G-40. 

As presented in Table G-40, the potential cumulative ELCR from direct contact all radiological COPCs 
with background contribution ranges from 5.3 × 10-7 to 1.3 × 10-6 for all decision units. The potential 
cumulative ELCR is within the EPA target risk range of 10-6 to 10-4 for one decision unit and less than the 
lower EPA target risk threshold of 1 x 10-6 for two decision units. No radiological COPCs were reported 
with an individual ELCR greater than 1 × 10-4.  

As presented in Table G-40, the potential cumulative ELCR from direct contact for all nonradiological 
COPCs with background contribution is 3.0 × 10-12 for one decision unit. No carcinogenic analytes were 
detected in two decision units.  

As presented in Table G-40, the potential HI from noncancer effects from direct contact for all 
noncarcinogenic COPCs with background contribution is less than 1 for all decision units. The HI is less 
than the EPA target HI of 1 and the WAC 173-340-740 target HI of 1.  



Waste Site Decision Unit Reclassification Status RCBRA
100-K-29 Shallow_Focused Interim Closed Yes
100-K-30 Shallow_Focused Interim Closed Yes
100-K-31 Shallow_Focused Interim Closed Yes
100-K-32 Shallow_Focused Interim Closed Yes
100-K-33 Shallow_Focused Interim Closed Yes

Deep Interim Closed
Overburden Interim Closed

Shallow Interim Closed
Shallow_Focused Interim Closed

Deep Interim Closed
Shallow Interim Closed

Shallow_Focused Interim Closed
100-K-78 Shallow_Focused No Action No
100-K-85 Shallow_Focused No Action No

Deep Interim Closed
Overburden Interim Closed

Shallow Interim Closed
Deep Interim Closed

Overburden Interim Closed
Shallow Interim Closed

116-KE-4 Shallow Interim Closed Yes
116-KE-5 Shallow_Focused Interim Closed Yes
116-KW-3 Shallow Interim Closed Yes

116-KW-4 Shallow_Focused Interim Closed Yes

128-K-1 Shallow_Focused Interim Closed Yes

Table G-1.  Summary of Waste Sites,  Decision Units, and Reclassification Status for the 100-K Source OU

100-K-55-1

100-K-56-1

116-K-1

116-K-2

Yes

Yes

Yes

Yes
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Waste Site Code Decision Unit Sample Type Sampling Plan Design Sample Number QC Type Sample Date/Time WSP easting (m) WSP northing (m)
100-K-29 Shallow Composite Focused J00LB9 R 4/15/03 9:35 569332.9 146325.9
100-K-29 Shallow Composite Focused J00LB4 4/15/03 8:40 569332.9 146325.9
100-K-29 Shallow Composite Focused J00LB5 4/15/03 9:05 569332.9 146325.9
100-K-29 Shallow Composite Focused J015N8 12/12/03 12:00 569352.596 146317.921
100-K-29 Shallow Composite Focused J015N9 12/12/03 12:20 569319.426 146308.062
100-K-29 Shallow Composite Focused J015P0 12/12/03 12:30 569322.143 146302.259
100-K-30 Shallow Composite Focused J00M29 4/18/03 8:15 569425.833 146364.333
100-K-30 Shallow Composite Focused J00M30 4/18/03 8:20 569426.056 146364.312
100-K-30 Shallow Composite Focused J00M31 4/18/03 8:30 569424.03 146367.2
100-K-30 Shallow Composite Focused J00M33 R 4/18/03 8:40 569427.6 146362.95
100-K-30 Shallow Composite Focused J00M32 4/18/03 8:40 569427.6 146362.95
100-K-31 Shallow Composite Focused J00LY0 4/16/03 10:20 569429.951 146370.613
100-K-31 Shallow Composite Focused J015W2 12/16/03 10:30 569430.772 146363.364
100-K-31 Shallow Composite Focused J01757 1/20/04 9:50 569431.23 146367.197
100-K-31 Shallow Composite Focused J01758 1/20/04 10:00 569432.43 146368.065
100-K-32 Shallow Composite Focused J015W0 12/16/03 10:00 568889.29 146084.27
100-K-32 Shallow Composite Focused J01761 1/20/04 10:20 568889.04 146088.76
100-K-32 Shallow Composite Focused J01762 1/20/04 10:30 568887.4 146088.72
100-K-32 Shallow Composite Focused J01763 R 1/20/04 10:20 568889.04 146088.76
100-K-33 Shallow Composite Focused J00M46 4/18/03 13:55 568882.409 146087.768
100-K-33 Shallow Composite Focused J00M47 4/18/03 14:05 568886.027 146082.323
100-K-33 Shallow Grab Focused J015V8 12/16/03 9:40 568884.28 146084.63
100-K-33 Shallow Grab Focused J015V9 12/16/03 9:50 568885.51 146085.21
100-K-33 Shallow Grab Focused J01732 1/13/04 9:20 568884.28 146084.63
100-K-33 Shallow Grab Focused J01733 1/13/04 9:33 568884.28 146084.63
100-K-33 Shallow Composite Focused J01734 1/13/04 9:39 568884.28 146084.63
100-K-33 Shallow Composite Focused J01739 R 1/13/04 8:15 568884.293 146084.643
100-K-33 Shallow Composite Focused J01738 1/13/04 8:25 568884.291 146084.628
100-K-33 Shallow Composite Focused J01737 1/13/04 8:15 568884.293 146084.643
100-K-55-1 Deep Composite Statistical J02H11 1/26/05 0:15 568901.292 146738.15
100-K-55-1 Deep Composite Statistical J02H12 1/26/05 0:25 568907.172 146759.36
100-K-55-1 Deep Composite Statistical J02H13 1/26/05 0:40 568912.737 146775.715
100-K-55-1 Deep Composite Statistical J02H07 1/26/05 11:15 568874.86 146679.865
100-K-55-1 Deep Composite Statistical J02H08 1/26/05 11:25 568880.607 146698.365
100-K-55-1 Deep Composite Statistical J02H09 1/26/05 11:40 568888.725 146706.935
100-K-55-1 Deep Composite Statistical J02H10 1/26/05 11:55 568894.985 146722.587
100-K-55-1 Deep Composite Statistical J02H15 R 1/26/05 13:05 568915.92 146797.827
100-K-55-1 Deep Composite Statistical J02H17 2/15/05 10:00 568670.59 146585.76
100-K-55-1 Deep Composite Statistical J02H18 2/15/05 10:08 568777.047 146807.042
100-K-55-1 Deep Composite Statistical J02H19 2/15/05 10:15 568797.43 146817.59
100-K-55-1 Deep Composite Statistical J02HW9 R 2/15/05 10:40 568837.23 146837.005
100-K-55-1 Deep Composite Statistical J02H14 1/26/05 0:55 568915.92 146797.827
100-K-55-1 Deep Composite Statistical J02H20 2/15/05 10:40 568837.23 146837.005

Table G-2.  Sample Numbers Associated with Each Waste Site Decision Unit Grouping in 100-K Source OU
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Waste Site Code Decision Unit Sample Type Sampling Plan Design Sample Number QC Type Sample Date/Time WSP easting (m) WSP northing (m)
Table G-2.  Sample Numbers Associated with Each Waste Site Decision Unit Grouping in 100-K Source OU

100-K-55-1 Overburden Composite Statistical J02HW4 2/17/05 8:22 569631.28 147253.902
100-K-55-1 Overburden Composite Statistical J02HW3 2/17/05 8:32 569613.065 147256.992
100-K-55-1 Overburden Composite Statistical J02HW2 2/17/05 8:44 569606.52 147251.172
100-K-55-1 Overburden Composite Statistical J02HW1 2/17/05 8:56 569605.33 147229.505
100-K-55-1 Overburden Composite Statistical J02HV9 2/17/05 9:15 569592.572 147227.245
100-K-55-1 Overburden Composite Statistical J02HV8 2/17/05 9:33 569571.455 147236.337
100-K-55-1 Overburden Composite Statistical J02HV7 2/17/05 9:46 569582.847 147202.217
100-K-55-1 Overburden Composite Statistical J02HV6 2/17/05 9:58 569565.047 147207.897
100-K-55-1 Overburden Composite Statistical J02HV5 2/17/05 10:34 569562.512 147193.295
100-K-55-1 Overburden Composite Statistical J02HV4 2/17/05 10:43 569546.73 147189.55
100-K-55-1 Overburden Composite Statistical J02HV3 2/17/05 10:53 569538.735 147174.335
100-K-55-1 Overburden Composite Statistical J02HV2 2/17/05 11:00 569520.62 147174.352
100-K-55-1 Overburden Composite Statistical J02HN4 2/18/05 8:39 568457.187 146566.32
100-K-55-1 Overburden Composite Statistical J02HN5 2/18/05 8:52 568469.29 146543.267
100-K-55-1 Overburden Composite Statistical J02HN6 2/18/05 9:00 568483.527 146525.652
100-K-55-1 Overburden Composite Statistical J02HN8 R 2/18/05 9:15 568506.575 146511.062
100-K-55-1 Overburden Composite Statistical J02HV1 2/18/05 9:36 569514.865 147165.337
100-K-55-1 Overburden Composite Statistical J02HV0 2/18/05 9:46 569504.937 147147.685
100-K-55-1 Overburden Composite Statistical J02HT9 2/18/05 10:00 569488.412 147144.347
100-K-55-1 Overburden Composite Statistical J02HT8 2/18/05 10:10 569464.887 147149.827
100-K-55-1 Overburden Composite Statistical J02HP2 2/22/05 8:20 568747.997 146710.942
100-K-55-1 Overburden Composite Statistical J02HP3 2/22/05 8:30 568754.35 146721.247
100-K-55-1 Overburden Composite Statistical J02HP4 2/22/05 8:45 568768.71 146715.18
100-K-55-1 Overburden Composite Statistical J02HP5 2/22/05 8:58 568768.68 146735.487
100-K-55-1 Overburden Composite Statistical J02HP6 2/22/05 9:11 568774.395 146745.225
100-K-55-1 Overburden Composite Statistical J02HP7 2/22/05 9:18 568775.022 146764.952
100-K-55-1 Overburden Composite Statistical J02HP8 2/22/05 9:28 568789.757 146757.605
100-K-55-1 Overburden Composite Statistical J02HP9 2/22/05 9:41 568800.37 146758.165
100-K-55-1 Overburden Composite Statistical J02HR0 2/22/05 9:53 568816.537 146748.315
100-K-55-1 Overburden Composite Statistical J02HR1 3/1/05 7:50 568813.91 146774.29
100-K-55-1 Overburden Composite Statistical J02HR2 3/1/05 8:00 568826.522 146771.035
100-K-55-1 Overburden Composite Statistical J02HR3 3/1/05 8:11 568838.617 146767.592
100-K-55-1 Overburden Composite Statistical J02HR4 3/1/05 8:18 568854.985 146758.222
100-K-55-1 Overburden Composite Statistical J02HR5 3/1/05 8:22 568856.397 146777.735
100-K-55-1 Overburden Composite Statistical J02HR6 3/1/05 8:34 568864.907 146786.205
100-K-55-1 Overburden Composite Statistical J02HR7 3/1/05 8:45 568864.195 146810.02
100-K-55-1 Overburden Composite Statistical J02HR9 R 3/1/05 8:59 568881.335 146808.885
100-K-55-1 Overburden Composite Statistical J02HT0 3/2/05 7:38 568858.885 146779.905
100-K-55-1 Overburden Composite Statistical J02HT2 3/2/05 7:53 568810.61 146634.59
100-K-55-1 Overburden Composite Statistical J02HT1 3/2/05 8:05 568790.787 146637.802
100-K-55-1 Overburden Composite Statistical J02HT3 3/2/05 8:14 569134.384 146966.26
100-K-55-1 Overburden Composite Statistical J02HT4 3/2/05 8:20 569199.907 146844.245
100-K-55-1 Overburden Composite Statistical J02HT5 3/2/05 8:33 569236.81 146866.235
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Waste Site Code Decision Unit Sample Type Sampling Plan Design Sample Number QC Type Sample Date/Time WSP easting (m) WSP northing (m)
Table G-2.  Sample Numbers Associated with Each Waste Site Decision Unit Grouping in 100-K Source OU

100-K-55-1 Overburden Composite Statistical J02HT6 3/2/05 8:46 569299.105 146936.447
100-K-55-1 Overburden Composite Statistical J02HT7 3/2/05 8:59 569447.61 147127.647
100-K-55-1 Overburden Composite Statistical J02HN9 3/3/05 7:50 568541.007 146558.672
100-K-55-1 Overburden Composite Statistical J02HP0 3/3/05 8:00 568704.965 146779.25
100-K-55-1 Overburden Composite Statistical J02HP1 3/3/05 8:10 568733.728 146754.212
100-K-55-1 Overburden Composite Statistical J02HN7 2/18/05 9:15 568506.575 146511.062
100-K-55-1 Overburden Composite Statistical J02HW0 R 2/17/05 9:15 569592.572 147227.245
100-K-55-1 Overburden Composite Statistical J02HR8 3/1/05 8:59 568881.335 146808.885
100-K-55-1 Shallow Composite Focused J02HX1 2/15/05 9:00 568668.84 146703.81
100-K-55-1 Shallow Composite Focused J02HX2 2/15/05 9:20 568594.27 146661.47
100-K-55-1 Shallow Composite Focused J02HX3 2/15/05 9:40 568521.15 146623.7
100-K-55-1 Shallow Composite Statistical J02HK6 2/23/05 8:00 568859.032 146841.937
100-K-55-1 Shallow Composite Statistical J02HL0 R 2/23/05 8:38 568822.33 146841.762
100-K-55-1 Shallow Composite Statistical J02HK8 2/23/05 8:50 568845.335 146859.27
100-K-55-1 Shallow Composite Statistical J02HK7 2/23/05 8:53 568865.842 146869.397
100-K-55-1 Shallow Composite Statistical J02HL1 2/23/05 9:06 568776.175 146823.11
100-K-55-1 Shallow Composite Statistical J02HL2 2/23/05 9:10 568761.27 146807.725
100-K-55-1 Shallow Composite Statistical J02HL3 2/23/05 9:15 568725.962 146784.405
100-K-55-1 Shallow Composite Statistical J02HL4 2/23/05 9:20 568693.63 146765.862
100-K-55-1 Shallow Composite Statistical J02HL6 2/23/05 9:35 568650.525 146749.267
100-K-55-1 Shallow Composite Statistical J02HL5 2/23/05 9:40 568674.15 146724.985
100-K-55-1 Shallow Composite Statistical J02HL8 2/23/05 9:50 568607.407 146711.27
100-K-55-1 Shallow Composite Statistical J02HL7 2/23/05 9:54 568627.777 146730.785
100-K-55-1 Shallow Composite Statistical J02HM3 2/24/05 8:45 568596.482 146549.662
100-K-55-1 Shallow Composite Statistical J02HM4 2/24/05 8:50 568622.175 146580.717
100-K-55-1 Shallow Composite Statistical J02HM5 2/24/05 8:55 568639.335 146596.02
100-K-55-1 Shallow Composite Statistical J02HL9 2/24/05 9:10 568599.18 146667.255
100-K-55-1 Shallow Composite Statistical J02HM0 2/24/05 9:14 568576.865 146710.137
100-K-55-1 Shallow Composite Statistical J02HM1 2/24/05 9:25 568539.682 146690.775
100-K-55-1 Shallow Composite Statistical J02HM2 2/24/05 9:39 568528.38 146648.985
100-K-55-1 Shallow Composite Statistical J02HM6 2/24/05 10:24 568864.915 146653.247
100-K-55-1 Shallow Composite Statistical J02HM8 2/28/05 7:45 568910.072 146796.845
100-K-55-1 Shallow Composite Statistical J02HM7 2/28/05 8:01 568869.792 146702.127
100-K-55-1 Shallow Composite Statistical J02HN0 2/28/05 8:16 568892.665 146686.475
100-K-55-1 Shallow Composite Statistical J02HM9 2/28/05 8:32 568924.805 146790.13
100-K-55-1 Shallow Composite Statistical J02HN1 R 2/28/05 8:16 568892.665 146686.475
100-K-55-1 Shallow Composite Statistical J02HK9 2/23/05 8:38 568822.33 146841.762
100-K-56-1 Deep Composite Statistical J037K9 6/15/05 9:50 568994.652 146933.167
100-K-56-1 Deep Composite Statistical J037L0 6/15/05 10:05 569053.192 146970.752
100-K-56-1 Deep Composite Statistical J037L1 6/15/05 10:20 569074.12 146999.31
100-K-56-1 Deep Composite Statistical J037L2 6/15/05 10:35 569135.68 147021.3
100-K-56-1 Deep Composite Statistical J037L3 6/15/05 10:50 569154.662 147064.382
100-K-56-1 Deep Composite Statistical J037L4 6/16/05 8:15 569205.137 147065.847
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100-K-56-1 Deep Composite Statistical J037L5 6/16/05 8:30 569263.657 147088.81
100-K-56-1 Deep Composite Statistical J037L6 6/16/05 8:45 569335.125 147155.525
100-K-56-1 Deep Composite Statistical J037L7 6/16/05 9:15 569263.385 147050.41
100-K-56-1 Deep Composite Statistical J037L8 R 6/16/05 9:15 569263.385 147050.41
100-K-56-1 Shallow Composite Focused J030D5 4/6/05 9:05 569171.88 146998.28
100-K-56-1 Shallow Composite Focused J030D4 4/6/05 9:15 569103.21 146953.08
100-K-56-1 Shallow Composite Focused J030D3 4/6/05 9:30 569030.25 146909.28
100-K-56-1 Shallow Composite Statistical J03D47 6/23/05 6:43 568974.195 146956.977
100-K-56-1 Shallow Composite Statistical J03D45 6/23/05 6:50 568994.102 146917.897
100-K-56-1 Shallow Composite Statistical J03D48 6/23/05 6:55 568998.645 146971.407
100-K-56-1 Shallow Composite Statistical J03D49 6/23/05 7:03 569052.897 147003.81
100-K-56-1 Shallow Composite Statistical J03D51 6/23/05 7:22 569173.685 147081.76
100-K-56-1 Shallow Composite Statistical J03D50 6/23/05 7:25 569108.81 147040.115
100-K-56-1 Shallow Composite Statistical J03D52 6/23/05 7:26 569183.652 147132.03
100-K-56-1 Shallow Composite Statistical J03D53 6/23/05 7:32 569209.007 147178.552
100-K-56-1 Shallow Composite Statistical J03D55 6/23/05 7:38 569304.31 147138.917
100-K-56-1 Shallow Composite Statistical J03D54 6/23/05 7:42 569236.105 147095.4
100-K-56-1 Shallow Composite Statistical J03D57 6/23/05 7:53 569393.517 147229.175
100-K-56-1 Shallow Composite Statistical J03D56 6/23/05 8:04 569341.912 147181.657
100-K-56-1 Shallow Composite Statistical J03D58 6/23/05 8:09 569402.9 147208.702
100-K-56-1 Shallow Composite Statistical J03D59 6/23/05 8:22 569327.86 147130.497
100-K-56-1 Shallow Composite Statistical J03D61 6/23/05 8:31 569167.277 147029.605
100-K-56-1 Shallow Composite Statistical J03D60 6/23/05 8:40 569275.382 147078.425
100-K-56-1 Shallow Composite Statistical J03D62 6/23/05 8:42 569093.05 146996.962
100-K-56-1 Shallow Composite Statistical J03D63 6/23/05 8:49 569064.358 146963.158
100-K-56-1 Shallow Composite Statistical J03D64 6/23/05 8:53 569132.982 146870.635
100-K-56-1 Shallow Composite Statistical J03D65 6/23/05 8:56 569129.282 146825.07
100-K-56-1 Shallow Composite Statistical J03D46 R 6/23/05 6:50 568994.102 146917.897
100-K-78 Shallow_Focused Grab Focused J19WF7 4/19/10 13:15
100-K-78 Shallow_Focused Composite Focused J19WF8 4/19/10 13:30
100-K-78 Shallow_Focused Composite Focused J19WF9 R 4/19/10 13:35
100-K-78 Shallow_Focused Grab Focused J1CDR4 11/5/10 9:55 147389.6 569254.2
100-K-78 Shallow_Focused Grab Focused J1CDR5 11/5/10 10:10 147389.6 569254.2
100-K-78 Shallow_Focused Grab Focused J1CDR6 R 11/5/10 10:15 147389.6 569254.2
100-K-78 Shallow_Focused Grab Focused J1CN20 11/5/10 9:15 147389.6 569254.2
100-K-78 Shallow_Focused Grab Focused J1CN21 11/5/10 9:35 147389.6 569254.2
100-K-85 Shallow_Focused Grab Focused J1B4P6 11/9/10 13:45 145991 569386
100-K-85 Shallow_Focused Grab Focused J1B4P7 R 11/9/10 13:45 145991 569386
116-K-1 Deep Composite Statistical J01541 11/25/03 8:15 569226.235 147249.185
116-K-1 Deep Composite Statistical J01543 11/25/03 8:45 569229.738 147218.17
116-K-1 Deep Composite Statistical J01544 11/25/03 9:00 569261.645 147237.218
116-K-1 Deep Composite Statistical J01545 11/25/03 9:15 569280.315 147245.368
116-K-1 Deep Composite Statistical J01546 11/25/03 9:30 569264.928 147212.295
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116-K-1 Deep Composite Statistical J01547 11/25/03 9:40 569270.003 147206.358
116-K-1 Deep Composite Statistical J01548 11/25/03 9:50 569287.453 147209.788
116-K-1 Deep Composite Statistical J01549 11/25/03 10:00 569291.863 147196.585
116-K-1 Deep Composite Statistical J01542 11/26/03 8:10 569245.713 147254.145
116-K-1 Deep Composite Statistical J01550 R 11/25/03 8:15 569226.235 147249.185
116-K-1 Overburden Composite Statistical J01555 12/2/03 8:00 569242.835 147322.032
116-K-1 Overburden Composite Statistical J01556 12/2/03 8:10 569256.33 147328.497
116-K-1 Overburden Composite Statistical J01557 12/2/03 8:20 569271.892 147323.235
116-K-1 Overburden Composite Statistical J01558 12/2/03 8:30 569278.27 147315.122
116-K-1 Overburden Composite Statistical J01559 12/2/03 8:40 569289.7 147306.53
116-K-1 Overburden Composite Statistical J01560 12/2/03 8:50 569299.82 147296.912
116-K-1 Overburden Composite Statistical J01561 12/2/03 9:20 569333.72 147268.112
116-K-1 Overburden Composite Statistical J01562 12/2/03 9:30 569349.512 147254.195
116-K-1 Overburden Composite Statistical J01564 R 12/2/03 9:40 569214.95 147303.175
116-K-1 Overburden Composite Statistical J01563 12/2/03 9:40 569338.94 147221.787
116-K-1 Overburden Composite Statistical J01553 12/2/03 9:50 569222.88 147315.977
116-K-1 Overburden Composite Statistical J01554 12/2/03 10:10 569230.875 147322.192
116-K-1 Overburden Composite Statistical J01552 12/2/03 9:40 569214.95 147303.175
116-K-1 Shallow Composite Statistical J01565 11/24/03 9:00 569196.46 147212.202
116-K-1 Shallow Composite Statistical J01566 11/24/03 9:15 569196.802 147243.355
116-K-1 Shallow Composite Statistical J01567 11/24/03 9:30 569214.572 147265.53
116-K-1 Shallow Composite Statistical J01568 11/24/03 9:45 569234.332 147283.542
116-K-1 Shallow Composite Statistical J01569 11/24/03 10:00 569262.422 147295.285
116-K-1 Shallow Composite Statistical J01570 11/24/03 10:15 569285.85 147279.695
116-K-1 Shallow Composite Statistical J01571 11/24/03 10:30 569322.677 147242.077
116-K-1 Shallow Composite Statistical J01572 11/24/03 11:00 569263.675 147169.59
116-K-1 Shallow Composite Statistical J01573 R 11/24/03 9:00 569196.46 147212.202
116-K-2 Deep Composite Statistical J03D01 7/7/05 7:25 570118.262 148109.907
116-K-2 Deep Composite Statistical J03CY9 7/7/05 7:45 569997.11 147962.645
116-K-2 Deep Composite Statistical J03CY7 7/7/05 8:45 569918.985 147826.535
116-K-2 Deep Composite Statistical J03CY8 7/25/05 8:20 569968.545 147915.182
116-K-2 Deep Composite Statistical J03D00 7/25/05 8:40 570074.42 148052.172
116-K-2 Deep Composite Statistical J03D02 7/26/05 8:30 570159.852 148163.535
116-K-2 Deep Composite Statistical J10CV8 10/11/05 7:45 569413.218 147228.628
116-K-2 Deep Composite Statistical J10CV9 10/11/05 8:15 569445.31 147266.3
116-K-2 Deep Composite Statistical J10CW0 10/11/05 8:50 569468.335 147291.385
116-K-2 Deep Composite Statistical J10CW1 10/12/05 8:20 569508.508 147317.345
116-K-2 Deep Composite Statistical J10CW2 10/12/05 8:40 569524.62 147354.083
116-K-2 Deep Composite Statistical J10CW3 10/12/05 9:00 569554.15 147381.393
116-K-2 Deep Composite Statistical J10CW4 10/17/05 8:10 569582.508 147393.21
116-K-2 Deep Composite Statistical J10CW5 10/17/05 8:10 569602.123 147417.998
116-K-2 Deep Composite Statistical J10CW6 10/17/05 8:45 569625.28 147442.235
116-K-2 Deep Composite Statistical J10CW7 10/18/05 8:00 569644.898 147477.135
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116-K-2 Deep Composite Statistical J10CW8 10/18/05 8:30 569659.705 147501.068
116-K-2 Deep Composite Statistical J10CW9 10/18/05 8:50 569677.32 147543.333
116-K-2 Deep Composite Statistical J10CX0 10/18/05 9:10 569697.818 147576.908
116-K-2 Deep Composite Statistical J10CX1 10/18/05 9:30 569732.12 147614.055
116-K-2 Deep Composite Statistical J10CX2 10/24/05 8:00 569754.878 147664.443
116-K-2 Deep Composite Statistical J10CX3 10/24/05 8:30 569798.875 147708.81
116-K-2 Deep Composite Statistical J10CX4 10/24/05 9:00 569826.303 147728.565
116-K-2 Deep Composite Statistical J10CX5 10/24/05 9:30 569868.2 147765.885
116-K-2 Deep Composite Statistical J03D03 R 7/26/05 8:30 570159.852 148163.535
116-K-2 Deep Composite Statistical J10CX6 R 10/18/05 8:00 569644.898 147477.135
116-K-2 Overburden Composite Statistical J10M04 11/14/05 9:05 569663.217 147323.485
116-K-2 Overburden Composite Statistical J10M00 11/14/05 9:10 569520.417 147263.465
116-K-2 Overburden Composite Statistical J10M01 11/14/05 9:20 569543.755 147284.475
116-K-2 Overburden Composite Statistical J10M02 11/14/05 9:30 569564.925 147316.07
116-K-2 Overburden Composite Statistical J10M03 11/14/05 9:40 569618.182 147329.682
116-K-2 Overburden Composite Statistical J10M05 11/14/05 10:00 569685.282 147312.977
116-K-2 Overburden Composite Statistical J10M06 11/15/05 8:50 569693.485 147302.837
116-K-2 Overburden Composite Statistical J10M08 R 11/15/05 9:00 569697.287 147282.665
116-K-2 Overburden Composite Statistical J10M07 11/15/05 9:00 569697.287 147282.665
116-K-2 Shallow Composite Statistical J03JW6 7/6/05 9:45 570167.46 148184.862
116-K-2 Shallow Composite Statistical J03JX0 7/7/05 9:36 569934.657 147831.205
116-K-2 Shallow Composite Statistical J03JW3 8/18/05 8:40 569984.64 147964.99
116-K-2 Shallow Composite Statistical J03W34 8/18/05 8:50 570032.295 148022.172
116-K-2 Shallow Composite Statistical J03JW5 8/18/05 9:10 570109.79 148117.775
116-K-2 Shallow Composite Statistical J03JW7 8/18/05 9:30 570115.09 148077.892
116-K-2 Shallow Composite Statistical J03JW8 8/18/05 9:55 570016.717 147966.792
116-K-2 Shallow Composite Statistical J103C0 9/6/05 9:40 569918.102 147851.725
116-K-2 Shallow Composite Statistical J10DM3 10/25/05 11:00 569436.703 147224.83
116-K-2 Shallow Composite Statistical J10DM2 10/25/05 11:15 569493.555 147289.415
116-K-2 Shallow Composite Statistical J10DM1 10/25/05 11:30 569580.243 147369.538
116-K-2 Shallow Composite Statistical J10DM0 10/25/05 11:45 569674.14 147502.988
116-K-2 Shallow Composite Statistical J10DL7 10/26/05 8:30 569812.398 147689.265
116-K-2 Shallow Composite Statistical J10DL8 10/26/05 8:45 569756.163 147634.838
116-K-2 Shallow Composite Statistical J10DL9 10/26/05 9:00 569702.33 147552.47
116-K-2 Shallow Composite Statistical J10DL2 10/27/05 8:30 569622.562 147492.997
116-K-2 Shallow Composite Statistical J10DL3 10/27/05 8:45 569692.815 147604.572
116-K-2 Shallow Composite Statistical J10DL4 10/27/05 9:00 569737.962 147664.497
116-K-2 Shallow Composite Statistical J10DL5 10/27/05 9:15 569822.142 147752.467
116-K-2 Shallow Composite Statistical J10DK8 11/2/05 7:15 569409.847 147265.577
116-K-2 Shallow Composite Statistical J10DK9 11/2/05 7:30 569461.837 147315.34
116-K-2 Shallow Composite Statistical J10DM4 R 11/2/05 7:45 569508.695 147367.702
116-K-2 Shallow Composite Statistical J10DL1 11/2/05 8:15 569572.045 147424.607
116-K-2 Shallow Composite Statistical J10DL6 11/2/05 8:45 569869.81 147771.175
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116-K-2 Shallow Composite Statistical J03JW9 R 8/18/05 9:55 570016.717 147966.792
116-K-2 Shallow Composite Statistical J10DL0 11/2/05 7:45 569508.695 147367.702
116-KE-4 Shallow Composite Statistical J026V0 1/24/05 12:01 569023.902 146924.502
116-KE-4 Shallow Composite Statistical J026V1 1/24/05 12:04 569039.765 146942.145
116-KE-4 Shallow Composite Statistical J026T5 1/24/05 12:05 569009.035 146887.672
116-KE-4 Shallow Composite Statistical J026V2 1/24/05 12:12 569084.987 146938.6
116-KE-4 Shallow Composite Statistical J026V3 1/24/05 12:18 569110.7 146919.112
116-KE-4 Shallow Composite Statistical J026T8 1/24/05 12:25 569036.587 146878.887
116-KE-4 Shallow Composite Statistical J026V4 1/24/05 12:30 569129.86 146942.19
116-KE-4 Shallow Composite Statistical J026T9 1/24/05 12:50 569052.74 146901.135
116-KE-4 Shallow Composite Statistical J026V9 1/26/05 8:05 569190.832 146962.827
116-KE-4 Shallow Composite Statistical J026V5 1/26/05 8:10 569091.272 146974.405
116-KE-4 Shallow Composite Statistical J026V6 1/26/05 8:20 569127.367 146976.045
116-KE-4 Shallow Composite Statistical J026W1 1/26/05 8:25 569186.8 147018.917
116-KE-4 Shallow Composite Statistical J026V7 1/26/05 8:35 569150.392 146963.225
116-KE-4 Shallow Composite Statistical J026W0 1/26/05 8:38 569207.455 146993.437
116-KE-4 Shallow Composite Statistical J026V8 1/26/05 8:50 569170.907 146953.962
116-KE-4 Shallow Composite Statistical J02MF9 3/15/05 7:45 569158.67 147024.317
116-KE-4 Shallow Composite Statistical J026T6 R 1/24/05 12:10 569009.035 146887.672
116-KE-5 Shallow Grab Focused J030D6 4/6/05 8:45 569165.12 146871.67
116-KW-3 Shallow Composite Statistical J010N3 10/20/03 8:25 568498.125 146646.457
116-KW-3 Shallow Composite Statistical J010N4 10/20/03 8:35 568492.217 146625.137
116-KW-3 Shallow Composite Statistical J010N5 10/20/03 8:45 568506.252 146613.235
116-KW-3 Shallow Composite Statistical J010N6 10/20/03 8:55 568525.892 146598.555
116-KW-3 Shallow Composite Statistical J010N7 10/20/03 11:00 568542.627 146610.787
116-KW-3 Shallow Composite Statistical J010N8 10/20/03 11:10 568545.767 146643.76
116-KW-3 Shallow Composite Statistical J010N9 10/21/03 8:30 568558.435 146658.312
116-KW-3 Shallow Composite Statistical J010P0 10/21/03 8:45 568576.17 146686.235
116-KW-3 Shallow Composite Statistical J010P1 10/21/03 8:55 568576.055 146634.062
116-KW-3 Shallow Composite Statistical J010P2 10/21/03 9:10 568604.97 146631.782
116-KW-3 Shallow Composite Statistical J010P3 10/21/03 9:20 568620.235 146642.882
116-KW-3 Shallow Composite Statistical J010P4 10/21/03 9:30 568631.222 146653.335
116-KW-3 Shallow Composite Statistical J010P5 10/21/03 9:40 568636.037 146721.397
116-KW-3 Shallow Composite Statistical J010P6 10/21/03 9:55 568645.79 146710.372
116-KW-3 Shallow Composite Statistical J010P7 10/21/03 10:00 568640.585 146685.055
116-KW-3 Shallow Composite Statistical J010P8 10/22/03 8:30 568649.63 146654.667
116-KW-3 Shallow Composite Statistical J010P9 10/22/03 8:40 568667.07 146665.197
116-KW-3 Shallow Composite Statistical J010R0 10/22/03 8:50 568684.847 146666.102
116-KW-3 Shallow Composite Statistical J010R1 10/22/03 9:00 568698.205 146684.035
116-KW-3 Shallow Composite Statistical J010R2 10/22/03 9:15 568701.68 146714.12
116-KW-3 Shallow Composite Statistical J010R3 R 10/22/03 9:15 568701.68 146714.12
116-KW-4 Shallow Grab Focused J02HX4 2/15/05 9:58 568646.88 146574.549
128-K-1 Shallow Composite Focused J00P77 5/22/03 10:00 569567.7 146675
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128-K-1 Shallow Composite Focused J015N7 12/8/03 10:20 569567.7 146675
128-K-1 Shallow Composite Focused J00M98 4/22/03 10:45 569591.25 146676.75
128-K-1 Shallow Composite Focused J00M99 4/22/03 14:05 569591.25 146653
128-K-1 Shallow Composite Focused J00MB0 4/24/03 9:45 569588 146627.5
128-K-1 Shallow Composite Focused J00MB1 4/24/03 11:20 569577.5 146598.5
128-K-1 Shallow Composite Focused J00MB2 4/24/03 13:24 569536 146613
128-K-1 Shallow Composite Focused J00MB3 4/24/03 14:30 569554 146637
128-K-1 Shallow Composite Focused J00MB4 4/25/03 8:52 569542.5 146697.5
128-K-1 Shallow Composite Focused J00MB5 4/25/03 10:01 569570 146735
128-K-1 Shallow Composite Focused J00MB6 4/25/03 10:45 569609.5 146700.75
128-K-1 Shallow Composite Focused J00MC6 R 4/24/03 9:45 569588 146627.5
128-K-1 Shallow Composite Focused J00P78 R 5/23/03 10:00 569567.7 146675

Notes:
WSP = Washington State Plane
R = Field duplicate
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Analyte Name Analyte Class
Begin Sample 

Date
End Sample 

Date
Total 

Samples Total Detects
Frequency of 

Detects Units

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit

Minimum 
Detected 

Result
Maximum Detected 

Result Basis for Exclusion
1,3-Dichlorobenzene VOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,012 360 -- -- No Toxicity Value
2-Nitrophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,010 360 -- -- No Toxicity Value
3+4 Methylphenol (cresol, m+p) SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,033 360 -- -- No Toxicity Value
4-Bromophenylphenyl ether SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,019 360 -- -- No Toxicity Value
4-Chlorophenylphenyl ether SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,021 360 -- -- No Toxicity Value
Acenaphthylene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,017 360 -- -- No Toxicity Value
Benzo(ghi)perylene SVOC 4/22/2003 11/9/2010 11 2 18% ug/kg 0,016 360 33 33 No Toxicity Value
Calcium METAL 4/19/2010 11/9/2010 7 7 100% ug/kg -- -- 2360000 5890000 Essential Nutrient
Delta-BHC PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 0,002 34 -- -- No Toxicity Value
Dichloroprop PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 3,400 3400 -- -- No Toxicity Value
Dimethyl phthalate SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,023 360 -- -- No Toxicity Value
Di-n-octylphthalate SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 0,014 360 -- -- No Toxicity Value
Endosulfan sulfate PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 0,004 68 -- -- No Toxicity Value
Endrin aldehyde PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 0,004 68 -- -- No Toxicity Value
Endrin ketone PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 0,004 68 -- -- No Toxicity Value
Gross alpha RAD 4/22/2003 4/19/2010 11 7 64% pCi/g 0,003 3.73 3.94 10.7 No Toxicity Value
Gross beta RAD 4/22/2003 4/19/2010 11 11 100% pCi/g -- -- 11.2 22.2 No Toxicity Value
Lead-212 RAD 4/19/2010 4/19/2010 2 2 100% pCi/g -- -- 0.295 0.359 Half-Life less than 3 years
Magnesium METAL 4/19/2010 11/9/2010 7 7 100% ug/kg -- -- 3620000 5510000 Essential Nutrient
pH Measurement GEN CHEM 4/16/2003 4/18/2003 7 7 100% ug/kg -- -- 6.73 8.44 No Toxicity Value
Phenanthrene SVOC 4/22/2003 11/9/2010 11 2 18% ug/kg 0,017 360 46 66 No Toxicity Value
Potassium METAL 4/19/2010 11/9/2010 7 7 100% ug/kg -- -- 895000 1520000 Essential Nutrient
Potassium-40 RAD 4/22/2003 11/5/2010 255 252 99% pCi/g 0,001 1.3 4.58 35.6 Background Radionuclide—not site- related
Radium-226 RAD 4/22/2003 11/5/2010 255 246 96% pCi/g 0,000 0.75 0.248 1.07 Background Radionuclide—not site- related
Radium-228 RAD 4/22/2003 11/5/2010 255 238 93% pCi/g 0,000 1.2 0.22 1.75 Background Radionuclide—not site- related
Silicon METAL 4/19/2010 11/9/2010 7 7 100% ug/kg -- -- 393000 844000 No Toxicity Value
Sodium METAL 4/19/2010 11/9/2010 7 7 100% ug/kg -- -- 113000 707000 Essential Nutrient
Sulfate ANION 4/16/2003 4/18/2003 7 7 100% ug/kg -- -- 4960 3490000 No Toxicity Value
Sulfide ANION 5/23/2003 5/23/2003 1 0 0% ug/kg 33,100 33100 -- -- No Toxicity Value
Thorium-228 RAD 4/22/2003 11/5/2010 255 243 95% pCi/g 0,000 0.46 0.191 1.57 Background Radionuclide—not site- related
Thorium-232 RAD 4/22/2003 11/5/2010 255 238 93% pCi/g 0,000 1.2 0.22 1.75 Background Radionuclide—not site- related

Table G-3.  Analytes that Meet Exclusion Criteria in the 100-K Source Operable Unit 
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Analyte Name Analyte Class
Begin Sample 

Date
End Sample 

Date
Total 

Samples
Total 

Detects
Frequency 
of Detects Units

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit
1,2,4-Trichlorobenzene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 28 360
1,2-Dichlorobenzene VOC 4/22/2003 11/9/2010 11 0 0% ug/kg 22 360
1,4-Dichlorobenzene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 14 360
2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 340 340
2,4,5-TP(2-(2,4,5-Trichlorophenoxy)propionic acid)Silvex PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 340 340
2,4,5-Trichlorophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 10 910
2,4,6-Trichlorophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 10 360
2,4-D(2,4-Dichlorophenoxyacetic acid) PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 680 680
2,4-DB(4-(2,4-Dichlorophenoxy)butanoic acid) PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 3,400 3,400
2,4-Dichlorophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 10 360
2,4-Dimethylphenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 66 360
2,4-Dinitrophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 330 910
2,4-Dinitrotoluene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 66 360
2,6-Dinitrotoluene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 28 360
2-Chloronaphthalene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 10 360
2-Chlorophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 21 360
2-Methylnaphthalene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 19 360
2-Methylphenol (cresol, o-) SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 13 360
2-Nitroaniline SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 50 910
3,3'-Dichlorobenzidine SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 90 360
3-Nitroaniline SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 73 910
4,4'-DDD (Dichlorodiphenyldichloroethane) PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 3.5 68
4,4'-DDE (Dichlorodiphenyldichloroethylene) PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 3.5 68
4,4'-DDT (Dichlorodiphenyltrichloroethane) PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 3.5 68
4,6-Dinitro-2-methylphenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 330 910
4-Chloro-3-methylphenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 66 360
4-Chloroaniline SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 82 360
4-Nitroaniline SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 73 910
4-Nitrophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 97 910
Acenaphthene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 10 360
Aldrin PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Alpha-BHC PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Alpha-Chlordane PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Anthracene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 17 360
Aroclor-1016 PCB 4/15/2003 11/9/2010 17 0 0% ug/kg 2.8 36
Aroclor-1221 PCB 4/15/2003 11/9/2010 17 0 0% ug/kg 8.0 73
Aroclor-1232 PCB 4/15/2003 11/9/2010 17 0 0% ug/kg 2.0 36
Aroclor-1242 PCB 4/15/2003 11/9/2010 17 0 0% ug/kg 4.6 36
Aroclor-1248 PCB 4/15/2003 11/9/2010 17 0 0% ug/kg 4.6 36
Aroclor-1260 PCB 4/15/2003 11/9/2010 17 0 0% ug/kg 2.6 36
beta-1,2,3,4,5,6-Hexachlorocyclohexane  (beta-BHC) PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Bis(2-chloro-1-methylethyl)ether SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 23 360
Bis(2-Chloroethoxy)methane SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 23 360

Table G-4.  Nondetected Analytes in the 100-K Source Operable Unit
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Analyte Name Analyte Class
Begin Sample 

Date
End Sample 

Date
Total 

Samples
Total 

Detects
Frequency 
of Detects Units

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit

Table G-4.  Nondetected Analytes in the 100-K Source Operable Unit

Bis(2-chloroethyl) ether SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 17 360
Butylbenzylphthalate SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 43 360
Carbazole SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 36 360
Chlordane PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Curium-243 RAD 4/19/2010 4/19/2010 2 0 0% pCi/g -6.44E-02 0.013
Curium-245 RAD 4/19/2010 4/19/2010 2 0 0% pCi/g -4.39E-02 0.0090
Cyanide ANION 5/23/2003 5/23/2003 1 0 0% ug/kg 0.42 0.42
Dalapon PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 3,400 3,400
Dibenz[a,h]anthracene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 19 360
Dibenzofuran SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 20 360
Dicamba PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 1,400 1,400
Dieldrin PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 3.5 68
Diethylphthalate SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 26 360
Di-n-butylphthalate SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 29 360
Dinoseb(2-secButyl-4,6-dinitrophenol) PEST 5/22/2003 5/22/2003 1 0 0% ug/kg 340 340
Endosulfan I PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Endosulfan II PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 3.5 68
Endrin PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 3.5 68
Europium-155 RAD 4/22/2003 11/5/2010 255 0 0% pCi/g 0.031 2.0
Fluorene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 18 360
Gamma-BHC (Lindane) PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Heptachlor PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Heptachlor epoxide PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 1.8 34
Hexachlorobenzene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 29 360
Hexachlorobutadiene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 10 360
Hexachlorocyclopentadiene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 50 360
Hexachloroethane SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 21 360
Isophorone VOC 4/22/2003 11/9/2010 11 0 0% ug/kg 17 360
Methoxychlor PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 18 340
Naphthalene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 31 360
Niobium-94 RAD 4/19/2010 4/19/2010 2 0 0% pCi/g -1.17E-02 0.0014
Nitrobenzene SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 22 360
n-Nitrosodi-n-dipropylamine SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 31 360
n-Nitrosodiphenylamine SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 21 360
Pentachlorophenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 330 910
Phenol SVOC 4/22/2003 11/9/2010 11 0 0% ug/kg 18 360
Silver METAL 4/15/2003 11/9/2010 27 0 0% ug/kg 70 173
Silver-108 metastable RAD 4/19/2010 4/19/2010 2 0 0% pCi/g -1.46E-02 0.0027
Toxaphene PEST 4/22/2003 5/22/2003 10 0 0% ug/kg 180 3,400
Tritium RAD 4/19/2010 11/5/2010 6 0 0% pCi/g -3.56E+00 -1.39E-01
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Waste Site Decision Unit
Analyte 
Group Analyte Name CAS No.

Total 
Samples

Total  
Detects

Total Non-
Detects

Frequency of 
Detection Units

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit

Minimum 
Detected 

Result

Maximum 
Detected 

Result
Coefficient 
of Variation

Exposure 
Point 

Concentration Exposure Point Concentration Basis
100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 6 1 5 17 ug/kg 15 47 98 98 0 98 Maximum Detect
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 3 3 0 100 ug/kg 0 0 430 2,300 0.70 2,300 Maximum Detect
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 3 3 0 100 ug/kg 0 0 5,000 66,400 0.78 66,400 Maximum Detect
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 3 2 1 67 ug/kg 40 40 110 130 0.12 130 Maximum Detect
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 6 6 0 100 ug/kg 0 0 2,000 24,700 0.69 24,700 Maximum Detect
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 6 1 5 17 ug/kg 220 430 3,200 3,200 0 3,200 Maximum Detect
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 6 6 0 100 ug/kg 0 0 3,200 63,200 1.1 63,200 Maximum Detect
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 3 2 1 67 ug/kg 20 20 30 50 0.35 50 Maximum Detect
100-K-29_Shallow_Focused non-Rad Selenium 7782-49-2 3 0 3 0 ug/kg 320 380 0 0 0 -- --
100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 4 4 0 100 ug/kg 0 0 1,500 2,600 0.22 2,600 Maximum Detect
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 4 4 0 100 ug/kg 0 0 50,900 69,700 0.13 69,700 Maximum Detect
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 4 4 0 100 ug/kg 0 0 50 640 0.85 640 Maximum Detect
100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 4 4 0 100 ug/kg 0 0 12,500 15,200 0.086 15,200 Maximum Detect
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 4 2 2 50 ug/kg 424 430 647 702 0.058 702 Maximum Detect
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 4 4 0 100 ug/kg 0 0 14,400 36,000 0.40 36,000 Maximum Detect
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 4 4 0 100 ug/kg 0 0 4,300 17,500 0.47 17,500 Maximum Detect
100-K-30_Shallow_Focused non-Rad Selenium 7782-49-2 4 0 4 0 ug/kg 350 380 0 0 0 -- --
100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 4 4 0 100 ug/kg 0 0 2,000 2,800 0.17 2,800 Maximum Detect
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 4 4 0 100 ug/kg 0 0 54,300 169,000 0.53 169,000 Maximum Detect
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 4 3 1 75 ug/kg 30 30 40 750 1.2 750 Maximum Detect
100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 4 4 0 100 ug/kg 0 0 3,900 10,300 0.40 10,300 Maximum Detect
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 4 1 3 25 ug/kg 220 430 220 220 0 220 Maximum Detect
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 4 4 0 100 ug/kg 0 0 3,900 43,400 1.1 43,400 Maximum Detect
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 4 4 0 100 ug/kg 0 0 170 5,200 1.0 5,200 Maximum Detect
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 1 1 0 100 ug/kg 0 0 400 400 0 400 Maximum Detect
100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 3 3 0 100 ug/kg 0 0 1,000 3,000 0.51 3,000 Maximum Detect
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 3 3 0 100 ug/kg 0 0 57,200 97,400 0.27 97,400 Maximum Detect
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 3 1 2 33 ug/kg 40 40 200 200 0 200 Maximum Detect
100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 3 3 0 100 ug/kg 0 0 4,500 16,900 0.58 16,900 Maximum Detect
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 3 1 2 33 ug/kg 230 240 230 230 0 230 Maximum Detect
100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 3 3 0 100 ug/kg 0 0 3,300 7,100 0.36 7,100 Maximum Detect
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 3 3 0 100 ug/kg 0 0 2,200 2,400 0.043 2,400 Maximum Detect
100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 9 9 0 100 ug/kg 0 0 1,900 6,700 0.45 6,700 Maximum Detect
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 9 9 0 100 ug/kg 0 0 40,100 105,000 0.33 105,000 Maximum Detect
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 9 4 5 44 ug/kg 30 40 60 1,000 1.6 1,000 Maximum Detect
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 9 9 0 100 ug/kg 0 0 3,800 22,900 0.51 22,900 Maximum Detect
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 9 2 7 22 ug/kg 210 440 810 1,400 0.38 1,400 Maximum Detect
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 9 9 0 100 ug/kg 0 0 2,500 27,800 0.90 27,800 Maximum Detect
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 9 6 3 67 ug/kg 20 20 60 6,800 1.1 6,800 Maximum Detect
100-K-33_Shallow_Focused non-Rad Selenium 7782-49-2 2 0 2 0 ug/kg 380 400 0 0 0 -- --
100-K-55:1_Deep Rad Americium-241 14596-10-2 12 0 12 0 pCi/g 0.048 0.28 0 0 0 -- --
100-K-55:1_Deep Rad Cesium-137 10045-97-3 12 6 6 50 pCi/g 0.030 0.045 0.065 3.9 1.9 1.0    95% KM (t) UCL
100-K-55:1_Deep Rad Cobalt-60 10198-40-0 12 2 10 17 pCi/g 0.029 0.051 0.065 0.74 1.2 0.60  97.5% KM (Chebyshev) UCL
100-K-55:1_Deep Rad Europium-152 14683-23-9 12 7 5 58 pCi/g 0.074 0.10 0.12 1.9 0.83 0.86    95% KM (Percentile Bootstrap) UCL
100-K-55:1_Deep Rad Europium-154 15585-10-1 12 1 11 8 pCi/g 0.085 0.29 0.29 0.29 0 0.29 Maximum Detect
100-K-55:1_Deep Rad Uranium-235 15117-96-1 12 0 12 0 pCi/g 0.076 0.17 0 0 0 -- --

Table G-5.   Exposure Point Concentrations for each Waste Site Decision Unit in the 100-K Source OU
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Analyte 
Group Analyte Name CAS No.

Total 
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Minimum 
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Maximum 
Detected 
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Table G-5.   Exposure Point Concentrations for each Waste Site Decision Unit in the 100-K Source OU

100-K-55:1_Deep Rad Uranium-238 U-238 12 0 12 0 pCi/g 2.7 5.6 0 0 0 -- --
100-K-55:1_Overburden Rad Americium-241 14596-10-2 48 0 48 0 pCi/g 0.032 0.32 0 0 0 -- --
100-K-55:1_Overburden Rad Cesium-137 10045-97-3 48 38 10 79 pCi/g 0.032 0.053 0.031 1.8 1.3 0.31    95% KM (BCA) UCL
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 48 2 46 4 pCi/g 0.023 0.070 0.055 0.070 0.17 0.056    95% KM (t) UCL
100-K-55:1_Overburden Rad Europium-152 14683-23-9 48 21 27 44 pCi/g 0.043 0.15 0.12 1.4 0.84 0.34    95% KM (t) UCL
100-K-55:1_Overburden Rad Europium-154 15585-10-1 48 2 46 4 pCi/g 0.078 0.23 0.18 0.33 0.40 0.33    95% KM (% Bootstrap) UCL
100-K-55:1_Overburden Rad Uranium-235 15117-96-1 48 0 48 0 pCi/g 0.10 0.21 0 0 0 -- --
100-K-55:1_Overburden Rad Uranium-238 U-238 48 0 48 0 pCi/g 2.7 6.4 0 0 0 -- --
100-K-55:1_Shallow Rad Americium-241 14596-10-2 24 0 24 0 pCi/g 0.045 0.31 0 0 0 -- --
100-K-55:1_Shallow Rad Cesium-137 10045-97-3 24 14 10 58 pCi/g 0.029 0.063 0.037 0.84 0.75 0.29    95% KM (Percentile Bootstrap) UCL
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 24 1 23 4 pCi/g 0.031 0.058 0.19 0.19 0 0.19 Maximum Detect
100-K-55:1_Shallow Rad Europium-152 14683-23-9 24 15 9 63 pCi/g 0.066 0.14 0.081 3.9 1.4 0.81    95% KM (BCA) UCL
100-K-55:1_Shallow Rad Europium-154 15585-10-1 24 2 22 8 pCi/g 0.095 0.19 0.25 0.52 0.50 0.52    95% KM (% Bootstrap) UCL
100-K-55:1_Shallow Rad Uranium-235 15117-96-1 24 0 24 0 pCi/g 0.11 0.26 0 0 0 -- --
100-K-55:1_Shallow Rad Uranium-238 U-238 24 0 24 0 pCi/g 3.6 9.5 0 0 0 -- --
100-K-55:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 3 0 3 0 ug/kg 200 200 0 0 0 -- --
100-K-55:1_Shallow_Focused Rad Americium-241 14596-10-2 3 0 3 0 pCi/g 0.049 0.37 0 0 0 -- --
100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 3 2 1 67 pCi/g 0.042 0.042 0.13 0.61 0.91 0.61 Maximum Detect
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 3 1 2 33 pCi/g 0.052 0.060 0.11 0.11 0 0.11 Maximum Detect
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 3 2 1 67 pCi/g 0.13 0.13 0.45 1.3 0.68 1.3 Maximum Detect
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 3 1 2 33 pCi/g 0.18 0.20 0.19 0.19 0 0.19 Maximum Detect
100-K-55:1_Shallow_Focused Rad Plutonium-238 13981-16-3 3 0 3 0 pCi/g -2.20E-02 0 0 0 0 -- --
100-K-55:1_Shallow_Focused Rad Plutonium-239/240 PU-239/240 3 0 3 0 pCi/g 0.061 0.12 0 0 0 -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD 3 1 2 33 pCi/g 0.12 0.16 0.37 0.37 0 0.37 Maximum Detect
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 3 3 0 100 pCi/g 0 0 0.51 0.70 0.16 0.70 Maximum Detect
100-K-55:1_Shallow_Focused Rad Uranium-235 15117-96-1 3 0 3 0 pCi/g 0.044 0.094 0 0 0 -- --
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 3 3 0 100 pCi/g 0 0 0.52 0.78 0.20 0.78 Maximum Detect
100-K-56:1_Deep Rad Americium-241 14596-10-2 9 0 9 0 pCi/g 0.047 0.85 0 0 0 -- --
100-K-56:1_Deep Rad Cesium-137 10045-97-3 9 9 0 100 pCi/g 0 0 0.12 29 1.4 21 95% Approximate Gamma UCL
100-K-56:1_Deep Rad Cobalt-60 10198-40-0 9 6 3 67 pCi/g 0.036 0.075 0.22 2.0 0.70 1.1    95% KM (Percentile Bootstrap) UCL
100-K-56:1_Deep Rad Europium-152 14683-23-9 9 8 1 89 pCi/g 0.10 0.10 0.51 31 1.0 22    95% KM (Chebyshev) UCL
100-K-56:1_Deep Rad Europium-154 15585-10-1 9 6 3 67 pCi/g 0.13 0.16 0.57 4.1 0.71 2.1    95% KM (Percentile Bootstrap) UCL
100-K-56:1_Deep Rad Uranium-235 15117-96-1 9 0 9 0 pCi/g 0.13 0.41 0 0 0 -- --
100-K-56:1_Deep Rad Uranium-238 U-238 9 0 9 0 pCi/g 4.8 14 0 0 0 -- --
100-K-56:1_Shallow Rad Americium-241 14596-10-2 20 0 20 0 pCi/g 0.039 0.47 0 0 0 -- --
100-K-56:1_Shallow Rad Cesium-137 10045-97-3 20 15 5 75 pCi/g 0.028 0.040 0.073 2.4 1.4 1.3  97.5% KM (Chebyshev) UCL
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 20 2 18 10 pCi/g 0.030 0.10 0.14 0.32 0.56 0.32    95% KM (% Bootstrap) UCL
100-K-56:1_Shallow Rad Europium-152 14683-23-9 20 8 12 40 pCi/g 0.070 0.16 0.24 10 1.6 1.9    95% KM (t) UCL
100-K-56:1_Shallow Rad Europium-154 15585-10-1 20 0 20 0 pCi/g 0.096 1.1 0 0 0 -- --
100-K-56:1_Shallow Rad Uranium-235 15117-96-1 20 0 20 0 pCi/g 0.11 0.27 0 0 0 -- --
100-K-56:1_Shallow Rad Uranium-238 U-238 20 0 20 0 pCi/g 3.4 10 0 0 0 -- --
100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 3 2 1 67 ug/kg 222 222 243 937 0.83 937 Maximum Detect
100-K-56:1_Shallow_Focused Rad Americium-241 14596-10-2 3 0 3 0 pCi/g 0.14 0.38 0 0 0 -- --
100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 3 3 0 100 pCi/g 0 0 0.061 0.31 0.63 0.31 Maximum Detect
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 3 3 0 100 pCi/g 0 0 0.056 0.15 0.44 0.15 Maximum Detect
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 3 3 0 100 pCi/g 0 0 0.61 3.1 0.66 3.1 Maximum Detect
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Table G-5.   Exposure Point Concentrations for each Waste Site Decision Unit in the 100-K Source OU

100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 3 2 1 67 pCi/g 0.15 0.15 0.33 0.33 0.0022 0.33 Maximum Detect
100-K-56:1_Shallow_Focused Rad Plutonium-238 13981-16-3 3 0 3 0 pCi/g 0 0.036 0 0 0 -- --
100-K-56:1_Shallow_Focused Rad Plutonium-239/240 PU-239/240 3 0 3 0 pCi/g 0.036 0.24 0 0 0 -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD 3 3 0 100 pCi/g 0 0 0.24 0.50 0.35 0.50 Maximum Detect
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 3 3 0 100 pCi/g 0 0 0.38 0.45 0.096 0.45 Maximum Detect
100-K-56:1_Shallow_Focused Rad Uranium-235 15117-96-1 3 0 3 0 pCi/g 0.027 0.027 0 0 0 -- --
100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 3 3 0 100 pCi/g 0 0 0.40 0.49 0.10 0.49 Maximum Detect
100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 6 6 0 100 ug/kg 0 0 5.76E+06 1.08E+07 0.22 1.08E+07 Maximum Detect
100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 6 3 3 50 ug/kg 383 518 334 391 0.086 391 Maximum Detect
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 6 6 0 100 ug/kg 0 0 1,530 4,330 0.40 4,330 Maximum Detect
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 6 6 0 100 ug/kg 0 0 51,700 85,300 0.16 85,300 Maximum Detect
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 6 6 0 100 ug/kg 0 0 197 357 0.23 357 Maximum Detect
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 6 6 0 100 ug/kg 0 0 409 1,570 0.62 1,570 Maximum Detect
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 6 6 0 100 ug/kg 0 0 46 136 0.47 136 Maximum Detect
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 6 6 0 100 ug/kg 0 0 11,000 30,000 0.42 30,000 Maximum Detect
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 6 6 0 100 ug/kg 0 0 2,990 6,110 0.30 6,110 Maximum Detect
100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 6 6 0 100 ug/kg 0 0 11,600 19,500 0.21 19,500 Maximum Detect
100-K-78_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 6 0 6 0 ug/kg 200 510 0 0 0 -- --
100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 6 6 0 100 ug/kg 0 0 1.14E+07 1.96E+07 0.21 1.96E+07 Maximum Detect
100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 6 6 0 100 ug/kg 0 0 2,700 6,380 0.38 6,380 Maximum Detect
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 6 6 0 100 ug/kg 0 0 162,000 288,000 0.22 288,000 Maximum Detect
100-K-78_Shallow_Focused non-Rad Mercury 7439-97-6 6 0 6 0 ug/kg 23 30 0 0 0 -- --
100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 6 4 2 67 ug/kg 1,280 1,730 162 452 0.41 452 Maximum Detect
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 6 6 0 100 ug/kg 0 0 7,770 14,800 0.28 14,800 Maximum Detect
100-K-78_Shallow_Focused non-Rad Selenium 7782-49-2 6 0 6 0 ug/kg 191 259 0 0 0 -- --
100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 6 6 0 100 ug/kg 0 0 23,400 42,900 0.24 42,900 Maximum Detect
100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 6 6 0 100 ug/kg 0 0 29,200 47,000 0.19 47,000 Maximum Detect
100-K-78_Shallow_Focused Rad Americium-241 14596-10-2 6 0 6 0 pCi/g 0.037 0.27 0 0 0 -- --
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 6 4 2 67 pCi/g -2.66E+00 -2.35E+00 1.3 1.7 0.095 1.7 Maximum Detect
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 6 1 5 17 pCi/g 0.024 0.063 0.32 0.32 0 0.32 Maximum Detect
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 6 1 5 17 pCi/g 0.023 0.053 0.073 0.073 0 0.073 Maximum Detect
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 6 1 5 17 pCi/g 0.056 0.16 0.27 0.27 0 0.27 Maximum Detect
100-K-78_Shallow_Focused Rad Europium-154 15585-10-1 6 0 6 0 pCi/g 0.034 0.18 0 0 0 -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 6 1 5 17 pCi/g -8.33E-01 1.6 7.2 7.2 0 7.2 Maximum Detect
100-K-78_Shallow_Focused Rad Plutonium-238 13981-16-3 6 0 6 0 pCi/g -3.40E-02 0.048 0 0 0 -- --
100-K-78_Shallow_Focused Rad Plutonium-239/240 PU-239/240 6 0 6 0 pCi/g -2.20E-02 0.039 0 0 0 -- --
100-K-78_Shallow_Focused Rad Total beta radiostrontium SR-RAD 6 0 6 0 pCi/g -8.60E-02 0.12 0 0 0 -- --
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 6 6 0 100 pCi/g 0 0 0.42 0.84 0.22 0.84 Maximum Detect
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 6 1 5 17 pCi/g 0.032 0.24 0.048 0.048 0 0.048 Maximum Detect
100-K-78_Shallow_Focused Rad Uranium-238 U-238 6 6 0 100 pCi/g 0 0 0.56 0.93 0.18 0.93 Maximum Detect
100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 1 1 0 100 ug/kg 0 0 7.65E+06 7.65E+06 0 7.65E+06 Maximum Detect
100-K-85_Shallow_Focused non-Rad Antimony 7440-36-0 1 0 1 0 ug/kg 350 350 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 1 0 1 0 ug/kg 2.6 2.6 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 1 1 0 100 ug/kg 0 0 2,800 2,800 0 2,800 Maximum Detect
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 1 1 0 100 ug/kg 0 0 56,700 56,700 0 56,700 Maximum Detect
100-K-85_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 1 0 1 0 ug/kg 20 20 0 0 0 -- --
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Table G-5.   Exposure Point Concentrations for each Waste Site Decision Unit in the 100-K Source OU

100-K-85_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 1 0 1 0 ug/kg 20 20 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 1 0 1 0 ug/kg 26 26 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 1 0 1 0 ug/kg 40 40 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 1 1 0 100 ug/kg 0 0 230 230 0 230 Maximum Detect
100-K-85_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 1 0 1 0 ug/kg 46 46 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 1 1 0 100 ug/kg 0 0 1,100 1,100 0 1,100 Maximum Detect
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 1 1 0 100 ug/kg 0 0 62 62 0 62 Maximum Detect
100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 1 1 0 100 ug/kg 0 0 7,800 7,800 0 7,800 Maximum Detect
100-K-85_Shallow_Focused non-Rad Chrysene 218-01-9 1 0 1 0 ug/kg 27 27 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 1 1 0 100 ug/kg 0 0 8,400 8,400 0 8,400 Maximum Detect
100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 1 1 0 100 ug/kg 0 0 18,100 18,100 0 18,100 Maximum Detect
100-K-85_Shallow_Focused non-Rad Fluoranthene 206-44-0 1 0 1 0 ug/kg 36 36 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 1 0 1 0 ug/kg 145 145 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 1 0 1 0 ug/kg 22 22 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 1 1 0 100 ug/kg 0 0 2.27E+07 2.27E+07 0 2.27E+07 Maximum Detect
100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 1 1 0 100 ug/kg 0 0 4,800 4,800 0 4,800 Maximum Detect
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 1 1 0 100 ug/kg 0 0 327,000 327,000 0 327,000 Maximum Detect
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 1 1 0 100 ug/kg 0 0 9.9 9.9 0 9.9 Maximum Detect
100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 1 1 0 100 ug/kg 0 0 360 360 0 360 Maximum Detect
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 1 1 0 100 ug/kg 0 0 9,900 9,900 0 9,900 Maximum Detect
100-K-85_Shallow_Focused non-Rad Pyrene 129-00-0 1 0 1 0 ug/kg 12 12 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Selenium 7782-49-2 1 0 1 0 ug/kg 790 790 0 0 0 -- --
100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 1 1 0 100 ug/kg 0 0 52,800 52,800 0 52,800 Maximum Detect
100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 1 1 0 100 ug/kg 0 0 46,500 46,500 0 46,500 Maximum Detect
116-K-1_Deep non-Rad Chromium 7440-47-3 9 9 0 100 ug/kg 0 0 9,600 18,000 0.22 14,607 95% Student's-t UCL
116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 9 1 8 11 ug/kg 200 210 560 560 0 560 Maximum Detect
116-K-1_Deep Rad Americium-241 14596-10-2 9 0 9 0 pCi/g 0.040 0.56 0 0 0 -- --
116-K-1_Deep Rad Cesium-137 10045-97-3 9 8 1 89 pCi/g 0.026 0.026 0.21 15 1.1 11    95% KM (Chebyshev) UCL
116-K-1_Deep Rad Cobalt-60 10198-40-0 9 7 2 78 pCi/g 0.028 0.039 0.051 4.0 1.9 3.3  97.5% KM (Chebyshev) UCL
116-K-1_Deep Rad Europium-152 14683-23-9 9 8 1 89 pCi/g 0.061 0.061 0.13 13 1.3 9.0    95% KM (Chebyshev) UCL
116-K-1_Deep Rad Europium-154 15585-10-1 9 3 6 33 pCi/g 0.092 0.20 0.50 2.5 0.92 2.5    95% KM (Percentile Bootstrap) UCL
116-K-1_Deep Rad Total beta radiostrontium SR-RAD 9 9 0 100 pCi/g 0 0 3.6 12 0.42 8.6 95% Student's-t UCL
116-K-1_Deep Rad Uranium-235 15117-96-1 9 0 9 0 pCi/g 0.11 0.43 0 0 0 -- --
116-K-1_Deep Rad Uranium-238 U-238 9 0 9 0 pCi/g 3.3 18 0 0 0 -- --
116-K-1_Overburden non-Rad Chromium 7440-47-3 12 12 0 100 ug/kg 0 0 9,500 14,000 0.099 12,619 95% Student's-t UCL
116-K-1_Overburden non-Rad Hexavalent Chromium 18540-29-9 12 0 12 0 ug/kg 210 240 0 0 0 -- --
116-K-1_Overburden Rad Americium-241 14596-10-2 12 0 12 0 pCi/g 0.064 0.25 0 0 0 -- --
116-K-1_Overburden Rad Cesium-137 10045-97-3 12 11 1 92 pCi/g 0.025 0.025 0.045 0.59 0.80 0.28    95% KM (t) UCL
116-K-1_Overburden Rad Cobalt-60 10198-40-0 12 0 12 0 pCi/g 0.017 0.069 0 0 0 -- --
116-K-1_Overburden Rad Europium-152 14683-23-9 12 8 4 67 pCi/g 0.060 0.078 0.083 0.48 0.59 0.26    95% KM (Percentile Bootstrap) UCL
116-K-1_Overburden Rad Europium-154 15585-10-1 12 0 12 0 pCi/g 0.065 0.21 0 0 0 -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD 12 7 5 58 pCi/g -4.60E-02 0.29 0.29 1.8 0.56 0.92    95% KM (Percentile Bootstrap) UCL
116-K-1_Overburden Rad Uranium-235 15117-96-1 12 0 12 0 pCi/g 0.069 0.18 0 0 0 -- --
116-K-1_Overburden Rad Uranium-238 U-238 12 0 12 0 pCi/g 2.2 7.1 0 0 0 -- --
116-K-1_Shallow non-Rad Chromium 7440-47-3 8 8 0 100 ug/kg 0 0 8,500 15,600 0.19 13,705 95% Student's-t UCL
116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 8 1 7 13 ug/kg 200 210 260 260 0 260 Maximum Detect
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Table G-5.   Exposure Point Concentrations for each Waste Site Decision Unit in the 100-K Source OU

116-K-1_Shallow Rad Americium-241 14596-10-2 8 0 8 0 pCi/g 0.037 0.28 0 0 0 -- --
116-K-1_Shallow Rad Cesium-137 10045-97-3 8 6 2 75 pCi/g 0.025 0.035 0.051 1.2 1.2 0.91    95% KM (Chebyshev) UCL
116-K-1_Shallow Rad Cobalt-60 10198-40-0 8 1 7 13 pCi/g 0.026 0.039 0.038 0.038 0 0.038 Maximum Detect
116-K-1_Shallow Rad Europium-152 14683-23-9 8 7 1 88 pCi/g 0.062 0.062 0.062 0.41 0.72 0.22    95% KM (BCA) UCL
116-K-1_Shallow Rad Europium-154 15585-10-1 8 0 8 0 pCi/g 0.083 0.12 0 0 0 -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD 8 5 3 63 pCi/g 0.19 0.28 0.90 2.7 0.43 1.9    95% KM (Percentile Bootstrap) UCL
116-K-1_Shallow Rad Uranium-235 15117-96-1 8 0 8 0 pCi/g 0.091 0.15 0 0 0 -- --
116-K-1_Shallow Rad Uranium-238 U-238 8 0 8 0 pCi/g 2.8 4.3 0 0 0 -- --
116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 24 23 1 96 ug/kg 204 204 930 8,660 0.65 3,153    95% KM (BCA) UCL
116-K-2_Deep Rad Americium-241 14596-10-2 24 20 4 83 pCi/g -5.70E-02 0.73 0.39 7.7 0.90 3.2    95% KM (BCA) UCL
116-K-2_Deep Rad Carbon-14 14762-75-5 24 2 22 8 pCi/g -2.19E+00 3.7 2.0 4.6 0.56 3.6    99% KM (Chebyshev) UCL
116-K-2_Deep Rad Cesium-137 10045-97-3 24 23 1 96 pCi/g 0.022 0.022 0.95 261 0.81 119    95% KM (t) UCL
116-K-2_Deep Rad Cobalt-60 10198-40-0 24 21 3 88 pCi/g 0.036 0.077 0.044 9.6 0.86 5.3    95% KM (Chebyshev) UCL
116-K-2_Deep Rad Europium-152 14683-23-9 24 23 1 96 pCi/g 0.060 0.060 0.92 194 0.99 103    95% KM (Chebyshev) UCL
116-K-2_Deep Rad Europium-154 15585-10-1 24 20 4 83 pCi/g 0.073 0.14 0.77 18 0.85 7.0    95% KM (BCA) UCL
116-K-2_Deep Rad Nickel-63 13981-37-8 24 24 0 100 pCi/g 0 0 6.9 1,570 0.87 763 95% Approximate Gamma UCL
116-K-2_Deep Rad Plutonium-238 13981-16-3 24 6 18 25 pCi/g 0.048 0.30 0.28 0.82 0.38 0.53    95% KM (Percentile Bootstrap) UCL
116-K-2_Deep Rad Plutonium-239/240 PU-239/240 24 21 3 88 pCi/g 0.088 0.17 0.46 13 0.87 5.1    95% KM (BCA) UCL
116-K-2_Deep Rad Total beta radiostrontium SR-RAD 24 24 0 100 pCi/g 0 0 0.82 20 0.82 6.3 95% Approximate Gamma UCL
116-K-2_Deep Rad Uranium-233/234 U-233/234 24 24 0 100 pCi/g 0 0 0.30 1.1 0.31 0.74 95% Student's-t UCL
116-K-2_Deep Rad Uranium-235 15117-96-1 24 3 21 13 pCi/g 0.077 0.11 0.038 0.045 0.086 0.045    95% KM (Percentile Bootstrap) UCL
116-K-2_Deep Rad Uranium-238 U-238 24 24 0 100 pCi/g 0 0 0.22 1.0 0.27 0.71 95% Student's-t UCL
116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 8 5 3 63 ug/kg 210 220 260 340 0.11 300    95% KM (Percentile Bootstrap) UCL
116-K-2_Overburden Rad Americium-241 14596-10-2 8 0 8 0 pCi/g 0 0.17 0 0 0 -- --
116-K-2_Overburden Rad Carbon-14 14762-75-5 8 0 8 0 pCi/g -1.37E+00 2.1 0 0 0 -- --
116-K-2_Overburden Rad Cesium-137 10045-97-3 8 3 5 38 pCi/g 0.026 0.044 0.10 0.13 0.13 0.13    95% KM (Percentile Bootstrap) UCL
116-K-2_Overburden Rad Cobalt-60 10198-40-0 8 0 8 0 pCi/g 0.026 0.047 0 0 0 -- --
116-K-2_Overburden Rad Europium-152 14683-23-9 8 3 5 38 pCi/g 0.081 0.13 0.16 0.26 0.22 0.21    95% KM (t) UCL
116-K-2_Overburden Rad Europium-154 15585-10-1 8 0 8 0 pCi/g 0.083 0.15 0 0 0 -- --
116-K-2_Overburden Rad Nickel-63 13981-37-8 8 0 8 0 pCi/g -5.94E-01 0.98 0 0 0 -- --
116-K-2_Overburden Rad Plutonium-238 13981-16-3 8 0 8 0 pCi/g 0 0.044 0 0 0 -- --
116-K-2_Overburden Rad Plutonium-239/240 PU-239/240 8 0 8 0 pCi/g 0 0.044 0 0 0 -- --
116-K-2_Overburden Rad Total beta radiostrontium SR-RAD 8 0 8 0 pCi/g -6.80E-02 0.17 0 0 0 -- --
116-K-2_Overburden Rad Uranium-233/234 U-233/234 8 8 0 100 pCi/g 0 0 0.41 0.78 0.23 0.66 95% Student's-t UCL
116-K-2_Overburden Rad Uranium-235 15117-96-1 8 0 8 0 pCi/g 0.035 0.067 0 0 0 -- --
116-K-2_Overburden Rad Uranium-238 U-238 8 8 0 100 pCi/g 0 0 0.39 0.77 0.23 0.68 95% Student's-t UCL
116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 24 13 11 54 ug/kg 201 214 216 852 0.57 308    95% KM (% Bootstrap) UCL
116-K-2_Shallow Rad Americium-241 14596-10-2 24 0 24 0 pCi/g -7.30E-02 0.21 0 0 0 -- --
116-K-2_Shallow Rad Carbon-14 14762-75-5 24 1 23 4 pCi/g -2.87E+00 1.8 3.0 3.0 0 3.0 Maximum Detect
116-K-2_Shallow Rad Cesium-137 10045-97-3 24 13 11 54 pCi/g 0.032 0.051 0.044 4.7 1.5 0.93    95% KM (BCA) UCL
116-K-2_Shallow Rad Cobalt-60 10198-40-0 24 0 24 0 pCi/g 0.028 0.068 0 0 0 -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 24 6 18 25 pCi/g 0.075 0.17 0.24 2.6 1.0 0.59    95% KM (t) UCL
116-K-2_Shallow Rad Europium-154 15585-10-1 24 2 22 8 pCi/g 0.097 0.17 0.30 0.30 0.0095 0.30    95% KM (t) UCL
116-K-2_Shallow Rad Nickel-63 13981-37-8 24 3 21 13 pCi/g -1.25E+01 2.2 4.2 7.8 0.33 7.8    95% KM (Percentile Bootstrap) UCL
116-K-2_Shallow Rad Plutonium-238 13981-16-3 24 0 24 0 pCi/g -3.10E-02 0.071 0 0 0 -- --
116-K-2_Shallow Rad Plutonium-239/240 PU-239/240 24 0 24 0 pCi/g 0 0.11 0 0 0 -- --
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Table G-5.   Exposure Point Concentrations for each Waste Site Decision Unit in the 100-K Source OU

116-K-2_Shallow Rad Total beta radiostrontium SR-RAD 24 7 17 29 pCi/g -6.30E-02 0.21 0.18 0.37 0.26 0.26    95% KM (Percentile Bootstrap) UCL
116-K-2_Shallow Rad Uranium-233/234 U-233/234 24 24 0 100 pCi/g 0 0 0.36 0.97 0.22 0.69 95% Student's-t UCL
116-K-2_Shallow Rad Uranium-235 15117-96-1 24 0 24 0 pCi/g 0.042 0.14 0 0 0 -- --
116-K-2_Shallow Rad Uranium-238 U-238 24 24 0 100 pCi/g 0 0 0.33 0.96 0.26 0.63 95% Student's-t UCL
116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 16 11 5 69 ug/kg 210 220 260 1,300 0.61 583    95% KM (Percentile Bootstrap) UCL
116-KE-4_Shallow Rad Americium-241 14596-10-2 16 0 16 0 pCi/g -4.40E-02 0.098 0 0 0 -- --
116-KE-4_Shallow Rad Carbon-14 14762-75-5 16 0 16 0 pCi/g -4.26E-01 1.8 0 0 0 -- --
116-KE-4_Shallow Rad Cesium-137 10045-97-3 16 14 2 88 pCi/g 0.032 0.056 0.042 0.87 1.3 0.37    95% KM (Chebyshev) UCL
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 16 1 15 6 pCi/g 0.030 0.11 0.086 0.086 0 0.086 Maximum Detect
116-KE-4_Shallow Rad Europium-152 14683-23-9 16 12 4 75 pCi/g 0.080 0.16 0.10 2.1 0.93 0.70    95% KM (Percentile Bootstrap) UCL
116-KE-4_Shallow Rad Europium-154 15585-10-1 16 2 14 13 pCi/g 0.096 0.33 0.14 0.28 0.50 0.28    95% KM (% Bootstrap) UCL
116-KE-4_Shallow Rad Nickel-63 13981-37-8 16 7 9 44 pCi/g -8.71E-01 2.5 4.9 12 0.32 7.5    95% KM (Percentile Bootstrap) UCL
116-KE-4_Shallow Rad Plutonium-238 13981-16-3 16 0 16 0 pCi/g 0 0.038 0 0 0 -- --
116-KE-4_Shallow Rad Plutonium-239/240 PU-239/240 16 0 16 0 pCi/g 0 0.070 0 0 0 -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD 16 5 11 31 pCi/g 0.022 0.33 0.26 0.55 0.35 0.32    95% KM (t) UCL
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 16 16 0 100 pCi/g 0 0 0.39 0.84 0.22 0.61 95% Student's-t UCL
116-KE-4_Shallow Rad Uranium-235 15117-96-1 16 3 13 19 pCi/g 0.029 0.072 0.032 0.041 0.15 0.041    99% KM (Chebyshev) UCL
116-KE-4_Shallow Rad Uranium-238 U-238 16 16 0 100 pCi/g 0 0 0.32 0.69 0.20 0.56 95% Student's-t UCL
116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 1 1 0 100 ug/kg 0 0 3,700 3,700 0 3,700 Maximum Detect
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 1 1 0 100 ug/kg 0 0 100,000 100,000 0 100,000 Maximum Detect
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 1 1 0 100 ug/kg 0 0 195 195 0 195 Maximum Detect
116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 1 1 0 100 ug/kg 0 0 30,000 30,000 0 30,000 Maximum Detect
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 1 1 0 100 ug/kg 0 0 59 59 0 59 Maximum Detect
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 1 1 0 100 ug/kg 0 0 330 330 0 330 Maximum Detect
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 1 1 0 100 ug/kg 0 0 11,300 11,300 0 11,300 Maximum Detect
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 1 1 0 100 ug/kg 0 0 102 102 0 102 Maximum Detect
116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 20 5 15 25 ug/kg 400 416 549 850 0.18 749    95% KM (Percentile Bootstrap) UCL
116-KW-3_Shallow Rad Americium-241 14596-10-2 20 1 19 5 pCi/g -6.00E-02 0.086 0.53 0.53 0 0.53 Maximum Detect
116-KW-3_Shallow Rad Cesium-137 10045-97-3 20 18 2 90 pCi/g 0.031 0.038 0.022 0.45 0.89 0.22    95% KM (Chebyshev) UCL
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 20 11 9 55 pCi/g 0.026 0.092 0.038 0.25 0.68 0.10    95% KM (t) UCL
116-KW-3_Shallow Rad Europium-152 14683-23-9 20 20 0 100 pCi/g 0 0 0.11 3.8 0.90 1.5 95% Approximate Gamma UCL
116-KW-3_Shallow Rad Europium-154 15585-10-1 20 8 12 40 pCi/g 0.089 0.24 0.11 0.79 0.69 0.29    95% KM (Percentile Bootstrap) UCL
116-KW-3_Shallow Rad Plutonium-238 13981-16-3 20 0 20 0 pCi/g -3.10E-02 0.12 0 0 0 -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 20 1 19 5 pCi/g -5.30E-02 0.14 0.92 0.92 0 0.92 Maximum Detect
116-KW-3_Shallow Rad Total beta radiostrontium SR-RAD 20 0 20 0 pCi/g -6.00E-02 0.25 0 0 0 -- --
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 20 20 0 100 pCi/g 0 0 0.26 1.6 0.55 0.66 95% Modified-t UCL
116-KW-3_Shallow Rad Uranium-235 15117-96-1 20 2 18 10 pCi/g 0.0090 0.076 0.037 0.039 0.037 0.039 Maximum Detect
116-KW-3_Shallow Rad Uranium-238 U-238 20 20 0 100 pCi/g 0 0 0.34 1.4 0.46 0.65 95% Modified-t UCL
116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 1 1 0 100 ug/kg 0 0 2,600 2,600 0 2,600 Maximum Detect
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 1 1 0 100 ug/kg 0 0 59,300 59,300 0 59,300 Maximum Detect
116-KW-4_Shallow_Focused non-Rad Cadmium 7440-43-9 1 0 1 0 ug/kg 160 160 0 0 0 -- --
116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 1 1 0 100 ug/kg 0 0 12,100 12,100 0 12,100 Maximum Detect
116-KW-4_Shallow_Focused non-Rad Ethylene glycol 107-21-1 1 0 1 0 ug/kg 10 10 0 0 0 -- --
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 1 1 0 100 ug/kg 0 0 240 240 0 240 Maximum Detect
116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 1 1 0 100 ug/kg 0 0 4,500 4,500 0 4,500 Maximum Detect
116-KW-4_Shallow_Focused non-Rad Mercury 7439-97-6 1 0 1 0 ug/kg 20 20 0 0 0 -- --
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Waste Site Decision Unit
Analyte 
Group Analyte Name CAS No.

Total 
Samples

Total  
Detects

Total Non-
Detects

Frequency of 
Detection Units

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit

Minimum 
Detected 

Result

Maximum 
Detected 

Result
Coefficient 
of Variation

Exposure 
Point 

Concentration Exposure Point Concentration Basis

Table G-5.   Exposure Point Concentrations for each Waste Site Decision Unit in the 100-K Source OU

128-K-1_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 10 0 10 0 ug/kg 15 36 0 0 0 -- --
128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 10 10 0 100 ug/kg 0 0 1,800 3,700 0.18 3,700 Maximum Detect
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 10 10 0 100 ug/kg 0 0 53,900 71,500 0.099 71,500 Maximum Detect
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 10 2 8 20 ug/kg 350 360 61 103 0.36 103 Maximum Detect
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 10 2 8 20 ug/kg 350 360 44 51 0.10 51 Maximum Detect
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 10 2 8 20 ug/kg 350 360 37 75 0.48 75 Maximum Detect
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 10 2 8 20 ug/kg 350 360 43 78 0.41 78 Maximum Detect
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 10 8 2 80 ug/kg 350 350 18 870 1.7 870 Maximum Detect
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 10 6 4 60 ug/kg 40 40 80 350 0.69 350 Maximum Detect
128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 10 10 0 100 ug/kg 0 0 5,900 13,500 0.23 13,500 Maximum Detect
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 10 2 8 20 ug/kg 350 360 64 148 0.56 148 Maximum Detect
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 10 2 8 20 ug/kg 350 360 140 220 0.31 220 Maximum Detect
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 9 1 8 11 ug/kg 420 440 480 480 0 480 Maximum Detect
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 10 1 9 10 ug/kg 350 360 29 29 0 29 Maximum Detect
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 10 10 0 100 ug/kg 0 0 3,500 10,800 0.39 10,800 Maximum Detect
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 10 10 0 100 ug/kg 0 0 20 30 0.15 30 Maximum Detect
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 10 2 8 20 ug/kg 350 360 120 150 0.16 150 Maximum Detect
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 10 5 5 50 ug/kg 360 390 540 800 0.15 800 Maximum Detect
128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH 10 7 3 70 ug/kg 3,500 3,600 3,500 14,400 0.60 14,400 Maximum Detect
128-K-1_Shallow_Focused Rad Americium-241 14596-10-2 9 0 9 0 pCi/g 0.045 0.29 0 0 0 -- --
128-K-1_Shallow_Focused Rad Cesium-137 10045-97-3 9 0 9 0 pCi/g 0.024 0.093 0 0 0 -- --
128-K-1_Shallow_Focused Rad Cobalt-60 10198-40-0 9 0 9 0 pCi/g 0.024 0.091 0 0 0 -- --
128-K-1_Shallow_Focused Rad Europium-152 14683-23-9 9 0 9 0 pCi/g 0.056 0.22 0 0 0 -- --
128-K-1_Shallow_Focused Rad Europium-154 15585-10-1 9 0 9 0 pCi/g 0.076 0.28 0 0 0 -- --
128-K-1_Shallow_Focused Rad Uranium-235 15117-96-1 9 0 9 0 pCi/g 0.084 0.31 0 0 0 -- --
128-K-1_Shallow_Focused Rad Uranium-238 U-238 9 0 9 0 pCi/g 2.8 11 0 0 0 -- --
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Analyte

90
th Percentile 

Background 
Method A Soil 
Cleanup Level Residential RBSL

Method B Direct 
Contact Soil Cleanup 

Level (carcinogen)

Method B Direct Contact 
Soil Cleanup Level 
(noncarcinogen)

Method B  Inhalation Soil 
Cleanup Level 
(carcinogen)

Method B  Inhalation 
Soil Cleanup Level 
(noncarcinogen)

Casual User RBSL 
(carcinogen)

Casual User RBSL 
(noncarcinogen)

Resident Monument Worker 
RBSL (carcinogen)

Americium-241 -- -- 155 -- -- -- -- 2,570 -- 275
Carbon-14 -- -- 81 -- -- -- -- 327,610 -- 52,046
Cesium-137 1.1 -- 4.4 -- -- -- -- 27,833 -- 6.2
Cobalt-60 0.0084 -- 3.1 -- -- -- -- 63 -- 3.3
Europium-152 -- -- 3.7 -- -- -- -- 66 -- 3.8
Europium-154 0.033 -- 4.4 -- -- -- -- 78 -- 4.8
Nickel-63 -- -- 608 -- -- -- -- 575,308 -- 91,576
Plutonium-238 0.0038 -- 236 -- -- -- -- 3,818 -- 605
Plutonium-239/240 0.025 -- 203 -- -- -- -- 3,342 -- 539
Total beta radiostrontium 0.18 -- 2.3 -- -- -- -- 13,733 -- 518
Uranium-233/234 1.1 -- 133 -- -- -- -- 5,808 -- 931
Uranium-235 0.11 -- 16 -- -- -- -- 309 -- 22
Uranium-238 1.1 -- 54 -- -- -- -- 6,462 -- 93

Aluminum 11,800 -- -- -- 80,000 -- >1,000,000 -- 912,453 --
Antimony 0.13 -- -- -- 32 -- -- -- 365 --
Arsenic 6.5 20 -- 0.67 24 42,414 500,240 4.5 253 --
Barium 132 -- -- -- 16,000 -- >1,000,000 -- 182,481 --
Beryllium 1.5 -- -- -- 160 75,991 666,986 >1,000,000 1,825 --
Boron 3.9 -- -- -- 16,000 -- >1,000,000 -- 182,500 --
Cadmium 0.56 -- -- -- 40 101,322 333,493 >1,000,000 821 --
Chromium 19 -- -- -- 120,000 -- -- -- >1,000,000 --
Cobalt 16 -- -- -- 24 20,264 200,096 920,451 274 --
Copper 22 -- -- -- 3,200 -- -- -- 36,500 --
Hexavalent Chromium -- -- -- -- 240 2,171 >1,000,000 98,620 2,737 --
Iron 32,600 -- -- -- 56,000 -- -- -- 638,750 --
Lead 10 250 -- -- -- -- -- -- -- --
Manganese 512 -- -- -- 11,200 -- >1,000,000 -- 127,658 --
Mercury 0.01 -- -- -- 24 -- >1,000,000 -- 274 --
Molybdenum 0.47 -- -- -- 400 -- -- -- 4,563 --
Nickel 19 -- -- -- 1,600 701,458 >1,000,000 >1,000,000 18,249 --
Selenium 0.78 -- -- -- 400 -- >1,000,000 -- 4,562 --
Vanadium 85 -- -- -- 400 -- -- -- 4,563 --
Zinc 68 -- -- -- 24,000 -- -- -- 273,750 --

Table 6-7.   Summary of Risk Based Screening Levels for the 100-K Source OU

Radionuclides (pCi/g)

Nonradionuclides (mg/kg)

Metals

Polycyclic Aromatic Hydrocarbons
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Analyte

90
th Percentile 

Background 
Method A Soil 
Cleanup Level Residential RBSL

Method B Direct 
Contact Soil Cleanup 

Level (carcinogen)

Method B Direct Contact 
Soil Cleanup Level 
(noncarcinogen)

Method B  Inhalation Soil 
Cleanup Level 
(carcinogen)

Method B  Inhalation 
Soil Cleanup Level 
(noncarcinogen)

Casual User RBSL 
(carcinogen)

Casual User RBSL 
(noncarcinogen)

Resident Monument Worker 
RBSL (carcinogen)

Table 6-7.   Summary of Risk Based Screening Levels for the 100-K Source OU

Benzo(a)anthracene -- -- -- 1.4 -- >1,000,000 -- 1.7 -- --
Benzo(a)pyrene -- -- -- 0.14 -- 165,799 -- 0.17 -- --
Benzo(b)fluoranthene -- -- -- 1.4 -- >1,000,000 -- 1.7 -- --
Benzo(k)fluoranthene -- -- -- 1.4 -- >1,000,000 -- 1.7 -- --
Chrysene -- -- -- 14 -- >1,000,000 -- 17 -- --
Fluoranthene -- -- -- -- 3,200 -- -- -- 26,760 --
Indeno(1,2,3-cd)pyrene -- -- -- 1.4 -- >1,000,000 -- 1.7 -- --
Pyrene -- -- -- -- 2,400 -- -- -- 20,070 --

Aroclor-1254 -- -- -- 0.50 1.6 319,963 -- 2.6 13 --
Bis(2-ethylhexyl) phthalate -- -- -- 71 1,600 >1,000,000 -- 405 14,258 --
Ethylene glycol -- -- -- -- 160,000 -- >1,000,000 -- >1,000,000 --
Total petroleum hydrocarbons -- 2,000 -- -- -- -- -- -- -- --
Note:
-- = Not Applicable

Other Organics
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User Input Rationale Reference

Exposure Pathways External gamma: NA Active
Inhalation: Active
Plant ingestion: Active
Meat ingestion: Active
Milk ingestion: Active
Aquatic foods: Active
Drinking water: Active
Soil ingestion: Active
Radon: Suppressed

R011 – Contaminated 
Zone (CZ)

Area of CZ m2 10,000 Generic site model Surface area presented in RESRAD 
user's guide, ANL/EAD-4

Thickness of CZ c m 4.6 Direct exposure cleanup standards apply 
to the upper 4.6 m (15 ft)

Length Parallel to Aquifer Flow m 100 Square root of contaminated site area

Radiation Dose Limit mrem/yr NA
Elapsed Time of Waste 
Placement

yr 0 RESRAD default

R012 –Principal 
Radionuclides 
Concentrations

All radionuclide contaminants of 
concern

pCi/g Contaminant-
specific

Contaminant-specific soil remedial action 
levels (pCi/g) are endpoints of the 
RESRAD calculations

R013 - Cover and CZ 
Hydrological Data

Cover Depth m 0 Conservative assumption; assumes cover 
is not maintained and direct exposure to 
contamination may occcurein the future.

Density of Cover Material g/cm3 Not used
Cover Erosion Rate m/yr Not used
Density of CZ g/cm3 1.6 Hanford 100 Area-specific data DOE/RL-90-07 
CZ Erosion Rate m/yr 0.001 RESRAD default

Table G-6.  Site-Specific RESRAD Input Parameters for the Residential Exposure Scenario

RESRAD Category Parameter Units

Interim Action Record of Decision Exposure Scenario
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User Input Rationale Reference

Table G-6.  Site-Specific RESRAD Input Parameters for the Residential Exposure Scenario

RESRAD Category Parameter Units

Interim Action Record of Decision Exposure Scenario

CZ Total Porosity Unitless 0.4 WDOH guidance WDOH/320-015 
CZ Field Capacity Unitless 0.15 Same as SZ Field Capacity
CZ Hydraulic Conductivity m/yr 250 Hanford 100 Area-specific data DOE/RL-96-11 

DOE/RL-93-37 
CZ b Parameter Unitless 4.05 WDOH guidance WDOH/320-015
Humidity in Air g/cm3 8 RESRAD default
Evapotranspiration Coefficient Unitless 0.91 Letter from EPA

Wind Speed m/s 3.4 Hanford Site average PNNL-12087 
Precipitation m/yr 0.16 Based on 16 cm (6.3 in.) average annual 

rainfall
DOE/RL-90-07 

Irrigation Rate m/yr 0.76 EPA, Region X guidance Letter from EPA
Irrigation Mode NA Overhead RESRAD default
Runoff Coefficient Unitless 0.2 RESRAD default
Watershed Area for Nearby 
Stream or Pond

m2 1,000,000 RESRAD default

Accuracy for Water/Soil 
Computations

Unitless 0.001 RESRAD default

R014 - SZ Hydrological 
Data

Density of SZ g/cm3 1.6 Hanford 100 Area-specific data DOE/RL-90-07 

SZ Total Porosity Unitless 0.4 WDOH guidance WDOH/320-015
SZ Effective Porosity Unitless 0.25 Agreement among the Tri-Parties a ANL/EAD/LD-2, Table 3.2
SZ Field Capacity Unitless 0.15 Field capacity = total porosity - effective 

porosity
ANL/EAD/LD-2, Equation 4.4

SZ Hydraulic Conductivity m/yr 5,530 Hanford 100-Area specific data DOE/RL-96-11
DOE/RL-93-37 

SZ Hydraulic Gradient Unitless 1.25E-03 Based on GW velocity = 27.8 m/yr, 
porosity = 0.25, hydraulic conductivity = 
5,530

DOE/RL-94-136

SZ b Parameter Unitless 4.05 WDOH guidance WDOH/320-015
Water Table Drop Rate m/yr 0.001 RESRAD default
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User Input Rationale Reference

Table G-6.  Site-Specific RESRAD Input Parameters for the Residential Exposure Scenario

RESRAD Category Parameter Units

Interim Action Record of Decision Exposure Scenario

Well Pump Intake Depth m below 
water table

4.6 Typical RCRA well screen length

Nondispersion (ND) or Mass-
Balance (MB)

NA ND

Well Pumping Rate m3/yr 250 RESRAD default
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User Input Rationale Reference

Table G-6.  Site-Specific RESRAD Input Parameters for the Residential Exposure Scenario

RESRAD Category Parameter Units

Interim Action Record of Decision Exposure Scenario

R015 - Uncontaminated 
and Unsaturated Strata 
Hydrological Data

Number of Unsaturated Strata NA 1 Generic site model; one contaminated 
zone, one uncontaminated zone

Thickness m 12 Generic site model
Soil Density g/cm3 1.6 Hanford 100 Area-specific data DOE/RL-90-07
Total Porosity Unitless 0.4 WDOH guidance WDOH/320-015
Effective Porosity Unitless 0.25 Agreement among the Tri-Parties ANL/EAD/LD-2, 1993, Table 3.2
Field Capacity Unitless 0.15 Field capacity = total porosity - effective 

porosity
ANL/EAD/LD-2, 1993, Equation 4.4

Soil-specific b Parameter Unitless 4.05 WDOH guidance WDOH/320-015 
Hydraulic Conductivity m/yr 250 Hanford 100-Area specific data DOE/RL-96-11 

DOE/RL-93-37 
R016 - Distribution 
Coefficients and Leach 
Rates

CZ Kd mL/g Contaminant-
specific

Kds values assigned to contaminated 
zone are for sand-dominated sediment 
(Hss).  Kds values assigned to 
uncontaminated unsaturated zone and 
saturated zone are for sandy gravel (Hg).

Kd values are taken from following 
hierarchy of information sources: 
DOE/RL-96-17 Table (first 
preference),  and RESRAD default 
(ANL 2009)

Leach Rate yr-1 Contaminant-
specific

RESRAD manual Note - leach rates are not used; Kd 
values are used for all radionuclides 
for leaching calculations

Saturated Solubility mol/L 0 RESRAD default Not used - Kd values are used for all 
leaching calculations

R017 - Inhalation and 
External Gamma

Inhalation Rate m3/yr 7,300 WDOH guidance WDOH/320-015

Mass Loading for Inhalation g/m3 0.0001 WDOH guidance WDOH/320-015
Exposure duration yr 30 EPA/540/R-92/003
Indoor Dust Filtration Factor Unitless 0.4 RESRAD default
External Gamma Shielding 
Factor

Unitless 0.4 EPA/540-R-00-007, Equation 4

Indoor Time Fraction Unitless 0.6 Based on 15 hr/day x 350 day/yr (5,250 
hr/8,760 hr)
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User Input Rationale Reference

Table G-6.  Site-Specific RESRAD Input Parameters for the Residential Exposure Scenario

RESRAD Category Parameter Units

Interim Action Record of Decision Exposure Scenario

Outdoor Time Fraction Unitless 0.12 Based on 3 hr/day x 350 days/yr (1,050 
hr/8,760 hr)

Shape Factor NA Circular RESRAD default
R018 - Ingestion 
Pathway Data, Dietary 
Parameters

Fruits, Vegetables, and Grain 
Consumption

kg/yr 110 WDOH guidance WDOH/320-015 

Leafy Vegetable Consumption kg/yr 2.7 WDOH guidance WDOH/320-015

Milk Consumption L/yr 100 WDOH guidance WDOH/320-015
Meat and Poultry Consumption kg/yr 36 WDOH guidance WDOH/320-015

Fish Consumption kg/yr 19.7 WDOH guidance WDOH/320-015
Other Seafood Consumption kg/yr 0.9 RESRAD default
Soil Ingestion g/yr 36.5 Based on 100 mg/day x 365 days/yr EPA/540/R-92/003
Drinking Water Intake L/yr 730 WDOH guidance WDOH/320-015
Drinking Water Contamination 
Fraction

Unitless 1 RESRAD default

Household Water Contamination 
Fraction

Unitless 1 RESRAD default

Livestock Water Contamination 
Fraction

Unitless 1 RESRAD default

Irrigation Water Contamination 
Fraction

Unitless 1 RESRAD default

Aquatic Food Contamination 
Fraction

Unitless 0.5 RESRAD default

Plant Food Contamination 
Fraction

Unitless -1 RESRAD default

Meat Contamination Fraction Unitless -1 RESRAD default

Milk Contamination Fraction Unitless -1 RESRAD default
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User Input Rationale Reference

Table G-6.  Site-Specific RESRAD Input Parameters for the Residential Exposure Scenario

RESRAD Category Parameter Units

Interim Action Record of Decision Exposure Scenario

R019 - Ingestion 
Pathway Data, 
Nondietary

Livestock Fodder Intake for Meat kg/d 68 RESRAD default

Livestock Fodder Intake for Milk kg/d 55 RESRAD default

Livestock Water Intake for Meat L/d 50 RESRAD default

Livestock Water Intake for Milk L/d 160 RESRAD default

Livestock Intake of Soil kg/d 0.5 RESRAD default
Mass Loading for Foliar 
Deposition

g/m3 0.0001 RESRAD default

Depth of Soil Mixing Layer m 0.15 RESRAD default
Depth of Roots m 0.9 RESRAD default

R020 – Groundwater 
Usage

Groundwater Fractional Usage - 
Drinking Water

Unitless 1 RESRAD default

Groundwater Fractional Usage - 
Household Usage

Unitless 1 RESRAD default

Groundwater Fractional Usage - 
Livestock Water

Unitless 1 RESRAD default

Groundwater Usage – Irrigation Unitless 1 RESRAD default

R021 - Radon WDOH guidance WDOH/320-015

ANL = Argonne National Laboratory
COPC = contaminant of potential concern
CZ = contaminated zone
EPA = U.S. Environmental Protection Agency
NA = not applicable
ND = nondispersion
RCRA = Resource Conservation and Recovery Act of 1976
RESRAD = RESidual RADioactivity code 
SZ = saturated zone

a.  Use of an effective porosity of 0.25 as a generic 100 Area input parameter is ased upon agreement among the Tri-Parites.  An effective poosity of 0.25 corresponds to values for 
sand and gravel lreported in ANL/EAD/LD-2, Table 3.2.

Radon parameters are not used; Radon is not a Hanford Site 
COPC.
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User Input Rationale Reference

Table G-6.  Site-Specific RESRAD Input Parameters for the Residential Exposure Scenario

RESRAD Category Parameter Units

Interim Action Record of Decision Exposure Scenario

WDOH = Washington State Department of Health
ANL/EAD-4, 2001, User's Manual for RESRAD Version 6 , , Environmental Assessment Division, Argonne National Laboratory, Argonne, Illinois.
ANL/EAD/LD-2, 1993, Manual for Implementing Residual Radioactive Materials Guidelines Using RESRAD, Version 5.0, Evnironmental Assessment Division, Argonne National Laborato
ANL, 2009, RESRAD for Windows, Version 6.5, Environmental Assessment Division, Argonne National Laboratory, Argonne, Illinois.

DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008 , Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland, Washington.

EPA 540/R/99/006, 1999, Radiation Risk Assessment at CERCLA Sites:  Q & A , OSWER Directive No. 9200.4-31P, , U.S. Environmental Protection Agency, Washington, D.C.

EPA/600/P-95/002Fa, 1997, Exposure Factors Handbook Volume I: General Factors , U.S. Environmental Protection Agency, National Center for Environmental Assessment, Washingto
PNNL‑12087, 1999, Hanford Site Climatological Data Summary 1998 with Historical Data, Pacific Northwest National Laboratory, Richland, Washington.
PNNL-15160, 2005, Hanford Site Climatological Summary 2004 With Historical Data , Pacific Northwest National Laboratory, Richland, Washington.
PNNL-14702, 2006, Vadose Zone Hydrology Data Package for Hanford Assessments , Rev. 1, Pacific Northwest National Laboratory, Richland, Washington.
PNNL-14753, 2006, Groundwater Data Package for Hanford Assessments, Rev. 1, Pacific Northwest National Laboratory, Richland, Washington.
PNNL-18564, 2009, Selection and Traceability of Parameters to Support Hanford-Specific RESRAD Analyses – Fiscal Year 2008 Status Report , Pacific Northwest National Laboratory, 
WDOH/320-015, 1997, Hanford Guidance for Radiological Cleanup , Rev. 1, Washington State Department of Health, Olympia, Washington.

DOE/RL-96-17, 2009, Remedial Design Report/Remedial Action Work Plan for the 100 Area , Rev. 6 (For Approval July 2009), U.S. Department of Energy, Richland Operations Office, R
Washington.

EPA/540/R-92/003, 1991, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual Supplemental Guidance “Standard Default Exposure Factors” Interim F
Emergency and Remedial Response, Toxics Integration Branch, U.S. Environmental Protection Agency, Washington, D.C.

EPA/540-R-00-007, 2000, Soil Screening Guidance for Radionuclides:  User’s Guide , OSWER Directive No. 9355.4 16A, Office of Solid Waste and Emergency Response, U.S. Environm
Washington, D.C.
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Exposure Factor Symbol Value Units Source

Gastrointestinal absorption fraction AB1 1 unitless WAC-173-340-740(3)(b)(B)(I) and WAC-173-340-740(3)(b)(B)(II)
Average body weight ABW 16 kg WAC-173-340-740(3)(b)(B)(I) and WAC-173-340-740(3)(b)(B)(II)
Averaging time - Carcinogens ATc 75 years WAC-173-340-740(3)(b)(B)(II)
Averaging time -Noncarcinogens ATnc 6 years WAC-173-340-740(3)(b)(B)(I) 
Carcinogenic Potency Factor CPF Chemical-Specific kg-day/mg See Table G-14
Exposure duration ED 6 years WAC-173-340-740(3)(b)(B)(I) and WAC-173-340-740(3)(b)(B)(II)
Exposure Frequency EF 1 unitless WAC-173-340-740(3)(b)(B)(I) and WAC-173-340-740(3)(b)(B)(II)
Hazard quotient HQ 1 unitless WAC-173-340-740(3)(b)(B)(I) 
Reference Dose RfD Chemical-Specific mg/kg-day See Table G-14
Acceptable cancer risk level RISK 1 in 1,000,000 unitless WAC-173-340-740(3)(b)(B)(II)
Soil ingestion rate SIR 200 mg/day WAC-173-340-740(3)(b)(B)(I) and WAC-173-340-740(3)(b)(B)(II)
Unit conversion factor UCF 1,000,000 mg/kg WAC-173-340-740(3)(b)(B)(I) and WAC-173-340-740(3)(b)(B)(II)

Table G-7.  Exposure Parameters Used to Calculate Method B Soil Direct Contact Cleanup Levels
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Exposure Factor Symbol Value Units Source

Average Body Weight – Carcinogen ABW 70 kg WAC 173-340-750(3)(b)(ii)(B) Equation 750-2
Average Body Weight  - Noncarcinogen ABW 16 kg WAC 173-340-750(3)(b)(ii)(A) Equation 750-1
Averaging Time - Carcinogen AT 75 years WAC 173-340-750(3)(b)(ii)(B) Equation 750-2
Averaging Time  - Noncarcinogen AT 6 years WAC 173-340-750(3)(b)(ii)(A) Equation 750-1
Breathing Rate - Carcinogen BR 20 m3/day WAC 173-340-750(3)(b)(ii)(B) Equation 750-2
Breathing Rate  - Noncarcinogen BR 10 m3/day WAC 173-340-750(3)(b)(ii)(A) Equation 750-1
Cancer Potency Factor CPF Chemical-Specific (mg/kg-day)-1 See Table G-14
Exposure Duration - Carcinogen ED 30 year WAC 173-340-750(3)(b)(ii)(B) Equation 750-2
Exposure Duration – Noncarcinogen ED 6 year WAC 173-340-750(3)(b)(ii)(A) Equation 750-1
Exposure Frequency EF 1 unitless WAC 173-340-750(3)(b)(ii)(A) Equation 750-1 and WAC 173-340-750(3)(b)(ii)(B) Equation 750-2
Inhalation Absorption Factor ABS 1 unitless WAC 173-340-750(3)(b)(ii)(A) Equation 750-1 and WAC 173-340-750(3)(b)(ii)(B) Equation 750-2
Reference Dose RfD Chemical-Specific (mg/kg-day) See Table G-14
Target Hazard Quotient HQ 1 Unitless WAC 173-340-750(3)(b)(ii)(A) Equation 750-1
Target Risk RISK 1 in 1,000,000 Unitless WAC 173-340-750(3)(b)(ii)(B) Equation 750-2
Unit Conversion Factor UCF 1000 µg/mg WAC 173-340-750(3)(b)(ii)(A) Equation 750-1 and WAC 173-340-750(3)(b)(ii)(B) Equation 750-2

Table G-8.  Exposure Parameters Used to Calculate Method B Soil Inhalation Pathway Cleanup Levels

Notes:
WAC 173‑340‑750(3), “Model Toxics Control Act‑‑Cleanup,” “Cleanup Standards to Protect Air Quality,” “Method B Air Cleanup Levels,”
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Exposure Route/Exposure Factor Symbol Value Units Source
Chronic Daily Intake - Resident Monument Worker, External Exposure, Occupational Fraction CDIrmw_rad_ext_occ Radioisotope-Specific pCi-year/g Calculated

Chronic Daily Intake - Resident Monument Worker, Ingestion, Occupational Fraction CDIrmw_rad_ing_occ Radioisotope-Specific pCi Calculated

Chronic Daily Intake - Resident Monument Worker, Inhalation, Occupational Fraction CDIrmw_rad_inh_occ Radioisotope-Specific pCi Calculated

Concentration in Soil (Broad Area) Cs Radioisotope-Specific pCi/g Radioisotope-Specific

Exposure Duration - Resident Monument Worker EDrmw 25 years OSWER Directive 9285.6-03, value for industrial worker

Exposure Frequency -  Resident Monument Worker, Occupational Fraction EFrmw_occ 250 days/year OSWER Directive 9285.6-03, value for industrial worker

Exposure Frequency - Resident Monument Worker, Residential Fraction EFrmw_res 350 days/year OSWER Directive 9285.6-03, value for adult resident

Exposure Time - Resident Monument Worker, Occupational Fraction ETrmw_occ 8 hour/day OSWER Directive 9285.6-03, value for industrial worker

Exposure Time - Resident Monument Worker, Occupational Fraction, Indoors ETrmw_occ_in 0 hour/day Assumes no time is spent indoors

Exposure Time - Resident Monument Worker, Occupational Fraction, Outdoors ETrmw_occ_out 8 hour/day OSWER Directive 9285.6-03, value for an outdoor industrial worker

Exposure Time - Resident Monument Worker, Residential Fraction ETrmw_res 16 hrs/day Assumes 8 hours on the worksite, and 16 hours at home

Exposure Time - Resident Monument Worker, Residential Fraction, Indoors ETrmw_res_in 13 hour/day DOE/RL-2007-21, 24 hr/day total - (11 hours/day Outdoors)(Workday)

Exposure Time - Resident Monument Worker, Residential Fraction, Outdoors ETrmw_res_out 3 hour/day DOE/RL-2007-21

Gamma Shielding Factor, Indoors GSFin 0.4 unitless U.S. EPA. 2000

Gamma Shielding Factor, Outdoors GSFout 1 unitless U.S. EPA. 2000

Inhalation Rate -  Residential Monument Worker IRArmw 8.30E-01 m3/hour

OSWER Directive 9285.6-03, value for adult resident, based on a value of 

20 m3/day

Soil Ingestion Rate - Resident Monument Worker IRSrmw 100 mg/day
OSWER Directive 9285.6-03, value for adult resident; OSWER 9355.4 24, 

value for outdoor worker

Soil ingestion rate - Resident Monument Worker, Occupational Fraction, adjusted IRSrmw_occ_adj 23.8 mg/day Calculated

Soil Ingestion Rate - Resident Monument Worker, Residential Fraction, adjusted IRSrmw_res_adj 76.20 mg/day Calculated

Particulate Emission Factor (Broad Area) PEFB
2.58E+10 m3/kg See Table G-11

Particulate Emission Factor (Local Area) PEFL 7.30E+10 m3/kg See Table G-11

Preliminary Remediation Goal - Resident Monument Worker, External Exposure, Residential Fraction RBSLrmw_rad_ext_res Radioisotope-Specific pCi/g Calculated

Preliminary Remediation Goal - Resident Monument Worker, Ingestion, Residential Fraction RBSLrmw_rad_ing_res Radioisotope-Specific pCi/g Calculated

Preliminary Remediation Goals- Resident Monument Worker, Inhalation, Residential Fraction RBSLrmw_rad_inh_res Radioisotope-Specific pCi/g Calculated
Cancer Risk from Broad Area Exposure for Occupational Portion of Resident Monument Worker through 
Incidental Ingestion of Soil RISKrmw_rad_ing_occ Radioisotope-Specific unitless Calculated
Cancer Risk from Broad Area Exposure for Occupational Portion of Resident Monument Worker through 
Ionizing Radiation RISKrmw_rad_ext_occ Radioisotope-Specific unitless Calculated
Cancer Risk from Broad Area Exposure for Occupational Portion of Resident Monument Worker through 
Inhalation of Dust in Soil RISKrmw_rad_inh_occ Radioisotope-Specific unitless Calculated

Slope Factor - Inhalation SFi Radioisotope-Specific risk/pCi See Table G-14

Slope Factor – Soil Ingestion SFs Radioisotope-Specific risk/pCi See Table G-14

Slope Factor – External Exposure SFx Radioisotope-Specific Risk/year per pCi/g See Table G-14

Target Risk – Radioisotope TR_rad 1.0E-04 unitless OSWER Directive 9355.4-24

Time - Resident Monument Worker trmw 25 years Equivalent to the Exposure Duration

Unit Conversion Factor UCF1 1.00E-03 g/mg 1 g = 1,000 mg

Unit Conversion Factor UCF2 1000 g/kg 1 kg = 1,000 g

Unit Conversion Factor UCF3 0.000114 years/hour 1 year =8,760 hours

Decay Constant λ Radioisotope-Specific yr-1
0.693/half-life

Table G-9. Exposure Parameters Used to Calculate Residential Monument Worker Scenario Risk-Based Screening Levels.
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Exposure Route/Exposure Factor Symbol Value Units Source

Table G-9. Exposure Parameters Used to Calculate Residential Monument Worker Scenario Risk-Based Screening Levels.

Half Life Radioisotope-Specific years U.S. EPA 2001

DOE/RL-2007-21, Risk Assessment Report for the 100 Area and 300 Area Component of the River Corridor Baseline Risk Assessment

DOE/RL-96-12, Rev. 0, Hanford Site Background:  Part 2, Soil Background for Radionuclides
OSWER 9355.4 24,  Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites
OSWER Directive 9285.6 03 , Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual Supplemental Guidance “Standard Default Exposure Factors” 

U.S. EPA 2001. US EPA Health Effects Assessment Summary Tables (HEAST) Slope Factors Table 
U.S. EPA. 2000. Soil Screening Guidance for Radionuclides: User's Guide . 
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Exposure Route/Exposure Factor Symbol Value Units Source

Dermal Absorption Fraction ABSd Chemical-specific unitless See Table G-14
Area Correction Factor ACF Chemical-specific unitless Eckerman 2007
Skin Adherence Factor - Adult AFa 0.07 mg/cm2

EPA/540/R-99/005
Skin Adherence Factor - Child AFccu 0.2 mg/cm2

EPA/540/R-99/005
Averaging Time - Carcinogenic ATca 25,550 days = 365 days/year x 70 years
Averaging Time - Noncarcinogenic, Child Casual User ATnc_cu 2,190 days = 365 days/year x 6 years
Body Weight- Adult BWa 70 kg OSWER Directive 9285.6-03
Body Weight – Child BWccu 15 kg OSWER Directive 9285.6-03
Cancer Slope Factor - oral CSFo Chemical-Specific (mg/kg-day)-1

See Table G-14
Age-adjusted dermal contact rate, Casual User DFSadj_cu 361 (mg-year)/(kg-day) Calculated value
Age-adjusted dermal contact rate – mutagens, Casual User DFSMadj_cu 1,445 (mg-year)/(kg-day) Calculated value
Exposure Duration -Adult + Child EDa+ccu 30 years OSWER Directive 9285.6-03
Exposure Duration -  Child Casual User EDccu 6 years OSWER Directive 9285.6-03
Exposure Duration - 0-2 years ED0-2 2 years EPA/630/R-03/003F
Exposure Duration - 2-6 years ED2-6 4 years EPA/630/R-03/003F
Exposure Duration - 6-16 years ED6-16 10 years EPA/630/R-03/003F
Exposure Duration -16-30 years ED16-30 14 years EPA/630/R-03/003F
Exposure Frequency -  Casual User EFcu 30 days/year DOE/RL-2007-21, Table 3-16
Exposure Time - Casual User ETcu 6 hours/day PNNL 2001; Table 4.9
Gastro-Intestinal Absorption Fraction GIABS Chemical-Specific unitless See Table G-14
Soil Ingestion Rate - Adult IRSa 100 mg/day OSWER Directive 9285.6-03. 
Age-adjusted inhalation Rate -  Casual User IRAadj_cu 7.50E-01 m3/hour Calculated value
Age-adjusted soil ingestion rate, Casual User, Radioisotopes IRSadj_cu_rad 120 mg/day Calculated value
Age-adjusted soil ingestion rate, Casual User IRSadj_cu 114 mg-yr/kg-day Calculated value
Age-adjusted soil ingestion rate – mutagens, Casual User IRSMadj_cu 489.5 mg-yr/kg-day Calculated value
Soil Ingestion Rate -  Child Casual User IRSccu 200 mg/day OSWER Directive 9285.6-03. 
Inhalation Unit Risk IUR Chemical-Specific (µg/m3)-1

See Table G-14
Inhalation Rate -  Casual User Child IRAccu 4.17E-01 m3/hour EPA/540/R-92/003, based on a value of 10 m3/day

Inhalation Rate -  Casual User Adult IRAa 8.33E-01 m3/hour EPA/540/R-92/003, based on a value of 20 m3/day

Particulate Emission Factor PEF 7.30E+10 m3/kg See Table G-12
PRG – casual user, carcinogen, incidental soil ingestion PRGcu_ca_ing Chemical-Specific mg/kg Calculated value
PRG – casual user, noncarcinogen, incidental soil ingestion PRGcu_nc_ing Chemical-Specific mg/kg Calculated value
PRG – casual user, mutagen, incidental soil ingestion PRGcu_mu_ing Chemical-Specific mg/kg Calculated value
PRG – casual user, vinyl chloride, incidental soil ingestion PRGcu_vc_ing Chemical-Specific mg/kg Calculated value
PRG – casual user, carcinogen, dermal contact PRGcu_ca_dc Chemical-Specific mg/kg Calculated value
PRG – casual user, non-carcinogen, dermal contact PRGcu_nc_dc Chemical-Specific mg/kg Calculated value

Table G-10.  Exposure Parameters Used to Calculate Casual Recreational User Scenario Risk-Based Screening Levels.
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Exposure Route/Exposure Factor Symbol Value Units Source

Table G-10.  Exposure Parameters Used to Calculate Casual Recreational User Scenario Risk-Based Screening Levels.

PRG – casual user, mutagen, dermal contact PRGcu_mu_dc Chemical-Specific mg/kg Calculated value
PRG – casual user, vinyl chloride, dermal contact PRGcu_vc_dc Chemical-Specific mg/kg Calculated value
PRG – casual user, carcinogen, inhalation PRGcu_ca_inh Chemical-Specific mg/kg Calculated value
PRG – casual user, noncarcinogen, inhalation PRGcu_nc_inh Chemical-Specific mg/kg Calculated value
PRG – casual user, mutagen, inhalation PRGcu_mu_inh Chemical-Specific mg/kg Calculated value
PRG – casual user, vinyl chloride, inhalation PRGcu_vc_inh Chemical-Specific mg/kg Calculated value
PRG – casual user, carcinogen, total PRGcu_ca_total Chemical-Specific mg/kg Calculated value
PRG – casual user, noncarcinogen, total PRGcu_nc_total Chemical-Specific mg/kg Calculated value
PRG – casual user, mutagen, total PRGcu_mu_total Chemical-Specific mg/kg Calculated value
PRG – casual user, vinyl chloride, total PRGcu_vc_total Chemical-Specific mg/kg Calculated value
PRG – casual user, radionuclide, external exposure PRGcu_rad_ext Radioisotope-Specific pCi/g Calculated value
PRG – casual user, radionuclide, incidental soil ingestion PRGcu_rad_ing Radioisotope-Specific pCi/g Calculated value
PRG – casual user, radionuclide, inhalation PRGcu_rad_inh Radioisotope-Specific pCi/g Calculated value
PRG – casual user, radionuclide, total PRGcu_rad_tot Radioisotope-Specific pCi/g Calculated value
Reference Concentration RfC Chemical-Specific mg/m3

See Table G-14
Reference Dose - oral RfDo Chemical-Specific mg/kg-day See Table G-14

Skin Surface Area- Adult SAa 5700 cm2/day

Assumes dermal exposure to soil is to the head, hands, 
forearms, and lower legs. EPA/540/R/99/005, Section 3.2.2.1, 
Exhibit 3-5. 

Skin Surface Area – Child Casual User SAccu 2800 cm2/day

Assumes dermal exposure to soil is to the head, hands, 
forearms, lower legs and feet. EPA/540/R/99/005, Section 
3.2.2.1, Exhibit 3-5. 

Slope Factor - Inhalation SFi Radioisotope-Specific risk/pCi EPA/540/R-92/003
Slope Factor –soil  ingestion SFs Radioisotope-Specific risk/pCi EPA/540/R-92/003
Slope Factor – external exposure SFx Radioisotope-Specific Risk/year per pCi/g EPA/540/R-92/003
Target Hazard Quotient THQ 1 unitless OSWER 9355.4‑24
Target Risk TR 1 in 1,000,000 unitless OSWER 9355.4‑24
Target Cancer Risk - radioisotope TR_rad 1 in 10,000 unitless OSWER Directive 9355.4-24
Time - Casual User tcu 30 years Same as Exposure Duration
Unit Conversion Factor UCF1 1.00E-06 kg/mg 1 kg = 1.0E+06 mg
Unit Conversion Factor UCF2 1.00E+03 µg/mg 1 mg = 1.0E+03 µg
Unit Conversion Factor UCF3 1.00E-03 g/mg 1 g = 1,000 milligrams
Unit Conversion Factor UCF4 1000 g/kg 1 kg = 1,000 grams
Unit Conversion Factor UCF5 0.002739726 years/day 1 year = 365 days
Volatilization Factor for Tritium VF_H3 1.70E+01 m3/kg Etnier, 1980
Volatilization Factor VF Chemical-Specific m3/kg See Table G-13
Decay Constant λ Radioisotope-Specific yr-1

=0.693/halflife
Half Life Radioisotope-Specific years EPA/540/R-92/003
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Exposure Route/Exposure Factor Symbol Value Units Source

Table G-10.  Exposure Parameters Used to Calculate Casual Recreational User Scenario Risk-Based Screening Levels.

Notes:
DOE/RL-2007-21, Risk Assessment Report for the 100 Area and 300 Area Component of the River Corridor Baseline Risk Assessment
OSWER 9355.4‑24, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites 
OSWER Directive 9285.6‑03 , Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual Supplemental Guidance “Standard Default Exposure Factors” 
EPA/540/R-92/003, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals)
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)
EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment )  
EPA/630/R-03/003F,  Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens
PNNL, 2001 Columbia River Recreation Survey – Implications for the Hanford Site
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Factor Symbol Value Unit Reference
A Constant A 11.3161 unitless OSWER Directive 9355.4-24; 

Exhibit D-2 for Boise Idaho. 
Site Area (Broad Area) AB 500 acres largest area in range of sites used 

by EPA (OSWER 9355.4 24, 
Appdx D) to do curve fits for 

calculating Q/C. 100 Area is ~26 

mi2.

Site Area (Local Area) AL 0.5 acres OSWER Directive 9355.4-24

B Constant B 19.6437 unitless OSWER Directive 9355.4-24; 
Exhibit D-2 for Boise Idaho. 

C Constant C 224.8172 unitless OSWER Directive 9355.4-24; 
Exhibit D-2 for Boise Idaho. 

Windspeed Distribution Function F(x) 7.21E-03 unitless Calculated

Particulate Emission Factor (Base Area) PEFB 2.58E+10 m3/kg Calculated

Particulate Emission Factor (local area) PEFL 7.30E+10 m3/kg Calculated

Inverse of mean concentration at center of a 
source, Broad Area

Q/CB 25.24 g/m2-s per kg/m3 Calculated

Inverse of mean concentration at center of a 
source, Local Area

Q/CL 71.23 g/m2-s per kg/m3 Calculated

Annual average wind speed um 3.4 m/s PNNL-15160, Table 5.1

Wind speed at anemometer height equivalent 
to corrected threshold friction velocity

ut_7 11.32 m/s OSWER Directive 9355.4-24

Fraction of vegetative cover V 0.5 unitless OSWER Directive 9355.4-24

x 2.95E+00 unitless Calculated

OSWER 9355.4 24,  Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites
PNNL 15160,  Hanford Site Climatological Summary 2004 with Historical Data

Table G-11.  Input Parameters Used to Calculate Particulate Emission Factor for the 
Resident Monument Worker Exposure Scenario. 

Particulate Emission Factors Calculations
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Input Parameter Symbol Value Units Source

A Constant A 11.3161 unitless OSWER Directive 9355.4-24; Exhibit D-2 for Boise Idaho.
Site Area As 0.5 acres OSWER Directive 9355.4-24
B Constant B 19.6437 unitless OSWER Directive 9355.4-24; Exhibit D-2 for Boise Idaho.
C Constant C 224.8172 unitless OSWER Directive 9355.4-24; Exhibit D-2 for Boise Idaho.
Apparent diffusivity DA Chemical-Specific cm2/s See Table G-13
Diffusivity in air Di Chemical-Specific cm2/s See Table G-13
Diffusivity in water Dw Chemical-Specific cm2/s See Table G-13
Wind speed distribution function F(x) 7.21E-03 unitless Calculated value
Fraction organic carbon in soil foc 0.001 g/g DOE/RL-96-17
Henry’s law constant H’ Chemical-Specific dimensionless Calculated value
Soil-water partition coefficient Kd Chemical-Specific L/kg =for organic analytes Kd=foc x Koc, for inorganic analytes, the inorganic Kd is used
Soil organic carbon/water partition coefficient Koc Chemical-Specific L/kg Calculated value
Soil porosity n 0.434 unitless = 1 – (ρb/ρs); EPA/540/R-96/018
Particulate Emission Factor PEF 7.30E+10 m3/kg Calculated value
Inverse of mean concentration at center of a source Q/C 71.22808 g/m2-s per kg/m3 Calculated value
Exposure Time T 9.50E+08 s EPA/540/R-96/018
Annual average wind speed um 3.4 m/s PNNL-15160, Table 5.1
Wind speed at anemometer height equivalent to corrected threshold friction velocity ut 11.32 m/s OSWER Directive 9355.4-24
Fraction of vegetative cover V 0.5 unitless OSWER Directive 9355.4-24
Volatilization Factor VF Chemical-Specific m3/kg See Table G-13

x 2.95E+00 unitless Calculated value
Air-filled soil porosity Θa 0.284 Lair/Lsoil EPA/540/R-96/018; =n-Θw

Water-filled soil porosity Θw 0.15 Lwater/Lsoil EPA/540/R-96/018
Dry soil bulk density ρb 1.5 kg/L EPA/540/R-96/018

PNNL‑15160, 2005, Hanford Site Climatological Summary 2004 with Historical Data

Table G-12.  Input Parameters Used to Calculate Particulate Emission Factor and Chemical-Specific Volatilization Factors for the Casual Recreational User Exposure Scenario. 

Notes:

DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area

EPA/540/R-96/018,  Soil Screening Guidance: User’s Guide Second Edition

OSWER 9355.4‑24, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites
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Analyte Name
Diffusivity in 

Air (cm2/s) (Di) Sourcea

Diffusivity in 

Water (cm2/s) 
(Dw) Sourcea

Dimensionless 
Henry's Law 
Constant (H') Sourcea

Soil/Water Distribution 

Coefficient (Kd) (cm3/g) Sourcea
Apparent Diffusivity 

(cm2/s) (DA)

Does this meet EPA's 

definition of Volatile?b
Does this meet MTCA's 

definition of Volatile?c
Volatilization 

Factor (m3/kg) (VF)

Ethylene glycol -- -- -- -- 2.50E-06 EPA 2010 1.00E-03 EPA 2010 -- No Yes --

Pyrene 2.80E-02 EPA 2010 7.20E-06 EPA 2010 4.50E-04 CLARC  2010 6.80E+01 DOE/RL-96-17 1.05E-08 Yes No 1.26E+06

Notes:

a.  Chemical-specific parameters (Hcc, Kd, and Kd) were obtained from the following sources, in order of preference:

1. Values found in the DOE/RL-96-17 Rev. 6, Remedial Design Report/Remedial Action Work Plan (RDR/RAWP) for the 100 Area

2.  Ecology, 2010, Cleanup Levels and Risk Calculations (CLARC) Database, Washington State Department of Ecology, Olympia, Washington, available on the internet at <https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx>.

3.  EPA, 2010, “Regional Screening Levels for Chemical Contaminants at Superfund Sites”, screening level/preliminary remediation goal website, updated May 27, 2010

4.  ORNL, 2010, Risk Assessment Information System, Oak Ridge National Laboratory, Oak Ridge, Tennessee, available on the internet at < http://rais.ornl.gov/ >.

b. volatile compounds are those defined by the EPA regional screening table

c.  Is defined as volatile based on WAC 173-340-200 “Definitions” “Volatiles”

-- = Not Applicable
EPA, 2010, “Regional Screening Levels for Chemical Contaminants at Superfund Sites”
ORNL, 2010, “Risk Assessment Information System”, housed at the Oak Ridge National Laboratory

Ecology, 2010, Cleanup Levels and Risk Calculations (CLARC) Database

Table G-13.  Input Parameters Used to Calculate Chemical-Specific Volatilization Factors
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Analyte

Oral Cancer Slope 
Factora (mg/kg-

day)-1 Source

 Soil 
Ingestion 

Slope 
Factorb 

(Risk/pCi) Source

Inhalation 
Unit Riska 

(µg/m3)-1 Source

Inhalation Cancer 
Slope Factorc 

mg/kg-day)-1 Source

Inhalation Cancer 
Slope Factorb 

(Risk/pCi) Source

External Slope 
Factorb 

(Risk/year per 
pCi/g) Source

Oral 
Reference 

Dosea  

(mg/kg-day) Source

Inhalation 
Reference 

Concentrationa  

(mg/m3) Source
Inhalation Reference 
Dosed (mg/kg-day) Source

Dermal 
Absorption 
Fractiona 

(unitless)

Gastro-Intestinal 
Absorption 
Fractiona 

(unitless)

Area Correction 
Factore  

(unitless)
Half Lifee 

(years)

Aluminum -- -- -- -- -- -- -- -- -- -- -- -- 1.00E+00 P 5.00E-03 P 1.43E-03 P -- 1.00E+00 -- --

Americium-241 -- -- 2.17E-10 H -- -- -- -- 2.81E-08 H 2.76E-08 H -- -- -- -- -- -- -- -- 9.65E-01 4.32E+02

Antimony -- -- -- -- -- -- -- -- -- -- -- -- 4.00E-04 I -- -- -- -- -- 1.50E-01 -- --

Aroclor-1254 2.00E+00 I -- -- 5.70E-04 I 2.00E+00 I -- -- -- -- 2.00E-05 I -- -- -- -- 1.40E-01 1.00E+00 -- --

Arsenic 1.50E+00 I -- -- 4.30E-03 I 1.51E+01 I -- -- -- -- 3.00E-04 I 1.50E-05 C 4.29E-06 C 3.00E-02 1.00E+00 -- --

Barium -- -- -- -- -- -- -- -- -- -- -- -- 2.00E-01 I 5.00E-04 H 1.43E-04 H -- 7.00E-02 -- --

Benzo(a)anthracene 7.30E-01 C -- -- 1.10E-04 C 3.85E-01 C -- -- -- -- -- -- -- -- -- -- 1.30E-01 1.00E+00 -- --

Benzo(a)pyrene 7.30E+00 I -- -- 1.10E-03 C 3.85E+00 C -- -- -- -- -- -- -- -- -- -- 1.30E-01 1.00E+00 -- --

Benzo(b)fluoranthene 7.30E-01 C -- -- 1.10E-04 C 3.85E-01 C -- -- -- -- -- -- -- -- -- -- 1.30E-01 1.00E+00 -- --

Benzo(k)fluoranthene 7.30E-01 C -- -- 1.10E-04 C 3.85E-01 C -- -- -- -- -- -- -- -- -- -- 1.30E-01 1.00E+00 -- --

Beryllium -- -- -- -- 2.40E-03 I 8.40E+00 I -- -- -- -- 2.00E-03 I 2.00E-05 I 5.71E-06 I -- 7.00E-03 -- --

Bis(2-ethylhexyl) phthalate 1.40E-02 I -- -- 2.40E-06 C 8.40E-03 C -- -- -- -- 2.00E-02 I -- -- -- -- 1.00E-01 1.00E+00 -- --

Boron -- -- -- -- -- -- -- -- -- -- -- -- 2.00E-01 I 2.00E-02 H 5.71E-03 H -- 1.00E+00 -- --

Cadmium -- -- -- -- 1.80E-03 I 6.30E+00 I -- -- -- -- 1.00E-03 I 1.00E-05 A 2.86E-06 A 1.00E-03 2.50E-02 -- --

Carbon-14 -- -- 2.79E-12 H -- -- -- -- 7.07E-12 H 7.83E-12 H -- -- -- -- -- -- -- -- 9.27E-01 5.73E+03

Cesium-137 -- -- 4.33E-11 H -- -- -- -- 1.19E-11 H 2.55E-06 H -- -- -- -- -- -- -- -- 8.77E-01 3.00E+01

Chromium -- -- -- -- -- -- -- -- -- -- -- -- 1.50E+00 I -- -- -- -- -- 1.30E-02 -- --

Chrysene 7.30E-02 C -- -- 1.10E-05 C 3.85E-02 C -- -- -- -- -- -- -- -- -- -- 1.30E-01 1.00E+00 -- --

Cobalt -- -- -- -- 9.00E-03 P 3.15E+01 P -- -- -- -- 3.00E-04 P 6.00E-06 P 1.71E-06 P -- 1.00E+00 -- --

Cobalt-60 -- -- 4.03E-11 H -- -- -- -- 3.58E-11 H 1.24E-05 H -- -- -- -- -- -- -- -- 8.34E-01 5.27E+00

Copper -- -- -- -- -- -- -- -- -- -- -- -- 4.00E-02 H -- -- -- -- -- 1.00E+00 -- --

Ethylene glycol -- -- -- -- -- -- -- -- -- -- -- -- 2.00E+00 I 4.00E-01 C 1.14E-01 C 1.00E-01 1.00E+00 -- --

Europium-152 -- -- 1.62E-11 H -- -- -- -- 9.10E-11 H 5.30E-06 H -- -- -- -- -- -- -- -- 9.19E-01 1.33E+01

Europium-154 -- -- 2.85E-11 H -- -- -- -- 1.15E-10 H 5.83E-06 H -- -- -- -- -- -- -- -- 9.35E-01 8.80E+00

Fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- 4.00E-02 I -- -- -- -- 1.30E-01 1.00E+00 -- --

Hexavalent Chromium -- -- -- -- 8.40E-02 I 2.94E+02 I -- -- -- -- 3.00E-03 I 1.00E-04 I 2.86E-05 I -- 2.50E-02 -- --

Indeno(1,2,3-cd)pyrene 7.30E-01 C -- -- 1.10E-04 C 3.85E-01 C -- -- -- -- -- -- -- -- -- -- 1.30E-01 1.00E+00 -- --

Iron -- -- -- -- -- -- -- -- -- -- -- -- 7.00E-01 P -- -- -- -- -- 1.00E+00 -- --

Lead -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.00E+00 -- --

Manganese -- -- -- -- -- -- -- -- -- -- -- -- 1.40E-01 I 5.00E-05 I 1.43E-05 I -- 1.00E+00 -- --

Mercury -- -- -- -- -- -- -- -- -- -- -- -- 3.00E-04 I 3.00E-05 C 8.57E-06 C -- 7.00E-02 -- --

Molybdenum -- -- -- -- -- -- -- -- -- -- -- -- 5.00E-03 I -- -- -- -- -- 1.00E+00 -- --

Nickel -- -- -- -- 2.60E-04 C 9.10E-01 C -- -- -- -- 2.00E-02 I 9.00E-05 A 2.57E-05 A -- 4.00E-02 -- --

Nickel-63 -- -- 1.79E-12 H -- -- -- -- 1.64E-12 H -- -- -- -- -- -- -- -- -- -- -- 9.60E+01

Plutonium-238 -- -- 2.72E-10 H -- -- -- -- 3.36E-08 H 7.22E-11 H -- -- -- -- -- -- -- -- 9.99E-01 8.77E+01

Plutonium-239/240 -- -- 2.76E-10 H -- -- -- -- 3.33E-08 H 2.00E-10 H -- -- -- -- -- -- -- -- 9.99E-01 2.41E+04

Pyrene -- -- -- -- -- -- -- -- -- -- -- -- 3.00E-02 I -- -- -- -- 1.30E-01 1.00E+00 -- --

Selenium -- -- -- -- -- -- -- -- -- -- -- -- 5.00E-03 I 2.00E-02 C 5.71E-03 C -- 1.00E+00 -- --

Total beta radiostrontium -- -- 1.44E-10 H -- -- -- -- 1.13E-10 H 1.96E-08 H -- -- -- -- -- -- -- -- 1.00E+00 2.91E+01

Total petroleum hydrocarbons -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Uranium-233/234 -- -- 1.58E-10 H -- -- -- -- 1.14E-08 H 2.52E-10 H -- -- -- -- -- -- -- -- 9.98E-01 2.45E+05

Uranium-235 -- -- 1.63E-10 H -- -- -- -- 1.01E-08 H 5.43E-07 H -- -- -- -- -- -- -- -- 9.60E-01 7.04E+08

Uranium-238 -- -- 2.10E-10 H -- -- -- -- 9.35E-09 H 1.14E-07 H -- -- -- -- -- -- -- -- 9.79E-01 4.47E+09

Vanadium -- -- -- -- -- -- -- -- -- -- -- -- 5.00E-03 S -- -- -- -- -- 1.00E+00 -- --

Zinc -- -- -- -- -- -- -- -- -- -- -- -- 3.00E-01 I -- -- -- -- -- 1.00E+00 -- --

Table G-14. Summary of Toxicity Values used to Calculate Risk-Based Screening Levels for the 100-K OU

e.     Source = EPA, 2007

-- = indicates toxicity value not available for this contaminant and exposure route. 

A = ATSDR

C = Cal EPA 

Notes:

a.     Source = EPA, 2009.

b.     Source = EPA, 2001.

c.     CSFi (kg-day/mg) = IUR (m3/µg) x 1/20 (m3/day) x 70 (kg) x 1000 (μg/mg)

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

Oral Cancer Slope 
Factora (mg/kg-

day)-1 Source

 Soil 
Ingestion 

Slope 
Factorb 

(Risk/pCi) Source

Inhalation 
Unit Riska 

(µg/m3)-1 Source

Inhalation Cancer 
Slope Factorc 

mg/kg-day)-1 Source

Inhalation Cancer 
Slope Factorb 

(Risk/pCi) Source

External Slope 
Factorb 

(Risk/year per 
pCi/g) Source

Oral 
Reference 

Dosea  

(mg/kg-day) Source

Inhalation 
Reference 

Concentrationa  

(mg/m3) Source
Inhalation Reference 
Dosed (mg/kg-day) Source

Dermal 
Absorption 
Fractiona 

(unitless)

Gastro-Intestinal 
Absorption 
Fractiona 

(unitless)

Area Correction 
Factore  

(unitless)
Half Lifee 

(years)

Table G-14. Summary of Toxicity Values used to Calculate Risk-Based Screening Levels for the 100-K OU

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites.”

H = HEAST 

I = IRIS

 X= PPRTV Appendix

N=National Center for Environmental Assessment (NCEA)

EPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.”

EPA, 2007, EPA’s Superfund Radionuclide Preliminary Remediation Goal (PRG) Equations (http://epa-prgs.ornl.gov/radionuclides/equations.shtml)

P = PPRTV
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Analyte Name
Analyte 

Class Units

Lognormal 90th 
Percentile 

Background Value

Maximum 
Background 

Value Reference
Ammonia ANIONS ug/kg 9,230 26,400 DOE/RL-92-24, V.1, Rev.4 
Chloride ANIONS ug/kg 100,000 1.48E+06 DOE/RL-92-24, V.1, Rev.4 
Fluoride ANIONS ug/kg 2,810 73,300 DOE/RL-92-24, V.1, Rev.4 
Nitrate ANIONS ug/kg 52,000 906,000 DOE/RL-92-24, V.1, Rev.4 
Phosphate ANIONS ug/kg 785 225,000 DOE/RL-92-24, V.1, Rev.4 
Sulfate ANIONS ug/kg 237,000 1.26E+07 DOE/RL-92-24, V.1, Rev.4 
Aluminum METAL ug/kg 1.18E+07 2.88E+07 DOE/RL-92-24, V.1, Rev.4 
Antimony METAL ug/kg 130 385 ECF-HANFORD-11-0038
Arsenic METAL ug/kg 6,470 27,700 DOE/RL-92-24, V.1, Rev.4 
Barium METAL ug/kg 132,000 480,000 DOE/RL-92-24, V.1, Rev.4 
Beryllium METAL ug/kg 1,510 10,000 DOE/RL-92-24, V.1, Rev.4 
Boron METAL ug/kg 3,890 5,860 ECF-HANFORD-11-0038
Cadmium METAL ug/kg 563 2,980 ECF-HANFORD-11-0038
Calcium METAL ug/kg 1.72E+07 1.05E+08 DOE/RL-92-24, V.1, Rev.4 
Chromium METAL ug/kg 18,500 320,000 DOE/RL-92-24, V.1, Rev.4 
Cobalt METAL ug/kg 15,700 110,000 DOE/RL-92-24, V.1, Rev.4 
Copper METAL ug/kg 22,000 61,000 DOE/RL-92-24, V.1, Rev.4 
Iron METAL ug/kg 3.26E+07 6.81E+07 DOE/RL-92-24, V.1, Rev.4 
Lead METAL ug/kg 10,200 74,100 DOE/RL-92-24, V.1, Rev.4 
Lithium METAL ug/kg 13,300 19,200 ECF-HANFORD-11-0038
Magnesium METAL ug/kg 7.06E+06 3.23E+07 DOE/RL-92-24, V.1, Rev.4 
Manganese METAL ug/kg 512,000 1.11E+06 DOE/RL-92-24, V.1, Rev.4 
Mercury METAL ug/kg 13 29 ECF-HANFORD-11-0038
Molybdenum METAL ug/kg 470 3,170 ECF-HANFORD-11-0038
Nickel METAL ug/kg 19,100 200,000 DOE/RL-92-24, V.1, Rev.4 
Potassium METAL ug/kg 2.15E+06 7.90E+06 DOE/RL-92-24, V.1, Rev.4 
Selenium METAL ug/kg 780 840 ECF-HANFORD-11-0038
Silver METAL ug/kg 167 273 ECF-HANFORD-11-0038
Sodium METAL ug/kg 690,000 6.06E+06 DOE/RL-92-24, V.1, Rev.4 
Thallium METAL ug/kg 185 523 ECF-HANFORD-11-0038
Uranium METAL ug/kg 3,210 4,042 Isotopic Activity Conversion based on DOE/RL-96-12 values
Vanadium METAL ug/kg 85,100 140,000 DOE/RL-92-24, V.1, Rev.4 
Zinc METAL ug/kg 67,800 366,000 DOE/RL-92-24, V.1, Rev.4 
Cesium-137 RAD pCi/g 1.1 1.6 DOE/RL-96-12, Rev.0 
Cobalt-60 RAD pCi/g 0.0084 0.039 DOE/RL-96-12, Rev.0 
Europium-154 RAD pCi/g 0.033 0.079 DOE/RL-96-12, Rev.0 
Europium-155 RAD pCi/g 0.054 0.098 DOE/RL-96-12, Rev.0 
Gross beta RAD pCi/g 23 25 DOE/RL-96-12, Rev.0 
Plutonium-238 RAD pCi/g 0.0038 0.019 DOE/RL-96-12, Rev.0 
Plutonium-239/240 RAD pCi/g 0.025 0.033 DOE/RL-96-12, Rev.0 
Potassium-40 RAD pCi/g 17 20 DOE/RL-96-12, Rev.0 
Radium-226 RAD pCi/g 0.82 1.2 DOE/RL-96-12, Rev.0 
Radium-228 RAD pCi/g 1.8 2.3 DOE/RL-96-12, Rev.0 
Strontium-90 RAD pCi/g 0.18 0.37 DOE/RL-96-12, Rev.0 
Thorium-228 RAD pCi/g 1.4 1.6 DOE/RL-96-12, Rev.0 
Thorium-232 RAD pCi/g 1.3 1.6 DOE/RL-96-12, Rev.0 
Total beta radiostrontium RAD pCi/g 0.18 0.37 DOE/RL-96-12, Rev.0 
Uranium-233/234 RAD pCi/g 1.1 1.5 DOE/RL-96-12, Rev.0 
Uranium-234 RAD pCi/g 1.1 1.5 DOE/RL-96-12, Rev.0 
Uranium-235 RAD pCi/g 0.11 0.39 DOE/RL-96-12, Rev.0 
Uranium-238 RAD pCi/g 1.1 1.2 DOE/RL-96-12, Rev.0 

Table G-15.  Hanford Site Background Values
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Waste Site/Decision Unit
Analyte 
Group

Analyte Name CAS No. Units
Exposure Point 
Concentration

Lognormal 90th Percentile 
Background Value

Is EPC > 
Background?

Maximum 
Background Value

Is EPC > Maximum 
Background?

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 98 -- -- -- --
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,300 6,470 No 27,700 No
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 66,400 132,000 No 480,000 No
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 130 563 No 2,980 No
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 24,700 18,500 Yes 320,000 No
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3,200 -- -- -- --
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 63,200 10,200 Yes 74,100 No
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 50 13 Yes 29 Yes
100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,600 6,470 No 27,700 No
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 69,700 132,000 No 480,000 No
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 640 563 Yes 2,980 No
100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 15,200 18,500 No 320,000 No
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 702 -- -- -- --
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 36,000 10,200 Yes 74,100 No
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 17,500 13 Yes 29 Yes
100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,800 6,470 No 27,700 No
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 169,000 132,000 Yes 480,000 No
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 750 563 Yes 2,980 No
100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 10,300 18,500 No 320,000 No
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 220 -- -- -- --
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 43,400 10,200 Yes 74,100 No
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5,200 13 Yes 29 Yes
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 400 780 No 840 No
100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3,000 6,470 No 27,700 No
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 97,400 132,000 No 480,000 No
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 200 563 No 2,980 No
100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 16,900 18,500 No 320,000 No
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 230 -- -- -- --
100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 7,100 10,200 No 74,100 No
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2,400 13 Yes 29 Yes
100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6,700 6,470 Yes 27,700 No
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 105,000 132,000 No 480,000 No
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1,000 563 Yes 2,980 No
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 22,900 18,500 Yes 320,000 No
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1,400 -- -- -- --
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 27,800 10,200 Yes 74,100 No
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6,800 13 Yes 29 Yes
100-K-55:1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.0 1.1 No 1.6 No
100-K-55:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 0.60 0.0084 Yes 0.039 Yes
100-K-55:1_Deep Rad Europium-152 14683-23-9 pCi/g 0.86 -- -- -- --
100-K-55:1_Deep Rad Europium-154 15585-10-1 pCi/g 0.29 0.033 Yes 0.079 Yes

Table G-16.  Comparison of EPCs for Waste Site Decision Units in 100-K Source OU to Hanford Site Background Values
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Waste Site/Decision Unit
Analyte 
Group

Analyte Name CAS No. Units
Exposure Point 
Concentration

Lognormal 90th Percentile 
Background Value

Is EPC > 
Background?

Maximum 
Background Value

Is EPC > Maximum 
Background?

Table G-16.  Comparison of EPCs for Waste Site Decision Units in 100-K Source OU to Hanford Site Background Values

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 0.31 1.1 No 1.6 No
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 0.056 0.0084 Yes 0.039 Yes
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 0.34 -- -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 0.33 0.033 Yes 0.079 Yes
100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.29 1.1 No 1.6 No
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.19 0.0084 Yes 0.039 Yes
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 0.81 -- -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 0.52 0.033 Yes 0.079 Yes
100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 0.61 1.1 No 1.6 No
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 0.11 0.0084 Yes 0.039 Yes
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.3 -- -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 0.19 0.033 Yes 0.079 Yes
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 0.37 0.18 Yes 0.37 No
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 0.70 1.1 No 1.5 No
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 0.78 1.1 No 1.2 No
100-K-56:1_Deep Rad Cesium-137 10045-97-3 pCi/g 21 1.1 Yes 1.6 Yes
100-K-56:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 1.1 0.0084 Yes 0.039 Yes
100-K-56:1_Deep Rad Europium-152 14683-23-9 pCi/g 22 -- -- -- --
100-K-56:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.1 0.033 Yes 0.079 Yes
100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.3 1.1 Yes 1.6 No
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.32 0.0084 Yes 0.039 Yes
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.9 -- -- -- --
100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 937 -- -- -- --
100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 0.31 1.1 No 1.6 No
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 0.15 0.0084 Yes 0.039 Yes
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.1 -- -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 0.33 0.033 Yes 0.079 Yes
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 0.50 0.18 Yes 0.37 Yes
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 0.45 1.1 No 1.5 No
100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 0.49 1.1 No 1.2 No
100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 1.18E+07 No 2.88E+07 No
100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 391 130 Yes 385 Yes
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4,330 6,470 No 27,700 No
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 85,300 132,000 No 480,000 No
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 357 1,510 No 10,000 No
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1,570 3,890 No 5,860 No
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 136 563 No 2,980 No
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 30,000 18,500 Yes 320,000 No
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6,110 15,700 No 110,000 No
100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 19,500 22,000 No 61,000 No
100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 1.96E+07 3.26E+07 No 6.81E+07 No
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Waste Site/Decision Unit
Analyte 
Group

Analyte Name CAS No. Units
Exposure Point 
Concentration

Lognormal 90th Percentile 
Background Value

Is EPC > 
Background?
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Background Value
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Table G-16.  Comparison of EPCs for Waste Site Decision Units in 100-K Source OU to Hanford Site Background Values

100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6,380 10,200 No 74,100 No
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 288,000 512,000 No 1.11E+06 No
100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 452 470 No 3,170 No
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 14,800 19,100 No 200,000 No
100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 42,900 85,100 No 140,000 No
100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 47,000 67,800 No 366,000 No
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.7 -- -- -- --
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 0.32 1.1 No 1.6 No
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 0.073 0.0084 Yes 0.039 Yes
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 0.27 -- -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.2 -- -- -- --
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 0.84 1.1 No 1.5 No
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 0.048 0.11 No 0.39 No
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 0.93 1.1 No 1.2 No
100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 1.18E+07 No 2.88E+07 No
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,800 6,470 No 27,700 No
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 56,700 132,000 No 480,000 No
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 230 1,510 No 10,000 No
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1,100 3,890 No 5,860 No
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 62 563 No 2,980 No
100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 7,800 18,500 No 320,000 No
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8,400 15,700 No 110,000 No
100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 18,100 22,000 No 61,000 No
100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 2.27E+07 3.26E+07 No 6.81E+07 No
100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4,800 10,200 No 74,100 No
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 327,000 512,000 No 1.11E+06 No
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.9 13 No 29 No
100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 360 470 No 3,170 No
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9,900 19,100 No 200,000 No
100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 52,800 85,100 No 140,000 No
100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 46,500 67,800 No 366,000 No
116-K-1_Deep non-Rad Chromium 7440-47-3 ug/kg 14,607 18,500 No 320,000 No
116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 560 -- -- -- --
116-K-1_Deep Rad Cesium-137 10045-97-3 pCi/g 11 1.1 Yes 1.6 Yes
116-K-1_Deep Rad Cobalt-60 10198-40-0 pCi/g 3.3 0.0084 Yes 0.039 Yes
116-K-1_Deep Rad Europium-152 14683-23-9 pCi/g 9.0 -- -- -- --
116-K-1_Deep Rad Europium-154 15585-10-1 pCi/g 2.5 0.033 Yes 0.079 Yes
116-K-1_Deep Rad Total beta radiostrontium SR-RAD pCi/g 8.6 0.18 Yes 0.37 Yes
116-K-1_Overburden non-Rad Chromium 7440-47-3 ug/kg 12,619 18,500 No 320,000 No
116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 0.28 1.1 No 1.6 No
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 0.26 -- -- -- --
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Table G-16.  Comparison of EPCs for Waste Site Decision Units in 100-K Source OU to Hanford Site Background Values

116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 0.92 0.18 Yes 0.37 Yes
116-K-1_Shallow non-Rad Chromium 7440-47-3 ug/kg 13,705 18,500 No 320,000 No
116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 260 -- -- -- --
116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.91 1.1 No 1.6 No
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.038 0.0084 Yes 0.039 No
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 0.22 -- -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.9 0.18 Yes 0.37 Yes
116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3,153 -- -- -- --
116-K-2_Deep Rad Americium-241 14596-10-2 pCi/g 3.2 -- -- -- --
116-K-2_Deep Rad Carbon-14 14762-75-5 pCi/g 3.6 -- -- -- --
116-K-2_Deep Rad Cesium-137 10045-97-3 pCi/g 119 1.1 Yes 1.6 Yes
116-K-2_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.3 0.0084 Yes 0.039 Yes
116-K-2_Deep Rad Europium-152 14683-23-9 pCi/g 103 -- -- -- --
116-K-2_Deep Rad Europium-154 15585-10-1 pCi/g 7.0 0.033 Yes 0.079 Yes
116-K-2_Deep Rad Nickel-63 13981-37-8 pCi/g 763 -- -- -- --
116-K-2_Deep Rad Plutonium-238 13981-16-3 pCi/g 0.53 0.0038 Yes 0.019 Yes
116-K-2_Deep Rad Plutonium-239/240 PU-239/240 pCi/g 5.1 0.025 Yes 0.033 Yes
116-K-2_Deep Rad Total beta radiostrontium SR-RAD pCi/g 6.3 0.18 Yes 0.37 Yes
116-K-2_Deep Rad Uranium-233/234 U-233/234 pCi/g 0.74 1.1 No 1.5 No
116-K-2_Deep Rad Uranium-235 15117-96-1 pCi/g 0.045 0.11 No 0.39 No
116-K-2_Deep Rad Uranium-238 U-238 pCi/g 0.71 1.1 No 1.2 No
116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 300 -- -- -- --
116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 0.13 1.1 No 1.6 No
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 0.21 -- -- -- --
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 0.66 1.1 No 1.5 No
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 0.68 1.1 No 1.2 No
116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 308 -- -- -- --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 3.0 -- -- -- --
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.93 1.1 No 1.6 No
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 0.59 -- -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 0.30 0.033 Yes 0.079 Yes
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.8 -- -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 0.26 0.18 Yes 0.37 No
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 0.69 1.1 No 1.5 No
116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 0.63 1.1 No 1.2 No
116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 583 -- -- -- --
116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.37 1.1 No 1.6 No
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.086 0.0084 Yes 0.039 Yes
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 0.70 -- -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 0.28 0.033 Yes 0.079 Yes
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.5 -- -- -- --
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Table G-16.  Comparison of EPCs for Waste Site Decision Units in 100-K Source OU to Hanford Site Background Values

116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 0.32 0.18 Yes 0.37 No
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 0.61 1.1 No 1.5 No
116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 0.041 0.11 No 0.39 No
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 0.56 1.1 No 1.2 No
116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3,700 6,470 No 27,700 No
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 100,000 132,000 No 480,000 No
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 195 563 No 2,980 No
116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 30,000 18,500 Yes 320,000 No
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 59 -- -- -- --
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 330 -- -- -- --
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 11,300 10,200 Yes 74,100 No
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 102 13 Yes 29 Yes
116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 749 -- -- -- --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 0.53 -- -- -- --
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.22 1.1 No 1.6 No
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.10 0.0084 Yes 0.039 Yes
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.5 -- -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 0.29 0.033 Yes 0.079 Yes
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 0.92 0.025 Yes 0.033 Yes
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 0.66 1.1 No 1.5 No
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 0.039 0.11 No 0.39 No
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 0.65 1.1 No 1.2 No
116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,600 6,470 No 27,700 No
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 59,300 132,000 No 480,000 No
116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 12,100 18,500 No 320,000 No
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 240 -- -- -- --
116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4,500 10,200 No 74,100 No
128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3,700 6,470 No 27,700 No
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 71,500 132,000 No 480,000 No
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 103 -- -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 51 -- -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 75 -- -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 78 -- -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 870 -- -- -- --
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 350 563 No 2,980 No
128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 13,500 18,500 No 320,000 No
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 148 -- -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 220 -- -- -- --
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 480 -- -- -- --
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 29 -- -- -- --
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 10,800 10,200 Yes 74,100 No
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Table G-16.  Comparison of EPCs for Waste Site Decision Units in 100-K Source OU to Hanford Site Background Values

128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 30 13 Yes 29 Yes
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 150 -- -- -- --
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 800 780 Yes 840 No
128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH ug/kg 14,400 -- -- -- --
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100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 5.00E+02 1.96E-07 5.38% 1.60E+03 6.13E-02 34.01%
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.30E+03 6.67E+02 3.45E-06 94.62% 2.40E+04 9.58E-02 53.21%
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.64E+04 -- -- -- 1.60E+07 4.15E-03 2.30%
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.30E+02 -- -- -- 4.00E+04 3.25E-03 1.80%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.20E+08 2.06E-04 0.11%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 -- -- -- 2.40E+05 1.33E-02 7.40%
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6.32E+04 -- -- -- -- -- --
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.40E+04 2.08E-03 1.16%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.65E-06 -- -- 1.80E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 3.65E-06 -- -- -- --

100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 6.67E+02 3.90E-06 100.00% 2.40E+04 1.08E-01 12.58%
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.97E+04 -- -- -- 1.60E+07 4.36E-03 0.51%
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 -- -- -- 4.00E+04 1.60E-02 1.86%
100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.52E+04 -- -- -- 1.20E+08 1.27E-04 0.01%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 -- -- -- 2.40E+05 2.93E-03 0.34%
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 3.60E+04 -- -- -- -- -- --
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.40E+04 7.29E-01 84.70%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.90E-06 -- -- 8.61E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 3.90E-06 -- -- -- --

100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 6.67E+02 4.20E-06 100.00% 2.40E+04 1.17E-01 31.99%
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.60E+07 1.06E-02 2.90%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 -- -- -- 4.00E+04 1.88E-02 5.14%
100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.03E+04 -- -- -- 1.20E+08 8.58E-05 0.02%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 -- -- -- 2.40E+05 9.17E-04 0.25%
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.34E+04 -- -- -- -- -- --
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.40E+04 2.17E-01 59.42%
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 4.00E+02 -- -- -- 4.00E+05 1.00E-03 0.27%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.20E-06 -- -- 3.65E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 4.20E-06 -- -- -- --

100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.00E+03 6.67E+02 4.50E-06 100.00% 2.40E+04 1.25E-01 52.70%
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 9.74E+04 -- -- -- 1.60E+07 6.09E-03 2.57%
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 2.00E+02 -- -- -- 4.00E+04 5.00E-03 2.11%
100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.69E+04 -- -- -- 1.20E+08 1.41E-04 0.06%
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 -- -- -- 2.40E+05 9.58E-04 0.40%

 Table G-17.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units
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 Table G-17.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 7.10E+03 -- -- -- -- -- --
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.40E+04 1.00E-01 42.16%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.50E-06 -- -- 2.37E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 4.50E-06 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 6.67E+02 1.00E-05 100.00% 2.40E+04 2.79E-01 46.52%
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.05E+05 -- -- -- 1.60E+07 6.56E-03 1.09%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 -- -- -- 4.00E+04 2.50E-02 4.17%
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.20E+08 1.91E-04 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 -- -- -- 2.40E+05 5.83E-03 0.97%
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 2.78E+04 -- -- -- -- -- --
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.40E+04 2.83E-01 47.22%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.00E-05 -- -- 6.00E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 1.00E-05 -- -- -- --

100-K-55:1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.03E+00 4.40E+00 2.33E-05 32.12% -- -- --
100-K-55:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.99E-01 3.10E+00 1.93E-05 26.65% -- -- --
100-K-55:1_Deep Rad Europium-152 14683-23-9 pCi/g 8.55E-01 3.66E+00 2.34E-05 32.21% -- -- --
100-K-55:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.88E-01 4.40E+00 6.55E-06 9.02% -- -- --
Total Radiological Risk Estimate -- 7.25E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 7.25E-05 -- -- -- --

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 3.14E-01 4.40E+00 7.13E-06 27.75% -- -- --
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.10E+00 1.81E-06 7.04% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.66E+00 9.32E-06 36.27% -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 28.94% -- -- --
Total Radiological Risk Estimate -- 2.57E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.57E-05 -- -- -- --

100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.94E-01 4.40E+00 6.68E-06 14.33% -- -- --
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.10E+00 6.00E-06 12.87% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.66E+00 2.21E-05 47.40% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.40E+00 1.18E-05 25.39% -- -- --
Total Radiological Risk Estimate -- 4.66E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.66E-05 -- -- -- --
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 Table G-17.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 6.12E-01 4.40E+00 1.39E-05 18.47% -- -- --
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.10E+00 3.55E-06 4.71% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.66E+00 3.55E-05 47.16% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.40E+00 4.25E-06 5.64% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 2.27E+00 1.61E-05 21.41% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 6.99E-01 1.33E+02 5.26E-07 0.70% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 7.77E-01 5.40E+01 1.44E-06 1.91% -- -- --
Total Radiological Risk Estimate -- 7.53E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 7.53E-05 -- -- -- --

100-K-56:1_Deep Rad Cesium-137 10045-97-3 pCi/g 2.07E+01 4.40E+00 4.69E-04 40.26% -- -- --
100-K-56:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 1.11E+00 3.10E+00 3.57E-05 3.06% -- -- --
100-K-56:1_Deep Rad Europium-152 14683-23-9 pCi/g 2.24E+01 3.66E+00 6.13E-04 52.58% -- -- --
100-K-56:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.10E+00 4.40E+00 4.78E-05 4.10% -- -- --
Total Radiological Risk Estimate -- 1.17E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.17E-03 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 4.40E+00 2.93E-05 31.91% -- -- --
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.10E+00 1.03E-05 11.22% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.66E+00 5.22E-05 56.88% -- -- --
Total Radiological Risk Estimate -- 9.17E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 9.17E-05 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 -- -- -- 2.40E+05 3.90E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.90E-03 --
100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.09E-01 4.40E+00 7.02E-06 5.52% -- -- --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.10E+00 4.81E-06 3.77% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.66E+00 8.50E-05 66.74% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 5.84% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 2.27E+00 2.19E-05 17.16% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 4.54E-01 1.33E+02 3.41E-07 0.27% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 4.85E-01 5.40E+01 8.98E-07 0.71% -- -- --
Total Radiological Risk Estimate -- 1.27E-04 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.27E-04 -- -- -- --
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 Table G-17.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 -- -- -- 8.00E+07 1.35E-01 12.33%
100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.20E+04 1.22E-02 1.12%
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4.33E+03 6.67E+02 6.49E-06 100.00% 2.40E+04 1.80E-01 16.48%
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 8.53E+04 -- -- -- 1.60E+07 5.33E-03 0.49%
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 3.57E+02 -- -- -- 1.60E+05 2.23E-03 0.20%
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.57E+03 -- -- -- 1.60E+07 9.81E-05 0.01%
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.36E+02 -- -- -- 4.00E+04 3.40E-03 0.31%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 0.02%
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6.11E+03 -- -- -- 2.40E+04 2.55E-01 23.25%
100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.95E+04 -- -- -- 3.20E+06 6.09E-03 0.56%
100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 1.96E+07 -- -- -- 5.60E+07 3.50E-01 31.97%
100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6.38E+03 -- -- -- -- -- --
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 2.88E+05 -- -- -- 1.12E+07 2.57E-02 2.35%
100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 4.52E+02 -- -- -- 4.00E+05 1.13E-03 0.10%
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 1.48E+04 -- -- -- 1.60E+06 9.25E-03 0.84%
100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 4.29E+04 -- -- -- 4.00E+05 1.07E-01 9.80%
100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.70E+04 -- -- -- 2.40E+07 1.96E-03 0.18%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.49E-06 -- -- 1.09E+00 --
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 8.10E+01 2.05E-06 8.95% -- -- --
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.20E-01 4.40E+00 7.27E-06 31.76% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.10E+00 2.35E-06 10.28% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.66E+00 7.38E-06 32.22% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 6.08E+02 1.19E-06 5.20% -- -- --
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 8.43E-01 1.33E+02 6.34E-07 2.77% -- -- --
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 4.80E-02 1.63E+01 2.94E-07 1.29% -- -- --
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 9.32E-01 5.40E+01 1.73E-06 7.54% -- -- --
Total Radiological Risk Estimate -- 2.29E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.94E-05 -- -- -- --

100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 -- -- -- 8.00E+07 9.56E-02 8.31%
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 6.67E+02 4.20E-06 100.00% 2.40E+04 1.17E-01 10.14%
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.67E+04 -- -- -- 1.60E+07 3.54E-03 0.31%
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 2.30E+02 -- -- -- 1.60E+05 1.44E-03 0.12%
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.10E+03 -- -- -- 1.60E+07 6.88E-05 0.01%
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.20E+01 -- -- -- 4.00E+04 1.55E-03 0.13%
100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 7.80E+03 -- -- -- 1.20E+08 6.50E-05 0.01%
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8.40E+03 -- -- -- 2.40E+04 3.50E-01 30.42%
100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.81E+04 -- -- -- 3.20E+06 5.66E-03 0.49%
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 Table G-17.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 2.27E+07 -- -- -- 5.60E+07 4.05E-01 35.23%
100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.80E+03 -- -- -- -- -- --
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 3.27E+05 -- -- -- 1.12E+07 2.92E-02 2.54%
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.90E+00 -- -- -- 2.40E+04 4.13E-04 0.04%
100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 3.60E+02 -- -- -- 4.00E+05 9.00E-04 0.08%
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9.90E+03 -- -- -- 1.60E+06 6.19E-03 0.54%
100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 5.28E+04 -- -- -- 4.00E+05 1.32E-01 11.47%
100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.65E+04 -- -- -- 2.40E+07 1.94E-03 0.17%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.20E-06 -- -- 1.15E+00 --
Total Non-Radiological and Radiological Risk Estimate -- 4.20E-06 -- -- -- --

116-K-1_Deep non-Rad Chromium 7440-47-3 ug/kg 1.46E+04 -- -- -- 1.20E+08 1.22E-04 4.96%
116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 -- -- -- 2.40E+05 2.33E-03 95.04%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.46E-03 --
116-K-1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.10E+01 4.40E+00 2.51E-04 24.15% -- -- --
116-K-1_Deep Rad Cobalt-60 10198-40-0 pCi/g 3.33E+00 3.10E+00 1.07E-04 10.35% -- -- --
116-K-1_Deep Rad Europium-152 14683-23-9 pCi/g 8.99E+00 3.66E+00 2.46E-04 23.65% -- -- --
116-K-1_Deep Rad Europium-154 15585-10-1 pCi/g 2.45E+00 4.40E+00 5.57E-05 5.36% -- -- --
116-K-1_Deep Rad Total beta radiostrontium SR-RAD pCi/g 8.60E+00 2.27E+00 3.79E-04 36.49% -- -- --
Total Radiological Risk Estimate -- 1.04E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.04E-03 -- -- -- --

116-K-1_Overburden non-Rad Chromium 7440-47-3 ug/kg 1.26E+04 -- -- -- 1.20E+08 1.05E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.05E-04 --
116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 2.79E-01 4.40E+00 6.33E-06 11.68% -- -- --
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.66E+00 7.21E-06 13.30% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 2.27E+00 4.07E-05 75.03% -- -- --
Total Radiological Risk Estimate -- 5.42E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.42E-05 -- -- -- --

116-K-1_Shallow non-Rad Chromium 7440-47-3 ug/kg 1.37E+04 -- -- -- 1.20E+08 1.14E-04 9.54%
116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 -- -- -- 2.40E+05 1.08E-03 90.46%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.20E-03 --
116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.15E-01 4.40E+00 2.08E-05 18.43% -- -- --
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.10E+00 1.23E-06 1.09% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.66E+00 6.14E-06 5.44% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 2.27E+00 8.47E-05 75.04% -- -- --
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Total Radiological Risk Estimate -- 1.13E-04 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.13E-04 -- -- -- --

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 -- -- -- 2.40E+05 1.31E-02 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.31E-02 --
116-K-2_Deep Rad Americium-241 14596-10-2 pCi/g 3.17E+00 1.55E+02 2.04E-06 0.03% -- -- --
116-K-2_Deep Rad Carbon-14 14762-75-5 pCi/g 3.61E+00 8.10E+01 4.46E-06 0.07% -- -- --
116-K-2_Deep Rad Cesium-137 10045-97-3 pCi/g 1.19E+02 4.40E+00 2.71E-03 43.23% -- -- --
116-K-2_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.30E+00 3.10E+00 1.71E-04 2.73% -- -- --
116-K-2_Deep Rad Europium-152 14683-23-9 pCi/g 1.03E+02 3.66E+00 2.81E-03 44.89% -- -- --
116-K-2_Deep Rad Europium-154 15585-10-1 pCi/g 6.99E+00 4.40E+00 1.59E-04 2.54% -- -- --
116-K-2_Deep Rad Nickel-63 13981-37-8 pCi/g 7.63E+02 6.08E+02 1.26E-04 2.01% -- -- --
116-K-2_Deep Rad Plutonium-238 13981-16-3 pCi/g 5.32E-01 2.36E+02 2.25E-07 0.00% -- -- --
116-K-2_Deep Rad Plutonium-239/240 PU-239/240 pCi/g 5.14E+00 2.03E+02 2.53E-06 0.04% -- -- --
116-K-2_Deep Rad Total beta radiostrontium SR-RAD pCi/g 6.29E+00 2.27E+00 2.77E-04 4.43% -- -- --
116-K-2_Deep Rad Uranium-233/234 U-233/234 pCi/g 7.43E-01 1.33E+02 5.59E-07 0.01% -- -- --
116-K-2_Deep Rad Uranium-235 15117-96-1 pCi/g 4.50E-02 1.63E+01 2.76E-07 0.00% -- -- --
116-K-2_Deep Rad Uranium-238 U-238 pCi/g 7.12E-01 5.40E+01 1.32E-06 0.02% -- -- --
Total Radiological Risk Estimate -- 6.26E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.26E-03 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 -- -- -- 2.40E+05 1.25E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.25E-03 --
116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 1.30E-01 4.40E+00 2.95E-06 28.00% -- -- --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.66E+00 5.84E-06 55.35% -- -- --
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 6.59E-01 1.33E+02 4.96E-07 4.70% -- -- --
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 6.81E-01 5.40E+01 1.26E-06 11.95% -- -- --
Total Radiological Risk Estimate -- 1.06E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.06E-05 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 -- -- -- 2.40E+05 1.28E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.28E-03 --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 8.10E+01 3.68E-06 5.92% -- -- --
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.26E-01 4.40E+00 2.11E-05 33.89% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.66E+00 1.61E-05 25.92% -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.40E+00 6.72E-06 10.81% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 6.08E+02 1.29E-06 2.07% -- -- --
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116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 2.27E+00 1.16E-05 18.68% -- -- --
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.87E-01 1.33E+02 5.16E-07 0.83% -- -- --
116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 6.27E-01 5.40E+01 1.16E-06 1.87% -- -- --
Total Radiological Risk Estimate -- 6.21E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.21E-05 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 -- -- -- 2.40E+05 2.43E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.43E-03 --
116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 3.70E-01 4.40E+00 8.41E-06 15.64% -- -- --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.10E+00 2.77E-06 5.16% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.66E+00 1.92E-05 35.61% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.40E+00 6.39E-06 11.87% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 6.08E+02 1.23E-06 2.29% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 2.27E+00 1.41E-05 26.19% -- -- --
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.14E-01 1.33E+02 4.61E-07 0.86% -- -- --
116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 4.08E-02 1.63E+01 2.50E-07 0.47% -- -- --
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 5.57E-01 5.40E+01 1.03E-06 1.92% -- -- --
Total Radiological Risk Estimate -- 5.38E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.38E-05 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 6.67E+02 5.55E-06 100.00% 2.40E+04 1.54E-01 90.07%
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.00E+05 -- -- -- 1.60E+07 6.25E-03 3.65%
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.95E+02 -- -- -- 4.00E+04 4.88E-03 2.85%
116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 0.15%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.60E+08 3.69E-07 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 -- -- -- 2.40E+05 1.38E-03 0.80%
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.13E+04 -- -- -- -- -- --
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.40E+04 4.25E-03 2.48%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.55E-06 -- -- 1.71E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 5.55E-06 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 -- -- -- 2.40E+05 3.12E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.12E-03 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 1.55E+02 3.43E-07 0.59% -- -- --
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.25E-01 4.40E+00 5.11E-06 8.76% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.10E+00 3.38E-06 5.79% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.66E+00 4.04E-05 69.27% -- -- --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate
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Noncancer 
Effects RBSL

Noncancer Hazard 
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 Table G-17.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.40E+00 6.70E-06 11.50% -- -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 2.03E+02 4.52E-07 0.78% -- -- --
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.56E-01 1.33E+02 4.93E-07 0.85% -- -- --
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 3.90E-02 1.63E+01 2.39E-07 0.41% -- -- --
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 6.46E-01 5.40E+01 1.20E-06 2.05% -- -- --
Total Radiological Risk Estimate -- 5.83E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.83E-05 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 6.67E+02 3.90E-06 100.00% 2.40E+04 1.08E-01 95.75%
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.93E+04 -- -- -- 1.60E+07 3.71E-03 3.28%
116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.21E+04 -- -- -- 1.20E+08 1.01E-04 0.09%
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 -- -- -- 2.40E+05 1.00E-03 0.88%
116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.50E+03 -- -- -- -- -- --
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.90E-06 -- -- 1.13E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 3.90E-06 -- -- -- --

128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 6.67E+02 5.55E-06 90.20% 2.40E+04 1.54E-01 88.90%
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 7.15E+04 -- -- -- 1.60E+07 4.47E-03 2.58%
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.37E+03 7.49E-08 1.22% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.37E+02 3.72E-07 6.05% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.37E+03 5.47E-08 0.89% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.37E+03 5.69E-08 0.93% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.14E+04 1.22E-08 0.20% 1.60E+06 5.44E-04 0.31%
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 3.50E+02 -- -- -- 4.00E+04 8.75E-03 5.05%
128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.35E+04 -- -- -- 1.20E+08 1.13E-04 0.06%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.37E+04 1.08E-08 0.18% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 3.20E+06 6.88E-05 0.04%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 -- -- -- 2.40E+05 2.00E-03 1.15%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.37E+03 2.12E-08 0.34% -- -- --
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.08E+04 -- -- -- -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.40E+04 1.25E-03 0.72%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.40E+06 6.25E-05 0.04%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.00E+05 2.00E-03 1.15%
128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH ug/kg 1.44E+04 -- -- -- -- -- --
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.15E-06 -- -- 1.73E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 6.15E-06 -- -- -- --
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100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 3.20E+08 3.06E-13 0.02% -- -- --
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.30E+03 4.24E+07 5.42E-11 3.55% 5.00E+08 4.60E-06 46.07%
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.64E+04 -- -- -- 1.67E+10 3.98E-06 39.90%
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.30E+02 1.01E+08 1.28E-12 0.08% 3.33E+08 3.90E-07 3.91%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 2.17E+06 1.47E-09 96.35% 3.33E+09 9.60E-07 9.62%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 1.00E+09 5.00E-08 0.50%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.53E-09 -- -- 9.98E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.53E-09 -- -- -- --

100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.24E+07 6.13E-11 15.68% 5.00E+08 5.20E-06 17.92%
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.97E+04 -- -- -- 1.67E+10 4.18E-06 14.41%
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 1.01E+08 6.32E-12 1.62% 3.33E+08 1.92E-06 6.62%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 2.17E+06 3.23E-10 82.70% 3.33E+09 2.10E-07 0.73%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 1.00E+09 1.75E-05 60.32%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.91E-10 -- -- 2.90E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.91E-10 -- -- -- --

100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.24E+07 6.60E-11 37.78% 5.00E+08 5.60E-06 24.08%
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.67E+10 1.01E-05 43.60%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 1.01E+08 7.40E-12 4.24% 3.33E+08 2.25E-06 9.67%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 2.17E+06 1.01E-10 57.99% 3.33E+09 6.60E-08 0.28%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 1.00E+09 5.20E-06 22.36%
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 4.00E+02 -- -- -- 6.67E+11 6.00E-10 0.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.75E-10 -- -- 2.32E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.75E-10 -- -- -- --

100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.00E+03 4.24E+07 7.07E-11 39.59% 5.00E+08 6.00E-06 40.23%
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 9.74E+04 -- -- -- 1.67E+10 5.84E-06 39.19%
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 2.00E+02 1.01E+08 1.97E-12 1.10% 3.33E+08 6.00E-07 4.02%
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 2.17E+06 1.06E-10 59.30% 3.33E+09 6.90E-08 0.46%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 1.00E+09 2.40E-06 16.09%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.79E-10 -- -- 1.49E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.79E-10 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.24E+07 1.58E-10 19.44% 5.00E+08 1.34E-05 44.79%
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.05E+05 -- -- -- 1.67E+10 6.30E-06 21.06%

Table G-18.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units
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Table G-18.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 1.01E+08 9.87E-12 1.21% 3.33E+08 3.00E-06 10.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 2.17E+06 6.45E-10 79.35% 3.33E+09 4.20E-07 1.40%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 1.00E+09 6.80E-06 22.73%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 8.13E-10 -- -- 2.99E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.13E-10 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 2.17E+06 4.32E-10 100.00% 3.33E+09 2.81E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.32E-10 -- -- 2.81E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 4.32E-10 -- -- -- --

100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 -- -- -- 1.67E+11 6.48E-05 22.52%
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4.33E+03 4.24E+07 1.02E-10 23.70% 5.00E+08 8.66E-06 3.01%
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 8.53E+04 -- -- -- 1.67E+10 5.12E-06 1.78%
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 3.57E+02 7.60E+07 4.70E-12 1.09% 6.67E+08 5.35E-07 0.19%
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.57E+03 -- -- -- 6.67E+11 2.35E-09 0.00%
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.36E+02 1.01E+08 1.34E-12 0.31% 3.33E+08 4.08E-07 0.14%
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6.11E+03 2.03E+07 3.02E-10 70.00% 2.00E+08 3.05E-05 10.61%
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 2.88E+05 -- -- -- 1.67E+09 1.73E-04 60.04%
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 1.48E+04 7.01E+08 2.11E-11 4.90% 3.00E+09 4.93E-06 1.71%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.31E-10 -- -- 2.88E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 4.31E-10 -- -- -- --

100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 -- -- -- 1.67E+11 4.59E-05 15.46%
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.24E+07 6.60E-11 13.25% 5.00E+08 5.60E-06 1.89%
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.67E+04 -- -- -- 1.67E+10 3.40E-06 1.15%
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 2.30E+02 7.60E+07 3.03E-12 0.61% 6.67E+08 3.45E-07 0.12%
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.10E+03 -- -- -- 6.67E+11 1.65E-09 0.00%
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.20E+01 1.01E+08 6.12E-13 0.12% 3.33E+08 1.86E-07 0.06%
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8.40E+03 2.03E+07 4.15E-10 83.19% 2.00E+08 4.20E-05 14.14%
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 3.27E+05 -- -- -- 1.67E+09 1.96E-04 66.07%
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.90E+00 -- -- -- 1.00E+09 9.90E-09 0.00%
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9.90E+03 7.01E+08 1.41E-11 2.83% 3.00E+09 3.30E-06 1.11%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.98E-10 -- -- 2.97E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 4.98E-10 -- -- -- --

116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 2.17E+06 2.58E-10 100.00% 3.33E+09 1.68E-07 100.00%
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Table G-18.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.58E-10 -- -- 1.68E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.58E-10 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 2.17E+06 1.20E-10 100.00% 3.33E+09 7.80E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.20E-10 -- -- 7.80E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.20E-10 -- -- -- --

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 2.17E+06 1.45E-09 100.00% 3.33E+09 9.46E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.45E-09 -- -- 9.46E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 1.45E-09 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 2.17E+06 1.38E-10 100.00% 3.33E+09 9.00E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.38E-10 -- -- 9.00E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.38E-10 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 2.17E+06 1.42E-10 100.00% 3.33E+09 9.23E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.42E-10 -- -- 9.23E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.42E-10 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 2.17E+06 2.68E-10 100.00% 3.33E+09 1.75E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.68E-10 -- -- 1.75E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.68E-10 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.24E+07 8.72E-11 36.17% 5.00E+08 7.40E-06 52.16%
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.00E+05 -- -- -- 1.67E+10 6.00E-06 42.30%
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.95E+02 1.01E+08 1.92E-12 0.80% 3.33E+08 5.85E-07 4.12%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.33E+13 4.43E-12 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 2.17E+06 1.52E-10 63.03% 3.33E+09 9.90E-08 0.70%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 1.00E+09 1.02E-07 0.72%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.41E-10 -- -- 1.42E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.41E-10 -- -- -- --
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Table G-18.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 2.17E+06 3.45E-10 100.00% 3.33E+09 2.25E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.45E-10 -- -- 2.25E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 3.45E-10 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.24E+07 6.13E-11 35.67% 5.00E+08 5.20E-06 58.89%
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.93E+04 -- -- -- 1.67E+10 3.56E-06 40.29%
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 2.17E+06 1.11E-10 64.33% 3.33E+09 7.20E-08 0.82%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.72E-10 -- -- 8.83E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.72E-10 -- -- -- --

128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.24E+07 8.72E-11 27.94% 5.00E+08 7.40E-06 57.30%
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 7.15E+04 -- -- -- 1.67E+10 4.29E-06 33.22%
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.66E+09 6.19E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.66E+08 3.08E-13 0.10% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.66E+09 4.52E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.66E+09 4.70E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.60E+10 1.14E-14 0.00% -- -- --
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 3.50E+02 1.01E+08 3.45E-12 1.11% 3.33E+08 1.05E-06 8.13%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.66E+10 8.94E-15 0.00% -- -- --
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 2.17E+06 2.21E-10 70.80% 3.33E+09 1.44E-07 1.11%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.66E+09 1.75E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 1.00E+09 3.00E-08 0.23%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 6.67E+11 1.20E-09 0.01%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.12E-10 -- -- 1.29E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.12E-10 -- -- -- --
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Waste Site/Decision Unit
Chemical 

Cancer Risk
Chemical Risk Drivers

Radiological 
Cancer Risk

Radiological Risk 
Drivers

Total Non-Rad and Rad Risk
Non-Cancer 

Hazard Index
Hazard Drivers

100-K-29_Shallow_Focused  3.65E-06 Arsenic (3.45e-06) 0.00E+00 -- 3.65E-06 1.80E-01 --
100-K-30_Shallow_Focused  3.90E-06 Arsenic (3.90e-06) 0.00E+00 -- 3.90E-06 8.61E-01 --
100-K-31_Shallow_Focused  4.20E-06 Arsenic (4.20e-06) 0.00E+00 -- 4.20E-06 3.65E-01 --
100-K-32_Shallow_Focused  4.50E-06 Arsenic (4.50e-06) 0.00E+00 -- 4.50E-06 2.37E-01 --
100-K-33_Shallow_Focused  1.00E-05 Arsenic (1.00e-05) 0.00E+00 -- 1.00E-05 6.00E-01 --
100-K-55:1_Shallow  0.00E+00 -- 4.66E-05 -- 4.66E-05 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 7.53E-05 -- 7.53E-05 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 9.17E-05 -- 9.17E-05 0.00E+00 --
100-K-56:1_Shallow_Focused  0.00E+00 -- 1.27E-04 -- 1.27E-04 3.90E-03 --
100-K-78_Shallow_Focused  6.49E-06 Arsenic (6.49e-06) 2.29E-05 -- 2.94E-05 1.09E+00 --
100-K-85_Shallow_Focused  4.20E-06 Arsenic (4.20e-06) 0.00E+00 -- 4.20E-06 1.15E+00 --
116-K-1_Shallow  0.00E+00 -- 1.13E-04 -- 1.13E-04 1.20E-03 --
116-K-2_Shallow  0.00E+00 -- 6.21E-05 -- 6.21E-05 1.28E-03 --
116-KE-4_Shallow  0.00E+00 -- 5.38E-05 -- 5.38E-05 2.43E-03 --
116-KE-5_Shallow_Focused  5.55E-06 Arsenic (5.55e-06) 0.00E+00 -- 5.55E-06 1.71E-01 --
116-KW-3_Shallow  0.00E+00 -- 5.83E-05 -- 5.83E-05 3.12E-03 --
116-KW-4_Shallow_Focused  3.90E-06 Arsenic (3.90e-06) 0.00E+00 -- 3.90E-06 1.13E-01 --
128-K-1_Shallow_Focused  6.15E-06 Arsenic (5.55e-06) 0.00E+00 -- 6.15E-06 1.73E-01 --

Table G-19.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision Units in 100-K Source OU
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-29_Shallow_Focused  1.53E-09 -- 9.98E-06 --
100-K-30_Shallow_Focused  3.91E-10 -- 2.90E-05 --
100-K-31_Shallow_Focused  1.75E-10 -- 2.32E-05 --
100-K-32_Shallow_Focused  1.79E-10 -- 1.49E-05 --
100-K-33_Shallow_Focused  8.13E-10 -- 2.99E-05 --
100-K-55:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow_Focused  4.32E-10 -- 2.81E-07 --
100-K-78_Shallow_Focused  4.31E-10 -- 2.88E-04 --
100-K-85_Shallow_Focused  4.98E-10 -- 2.97E-04 --
116-K-1_Shallow  1.20E-10 -- 7.80E-08 --
116-K-2_Shallow  1.42E-10 -- 9.23E-08 --
116-KE-4_Shallow  2.68E-10 -- 1.75E-07 --
116-KE-5_Shallow_Focused  2.41E-10 -- 1.42E-05 --
116-KW-3_Shallow  3.45E-10 -- 2.25E-07 --
116-KW-4_Shallow_Focused  1.72E-10 -- 8.83E-06 --
128-K-1_Shallow_Focused  3.12E-10 -- 1.29E-05 --

Table G-20. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone 
Decision Units in 100-K Source OU
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Waste Site/Decision Unit
Chemical Cancer 

Risk
Chemical Risk 

Drivers
Radiological Cancer Risk

Radiological Risk 
Drivers

Total Non-Rad and 
Rad Risk

Non-Cancer Hazard 
Index

Hazard Drivers

100-K-55:1_Overburden  0.00E+00 -- 2.57E-05 -- 2.57E-05 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 5.42E-05 -- 5.42E-05 1.05E-04 --
116-K-2_Overburden  0.00E+00 -- 1.06E-05 -- 1.06E-05 1.25E-03 --

Table G-21.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden Decision Units in 100-K Source OU
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-55:1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-2_Overburden  1.38E-10 -- 9.00E-08 --

Table G-22. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden 
Decision Units in 100-K Source OU

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-73



Waste Site/Decision Unit
Chemical Cancer 

Risk
Chemical Risk Drivers Radiological Cancer Risk Radiological Risk Drivers Total Non-Rad and Rad Risk Non-Cancer Hazard Index Hazard Drivers

100-K-55:1_Deep  0.00E+00 -- 7.25E-05 -- 7.25E-05 0.00E+00 --

100-K-56:1_Deep  0.00E+00 -- 1.17E-03
Cesium-137 (4.69e-04)

Europium-152 (6.13e-04)
1.17E-03 0.00E+00 --

116-K-1_Deep  0.00E+00 -- 1.04E-03

Cesium-137 (2.51e-04)
Cobalt-60 (1.07e-04)

Europium-152 (2.46e-04)
Total beta radiostrontium (3.79e-04)

1.04E-03 2.46E-03 --

116-K-2_Deep  0.00E+00 -- 6.26E-03

Cesium-137 (2.71e-03)
Cobalt-60 (1.71e-04)

Europium-152 (2.81e-03)
Europium-154 (1.59e-04)

Nickel-63 (1.26e-04)
Total beta radiostrontium (2.77e-04)

6.26E-03 1.31E-02 --

Table G-23.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Deep Zone Decision Units in 100-K Source OU
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 5.00E+02 1.96E-07 100.00% 1.60E+03 6.13E-02 79.68%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.20E+08 2.06E-04 0.27%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 -- -- -- 2.40E+05 1.33E-02 17.34%
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6.32E+04 -- -- -- -- -- --
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.40E+04 2.08E-03 2.71%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.96E-07 -- -- 7.69E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.96E-07 -- -- -- --

100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 -- -- -- 4.00E+04 1.60E-02 2.14%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 -- -- -- 2.40E+05 2.93E-03 0.39%
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 3.60E+04 -- -- -- -- -- --
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.40E+04 7.29E-01 97.47%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 7.48E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.60E+07 1.06E-02 4.28%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 -- -- -- 4.00E+04 1.88E-02 7.59%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 -- -- -- 2.40E+05 9.17E-04 0.37%
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.34E+04 -- -- -- -- -- --
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.40E+04 2.17E-01 87.76%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.47E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 -- -- -- 2.40E+05 9.58E-04 0.95%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.40E+04 1.00E-01 99.05%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.01E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 6.67E+02 1.00E-05 100.00% 2.40E+04 2.79E-01 47.04%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 -- -- -- 4.00E+04 2.50E-02 4.21%
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.20E+08 1.91E-04 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 -- -- -- 2.40E+05 5.83E-03 0.98%
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 2.78E+04 -- -- -- -- -- --
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.40E+04 2.83E-01 47.74%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.00E-05 -- -- 5.94E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 1.00E-05 -- -- -- --

Table G-24.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-24.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

100-K-55:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.99E-01 3.10E+00 1.93E-05 39.26% -- -- --
100-K-55:1_Deep Rad Europium-152 14683-23-9 pCi/g 8.55E-01 3.66E+00 2.34E-05 47.45% -- -- --
100-K-55:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.88E-01 4.40E+00 6.55E-06 13.29% -- -- --
Total Radiological Risk Estimate -- 4.92E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.92E-05 -- -- -- --

100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.10E+00 1.81E-06 9.74% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.66E+00 9.32E-06 50.21% -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 40.05% -- -- --
Total Radiological Risk Estimate -- 1.86E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.86E-05 -- -- -- --

100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.10E+00 6.00E-06 15.02% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.66E+00 2.21E-05 55.33% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.40E+00 1.18E-05 29.64% -- -- --
Total Radiological Risk Estimate -- 3.99E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.99E-05 -- -- -- --

100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.10E+00 3.55E-06 5.97% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.66E+00 3.55E-05 59.76% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.40E+00 4.25E-06 7.15% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 2.27E+00 1.61E-05 27.13% -- -- --
Total Radiological Risk Estimate -- 5.94E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.94E-05 -- -- -- --

100-K-56:1_Deep Rad Cesium-137 10045-97-3 pCi/g 2.07E+01 4.40E+00 4.69E-04 40.26% -- -- --
100-K-56:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 1.11E+00 3.10E+00 3.57E-05 3.06% -- -- --
100-K-56:1_Deep Rad Europium-152 14683-23-9 pCi/g 2.24E+01 3.66E+00 6.13E-04 52.58% -- -- --
100-K-56:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.10E+00 4.40E+00 4.78E-05 4.10% -- -- --
Total Radiological Risk Estimate -- 1.17E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.17E-03 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 4.40E+00 2.93E-05 31.91% -- -- --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-24.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.10E+00 1.03E-05 11.22% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.66E+00 5.22E-05 56.88% -- -- --
Total Radiological Risk Estimate -- 9.17E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 9.17E-05 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 -- -- -- 2.40E+05 3.90E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.90E-03 --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.10E+00 4.81E-06 4.04% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.66E+00 8.50E-05 71.37% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 6.24% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 2.27E+00 2.19E-05 18.35% -- -- --
Total Radiological Risk Estimate -- 1.19E-04 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.19E-04 -- -- -- --

100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.20E+04 1.22E-02 97.99%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 2.01%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.25E-02 --
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 8.10E+01 2.05E-06 15.80% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.10E+00 2.35E-06 18.15% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.66E+00 7.38E-06 56.87% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 6.08E+02 1.19E-06 9.18% -- -- --
Total Radiological Risk Estimate -- 1.30E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.30E-05 -- -- -- --

116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 -- -- -- 2.40E+05 2.33E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.33E-03 --
116-K-1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.10E+01 4.40E+00 2.51E-04 24.15% -- -- --
116-K-1_Deep Rad Cobalt-60 10198-40-0 pCi/g 3.33E+00 3.10E+00 1.07E-04 10.35% -- -- --
116-K-1_Deep Rad Europium-152 14683-23-9 pCi/g 8.99E+00 3.66E+00 2.46E-04 23.65% -- -- --
116-K-1_Deep Rad Europium-154 15585-10-1 pCi/g 2.45E+00 4.40E+00 5.57E-05 5.36% -- -- --
116-K-1_Deep Rad Total beta radiostrontium SR-RAD pCi/g 8.60E+00 2.27E+00 3.79E-04 36.49% -- -- --
Total Radiological Risk Estimate -- 1.04E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.04E-03 -- -- -- --

116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.66E+00 7.21E-06 15.06% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 2.27E+00 4.07E-05 84.94% -- -- --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-24.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Total Radiological Risk Estimate -- 4.79E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.79E-05 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 -- -- -- 2.40E+05 1.08E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.08E-03 --
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.10E+00 1.23E-06 1.33% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.66E+00 6.14E-06 6.67% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 2.27E+00 8.47E-05 91.99% -- -- --
Total Radiological Risk Estimate -- 9.21E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 9.21E-05 -- -- -- --

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 -- -- -- 2.40E+05 1.31E-02 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.31E-02 --
116-K-2_Deep Rad Americium-241 14596-10-2 pCi/g 3.17E+00 1.55E+02 2.04E-06 0.03% -- -- --
116-K-2_Deep Rad Carbon-14 14762-75-5 pCi/g 3.61E+00 8.10E+01 4.46E-06 0.07% -- -- --
116-K-2_Deep Rad Cesium-137 10045-97-3 pCi/g 1.19E+02 4.40E+00 2.71E-03 43.24% -- -- --
116-K-2_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.30E+00 3.10E+00 1.71E-04 2.73% -- -- --
116-K-2_Deep Rad Europium-152 14683-23-9 pCi/g 1.03E+02 3.66E+00 2.81E-03 44.90% -- -- --
116-K-2_Deep Rad Europium-154 15585-10-1 pCi/g 6.99E+00 4.40E+00 1.59E-04 2.54% -- -- --
116-K-2_Deep Rad Nickel-63 13981-37-8 pCi/g 7.63E+02 6.08E+02 1.26E-04 2.01% -- -- --
116-K-2_Deep Rad Plutonium-238 13981-16-3 pCi/g 5.32E-01 2.36E+02 2.25E-07 0.00% -- -- --
116-K-2_Deep Rad Plutonium-239/240 PU-239/240 pCi/g 5.14E+00 2.03E+02 2.53E-06 0.04% -- -- --
116-K-2_Deep Rad Total beta radiostrontium SR-RAD pCi/g 6.29E+00 2.27E+00 2.77E-04 4.43% -- -- --
Total Radiological Risk Estimate -- 6.26E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.26E-03 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 -- -- -- 2.40E+05 1.25E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.25E-03 --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.66E+00 5.84E-06 100.00% -- -- --
Total Radiological Risk Estimate -- 5.84E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.84E-06 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 -- -- -- 2.40E+05 1.28E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.28E-03 --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 8.10E+01 3.68E-06 9.34% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.66E+00 1.61E-05 40.88% -- -- --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-24.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.40E+00 6.72E-06 17.05% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 6.08E+02 1.29E-06 3.27% -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 2.27E+00 1.16E-05 29.46% -- -- --
Total Radiological Risk Estimate -- 3.94E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.94E-05 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 -- -- -- 2.40E+05 2.43E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.43E-03 --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.10E+00 2.77E-06 6.36% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.66E+00 1.92E-05 43.90% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.40E+00 6.39E-06 14.64% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 6.08E+02 1.23E-06 2.82% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 2.27E+00 1.41E-05 32.28% -- -- --
Total Radiological Risk Estimate -- 4.36E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.36E-05 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 4.26%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.60E+08 3.69E-07 0.01%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 -- -- -- 2.40E+05 1.38E-03 23.40%
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.13E+04 -- -- -- -- -- --
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.40E+04 4.25E-03 72.34%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 5.88E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 -- -- -- 2.40E+05 3.12E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.12E-03 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 1.55E+02 3.43E-07 0.67% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.10E+00 3.38E-06 6.59% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.66E+00 4.04E-05 78.78% -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.40E+00 6.70E-06 13.07% -- -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 2.03E+02 4.52E-07 0.88% -- -- --
Total Radiological Risk Estimate -- 5.13E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.13E-05 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 -- -- -- 2.40E+05 1.00E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.00E-03 --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-24.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.37E+03 7.49E-08 12.43% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.37E+02 3.72E-07 61.73% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.37E+03 5.47E-08 9.08% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.37E+03 5.69E-08 9.44% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.14E+04 1.22E-08 2.02% 1.60E+06 5.44E-04 9.18%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.37E+04 1.08E-08 1.79% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 3.20E+06 6.88E-05 1.16%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 -- -- -- 2.40E+05 2.00E-03 33.76%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.37E+03 2.12E-08 3.51% -- -- --
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.08E+04 -- -- -- -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.40E+04 1.25E-03 21.10%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.40E+06 6.25E-05 1.05%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.00E+05 2.00E-03 33.76%
128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH ug/kg 1.44E+04 -- -- -- -- -- --
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.03E-07 -- -- 5.93E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 6.03E-07 -- -- -- --
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Cancer 
Effects RBSL

Cancer Risk 
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Noncancer 
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Noncancer Hazard 
Quotient

Percent 
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100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 3.20E+08 3.06E-13 0.02% -- -- --
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 2.17E+06 1.47E-09 99.98% 3.33E+09 9.60E-07 95.05%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 1.00E+09 5.00E-08 4.95%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.47E-09 -- -- 1.01E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.47E-09 -- -- -- --

100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 1.01E+08 6.32E-12 1.92% 3.33E+08 1.92E-06 9.78%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 2.17E+06 3.23E-10 98.08% 3.33E+09 2.10E-07 1.07%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 1.00E+09 1.75E-05 89.15%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.30E-10 -- -- 1.96E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.30E-10 -- -- -- --

100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.67E+10 1.01E-05 57.43%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 1.01E+08 7.40E-12 6.81% 3.33E+08 2.25E-06 12.74%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 2.17E+06 1.01E-10 93.19% 3.33E+09 6.60E-08 0.37%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 1.00E+09 5.20E-06 29.45%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.09E-10 -- -- 1.76E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.09E-10 -- -- -- --

100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 2.17E+06 1.06E-10 100.00% 3.33E+09 6.90E-08 2.79%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 1.00E+09 2.40E-06 97.21%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.06E-10 -- -- 2.47E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.06E-10 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.24E+07 1.58E-10 19.44% 5.00E+08 1.34E-05 56.73%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 1.01E+08 9.87E-12 1.21% 3.33E+08 3.00E-06 12.70%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 2.17E+06 6.45E-10 79.35% 3.33E+09 4.20E-07 1.78%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 1.00E+09 6.80E-06 28.79%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 8.13E-10 -- -- 2.36E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.13E-10 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 2.17E+06 4.32E-10 100.00% 3.33E+09 2.81E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.32E-10 -- -- 2.81E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 4.32E-10 -- -- -- --

 Table G-25.  MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-81



Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC
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 Table G-25.  MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 2.17E+06 2.58E-10 100.00% 3.33E+09 1.68E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.58E-10 -- -- 1.68E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.58E-10 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 2.17E+06 1.20E-10 100.00% 3.33E+09 7.80E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.20E-10 -- -- 7.80E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.20E-10 -- -- -- --

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 2.17E+06 1.45E-09 100.00% 3.33E+09 9.46E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.45E-09 -- -- 9.46E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 1.45E-09 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 2.17E+06 1.38E-10 100.00% 3.33E+09 9.00E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.38E-10 -- -- 9.00E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.38E-10 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 2.17E+06 1.42E-10 100.00% 3.33E+09 9.23E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.42E-10 -- -- 9.23E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.42E-10 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 2.17E+06 2.68E-10 100.00% 3.33E+09 1.75E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.68E-10 -- -- 1.75E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.68E-10 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.33E+13 4.43E-12 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 2.17E+06 1.52E-10 100.00% 3.33E+09 9.90E-08 49.25%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 1.00E+09 1.02E-07 50.75%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.52E-10 -- -- 2.01E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 1.52E-10 -- -- -- --
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 Table G-25.  MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 2.17E+06 3.45E-10 100.00% 3.33E+09 2.25E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.45E-10 -- -- 2.25E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 3.45E-10 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 2.17E+06 1.11E-10 100.00% 3.33E+09 7.20E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.11E-10 -- -- 7.20E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.11E-10 -- -- -- --

128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.66E+09 6.19E-14 0.03% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.66E+08 3.08E-13 0.14% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.66E+09 4.52E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.66E+09 4.70E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.60E+10 1.14E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.66E+10 8.94E-15 0.00% -- -- --
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 2.17E+06 2.21E-10 99.77% 3.33E+09 1.44E-07 82.19%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.66E+09 1.75E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 1.00E+09 3.00E-08 17.12%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 6.67E+11 1.20E-09 0.68%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.22E-10 -- -- 1.75E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.22E-10 -- -- -- --
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Waste Site/Decision Unit
Analyte 
Group

Analyte Name CAS No. Units
Exposure Point 
Concentration

MTCA Method A 
Cleanup Level

EPC Exceeds Cleanup 
Level (Yes/No)?

100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2300 2.00E+04 No
100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2600 2.00E+04 No
100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2800 2.00E+04 No
100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3000 2.00E+04 No
100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6700 2.00E+04 No
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4330 2.00E+04 No
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2800 2.00E+04 No
116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3700 2.00E+04 No
116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2600 2.00E+04 No
128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3700 2.00E+04 No
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 63200 2.50E+05 No
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 36000 2.50E+05 No
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 43400 2.50E+05 No
100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 7100 2.50E+05 No
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 27800 2.50E+05 No
100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6380 2.50E+05 No
100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4800 2.50E+05 No
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 11300 2.50E+05 No
116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4500 2.50E+05 No
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 10800 2.50E+05 No

Table G-26.  Comparison of EPCs for the 100-K Waste Site Decision Units to MTCA-A Values for Arsenic and Lead
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Waste Site/Decision Unit Chemical Cancer Risk
Chemical Risk 

Drivers
Radiological Cancer 

Risk
Radiological Risk 

Drivers
Total Non-Rad and 

Rad Risk
Non-Cancer 

Hazard Index
Hazard Drivers

100-K-29_Shallow_Focused  1.96E-07 -- 0.00E+00 -- 1.96E-07 7.69E-02 --
100-K-30_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 7.48E-01 --
100-K-31_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 2.47E-01 --
100-K-32_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 1.01E-01 --
100-K-33_Shallow_Focused  1.00E-05 Arsenic (1.00e-05) 0.00E+00 -- 1.00E-05 5.94E-01 --
100-K-55:1_Shallow  0.00E+00 -- 3.99E-05 -- 3.99E-05 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 5.94E-05 -- 5.94E-05 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 9.17E-05 -- 9.17E-05 0.00E+00 --
100-K-56:1_Shallow_Focused  0.00E+00 -- 1.19E-04 -- 1.19E-04 3.90E-03 --
100-K-78_Shallow_Focused  0.00E+00 -- 1.30E-05 -- 1.30E-05 1.25E-02 --
100-K-85_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 0.00E+00 --
116-K-1_Shallow  0.00E+00 -- 9.21E-05 -- 9.21E-05 1.08E-03 --
116-K-2_Shallow  0.00E+00 -- 3.94E-05 -- 3.94E-05 1.28E-03 --
116-KE-4_Shallow  0.00E+00 -- 4.36E-05 -- 4.36E-05 2.43E-03 --
116-KE-5_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 5.88E-03 --
116-KW-3_Shallow  0.00E+00 -- 5.13E-05 -- 5.13E-05 3.12E-03 --
116-KW-4_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 1.00E-03 --
128-K-1_Shallow_Focused  6.03E-07 -- 0.00E+00 -- 6.03E-07 5.93E-03 --

Table G-27.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision Units in 100-K Source OU Without Background 
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-29_Shallow_Focused  1.47E-09 -- 1.01E-06 --
100-K-30_Shallow_Focused  3.30E-10 -- 1.96E-05 --
100-K-31_Shallow_Focused  1.09E-10 -- 1.76E-05 --
100-K-32_Shallow_Focused  1.06E-10 -- 2.47E-06 --
100-K-33_Shallow_Focused  8.13E-10 -- 2.36E-05 --
100-K-55:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow_Focused  4.32E-10 -- 2.81E-07 --
100-K-78_Shallow_Focused  0.00E+00 -- 0.00E+00 --
100-K-85_Shallow_Focused  0.00E+00 -- 0.00E+00 --
116-K-1_Shallow  1.20E-10 -- 7.80E-08 --
116-K-2_Shallow  1.42E-10 -- 9.23E-08 --
116-KE-4_Shallow  2.68E-10 -- 1.75E-07 --
116-KE-5_Shallow_Focused  1.52E-10 -- 2.01E-07 --
116-KW-3_Shallow  3.45E-10 -- 2.25E-07 --
116-KW-4_Shallow_Focused  1.11E-10 -- 7.20E-08 --
128-K-1_Shallow_Focused  2.22E-10 -- 1.75E-07 --

Table G-28. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision 
Units in 100-K Source OU Without Background Contribution

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-87



Waste Site/Decision Unit
Chemical Cancer 

Risk
Chemical Risk 

Drivers
Radiological Cancer 

Risk
Radiological Risk 

Drivers
Total Non-Rad and Rad 

Risk
Non-Cancer Hazard Index Hazard Drivers

100-K-55:1_Overburden  0.00E+00 -- 1.86E-05 -- 1.86E-05 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 4.79E-05 -- 4.79E-05 0.00E+00 --
116-K-2_Overburden  0.00E+00 -- 5.84E-06 -- 5.84E-06 1.25E-03 --

Table G-29.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden Decision Units in 100-K Source OU Without Background 
Contributi29
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-55:1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-2_Overburden  1.38E-10 -- 9.00E-08 --

Table G-30. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden 
Decision Units in 100-K Source OU Without Background Contribution
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers
100-K-55:1_Deep  4.92E-05

100-K-56:1_Deep  1.17E-03
Cesium-137 (4.69e-04)

Europium-152 (6.13e-04)

116-K-1_Deep  1.04E-03

Cesium-137 (2.51e-04)
Cobalt-60 (1.07e-04)

Europium-152 (2.46e-04)
Total beta radiostrontium (3.79e-04)

116-K-2_Deep  6.26E-03

Cesium-137 (2.71e-03)
Cobalt-60 (1.71e-04)

Europium-152 (2.81e-03)
Europium-154 (1.59e-04)

Nickel-63 (1.26e-04)
Total beta radiostrontium (2.77e-04)

Table G-31. Summary of Residential Scenario Risk Estimates and Primary Contributors to Risk For Deep 
Zone Decision Units in 100-K Source OU Without Background Contribution
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 3.14E-01 6.22E+00 5.04E-06 22.45%
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.30E+00 1.70E-06 7.56%
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.83E+00 8.90E-06 39.65%
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 30.34%
Total Radiological Risk Estimate -- 2.25E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.25E-05 --

100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.94E-01 6.22E+00 4.73E-06 11.17%
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.30E+00 5.64E-06 13.31%
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.83E+00 2.11E-05 49.89%
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.80E+00 1.09E-05 25.64%
Total Radiological Risk Estimate -- 4.23E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 4.23E-05 --

100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 6.12E-01 6.22E+00 9.84E-06 18.92%
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.30E+00 3.33E-06 6.41%
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.83E+00 3.39E-05 65.29%
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.80E+00 3.90E-06 7.49%
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.18E+02 7.07E-08 0.14%
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 6.99E-01 9.31E+02 7.51E-08 0.14%
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 7.77E-01 9.31E+01 8.35E-07 1.61%
Total Radiological Risk Estimate -- 5.20E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 5.20E-05 --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 6.22E+00 2.07E-05 25.81%
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.30E+00 9.67E-06 12.05%
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.83E+00 4.98E-05 62.14%
Total Radiological Risk Estimate -- 8.02E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.02E-05 --

100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.09E-01 6.22E+00 4.97E-06 5.06%
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.30E+00 4.52E-06 4.60%
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.83E+00 8.12E-05 82.72%
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 6.94%
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.18E+02 9.58E-08 0.10%
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 4.54E-01 9.31E+02 4.88E-08 0.05%

Table G-32.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Table G-32.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units

100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 4.85E-01 9.31E+01 5.21E-07 0.53%
Total Radiological Risk Estimate -- 9.82E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 9.82E-05 --

100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 5.20E+04 3.19E-09 0.02%
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.20E-01 6.22E+00 5.14E-06 32.71%
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.30E+00 2.21E-06 14.07%
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.83E+00 7.05E-06 44.82%
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 9.16E+04 7.90E-09 0.05%
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 8.43E-01 9.31E+02 9.05E-08 0.58%
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 4.80E-02 2.20E+01 2.18E-07 1.39%
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 9.32E-01 9.31E+01 1.00E-06 6.37%
Total Radiological Risk Estimate -- 1.57E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.57E-05 --

116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 2.79E-01 6.22E+00 4.48E-06 38.78%
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.83E+00 6.89E-06 59.67%
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.18E+02 1.78E-07 1.54%
Total Radiological Risk Estimate -- 1.15E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.15E-05 --

116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.15E-01 6.22E+00 1.47E-05 66.55%
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.30E+00 1.15E-06 5.21%
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.83E+00 5.87E-06 26.56%
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.18E+02 3.71E-07 1.68%
Total Radiological Risk Estimate -- 2.21E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.21E-05 --

116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 1.30E-01 6.22E+00 2.09E-06 24.67%
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.83E+00 5.58E-06 65.86%
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 6.59E-01 9.31E+02 7.08E-08 0.84%
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 6.81E-01 9.31E+01 7.31E-07 8.63%
Total Radiological Risk Estimate -- 8.47E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 8.47E-06 --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Table G-32.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units

116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 5.20E+04 5.73E-09 0.02%
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.26E-01 6.22E+00 1.49E-05 39.98%
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.83E+00 1.54E-05 41.31%
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.80E+00 6.16E-06 16.53%
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 9.16E+04 8.55E-09 0.02%
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.18E+02 5.09E-08 0.14%
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.87E-01 9.31E+02 7.38E-08 0.20%
116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 6.27E-01 9.31E+01 6.73E-07 1.81%
Total Radiological Risk Estimate -- 3.72E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.72E-05 --

116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 3.70E-01 6.22E+00 5.95E-06 17.70%
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.30E+00 2.61E-06 7.75%
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.83E+00 1.83E-05 54.42%
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.80E+00 5.85E-06 17.41%
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 9.16E+04 8.16E-09 0.02%
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.18E+02 6.17E-08 0.18%
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.14E-01 9.31E+02 6.59E-08 0.20%
116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 4.08E-02 2.20E+01 1.85E-07 0.55%
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 5.57E-01 9.31E+01 5.98E-07 1.78%
Total Radiological Risk Estimate -- 3.36E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.36E-05 --

116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.75E+02 1.93E-07 0.37%
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.25E-01 6.22E+00 3.61E-06 6.84%
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.30E+00 3.17E-06 6.01%
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.83E+00 3.86E-05 73.05%
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.80E+00 6.14E-06 11.63%
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 5.39E+02 1.70E-07 0.32%
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.56E-01 9.31E+02 7.05E-08 0.13%
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 3.90E-02 2.20E+01 1.77E-07 0.34%
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 6.46E-01 9.31E+01 6.94E-07 1.31%
Total Radiological Risk Estimate -- 5.28E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 5.28E-05 --
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers Total Non-Rad and Rad Risk
100-K-29_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-30_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-31_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-32_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-33_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-55:1_Shallow  4.23E-05 -- 4.23E-05
100-K-55:1_Shallow_Focused  5.20E-05 -- 5.20E-05
100-K-56:1_Shallow  8.02E-05 -- 8.02E-05
100-K-56:1_Shallow_Focused  9.82E-05 -- 9.82E-05
100-K-78_Shallow_Focused  1.57E-05 -- 1.57E-05
100-K-85_Shallow_Focused  0.00E+00 -- 0.00E+00
116-K-1_Shallow  2.21E-05 -- 2.21E-05
116-K-2_Shallow  3.72E-05 -- 3.72E-05
116-KE-4_Shallow  3.36E-05 -- 3.36E-05
116-KE-5_Shallow_Focused  0.00E+00 -- 0.00E+00
116-KW-3_Shallow  5.28E-05 -- 5.28E-05
116-KW-4_Shallow_Focused  0.00E+00 -- 0.00E+00
128-K-1_Shallow_Focused  0.00E+00 -- 0.00E+00

Table G-33. Summary of Resident Monument Worker Scenario Radiological 
Risk Estimates and Primary Contributors to Risk For Shallow Zone Decision Units in the 100-K Source OU
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers Total Non-Rad and Rad Risk
100-K-55:1_Overburden  2.25E-05 -- 2.25E-05
116-K-1_Overburden  1.15E-05 -- 1.15E-05
116-K-2_Overburden  8.47E-06 -- 8.47E-06

Table G-34.  Summary of Resident Monument Worker Scenario Radiological Risk Estimates and Primary Contributors to Risk For 
Overburden Decision Units in 100-K Source OU
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.30E+00 1.70E-06 9.75%
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.83E+00 8.90E-06 51.13%
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 39.12%
Total Radiological Risk Estimate -- 1.74E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.74E-05 --

100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.30E+00 5.64E-06 14.99%
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.83E+00 2.11E-05 56.16%
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.80E+00 1.09E-05 28.86%
Total Radiological Risk Estimate -- 3.76E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.76E-05 --

100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.30E+00 3.33E-06 8.08%
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.83E+00 3.39E-05 82.30%
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.80E+00 3.90E-06 9.45%
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.18E+02 7.07E-08 0.17%
Total Radiological Risk Estimate -- 4.12E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 4.12E-05 --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 6.22E+00 2.07E-05 25.81%
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.30E+00 9.67E-06 12.05%
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.83E+00 4.98E-05 62.14%
Total Radiological Risk Estimate -- 8.02E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.02E-05 --

100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.30E+00 4.52E-06 4.87%
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.83E+00 8.12E-05 87.67%
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 7.35%
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.18E+02 9.58E-08 0.10%
Total Radiological Risk Estimate -- 9.26E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 9.26E-05 --

100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 5.20E+04 3.19E-09 0.03%
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.30E+00 2.21E-06 23.86%

Table G-35.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units Without Background Contribution
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Table G-35.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units Without Background Contribution

100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.83E+00 7.05E-06 76.02%
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 9.16E+04 7.90E-09 0.09%
Total Radiological Risk Estimate -- 9.27E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 9.27E-06 --

116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.83E+00 6.89E-06 97.48%
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.18E+02 1.78E-07 2.52%
Total Radiological Risk Estimate -- 7.07E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 7.07E-06 --

116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.30E+00 1.15E-06 15.57%
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.83E+00 5.87E-06 79.41%
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.18E+02 3.71E-07 5.02%
Total Radiological Risk Estimate -- 7.39E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 7.39E-06 --

116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.83E+00 5.58E-06 100.00%
Total Radiological Risk Estimate -- 5.58E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 5.58E-06 --

116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 5.20E+04 5.73E-09 0.03%
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.83E+00 1.54E-05 71.21%
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.80E+00 6.16E-06 28.49%
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 9.16E+04 8.55E-09 0.04%
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.18E+02 5.09E-08 0.24%
Total Radiological Risk Estimate -- 2.16E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.16E-05 --

116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.30E+00 2.61E-06 9.71%
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.83E+00 1.83E-05 68.21%
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.80E+00 5.85E-06 21.82%
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 9.16E+04 8.16E-09 0.03%
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.18E+02 6.17E-08 0.23%
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Table G-35.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units Without Background Contribution

Total Radiological Risk Estimate -- 2.68E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.68E-05 --

116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.75E+02 1.93E-07 0.40%
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.30E+00 3.17E-06 6.57%
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.83E+00 3.86E-05 79.95%
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.80E+00 6.14E-06 12.73%
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 5.39E+02 1.70E-07 0.35%
Total Radiological Risk Estimate -- 4.83E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 4.83E-05 --

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-99



 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-100



Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers
100-K-29_Shallow_Focused  0.00E+00 --
100-K-30_Shallow_Focused  0.00E+00 --
100-K-31_Shallow_Focused  0.00E+00 --
100-K-32_Shallow_Focused  0.00E+00 --
100-K-33_Shallow_Focused  0.00E+00 --
100-K-55:1_Shallow  3.76E-05 --
100-K-55:1_Shallow_Focused  4.12E-05 --
100-K-56:1_Shallow  8.02E-05 --
100-K-56:1_Shallow_Focused  9.26E-05 --
100-K-78_Shallow_Focused  9.27E-06 --
100-K-85_Shallow_Focused  0.00E+00 --
116-K-1_Shallow  7.39E-06 --
116-K-2_Shallow  2.16E-05 --
116-KE-4_Shallow  2.68E-05 --
116-KE-5_Shallow_Focused  0.00E+00 --
116-KW-3_Shallow  4.83E-05 --
116-KW-4_Shallow_Focused  0.00E+00 --
128-K-1_Shallow_Focused  0.00E+00 --

Table G-36. Summary of Resident Monument Worker Scenario Radiological Risk Estimates and Primary Contributors to Risk 
For Shallow Zone Decision Units in 100-K Source OU Without Background Contribution 
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers
100-K-55:1_Overburden  1.74E-05 --
116-K-1_Overburden  7.07E-06 --
116-K-2_Overburden  8.47E-06 --

Table G-37. Summary of Resident Monument Worker Scenario Radiological Risk Estimates and 
Primary Contributors to Risk For Overburden Decision Units in 100-K Source OU Without 

Background Contribution 
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 2.58E+03 3.79E-08 6.96% 1.31E+04 7.47E-03 40.46%
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.30E+03 4.54E+03 5.07E-07 93.03% 2.53E+05 9.11E-03 49.30%
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.64E+04 -- -- -- 1.82E+08 3.64E-04 1.97%
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.30E+02 4.60E+09 2.82E-14 0.00% 8.21E+05 1.58E-04 0.86%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.37E+09 1.80E-05 0.10%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 9.86E+07 3.24E-11 0.01% 2.74E+06 1.17E-03 6.33%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.74E+05 1.82E-04 0.99%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.45E-07 -- -- 1.85E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 5.45E-07 -- -- -- --

100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.54E+03 5.73E-07 100.00% 2.53E+05 1.03E-02 13.62%
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.97E+04 -- -- -- 1.82E+08 3.82E-04 0.51%
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 4.60E+09 1.39E-13 0.00% 8.21E+05 7.80E-04 1.03%
100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.52E+04 -- -- -- 1.37E+09 1.11E-05 0.01%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 9.86E+07 7.12E-12 0.00% 2.74E+06 2.56E-04 0.34%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.74E+05 6.39E-02 84.49%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.73E-07 -- -- 7.56E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 5.73E-07 -- -- -- --

100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.54E+03 6.17E-07 100.00% 2.53E+05 1.11E-02 34.56%
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.82E+08 9.26E-04 2.89%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 4.60E+09 1.63E-13 0.00% 8.21E+05 9.14E-04 2.85%
100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.03E+04 -- -- -- 1.37E+09 7.53E-06 0.02%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 9.86E+07 2.23E-12 0.00% 2.74E+06 8.04E-05 0.25%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.74E+05 1.90E-02 59.16%
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 4.00E+02 -- -- -- 4.56E+06 8.77E-05 0.27%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.17E-07 -- -- 3.21E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 6.17E-07 -- -- -- --

100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.00E+03 4.54E+03 6.61E-07 100.00% 2.53E+05 1.19E-02 55.22%
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 9.74E+04 -- -- -- 1.82E+08 5.34E-04 2.48%
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 2.00E+02 4.60E+09 4.35E-14 0.00% 8.21E+05 2.44E-04 1.13%
100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.69E+04 -- -- -- 1.37E+09 1.23E-05 0.06%
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 9.86E+07 2.33E-12 0.00% 2.74E+06 8.40E-05 0.39%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.74E+05 8.76E-03 40.72%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.61E-07 -- -- 2.15E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 6.61E-07 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.54E+03 1.48E-06 100.00% 2.53E+05 2.65E-02 49.43%
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.05E+05 -- -- -- 1.82E+08 5.75E-04 1.07%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 4.60E+09 2.17E-13 0.00% 8.21E+05 1.22E-03 2.27%

Table G-38. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-38. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.37E+09 1.67E-05 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 9.86E+07 1.42E-11 0.00% 2.74E+06 5.11E-04 0.95%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.74E+05 2.48E-02 46.24%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.48E-06 -- -- 5.37E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.48E-06 -- -- -- --

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 3.14E-01 1.00E+02 3.13E-07 23.33% -- -- --
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 6.31E+01 8.89E-08 6.62% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 6.58E+01 5.18E-07 38.62% -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 31.43% -- -- --
Total Radiological Risk Estimate -- 1.34E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.34E-06 -- -- -- --

100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.94E-01 1.00E+02 2.93E-07 11.79% -- -- --
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 6.31E+01 2.95E-07 11.85% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 6.58E+01 1.23E-06 49.37% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 7.75E+01 6.72E-07 26.99% -- -- --
Total Radiological Risk Estimate -- 2.49E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.49E-06 -- -- -- --

100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 6.12E-01 1.00E+02 6.11E-07 19.75% -- -- --
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 6.31E+01 1.74E-07 5.64% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 6.58E+01 1.98E-06 63.88% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 7.75E+01 2.41E-07 7.80% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.06E+03 7.23E-09 0.23% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 6.99E-01 5.81E+03 1.20E-08 0.39% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 7.77E-01 1.09E+03 7.11E-08 2.30% -- -- --
Total Radiological Risk Estimate -- 3.09E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.09E-06 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 1.00E+02 1.28E-06 27.39% -- -- --
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 6.31E+01 5.06E-07 10.78% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 6.58E+01 2.90E-06 61.83% -- -- --
Total Radiological Risk Estimate -- 4.69E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.69E-06 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 9.86E+07 9.50E-12 100.00% 2.74E+06 3.42E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 9.50E-12 -- -- 3.42E-04 --
100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.09E-01 1.00E+02 3.08E-07 5.36% -- -- --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 6.31E+01 2.36E-07 4.11% -- -- --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
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Table G-38. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 6.58E+01 4.73E-06 82.13% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 7.33% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.06E+03 9.79E-09 0.17% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 4.54E-01 5.81E+03 7.82E-09 0.14% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 4.85E-01 1.09E+03 4.44E-08 0.77% -- -- --
Total Radiological Risk Estimate -- 5.75E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.75E-06 -- -- -- --

100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 -- -- -- 9.12E+08 1.18E-02 12.18%
100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.65E+05 1.07E-03 1.10%
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4.33E+03 4.54E+03 9.54E-07 100.00% 2.53E+05 1.71E-02 17.64%
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 8.53E+04 -- -- -- 1.82E+08 4.67E-04 0.48%
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 3.57E+02 3.45E+09 1.03E-13 0.00% 1.82E+06 1.96E-04 0.20%
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.57E+03 -- -- -- 1.82E+08 8.60E-06 0.01%
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.36E+02 4.60E+09 2.96E-14 0.00% 8.21E+05 1.66E-04 0.17%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 0.02%
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6.11E+03 9.20E+08 6.64E-12 0.00% 2.74E+05 2.23E-02 22.96%
100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.95E+04 -- -- -- 3.65E+07 5.34E-04 0.55%
100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 1.96E+07 -- -- -- 6.39E+08 3.07E-02 31.57%
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 2.88E+05 -- -- -- 1.28E+08 2.26E-03 2.32%
100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 4.52E+02 -- -- -- 4.56E+06 9.91E-05 0.10%
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 1.48E+04 3.19E+10 4.65E-13 0.00% 1.82E+07 8.11E-04 0.83%
100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 4.29E+04 -- -- -- 4.56E+06 9.40E-03 9.67%
100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.70E+04 -- -- -- 2.74E+08 1.72E-04 0.18%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 9.54E-07 -- -- 9.72E-02 --
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 3.28E+05 5.07E-10 0.05% -- -- --
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.20E-01 1.00E+02 3.19E-07 33.16% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 6.31E+01 1.16E-07 12.02% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 6.58E+01 4.10E-07 42.59% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 5.75E+05 1.26E-09 0.13% -- -- --
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 8.43E-01 5.81E+03 1.45E-08 1.51% -- -- --
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 4.80E-02 2.95E+02 1.63E-08 1.69% -- -- --
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 9.32E-01 1.09E+03 8.53E-08 8.85% -- -- --
Total Radiological Risk Estimate -- 9.63E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.92E-06 -- -- -- --

100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 -- -- -- 9.12E+08 8.38E-03 8.25%
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.54E+03 6.17E-07 100.00% 2.53E+05 1.11E-02 10.90%
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.67E+04 -- -- -- 1.82E+08 3.11E-04 0.31%
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 2.30E+02 3.45E+09 6.66E-14 0.00% 1.82E+06 1.26E-04 0.12%
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.10E+03 -- -- -- 1.82E+08 6.03E-06 0.01%
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.20E+01 4.60E+09 1.35E-14 0.00% 8.21E+05 7.56E-05 0.07%
100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 7.80E+03 -- -- -- 1.37E+09 5.70E-06 0.01%

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-105



Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-38. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8.40E+03 9.20E+08 9.13E-12 0.00% 2.74E+05 3.07E-02 30.18%
100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.81E+04 -- -- -- 3.65E+07 4.96E-04 0.49%
100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 2.27E+07 -- -- -- 6.39E+08 3.55E-02 34.95%
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 3.27E+05 -- -- -- 1.28E+08 2.56E-03 2.52%
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.90E+00 -- -- -- 2.74E+05 3.61E-05 0.04%
100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 3.60E+02 -- -- -- 4.56E+06 7.89E-05 0.08%
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9.90E+03 3.19E+10 3.11E-13 0.00% 1.82E+07 5.42E-04 0.53%
100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 5.28E+04 -- -- -- 4.56E+06 1.16E-02 11.38%
100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.65E+04 -- -- -- 2.74E+08 1.70E-04 0.17%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.17E-07 -- -- 1.02E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 6.17E-07 -- -- -- --

116-K-1_Overburden non-Rad Chromium 7440-47-3 ug/kg 1.26E+04 -- -- -- 1.37E+09 9.22E-06 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 9.22E-06 --
116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 2.79E-01 1.00E+02 2.78E-07 39.87% -- -- --
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 6.58E+01 4.01E-07 57.51% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.06E+03 1.82E-08 2.62% -- -- --
Total Radiological Risk Estimate -- 6.97E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.97E-07 -- -- -- --

116-K-1_Shallow non-Rad Chromium 7440-47-3 ug/kg 1.37E+04 -- -- -- 1.37E+09 1.00E-05 9.54%
116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 9.86E+07 2.64E-12 100.00% 2.74E+06 9.50E-05 90.46%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.64E-12 -- -- 1.05E-04 --
116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.15E-01 1.00E+02 9.13E-07 67.49% -- -- --
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 6.31E+01 6.03E-08 4.45% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 6.58E+01 3.42E-07 25.25% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.06E+03 3.80E-08 2.81% -- -- --
Total Radiological Risk Estimate -- 1.35E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.35E-06 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 9.86E+07 3.04E-12 100.00% 2.74E+06 1.10E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.04E-12 -- -- 1.10E-04 --
116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 1.30E-01 1.00E+02 1.30E-07 24.57% -- -- --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 6.58E+01 3.25E-07 61.49% -- -- --
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 6.59E-01 5.81E+03 1.13E-08 2.15% -- -- --
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 6.81E-01 1.09E+03 6.23E-08 11.80% -- -- --
Total Radiological Risk Estimate -- 5.28E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.28E-07 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 9.86E+07 3.12E-12 100.00% 2.74E+06 1.12E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.12E-12 -- -- 1.12E-04 --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-38. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 3.28E+05 9.10E-10 0.04% -- -- --
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.26E-01 1.00E+02 9.24E-07 40.58% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 6.58E+01 8.95E-07 39.32% -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 7.75E+01 3.81E-07 16.73% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 5.75E+05 1.36E-09 0.06% -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.06E+03 5.20E-09 0.23% -- -- --
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.87E-01 5.81E+03 1.18E-08 0.52% -- -- --
116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 6.27E-01 1.09E+03 5.73E-08 2.52% -- -- --
Total Radiological Risk Estimate -- 2.28E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.28E-06 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 9.86E+07 5.91E-12 100.00% 2.74E+06 2.13E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.91E-12 -- -- 2.13E-04 --
116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 3.70E-01 1.00E+02 3.69E-07 18.32% -- -- --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 6.31E+01 1.36E-07 6.76% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 6.58E+01 1.06E-06 52.82% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 7.75E+01 3.62E-07 17.97% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 5.75E+05 1.30E-09 0.06% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.06E+03 6.31E-09 0.31% -- -- --
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.14E-01 5.81E+03 1.06E-08 0.52% -- -- --
116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 4.08E-02 2.95E+02 1.38E-08 0.69% -- -- --
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 5.57E-01 1.09E+03 5.09E-08 2.53% -- -- --
Total Radiological Risk Estimate -- 2.02E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.02E-06 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.54E+03 8.15E-07 100.00% 2.53E+05 1.47E-02 91.85%
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.00E+05 -- -- -- 1.82E+08 5.48E-04 3.44%
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.95E+02 4.60E+09 4.24E-14 0.00% 8.21E+05 2.38E-04 1.49%
116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 0.14%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.43E+09 4.14E-08 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 9.86E+07 3.35E-12 0.00% 2.74E+06 1.21E-04 0.76%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.74E+05 3.72E-04 2.33%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 8.15E-07 -- -- 1.60E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 8.15E-07 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 9.86E+07 7.59E-12 100.00% 2.74E+06 2.74E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 7.59E-12 -- -- 2.74E-04 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.57E+03 2.07E-08 0.66% -- -- --
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.25E-01 1.00E+02 2.24E-07 7.12% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 6.31E+01 1.66E-07 5.28% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 6.58E+01 2.25E-06 71.34% -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 7.75E+01 3.80E-07 12.08% -- -- --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC
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Effects RBSL

Cancer Risk 
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Table G-38. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 3.34E+03 2.75E-08 0.87% -- -- --
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.56E-01 5.81E+03 1.13E-08 0.36% -- -- --
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 3.90E-02 2.95E+02 1.32E-08 0.42% -- -- --
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 6.46E-01 1.09E+03 5.91E-08 1.88% -- -- --
Total Radiological Risk Estimate -- 3.15E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.15E-06 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.54E+03 5.73E-07 100.00% 2.53E+05 1.03E-02 96.07%
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.93E+04 -- -- -- 1.82E+08 3.25E-04 3.03%
116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.21E+04 -- -- -- 1.37E+09 8.84E-06 0.08%
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 9.86E+07 2.43E-12 0.00% 2.74E+06 8.77E-05 0.82%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.73E-07 -- -- 1.07E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 5.73E-07 -- -- -- --

128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.54E+03 8.15E-07 63.32% 2.53E+05 1.47E-02 91.48%
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 7.15E+04 -- -- -- 1.82E+08 3.92E-04 2.45%
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.72E+03 5.96E-08 4.63% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.72E+02 2.96E-07 23.00% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.72E+03 4.35E-08 3.38% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.72E+03 4.53E-08 3.52% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 4.05E+05 2.15E-09 0.17% 1.43E+07 6.10E-05 0.38%
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 3.50E+02 4.60E+09 7.60E-14 0.00% 8.21E+05 4.27E-04 2.66%
128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.35E+04 -- -- -- 1.37E+09 9.86E-06 0.06%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.72E+04 8.60E-09 0.67% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 2.68E+07 8.22E-06 0.05%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 9.86E+07 4.87E-12 0.00% 2.74E+06 1.75E-04 1.09%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.72E+03 1.68E-08 1.31% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.74E+05 1.09E-04 0.68%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.01E+07 7.47E-06 0.05%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.56E+06 1.75E-04 1.09%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.29E-06 -- -- 1.60E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.29E-06 -- -- -- --
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Waste Site/Decision Unit Chemical Cancer Risk
Chemical Risk 

Drivers
Radiological Cancer Risk

Radiological Risk 
Drivers

Total Non-Rad and 
Rad Risk

Non-Cancer Hazard Index Hazard Drivers

100-K-29_Shallow_Focused  5.45E-07 -- 0.00E+00 -- 5.45E-07 1.85E-02 --
100-K-30_Shallow_Focused  5.73E-07 -- 0.00E+00 -- 5.73E-07 7.56E-02 --
100-K-31_Shallow_Focused  6.17E-07 -- 0.00E+00 -- 6.17E-07 3.21E-02 --
100-K-32_Shallow_Focused  6.61E-07 -- 0.00E+00 -- 6.61E-07 2.15E-02 --

100-K-33_Shallow_Focused  1.48E-06 Arsenic (1.48e-06) 0.00E+00 -- 1.48E-06 5.37E-02 --

100-K-55:1_Shallow  0.00E+00 -- 2.49E-06 -- 2.49E-06 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 3.09E-06 -- 3.09E-06 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 4.69E-06 -- 4.69E-06 0.00E+00 --
100-K-56:1_Shallow_Focused  9.50E-12 -- 5.75E-06 -- 5.75E-06 3.42E-04 --
100-K-78_Shallow_Focused  9.54E-07 -- 9.63E-07 -- 1.92E-06 9.72E-02 --
100-K-85_Shallow_Focused  6.17E-07 -- 0.00E+00 -- 6.17E-07 1.02E-01 --
116-K-1_Shallow  2.64E-12 -- 1.35E-06 -- 1.35E-06 1.05E-04 --
116-K-2_Shallow  3.12E-12 -- 2.28E-06 -- 2.28E-06 1.12E-04 --
116-KE-4_Shallow  5.91E-12 -- 2.02E-06 -- 2.02E-06 2.13E-04 --
116-KE-5_Shallow_Focused  8.15E-07 -- 0.00E+00 -- 8.15E-07 1.60E-02 --
116-KW-3_Shallow  7.59E-12 -- 3.15E-06 -- 3.15E-06 2.74E-04 --
116-KW-4_Shallow_Focused  5.73E-07 -- 0.00E+00 -- 5.73E-07 1.07E-02 --
128-K-1_Shallow_Focused  1.29E-06 -- 0.00E+00 -- 1.29E-06 1.60E-02 --

Table G-39.  Summary of Casual User Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision Units in 100-K Source OU
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Waste Site/Decision Unit
Chemical 

Cancer Risk
Chemical 

Risk Drivers
Radiological 
Cancer Risk

Radiological 
Risk Drivers

Total Non-Rad 
and Rad Risk

Non-Cancer 
Hazard Index

Hazard 
Drivers

100-K-55:1_Overburden  0.00E+00 -- 1.34E-06 -- 1.34E-06 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 6.97E-07 -- 6.97E-07 9.22E-06 --
116-K-2_Overburden  3.04E-12 -- 5.28E-07 -- 5.28E-07 1.10E-04 --

Table G-40.  Summary of Casual User Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden Decision 
Units in 100-K Source OU
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 2.58E+03 3.79E-08 99.91% 1.31E+04 7.47E-03 84.52%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.37E+09 1.80E-05 0.20%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 9.86E+07 3.24E-11 0.09% 2.74E+06 1.17E-03 13.22%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.74E+05 1.82E-04 2.06%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.80E-08 -- -- 8.84E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 3.80E-08 -- -- -- --

100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 4.60E+09 1.39E-13 1.92% 8.21E+05 7.80E-04 1.20%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 9.86E+07 7.12E-12 98.08% 2.74E+06 2.56E-04 0.40%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.74E+05 6.39E-02 98.40%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 7.26E-12 -- -- 6.49E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 7.26E-12 -- -- -- --

100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.82E+08 9.26E-04 4.43%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 4.60E+09 1.63E-13 6.81% 8.21E+05 9.14E-04 4.37%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 9.86E+07 2.23E-12 93.19% 2.74E+06 8.04E-05 0.38%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.74E+05 1.90E-02 90.81%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.39E-12 -- -- 2.09E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 2.39E-12 -- -- -- --

100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 9.86E+07 2.33E-12 100.00% 2.74E+06 8.40E-05 0.95%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.74E+05 8.76E-03 99.05%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.33E-12 -- -- 8.84E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 2.33E-12 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.54E+03 1.48E-06 100.00% 2.53E+05 2.65E-02 49.97%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 4.60E+09 2.17E-13 0.00% 8.21E+05 1.22E-03 2.30%
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.37E+09 1.67E-05 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 9.86E+07 1.42E-11 0.00% 2.74E+06 5.11E-04 0.96%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.74E+05 2.48E-02 46.74%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.48E-06 -- -- 5.31E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.48E-06 -- -- -- --

100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 6.31E+01 8.89E-08 8.64% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 6.58E+01 5.18E-07 50.36% -- -- --

Table G-41. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
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Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-41. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 41.00% -- -- --
Total Radiological Risk Estimate -- 1.03E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.03E-06 -- -- -- --

100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 6.31E+01 2.95E-07 13.43% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 6.58E+01 1.23E-06 55.97% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 7.75E+01 6.72E-07 30.60% -- -- --
Total Radiological Risk Estimate -- 2.20E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.20E-06 -- -- -- --

100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 6.31E+01 1.74E-07 7.27% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 6.58E+01 1.98E-06 82.37% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 7.75E+01 2.41E-07 10.06% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.06E+03 7.23E-09 0.30% -- -- --
Total Radiological Risk Estimate -- 2.40E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.40E-06 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 1.00E+02 1.28E-06 27.39% -- -- --
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 6.31E+01 5.06E-07 10.78% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 6.58E+01 2.90E-06 61.83% -- -- --
Total Radiological Risk Estimate -- 4.69E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.69E-06 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 9.86E+07 9.50E-12 100.00% 2.74E+06 3.42E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 9.50E-12 -- -- 3.42E-04 --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 6.31E+01 2.36E-07 4.38% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 6.58E+01 4.73E-06 87.62% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 7.82% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.06E+03 9.79E-09 0.18% -- -- --
Total Radiological Risk Estimate -- 5.39E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.39E-06 -- -- -- --

100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.65E+05 1.07E-03 97.99%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 2.01%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.09E-03 --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Table G-41. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 3.28E+05 5.07E-10 0.10% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 6.31E+01 1.16E-07 21.94% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 6.58E+01 4.10E-07 77.73% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 5.75E+05 1.26E-09 0.24% -- -- --
Total Radiological Risk Estimate -- 5.28E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.28E-07 -- -- -- --

116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 6.58E+01 4.01E-07 95.65% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.06E+03 1.82E-08 4.35% -- -- --
Total Radiological Risk Estimate -- 4.19E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.19E-07 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 9.86E+07 2.64E-12 100.00% 2.74E+06 9.50E-05 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.64E-12 -- -- 9.50E-05 --
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 6.31E+01 6.03E-08 13.70% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 6.58E+01 3.42E-07 77.67% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.06E+03 3.80E-08 8.63% -- -- --
Total Radiological Risk Estimate -- 4.40E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.40E-07 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 9.86E+07 3.04E-12 100.00% 2.74E+06 1.10E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.04E-12 -- -- 1.10E-04 --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 6.58E+01 3.25E-07 100.00% -- -- --
Total Radiological Risk Estimate -- 3.25E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.25E-07 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 9.86E+07 3.12E-12 100.00% 2.74E+06 1.12E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.12E-12 -- -- 1.12E-04 --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 3.28E+05 9.10E-10 0.07% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 6.58E+01 8.95E-07 69.74% -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 7.75E+01 3.81E-07 29.68% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 5.75E+05 1.36E-09 0.11% -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.06E+03 5.20E-09 0.41% -- -- --
Total Radiological Risk Estimate -- 1.28E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.28E-06 -- -- -- --
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Waste Site/Decision Unit
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Effects RBSL

Cancer Risk 
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Table G-41. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 9.86E+07 5.91E-12 100.00% 2.74E+06 2.13E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.91E-12 -- -- 2.13E-04 --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 6.31E+01 1.36E-07 8.68% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 6.58E+01 1.06E-06 67.77% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 7.75E+01 3.62E-07 23.06% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 5.75E+05 1.30E-09 0.08% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.06E+03 6.31E-09 0.40% -- -- --
Total Radiological Risk Estimate -- 1.57E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.57E-06 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 4.26%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.43E+09 4.14E-08 0.01%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 9.86E+07 3.35E-12 100.00% 2.74E+06 1.21E-04 23.42%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.74E+05 3.72E-04 72.32%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.35E-12 -- -- 5.15E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 3.35E-12 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 9.86E+07 7.59E-12 100.00% 2.74E+06 2.74E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 7.59E-12 -- -- 2.74E-04 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.57E+03 2.07E-08 0.73% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 6.31E+01 1.66E-07 5.85% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 6.58E+01 2.25E-06 79.07% -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 7.75E+01 3.80E-07 13.39% -- -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 3.34E+03 2.75E-08 0.97% -- -- --
Total Radiological Risk Estimate -- 2.84E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.84E-06 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 9.86E+07 2.43E-12 100.00% 2.74E+06 8.77E-05 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.43E-12 -- -- 8.77E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.43E-12 -- -- -- --

128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.72E+03 5.96E-08 12.63% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.72E+02 2.96E-07 62.72% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.72E+03 4.35E-08 9.22% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.72E+03 4.53E-08 9.59% -- -- --
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC
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Effects RBSL

Cancer Risk 
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Table G-41. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 4.05E+05 2.15E-09 0.46% 1.43E+07 6.10E-05 11.37%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.72E+04 8.60E-09 1.82% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 2.68E+07 8.22E-06 1.53%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 9.86E+07 4.87E-12 0.00% 2.74E+06 1.75E-04 32.66%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.72E+03 1.68E-08 3.57% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.74E+05 1.09E-04 20.39%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.01E+07 7.47E-06 1.39%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.56E+06 1.75E-04 32.66%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.72E-07 -- -- 5.37E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 4.72E-07 -- -- -- --
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Radiological Cancer Risk
Radiological Risk 

Drivers
Total Non-Rad and Rad Risk Non-Cancer Hazard Index Hazard Drivers

100-K-29_Shallow_Focused  3.80E-08 -- 0.00E+00 -- 3.80E-08 8.84E-03 --
100-K-30_Shallow_Focused  7.26E-12 -- 0.00E+00 -- 7.26E-12 6.49E-02 --
100-K-31_Shallow_Focused  2.39E-12 -- 0.00E+00 -- 2.39E-12 2.09E-02 --
100-K-32_Shallow_Focused  2.33E-12 -- 0.00E+00 -- 2.33E-12 8.84E-03 --
100-K-33_Shallow_Focused  1.48E-06 Arsenic (1.48e-06) 0.00E+00 -- 1.48E-06 5.31E-02 --
100-K-55:1_Shallow  0.00E+00 -- 2.20E-06 -- 2.20E-06 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 2.40E-06 -- 2.40E-06 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 4.69E-06 -- 4.69E-06 0.00E+00 --
100-K-56:1_Shallow_Focused  9.50E-12 -- 5.39E-06 -- 5.39E-06 3.42E-04 --
100-K-78_Shallow_Focused  0.00E+00 -- 5.28E-07 -- 5.28E-07 1.09E-03 --
100-K-85_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 0.00E+00 --
116-K-1_Shallow  2.64E-12 -- 4.40E-07 -- 4.40E-07 9.50E-05 --
116-K-2_Shallow  3.12E-12 -- 1.28E-06 -- 1.28E-06 1.12E-04 --
116-KE-4_Shallow  5.91E-12 -- 1.57E-06 -- 1.57E-06 2.13E-04 --
116-KE-5_Shallow_Focused  3.35E-12 -- 0.00E+00 -- 3.35E-12 5.15E-04 --
116-KW-3_Shallow  7.59E-12 -- 2.84E-06 -- 2.84E-06 2.74E-04 --
116-KW-4_Shallow_Focused  2.43E-12 -- 0.00E+00 -- 2.43E-12 8.77E-05 --
128-K-1_Shallow_Focused  4.72E-07 -- 0.00E+00 -- 4.72E-07 5.37E-04 --

Table G-42.  Summary of Casual User Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision Units in 100-K Source OU Without Background Contribution
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Waste Site/Decision Unit
Chemical 

Cancer Risk
Chemical 

Risk Drivers
Radiological 
Cancer Risk

Radiological 
Risk Drivers

Total Non-Rad 
and Rad Risk

Non-Cancer 
Hazard Index

Hazard 
Drivers

100-K-55:1_Overburden  0.00E+00 -- 1.03E-06 -- 1.03E-06 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 6.97E-07 -- 6.97E-07 9.22E-06 --
116-K-2_Overburden  3.04E-12 -- 5.28E-07 -- 5.28E-07 1.10E-04 --

Table G-43.  Summary of Casual User Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden Decision 
Units in 100-K Source OU Without Background Contribution

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-118



Waste Site_Decision Unit Collection Date
Primary 

Contributor to 
Risk

Half-Life (Year) EPC (pCi/g)
Residential RBSL 

(pCi/g)

Number of 
years 

When EPC 
< Resident 

PRG

Collection 
Year

Year When 
EPC < 

Resident 
PRG

Cesium-137 30 21 4.4 66.92 2005 2072

Europium-152 13.3 22 3.7 34.79 2005 2040

Cesium-137 30 11 4.4 39.78 2003 2043

Cobalt-60 5.27 3.3 3.1 0.55 2003 2004

Europium-152 13.3 9.0 3.7 17.23 2003 2020

Strontium-90 29.1 8.6 2.3 55.91 2003 2059

Cesium-137 30 120 4.4 142.97 2005 2148

Cobalt-60 5.27 5.3 3.1 4.07 2005 2009

Europium-152 13.3 103 3.7 64.00 2005 2069

Europium-154 8.8 7.2 4.4 6.18 2005 2011

Nickel-63 96 763 605 32.17 2005 2037

Strontium-90 29.1 6.3 2.3 42.79 2005 2048

Table G-44.  Year When 100-K Source OU Soil Concentrations in Deep Zone Decay to Residential RBSLs

100-K-56-1_Deep 6/16/2005

116-K-1_Deep 11/26/2003

116-K-2_Deep 10/24/2005
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1 Purpose 

This Environmental Calculation documents assumptions and methods for development of radiological 
soil Preliminary Remediation Goals (PRGs) for the Interim Action Record of Decision (IAROD) 
exposure scenario for use in the 100 Areas and 300 Area Remedial Investigation/Feasibility Study 
(RI/FS) Reports. PRGs are concentration goals for a specific medium (e.g. soil) that are intended to 
protect specified receptors from exposure to contaminants through identified exposure pathways.  

The PRGs described in the environmental calculation represent concentrations goals that are protective of 
a potential future resident receptor. Potentially complete exposure pathways associated with this scenario 
include direct contact and food chain (i.e., the consumption of homegrown produce and livestock) 
pathways. The PRGs described in this Environmental Calculation are consistent with the radiological 
remedial action goals described in DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan 
for the 100 Area except that exposure assumptions have been updated to reflect current EPA guidance. 
Exposure assumptions that were updated include the external gamma shielding factor and the outdoor 
time fraction. The PRGs were also updated from a protective level reflecting an annual dose rate of 15 
millirem per year (mrem/yr) to a target risk of 10-4. The exposure assumptions used to calculate the PRG 
values presented in this Environmental Calculation are described in Section 4.0 and listed in Attachment 
1. 

2 Background 

As described in DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/Feasibility Study Work 
Plan, and DOE/RL-2009-30, 300 Area Remedial Investigation/Feasibility Study work Plan for the 300-
FF-1, 300-FF-2, and 300-FF-5 Operable Units, the 100 Areas and 300 Area contain multiple source and 
groundwater operable units (OUs), that are part of the Hanford Site River Corridor, which encompasses 
approximately 570 km2 (220 mi2) adjacent to the Columbia River. To date, waste sites within the River 
Corridor have been remediated to unrestricted land use levels. Cleanup levels corresponding to 
unrestricted land use in the River Corridor are currently defined in the Interim Action Records of 
Decision (IAROD), and have been calculated in DOE/RL-96-17, 100 Area Remedial Design 
Report/Remedial Action Work Plan. For the purposes of developing PRGs within this Environmental 
Calculation document, the following target objectives are used1: 

 Prevent unacceptable risk to human health from exposure to soils and/or debris contaminated 
with radiological contaminants less than 4.6 m (15 ft) bgs. PRGs for radionuclides that achieve 
this objective achieve the CERCLA cumulative risk range of 10-4 to 10-6 increased lifetime cancer 
risk which is consistent with EPA/540/R/99/006, Radiation Risk Assessment At CERCLA Sites: Q 
& A. As described in DOE/RL-96-17, these PRGs are intended to limit radiation risks for 1,000 
years following the completion of a remedial action. According to ANL/EAD 4, User’s Manual 
for RESRAD, the 1,000-year timeframe ensures that the PRGs account for the decay of 
radionuclides to daughter products that are more radioactive.    

This target objective has been developed only for the purpose of calculating PRGs that are presented in 
this Environmental Calculation. This target objective is not intended to supersede Remedial Action 
Objectives (RAOs) being developed as part of the 100 Areas RI/FS Reports or the 300 Area RI/FS 
Report. This Environmental Calculation document will be revised as needed to incorporate updates to 

                                                      
1 The RAO used for calculating PRGs for purposes of this Environmental Calculation have been adapted from RAOs developed for 
the River Corridor, as presented in DOE/RL-96-17.  
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these PRGs that may result from changes in RAOs occurring during development of the 100 and 300 
Area RI/FS Report.  

3 Methodology  

The radionuclide PRGs presented in this Environmental Calculation are single radionuclide soil 
concentrations corresponding to a target cancer risk level of 1 x 10-4, 1 x 10-5, and 1 x 10-6 which are 
protective of the IAROD exposure scenario. These PRGs have been calculated using RESRAD. 
According to ANL/EAD 4 the RESRAD model and computer code was developed as a multifunctional 
tool to assist in developing cleanup criteria and assessing the dose or risk associated with residual 
radioactive material. The software application of RESRAD is presented in Section 5 of this 
Environmental Calculation.  

The PRGs for protection of human health from radionuclides in soil are based on the following 
assumptions:  
 
 The future land use will be unrestricted (includes irrigation). 
 
 Future residents are potentially exposed for a 30 year duration. 
 
 The potentially complete exposure pathways considered are external gamma exposure, inhalation of 

dust, ingestion of homegrown produce, meat and milk ingestion, aquatic foods ingestion, drinking 
water ingestion, and incidental soil ingestion. 

The assumptions used to develop the radionuclide PRGs for protection of human health are presented in 
Section 4.1 and are listed in Attachment 1. Site-specific assumptions for the 100 and 300 Area have been 
developed to estimate radionuclide transport to groundwater; this is done to estimate potential future risks 
from use of groundwater for drinking water and irrigation (referred to in the RESRAD user’s guide as 
“water-dependent” pathways).  

The specific steps taken to calculate an IAROD exposure scenario PRG for radionuclides in soil are 
presented below:  

1. Input the parameters from Attachment 1into RESRAD.  

2. Input the arbitrary soil concentration of 1,000 pCi/g and a single radionuclide into RESRAD. 

3. Input calculation times of 1, 3, 10, 30, 100, 300, and 1,000 years into RESRAD. 

4. Run RESRAD and review the results to identify the year at which the peak cancer risk occurs; 
record the total cancer risk at the peak year associated with 1,000 pCi/g in the intermediate 
calculations worksheet (Attachment 2). 

5. In the intermediate calculations worksheet (Attachment 2), estimate the concentration in soil 
required to achieve a 1 x 10-4 risk at the peak risk year; input that soil concentration into 
RESRAD; add the peak risk year to the calculation parameters. 

6. Re-run RESRAD and verify that the estimated concentration corresponds to a 1 x 10-4 risk; 
perform additional iterations as needed to obtain a soil concentration that corresponds to 1 x 10-4 
risk to within 1 percent (this is to allow rounding of the PRG value as appropriate), and record 
that concentration in the intermediate calculations worksheet (Attachment 2). Save the model 
inputs and outputs from the final run for documentation purposes (see Step 8 below). 
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7. Calculate concentrations in soil corresponding to 1 x 10-5 and 1 x 10-6 cancer risks. These are 
factors of 10 and 100 of the soil concentration corresponding to 1 x 10-4 cancer risk and can be 
calculated simply by division – this is done in the intermediate calculations worksheet and does 
not require re-running the model to obtain these values. 

8. Document RESRAD results: save the input file (the *.RAD file) that corresponds to a risk of 
1 x 10-4 with a unique file name identifying the project and radionuclide. An electronic copy of 
this file shall accompany this Environmental Calculation. Save the summary report 
(SUMMARY.REP) and the health risk report (INTRISK.REP) with unique file names – these 
files shall accompany this Environmental Calculation.  

9. Repeat this process with the next radionuclide. 

4 Assumptions and Inputs  

The inputs used in the RESRAD code to calculate PRGs for protection of human health from direct 
contact with radionuclides in soil are presented in Attachment 1.  

The IAROD exposure scenario includes the assumption that a future resident would have a well and 
would obtain drinking water and water for irrigation from that well. The PRG accounts for transport of 
contaminants through soil to groundwater, and potential exposure through drinking water, consumption of 
homegrown produce irrigated with contaminated groundwater, and consumption of livestock and milk 
raised using contaminated groundwater. Parameters associated with the generic site model (e.g., 
contaminated zone area and thickness, cover depth) and hydrostratigraphic conditions are identified in 
DOE/RL-96-17: 

 It is assumed that the entire 4.6-m (15-ft)-thick shallow zone is contaminated and the entire deep 
zone (assumed to be 12 m [39 ft]) is assumed uncontaminated. No cover material is assumed to 
exist on top of the contaminated shallow zone. 

 The hydrogeological parameters used for the 15 foot contaminated zone are weighted by the 
thickness of the stratigraphic units.  

 Distribution coefficients (Kd) were selected preferentially from DOE/RL-96-17. In cases where 
DOE/RL-96-17 did not include a radionuclide, the RESRAD default Kd value was used. The Kd 
values are summarized in Attachment 3. 

Parameter values used to estimate inhalation rates, and ingestion of drinking water, foods and incidental 
ingestion of soil are consistent with the values used in the DOE/RL-96-17. Those values and their sources 
are presented in Attachment 1.  

To reflect recent guidance, EPA/540-R-00-007, Soil Screening Guidance for Radionuclides: User’s 
Guide, the external gamma shielding factor was revised from 0.8 to 0.4 based on current EPA guidance. 
The fraction of time spent outdoors was revised from 0.2 (based on 5 hr/day x 350 days/yr [1,752 hr 
/8,760 hr]) to 0.12 (based on 3 hr/day x 350 days/yr [1,050 hr/8,760 hr]). The health protective level for 
each PRG was revised to reflect a target cancer risk of 10-4 from an annual dose rate of 15 mrem/yr as 
originally reported in the DOE/RL-96-17.  

5 Software Applications 

RESRAD is approved for use by CHPRC at the Hanford Site in accordance with the requirements of 
PRC-PRO-IRM-309, Software Control Management. All supporting calculations were performed on 
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electronic spreadsheets using Microsoft Excel. Electronic versions of all spreadsheets are provided with 
calculations included to facilitate comparison with hand calculations and checking of logical or lookup 
functions. This approach meets the requirements for “Single Use Software” as described in PRC-PRO-
EP-40205, CHPRC Environmental Calculation Preparation and Issue. These spreadsheets are listed 
below in Section 6.  

5.1 Description  

The following presents the description of RESRAD used for this Environmental Calculation. See 
CHPRC-00209, Rev. 0, RESRAD Software Management Plan for further details regarding the use of this 
software:  

 RESRAD for Windows,  

 Version 6.5, Created October 30, 2009 

 HISI Identification Number: 2102 

 Workstation type and property number: WC95091 and 0075 Freestone Environmental Property Tag. 

5.2 Software Installation and Checkout 

The software installation and checkout form for RESRAD is attached to this Environmental Calculation. 

5.3 Statement of Valid Software Application 

The following presents the statement that RESRAD is a valid software application.  

 RESRAD was developed for DOE to assist in developing cleanup criteria and assessing the dose or 
risk associated with residual radioactive material. RESRAD has been used for this purpose in support 
of previous decision documents developed at the Hanford Site. 

 RESRAD as it has been used in this Environmental Calculation has been implemented within the 
range of its limitations. The parameters used in the modeling (shown in Attachment 1) are presented 
in the modeling input files attached to this Environmental Calculation, and also in the modeling 
output files where they are shown alongside the default parameters provided with the model. As 
discussed in Section 7, a sensitivity analysis of selected parameters has been performed to evaluate 
the effects of variations in input values on model results. 

6 Calculation  

The PRG results for radionuclides in soil are presented in the following tables and attachments contained 
in the Excel workbook <ECF-HANFORD-10-0429 IAROD PRGs Worksheet>. Input and output files 
from RESRAD are also listed below. 

The results from the PRG calculations presented in the Excel workbook are organized into the following 
worksheets: 

 Table 7-1 – this is a summary of the PRGs for protection of human health from radionuclides in 
soil. This table is formatted for printing; all of the accompanying attachments are intended to be 
viewed on-screen, only. 

 Attachment 1 – Input Parameter Values Used in RESRAD to Calculate PRGs for Protection of 
Human Health from Direct Contact with Soil, 100 and 300 Area (IAROD exposure scenario). 
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 Attachment 2 - Intermediate Calculations for RESRAD used to Calculate PRGs for Protection of 
Human Health from Direct Contact with Soil, 100 and 300 Area (IAROD exposure scenario). 

 Attachment 3 - Radionuclide-Specific Distribution Coefficients (Kd) by RESRAD Model Layer. 

 Attachment 4 – Sensitivity Analysis (site area); this shows the change in PRGs for protection of 
human health from direct contact with soil with changes in the surface area of the site. 

 Attachment 5– Sensitivity Analysis (site thickness); this shows the change in PRGs for protection 
of human health from direct contact with soil with changes in the thickness of contamination in 
the site. 

Input and output files from RESRAD are organized as follows: 

 Input files are grouped into the folder “IAROD RESRAD Inputs 12511.zip” 

 Output files are grouped into the folder “IAROD RESRAD Outputs 12511.zip” 

CHPRC Software Installation and Checkout Forms as follows: 

 SICO-Singleton.pdf 

 SICO-Ross.pdf 

7 Results/Conclusions  

The PRGs for radionuclides in soil are summarized in Table 7-1.  

The PRGs in soil for protection of human health from direct contact with soil are based on the year that 
the peak risk occurs, within a 1,000 year timeframe. For most of the radionuclides examined, this occurs 
at year zero. The year with the peak risk for Cm-245, I-129, K-40, Np-237, Ra-226, Tc-99, Th-230, Th-
232, and U-233/234 occurs later, because of the contribution to risk from the ingrowth of daughter 
products. The year with the peak risk for I-129 and the uranium isotopes occurs later as a result of 
breakthrough to groundwater, and potential exposure through water-dependent pathways (i.e. ingestion of 
drinking water, and ingestion of crops, meat and milk raised with irrigation water contaminated with 
radionuclides).  

A generic site area of 10,000 m2 and a generic site thickness of 4.6 m were assumed for developing the 
PRGs for protection of human health. A sensitivity analysis was performed (see Attachment 4) to 
determine how sensitive the PRG values are to changes in site area. The results from the uncertainty 
analysis show for select radionuclides that changes in site area do affect the calculation of the PRG 
values. The PRG for Am-241 decreases 3.2 percent with an increase in site area from 10,000 m2 to 
100,000 m2. The PRG for Cs-137 decreases about 11 percent with an increase in site area from 10,000 m2 
to 100,000 m2. The PRG for Pu-239/240 decreases about 4 percent with an increase in site area from 
10,000 m2 to 100,000 m2. The PRG for Ra-226 decreases about 4 percent with an increase in site area 
from 10,000 m2 to 100,000 m2. The results from this analysis indicate these PRGs are relatively 
insensitive to changes in site area. 

A sensitivity analysis was performed (see Attachment 5) to determine how sensitive the PRG values are 
to changes in site thickness. The results from the uncertainty analysis show for select radionuclides (Am-
241and Pu-239-240), that changes in site thickness do not affect the calculation of the PRG values. The 
PRG for Ra-226 increases 1.8 percent with a decrease in site thickness from 4.6 m to 1 m. The PRG for 
Cs-137 increases 2.3 percent with a decrease in site thickness from 4.6 m to 1 m.  
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Table 7-1. Summary of Preliminary Remediation Goals for the 100 and 300 Area IAROD Exposure 
Scenario 

Radionuclide 

Selected Radionuclide 
Direct Exposure PRG at 10‐4 
Target Risk Level (pCi/g) 

Selected Radionuclide 
Direct Exposure PRG at 10‐5 
Target Risk Level (pCi/g) 

Selected Radionuclide 
Direct Exposure PRG at 10‐6 
Target Risk Level (pCi/g) 

Ag (silver)‐108m  1.37  0.137  0.0137 

Americium‐241  155  15.5  1.55 

Carbon‐14  81  8.1  0.81 

Curium‐243  30.3  3.03  0.303 

Curium‐244  551  55.1  5.51 

Curium‐245  33.4  3.34  0.334 

Cobalt‐60  3.1  0.31  0.031 

Cesium‐137  4.4  0.44  0.044 

Europium‐152  3.66  0.366  0.0366 

Europium‐154  4.4  0.44  0.044 

Europium‐155  327  32.7  3.27 

Tritium (H‐3)  623  62.3  6.23 

Iodine‐129  0.076  0.0076  0.00076 

Potassium‐40  1.6  0.16  0.016 

Niobium‐94  1.35  0.135  0.0135 

Nickel‐59  1,337  133.7  13.37 

Nickel‐63  608  60.8  6.08 

Neptunium‐237  8.9  0.89  0.089 

Plutonium‐238  236  23.6  2.36 

Plutonium‐239/240  203  20.3  2.03 

Plutonium‐241  5,080  508  50.8 

Radium‐226  0.56  0.056  0.0056 

Radium‐228  1.6  0.16  0.016 

Strontium‐90  2.27  0.227  0.0227 

Technetium‐99  1.5  0.15  0.015 

Thorium‐228  13.6  1.36  0.136 

Thorium‐230  1.59  0.159  0.0159 

Thorium‐232  0.43  0.043  0.0043 

Uranium‐223/234  133  13.3  1.33 

Uranium‐235  16.3  1.63  0.163 

Uranium‐238  54  5.4  0.54 
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ECF-HANFORD-10-0429, DRAFT 

Attachment 3-i 
 

Attachment 3 

Radionuclide-Specific Distribution Coefficients (Kd)  
by RESRAD Model Layer 
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Terms 
 

ATSDR Agency for Toxic Substances and Disease Registry 

CalEPA California Environmental Protection Agency 

COPC contaminant of potential concern  

CLARC Cleanup Level and Risk Calculator 

ECF  environmental calculation file 

EPA Environmental Protection Agency  

HEAST Health Effects Assessment Summary Tables 

HQ  hazard quotient 

IAROD Interim Action Records of Decision 

IRIS Integrated Risk Information System 

NJDEP New Jersey Department of Environmental Protection 

NCEA National Center for Environmental Assessment 

OEHHA Office of Environmental Health Hazard Assessment 

OU operable unit  

PPRTVs Provisional Peer Reviewed Toxicity Values 

PRG Preliminary Remediation Goal 

RAIS Risk Assessment Information System 

RDR/RAWP Remedial Design Report/Remedial Action Work Plan 

RfD reference dose 

RI/RS Remedial Investigation/Feasibility Study 

WAC Washington Administrative Code 
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1 Purpose 

This Environmental Calculation documents the methods and assumptions for development of non-
radiological soil Preliminary Remediation Goals (PRGs) that will be used to support the 100 Areas and 
300 Area Remedial Investigation/Feasibility Study (RI/FS) Reports. PRGs are concentration goals for a 
specific medium that are intended to protect specified receptors from exposure to contaminants through 
identified exposure pathways. 

The PRGs described in the environmental calculation represent concentration goals that are protective of 
a resident and as defined in the Model Toxics Control Act Statute and Regulation (MTCA) Cleanup 
Regulation Chapter 173-340 Washington Administrative Code (WAC). The PRG values calculated in this 
Environmental Calculation are further described in WAC 173-340-740 (3) Method B soil cleanup levels 
for unrestricted Land Use.  

2 Background 

As described in the Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan (DOE/RL-
2008-46, Revision 0)) and the 300 Area Remedial Investigation/Feasibility Study Work Plan for the 300-
FF-1, 300-FF-2, and 300-FF-5 Operable Units (DOE/RL-2009-30, Revision 0), the 100 Areas and 300 
Area contains multiple source and groundwater operable units (OUs), that are part of the Hanford Site 
River Corridor, which encompasses approximately 570 km2 (220 mi2) adjacent to the Columbia River. To 
date, waste sites within the River Corridor have been remediated to unrestricted land use levels. Cleanup 
levels corresponding to unrestricted land use in the River Corridor are currently defined in Interim Action 
Records of Decision (IAROD), and have been calculated in the 100 Area Remedial Design 
Report/Remedial Action Work Plan (DOE/RL-96-17, Rev. 6). For the purposes of developing non-
radiological PRGs within this Environmental Calculation document, the following target objective is 
used: 

 Prevent unacceptable risk to human health from exposure to soils and/or debris contaminated 
with nonradiological contaminants less than 4.6 m (15 ft) below ground surface (bgs). PRGs that 
achieve this objective are based on State of Washington Method B standards (WAC 173-340-
740). Standard Method B cleanup levels for individual carcinogenic substances correspond to an 
upper bound of the estimated excess lifetime cancer risk of one in one million (1 x 10-6). Standard 
Method B cleanup levels for individual noncarcinogenic substances are set at concentrations that 
are anticipated to result in no acute or chronic toxic effects on human health; this level 
corresponds to a Hazard Quotient (HQ) of one. 

This target objective has been developed only for the purpose of calculating PRGs that are presented in 
this Environmental Calculation. This target objective is not intended to supersede Remedial Action 
Objectives (RAOs) being developed as part of the 100 Areas RI/FS reports or the 300 Area RI/FS Report. 
This Environmental Calculation document will be revised as needed to incorporate updates to these PRGs 
that may result from changes in RAOs occurring during development of the 100 and 300 Area RI/FS 
Report.  

3 Methodology  

The methodology used to determine Standard Method B Soil Cleanup Levels for Unrestricted Land Use is 
described in WAC 173-340-740(3)(b). 

The Standard Method B soil cleanup levels for unrestricted land use were calculated for noncarcinogens 
and carcinogens using equation 740-1 and equation 740-2, respectively. Default parameters for 
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calculating the soil cleanup levels are defined in Table 3-1. Standard Method B soil cleanup levels for 
unrestricted land use are based on an acceptable cancer risk level of 1 x 10-6 for carcinogens or a hazard 
quotient of 1 for noncarcinogens. Reference dose and carcinogenic potency factors are determined using 
the recommended reference hierarchy as described in Human Health Toxicity Values in Superfund Risk 
Assessments (Cook 2003). These values are obtained from Washington Department of Ecology's Cleanup 
Level and Risk Calculator (CLARC) web site (https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx) or 
EPA’s “Regional Screening Levels for Chemical Contaminants at Superfund Sites” website available at: 
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm/. EPA’s Regional Screening 
Levels web site was used as the source for toxicity values for those contaminants where EPA has recently 
updated those values. Further details on the selection of toxicity values are presented in Section 4 of this 
Environmental Calculation. 

The following steps were used to calculate Standard Method B Soil Cleanup Levels for Unrestricted Land 
Use: 

1. Identify equation 740-1 and equation 740-2 from WAC 173-340-740(3)(b) for noncarcinogenic 
and carcinogenic Standard Method B cleanup levels for unrestricted land use. 

2. Identify the exposure assumptions within the equation 740-1 and equation 740-2 from WAC 173-
340-740(3)(b) for noncarcinogens and carcinogens. 

3. Obtain toxicity values for each contaminant of potential concern. 

4. Calculate concentrations in soil that correspond to a 1 x 10-6 acceptable risk level or calculate 
concentrations in soil that correspond to a HQ of 1.  

5. When the nonradiological contaminant has a Standard Method B Soil Cleanup Level calculated 
for both carcinogenic and noncarcinogenic effects, use the lower of the two soil cleanup levels; 
the lower value is protective of both effects. 

6. Document exposure assumptions, chemical-specific parameters, and their primary sources in a 
summary table.  

 
The following represents the Standard Method B soil cleanup level equations for non-carcinogens and 
carcinogens. The parameters used for calculating the soil cleanup levels are defined in Table 3-1. 

3.1.1 Noncarcinogens 
The equation below is obtained from 173-340-740(3)(b)(iii)(B)(I) Equation 740-1.  
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3.1.2 Carcinogens 
The equation below is obtained from 173-340-740(3)(b)(iii)(B)(II) Equation 740-2.  
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4 Assumptions and Inputs  

The exposure assumptions used to calculate the Standard Method B soil cleanup levels for unrestricted 
land use are presented in Tables 3-1 and 4-1. Other key assumptions are as follows: 

 Exposure assumptions used to calculate the Standard Method B soil cleanup levels for 
noncarcinogens and carcinogens are in Table 3-1. The sources for each of the assumptions are 
also listed in Table 3-1.  

 The exposure route included in the Method B soil cleanup level for unrestricted land use is 
incidental soil ingestion. 

 A gastrointestinal absorption fraction of 1.0 is used for all nonradiological COPCs except dioxins 
and/or furans. A gastrointestinal absorption fraction of 0.6 is used for dioxins and/or furans.  

 Toxicity values (reference dose and carcinogenic potency factors) are listed in Table 4-1. The 
sources for each of the toxicity values are also listed in Table 4-1.   

 The chemical-specific toxicity values shown in Table 4-1 are determined using the recommended 
reference hierarchy as described in Human Health Toxicity Values in Superfund Risk Assessments 
(Cook 2003). The hierarchy is summarized below. 

 Tier 1 – The EPA Integrated Risk Information System (IRIS) 

 Tier 2 – The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) 

 Tier 3 – Other Toxicity Values 

Tier 1 – IRIS 
The preferred source of toxicity data is EPA’s IRIS database 
(http://www.epa.gov/iris/index.html). Expert toxicologists at EPA have derived the values in this 
database and most values have undergone a thorough review and validation both within and 
outside EPA. If a toxicity value is available in IRIS, that value is used in preference to any other 
value. 
Tier 2 – PPRTVs 
If a toxicity value is not available in IRIS, the next source is EPA’s PPRTVs. This source 
includes toxicity values that have been developed by the Office of Research and 
Development/National Center for Environmental Assessment/Superfund Health Risk Technical 
Support Center. This database is not available to the general public, but is accessible to EPA risk 
assessors via EPA’s intranet. These values are also published at the EPA’s “Regional Screening 
Levels for Chemical Contaminants at Superfund Sites” website at 
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm.  
Tier 3 – Other Toxicity Values 
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:  

 The California EPA (CalEPA)’s Toxicity Criteria Database contains toxicity values that are 
peer reviewed and address both cancer and non-cancer effects. 

 The Agency for Toxic Substances and Disease Registry (ATSDR)’s Minimal Risk Levels 
(RMLs) for Hazard Substances are peer-reviewed estimates of the daily human exposure to 
hazardous substances that is likely to be without appreciable risk of adverse non-cancer 
health effects over a specified duration of exposure. 
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 Toxicity values in EPA’s Health Effects Assessment summary Tables (HEAST) 
(EPA/540/R-97/036, July 1997). The HEAST values for chemical contaminants are not 
currently available on an EPA internet site.  

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for a chemical, the toxicity values 
from the National Center for Environmental Assessment (NCEA) are used. NCEA values can be 
found in the Oak Ridge National Laboratory Risk Assessment Information System (RAIS) 
available at http://rais.ornl.gov/. 

 The toxicity value published in the Washington State Department of Ecology’s “Cleanup Level 
and Risk Calculations Database” (CLARC) website was selected for final COPCs when 
Cook, 2003 recommended a different source of information. The differences in toxicity values for 
final COPCs are summarized below. 

o For trichloroethene, the oral cancer potency factor of 0.089 (mg/kg-day)-1 published in 
HEAST on Ecology’s CLARC web site and is used to develop the WAC 173-340-740 
Method B soil cleanup level for unrestricted land use for trichloroethene. HEAST has not 
been updated since 1997 and therefore does not reflect the most current source of 
information for the oral cancer potency factor. The source of this toxicity value is 
consistent with the hierarchy of toxicity values recommended in Cook, 2003. However, 
the oral slope factor currently implemented by EPA for trichloroethene in the Regional 
Screening Levels is established by the CalEPA OEHHA. The oral slope factor derived by 
OEHHA is 0.0059 (mg/kg-day)-1

, as presented in OEHHA, 2009, Public Health Goal for 
Chemicals In Drinking Water Trichloroethylene. If the CalEPA values were used to 
calculate the WAC 173-340-740 Method B soil cleanup level for unrestricted land use, 
the soil concentration would increase from 11 mg/kg to 169 mg/kg. While the CalEPA 
toxicity value may be more current, the existing value published by Ecology provides a 
more conservative cleanup level in soil.   

 The values published by Ecology have been used historically and no value is currently 
available from EPA for trichloroethene. Uncertainties associated with trichloroethene will be 
discussed in the RI report.  

 For fluoride, the oral reference dose of 0.06 mg/kg-day published on IRIS is used to develop 
the WAC 173-340-740 Method B soil cleanup level for unrestricted land use. The value 
reported on IRIS has not been updated since 1989 and does not reflect the most current 
source of information. The oral reference dose currently implemented by EPA in the 
Regional Screening Levels is established by the CalEPA OEHHA. The oral reference dose 
derived by OEHHA is 0.04 mg/kg-day as documented in Chronic Toxicity Summary: 
Fluorides including Hydrogen Fluoride (OEHHA, 2003). Use of the IRIS value in this 
assessment has the potential to under-estimate noncancer hazards. If the CalEPA oral 
reference dose were used to calculate the WAC 173-340-740 Method B soil cleanup level 
for unrestricted land use, the soil concentration would decrease from 4,800 mg/kg to 3,200 
mg/kg. The CalEPA toxicity value is more conservative cleanup level in soil however, the 
toxicity value reported in IRIS is consistent with the hierarchy of toxicity values 
recommended in Cook, 2003.  

 For hexavalent chromium, the current assessment considers cancer effects only for 
inhalation exposure. An oral cancer slope factor has been published by the New Jersey 
Department of Environmental Protection (NJDEP). The oral cancer slope factor derived by 
NJDEP is 0.5 (mg/kg-day)-1, as presented in Derivation of an Ingestion-Based Soil 
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Remediation Criterion for Cr+6 Based on the NTP Chronic Bioassay Data for Sodium 
Dichromate Dihydrate (NJDEP, 2009). Assessing only inhalation cancer effects from 
hexavalent chromium has the potential to under-estimate cancer risk. If the NJDEP value 
were used to calculate the WAC 173-340-740 Method B soil cleanup level for unrestricted 
land use, the soil concentration would decrease from 240 mg/kg to 2.0 mg/kg. 

 For 1,1-dichloroethane, the oral reference dose of 0.2 mg/-kg-day that is published by the 
PPRTV is used to develop the WAC 173-340-740 Method B soil cleanup level for 
unrestricted land use. An oral carcinogenic potency factor has recently been published by the 
CalEPA OEHHA. The oral carcinogenic potency factor derived by OEHHA is 
0.0057 (mg/kg-day)-1

, as presented in, 2003, Public Health Goals for Chemicals in Drinking 
Water: 1,1-Dichloroethane in Drinking Water. If the value published by Cal-EPA were used 
to calculate the WAC 173-340-740 Method B soil cleanup level for unrestricted land use, 
the soil concentration would decrease from 16,000 mg/kg to 175 mg/kg. 

 Toxic equivalence factors (TEFs) were used to calculate toxicity values for dioxins, furans, 
and carcinogenic polyaromatic hydrocarbons (PAHs) as described in WAC-173-340-
708(8)(e)(iii)(A)).  
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5 Software Applications 

All supporting calculations are performed on electronic spreadsheets using Microsoft Excel1 for 
nonradiological cleanup levels. The methodology and equations for soil cleanup levels are presented in 
Section 2.0. Printouts of the spreadsheets are provided in the attachments. Included on the spreadsheets 
are full calculation details including equations, input parameters, information sources, and calculation 
results.  

6 Calculation  

Standard Method B soil cleanup levels for unrestricted land use are calculated using the methodology 
presented in Section 3. Standard Method B soil cleanup levels for unrestricted land use calculations are 
validated by comparison with hand calculations. Hand calculations are provided in Figure 6-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
1 Excel is a trademark of Microsoft Corporation, Redmond, Washington. 
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Figure 6-1. Equation 740-1 Hand Calculations 
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Figure 6-1. Equation 740-1 Hand Calculations 
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7 Results/Conclusions  

The summary of Standard Method B soil cleanup levels is presented in Table 7-1.  
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Oral Reference 

Dose RfDo (mg/kg‐

day) Reference

Oral Cancer 

Potency Factor 

(mg/kg‐day)‐1 Reference

10
‐6 Carcinogen 

(mg/kg)

Non‐Carcinogen 

(mg/kg) Final (mg/kg)

71‐55‐6 1,1,1‐Trichloroethane 2 I ‐‐ ‐‐ ‐‐ 1.60E+05 1.60E+05

79‐34‐5 1,1,2,2‐Tetrachloroethane 0.004 P 0.2 I 5.00E+00 3.20E+02 5.00E+00

79‐00‐5 1,1,2‐Trichloroethane 0.004 I 0.057 I 1.75E+01 3.20E+02 1.75E+01

75‐34‐3 1,1‐Dichloroethane 0.2 P ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

75‐35‐4 1,1‐Dichloroethene 0.05 I ‐‐ ‐‐ ‐‐ 4.00E+03 4.00E+03

120‐82‐1 1,2,4‐Trichlorobenzene 0.01 I 0.029 P 3.45E+01 8.00E+02 3.45E+01

95‐50‐1 1,2‐Dichlorobenzene 0.09 I ‐‐ ‐‐ ‐‐ 7.20E+03 7.20E+03

107‐06‐2 1,2‐Dichloroethane 0.02 P 0.0057 C 1.75E+02 1.60E+03 1.75E+02

540‐59‐0 1,2‐Dichloroethene (Total) 0.009 H ‐‐ ‐‐ ‐‐ 7.20E+02 7.20E+02

78‐87‐5 1,2‐Dichloropropane 0.09 A 0.036 C 2.78E+01 7.20E+03 2.78E+01

541‐73‐1 1,3‐Dichlorobenzene ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

106‐46‐7 1,4‐Dichlorobenzene 0.07 A 0.0054 C 1.85E+02 5.60E+03 1.85E+02

71‐36‐3 1‐Butanol 0.1 I ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

71‐23‐8 1‐Propanol ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

93‐76‐5 2,4,5‐T(2,4,5‐Trichlorophenoxyacetic acid) 1.0E‐02 I ‐‐ ‐‐ ‐‐ 8.00E+02 8.00E+02

93‐72‐1 2,4,5‐TP(2‐(2,4,5‐Trichlorophenoxy)propionic acid)Silvex 8.0E‐03 I ‐‐ ‐‐ ‐‐ 6.40E+02 6.40E+02

95‐95‐4 2,4,5‐Trichlorophenol 0.1 I ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

88‐06‐2 2,4,6‐Trichlorophenol 0.001 P 0.011 I 9.09E+01 8.00E+01 8.00E+01

94‐82‐6 2,4‐DB(4‐(2,4‐Dichlorophenoxy)butanoic acid) 8.0E‐03 I ‐‐ ‐‐ ‐‐ 6.40E+02 6.40E+02

120‐83‐2 2,4‐Dichlorophenol 0.003 I ‐‐ ‐‐ ‐‐ 2.40E+02 2.40E+02

94‐75‐7 2,4‐Dichlorophenoxyacetic acid 1.0E‐02 I ‐‐ ‐‐ ‐‐ 8.00E+02 8.00E+02

105‐67‐9 2,4‐Dimethylphenol 0.02 I ‐‐ ‐‐ ‐‐ 1.60E+03 1.60E+03

51‐28‐5 2,4‐Dinitrophenol 0.002 I ‐‐ ‐‐ ‐‐ 1.60E+02 1.60E+02

121‐14‐2 2,4‐Dinitrotoluene 0.002 I 0.31 C 3.23E+00 1.60E+02 3.23E+00

606‐20‐2 2,6‐Dinitrotoluene 0.001 P ‐‐ ‐‐ ‐‐ 8.00E+01 8.00E+01

78‐93‐3 2‐Butanone 0.6 I ‐‐ ‐‐ ‐‐ 4.80E+04 4.80E+04

111‐76‐2 2‐Butoxyethanol 0.1 I ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

91‐58‐7 2‐Chloronaphthalene 0.08 I ‐‐ ‐‐ ‐‐ 6.40E+03 6.40E+03

95‐57‐8 2‐Chlorophenol 0.005 I ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

591‐78‐6 2‐Hexanone 0.005 I ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

91‐57‐6 2‐Methylnaphthalene 0.004 I ‐‐ ‐‐ ‐‐ 3.20E+02 3.20E+02

95‐48‐7 2‐Methylphenol (cresol, o‐) 0.05 I ‐‐ ‐‐ ‐‐ 4.00E+03 4.00E+03

88‐74‐4 2‐Nitroaniline 0.01 X ‐‐ ‐‐ ‐‐ 8.00E+02 8.00E+02

88‐75‐5 2‐Nitrophenol ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

91‐94‐1 3,3'‐Dichlorobenzidine ‐‐ ‐‐ 0.45 I 2.22E+00 ‐‐ 2.22E+00

65794‐96‐9 3+4 Methylphenol (cresol, m+p) ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

99‐09‐2 3‐Nitroaniline 0.0003 P 0.021 P 4.76E+01 2.40E+01 2.40E+01

72‐54‐8 4,4'‐DDD (Dichlorodiphenyldichloroethane) ‐‐ ‐‐ 0.24 I 4.17E+00 ‐‐ 4.17E+00

72‐55‐9 4,4'‐DDE (Dichlorodiphenyldichloroethylene) ‐‐ ‐‐ 0.34 I 2.94E+00 ‐‐ 2.94E+00

50‐29‐3 4,4'‐DDT (Dichlorodiphenyltrichloroethane) 0.0005 I 0.34 I 2.94E+00 4.00E+01 2.94E+00

534‐52‐1 4,6‐Dinitro‐2‐methylphenol 0.0001 P ‐‐ ‐‐ ‐‐ 8.00E+00 8.00E+00

Soil Direct Contact WAC 173‐340‐740(3)(b)b

CAS # Constituent Name

Non‐Carcinogens
a

Carcinogen
a

Table 4‐2.  Chemical‐Specific Toxicity Values and Calculation of Standard Method B Soil Cleanup Levels for Unrestricted Land Use
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Oral Reference 

Dose RfDo (mg/kg‐

day) Reference

Oral Cancer 

Potency Factor 

(mg/kg‐day)‐1 Reference
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‐6 
Carcinogen 

(mg/kg)

Non‐Carcinogen 

(mg/kg) Final (mg/kg)

Soil Direct Contact WAC 173‐340‐740(3)(b)
b

CAS # Constituent Name

Non‐Carcinogens
a

Carcinogen
a
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1918‐02‐1 4‐Amino‐3,5,6‐trichloropicolinic acid 0.07 I ‐‐ ‐‐ ‐‐ 5.60E+03 5.60E+03

101‐55‐3 4‐Bromophenylphenyl ether ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

59‐50‐7 4‐Chloro‐3‐methylphenol 0.1 X ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

106‐47‐8 4‐Chloroaniline 0.004 I 0.2 P 5.00E+00 3.20E+02 5.00E+00

7005‐72‐3 4‐Chlorophenylphenyl ether ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

108‐10‐1 4‐Methyl‐2‐pentanone 0.08 H ‐‐ ‐‐ ‐‐ 6.40E+03 6.40E+03

106‐44‐5 4‐Methylphenol (cresol, p‐) 0.005 H ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

100‐01‐6 4‐Nitroaniline 0.004 P 0.02 P 5.00E+01 3.20E+02 5.00E+01

100‐02‐7 4‐Nitrophenol 0.008 NCEA ‐‐ ‐‐ ‐‐ 6.40E+02 6.40E+02

83‐32‐9 Acenaphthene 0.06 I ‐‐ ‐‐ ‐‐ 4.80E+03 4.80E+03

208‐96‐8 Acenaphthylene ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

67‐64‐1 Acetone 0.9 I ‐‐ ‐‐ ‐‐ 7.20E+04 7.20E+04

309‐00‐2 Aldrin 0.00003 I 17 I 5.88E‐02 2.40E+00 5.88E‐02

319‐84‐6 Alpha‐BHC 0.008 A 6.3 I 1.59E‐01 6.40E+02 1.59E‐01

5103‐71‐9 Alpha‐Chlordane 0.0005 I 0.35 I 2.86E+00 4.00E+01 2.86E+00

7429‐90‐5 Aluminum 1 P ‐‐ ‐‐ ‐‐ 8.00E+04 8.00E+04

62‐53‐3 Aniline 0.007 P 0.0057 I 1.75E+02 5.60E+02 1.75E+02

120‐12‐7 Anthracene 0.3 I ‐‐ ‐‐ ‐‐ 2.40E+04 2.40E+04

7440‐36‐0 Antimony 0.0004 I ‐‐ ‐‐ ‐‐ 3.20E+01 3.20E+01

12674‐11‐2 Aroclor‐1016 0.00007 I 0.07 I 1.43E+01 5.60E+00 5.60E+00

11104‐28‐2 Aroclor‐1221 ‐‐ ‐‐ 2 I 5.00E‐01 ‐‐ 5.00E‐01

11141‐16‐5 Aroclor‐1232 ‐‐ ‐‐ 2 I 5.00E‐01 ‐‐ 5.00E‐01

53469‐21‐9 Aroclor‐1242 ‐‐ ‐‐ 2 I 5.00E‐01 ‐‐ 5.00E‐01

12672‐29‐6 Aroclor‐1248 ‐‐ ‐‐ 2 I 5.00E‐01 ‐‐ 5.00E‐01

11097‐69‐1 Aroclor‐1254 0.00002 I 2 I 5.00E‐01 1.60E+00 5.00E‐01

11096‐82‐5 Aroclor‐1260 ‐‐ ‐‐ 2 I 5.00E‐01 ‐‐ 5.00E‐01

7440‐38‐2 Arsenic 0.0003 I 1.5 I 6.67E‐01 2.40E+01 6.67E‐01

7440‐39‐3 Barium 0.2 I ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

71‐43‐2 Benzene 0.004 I 0.055 I 1.82E+01 3.20E+02 1.82E+01

56‐55‐3 Benzo(a)anthracene ‐‐ ‐‐ 0.73 WAC 1.37E+00 ‐‐ 1.37E+00

50‐32‐8 Benzo(a)pyrene ‐‐ ‐‐ 7.3 I 1.37E‐01 ‐‐ 1.37E‐01

205‐99‐2 Benzo(b)fluoranthene ‐‐ ‐‐ 0.73 WAC 1.37E+00 ‐‐ 1.37E+00

191‐24‐2 Benzo(ghi)perylene ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

207‐08‐9 Benzo(k)fluoranthene ‐‐ ‐‐ 0.73 WAC 1.37E+00 ‐‐ 1.37E+00

65‐85‐0 Benzoic acid 4 I ‐‐ ‐‐ ‐‐ 3.20E+05 3.20E+05

100‐51‐6 Benzyl alcohol 0.1 P ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

7440‐41‐7 Beryllium 0.002 I ‐‐ ‐‐ ‐‐ 1.60E+02 1.60E+02

319‐85‐7 beta‐1,2,3,4,5,6‐Hexachlorocyclohexane  (beta‐BHC) ‐‐ ‐‐ 1.8 I 5.56E‐01 ‐‐ 5.56E‐01

108‐60‐1 Bis(2‐chloro‐1‐methylethyl)ether 0.04 I 0.07 H 1.43E+01 3.20E+03 1.43E+01

111‐91‐1 Bis(2‐Chloroethoxy)methane 0.003 P ‐‐ ‐‐ ‐‐ 2.40E+02 2.40E+02

111‐44‐4 Bis(2‐chloroethyl) ether ‐‐ ‐‐ 1.1 I 9.09E‐01 ‐‐ 9.09E‐01

117‐81‐7 Bis(2‐ethylhexyl) phthalate 0.02 I 0.014 I 7.14E+01 1.60E+03 7.14E+01
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7440‐69‐9 Bismuth ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7440‐42‐8 Boron 0.2 I ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

24959‐67‐9 Bromide ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

75‐27‐4 Bromodichloromethane 0.02 I 0.062 I 1.61E+01 1.60E+03 1.61E+01

75‐25‐2 Bromoform 0.02 I 0.0079 I 1.27E+02 1.60E+03 1.27E+02

74‐83‐9 Bromomethane 0.0014 I ‐‐ ‐‐ ‐‐ 1.12E+02 1.12E+02

85‐68‐7 Butylbenzylphthalate 0.2 I 0.0019 P 5.26E+02 1.60E+04 5.26E+02

7440‐43‐9 Cadmium 0.0005 I ‐‐ ‐‐ ‐‐ 4.00E+01 4.00E+01

7440‐70‐2 Calcium ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

86‐74‐8 Carbazole ‐‐ ‐‐ 0.02 H 5.00E+01 ‐‐ 5.00E+01

75‐15‐0 Carbon disulfide 0.1 I ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

56‐23‐5 Carbon tetrachloride 0.004 I 0.07 I 1.43E+01 3.20E+02 1.43E+01

57‐74‐9 Chlordane 0.0005 I 0.35 I 2.86E+00 4.00E+01 2.86E+00

16887‐00‐6 Chloride ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

108‐90‐7 Chlorobenzene 0.02 I ‐‐ ‐‐ ‐‐ 1.60E+03 1.60E+03

75‐00‐3 Chloroethane ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

67‐66‐3 Chloroform 0.01 I 0.031 C 3.23E+01 8.00E+02 3.23E+01

74‐87‐3 Chloromethane ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7440‐47‐3 Chromium 1.5 I ‐‐ ‐‐ ‐‐ 1.20E+05 1.20E+05

218‐01‐9 Chrysene ‐‐ ‐‐ 0.073 WAC 1.37E+01 ‐‐ 1.37E+01

156‐59‐2 cis‐1,2‐Dichloroethylene 0.01 P ‐‐ ‐‐ ‐‐ 8.00E+02 8.00E+02

10061‐01‐5 cis‐1,3‐Dichloropropene 0.03 I 0.1 I 1.00E+01 2.40E+03 1.00E+01

7440‐48‐4 Cobalt 0.0003 P ‐‐ ‐‐ ‐‐ 2.40E+01 2.40E+01

7440‐50‐8 Copper 0.04 H ‐‐ ‐‐ ‐‐ 3.20E+03 3.20E+03

57‐12‐5 Cyanide 0.02 I ‐‐ ‐‐ ‐‐ 1.60E+03 1.60E+03

110‐82‐7 Cyclohexane ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

75‐99‐0 Dalapon 0.03 I ‐‐ ‐‐ ‐‐ 2.40E+03 2.40E+03

124‐18‐5 Decane ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

319‐86‐8 Delta‐BHC ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

53‐70‐3 Dibenz[a,h]anthracene ‐‐ ‐‐ 0.73 WAC 1.37E+00 ‐‐ 1.37E+00

132‐64‐9 Dibenzofuran 0.001 X ‐‐ ‐‐ ‐‐ 8.00E+01 8.00E+01

124‐48‐1 Dibromochloromethane 0.02 I 0.084 I 1.19E+01 1.60E+03 1.19E+01

1918‐00‐9 Dicamba 0.03 I ‐‐ ‐‐ ‐‐ 2.40E+03 2.40E+03

120‐36‐5 Dichloroprop ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

60‐57‐1 Dieldrin 0.00005 I 16 I 6.25E‐02 4.00E+00 6.25E‐02

60‐29‐7 Diethyl ether 0.2 I ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

84‐66‐2 Diethylphthalate 0.8 I ‐‐ ‐‐ ‐‐ 6.40E+04 6.40E+04

131‐11‐3 Dimethyl phthalate ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

84‐74‐2 Di‐n‐butylphthalate 0.1 I ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

117‐84‐0 Di‐n‐octylphthalate ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

88‐85‐7 Dinoseb(2‐secButyl‐4,6‐dinitrophenol) 1.0E‐03 I ‐‐ ‐‐ ‐‐ 8.00E+01 8.00E+01

959‐98‐8 Endosulfan I 0.006 I ‐‐ ‐‐ ‐‐ 4.80E+02 4.80E+02
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33213‐65‐9 Endosulfan II 0.006 I ‐‐ ‐‐ ‐‐ 4.80E+02 4.80E+02

1031‐07‐8 Endosulfan sulfate ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

72‐20‐8 Endrin 0.0003 I ‐‐ ‐‐ ‐‐ 2.40E+01 2.40E+01

7421‐93‐4 Endrin aldehyde ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

53494‐70‐5 Endrin ketone ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

64‐17‐5 Ethanol ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

107‐21‐1 Ethylene glycol 2 I ‐‐ ‐‐ ‐‐ 1.60E+05 1.60E+05

100‐41‐4 Ethylbenzene 0.1 I 0.011 C 9.09E+01 8.00E+03 9.09E+01

206‐44‐0 Fluoranthene 0.04 I ‐‐ ‐‐ ‐‐ 3.20E+03 3.20E+03

86‐73‐7 Fluorene 0.04 I ‐‐ ‐‐ ‐‐ 3.20E+03 3.20E+03

16984‐48‐8 Fluoride 0.06 I ‐‐ ‐‐ ‐‐ 4.80E+03 4.80E+03

58‐89‐9 Gamma‐BHC (Lindane) 0.0003 I 1.1 C 9.09E‐01 2.40E+01 9.09E‐01

76‐44‐8 Heptachlor 0.0005 I 4.5 I 2.22E‐01 4.00E+01 2.22E‐01

1024‐57‐3 Heptachlor epoxide 0.000013 I 9.1 I 1.10E‐01 1.04E+00 1.10E‐01

118‐74‐1 Hexachlorobenzene 0.0008 I 1.6 I 6.25E‐01 6.40E+01 6.25E‐01

87‐68‐3 Hexachlorobutadiene 0.001 P 0.078 I 1.28E+01 8.00E+01 1.28E+01

77‐47‐4 Hexachlorocyclopentadiene 0.006 I ‐‐ ‐‐ ‐‐ 4.80E+02 4.80E+02

67‐72‐1 Hexachloroethane 0.001 I 0.014 I 7.14E+01 8.00E+01 7.14E+01

110‐54‐3 Hexane 0.06 H ‐‐ ‐‐ ‐‐ 4.80E+03 4.80E+03

18540‐29‐9 Hexavalent Chromium 0.003 I ‐‐ ‐‐ ‐‐ 2.40E+02 2.40E+02

193‐39‐5 Indeno(1,2,3‐cd)pyrene ‐‐ ‐‐ 0.73 I 1.37E+00 ‐‐ 1.37E+00

7439‐89‐6 Iron 0.7 P ‐‐ ‐‐ ‐‐ 5.60E+04 5.60E+04

78‐59‐1 Isophorone 0.2 I 0.00095 I 1.05E+03 1.60E+04 1.05E+03

7439‐92‐1 Lead c ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7439‐93‐2 Lithium 0.002 P ‐‐ ‐‐ ‐‐ 1.60E+02 1.60E+02

7439‐95‐4 Magnesium ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7439‐96‐5 Manganese 0.14 I ‐‐ ‐‐ ‐‐ 1.12E+04 1.12E+04

7439‐97‐6 Mercury 0.0003 I ‐‐ ‐‐ ‐‐ 2.40E+01 2.40E+01

72‐43‐5 Methoxychlor 0.005 I ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

75‐09‐2 Methylene chloride 0.06 I 0.0075 I 1.33E+02 4.80E+03 1.33E+02

7439‐98‐7 Molybdenum 0.005 I ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

108‐38‐3 m‐Xylene 0.2 I ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

91‐20‐3 Naphthalene 0.02 I ‐‐ ‐‐ ‐‐ 1.60E+03 1.60E+03

104‐51‐8 n‐Butylbenzene ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7440‐02‐0 Nickel 0.02 I ‐‐ ‐‐ ‐‐ 1.60E+03 1.60E+03

14797‐55‐8 Nitrate 7.1 I ‐‐ ‐‐ ‐‐ 5.68E+05 5.68E+05

14797‐65‐0 Nitrite 0.3 I ‐‐ ‐‐ ‐‐ 2.40E+04 2.40E+04

98‐95‐3 Nitrobenzene 0.002 I ‐‐ ‐‐ ‐‐ 1.60E+02 1.60E+02

NO3‐N Nitrogen in Nitrate 1.6 I ‐‐ ‐‐ ‐‐ 1.28E+05 1.28E+05

NO2‐N Nitrogen in Nitrite 0.1 I ‐‐ ‐‐ ‐‐ 8.00E+03 8.00E+03

NO2+NO3‐N Nitrogen in Nitrite and Nitrate 1.6 I ‐‐ ‐‐ ‐‐ 1.28E+05 1.28E+05
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621‐64‐7 n‐Nitrosodi‐n‐dipropylamine ‐‐ ‐‐ 7 I 1.43E‐01 ‐‐ 1.43E‐01

86‐30‐6 n‐Nitrosodiphenylamine ‐‐ ‐‐ 0.0049 I 2.04E+02 ‐‐ 2.04E+02

95‐47‐6 o‐Xylene 0.2 I ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

87‐86‐5 Pentachlorophenol 0.03 I 0.12 I 8.33E+00 2.40E+03 8.33E+00

85‐01‐8 Phenanthrene ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

108‐95‐2 Phenol 0.3 I ‐‐ ‐‐ ‐‐ 2.40E+04 2.40E+04

14265‐44‐2 Phosphate ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7723‐14‐0 Phosphorus 0.00002 I ‐‐ ‐‐ ‐‐ 1.60E+00 1.60E+00

7440‐09‐7 Potassium ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

129‐00‐0 Pyrene 0.03 I ‐‐ ‐‐ ‐‐ 2.40E+03 2.40E+03

7782‐49‐2 Selenium 0.005 I ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

7440‐21‐3 Silicon ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7440‐22‐4 Silver 0.005 I ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

7440‐23‐5 Sodium ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7440‐24‐6 Strontium 0.6 I ‐‐ ‐‐ ‐‐ 4.80E+04 4.80E+04

100‐42‐5 Styrene 0.2 I ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

14808‐79‐8 Sulfate ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

12597‐04‐5 Sulfide ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

127‐18‐4 Tetrachloroethene 0.01 I 0.54 C 1.85E+00 8.00E+02 1.85E+00

7440‐28‐0 Thallium ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

7440‐31‐5 Tin 0.6 H ‐‐ ‐‐ ‐‐ 4.80E+04 4.80E+04

7440‐32‐6 Titanium ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

108‐88‐3 Toluene 0.08 I ‐‐ ‐‐ ‐‐ 6.40E+03 6.40E+03

TPH Total petroleum hydrocarbons ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

TPHDIESEL Total petroleum hydrocarbons ‐ diesel range c ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

TPHKEROSENE Total petroleum hydrocarbons ‐ kerosene range c ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

TPH/OILH Total petroleum hydrocarbons ‐ motor oil (high boiling) c ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

8001‐35‐2 Toxaphene ‐‐ ‐‐ 1.1 I 9.09E‐01 ‐‐ 9.09E‐01

156‐60‐5 trans‐1,2‐Dichloroethylene 0.02 I ‐‐ ‐‐ ‐‐ 1.60E+03 1.60E+03

10061‐02‐6 trans‐1,3‐Dichloropropene 0.03 I 0.1 I 1.00E+01 2.40E+03 1.00E+01

79‐01‐6 Trichloroethene ‐‐ ‐‐ 0.089 H 1.12E+01 ‐‐ 1.12E+01

75‐69‐4 Trichloromonofluoromethane 0.3 I ‐‐ ‐‐ ‐‐ 2.40E+04 2.40E+04

7440‐61‐1 Uranium 0.003 I ‐‐ ‐‐ ‐‐ 2.40E+02 2.40E+02

7440‐62‐2 Vanadium 0.005 S ‐‐ ‐‐ ‐‐ 4.00E+02 4.00E+02

108‐05‐4 Vinyl acetate 1 H ‐‐ ‐‐ ‐‐ 8.00E+04 8.00E+04

75‐01‐4 Vinyl chloride 0.003 I 0.72 I 1.39E+00 2.40E+02 1.39E+00

1330‐20‐7 Xylenes (total) 0.2 I ‐‐ ‐‐ ‐‐ 1.60E+04 1.60E+04

7440‐66‐6 Zinc 0.3 I ‐‐ ‐‐ ‐‐ 2.40E+04 2.40E+04

7440‐67‐7 Zirconium ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
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c.  See Method A Soil Cleanup Levels, Table 740‐1 WAC 173‐340(2)(b).

NCEA = National Center for Environmental Assessment

P = Provisional Peer Reviewed Toxicity Values (PPRTV)

a.  EPA, 2010, “Regional Screening Levels for Chemical Contaminants at Superfund Sites”, screening level/preliminary remediation goal website, updated May 27, 2010

X = PPRTV Appendix

b.  WAC 173‐340‐740(3)(b), Unrestricted land use soil cleanup standards, Method B soil cleanup levels for unrestricted land use. 

A = The Agency for Toxic Substances and Disease Registry (ATSDR)

C = The California Environmental Protection Agency Office of Environmental Health Hazard Assessment's (CalEPA)

H = Health Effects Assessment Summary Tables (HEAST)

I = EPA's Integrated Risk Information System (IRIS)
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71‐55‐6 1,1,1‐Trichloroethane mg/kg

79‐34‐5 1,1,2,2‐Tetrachloroethane mg/kg

79‐00‐5 1,1,2‐Trichloroethane mg/kg

75‐34‐3 1,1‐Dichloroethane mg/kg

75‐35‐4 1,1‐Dichloroethene mg/kg

120‐82‐1 1,2,4‐Trichlorobenzene mg/kg

95‐50‐1 1,2‐Dichlorobenzene mg/kg

107‐06‐2 1,2‐Dichloroethane mg/kg

540‐59‐0 1,2‐Dichloroethene (Total) mg/kg

78‐87‐5 1,2‐Dichloropropane mg/kg

541‐73‐1 1,3‐Dichlorobenzene ‐‐

106‐46‐7 1,4‐Dichlorobenzene mg/kg

71‐36‐3 1‐Butanol mg/kg

71‐23‐8 1‐Propanol ‐‐

93‐76‐5 2,4,5‐T(2,4,5‐Trichlorophenoxyacetic acid) mg/kg

93‐72‐1 2,4,5‐TP(2‐(2,4,5‐Trichlorophenoxy)propionic acid)Silvex mg/kg

95‐95‐4 2,4,5‐Trichlorophenol mg/kg

88‐06‐2 2,4,6‐Trichlorophenol mg/kg

94‐82‐6 2,4‐DB(4‐(2,4‐Dichlorophenoxy)butanoic acid) mg/kg

120‐83‐2 2,4‐Dichlorophenol mg/kg

94‐75‐7 2,4‐Dichlorophenoxyacetic acid mg/kg

105‐67‐9 2,4‐Dimethylphenol mg/kg

51‐28‐5 2,4‐Dinitrophenol mg/kg

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels
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Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

121‐14‐2 2,4‐Dinitrotoluene mg/kg

606‐20‐2 2,6‐Dinitrotoluene mg/kg

78‐93‐3 2‐Butanone mg/kg

111‐76‐2 2‐Butoxyethanol mg/kg

91‐58‐7 2‐Chloronaphthalene mg/kg

95‐57‐8 2‐Chlorophenol mg/kg

591‐78‐6 2‐Hexanone mg/kg

91‐57‐6 2‐Methylnaphthalene mg/kg

95‐48‐7 2‐Methylphenol (cresol, o‐) mg/kg

88‐74‐4 2‐Nitroaniline mg/kg

88‐75‐5 2‐Nitrophenol ‐‐

91‐94‐1 3,3'‐Dichlorobenzidine mg/kg

65794‐96‐9 3+4 Methylphenol (cresol, m+p) mg/kg

99‐09‐2 3‐Nitroaniline mg/kg

72‐54‐8 4,4'‐DDD (Dichlorodiphenyldichloroethane) mg/kg

72‐55‐9 4,4'‐DDE (Dichlorodiphenyldichloroethylene) mg/kg

50‐29‐3 4,4'‐DDT (Dichlorodiphenyltrichloroethane) mg/kg

534‐52‐1 4,6‐Dinitro‐2‐methylphenol mg/kg

1918‐02‐1

4‐Amino‐3,5,6‐trichloropicolinic acid

mg/kg

101‐55‐3 4‐Bromophenylphenyl ether ‐‐

59‐50‐7 4‐Chloro‐3‐methylphenol mg/kg

106‐47‐8 4‐Chloroaniline mg/kg

7005‐72‐3 4‐Chlorophenylphenyl ether ‐‐

108‐10‐1 4‐Methyl‐2‐pentanone mg/kg
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CAS # Constituent Name Units

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

106‐44‐5 4‐Methylphenol (cresol, p‐) mg/kg

100‐01‐6 4‐Nitroaniline mg/kg

100‐02‐7 4‐Nitrophenol mg/kg

83‐32‐9 Acenaphthene mg/kg

208‐96‐8 Acenaphthylene ‐‐

67‐64‐1 Acetone mg/kg

309‐00‐2 Aldrin mg/kg

319‐84‐6 Alpha‐BHC mg/kg

5103‐71‐9 Alpha‐Chlordane mg/kg

7429‐90‐5 Aluminum mg/kg

62‐53‐3 Aniline mg/kg

120‐12‐7 Anthracene mg/kg

7440‐36‐0 Antimony mg/kg

12674‐11‐2 Aroclor‐1016 mg/kg

11104‐28‐2 Aroclor‐1221 mg/kg

11141‐16‐5 Aroclor‐1232 mg/kg

53469‐21‐9 Aroclor‐1242 mg/kg

12672‐29‐6 Aroclor‐1248 mg/kg

11097‐69‐1 Aroclor‐1254 mg/kg

11096‐82‐5 Aroclor‐1260 mg/kg

7440‐38‐2 Arsenic mg/kg

7440‐39‐3 Barium mg/kg

71‐43‐2 Benzene mg/kg
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CAS # Constituent Name Units

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

56‐55‐3 Benzo(a)anthracene mg/kg

50‐32‐8 Benzo(a)pyrene mg/kg

205‐99‐2 Benzo(b)fluoranthene mg/kg

191‐24‐2 Benzo(ghi)perylene mg/kg

207‐08‐9 Benzo(k)fluoranthene mg/kg

65‐85‐0 Benzoic acid mg/kg

100‐51‐6 Benzyl alcohol mg/kg

7440‐41‐7 Beryllium mg/kg

319‐85‐7 beta‐1,2,3,4,5,6‐Hexachlorocyclohexane  (beta‐BHC) mg/kg

108‐60‐1 Bis(2‐chloro‐1‐methylethyl)ether mg/kg

111‐91‐1 Bis(2‐Chloroethoxy)methane mg/kg

111‐44‐4 Bis(2‐chloroethyl) ether mg/kg

117‐81‐7 Bis(2‐ethylhexyl) phthalate mg/kg

7440‐69‐9 Bismuth ‐‐

7440‐42‐8 Boron mg/kg

24959‐67‐9 Bromide ‐‐

75‐27‐4 Bromodichloromethane mg/kg

75‐25‐2 Bromoform mg/kg

74‐83‐9 Bromomethane mg/kg

85‐68‐7 Butylbenzylphthalate mg/kg

7440‐43‐9 Cadmium mg/kg

7440‐70‐2 Calcium ‐‐

86‐74‐8 Carbazole mg/kg

75‐15‐0 Carbon disulfide mg/kg
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CAS # Constituent Name Units

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

56‐23‐5 Carbon tetrachloride mg/kg

57‐74‐9 Chlordane mg/kg

16887‐00‐6 Chloride mg/kg

108‐90‐7 Chlorobenzene mg/kg

75‐00‐3 Chloroethane mg/kg

67‐66‐3 Chloroform mg/kg

74‐87‐3 Chloromethane mg/kg

7440‐47‐3 Chromium mg/kg

218‐01‐9 Chrysene mg/kg

156‐59‐2 cis‐1,2‐Dichloroethylene mg/kg

10061‐01‐5 cis‐1,3‐Dichloropropene mg/kg

7440‐48‐4 Cobalt mg/kg

7440‐50‐8 Copper mg/kg

57‐12‐5 Cyanide mg/kg

110‐82‐7 Cyclohexane ‐‐

75‐99‐0 Dalapon mg/kg

124‐18‐5 Decane ‐‐

319‐86‐8 Delta‐BHC ‐‐

53‐70‐3 Dibenz[a,h]anthracene mg/kg

132‐64‐9 Dibenzofuran mg/kg

124‐48‐1 Dibromochloromethane mg/kg

1918‐00‐9 Dicamba mg/kg

120‐36‐5 Dichloroprop ‐‐

60‐57‐1 Dieldrin mg/kg
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CAS # Constituent Name Units

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

60‐29‐7 Diethyl ether mg/kg

84‐66‐2 Diethylphthalate mg/kg

131‐11‐3 Dimethyl phthalate ‐‐

84‐74‐2 Di‐n‐butylphthalate mg/kg

117‐84‐0 Di‐n‐octylphthalate ‐‐

88‐85‐7 Dinoseb(2‐secButyl‐4,6‐dinitrophenol) mg/kg

959‐98‐8 Endosulfan I mg/kg

33213‐65‐9 Endosulfan II mg/kg

1031‐07‐8 Endosulfan sulfate ‐‐

72‐20‐8 Endrin mg/kg

7421‐93‐4 Endrin aldehyde ‐‐

53494‐70‐5 Endrin ketone ‐‐

64‐17‐5 Ethanol ‐‐

107‐21‐1 Ethylene glycol mg/kg

100‐41‐4 Ethylbenzene mg/kg

206‐44‐0 Fluoranthene mg/kg

86‐73‐7 Fluorene mg/kg

16984‐48‐8 Fluoride mg/kg

58‐89‐9 Gamma‐BHC (Lindane) mg/kg

76‐44‐8 Heptachlor mg/kg

1024‐57‐3 Heptachlor epoxide mg/kg

118‐74‐1 Hexachlorobenzene mg/kg

87‐68‐3 Hexachlorobutadiene mg/kg

77‐47‐4 Hexachlorocyclopentadiene mg/kg

67‐72‐1 Hexachloroethane mg/kg
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CAS # Constituent Name Units

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

110‐54‐3 Hexane mg/kg

18540‐29‐9 Hexavalent Chromium mg/kg

193‐39‐5 Indeno(1,2,3‐cd)pyrene mg/kg

7439‐89‐6 Iron mg/kg

78‐59‐1 Isophorone mg/kg

7439‐92‐1 Lead a mg/kg

7439‐93‐2 Lithium mg/kg

7439‐95‐4 Magnesium ‐‐

7439‐96‐5 Manganese mg/kg

7439‐97‐6 Mercury mg/kg

72‐43‐5 Methoxychlor mg/kg

75‐09‐2 Methylene chloride mg/kg

7439‐98‐7 Molybdenum mg/kg

108‐38‐3 m‐Xylene mg/kg

91‐20‐3 Naphthalene mg/kg

104‐51‐8 n‐Butylbenzene ‐‐

7440‐02‐0 Nickel mg/kg

14797‐55‐8 Nitrate mg/kg

14797‐65‐0 Nitrite mg/kg

98‐95‐3 Nitrobenzene mg/kg

NO3‐N Nitrogen in Nitrate mg/kg

NO2‐N Nitrogen in Nitrite mg/kg

NO2+NO3‐N Nitrogen in Nitrite and Nitrate mg/kg
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CAS # Constituent Name Units

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

621‐64‐7 n‐Nitrosodi‐n‐dipropylamine mg/kg

86‐30‐6 n‐Nitrosodiphenylamine mg/kg

95‐47‐6 o‐Xylene mg/kg

87‐86‐5 Pentachlorophenol mg/kg

85‐01‐8 Phenanthrene ‐‐

108‐95‐2 Phenol mg/kg

14265‐44‐2 Phosphate mg/kg

7723‐14‐0 Phosphorus mg/kg

7440‐09‐7 Potassium ‐‐

129‐00‐0 Pyrene mg/kg

7782‐49‐2 Selenium mg/kg

7440‐21‐3 Silicon ‐‐

7440‐22‐4 Silver mg/kg

7440‐23‐5 Sodium ‐‐

7440‐24‐6 Strontium mg/kg

100‐42‐5 Styrene mg/kg

14808‐79‐8 Sulfate ‐‐

12597‐04‐5 Sulfide ‐‐

127‐18‐4 Tetrachloroethene mg/kg

7440‐28‐0 Thallium ‐‐

7440‐31‐5 Tin mg/kg

7440‐32‐6 Titanium ‐‐

108‐88‐3 Toluene mg/kg

TPHDIESEL Total petroleum hydrocarbons ‐ diesel range a mg/kg

TPHKEROSENE Total petroleum hydrocarbons ‐ kerosene range a mg/kg

TPH/OILH Total petroleum hydrocarbons ‐ motor oil (high boiling) a mg/kg
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CAS # Constituent Name Units

Table 7‐1.  Summary of Standard Method B Soil Cleanup Levels

TPH Total petroleum hydrocarbons
a

mg/kg

8001‐35‐2 Toxaphene mg/kg

156‐60‐5 trans‐1,2‐Dichloroethylene mg/kg

10061‐02‐6 trans‐1,3‐Dichloropropene mg/kg

79‐01‐6 Trichloroethene mg/kg

75‐69‐4 Trichloromonofluoromethane mg/kg

7440‐61‐1 Uranium mg/kg

7440‐62‐2 Vanadium mg/kg

108‐05‐4 Vinyl acetate mg/kg

75‐01‐4 Vinyl chloride mg/kg

1330‐20‐7 Xylenes (total) mg/kg

7440‐66‐6 Zinc mg/kg

7440‐67‐7 Zirconium ‐‐

a.  Table 740‐1, WAC 173‐340‐740(2)(b), Unrestricted land use soil cleanup standards, Method A 

Land use. 
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Standard Method B Soil CULs

1.60E+05

5.00E+00

1.75E+01

1.60E+04

4.00E+03

3.45E+01

7.20E+03

1.75E+02

7.20E+02

2.78E+01

‐‐

1.85E+02

8.00E+03

‐‐

8.00E+02

6.40E+02

8.00E+03

8.00E+01

6.40E+02

2.40E+02

8.00E+02

1.60E+03

1.60E+02
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Standard Method B Soil CULs

3.23E+00

8.00E+01

4.80E+04

8.00E+03

6.40E+03

4.00E+02

4.00E+02

3.20E+02

4.00E+03

8.00E+02

‐‐

2.22E+00

‐‐

2.40E+01

4.17E+00

2.94E+00

2.94E+00

8.00E+00

5.60E+03

‐‐

8.00E+03

5.00E+00

‐‐

6.40E+03
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Standard Method B Soil CULs

4.00E+02

5.00E+01

6.40E+02

4.80E+03

‐‐

7.20E+04

5.88E‐02

1.59E‐01

2.86E+00

8.00E+04

1.75E+02

2.40E+04

3.20E+01

5.60E+00

5.00E‐01

5.00E‐01

5.00E‐01

5.00E‐01

5.00E‐01

5.00E‐01

6.67E‐01

1.60E+04

1.82E+01
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Standard Method B Soil CULs

1.37E+00

1.37E‐01

1.37E+00

‐‐

1.37E+00

3.20E+05

8.00E+03

1.60E+02

5.56E‐01

1.43E+01

2.40E+02

9.09E‐01

7.14E+01

‐‐

1.60E+04

‐‐

1.61E+01

1.27E+02

1.12E+02

5.26E+02

4.00E+01

‐‐

5.00E+01

8.00E+03
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Standard Method B Soil CULs

1.43E+01

2.86E+00

‐‐

1.60E+03

‐‐

3.23E+01

‐‐

1.20E+05

1.37E+01

8.00E+02

1.00E+01

2.40E+01

3.20E+03

1.60E+03

‐‐

2.40E+03

‐‐

‐‐

1.37E+00

8.00E+01

1.19E+01

2.40E+03

‐‐

6.25E‐02
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Standard Method B Soil CULs

1.60E+04

6.40E+04

‐‐

8.00E+03

‐‐

8.00E+01

4.80E+02

4.80E+02

‐‐

2.40E+01

‐‐

‐‐

‐‐

1.60E+05

9.09E+01

3.20E+03

3.20E+03

4.80E+03

9.09E‐01

2.22E‐01

1.10E‐01

6.25E‐01

1.28E+01

4.80E+02

7.14E+01
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Standard Method B Soil CULs

4.80E+03

2.40E+02

1.37E+00

5.60E+04

1.05E+03

2.50E+02

1.60E+02

‐‐

1.12E+04

2.40E+01

4.00E+02

1.33E+02

4.00E+02

1.60E+04

1.60E+03

‐‐

1.60E+03

5.68E+05

2.40E+04

1.60E+02

1.28E+05

8.00E+03

1.28E+05
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Standard Method B Soil CULs

1.43E‐01

2.04E+02

1.60E+04

8.33E+00

‐‐

2.40E+04

‐‐

1.60E+00

‐‐

2.40E+03

4.00E+02

‐‐

4.00E+02

‐‐

4.80E+04

1.60E+04

‐‐

‐‐

1.85E+00

‐‐

4.80E+04

‐‐

6.40E+03

2.00E+03

2.00E+03

2.00E+03
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Standard Method B Soil CULs

1.00E+02

9.09E‐01

1.60E+03

1.00E+01

1.12E+01

2.40E+04

2.40E+02

4.00E+02

8.00E+04

1.39E+00

1.60E+04

2.40E+04

‐‐

soil cleanup levels for unrestricted 
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1 Purpose 

This Environmental Calculation documents the methods and assumptions for development of non-
radiological soil Preliminary Remediation Goals (PRGs) that will be used to support the 100 Areas and 
300 Area Remedial Investigation/Feasibility Study (RI/FS) Reports. PRGs are concentration goals for a 
specific medium that are intended to protect specified receptors from exposure to contaminants through 
identified exposure pathways. 

The PRGs described in the Environmental Calculation represent soil concentrations that are protective of 
the inhalation pathway using Standard Method B air cleanup levels as defined in the Washington 
Administrative Code (WAC) Section 173-340-750, “Cleanup Standards to Protect Air Quality.” 
Inhalation pathway PRGs in soil are developed by calculating analyte-specific Standard Method B air 
cleanup levels for a suite of target analytes and then applying a site-specific soil-to-air particulate 
emission factor (PEF) and analyte-specific volatilization factors (VFs) to derive soil concentrations that 
correspond to the air concentrations. 

2 Background 

As described in DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/Feasibility Study Work 
Plan and DOE/RL-2009-30, 300 Area Decision Unit Remedial Investigation/Feasibility Study Work Plan, 
the 100 Areas and 300 Area contains multiple source and groundwater operable units (OUs) that are part 
of the Hanford Site River Corridor, which encompasses approximately 570 km2 (220 mi2) adjacent to the 
Columbia River. To date, waste sites within the River Corridor have been remediated to unrestricted land 
use levels. Cleanup levels corresponding to unrestricted land use in the River Corridor are currently 
defined in Interim Action Records of Decision (IAROD), and have been calculated in DOE/RL-96-17, 
100 Area Remedial Design Report/Remedial Action Work Plan. For the purposes of developing 
nonradiological PRGs within this Environmental Calculation document, the following target objective is 
used: 

 Prevent unacceptable risk to human health from inhalation of dust and vapors from soils and/or debris 
contaminated with nonradiological contaminants less than 4.6 m (15 ft) below ground surface (bgs). 
PRGs that achieve this objective are based on State of Washington Method B standards (WAC 173-
340-750). Standard Method B air cleanup levels for individual carcinogenic substances correspond to 
an upper bound of the estimated excess lifetime cancer risk of one in one million (1 x 10-6). Standard 
Method B air cleanup levels for individual noncarcinogenic substances are set at concentrations that 
are anticipated to result in no acute or chronic toxic effects on human health; this level corresponds to 
a Hazard Quotient (HQ) of one.  

This target objective has been developed only for the purpose of calculating PRGs that are presented in 
this Environmental Calculation. This target objective is not intended to supersede Remedial Action 
Objectives (RAOs) being developed as part of the 100 Areas or 300 Area RI/FS Reports. This 
Environmental Calculation document will be revised as needed to incorporate updates to these PRGs that 
may result from changes in RAOs occurring during development of the 100 Areas and 300 Area RI/FS 
Reports.  

3 Methodology  

The following steps were used to calculate inhalation pathway PRGs protective of Standard Method B air 
cleanup levels: 

1. Calculation of analyte-specific Standard Method B air cleanup levels. 
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2. Calculation of a site-specific PEF. 

3. Calculation of analyte-specific VFs for volatile analytes. 

4. Calculation of analyte-specific soil PRGs using results from Steps 1 through 3. 

The methodology and equations used for each step are detailed in the following subsections. 

3.1 Standard Method B Air Cleanup Levels 

The methodology used to determine Standard Method B air cleanup levels is described in WAC 173-340-
750(3)(b), “Method B Air Cleanup Levels,” “Standard Method B Air Cleanup Levels.” Air cleanup levels 
are calculated for noncarcinogens and carcinogens using equation 750-1 and equation 750-2, respectively. 
Default parameters, specified in the equations, are used to provide air cleanup levels based on a hazard 
quotient of 1 for noncarcinogens or an acceptable cancer risk level of 1 x 10-6 for carcinogens. 

Reference doses and carcinogenic potency factors used in the equations are determined using the 
recommended reference hierarchy as described in Cook , 2003, Human Health Toxicity Values in 
Superfund Risk Assessments. These values are obtained from the Washington State Department of 
Ecology (Ecology) “Cleanup Levels and Risk Calculations (CLARC)” web site (Ecology 2010) 
(https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx) or the U.S. Environmental Protection Agency 
(EPA) “Regional Screening Levels for Chemical Contaminants at Superfund Sites” web site (EPA 2009) 
(http://www.epa.gov/reg3hscd/risk/human/rb-concentration_table/). The EPA Regional Screening Levels 
(EPA 2009) were used as the source for toxicity values for those contaminants where EPA has recently 
updated those values. Further details on the selection of toxicity values are presented in Section 4 of this 
Environmental Calculation. 

The following steps were used to calculate Standard Method B air cleanup levels: 

1. Identify equation 750-1 and equation 750-2 from WAC 173-340-750(3)(b). 

2. Identify the exposure assumptions within equation 750-1 and equation 750-2 from WAC 173-
340-750(3)(b). 

3. Obtain toxicity values for each analyte. 

4. Calculate air concentrations corresponding to a HQ of 1 or a cancer risk level of 1 x 10-6.  

5. For analytes with both noncarcinogenic and carcinogenic effects, use the lower of the two air 
cleanup levels; the lower value is protective of both effects. 

6. Document exposure assumptions, analytes-specific parameters, and their primary sources in a 
summary table.  

The following subsections provide the equations used to calculate Standard Method B air cleanup levels. 
Input variables and default parameters for the equations are defined in Table 3-1. The calculated analyte-
specific Standard Method B air cleanup levels are tabulated and presented in Section 7. 
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3.1.1 Noncarcinogens 
For noncarcinogens, Standard Method B air cleanup levels are calculated using equation 750-1 from 
WAC 173-340-750(3)(b)(ii)(A) as follows.  
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    (1) 

3.1.2 Carcinogens 
For carcinogens, Standard Method B air cleanup levels are calculated using equation 750-2 from 
WAC 173-340-750(3)(b)(ii)(B) as follows.  

 
EFEDABSBRCPF

UCFATABWRISK

m

g
LevelAirCleanup












3


    (2)  

 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-223



E
C

F
-H

A
N

F
O

R
D

-1
1-

00
33

, D
R

A
F

T
 

4 

Ta
bl

e 
3-

1.
 S

um
m

ar
y 

of
 E

xp
os

ur
e 

A
ss

um
pt

io
ns

 U
se

d 
to

 C
al

cu
la

te
 S

ta
nd

ar
d 

M
et

ho
d 

B
 A

ir 
C

le
an

up
 L

ev
el

s 

E
xp

o
su

re
 F

ac
to

r 
S

ym
b

o
l 

V
al

u
e 

U
n

it
s 

 
S

o
u

rc
e

 

A
ve

ra
g

e 
B

od
y 

W
ei

gh
t –

 C
ar

ci
no

g
en

 
A

B
W

 
70

 
kg

 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
B

) 
E

qu
at

io
n 

75
0-

2 

A
ve

ra
g

e 
B

od
y 

W
ei

gh
t -

 N
on

ca
rc

in
og

e
n

 
A

B
W

 
16

 
kg

 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
A

) 
E

qu
at

io
n 

75
0-

1 

A
ve

ra
g

in
g 

T
im

e 
- 

C
ar

ci
n

og
e

n
 

A
T

 
75

 
ye

ar
s 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

B
) 

E
qu

at
io

n 
75

0-
2 

A
ve

ra
g

in
g 

T
im

e 
- 

N
on

ca
rc

in
o

ge
n

 
A

T
 

6 
ye

ar
s 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

A
) 

E
qu

at
io

n 
75

0-
1 

B
re

at
hi

ng
 R

at
e

 -
 C

ar
ci

no
ge

n
 

B
R

 
20

 
m

3
/d

a
y 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

B
) 

E
qu

at
io

n 
75

0-
2 

B
re

at
hi

ng
 R

at
e

 -
 N

on
ca

rc
in

og
en

 
B

R
 

10
 

m
3
/d

a
y 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

A
) 

E
qu

at
io

n 
75

0-
1 

C
an

ce
r 

P
ot

en
cy

 F
ac

to
r 

C
P

F
 

A
na

ly
te

 S
p

ec
ifi

c 
(m

g/
kg

-d
a

y)
-1

 
S

ee
 T

ab
le

 4
-2

 

E
xp

os
ur

e 
D

ur
a

tio
n 

- 
C

ar
ci

no
g

en
 

E
D

 
30

 
ye

ar
 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

B
) 

E
qu

at
io

n 
75

0-
2 

E
xp

os
ur

e 
D

ur
a

tio
n 

– 
N

o
nc

ar
ci

no
g

en
 

E
D

 
6 

ye
ar

 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
A

) 
E

qu
at

io
n 

75
0-

1 

E
xp

os
ur

e 
F

re
q

ue
nc

y 
E

F
 

1 
un

itl
es

s 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
A

) 
E

qu
at

io
n 

75
0-

1 
an

d 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
B

) 
E

qu
at

io
n 

75
0-

2 

In
ha

la
tio

n 
A

bs
or

pt
io

n 
F

ac
to

r 
A

B
S

 
 

1 
un

itl
es

s 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
A

) 
E

qu
at

io
n 

75
0-

1 
an

d 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
B

) 
E

qu
at

io
n 

75
0-

2 

R
ef

er
e

nc
e 

D
os

e 
R

fD
 

A
na

ly
te

 S
p

ec
ifi

c 
(m

g/
kg

-d
a

y)
 

S
ee

 T
ab

le
 4

-2
 

T
ar

ge
t H

az
ar

d 
Q

uo
tie

nt
 

H
Q

 
1 

U
ni

tle
ss

 
W

A
C

 1
73

-3
40

-7
50

(3
)(

b)
(ii

)(
A

) 
E

qu
at

io
n 

75
0-

1 

T
ar

ge
t R

is
k 

R
IS

K
 

1 
in

 1
,0

0
0,

00
0

 
U

ni
tle

ss
 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

B
) 

E
qu

at
io

n 
75

0-
2 

U
ni

t C
o

nv
er

si
o

n 
F

ac
to

r 
U

C
F

 
10

0
0

 
µ

g/
m

g
 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

A
) 

E
qu

at
io

n 
75

0-
1 

an
d 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

B
) 

E
qu

at
io

n 
75

0-
2 

N
ot

es
: 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

A
),

 “
M

od
el

 T
ox

ic
s 

C
on

tr
ol

 A
ct

—
C

le
a

nu
p,

 C
le

a
nu

p 
S

ta
n

da
rd

s 
to

 P
ro

te
ct

 A
ir 

Q
ua

lit
y,

 M
et

ho
d 

B
 A

ir 
C

le
a

nu
p 

Le
ve

ls
, S

ta
n

da
rd

 M
et

h
od

 B
 A

ir 
C

le
a

nu
p 

Le
ve

ls
, H

um
an

 H
e

al
th

 P
ro

te
ct

io
n,

 N
on

ca
rc

in
og

en
s.

” 

W
A

C
 1

73
-3

40
-7

50
(3

)(
b)

(ii
)(

B
),

 “
M

od
el

 T
ox

ic
s 

C
on

tr
ol

 A
ct

—
C

le
a

nu
p,

 C
le

a
nu

p 
S

ta
n

da
rd

s 
to

 P
ro

te
ct

 A
ir 

Q
ua

lit
y,

 M
et

ho
d 

B
 A

ir 
C

le
a

nu
p 

Le
ve

ls
, S

ta
n

da
rd

 M
et

h
od

 B
 A

ir 
C

le
a

nu
p 

Le
ve

ls
, H

um
an

 H
e

al
th

 P
ro

te
ct

io
n,

 C
ar

ci
n

og
en

s.
” 

 

 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-224



ECF-HANFORD-11-0033, DRAFT 

5 

3.2 Particulate Emission Factor and Volatilization Factors 

Inhalation pathway PRGs in soil are calculated by converting the Method B air cleanup levels into 
corresponding soil concentrations using a site-specific soil-to-air PEF and analyte-specific VFs. The PEF 
and VFs provide the relationship between an analyte’s concentration in the soil and its concentration in 
the air. The PEF addresses fugitive dust emissions caused by wind and is applied to all analytes; the VFs 
address soil vapor emissions from volatiles and are applied only to volatile analytes. The PEF and VFs 
are developed using EPA guidance provided in OSWER 9355.4-24, Supplemental Guidance for 
Developing Soil Screening Levels for Superfund Sites. The methodology for developing the PEF and VFs 
is described in the following subsections. 

3.2.1 Particulate Emission Factor 
The airborne concentration of an analyte adhered to particulate matter with an aerodynamic particle 
diameter of less than 10 microns (PM10) is assessed using a site-specific PEF. The PEF relates the 
contaminant concentration in soil with the concentration of respirable particles in the air due to fugitive 
dust emissions. 

The following steps were used to calculate a site-specific PEF: 

1. Identify the applicable equations. 

a. Equation 4-5 from OSWER 9355.4-24 for the PEF, 

b. Equation D-1 from OSWER 9355.4-24 for the inverse of the ratio of the geometric mean air 
concentration to the emission flux at the center of the source or at the boundary of the source 
(Q/C),  

c. Equations found on page B-2 of EPA/600/8-85/002, Rapid Assessment of Exposure to Particulate 
Emissions from Surface Contamination Sites for the wind speed distribution function [F(x)]. 

2. Identify the default and site-specific factors for use in calculating PEF, Q/C, x, and F(x). 

3. Calculate the site-specific PEF. 

4. Document the default and site-specific assumptions, and their primary sources in a summary table.  

The equations used to calculate the PEF are as follows: 

   xF
u

u
V

C

Q
PEF

t

m 










3

1036.0

600,3

  (3)

 

Where: 
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Q s
2ln

exp
     (4) 

And: 

)x (  x) 12  +  x (8 0.18 = F(x) 23 exp      (5)  
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And:

 










m

t

u
u 0.886 = x

      (6)
 

 
Input variables for the PEF equations are defined in Table 3-2. The calculated value for the PEF is 
7.30E+10 m3/kg. 

 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-226



E
C

F
-H

A
N

F
O

R
D

-1
1-

00
33

, D
R

A
F

T
 

7 

Ta
bl

e 
3-

2.
 S

um
m

ar
y 

of
 In

pu
t P

ar
am

et
er

s 
U

se
d 

to
 C

al
cu

la
te

 W
in

d 
Pa

rt
ic

ul
at

e 
Em

is
si

on
 F

ac
to

r. 
(1

 P
ag

e)
 

In
p

u
t 

P
ar

am
et

er
 

S
ym

b
o

l 
V

al
u

e 
U

n
it

s 
S

o
u

rc
e

 

A
 C

on
st

an
t 

A
 

11
.3

1
61

 
un

itl
es

s 
O

S
W

E
R

 D
ire

ct
iv

e 
93

55
.4

-2
4;

 
E

xh
ib

it 
D

-2
 fo

r 
B

oi
se

 Id
a

ho
. 

 

S
ite

 A
re

a 
A

s 
0.

5
 

ac
re

s 
O

S
W

E
R

 D
ire

ct
iv

e 
93

55
.4

-2
4

 

B
 C

on
st

an
t 

B
 

19
.6

4
37

 
un

itl
es

s 
O

S
W

E
R

 D
ire

ct
iv

e 
93

55
.4

-2
4;

 
E

xh
ib

it 
D

-2
 fo

r 
B

oi
se

 Id
a

ho
. 

 

C
 C

on
st

a
nt

 
C

 
22

4.
8

17
2

 
un

itl
es

s 
O

S
W

E
R

 D
ire

ct
iv

e 
93

55
.4

-2
4;

 
E

xh
ib

it 
D

-2
 fo

r 
B

oi
se

 Id
a

ho
. 

 

W
in

d 
sp

e
ed

 d
is

tr
ib

ut
io

n 
fu

nc
tio

n
 

F
(x

) 
7.

21
E

-0
3

 

 

un
itl

es
s 

E
qu

at
io

n 
5

 

P
ar

tic
ul

at
e 

E
m

is
si

on
 F

ac
to

r 
 

P
E

F
 

7.
30

E
+

10
 

m
3
/k

g 
E

qu
at

io
n 

3
 

In
ve

rs
e 

of
 m

ea
n 

co
nc

e
nt

ra
tio

n 
at

 c
en

te
r 

of
 a

 s
ou

rc
e

 
Q

/C
 

71
.2

2
80

8
 

g/
m

2
-s

 p
er

 
kg

/m
3
 

E
qu

at
io

n 
4

 

A
nn

u
al

 a
ve

ra
g

e 
w

in
d 

sp
e

ed
 

u m
 

3.
4

 
m

/s
 

P
N

N
L-

1
51

60
, T

ab
le

 5
.1

 

W
in

d 
sp

e
ed

 a
t 

an
em

om
et

er
 h

ei
g

ht
 e

qu
iv

al
en

t t
o 

co
rr

ec
te

d 
th

re
sh

ol
d 

fr
ic

tio
n 

ve
lo

ci
ty

 
u t

 
11

.3
2

 
m

/s
 

O
S

W
E

R
 D

ire
ct

iv
e 

93
55

.4
-2

4
 

F
ra

ct
io

n 
of

 v
eg

et
at

iv
e 

co
ve

r 
V

 
0.

5
 

un
itl

es
s 

O
S

W
E

R
 D

ire
ct

iv
e 

93
55

.4
-2

4
 

 
x 

2.
95

E
+

00
 

 

un
itl

es
s 

E
qu

at
io

n 
6

 

N
ot

es
: 

O
S

W
E

R
 9

35
5.

4-
24

, 
S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

ev
el

op
in

g 
S

oi
l S

cr
ee

ni
ng

 L
ev

el
s 

fo
r S

up
er

fu
nd

 S
ite

s.
 

P
N

N
L-

1
51

60
, 2

00
5,

 H
an

fo
rd

 S
ite

 C
lim

at
ol

og
ic

al
 S

um
m

ar
y 

20
04

 w
ith

 H
is

to
ric

al
 D

at
a.

 

 
 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-227



ECF-HANFORD-11-0033, DRAFT 

8 

3.2.2 Volatilization Factors 
A VF is used to define the relationship between the concentration of an analyte in soil and the flux of the 
volatilized analyte to air. The VF is calculated using analyte-specific properties and either site-specific or 
default values for soil moisture, dry bulk density, and fraction of organic carbon in soil.  

The following steps were used to calculate analyte-specific VFs for volatile analytes: 

1. Identify the applicable equations. 

a. Equation 4-8 from OSWER 9355.4-24 for VF and apparent diffusivity (DA), 

b. Equation D-1 from OSWER 9355.4-24 for Q/C.  

2. Identify default and site-specific factors for use in calculating VF, DA, and Q/C. 

3. Identify analyte-specific values for diffusivity in air (Di), diffusivity in water (Dw), Henry’s Law 
Constant (H’), soil-carbon partition coefficient (Koc), and soil-water distribution coefficient (Kd). 
These analyte-specific parameters were obtained from the following sources in order of preference: 

a. DOE/RL-96-17. 

b. The Ecology CLARC database (Ecology 2010). 

c. The EPA Regional Screening Levels (EPA 2009). 

d. The Oak Ridge National Laboratory (ORNL) Risk Assessment information database (RAIS) 
(ORNL 2010) (http://rais.ornl.gov/). 

4.  Calculate the analyte-specific VFs. 

5. Document the default and site-specific assumptions, and their primary sources in a summary table. 

The equations used to calculate analyte-specific VFs for volatile analytes are as follows: 

 

Ab
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cm
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Where: 
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And: 
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  (9) 

 
Input variables for the VF equations are defined in Table 3-3. The calculated values for the analyte-
specific VFs are tabulated and presented in Section 4. 
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3.3 Inhalation Pathway Preliminary Remediation Goals 

The following subsections present the equations used to derive soil concentrations corresponding to the 
Standard Method B air cleanup levels. The inhalation pathway PRGs in soil are derived from the air 
concentrations by applying the site-specific PEF to all analytes and analyte-specific VFs to volatile 
analytes. The methodology used is consistent with EPA guidance for calculating soil PRGs protective of 
ambient air provided in EPA/540/R-92/003, Risk Assessment Guidance for Superfund, Volume I: Human 
Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals). 

3.3.1 Nonvolatile Analytes 
For nonvolatile analytes, inhalation pathway PRGs protective of Standard Method B air cleanup levels are 
calculated as follows: 
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   (10) 

3.3.2 Volatile Analytes 
For volatile analytes, inhalation pathway PRGs protective of Standard Method B air cleanup levels are 
calculated as follows: 
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4 Assumptions and Inputs  

Assumptions and inputs associated with the calculation of inhalation pathway PRGs using Standard 
Method B air cleanup levels are described below. 

4.1 Exposure Factors 

The assumptions and inputs used to quantify inhalation pathway exposures to dust and volatiles from soil 
are presented in Tables 3-1 through 3-3 and Table 4-1. Other key assumptions are as follows: 

 Exposure assumptions used to calculate Standard Method B air cleanup levels for noncarcinogens and 
carcinogens are listed in Table 3-1. The sources for each of the assumptions are also listed in Table 3-
1. 

 The exposure route included in the Standard Method B air cleanup levels is inhalation of dust and 
volatiles from soil. 

 An inhalation absorption fraction of 1.0 is used for all analytes.  

 Input parameters used to calculate a site-specific PEF for fugitive dust emissions are listed in Table 3-
2. These parameters include a site-specific average wind speed as well as standard EPA default 
values. The sources for each of the parameters are listed in Table 3-2. 
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 Input parameters used to calculate analyte-specific VFs for vapor emissions are listed in Table 3-3, 
along with the sources for each of the parameters. These parameters are site-specific values where 
available, or default values where site-specific values were not available. Values for the analyte-
specific parameters in Table 3-3 are provided Table 4-1, along with the source for each value. 
Analytes identified as volatile in Table 4-1 meet the definition of a volatile organic compound in 
WAC 173-340-200, “Definitions,” and were identified from the Ecology CLARC database (Ecology 
2010). The calculated VFs for all analytes defined as volatile are presented in Table 4-1. 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

1,1,1,2-Tetrachloroethane -- 630-20-6 4.80E-02 EPA 
2010 

9.10E-06 EPA 
2010 

1.00E-01 EPA 
2010 

8.60E+01 8.60E-02 EPA 
2010 

-- -- -- 8.60E-02 EPA 
2010 

1.25E-03 V 3.67E+03 

1,1,1-Trichloroethane -- 71-55-6 6.50E-02 EPA 
2010 

9.60E-06 EPA 
2010 

7.10E-01 CLARC 
2010 

1.40E+02 1.40E-01 CLARC 
2010 

-- -- -- 1.40E-01 CLARC 
2010 

6.57E-03 V 1.60E+03 

1,1,2,2-Tetrachloroethane -- 79-34-5 4.90E-02 EPA 
2010 

9.30E-06 EPA 
2010 

1.40E-02 CLARC 
2010 

7.90E+01 7.90E-02 CLARC 
2010 

-- -- -- 7.90E-02 CLARC 
2010 

2.02E-04 V 9.13E+03 

1,1,2-Trichloro-1,2,2-trifluoroethane -- 76-13-1 3.80E-02 EPA 
2010 

8.60E-06 EPA 
2010 

2.20E+01 EPA 
2010 

1.97E+02 1.97E-01 EPA 
2010 

-- -- -- 1.97E-01 EPA 
2010 

9.98E-03 V 1.30E+03 

1,1,2-Trichloroethane -- 79-00-5 6.70E-02 EPA 
2010 

1.00E-05 EPA 
2010 

3.70E-02 CLARC 
2010 

7.50E+01 7.50E-02 CLARC 
2010 

-- -- -- 7.50E-02 CLARC 
2010 

7.26E-04 V 4.81E+03 

1,1'-Biphenyl -- 92-52-4 4.70E-02 EPA 
2010 

7.60E-06 EPA 
2010 

1.30E-02 EPA 
2010 

5.13E+03 5.13E+00 EPA 
2010 

-- -- -- 5.13E+00 EPA 
2010 

6.23E-06 V 5.19E+04 

1,1-Dichloroethane -- 75-34-3 8.40E-02 EPA 
2010 

1.10E-05 EPA 
2010 

2.30E-01 CLARC 
2010 

5.30E+01 5.30E-02 CLARC 
2010 

-- -- -- 5.30E-02 CLARC 
2010 

5.24E-03 V 1.79E+03 

1,1-Dichloroethene 1,1-Dichloroethylene 75-35-4 8.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.10E+00 CLARC 
2010 

6.50E+01 6.50E-02 CLARC 
2010 

-- -- -- 6.50E-02 CLARC 
2010 

1.35E-02 V 1.12E+03 

1,1-Dimethylhydrazine -- 57-14-7 -- -- -- -- 2.80E-06 EPA 
2010 

1.20E+01 1.20E-02 EPA 
2010 

-- -- -- 1.20E-02 EPA 
2010 

-- V -- 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin HxCDD, 1,2,3,7,8,9- 19408-74-3 -- -- -- -- 1.05E-03 ORNL 
2010 

6.95E+05 6.95E+02 ORNL 
2010 

-- -- -- 6.95E+02 ORNL 
2010 

-- -- -- 

1,2,3-Trichloropropane -- 96-18-4 5.70E-02 EPA 
2010 

9.20E-06 EPA 
2010 

1.40E-02 EPA 
2010 

1.16E+02 1.16E-01 EPA 
2010 

-- -- -- 1.16E-01 EPA 
2010 

1.95E-04 V 9.29E+03 

1,2,4,5-Tetrachlorobenzene -- 95-94-3 -- -- -- -- 4.10E-02 EPA 
2010 

2.22E+03 2.22E+00 EPA 
2010 

-- -- -- 2.22E+00 EPA 
2010 

-- -- -- 

1,2,4-Trichlorobenzene -- 120-82-1 4.00E-02 EPA 
2010 

8.40E-06 EPA 
2010 

5.80E-02 CLARC 
2010 

1.70E+03 1.70E+00 CLARC 
2010 

-- -- 1.66E+00 1.66E+00 DOE/RL-
96-17 

6.98E-05 V 1.55E+04 

1,2,4-Trimethylbenzene -- 95-63-6 6.10E-02 EPA 
2010 

7.90E-06 EPA 
2010 

2.50E-01 EPA 
2010 

6.14E+02 6.14E-01 EPA 
2010 

-- -- -- 6.14E-01 EPA 
2010 

1.07E-03 V 3.97E+03 

1,2-Dibromo-3-chloropropane -- 96-12-8 3.20E-02 EPA 
2010 

8.90E-06 EPA 
2010 

6.00E-03 EPA 
2010 

1.16E+02 1.16E-01 EPA 
2010 

-- -- -- 1.16E-01 EPA 
2010 

4.74E-05 V 1.88E+04 

1,2-Dibromoethane -- 106-93-4 4.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.70E-02 EPA 
2010 

6.60E+01 6.60E-02 CLARC 
2010 

-- -- -- 6.60E-02 CLARC 
2010 

3.62E-04 V 6.82E+03 

1,2-Dichlorobenzene -- 95-50-1 5.60E-02 EPA 
2010 

8.90E-06 EPA 
2010 

7.80E-02 CLARC 
2010 

3.80E+02 3.80E-01 CLARC 
2010 

-- -- 3.79E-01 3.79E-01 DOE/RL-
96-17 

4.71E-04 V 5.97E+03 

1,2-Dichloroethane -- 107-06-2 8.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.00E-02 CLARC 
2010 

3.80E+01 3.80E-02 CLARC 
2010 

-- -- -- 3.80E-02 CLARC 
2010 

1.26E-03 V 3.65E+03 

1,2-Dichloroethene (Total) 1,2-Dichloroethylene Mixed Isomers 540-59-0 9.00E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.70E-01 EPA 
2010 

3.96E+01 3.96E-02 EPA 
2010  

-- -- -- 3.96E-02 EPA 
2010  

4.75E-03 V 1.88E+03 

1,2-Dichloropropane -- 78-87-5 8.10E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.20E-01 CLARC 
2010 

4.70E+01 4.70E-02 CLARC 
2010 

-- -- -- 4.70E-02 CLARC 
2010 

3.05E-03 V 2.35E+03 

1,2-Dimethylhydrazine -- 540-73-8 -- -- -- -- 2.80E-06 EPA 
2010 

1.49E+01 1.49E-02 EPA 
2010 

-- -- -- 1.49E-02 EPA 
2010 

-- V -- 

1,2-Diphenylhydrazine -- 122-66-7 -- -- -- -- 2.00E-05 EPA 
2010 

1.51E+03 1.51E+00 EPA 
2010 

-- -- -- 1.51E+00 EPA 
2010 

-- -- -- 

1,2-Propanediol Propylene Glycol 57-55-6 -- -- -- -- 5.30E-07 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

1,3-Butadiene -- 106-99-0 1.00E-01 EPA 
2010 

1.00E-05 EPA 
2010 

3.00E+00 EPA 
2010 

3.96E+01 3.96E-02 EPA 
2010 

-- -- -- 3.96E-02 EPA 
2010 

2.26E-02 V 8.63E+02 

1,3-Dichlorobenzene 
-- 

541-73-1 
5.58E-02 ORNL 

2010 
8.85E-06 ORNL 

2010 
1.08E-01 ORNL 

2010 
3.75E+02 3.75E-01 ORNL 

2010  
-- -- 4.34E-01 4.34E-01 DOE/RL-

96-17 
5.79E-04 V 5.39E+03 

1,3-Dichloropropene -- 542-75-6 8.20E-02 EPA 
2010 

9.60E-06 EPA 
2010 

7.26E-01 CLARC 
2010 

2.70E+01 2.70E-02 CLARC 
2010 

-- -- -- 2.70E-02 CLARC 
2010 

1.20E-02 V 1.18E+03 

1,3-Isobenzofurandione Pthalic Anhydride 85-44-9 -- -- -- -- 6.70E-07 EPA 
2010 

1.00E+01 1.00E-02 EPA 
2010 

-- -- -- 1.00E-02 EPA 
2010 

-- -- -- 

1,4-Dichloro-2-butene -- 764-41-0 7.60E-02 EPA 
2010 

8.90E-06 EPA 
2010 

2.70E-02 EPA 
2010 

1.32E+02 1.32E-01 EPA 
2010 

-- -- -- 1.32E-01 EPA 
2010 

4.62E-04 V 6.03E+03 

1,4-Dichlorobenzene -- 106-46-7 5.50E-02 EPA 
2010 

8.70E-06 EPA 
2010 

1.00E-01 CLARC 
2010 

6.20E+02 6.20E-01 CLARC 
2010 

-- -- 6.16E-01 6.16E-01 DOE/RL-
96-17 

3.99E-04 V 6.49E+03 

1,4-Dinitrobenzene -- 100-25-4 4.90E-02 EPA 
2010 

9.40E-06 EPA 
2010 

1.50E-05 EPA 
2010 

3.52E+02 3.52E-01 EPA 
2010 

-- -- -- 3.52E-01 EPA 
2010 

2.19E-07 -- -- 

1,4-Dioxane -- 123-91-1 8.70E-02 EPA 
2010 

1.10E-05 EPA 
2010 

2.00E-04 EPA 
2010 

2.63E+00 2.63E-03 EPA 
2010 

-- -- -- 2.63E-03 EPA 
2010 

9.71E-06 V 4.16E+04 

1-Butanol N-Butanol 71-36-3 9.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

3.60E-04 EPA 
2010 

6.92E+00 6.92E-03 CLARC 
2010 

-- -- -- 6.92E-03 CLARC 
2010 

1.67E-05 V 3.17E+04 

1-Chloro-2,3-epoxypropane Epichlorohydrin 106-89-8 8.90E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.20E-03 EPA 
2010 

9.91E+00 9.91E-03 EPA 
2010 

-- -- -- 9.91E-03 EPA 
2010 

5.23E-05 V 1.79E+04 

1-Chlorobutane -- 109-69-3 7.80E-02 EPA 
2010 

9.30E-06 EPA 
2010 

6.80E-01 EPA 
2010 

7.22E+01 7.22E-02 EPA 
2010 

-- -- -- 7.22E-02 EPA 
2010 

9.39E-03 V 1.34E+03 

1-Methoxy-2-propanol Propylene Glycol monomethyl Ether 107-98-2 8.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

3.80E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.29E-06 V 8.57E+04 

2-(2-Butoxyethoxy)ethanol Diethylene Glycol Monobutyl Ether 112-34-5 -- -- -- -- 2.90E-07 EPA 
2010 

1.00E+01 1.00E-02 EPA 
2010 

-- -- -- 1.00E-02 EPA 
2010 

-- V -- 

2-(2-ethoxyethoxy)ethanol Diethylene Glycol Monoethyl Ether 111-90-0 -- -- -- -- 9.10E-07 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 

2-(2-methyl-4-chlorophenoxy) propionic acid MCPP 93-65-2 -- -- -- -- 3.70E-08 EPA 
2010 

4.85E+01 4.85E-02 EPA 
2010 

-- -- -- 4.85E-02 EPA 
2010 

-- -- -- 

2,3,4,6-Tetrachlorophenol -- 58-90-2 -- -- -- -- 3.60E-04 EPA 
2010 

2.80E+02 2.80E-01 CLARC 
2010 

-- -- -- 2.80E-01 CLARC 
2010 

-- -- -- 

2,3,7,8-Tetrachlorodibenzo-p-dioxin TCDD 1746-01-6 -- -- -- -- 2.00E-03 EPA 
2010 

2.49E+05 2.49E+02 EPA 
2010 

-- -- -- 2.49E+02 EPA 
2010 

-- -- -- 

2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) 2,4,5-Trichlorophenoxyacetic acid 93-76-5 -- -- -- -- 1.90E-06 EPA 
2010 

4.90E+01 4.90E-02 ORNL 
2010 

-- -- -- 4.90E-02 ORNL 
2010 

-- -- -- 

2,4,5-TP(2-(2,4,5-Trichlorophenoxy)propionic 
acid)Silvex 

2-(2,4,5-Trichlorophenoxy)propionic 
acid 

93-72-1 -- -- -- -- 3.70E-07 EPA 
2010 

8.00E+01 8.00E-02 ORNL 
2010 

-- -- -- 8.00E-02 ORNL 
2010 

-- -- -- 

2,4,5-Trichlorophenol -- 95-95-4 5.60E-02 EPA 
2010 

6.50E-06 EPA 
2010 

1.80E-04 CLARC 
2010 

1.60E+03 1.60E+00 CLARC 
2010 

-- -- 1.60E+00 1.60E+00 DOE/RL-
96-17 

3.40E-07 V 2.22E+05 

2,4,6-Trichlorophenol -- 88-06-2 3.10E-02 EPA 
2010 

8.10E-06 EPA 
2010 

3.20E-04 CLARC 
2010 

3.80E+02 3.80E-01 CLARC 
2010 

-- -- 3.81E-01 3.81E-01 DOE/RL-
96-17 

1.21E-06 V 1.18E+05 

2,4,6-Trinitrotoluene -- 118-96-7 -- -- -- -- 8.50E-07 EPA 
2010 

2.81E+03 2.81E+00 EPA 
2010 

-- -- -- 2.81E+00 EPA 
2010 

-- -- -- 

2,4-D(2,4-Dichlorophenoxyacetic acid) 2,4-Dichlorophenoxyacetic acid 94-75-7 -- -- -- -- 1.40E-06 EPA 
2010 

2.94E+01 2.94E-02 ORNL 
2010 

-- -- -- 2.94E-02 ORNL 
2010 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2,4-DB(4-(2,4-Dichlorophenoxy)butanoic acid) 4-(2,4-Dichlorophenoxy)butanoic acid 94-82-6 -- -- -- -- 2.40E-07 EPA 
2010 

1.00E+02 1.00E-01 ORNL 
2010 

-- -- -- 1.00E-01 ORNL 
2010 

-- -- -- 

2,4-Dichlorophenol -- 120-83-2 6.40E-02 EPA 
2010 

7.40E-06 EPA 
2010 

1.30E-04 CLARC 
2010 

1.50E+02 1.50E-01 CLARC 
2010 

-- -- 1.47E-01 1.47E-01 DOE/RL-
96-17 

1.98E-06 V 9.20E+04 

2,4-Dimethylphenol -- 105-67-9 6.20E-02 EPA 
2010 

8.30E-06 EPA 
2010 

8.20E-05 CLARC 
2010 

2.10E+02 2.10E-01 CLARC 
2010 

-- -- 2.09E-01 2.09E-01 DOE/RL-
96-17 

1.05E-06 V 1.27E+05 

2,4-Dinitrophenol -- 51-28-5 -- -- -- -- 1.80E-05 CLARC 
2010 

1.00E-02 1.00E-05 CLARC 
2010 

-- -- 1.00E-05 1.00E-05 DOE/RL-
96-17 

-- -- -- 

2,4-Dinitrotoluene -- 121-14-2 -- -- -- -- 3.80E-06 CLARC 
2010 

9.60E+01 9.60E-02 CLARC 
2010 

-- -- 9.55E-02 9.55E-02 DOE/RL-
96-17 

-- -- -- 

2,5-Diaminotoluene Toluene-2,5-diamine 95-70-5 -- -- -- -- 3.89E-08 ORNL 
2010 

5.54E+01 5.54E-02 ORNL 
2010 

-- -- -- 5.54E-02 ORNL 
2010 

-- -- -- 

2,6-Dinitrotoluene -- 606-20-2 3.70E-02 EPA 
2010 

7.80E-06 EPA 
2010 

3.10E-05 CLARC 
2010 

6.90E+01 6.90E-02 CLARC 
2010 

-- -- 6.92E-02 6.92E-02 DOE/RL-
96-17 

6.54E-07 -- -- 

2-Butanone Methyl Ethyl Ketone 78-93-3 9.10E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.30E-03 EPA 
2010 

4.51E+00 4.51E-03 EPA 
2010  

-- -- -- 4.51E-03 EPA 
2010  

1.07E-04 V 1.25E+04 

2-Butoxyethanol Ethylene Glycol Monobutyl Ether 111-76-2 6.30E-02 EPA 
2010 

8.10E-06 EPA 
2010 

6.50E-05 EPA 
2010 

2.82E+00 2.82E-03 EPA 
2010 

-- -- -- 2.82E-03 EPA 
2010 

2.62E-06 V 8.01E+04 

2-Chloronaphthalene Beta-Chloronaphthalene 91-58-7 4.50E-02 EPA 
2010 

7.70E-06 EPA 
2010 

1.30E-02 EPA 
2010 

2.48E+03 2.48E+00 EPA 
2010  

-- -- 2.98E+00 2.98E+00 DOE/RL-
96-17 

1.01E-05 V 4.07E+04 

2-Chlorophenol -- 95-57-8 6.60E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.60E-02 CLARC 
2010 

3.90E+02 3.90E-01 CLARC 
2010 

-- -- 3.88E-01 3.88E-01 DOE/RL-
96-17 

1.15E-04 V 1.21E+04 

2-Chlorotoluene Chlorotoluene, o- 95-49-8 6.30E-02 EPA 
2010 

8.70E-06 EPA 
2010 

1.50E-01 EPA 
2010 

3.83E+02 3.83E-01 EPA 
2010 

-- -- -- 3.83E-01 EPA 
2010 

9.85E-04 V 4.13E+03 

2-Cyclohexyl-4,6-dinitrophenol 1,4,6-Dinitro-o-cyclohexyl Phenol 131-89-5 -- -- -- -- 1.40E-09 EPA 
2010 

1.65E+04 1.65E+01 EPA 
2010 

-- -- -- 1.65E+01 EPA 
2010 

-- -- -- 

2-Hexanoned -- 591-78-6 7.00E-02 EPA 
2010 

8.40E-06 EPA 
2010 

3.81E-03 ORNL 
2010 

1.50E+01 1.50E-02 EPA 
2010  

-- -- -- 1.50E-02 EPA 
2010  

1.23E-04 V 1.17E+04 

2-Methyl-2-(methylthio)propionaldehyde-o-
(methylcarbonyl) ox 

Aldicarb 116-06-3 -- -- -- -- 5.90E-08 EPA 
2010 

2.46E+01 2.46E-02 EPA 
2010 

-- -- -- 2.46E-02 EPA 
2010 

-- -- -- 

2-Methyl-4 chlorophenoxyacetic acid MCPA 94-74-6 -- -- -- -- 5.40E-08 EPA 
2010 

2.96E+01 2.96E-02 EPA 
2010 

-- -- -- 2.96E-02 EPA 
2010 

-- -- -- 

2-Methyllactonitrile Acetone Cyanohydrin 75-86-5 8.60E-02 EPA 
2010 

1.00E-05 EPA 
2010 

5.30E-04 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.46E-05 V 2.61E+04 

2-methylnaphthalene -- 
91-57-6 

5.20E-03 EPA 
2010 

7.80E-06 ORNL 
2010 

2.12E-02 ORNL 
2010 

2.48E+03 2.48E+00 ORNL 
2010  

-- -- 2.98E+00 2.98E+00 DOE/RL-
96-17 

1.92E-06 V 9.36E+04 

2-Methylphenol (cresol, o-) Cresol, o- 95-48-7 7.30E-02 EPA 
2010 

9.30E-06 EPA 
2010 

4.90E-05 CLARC 
2010 

9.10E+01 9.10E-02 CLARC 
2010 

-- -- 4.34E-01 4.34E-01 DOE/RL-
96-17 

4.67E-07 V 1.90E+05 

2-Nitroaniline -- 88-74-4 -- -- -- -- 2.40E-06 EPA 
2010 

1.11E+02 1.11E-01 EPA 
2010  

-- -- 5.27E-02 5.27E-02 DOE/RL-
96-17 

-- -- -- 

2-Nitrophenol 
-- 

88-75-5 
6.05E-02 ORNL 

2010 
9.17E-06 ORNL 

2010 
5.23E-04 ORNL 

2010 
2.97E+02 2.97E-01 ORNL 

2010  
-- -- -- 2.97E-01 ORNL 

2010  
4.39E-06 -- -- 

2-Nitropropane -- 79-46-9 8.50E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.90E-03 EPA 
2010 

3.08E+01 3.08E-02 EPA 
2010 

-- -- -- 3.08E-02 EPA 
2010 

1.69E-04 V 9.98E+03 

2-Pentanone, 4-Methyl 4-Methyl-2-Penatone 108-10-1 7.00E-02 EPA 
2010 

8.30E-06 EPA 
2010 

5.60E-03 EPA 
2010 

1.26E+01 1.26E-02 EPA 
2010  

-- -- -- 1.26E-02 EPA 
2010  

1.84E-04 V 9.55E+03 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2-Propyn-1-ol Propargyl Alcohol 107-19-7 1.20E-01 EPA 
2010 

1.30E-05 EPA 
2010 

4.70E-05 EPA 
2010 

1.90E+00 1.90E-03 EPA 
2010 

-- -- -- 1.90E-03 EPA 
2010 

3.76E-06 V 6.69E+04 

3,3'-Dichlorobenzidine -- 91-94-1 -- -- -- -- 1.60E-07 CLARC 
2010 

7.20E+02 7.20E-01 CLARC 
2010 

-- -- 7.24E-01 7.24E-01 DOE/RL-
96-17 

-- -- -- 

3,3'-Dimethoxybenzidine -- 119-90-4 -- -- -- -- 1.90E-09 EPA 
2010 

5.09E+02 5.09E-01 EPA 
2010 

-- -- -- 5.09E-01 EPA 
2010 

-- -- -- 

3,3'-Dimethylbenzidine -- 119-93-7 -- -- -- -- 3.30E-09 EPA 
2010 

3.19E+03 3.19E+00 EPA 
2010 

-- -- -- 3.19E+00 EPA 
2010 

-- -- -- 

3+4 Methylphenol (cresol, m+p) -- 65794-96-9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

3-Methylphenol (cresol, m-) Cresol, m- 108-39-4 7.30E-02 EPA 
2010 

9.30E-06 EPA 
2010 

3.50E-05 EPA 
2010 

3.00E+02 3.00E-01 EPA 
2010 

-- -- -- 3.00E-01 EPA 
2010 

4.87E-07 V 1.86E+05 

3-Nitroaniline -- 99-09-2 -- -- -- -- 3.23E-07 ORNL 
2010 

1.09E+02 1.09E-01 ORNL 
2010  

-- -- 5.16E-02 5.16E-02 DOE/RL-
96-17 

-- -- -- 

4,4'-DDD (Dichlorodiphenyldichloroethane) Dichlorodiphenyldichloroethane 72-54-8 -- -- -- -- 1.60E-04 CLARC 
2010 

4.60E+04 4.60E+01 CLARC 
2010 

-- -- 4.58E+01 4.58E+01 DOE/RL-
96-17 

-- -- -- 

4,4'-DDE (Dichlorodiphenyldichloroethylene) Dichlorodiphenyldichloroethylene 72-55-9 -- -- -- -- 8.60E-04 CLARC 
2010 

8.60E+04 8.60E+01 CLARC 
2010 

-- -- 8.64E+01 8.64E+01 DOE/RL-
96-17 

-- -- -- 

4,4'-DDT (Dichlorodiphenyltrichloroethane) Dichlorodiphenyltrichloroethane 50-29-3 -- -- -- -- 3.30E-04 CLARC 
2010 

6.80E+05 6.80E+02 CLARC 
2010 

-- -- 6.78E+02 6.78E+02 DOE/RL-
96-17 

-- -- -- 

4,4'-Methylenebis(2-chloroaniline) -- 101-14-4 -- -- -- -- 4.70E-10 EPA 
2010 

5.70E+03 5.70E+00 EPA 
2010 

-- -- -- 5.70E+00 EPA 
2010 

-- -- -- 

4,6-Dinitro-2-methylphenol 4,6-Dinitro-o-cresol 534-52-1 5.60E-02 EPA 
2010 

6.50E-06 EPA 
2010 

5.70E-05 EPA 
2010 

7.54E+02 7.54E-01 EPA 
2010  

-- -- 6.02E-01 6.02E-01 DOE/RL-
96-17 

3.01E-07 -- -- 

4-Amino-3,5,6-trichloropicolinic acid Picloram 1918-02-1 -- -- -- -- 2.20E-12 EPA 
2010 

3.88E+01 3.88E-02 EPA 
2010 

-- -- -- 3.88E-02 EPA 
2010 

-- -- -- 

4-Bromophenylphenyl ether 
-- 

101-55-3 
-- -- -- -- 4.78E-03 ORNL 

2010 
3.08E+03 3.08E+00 ORNL 

2010 
-- -- -- 3.08E+00 ORNL 

2010 
-- -- -- 

4-Chloro-3-methylphenol 
-- 

59-50-7 
-- -- -- -- 1.0E-04 EPA 

2010 4.92E+02 
4.92E-01 ORNL 

2010 
-- -- -- 4.92E-01 ORNL 

2010 
-- -- -- 

4-Chloroaniline Chloraniline, p- 106-47-8 7.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.40E-05 CLARC 
2010 

6.60E+01 6.60E-02 CLARC 
2010 

-- -- 7.25E-02 7.25E-02 DOE/RL-
96-17 

6.71E-07 V 1.58E+05 

4-Chlorophenylphenyl ether 
-- 

7005-72-3 
-- -- -- -- 9.77E-03 ORNL 

2010 
3.08E+03 3.08E+00 ORNL 

2010  
-- -- -- 3.08E+00 ORNL 

2010  
-- -- -- 

4-Methylphenol (cresol, p-) Cresol, p- 106-44-5 7.20E-02 EPA 
2010 

9.20E-06 EPA 
2010 

4.10E-05 EPA 
2010 

3.00E+02 3.00E-01 EPA 
2010  

-- -- 4.34E-01 4.34E-01 DOE/RL-
96-17 

4.04E-07 V 2.04E+05 

4-Nitroaniline -- 100-01-6 -- -- -- -- 5.20E-08 EPA 
2010 

1.09E+02 1.09E-01 EPA 
2010  

-- -- 5.16E-02 5.16E-02 DOE/RL-
96-17 

-- -- -- 

4-Nitrophenol -- 100-02-7 -- -- -- -- 1.70E-08 ORNL 
2010 

2.91E+02 2.91E-01 ORNL 
2010  

-- -- 3.09E-01 3.09E-01 DOE/RL-
96-17 

-- -- -- 

5-Nitro-o-toluidine 2-methyl-5-nitroaniline 99-55-8 -- -- -- -- 7.90E-07 EPA 
2010 

1.79E+02 1.79E-01 EPA 
2010 

-- -- -- 1.79E-01 EPA 
2010 

-- -- -- 

Acenaphthene -- 83-32-9 5.10E-02 EPA 
2010 

8.30E-06 EPA 
2010 

6.40E-03 CLARC 
2010 

4.90E+03 4.90E+00 CLARC 
2010 

-- -- 6.12E+00 6.12E+00 DOE/RL-
96-17 

2.80E-06 -- -- 

Acenaphthylene 
-- 

208-96-8 
4.50E-02 ORNL 

2010 
6.98E-06 ORNL 

2010 
4.66E-03 ORNL 

2010 
5.03E+03 5.03E+00 ORNL 

2010  
-- -- -- 5.03E+00 ORNL 

2010  
2.19E-06 -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Acetaldehyde -- 75-07-0 1.30E-01 EPA 
2010 

1.40E-05 EPA 
2010 

2.70E-03 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

1.85E-04 V 9.53E+03 

Acetic acid, methyl ester Methyl Acetate 79-20-9 9.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.70E-03 EPA 
2010 

3.06E+00 3.06E-03 EPA 
2010 

-- -- -- 3.06E-03 EPA 
2010 

2.32E-04 V 8.52E+03 

Acetone -- 67-64-1 1.10E-01 EPA 
2010 

1.10E-05 EPA 
2010 

1.60E-03 CLARC 
2010 

5.80E-01 5.80E-04 CLARC 
2010 

-- -- 6.00E-04 6.00E-04 DOE/RL-
96-17 

9.36E-05 V 1.34E+04 

Acetonitrile -- 75-05-8 1.30E-01 EPA 
2010 

1.40E-05 EPA 
2010 

1.40E-03 EPA 
2010 

4.67E+00 4.67E-03 EPA 
2010 

-- -- -- 4.67E-03 EPA 
2010 

9.33E-05 V 1.34E+04 

Acetophenone -- 98-86-2 6.50E-02 EPA 
2010 

8.70E-06 EPA 
2010 

4.30E-04 EPA 
2010 

5.19E+01 5.19E-02 EPA 
2010 

-- -- -- 5.19E-02 EPA 
2010 

1.02E-05 V 4.07E+04 

Acrolein -- 107-02-8 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

5.00E-03 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.88E-04 V 7.64E+03 

Acrylamide -- 79-06-1 -- -- -- -- 7.00E-08 EPA 
2010 

5.69E+00 5.69E-03 EPA 
2010 

-- -- -- 5.69E-03 EPA 
2010 

-- V -- 

Acrylonitrile -- 107-13-1 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

5.60E-03 EPA 
2010 

8.51E+00 8.51E-03 EPA 
2010 

-- -- -- 8.51E-03 EPA 
2010 

3.00E-04 V 7.48E+03 

Aldrin -- 309-00-2 -- -- -- -- 7.00E-03 CLARC 
2010 

4.90E+04 4.90E+01 CLARC 
2010 

-- -- 4.87E+01 4.87E+01 DOE/RL-
96-17 

-- V -- 

Allyl alcohol -- 107-18-6 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

2.00E-04 EPA 
2010 

1.90E+00 1.90E-03 EPA 
2010 

-- -- -- 1.90E-03 EPA 
2010 

1.22E-05 V 3.71E+04 

Allyl chloride -- 107-05-1 9.40E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.50E-01 EPA 
2010 

3.96E+01 3.96E-02 EPA 
2010 

-- -- -- 3.96E-02 EPA 
2010 

1.00E-02 V 1.30E+03 

Alpha-BHC Hexachlorocyclohexane, Alpha- 319-84-6 -- -- -- -- 4.40E-04 CLARC 
2010 

1.80E+03 1.80E+00 CLARC 
2010 

-- -- 1.76E+00 1.76E+00 DOE/RL-
96-17 

-- -- -- 

Alpha-Chlordane -- 5103-71-9 -- -- -- -- 
0.00199 

ORNL 
2010 67.5 0.0675 

ORNL 
2010  -- -- 51 51 

DOE/RL-
96-17 

-- -- -- 

Alpha-Methylstyrene -- 98-83-9 6.30E-02 EPA 
2010 

8.20E-06 EPA 
2010 

1.00E-01 EPA 
2010 

6.98E+02 6.98E-01 EPA 
2010 

-- -- -- 6.98E-01 EPA 
2010 

4.11E-04 V 6.40E+03 

Aluminum -- 7429-90-5 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 1.50E+03 EPA 
2010 

-- 1.50E+03 EPA 
2010 

-- -- -- 

Aniline -- 62-53-3 8.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

8.30E-05 EPA 
2010 

7.02E+01 7.02E-02 EPA 
2010 

-- -- -- 7.02E-02 EPA 
2010 

2.53E-06 V 8.15E+04 

Anthracene -- 120-12-7 3.90E-02 EPA 
2010 

7.90E-06 EPA 
2010 

2.70E-03 CLARC 
2010 

2.30E+04 2.30E+01 CLARC 
2010 

-- -- 2.35E+01 2.35E+01 DOE/RL-
96-17 

2.40E-07 -- -- 

Antimony Antimony (metallic) 7440-36-0 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

45 
CLARC 

2010 

3.76E+00 3.76E+00 DOE/RL-
96-17 

-- -- -- 

Aramite -- 140-57-8 -- -- -- -- 7.80E-06 EPA 
2010 

5.55E+03 5.55E+00 EPA 
2010 

-- -- -- 5.55E+00 EPA 
2010 

-- -- -- 

Aroclor-1016 -- 12674-11-2 -- -- -- -- 8.20E-03 EPA 
2010 

1.10E+05 1.10E+02 CLARC 
2010 

-- -- 1.07E+02 1.07E+02 DOE/RL-
96-17 

-- -- -- 

Aroclor-1221 -- 11104-28-2 5.80E-02 EPA 
2010 

6.70E-06 EPA 
2010 

3.00E-02 EPA 
2010 

8.40E+03 8.40E+00 EPA 
2010  

-- -- 1.03E+01 1.03E+01 DOE/RL-
96-17 

8.91E-06 -- -- 

Aroclor-1232 -- 11141-16-5 5.80E-02 EPA 
2010 

6.70E-06 EPA 
2010 

3.00E-02 EPA 
2010 

8.40E+03 8.40E+00 EPA 
2010  

-- -- 1.03E+01 1.03E+01 DOE/RL-
96-17 

8.91E-06 -- -- 

Aroclor-1242 -- 53469-21-9 -- -- -- -- 7.80E-03 EPA 
2010 

7.81E+04 7.81E+01 EPA 
2010  

-- -- 4.48E+01 4.48E+01 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Aroclor-1248 -- 12672-29-6 -- -- -- -- 1.80E-02 EPA 
2010 

7.65E+04 7.65E+01 EPA 
2010  

-- -- 4.39E+01 4.39E+01 DOE/RL-
96-17 

-- -- -- 

Aroclor-1254 -- 11097-69-1 -- -- -- -- 1.20E-02 EPA 
2010 

1.31E+05 1.31E+02 EPA 
2010  

-- -- 7.56E+01 7.56E+01 DOE/RL-
96-17 

-- -- -- 

Aroclor-1260 -- 11096-82-5 -- -- -- -- 1.40E-02 EPA 
2010 

8.20E+05 8.20E+02 CLARC 
2010 

-- -- 8.22E+02 8.22E+02 DOE/RL-
96-17 

-- -- -- 

Aroclor-1262 -- 37324-23-5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Arsenic Arsenic, Inorganic 7440-38-2 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

29 
CLARC 

2010 

3.00E+00 3.00E+00 DOE/RL-
96-17 

-- -- -- 

Atrazine -- 1912-24-9 -- -- -- -- 9.60E-08 EPA 
2010 

2.25E+02 2.25E-01 EPA 
2010 

-- -- -- 2.25E-01 EPA 
2010 

-- -- -- 

Azobenzene -- 103-33-3 3.40E-02 EPA 
2010 

7.00E-06 EPA 
2010 

5.50E-04 EPA 
2010 

3.76E+03 3.76E+00 EPA 
2010 

-- -- -- 3.76E+00 EPA 
2010 

2.70E-07 -- -- 

Barium -- 7440-39-3 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

41 
CLARC 

2010 

2.50E+01 2.50E+01 DOE/RL-
96-17 

-- -- -- 

Benzaldehyde -- 100-52-7 7.40E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.10E-03 EPA 
2010 

1.11E+01 1.11E-02 EPA 
2010 

-- -- -- 1.11E-02 EPA 
2010 

3.95E-05 V 2.06E+04 

Benzene -- 71-43-2 9.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.30E-01 CLARC 
2010 

6.20E+01 6.20E-02 CLARC 
2010 

-- -- -- 6.20E-02 CLARC 
2010 

5.37E-03 V 1.77E+03 

Benzenethiol -- 108-98-5 7.30E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.40E-02 EPA 
2010 

2.34E+02 2.34E-01 EPA 
2010 

-- -- -- 2.34E-01 EPA 
2010 

1.62E-04 V 1.02E+04 

Benzidine -- 92-87-5 -- -- -- -- 2.90E-09 EPA 
2010 

1.19E+03 1.19E+00 EPA 
2010 

-- -- -- 1.19E+00 EPA 
2010 

-- -- -- 

Benzo(a)anthracene Benz(a)anthracene 56-55-3 -- -- -- -- 1.40E-04 CLARC 
2010 

3.60E+05 3.60E+02 CLARC 
2010 

-- -- 3.60E+02 3.60E+02 DOE/RL-
96-17 

-- -- -- 

Benzo(a)pyrene -- 50-32-8 -- -- -- -- 4.60E-05 CLARC 
2010 

9.70E+05 9.70E+02 CLARC 
2010 

-- -- 5.50E+03 5.50E+03 DOE/RL-
96-17 

-- -- -- 

Benzo(b)fluoranthene -- 205-99-2 -- -- -- -- 4.60E-03 CLARC 
2010 

1.20E+06 1.20E+03 CLARC 
2010 

-- -- 8.03E+02 8.03E+02 DOE/RL-
96-17 

-- -- -- 

Benzo(g,h,i)perylene 
-- 

191-24-2 
-- -- -- -- 1.35E-05 ORNL 

2010 
1.95E+06 1.95E+03 ORNL 

2010  
-- -- -- 1.95E+03 ORNL 

2010  
-- -- -- 

Benzo(k)fluoranthene -- 207-08-9 -- -- -- -- 3.40E-05 CLARC 
2010 

1.20E+06 1.20E+03 CLARC 
2010 

-- -- 1.23E+03 1.23E+03 DOE/RL-
96-17 

-- -- -- 

Benzoic acid -- 65-85-0 -- -- -- -- 6.31E-05 CLARC 
2010 

1.66E+01 1.66E-02 EPA 
2010 

-- -- -- 1.66E-02 EPA 
2010 

-- -- -- 

Benzyl alcohol -- 100-51-6 7.30E-02 EPA 
2010 

9.40E-06 EPA 
2010 

1.40E-05 EPA 
2010 

2.15E+01 2.15E-02 EPA 
2010 

-- -- -- 2.15E-02 EPA 
2010 

9.40E-07 V 1.34E+05 

Benzyl chloride -- 100-44-7 6.30E-02 EPA 
2010 

8.80E-06 EPA 
2010 

1.70E-02 EPA 
2010 

4.46E+02 4.46E-01 EPA 
2010 

-- -- -- 4.46E-01 EPA 
2010 

1.04E-04 V 1.27E+04 

Beryllium Beryllium and Compounds 7440-41-7 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 7.90E+02 EPA 
2010 

7.90E+02 7.90E+02 DOE/RL-
96-17 

-- -- -- 

beta-1,2,3,4,5,6-Hexachlorocyclohexane (beta-BHC) Hexachlorocyclohexane, Beta- (Beta-
BHC) 

319-85-7 -- -- -- -- 3.10E-05 CLARC 
2010 

2.10E+03 2.10E+00 CLARC 
2010 

-- -- 2.14E+00 2.14E+00 DOE/RL-
96-17 

-- -- -- 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-240



ECF-HANFORD-11-0033, DRAFT 

20 

Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Bis(2-chloro-1-methylethyl)ether -- 108-60-1 4.00E-02 EPA 
2010 

7.40E-06 EPA 
2010 

3.00E-03 EPA 
2010 

8.29E+01 8.29E-02 EPA 
2010  

-- -- 3.92E-02 3.92E-02 DOE/RL-
96-17 

4.61E-05 V 1.91E+04 

Bis(2-Chloroethoxy)methane -- 111-91-1 -- -- -- -- 1.60E-04 EPA 
2010 

1.44E+01 1.44E-02 EPA 
2010  

-- -- 2.77E-03 2.77E-03 DOE/RL-
96-17 

-- -- -- 

Bis(2-chloroethyl) ether -- 111-44-4 5.70E-02 EPA 
2010 

8.70E-06 EPA 
2010 

7.40E-04 CLARC 
2010 

7.60E+01 7.60E-02 CLARC 
2010 

-- -- 7.60E-02 7.60E-02 DOE/RL-
96-17 

1.31E-05 V 3.59E+04 

Bis(2-chloroisopropyl) Bis(2-chloroisopropyl) ether 39638-32-9 6.17E-02 ORNL 
2010 

7.20E-06 ORNL 
2010 

1.36E-02 ORNL 
2010 

4.58E+01 4.58E-02 ORNL 
2010 

-- -- -- 4.58E-02 ORNL 
2010 

3.02E-04 V 7.47E+03 

Bis(2-ethylhexyl) adipate Di-(2-ethylehexyl) adipate 103-23-1 -- -- -- -- 1.80E-05 EPA 
2010 

1.10E+05 1.10E+02 ORNL 
2010 

-- -- -- 1.10E+02 ORNL 
2010 

-- -- -- 

Bis(2-ethylhexyl) phthalate -- 117-81-7 -- -- -- -- 4.20E-06 CLARC 
2010 

1.10E+05 1.10E+02 CLARC 
2010 

-- -- 1.10E+02 1.10E+02 DOE/RL-
96-17 

-- -- -- 

Bis(chloromethyl) ether -- 542-88-1 7.60E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.80E-01 EPA 
2010 

9.70E+00 9.70E-03 EPA 
2010 

-- -- -- 9.70E-03 EPA 
2010 

5.07E-03 V 1.82E+03 

Bismuth -- 7440-69-9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Bisphenol A -- 80-05-7 -- -- -- -- 3.70E-10 EPA 
2010 

3.77E+04 3.77E+01 EPA 
2010 

-- -- -- 3.77E+01 EPA 
2010 

-- -- -- 

Boron Boron And Borates Only 7440-42-8 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 3.00E+00 EPA 
2010 

-- 3.00E+00 EPA 
2010 

-- -- -- 

Bromide -- 24959-67-9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Bromodichloromethane -- 75-27-4 5.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

6.60E-02 CLARC 
2010 

5.50E+01 5.50E-02 CLARC 
2010 

-- -- -- 5.50E-02 CLARC 
2010 

1.18E-03 V 3.78E+03 

Bromoform -- 75-25-2 -- -- -- -- 2.20E-02 CLARC 
2010 

1.30E+02 1.30E-01 CLARC 
2010 

-- -- -- 1.30E-01 CLARC 
2010 

-- V -- 

Bromomethane -- 74-83-9 1.00E-01 EPA 
2010 

1.30E-05 EPA 
2010 

2.60E-01 CLARC 
2010 

9.00E+00 9.00E-03 CLARC 
2010 

-- -- -- 9.00E-03 CLARC 
2010 

8.76E-03 V 1.39E+03 

Butylbenzylphthalate -- 85-68-7 -- -- -- -- 5.20E-05 CLARC 
2010 

1.40E+04 1.40E+01 CLARC 
2010 

-- -- 1.38E+01 1.38E+01 DOE/RL-
96-17 

-- -- -- 

Cadmium Cadmium (Diet) 7440-43-9 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

75 
EPA 
2010 

3.00E+01 3.00E+01 DOE/RL-
96-17 

-- -- -- 

Calcium -- 7440-70-2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Caprolactam -- 105-60-2 -- -- -- -- 1.00E-06 EPA 
2010 

2.45E+01 2.45E-02 EPA 
2010 

-- -- -- 2.45E-02 EPA 
2010 

-- -- -- 

Carbazole -- 86-74-8 6.26E-02 EPA 
2010 

7.31E-06 EPA 
2010 

6.30E-07 CLARC 
2010 

3.40E+03 3.40E+00 CLARC 
2010 

-- -- 3.39E+00 3.39E+00 DOE/RL-
96-17 

1.39E-08 -- -- 

Carbethoxy malathion Malathion 121-75-5 -- -- -- -- 2.00E-07 EPA 
2010 

3.13E+01 3.13E-02 EPA 
2010 

-- -- -- 3.13E-02 EPA 
2010 

-- -- -- 

Carbon disulfide -- 75-15-0 1.10E-01 EPA 
2010 

1.30E-05 EPA 
2010 

1.20E+00 CLARC 
2010 

4.60E+01 4.60E-02 CLARC 
2010 

-- -- -- 4.60E-02 CLARC 
2010 

1.88E-02 V 9.45E+02 

Carbon tetrachloride -- 56-23-5 5.70E-02 EPA 
2010 

9.80E-06 EPA 
2010 

1.30E+00 CLARC 
2010 

1.50E+02 1.50E-01 CLARC 
2010 

-- -- 1.52E-01 1.52E-01 DOE/RL-
96-17 

7.93E-03 V 1.46E+03 

Carbophenothion Trithion 786-19-6 -- -- -- -- 8.79E-06 ORNL 
2010 

8.31E+03 8.31E+00 ORNL 
2010 

-- -- -- 8.31E+00 ORNL 
2010 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Cellosolve acetate 2-Ethoxyethanol acetate 111-15-9 5.70E-02 EPA 
2010 

8.00E-06 EPA 
2010 

1.30E-04 EPA 
2010 

4.54E+00 4.54E-03 EPA 
2010 

-- -- -- 4.54E-03 EPA 
2010 

4.26E-06 V 6.28E+04 

Cellosolve Solvent 2-Ethoxyethanol  110-80-5 8.20E-02 EPA 
2010 

9.70E-06 EPA 
2010 

1.90E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

1.43E-06 V 1.08E+05 

Chloral -- 75-87-6 -- -- -- -- 1.19E-07 ORNL 
2010 

2.14E+00 2.14E-03 ORNL 
2010 

-- -- -- 2.14E-03 ORNL 
2010 

-- V -- 

Chlordane -- 57-74-9 -- -- -- -- 
0.002 

CLARC 
2010 51 0.051 

CLARC 
2010 -- -- 51 51 

DOE/RL-
96-17 

-- -- -- 

Chloride -- 16887-00-6 -- -- -- -- 0.00E+00 ORNL 
2010 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Chlorine -- 7782-50-5 -- -- -- -- 4.80E-01 EPA 
2010 

-- -- -- 2.50E-01 EPA 
2010 

-- 2.50E-01 EPA 
2010 

-- V -- 

Chloroacetophenone 2-Chloroacetophenone 532-27-4 5.20E-02 EPA 
2010 

8.70E-06 EPA 
2010 

1.30E-04 EPA 
2010 

9.89E+01 9.89E-02 EPA 
2010 

-- -- -- 9.89E-02 EPA 
2010 

2.09E-06 -- -- 

Chlorobenzene -- 108-90-7 7.20E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.50E-01 CLARC 
2010 

2.20E+02 2.20E-01 CLARC 
2010 

-- -- -- 2.20E-01 CLARC 
2010 

1.65E-03 V 3.19E+03 

Chlorobenzilate -- 510-15-6 -- -- -- -- 3.00E-06 EPA 
2010 

1.54E+03 1.54E+00 EPA 
2010 

-- -- -- 1.54E+00 EPA 
2010 

-- -- -- 

Chlorodifluoromethane -- 75-45-6 1.00E-01 EPA 
2010 

1.30E-05 EPA 
2010 

1.70E+00 EPA 
2010 

3.18E+01 3.18E-02 EPA 
2010 

-- -- -- 3.18E-02 EPA 
2010 

2.00E-02 V 9.18E+02 

Chloroethane Ethylchloride 75-00-3 1.00E-01 EPA 
2010 

1.20E-05 EPA 
2010 

4.5E-01 EPA 
2010 

2.17E+01 2.17E-02 ORNL 
2010  

-- -- -- 2.17E-02 ORNL 
2010  

1.16E-02 V 1.20E+03 

Chloroform -- 67-66-3 7.70E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.50E-01 CLARC 
2010 

5.30E+01 5.30E-02 CLARC 
2010 

-- -- -- 5.30E-02 CLARC 
2010 

3.39E-03 V 2.23E+03 

Chloromethane -- 74-87-3 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

3.6E-01 ORNL 
2010 

6.00E+00 6.00E-03 CLARC 
2010 

-- -- -- 6.00E-03 CLARC 
2010 

1.32E-02 V 1.13E+03 

Chloromethyl methyl ether -- 107-30-2 9.50E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.20E-02 EPA 
2010 

5.32E+00 5.32E-03 EPA 
2010 

-- -- -- 5.32E-03 EPA 
2010 

5.65E-04 V 5.45E+03 

Chloroprene 2-Chloro-1,3-butadiene 126-99-8 8.40E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.30E+00 EPA 
2010 

6.07E+01 6.07E-02 EPA 
2010 

-- -- -- 6.07E-02 EPA 
2010 

1.73E-02 V 9.87E+02 

Chlorpyrifos -- 2921-88-2 -- -- -- -- 1.20E-04 EPA 
2010 

7.28E+03 7.28E+00 EPA 
2010 

-- -- -- 7.28E+00 EPA 
2010 

-- -- -- 

Chromium -- 7440-47-3 -- -- -- -- 
0 

CLARC 
2010 -- -- -- 1000 

ORNL 
2010 200 200 

DOE/RL-
96-17 

-- -- -- 

Chromium (III) -- 16065-83-1 -- -- -- -- 
0 

CLARC 
2010 -- -- -- 1000 

ORNL 
2010 200 200 

DOE/RL-
96-17 

-- -- -- 

Chrysene -- 218-01-9 -- -- -- -- 3.90E-03 CLARC 
2010 

4.00E+05 4.00E+02 CLARC 
2010 

-- -- 2.00E+02 2.00E+02 DOE/RL-
96-17 

-- -- -- 

cis-1,2-Dichloroethylene -- 156-59-2 8.80E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.70E-01 CLARC 
2010 

3.60E+01 3.60E-02 CLARC 
2010 

-- -- -- 3.60E-02 CLARC 
2010 

4.74E-03 V 1.88E+03 

cis-1,3-Dichloropropened -- 10061-01-5 7.65E-02 ORNL 
2010 

1.02E-05 ORNL 
2010 0.73 

CLARC 
2010 0.027 0.000027 

CLARC 
2010 -- -- -- 0.027 

CLARC 
2010 

1.12E-02 V 1.22E+03 

Cobalt -- 7440-48-4 -- -- -- -- 0.00E+00 ORNL 
2010 

-- -- -- 

45 
EPA 
2010 

5.00E+01 5.00E+01 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Co-elution of Aroclor 1242 and Aroclor 1016 -- PCB1242/10
16 

-- -- -- -- 
-- -- -- -- -- -- -- -- -- -- 

-- -- -- 

Copper -- 7440-50-8 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 2.20E+01 CLARC 
2010 

2.20E+01 2.20E+01 DOE/RL-
96-17 

-- -- -- 

Cyanide Cyanide (CN-) 57-12-5 2.10E-01 EPA 
2010 

2.50E-05 EPA 
2010 

5.40E-03 EPA 
2010 

2.84E+00 2.84E-03 ORNL 
2010 

9.90E+00 EPA 
2010 

9.90E+00 9.90E+00 DOE/RL-
96-17 

6.06E-06 -- -- 

Cyanogen -- 460-19-5 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

2.20E-01 EPA 
2010 

1.83E+00 1.83E-03 EPA 
2010 

-- -- -- 1.83E-03 EPA 
2010 

9.80E-03 V 1.31E+03 

Cyanogen bromide -- 506-68-3 9.80E-02 EPA 
2010 

1.40E-05 EPA 
2010 

1.00E+00 EPA 
2010 

4.67E+00 4.67E-03 EPA 
2010 

-- -- -- 4.67E-03 EPA 
2010 

1.78E-02 V 9.73E+02 

Cyanogen chloride -- 506-77-4 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

7.90E-02 EPA 
2010 

4.67E+00 4.67E-03 EPA 
2010 

-- -- -- 4.67E-03 EPA 
2010 

4.22E-03 V 2.00E+03 

Cyclohexaned -- 110-82-7 8.00E-02 EPA 
2010 

9.10E-06 EPA 
2010 

6.10E+00 EPA 
2010 

1.46E+02 1.46E-01 EPA 
2010 

-- -- -- 1.46E-01 EPA 
2010 

1.86E-02 V 9.52E+02 

Cyclohexanone -- 108-94-1 7.70E-02 EPA 
2010 

9.40E-06 EPA 
2010 

3.70E-04 EPA 
2010 

1.74E+01 1.74E-02 EPA 
2010 

-- -- -- 1.74E-02 EPA 
2010 

1.34E-05 V 3.54E+04 

Dalapon -- 75-99-0 -- -- -- -- 2.30E-06 EPA 
2010 

2.74E+00 2.74E-03 ORNL 
2009 

-- -- -- 2.74E-03 ORNL 
2009 

-- V -- 

Delta-BHC Delta-Hexachlorocyclohexane 319-86-8 -- -- -- -- 2.10E-04 ORNL 
2010 

2.81E+03 2.81E+00 ORNL 
2010  

-- -- -- 2.81E+00 ORNL 
2010  

-- -- -- 

Diallate -- 2303-16-4 -- -- -- -- 1.60E-04 EPA 
2010 

6.44E+02 6.44E-01 EPA 
2010 

-- -- -- 6.44E-01 EPA 
2010 

-- -- -- 

Diazinon -- 333-41-5 -- -- -- -- 4.60E-06 EPA 
2010 

3.03E+03 3.03E+00 EPA 
2010 

-- -- -- 3.03E+00 EPA 
2010 

-- -- -- 

Dibenz[a,h]anthracene -- 53-70-3 -- -- -- -- 6.00E-07 CLARC 
2010 

1.80E+06 1.80E+03 CLARC 
2010 

-- -- 1.79E+03 1.79E+03 DOE/RL-
96-17 

-- -- -- 

Dibenzofuran -- 132-64-9 4.10E-02 EPA 
2010 

7.40E-06 EPA 
2010 

8.70E-03 EPA 
2010 

9.16E+03 9.16E+00 EPA 
2010  

-- -- 1.13E+01 1.13E+01 DOE/RL-
96-17 

1.67E-06 -- -- 

Dibromochloromethane -- 124-48-1 3.70E-02 EPA 
2010 

1.10E-05 EPA 
2010 

3.20E-02 CLARC 
2010 

6.30E+01 6.30E-02 CLARC 
2010 

-- -- -- 6.30E-02 CLARC 
2010 

3.74E-04 V 6.71E+03 

Dibromomethane Methylene Bromide 74-95-3 5.50E-02 EPA 
2010 

1.20E-05 EPA 
2010 

3.40E-02 EPA 
2010 

2.17E+01 2.17E-02 EPA 
2010 

-- -- -- 2.17E-02 EPA 
2010 

7.78E-04 V 4.65E+03 

Dicamba -- 1918-00-9 -- -- -- -- 8.90E-08 EPA 
2010 

2.88E+01 2.88E-02 ORNL 
2009 

-- -- -- 2.88E-02 ORNL 
2009 

-- -- -- 

Dichlorodifluoromethane -- 75-71-8 7.80E-02 EPA 
2010 

9.10E-06 EPA 
2010 

1.40E+01 EPA 
2010 

4.39E+01 4.39E-02 EPA 
2010 

-- -- -- 4.39E-02 EPA 
2010 

2.08E-02 V 8.99E+02 

Dichloroprop -- 120-36-5 -- -- -- -- -- -- 2.94E+01 2.94E-02 ORNL 
2009 

-- -- -- 2.94E-02 ORNL 
2009 

-- -- -- 

Dichlorvos -- 62-73-7 -- -- -- -- 2.30E-05 EPA 
2010 

5.40E+01 5.40E-02 EPA 
2010 

-- -- -- 5.40E-02 EPA 
2010 

-- V -- 

Dieldrin -- 60-57-1 -- -- -- -- 6.20E-04 CLARC 
2010 

2.60E+04 2.60E+01 CLARC 
2010 

-- -- 2.56E+01 2.56E+01 DOE/RL-
96-17 

-- -- -- 

Diethyl ether Ethyl Ether 60-29-7 8.50E-02 EPA 
2010 

9.40E-06 EPA 
2010 

5.00E-02 EPA 
2010 

9.70E+00 9.70E-03 EPA 
2010 

-- -- -- 9.70E-03 EPA 
2010 

1.90E-03 V 2.97E+03 

Diethylphthalate -- 84-66-2 -- -- -- -- 1.90E-05 CLARC 
2010 

8.20E+01 8.20E-02 CLARC 
2010 

-- -- 8.20E-02 8.20E-02 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Diethylstilbesterol -- 56-53-1 -- -- -- -- 2.40E-10 EPA 
2010 

2.74E+05 2.74E+02 EPA 
2010 

-- -- -- 2.74E+02 EPA 
2010 

-- -- -- 

Dimethoate -- 60-51-5 -- -- -- -- 9.90E-09 EPA 
2010 

1.28E+01 1.28E-02 EPA 
2010 

-- -- -- 1.28E-02 EPA 
2010 

-- -- -- 

Dimethyl 1,2-dibromo-2,2-dichloroethyl phosphate Naled 300-76-5 -- -- -- -- 2.70E-03 EPA 
2010 

1.27E+02 1.27E-01 EPA 
2010 

-- -- -- 1.27E-01 EPA 
2010 

-- -- -- 

Dimethyl phthalate -- 131-11-3 -- -- -- -- 8.05E-06 CLARC 
2010 

3.16E+01 3.16E-02 ORNL 
2010  

-- -- -- 3.16E-02 ORNL 
2010  

-- -- -- 

Di-n-butylphthalate -- 84-74-2 -- -- -- -- 3.90E-08 CLARC 
2010 

1.60E+03 1.60E+00 CLARC 
2010 

-- -- 1.57E+00 1.57E+00 DOE/RL-
96-17 

-- -- -- 

Di-n-octylphthalate Octyl Phthalate, di-N- 117-84-0 -- -- -- -- 2.70E-03 CLARC 
2010 

8.30E+07 8.30E+04 CLARC 
2010 

-- -- -- 8.30E+04 CLARC 
2010 

-- -- -- 

Dinoseb(2-secButyl-4,6-dinitrophenol) Dinoseb 88-85-7 -- -- -- -- 1.90E-05 EPA 
2010 

3.54E+03 3.54E+00 ORNL 
2009 

-- -- -- 3.54E+00 ORNL 
2009 

-- -- -- 

Diphenylamine -- 122-39-4 4.20E-02 EPA 
2010 

7.60E-06 EPA 
2010 

1.10E-04 EPA 
2010 

8.26E+02 8.26E-01 EPA 
2010 

-- -- -- 8.26E-01 EPA 
2010 

3.18E-07 -- -- 

Disulfoton -- 298-04-4 -- -- -- -- 8.80E-05 EPA 
2010 

8.38E+02 8.38E-01 EPA 
2010 

-- -- -- 8.38E-01 EPA 
2010 

-- -- -- 

Endosulfan (1, 11, sulfate)  
-- 

115-29-7 
-- -- -- -- 4.60E-04 CLARC 

2010 
2.04E+03 2.04E+00 ORNL 

2010 
-- -- -- 2.04E+00 ORNL 

2010 
-- -- -- 

Endosulfan I -- 959-98-8 -- -- -- -- 
4.60E-04 

CLARC 
2010 2 0.002 

CLARC 
2010 -- -- 2.04 2.04 

DOE/RL-
96-17 

-- -- -- 

Endosulfan II -- 33213-65-9 -- -- -- -- 
1.33E-05 

ORNL 
2010 9.85 0.00985 

ORNL 
2010  -- -- 2.04 2.04 

DOE/RL-
96-17 

-- -- -- 

Endosulfan sulfate -- 1031-07-8 -- -- -- -- 
8.26E-07 

ORNL 
2010 9.72 0.00972 

ORNL 
2010  -- -- -- 9.72 

ORNL 
2010  

-- -- -- 

Endrin -- 72-20-8 -- -- -- -- 3.10E-04 CLARC 
2010 

1.10E+04 1.10E+01 CLARC 
2010 

-- -- 1.08E+01 1.08E+01 DOE/RL-
96-17 

-- -- -- 

Endrin Aldehyde 
-- 

7421-93-4 
-- -- -- -- 1.71E-04 ORNL 

2010 
3.27E+03 3.27E+00 ORNL 

2010  
1.40E-02 ORNL 

2009 
1.08E+01 1.08E+01 DOE/RL-

96-17 
-- -- -- 

Endrin ketone -- 53494-70-5 -- -- -- -- 
8.26E-07 

ORNL 
2010 9.72 0.00972 

ORNL 
2010  -- -- -- 9.72 

ORNL 
2010  

-- -- -- 

Epn Ethyl-p-nitrophenyl Phosphate 2104-64-5 -- -- -- -- 1.80E-05 EPA 
2010 

1.55E+04 1.55E+01 EPA 
2010 

-- -- -- 1.55E+01 EPA 
2010 

-- -- -- 

Ethyl acetate -- 141-78-6 8.20E-02 EPA 
2010 

9.70E-06 EPA 
2010 

5.50E-03 EPA 
2010 

5.58E+00 5.58E-03 EPA 
2010 

-- -- -- 5.58E-03 EPA 
2010 

2.26E-04 V 8.63E+03 

Ethyl methacrylate -- 97-63-2 6.50E-02 EPA 
2010 

8.40E-06 EPA 
2010 

2.30E-02 EPA 
2010 

1.67E+01 1.67E-02 EPA 
2010 

-- -- -- 1.67E-02 EPA 
2010 

6.59E-04 V 5.05E+03 

Ethyl methylene phosphorodithioate Ethion 563-12-2 -- -- -- -- 1.50E-05 EPA 
2010 

8.82E+02 8.82E-01 EPA 
2010 

-- -- -- 8.82E-01 EPA 
2010 

-- -- -- 

Ethylbenzene -- 100-41-4 6.80E-02 EPA 
2010 

8.50E-06 EPA 
2010 

3.20E-01 CLARC 
2010 

2.00E+02 2.00E-01 CLARC 
2010 

-- -- -- 2.00E-01 CLARC 
2010 

3.22E-03 V 2.29E+03 

Ethylene glycol -- 107-21-1 -- -- -- -- 2.50E-06 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 

Ethylene oxide -- 75-21-8 1.30E-01 EPA 
2010 

1.50E-05 EPA 
2010 

6.10E-03 EPA 
2010 

3.24E+00 3.24E-03 EPA 
2010 

-- -- -- 3.24E-03 EPA 
2010 

4.06E-04 V 6.44E+03 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Ethylenethiourea -- 96-45-7 8.70E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.40E-05 EPA 
2010 

1.30E+01 1.30E-02 EPA 
2010 

-- -- -- 1.30E-02 EPA 
2010 

1.14E-06 -- -- 

Fensulfothion -- 115-90-2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluoranthene -- 206-44-0 -- -- -- -- 6.60E-04 CLARC 
2010 

4.90E+04 4.90E+01 CLARC 
2010 

-- -- 4.91E+01 4.91E+01 DOE/RL-
96-17 

-- -- -- 

Fluorene -- 86-73-7 4.40E-02 EPA 
2010 

7.90E-06 EPA 
2010 

2.60E-03 CLARC 
2010 

7.70E+03 7.70E+00 CLARC 
2010 

-- -- 7.71E+00 7.71E+00 DOE/RL-
96-17 

7.87E-07 -- -- 

Fluoride -- 16984-48-8 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- 1.50E+02 EPA 
2010 

1.50E+02 1.50E+02 DOE/RL-
96-17 

-- -- -- 

Formaldehyde -- 50-00-0 1.70E-01 EPA 
2010 

1.70E-05 EPA 
2010 

1.40E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.32E-06 V 8.51E+04 

Formamide, N,N-diethyl- Diethyl Formamide 617-84-5 -- -- -- -- 5.30E-06 EPA 
2010 

2.06E+00 2.06E-03 EPA 
2010 

-- -- -- 2.06E-03 EPA 
2010 

-- -- -- 

Formic Acid -- 64-18-6 -- -- -- -- 6.80E-06 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 

Furan -- 110-00-9 1.00E-01 EPA 
2010 

1.20E-05 EPA 
2010 

2.20E-01 EPA 
2010 

8.00E+01 8.00E-02 EPA 
2010 

-- -- -- 8.00E-02 EPA 
2010 

5.29E-03 V 1.78E+03 

Furfural -- 98-01-1 8.50E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.50E-04 EPA 
2010 

6.08E+00 6.08E-03 EPA 
2010 

-- -- -- 6.08E-03 EPA 
2010 

7.06E-06 V 4.88E+04 

Gamma-BHC (Lindane) Hexachlorocyclohexane, Gamma- 
(Lindane) 

58-89-9 -- -- -- -- 5.70E-04 CLARC 
2010 

1.40E+03 1.40E+00 CLARC 
2010 

-- -- 1.35E+00 1.35E+00 DOE/RL-
96-17 

-- -- -- 

Gamma-Chlordane -- 5103-74-2 -- -- -- -- 
0.00199 

ORNL 
2010 67.5 0.0675 

ORNL 
2010  -- -- 51 51 

DOE/RL-
96-17 

-- -- -- 

Glycidylaldehyde Glycidyl 765-34-4 1.10E-01 EPA 
2010 

1.30E-05 EPA 
2010 

3.20E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.67E-06 V 7.93E+04 

Heptachlor -- 76-44-8 -- -- -- -- 4.50E-02 CLARC 
2010 

9.50E+03 9.50E+00 CLARC 
2010 

-- -- 9.53E+00 9.53E+00 DOE/RL-
96-17 

-- -- -- 

Heptachlor epoxide -- 1024-57-3 -- -- -- -- 3.90E-04 CLARC 
2010 

8.30E+04 8.30E+01 CLARC 
2010 

-- -- 8.32E+01 8.32E+01 DOE/RL-
96-17 

-- V -- 

Hexachlorobenzene -- 118-74-1 -- -- -- -- 5.40E-02 CLARC 
2010 

8.00E+04 8.00E+01 CLARC 
2010 

-- -- 8.00E+01 8.00E+01 DOE/RL-
96-17 

-- -- -- 

Hexachlorobutadiene -- 87-68-3 -- -- -- -- 3.30E-01 CLARC 
2010 

5.40E+04 5.40E+01 CLARC 
2010 

-- -- 5.37E+01 5.37E+01 DOE/RL-
96-17 

-- V -- 

Hexachlorocyclopentadiene -- 77-47-4 -- -- -- -- 1.10E+00 CLARC 
2010 

2.00E+05 2.00E+02 CLARC 
2010 

-- -- 2.00E+02 2.00E+02 DOE/RL-
96-17 

-- V -- 

Hexachloroethane -- 67-72-1 -- -- -- -- 1.60E-01 CLARC 
2010 

1.80E+03 1.80E+00 CLARC 
2010 

-- -- 1.78E+00 1.78E+00 DOE/RL-
96-17 

-- V -- 

Hexachlorophene -- 70-30-4 -- -- -- -- 2.20E-11 EPA 
2010 

6.69E+05 6.69E+02 EPA 
2010 

-- -- -- 6.69E+02 EPA 
2010 

-- -- -- 

Hexane Hexane, N- 110-54-3 7.30E-02 EPA 
2010 

8.20E-06 EPA 
2010 

7.40E+01 EPA 
2010 

3.41E+03 3.41E+00 CLARC 
2010 

-- -- -- 3.41E+00 CLARC 
2010 

1.64E-02 V 1.01E+03 

Hexavalent Chromium Chromium (VI) 18540-29-9 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

19 
CLARC 

2010 

0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Hydrazine -- 302-01-2 -- -- -- -- -- -- 1.43E+01 1.43E-02 ORNL 
2009 

-- -- -- 1.43E-02 ORNL 
2009 

-- V -- 

Hydrogen sulfide -- 7783-06-4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- V -- 

Hydroquinone -- 123-31-9 -- -- -- -- 1.90E-09 EPA 
2010 

2.41E+02 2.41E-01 EPA 
2010 

-- -- -- 2.41E-01 EPA 
2010 

-- -- -- 

Indeno(1,2,3-cd)pyrene -- 193-39-5 -- -- -- -- 6.60E-05 CLARC 
2010 

3.50E+06 3.50E+03 CLARC 
2010 

-- -- 3.47E+03 3.47E+03 DOE/RL-
96-17 

-- -- -- 

Iron -- 7439-89-6 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 2.50E+01 EPA 
2010 

-- 2.50E+01 EPA 
2010 

-- -- -- 

Isobutyl alcohol -- 78-83-1 9.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.00E-04 EPA 
2010 

2.92E+00 2.92E-03 EPA 
2010 

-- -- -- 2.92E-03 EPA 
2010 

1.92E-05 V 2.96E+04 

Isophorone -- 78-59-1 5.30E-02 EPA 
2010 

7.50E-06 EPA 
2010 

2.70E-04 CLARC 
2010 

4.70E+01 4.70E-02 CLARC 
2010 

-- -- 4.68E-02 4.68E-02 DOE/RL-
96-17 

5.52E-06 V 5.52E+04 

Isopropylbenzene Cumene 98-82-8 6.00E-02 EPA 
2010 

7.90E-06 EPA 
2010 

4.70E-01 EPA 
2010 

6.98E+02 6.98E-01 EPA 
2010 

-- -- -- 6.98E-01 EPA 
2010 

1.69E-03 V 3.15E+03 

Lead Lead and Compounds 7439-92-1 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

10000 
CLARC 

2010 

3.00E+01 3.00E+01 DOE/RL-
96-17 

-- -- -- 

Lithium -- 7439-93-2 -- -- -- -- 0.00E+00 ORNL 
2010 

-- -- -- 5.00E+01 ORNL 
2010  

5.00E+01 5.00E+01 DOE/RL-
96-17 

-- -- -- 

Magnesium -- 7439-95-4 -- -- -- -- 
0.3 

CLARC 
2010 0.2 0.0002 

CLARC 
2010 -- -- -- 0.2 

CLARC 
2010 

-- -- -- 

Maleic hydrazide -- 123-33-1 8.20E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.10E-09 EPA 
2010 

3.30E+00 3.30E-03 EPA 
2010 

-- -- -- 3.30E-03 EPA 
2010 

5.84E-07 -- -- 

Malononitrile -- 109-77-3 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

5.40E-06 EPA 
2010 

3.33E+00 3.33E-03 EPA 
2010 

-- -- -- 3.33E-03 EPA 
2010 

1.19E-06 V 1.19E+05 

Manganese Manganese (Diet) 7439-96-5 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

65 
EPA 
2010 

5.00E+01 5.00E+01 DOE/RL-
96-17 

-- -- -- 

m-Dinitrobenzene 1,3-Dinitrobenzene 99-65-0 -- -- -- -- 2.00E-06 EPA 
2010 

3.52E+02 3.52E-01 EPA 
2010 

-- -- -- 3.52E-01 EPA 
2010 

-- -- -- 

Mercuric Chloride -- 7487-94-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Mercury -- 7487-94-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Merphos -- 150-50-5 -- -- -- -- 9.30E-04 EPA 
2010 

4.90E+04 4.90E+01 EPA 
2010 

-- -- -- 4.90E+01 EPA 
2010 

-- -- -- 

Methacrylonitrile -- 126-98-7 9.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.00E-02 EPA 
2010 

1.31E+01 1.31E-02 EPA 
2010 

-- -- -- 1.31E-02 EPA 
2010 

4.46E-04 V 6.14E+03 

Methanol -- 67-56-1 1.60E-01 EPA 
2010 

1.60E-05 EPA 
2010 

1.90E-04 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

1.70E-05 V 3.14E+04 

Metholonyl -- 16752-77-5 4.80E-02 EPA 
2010 

8.40E-06 EPA 
2010 

8.10E-10 EPA 
2010 

1.00E+01 1.00E-02 EPA 
2010 

-- -- -- 1.00E-02 EPA 
2010 

4.85E-07 -- -- 

Methoxychlor -- 72-43-5 -- -- -- -- 6.50E-04 CLARC 8.00E+04 8.00E+01 CLARC -- -- 8.00E+01 8.00E+01 DOE/RL- -- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2010 2010 96-17 

Methyl Mercury -- 22967-92-6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Methyl methacrylate -- 80-62-6 7.50E-02 EPA 
2010 

9.20E-06 EPA 
2010 

1.30E-02 EPA 
2010 

9.14E+00 9.14E-03 EPA 
2010 

-- -- -- 9.14E-03 EPA 
2010 

4.66E-04 V 6.01E+03 

Methyl parathion -- 298-00-0 -- -- -- -- 4.10E-06 EPA 
2010 

7.29E+02 7.29E-01 EPA 
2010 

-- -- -- 7.29E-01 EPA 
2010 

-- -- -- 

Methyl tert-butyl ether MTBE 1634-04-4 7.50E-02 EPA 
2010 

8.60E-06 EPA 
2010 

1.80E-02 CLARC 
2010 

1.16E+01 1.16E-02 EPA 
2010 

-- -- -- 1.16E-02 EPA 
2010 

6.26E-04 V 5.18E+03 

Methylene chloride -- 75-09-2 1.00E-01 EPA 
2010 

1.30E-05 EPA 
2010 

9.00E-02 CLARC 
2010 

1.00E+01 1.00E-02 CLARC 
2010 

-- -- 1.00E-02 1.00E-02 DOE/RL-
96-17 

3.78E-03 V 2.11E+03 

Methylhydrazine -- 60-34-4 -- -- -- -- 1.29E-06 ORNL 
2010 

1.33E+01 1.33E-02 ORNL 
2010 

-- -- -- 1.33E-02 ORNL 
2010 

-- V -- 

Mevinphos -- 7786-34-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Mirex -- 2385-85-5 -- -- -- -- 3.30E-02 EPA 
2010 

3.57E+05 3.57E+02 EPA 
2010 

-- -- -- 3.57E+02 EPA 
2010 

-- -- -- 

Molybdenum -- 7439-98-7 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 2.00E+01 EPA 
2010 

2.00E+01 2.00E+01 DOE/RL-
96-17 

-- -- -- 

m-Xylene -- 108-38-3 6.84E-02 ORNL 
2010 

8.44E-06 ORNL 
2010 0.3 

CLARC 
2010 200 0.2 

CLARC 
2010 -- -- -- 0.2 

CLARC 
2010 

3.06E-03 V 2.34E+03 

Naphthalene -- 91-20-3 6.00E-02 EPA 
2010 

8.40E-06 EPA 
2010 

2.00E-02 CLARC 
2010 

1.20E+03 1.20E+00 CLARC 
2010 

-- -- 1.19E+00 1.19E+00 DOE/RL-
96-17 

4.95E-05 V 1.84E+04 

n-Heptane -- 142-82-5 6.49E-02 ORNL 
2010 

7.59E-06 ORNL 
2010 

8.18E+01 ORNL 
2010 

2.40E+02 2.40E-01 ORNL 
2010 

-- -- -- 2.40E-01 ORNL 
2010 

1.79E-02 V 9.70E+02 

Nickel Nickel Soluble Salts 7440-02-0 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 6.50E+01 EPA 
2010 

6.50E+01 6.50E+01 DOE/RL-
96-17 

-- -- -- 

Nitrate -- 14797-55-8 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Nitrite -- 14797-65-0 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Nitrobenzene -- 98-95-3 6.80E-02 EPA 
2010 

9.40E-06 EPA 
2010 

9.80E-04 CLARC 
2010 

1.20E+02 1.20E-01 CLARC 
2010 

-- -- 1.19E-01 1.19E-01 DOE/RL-
96-17 

1.65E-05 V 3.20E+04 

Nitrogen in Nitrate -- NO3-N -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) -- -- -- -- -- 0 0 

DOE/RL-
96-17 

-- -- -- 

Nitrogen in Nitrite -- NO2-N -- -- -- -- 

0.00E+00 

(Conser
vative 
assump
tion) -- -- -- -- -- 0 0 

DOE/RL-
96-17 

-- -- -- 

Nitrogen in Nitrite and Nitrate -- NO2+NO3-N -- -- -- -- 

0.00E+00 

(Conser
vative 
assump
tion) 2 0.002 

CLARC 
2010 -- -- 0 0 

DOE/RL-
96-17 

-- -- -- 

Nitrosopyrrolidine -- 930-55-2 -- -- -- -- 2.00E-06 EPA 
2010 

9.19E+01 9.19E-02 EPA 
2010 

-- -- -- 9.19E-02 EPA 
2010 

-- V -- 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-247



ECF-HANFORD-11-0033, DRAFT 

27 

Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

n-Nitrosodiethanolamine -- 1116-54-7 -- -- -- -- 9.30E-15 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- -- -- 

n-Nitrosodiethylamine -- 55-18-5 7.40E-02 EPA 
2010 

9.10E-06 EPA 
2010 

1.50E-04 EPA 
2010 

8.29E+01 8.29E-02 EPA 
2010 

-- -- -- 8.29E-02 EPA 
2010 

3.55E-06 V 6.88E+04 

n-Nitrosodimethylamine -- 62-75-9 9.90E-02 EPA 
2010 

1.20E-05 EPA 
2010 

7.40E-05 EPA 
2010 

2.28E+01 2.28E-02 EPA 
2010 

-- -- -- 2.28E-02 EPA 
2010 

3.80E-06 V 6.65E+04 

n-Nitrosodi-n-butylamine -- 924-16-3 6.50E-02 EPA 
2010 

7.60E-06 EPA 
2010 

5.40E-04 EPA 
2010 

9.15E+02 9.15E-01 EPA 
2010 

-- -- -- 9.15E-01 EPA 
2010 

1.89E-06 V 9.43E+04 

n-Nitrosodi-n-dipropylamine -- 621-64-7 5.60E-02 EPA 
2010 

7.80E-06 EPA 
2010 

9.20E-05 CLARC 
2010 

2.40E+01 2.40E-02 CLARC 
2010 

-- -- 2.40E-02 2.40E-02 DOE/RL-
96-17 

2.61E-06 -- -- 

n-Nitrosodiphenylamine -- 86-30-6 5.60E-02 EPA 
2010 

6.50E-06 EPA 
2010 

2.10E-04 CLARC 
2010 

1.30E+03 1.30E+00 CLARC 
2010 

-- -- 1.29E+00 1.29E+00 DOE/RL-
96-17 

4.80E-07 -- -- 

n-Nitrosomethylethylamine -- 10595-95-6 9.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

5.90E-05 EPA 
2010 

4.35E+01 4.35E-02 EPA 
2010 

-- -- -- 4.35E-02 EPA 
2010 

2.59E-06 -- -- 

n-Nitrosomethylvinylamine -- 4549-40-0 9.75E-02 ORNL 
2010 

1.14E-05 ORNL 
2010 

1.47E-04 ORNL 
2010 

4.35E+01 4.35E-02 ORNL 
2010 

-- -- -- 4.35E-02 ORNL 
2010 

5.82E-06 -- -- 

Octachlorodibenzo-p-dioxin OCDD 3268-87-9 -- -- -- -- 2.76E-04 ORNL 
2010 

1.94E+06 1.94E+03 ORNL 
2010 

-- -- -- 1.94E+03 ORNL 
2010 

-- -- -- 

o-Toluidine 2-Methylalanine 95-53-4 7.24E-02 ORNL 
2010 

9.18E-06 ORNL 
2010 

8.09E-05 ORNL 
2010 

1.15E+02 1.15E-01 ORNL 
2010 

-- -- -- 1.15E-01 ORNL 
2010 

1.72E-06 V 9.88E+04 

o-Toluidine hydrochloride Methylaniline Hydrochloride 636-21-5 8.40E-02 EPA 
2010 

9.80E-06 EPA 
2010 

8.10E-05 EPA 
2010 

1.15E+02 1.15E-01 EPA 
2010 

-- -- -- 1.15E-01 EPA 
2010 

1.98E-06 -- -- 

o-Xylene -- 95-47-6 6.89E-02 ORNL 
2010 

8.53E-06 ORNL 
2010 2.1E-01 

CLARC 
2010 241 0.00024 

CLARC 
2010 -- -- -- 0.24 

CLARC 
2010 

2.03E-03 V 2.88E+03 

Parathion -- 56-38-2 -- -- -- -- 1.20E-05 EPA 
2010 

2.42E+03 2.42E+00 EPA 
2010 

-- -- -- 2.42E+00 EPA 
2010 

-- -- -- 

Pentachlorobenzene -- 608-93-5 -- -- -- -- 2.90E-02 EPA 
2010 

3.71E+03 3.71E+00 EPA 
2010 

-- -- -- 3.71E+00 EPA 
2010 

-- -- -- 

Pentachloronitrobenzene (PCNB) PCNB 82-68-8 -- -- -- -- 1.80E-03 EPA 
2010 

6.00E+03 6.00E+00 EPA 
2010 

-- -- -- 6.00E+00 EPA 
2010 

-- -- -- 

Pentachlorophenol -- 87-86-5 -- -- -- -- 1.00E-06 CLARC 
2010 

5.90E+02 5.90E-01 CLARC 
2010 

-- -- 5.92E-01 5.92E-01 DOE/RL-
96-17 

-- -- -- 

Percent moisture (wet sample) -- %MOISTUR
E 

-- -- -- -- 
-- -- -- -- -- -- -- -- -- -- 

-- -- -- 

pH Measurement -- PH -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phenanthrene 
-- 

85-01-8 
3.45E-02 ORNL 

2010 
6.69E-06 ORNL 

2010 
1.73E-03 ORNL 

2010 
1.67E+04 1.67E+01 ORNL 

2010  
-- -- -- 1.67E+01 ORNL 

2010  
1.92E-07 -- -- 

Phenol -- 108-95-2 8.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.60E-05 CLARC 
2010 

2.90E+01 2.90E-02 CLARC 
2010 

-- -- 2.88E-02 2.88E-02 DOE/RL-
96-17 

1.04E-06 V 1.27E+05 

Phorate -- 298-02-2 -- -- -- -- 1.80E-04 EPA 
2010 

4.60E+02 4.60E-01 EPA 
2010 

-- -- -- 4.60E-01 EPA 
2010 

-- -- -- 

Phosphate -- 14265-44-2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phosphorothioic Acid, O,O-diethyl O-(2-
(ethylthio)ethyl... 

Demeton 8065-48-3 -- -- -- -- -- EPA 
2010 

-- -- EPA 
2010 

-- -- -- -- EPA 
2010 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Phosphorus Phosphorus, White 7723-14-0 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- 3.50E+00 EPA 
2010 

-- 3.50E+00 EPA 
2010 

-- V -- 

Phosphorus in phosphate -- PO4-P -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- 3.50E+00 EPA 
2010 

-- 3.50E+00 EPA 
2010 

-- -- -- 

Potassium -- 7440-09-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

p-Phenylenediamine -- 106-50-3 -- -- -- -- 3.60E-08 EPA 
2010 

3.38E+01 3.38E-02 EPA 
2010 

-- -- -- 3.38E-02 EPA 
2010 

-- -- -- 

Pronamide Kerb 23950-58-5 -- -- -- -- 4.00E-07 EPA 
2010 

4.05E+02 4.05E-01 EPA 
2010 

-- -- -- 4.05E-01 EPA 
2010 

-- -- -- 

Pyrene -- 129-00-0 2.80E-02 EPA 
2010 

7.20E-06 EPA 
2010 

4.50E-04 CLARC 
2010 

6.80E+04 6.80E+01 CLARC 
2010 

-- -- 6.80E+01 6.80E+01 DOE/RL-
96-17 

1.05E-08 -- -- 

Pyridine -- 110-86-1 9.30E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.50E-04 EPA 
2010 

7.17E+01 7.17E-02 EPA 
2010 

-- -- -- 7.17E-02 EPA 
2010 

1.34E-05 V 3.54E+04 

Ronnel -- 299-84-3 -- -- -- -- 1.30E-03 EPA 
2010 

4.46E+03 4.46E+00 EPA 
2010 

-- -- -- 4.46E+00 EPA 
2010 

-- -- -- 

Selenium -- 7782-49-2 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 5.00E+00 EPA 
2010 

5.00E+00 5.00E+00 DOE/RL-
96-17 

-- -- -- 

Silicon -- 7440-21-3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Silver -- 7440-22-4 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

8.3 
CLARC 

2010 

9.00E+01 9.00E+01 DOE/RL-
96-17 

-- -- -- 

Sodium -- 7440-23-5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Strontium Strontium, Stable 7440-24-6 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

35 
EPA 
2010 

2.50E+01 2.50E+01 DOE/RL-
96-17 

-- -- -- 

Strychnine -- 57-24-9 -- -- -- -- 2.40E-12 EPA 
2010 

5.40E+03 5.40E+00 EPA 
2010 

-- -- -- 5.40E+00 EPA 
2010 

-- -- -- 

Styrene -- 100-42-5 7.10E-02 EPA 
2010 

8.80E-06 EPA 
2010 

1.10E-01 CLARC 
2010 

9.10E+02 9.10E-01 CLARC 
2010 

-- -- -- 9.10E-01 CLARC 
2010 

4.04E-04 V 6.45E+03 

Sulfate -- 14808-79-8 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Sulfide -- 12597-05-5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

sym-Trinitrobenzene 1,3,5-Trinitrobenzene 99-35-4 -- -- -- -- 2.70E-07 EPA 
2010 

1.68E+03 1.68E+00 EPA 
2010 

-- -- -- 1.68E+00 EPA 
2010 

-- -- -- 

Tetrachloroethene Perchloroethylene (PCE) 127-18-4 5.00E-02 EPA 
2010 

9.50E-06 EPA 
2010 

7.50E-01 CLARC 
2010 

2.70E+02 2.70E-01 CLARC 
2010 

-- -- -- 2.70E-01 CLARC 
2010 

3.90E-03 V 2.08E+03 

Tetraethyl dithiopyrophosphate (Sulfotepp) -- 3689-24-5 -- -- -- -- 1.80E-04 EPA 
2010 

2.66E+02 2.66E-01 EPA 
2010 

-- -- -- 2.66E-01 EPA 
2010 

-- -- -- 

Thallium Thallium (Soluble Salts) 7440-28-0 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 7.10E+01 EPA 
2010 

-- 7.10E+01 EPA 
2010 

-- -- -- 

Thiofanox -- 39196-18-4 -- -- -- -- 3.80E-07 EPA 7.24E+01 7.24E-02 EPA -- -- -- 7.24E-02 EPA -- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2010 2010 2010 

Thiuram -- 137-26-8 -- -- -- -- 7.40E-06 EPA 
2010 

6.11E+02 6.11E-01 EPA 
2010 

-- -- -- 6.11E-01 EPA 
2010 

-- V -- 

Tin -- 7440-31-5 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 1.30E+02 ORNL 
2010 

1.30E+02 1.30E+02 DOE/RL-
96-17 

-- -- -- 

Titanium -- 7440-32-6 -- -- -- -- -- -- -- -- -- 1.00E+03 EPA 
2010 

-- 1.00E+03 EPA 
2010 

-- -- -- 

Toluene -- 108-88-3 7.80E-02 EPA 
2010 

9.20E-06 EPA 
2010 

2.70E-01 CLARC 
2010 

1.40E+02 1.40E-01 CLARC 
2010 

-- -- 1.40E-01 1.40E-01 DOE/RL-
96-17 

3.85E-03 V 2.09E+03 

Total PCBs Polychlorinated Biphenyls (low risk) 1336-36-3 -- -- -- -- 7.80E-03 EPA 
2010 

3.09E+05 3.09E+02 ORNL 
2010 

-- -- -- 3.09E+02 ORNL 
2010 

-- -- -- 

Total petroleum hydrocarbons - diesel range -- TPHDIESEL -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total petroleum hydrocarbons - motor oil (high 
boiling) 

-- TPH/OILH -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- 

-- -- -- 

Toxaphene -- 8001-35-2 -- -- -- -- 2.50E-04 CLARC 
2010 

9.60E+04 9.60E+01 CLARC 
2010 

-- -- 9.58E+01 9.58E+01 DOE/RL-
96-17 

-- -- -- 

TPH -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

trans-1,2-Dichloroethylene -- 156-60-5 8.80E-02 EPA 
2010 

1.10E-05 EPA 
2010 

3.90E-01 CLARC 
2010 

3.80E+01 3.80E-02 CLARC 
2010 

-- -- -- 3.80E-02 CLARC 
2010 

8.63E-03 V 1.40E+03 

trans-1,3-Dichloropropened -- 10061-02-6 7.63E-02 ORNL 
2010 

1.01E-05 ORNL 
2010 0.73 

CLARC 
2010 0.027 0.000027 

CLARC 
2010 -- -- -- 0.027 

CLARC 
2010 

1.12E-02 V 1.23E+03 

Tributyl phosphate -- 126-73-8 -- -- -- -- 5.80E-05 EPA 
2010 

1.89E+03 1.89E+00 ORNL 
2009 

-- -- -- 1.89E+00 ORNL 
2009 

-- -- -- 

Trichloroethene Trichloroethylene (TCE) 79-01-6 6.90E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.20E-01 CLARC 
2010 

9.40E+01 9.40E-02 CLARC 
2010 

-- -- -- 9.40E-02 CLARC 
2010 

5.65E-03 V 1.73E+03 

Trichloromonofluoromethane Trichlorofluoromethane 75-69-4 6.50E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.00E+00 EPA 
2010 

4.39E+01 4.39E-02 EPA 
2010 

-- -- -- 4.39E-02 EPA 
2010 

1.54E-02 V 1.05E+03 

Trifluralin -- 1582-09-8 -- -- -- -- 4.20E-03 EPA 
2010 

1.64E+04 1.64E+01 EPA 
2010 

-- -- -- 1.64E+01 EPA 
2010 

-- -- -- 

Uranium Uranium (Soluble Salts) 7440-61-1 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

450 
EPA 
2010 

2.00E+00 2.00E+00 DOE/RL-
96-17 

-- -- -- 

Vanadium Vanadium and Compounds 7440-62-2 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 1.00E+03 CLARC 
2010 

1.00E+03 1.00E+03 DOE/RL-
96-17 

-- -- -- 

Vinyl acetate -- 108-05-4 8.50E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.10E-02 EPA 
2010 

5.58E+00 5.58E-03 EPA 
2010 

-- -- -- 5.58E-03 EPA 
2010 

8.69E-04 V 4.40E+03 

Vinyl chloride -- 75-01-4 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

1.10E+00 CLARC 
2010 

1.90E+01 1.90E-02 CLARC 
2010 

-- -- -- 1.90E-02 CLARC 
2010 

1.97E-02 V 9.24E+02 

Warfarin -- 81-81-2 -- -- -- -- 1.10E-07 EPA 
2010 

4.26E+02 4.26E-01 EPA 
2010 

-- -- -- 4.26E-01 EPA 
2010 

-- V -- 

Xylenes (total) Xylenes (mixture) 1330-20-7 8.50E-02 EPA 
2010 

9.90E-06 EPA 
2010 

2.80E-01 CLARC 
2010 

2.30E+02 2.30E-01 CLARC 
2010 

-- -- -- 2.30E-01 CLARC 
2010 

3.31E-03 V 2.25E+03 

Zinc Zinc (Metallic) 7440-66-6 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 6.20E+01 EPA 
2010 

3.00E+01 3.00E+01 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Notes: 

a. Analyte-specific parameters (H’, Koc, and Kd) were obtained from the following sources, in order of preference: 

  1. DOE/RL-96-17 

  2. CLARC database (Ecology 2010) 

  3. EPA Regional Screening Levels (EPA 2010) 

  4. RAIS database (ORNL 2010) 

b. Table E-2, DOE/RL-96-17 

c. Analytes with a V are identified as volatile in the CLARC database (Ecology 2010) 

d. Analyte not listed in CLARC database (Ecology 2010) but meets definition of volatile organic compound in WAC 173-340-200 “Definitions” “Volatiles” 

DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area 

Ecology, 2010, Cleanup Levels and Risk Calculations (CLARC) 

EPA, 2010, Regional Screening Levels for Chemical Contaminants at Superfund Sites 

ORNL, 2010, Risk Assessment Information System 
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4.2 Toxicity Values 
Analyte-specific toxicity values are presented Table 4-2. These values are determined using the 
recommended reference hierarchy as described in Cook, 2003. The hierarchy is summarized below. 

 Tier 1 – The EPA Integrated Risk Information System (IRIS) 

 Tier 2 – The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) 

 Tier 3 – Other Toxicity Values 

Tier 1 – IRIS 
The preferred source of toxicity data is EPA’s IRIS database (http://www.epa.gov/iris/index.html). Expert 
toxicologists at EPA have derived the values in this database and most values have undergone a thorough 
review and validation both within and outside EPA. If a toxicity value is available in IRIS, that value is 
used in preference to any other value. 
 
Tier 2 – PPRTVs 
If a toxicity value is not available in IRIS, the next source is EPA’s PPRTVs. This source includes 
toxicity values that have been developed by the Office of Research and Development/National Center for 
Environmental Assessment/Superfund Health Risk Technical Support Center (STSC). This database is 
not available to the public, but is accessible to EPA risk assessors via EPA’s intranet. These values are 
also published at the EPA Regional Screening Levels web site (EPA 2009). 
 
Tier 3 – Other Toxicity Values 
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:  
 The California EPA (CalEPA)’s Toxicity Criteria Database contains toxicity values that are peer 

reviewed and address both cancer and non-cancer effects. 

 The Agency for Toxic Substances and Disease Registry (ATSDR)’s Minimal Risk Levels (MRLs) for 
Hazard Substances are peer-reviewed estimates of the daily human exposure to hazardous substances 
that is likely to be without appreciable risk of adverse non-cancer health effects over a specified 
duration of exposure. 

 Toxicity values in EPA/540/R-97/036, Health Effects Assessment Summary Tables (HEAST).  

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for an analyte, the toxicity values from the 
National Center for Environmental Assessment (NCEA) are used. NCEA values can be found in RAIS 
(ORNL 2010). 

Toxicity equivalency factors (TEFs) were used to calculate toxicity values for dioxins, furans, and 
carcinogenic polyaromatic hydrocarbons (PAHs) as described in WAC 173-340-708(8), “Human Health 
Risk Assessment Procedures, Carcinogenic Potency Factors”. 

The EPA has recently published guidance to address chemical inhalation exposures in EPA-540-R-070-
002, Risk Assessment Guidance for Superfund: Volume 1—Human Health Evaluation Manual (Part F, 
Supplemental Guidance for Inhalation Risk Assessment). A methodology is provided to use the toxicity 
values which are currently derived by the EPA IRIS as concentrations (reference concentrations [RfC] for 
non-cancer effects and inhalation unit risk values [IUR] for cancer endpoints). These values now 
supersede the intake-based approach used by the inhalation component of EPA/540/1-89/002, Risk 
Assessment Guidance for Superfund: Volume 1—Human Health Evaluation Manual, Part A, Interim 
Final. The method described in WAC 170-340-750 for calculation of Standard Method B air cleanup 
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levels uses the former EPA/540/1-89/002 approach of quantifying intake. Therefore, for the Standard 
Method B air cleanup values, the IUR and RfC values from the EPA toxicity tables (EPA 2009) were 
converted to CPFi and RfDi values following protocol documented in EPA/540/1-89/002. The following 
equations were used based on an assumed breathing rate of 20 m3/day and body weight of 70 kg.  

 CPFi (kg-day/mg) = IUR (m3/µg) x 1/20 (m3/day) x 70 (kg) x 1000 (μg/mg) (12) 

 RfDi (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x 1/70 (kg) (13) 

The CPFi and RfDi values are used to calculate inhalation cancer risks and non-cancer hazards, 
respectively.  

For several analytes the toxicity value published in the Ecology CLARC database (Ecology 2010) was 
selected for final PRGs when Cook, 2003 recommended a different source of information. The 
differences in toxicity values for these analytes are summarized below. 

 The inhalation unit risk of 2.5E-05 (µg/m3)-1 for trichloroethene is the value published by HEAST on 
Ecology’s CLARC web site and is used to develop the WAC 173-340-750 Method B air cleanup 
level for trichloroethene. HEAST has not been updated since 1997 and therefore does not reflect the 
most current source of information for the inhalation cancer potency factor. The source of this 
toxicity value is consistent with the hierarchy of toxicity values recommended in Cook, 2003. 
However, the inhalation unit risk currently implemented by EPA for trichloroethene in the Regional 
Screening Levels (EPA 2009) is established by the CalEPA Office of Environmental Health Hazard 
Assessment (OEHHA). The inhalation unit risk of 2.0E-06 (µg/m3)-1 is presented in OEHHA, 2009, 
Public Health Goal for Chemicals In Drinking Water Trichloroethylene. If the CalEPA value were 
used to calculate the WAC 173-340-750 Method B air cleanup level, the air concentration would 
increase from 0.1 µg/m3 to 1.3 µg/m3. While the CalEPA toxicity value may be more current, the 
existing value published by Ecology provides a more conservative cleanup level in air.   

 For 1,1-dichloroethane, the inhalation reference concentration of 0.7 mg/-kg-day published by 
HEAST is used to develop the WAC 173-340-750 Method B air cleanup level. An inhalation unit risk 
factor has recently been published by the CalEPA OEHHA. The inhalation carcinogenic potency 
factor derived by OEHHA is 1.5E-06 (µg/m3)-1

, as presented in OEHHA, 2003, Public Health Goals 
for Chemicals in Drinking Water: 1,1-Dichloroethane in Drinking Water. If the value published by 
Cal-EPA were used to calculate the WAC 173-340-750 Method B air cleanup level, the air 
concentration would decrease from 320 µg/m3 to 1.7 µg/m3. 

 For consistency with previous Hanford analyses of carbon tetrachloride, the toxicity assessment uses 
an inhalation unit risk factor of 1.5E-05 (µg/m3)-1 previously published in IRIS, as well as the 
inhalation reference concentration of 0.19 (mg/m3) published by ATSDR. These values do not reflect 
the most current toxicity values published for carbon tetrachloride. The inhalation unit risk of 6E-06 
(µg/m3)-1, and inhalation reference concentration of 0.1 (mg/m3) for carbon tetrachloride is currently 
implemented by EPA in the Regional Screening Levels and are established by IRIS. Use of the 
previous IRIS values in this assessment has the potential to under-estimate both cancer risks and 
noncancer hazards.
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

1,1,1,2-Tetrachloroethane 630-20-6 V -- -- -- -- 7.40E-06 I 2.59E-02 I 

1,1,1-Trichloroethane 71-55-6 V 5.00E+00 I 1.43E+00 I -- -- -- -- 

1,1,2,2-Tetrachloroethane 79-34-5 V -- -- -- -- 5.80E-05 I 2.03E-01 I 

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 V 3.00E+01 H 8.57E+00 H -- -- -- -- 

1,1,2-Trichloroethane 79-00-5 V -- -- -- -- 1.60E-05 I 5.60E-02 I 

1,1'-Biphenyl 92-52-4 V -- -- -- -- -- -- -- -- 

1,1-Dichloroethane 75-34-3 V 7.00E-01 H 2.00E-01 H -- -- -- -- 

1,1-Dichloroethene 75-35-4 V 2.00E-01 I 5.71E-02 I -- -- -- -- 

1,1-Dimethylhydrazine 57-14-7 V 2.00E-06 X 5.71E-07 X -- -- -- -- 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 -- -- -- -- -- 3.80E+00 WAC 1.33E+04 WAC 

1,2,3-Trichloropropane 96-18-4 V 3.00E-04 I 8.57E-05 I -- -- -- -- 

1,2,4,5-Tetrachlorobenzene 95-94-3 -- -- -- -- -- -- -- -- -- 

1,2,4-Trichlorobenzene 120-82-1 V 2.00E-03 P 5.71E-04 P -- -- -- -- 

1,2,4-Trimethylbenzene 95-63-6 V 7.00E-03 P 2.00E-03 P -- -- -- -- 

1,2-Dibromo-3-chloropropane 96-12-8 V 2.00E-04 I 5.71E-05 I 6.00E-03 P 2.10E+01 P 

1,2-Dibromoethane 106-93-4 V 9.00E-03 I 2.57E-03 I 6.00E-04 I 2.10E+00 I 

1,2-Dichlorobenzene 95-50-1 V 2.00E-01 H 5.71E-02 H -- -- -- -- 

1,2-Dichloroethane 107-06-2 V 2.40E+00 A 6.86E-01 A 2.60E-05 I 9.10E-02 I 

1,2-Dichloroethene (Total) 540-59-0 V -- -- -- -- -- -- -- -- 

1,2-Dichloropropane 78-87-5 V 4.00E-03 I 1.14E-03 I 1.00E-05 C 3.50E-02 C 

1,2-Dimethylhydrazine 540-73-8 V -- -- -- -- 1.60E-01 C 5.60E+02 C 

1,2-Diphenylhydrazine 122-66-7 -- -- -- -- -- 2.20E-04 I 7.70E-01 I 

1,2-Propanediol 57-55-6 V -- -- -- -- -- -- -- -- 

1,3-Butadiene 106-99-0 V 2.00E-03 I 5.71E-04 I 3.00E-05 I 1.05E-01 I 

1,3-Dichlorobenzene 541-73-1 V -- -- -- -- -- -- -- -- 

1,3-Dichloropropene 542-75-6 V 2.00E-02 I 5.71E-03 I 4.00E-06 I 1.40E-02 I 

1,3-Isobenzofurandione 85-44-9 -- 2.00E-02 C 5.71E-03 C -- -- -- -- 

1,4-Dichloro-2-butene 764-41-0 V -- -- -- -- 4.20E-03 P 1.47E+01 P 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

1,4-Dichlorobenzene 106-46-7 V 8.00E-01 I 2.29E-01 I 1.10E-05 C 3.85E-02 C 

1,4-Dinitrobenzene 100-25-4 -- -- -- -- -- -- -- -- -- 

1,4-Dioxane 123-91-1 V 3.60E+00 A 1.03E+00 A 7.70E-06 C 2.70E-02 C 

1-Butanol 71-36-3 V -- -- -- -- -- -- -- -- 

1-Chloro-2,3-epoxypropane 106-89-8 V 1.00E-03 I 2.86E-04 I 1.20E-06 I 4.20E-03 I 

1-Chlorobutane 109-69-3 V -- -- -- -- -- -- -- -- 

1-Methoxy-2-propanol 107-98-2 V 2.00E+00 I 5.71E-01 I -- -- -- -- 

2-(2-Butoxyethoxy)ethanol 112-34-5 V 1.00E-04 P 2.86E-05 P -- -- -- -- 

2-(2-ethoxyethoxy)ethanol 111-90-0 V 3.00E-04 P 8.57E-05 P -- -- -- -- 

2-(2-methyl-4-chlorophenoxy) propionic acid 93-65-2 -- -- -- -- -- -- -- -- -- 

2,3,4,6-Tetrachlorophenol 58-90-2 -- -- -- -- -- -- -- -- -- 

2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 -- 4.00E-08 C 1.14E-08 C 3.80E+01 C 1.33E+05 C 

2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) 93-76-5 -- -- -- -- -- -- -- -- -- 

2,4,5-TP(2-(2,4,5-Trichlorophenoxy)propionic acid)Silvex 93-72-1 -- -- -- -- -- -- -- -- -- 

2,4,5-Trichlorophenol 95-95-4 V -- -- -- -- -- -- -- -- 

2,4,6-Trichlorophenol 88-06-2 V -- -- -- -- 3.10E-06 I 1.09E-02 I 

2,4,6-Trinitrotoluene 118-96-7 -- -- -- -- -- -- -- -- -- 

2,4-D(2,4-Dichlorophenoxyacetic acid) 94-75-7 -- -- -- -- -- -- -- -- -- 

2,4-DB(4-(2,4-Dichlorophenoxy)butanoic acid) 94-82-6 -- -- -- -- -- -- -- -- -- 

2,4-Dichlorophenol 120-83-2 V -- -- -- -- -- -- -- -- 

2,4-Dimethylphenol 105-67-9 V -- -- -- -- -- -- -- -- 

2,4-Dinitrophenol 51-28-5 -- -- -- -- -- -- -- -- -- 

2,4-Dinitrotoluene 121-14-2 -- -- -- -- -- 8.90E-05 C 3.12E-01 C 

2,5-Diaminotoluene 95-70-5 -- -- -- -- -- -- -- -- -- 

2,6-Dinitrotoluene 606-20-2 -- -- -- -- -- -- -- -- -- 

2-Butanone 78-93-3 V 5.00E+00 I 1.43E+00 I -- -- -- -- 

2-Butoxyethanol 111-76-2 V 1.30E+01 I 3.71E+00 I -- -- -- -- 

2-Chloronaphthalene 91-58-7 V -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

2-Chlorophenol 95-57-8 V -- -- -- -- -- -- -- -- 

2-Chlorotoluene 95-49-8 V -- -- -- -- -- -- -- -- 

2-Cyclohexyl-4,6-dinitrophenol 131-89-5 -- -- -- -- -- -- -- -- -- 

2-Hexanone 591-78-6 V 3.00E-02 I 8.57E-03 I -- -- -- -- 

2-Methyl-2-(methylthio)propionaldehyde-o-(methylcarbonyl) ox 116-06-3 -- -- -- -- -- -- -- -- -- 

2-Methyl-4 chlorophenoxyacetic acid 94-74-6 -- -- -- -- -- -- -- -- -- 

2-Methyllactonitrile 75-86-5 V 6.00E-02 P 1.71E-02 P -- -- -- -- 

2-methylnaphthalene 91-57-6 V -- -- -- -- -- -- -- -- 

2-Methylphenol (cresol, o-) 95-48-7 V 6.00E-01 C 1.71E-01 C -- -- -- -- 

2-Nitroaniline 88-74-4 -- 5.00E-05 X 1.43E-05 X -- -- -- -- 

2-Nitrophenol 88-75-5 -- -- -- -- -- -- -- -- -- 

2-Nitropropane 79-46-9 V 2.00E-02 I 5.71E-03 I 2.70E-03 H 9.45E+00 H 

2-Pentanone, 4-Methyl 108-10-1 V 3.00E+00 I 8.57E-01 I -- -- -- -- 

2-Propyn-1-ol 107-19-7 V -- -- -- -- -- -- -- -- 

3,3'-Dichlorobenzidine 91-94-1 -- -- -- -- -- 3.40E-04 C 1.19E+00 C 

3,3'-Dimethoxybenzidine 119-90-4 -- -- -- -- -- -- -- -- -- 

3,3'-Dimethylbenzidine 119-93-7 -- -- -- -- -- -- -- -- -- 

3+4 Methylphenol (cresol, m+p) 65794-96-9 -- -- -- -- -- -- -- -- -- 

3-Methylphenol (cresol, m-) 108-39-4 V 6.00E-01 C 1.71E-01 C -- -- -- -- 

3-Nitroaniline 99-09-2 -- 1.00E-03 P 2.86E-04 P -- -- -- -- 

4,4'-DDD (Dichlorodiphenyldichloroethane) 72-54-8 -- -- -- -- -- 6.90E-05 C 2.42E-01 C 

4,4'-DDE (Dichlorodiphenyldichloroethylene) 72-55-9 -- -- -- -- -- 9.70E-05 C 3.40E-01 C 

4,4'-DDT (Dichlorodiphenyltrichloroethane) 50-29-3 -- -- -- -- -- 9.70E-05 I 3.40E-01 I 

4,4'-Methylenebis(2-chloroaniline) 101-14-4 -- -- -- -- -- 4.30E-04 C 1.51E+00 C 

4,6-Dinitro-2-methylphenol 534-52-1 -- -- -- -- -- -- -- -- -- 

4-Amino-3,5,6-trichloropicolinic acid 1918-02-1 -- -- -- -- -- -- -- -- -- 

4-Bromophenylphenyl ether 101-55-3 -- -- -- -- -- -- -- -- -- 

4-Chloro-3-methylphenol 59-50-7 -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

4-Chloroaniline 106-47-8 V -- -- -- -- -- -- -- -- 

4-Chlorophenylphenyl ether 7005-72-3 -- -- -- -- -- -- -- -- -- 

4-Methylphenol (cresol, p-) 106-44-5 V 6.00E-01 C 1.71E-01 C -- -- -- -- 

4-Nitroaniline 100-01-6 -- 6.00E-03 P 1.71E-03 P -- -- -- -- 

4-Nitrophenol 100-02-7 -- -- -- -- -- -- -- -- -- 

5-Nitro-o-toluidine 99-55-8 -- -- -- -- -- -- -- -- -- 

Acenaphthene 83-32-9 -- -- -- -- -- -- -- -- -- 

Acenaphthylene 208-96-8 -- -- -- -- -- -- -- -- -- 

Acetaldehyde 75-07-0 V 9.00E-03 I 2.57E-03 I 2.20E-06 I 7.70E-03 I 

Acetic acid, methyl ester 79-20-9 V -- -- -- -- -- -- -- -- 

Acetone 67-64-1 V 3.10E+01 A 8.86E+00 A -- -- -- -- 

Acetonitrile 75-05-8 V 6.00E-02 I 1.71E-02 I -- -- -- -- 

Acetophenone 98-86-2 V -- -- -- -- -- -- -- -- 

Acrolein 107-02-8 V 2.00E-05 I 5.71E-06 I -- -- -- -- 

Acrylamide 79-06-1 V -- -- -- -- 1.30E-03 I 4.55E+00 I 

Acrylonitrile 107-13-1 V 2.00E-03 I 5.71E-04 I 6.80E-05 I 2.38E-01 I 

Aldrin 309-00-2 V -- -- -- -- 4.90E-03 I 1.72E+01 I 

Allyl alcohol 107-18-6 V 1.00E-04 X 2.86E-05 X -- -- -- -- 

Allyl chloride 107-05-1 V 1.00E-03 I 2.86E-04 I 6.00E-06 C 2.10E-02 C 

Alpha-BHC 319-84-6 -- -- -- -- -- 1.80E-03 I 6.30E+00 I 

Alpha-Chlordane 5103-71-9 -- 7.00E-04 I 2.00E-04 I 1.00E-04 I 3.50E-01 I 

Alpha-Methylstyrene 98-83-9 V -- -- -- -- -- -- -- -- 

Aluminum 7429-90-5 -- 5.00E-03 P 1.43E-03 P -- -- -- -- 

Aniline 62-53-3 V 1.00E-03 I 2.86E-04 I 1.60E-06 C 5.60E-03 C 

Anthracene 120-12-7 -- -- -- -- -- -- -- -- -- 

Antimony 7440-36-0 -- -- -- -- -- -- -- -- -- 

Aramite 140-57-8 -- -- -- -- -- 7.10E-06 I 2.49E-02 I 

Aroclor-1016 12674-11-2 -- -- -- -- -- 2.00E-05 I 7.00E-02 I 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-258



ECF-HANFORD-11-0033, DRAFT 

37 

Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Aroclor-1221 11104-28-2 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1232 11141-16-5 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1242 53469-21-9 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1248 12672-29-6 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1254 11097-69-1 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1260 11096-82-5 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1262 37324-23-5 -- -- -- -- -- -- -- -- -- 

Arsenic 7440-38-2 -- 1.50E-05 C 4.29E-06 C 4.30E-03 I 1.51E+01 I 

Atrazine 1912-24-9 -- -- -- -- -- -- -- -- -- 

Azobenzene 103-33-3 -- -- -- -- -- 3.10E-05 I 1.09E-01 I 

Barium 7440-39-3 -- 5.00E-04 H 1.43E-04 H -- -- -- -- 

Benzaldehyde 100-52-7 V -- -- -- -- -- -- -- -- 

Benzene 71-43-2 V 3.00E-02 I 8.57E-03 I 7.80E-06 I 2.73E-02 I 

Benzenethiol 108-98-5 V -- -- -- -- -- -- -- -- 

Benzidine 92-87-5 -- -- -- -- -- 6.70E-02 I 2.35E+02 I 

Benzo(a)anthracene 56-55-3 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Benzo(a)pyrene 50-32-8 -- -- -- -- -- 1.10E-03 C 3.85E+00 C 

Benzo(b)fluoranthene 205-99-2 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Benzo(g,h,i)perylene 191-24-2 -- -- -- -- -- -- -- -- -- 

Benzo(k)fluoranthene 207-08-9 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Benzoic acid 65-85-0 -- -- -- -- -- -- -- -- -- 

Benzyl alcohol 100-51-6 V -- -- -- -- -- -- -- -- 

Benzyl chloride 100-44-7 V 1.00E-03 P 2.86E-04 P 4.90E-05 C 1.72E-01 C 

Beryllium 7440-41-7 -- 2.00E-05 I 5.71E-06 I 2.40E-03 I 8.40E+00 I 

beta-1,2,3,4,5,6-Hexachlorocyclohexane (beta-BHC) 319-85-7 -- -- -- -- -- 5.30E-04 I 1.86E+00 I 

Bis(2-chloro-1-methylethyl)ether 108-60-1 V -- -- -- -- 1.00E-05 H 3.50E-02 H 

Bis(2-Chloroethoxy)methane 111-91-1 -- -- -- -- -- -- -- -- -- 

Bis(2-chloroethyl) ether 111-44-4 V -- -- -- -- 3.30E-04 I 1.16E+00 I 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Bis(2-chloroisopropyl) 39638-32-9 V -- -- -- -- -- -- -- -- 

Bis(2-ethylhexyl) adipate 103-23-1 -- -- -- -- -- -- -- -- -- 

Bis(2-ethylhexyl) phthalate 117-81-7 -- -- -- -- -- 2.40E-06 C 8.40E-03 C 

Bis(chloromethyl) ether 542-88-1 V -- -- -- -- 6.20E-02 I 2.17E+02 I 

Bismuth 7440-69-9 -- -- -- -- -- -- -- -- -- 

Bisphenol A 80-05-7 -- -- -- -- -- -- -- -- -- 

Boron 7440-42-8 -- 2.00E-02 H 5.71E-03 H -- -- -- -- 

Bromide 24959-67-9 -- -- -- -- -- -- -- -- -- 

Bromodichloromethane 75-27-4 V -- -- -- -- 3.70E-05 C 1.30E-01 C 

Bromoform 75-25-2 V -- -- -- -- 1.10E-06 I 3.85E-03 I 

Bromomethane 74-83-9 V 5.00E-03 I 1.43E-03 I -- -- -- -- 

Butylbenzylphthalate 85-68-7 -- -- -- -- -- -- -- -- -- 

Cadmium 7440-43-9 -- 1.00E-05 A 2.86E-06 A 1.80E-03 I 6.30E+00 I 

Calcium 7440-70-2 -- -- -- -- -- -- -- -- -- 

Caprolactam 105-60-2 -- -- -- -- -- -- -- -- -- 

Carbazole 86-74-8 -- -- -- -- -- -- -- -- -- 

Carbethoxy malathion 121-75-5 -- -- -- -- -- -- -- -- -- 

Carbon disulfide 75-15-0 V 7.00E-01 I 2.00E-01 I -- -- -- -- 

Carbon tetrachloride 56-23-5 V 1.90E-01 A 5.43E-02 A 1.50E-05 I 5.25E-02 I 

Carbophenothion 786-19-6 -- -- -- -- -- -- -- -- -- 

Cellosolve acetate 111-15-9 V 3.00E-01 C 8.57E-02 C -- -- -- -- 

Cellosolve Solvent 110-80-5 V 2.00E-01 I 5.71E-02 I -- -- -- -- 

Chloral 75-87-6 V -- -- -- -- -- -- -- -- 

Chlordane 57-74-9 -- 7.00E-04 I 2.00E-04 I 1.00E-04 I 3.50E-01 I 

Chloride 16887-00-6 -- -- -- -- -- -- -- -- -- 

Chlorine 7782-50-5 V 1.50E-04 A 4.29E-05 A -- -- -- -- 

Chloroacetophenone 532-27-4 -- 3.00E-05 I 8.57E-06 I -- -- -- -- 

Chlorobenzene 108-90-7 V 5.00E-02 P 1.43E-02 P -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Chlorobenzilate 510-15-6 -- -- -- -- -- 3.10E-05 C 1.09E-01 C 

Chlorodifluoromethane 75-45-6 V 5.00E+01 I 1.43E+01 I -- -- -- -- 

Chloroethane 75-00-3 V 1.00E+01 I 2.86E+00 I -- -- -- -- 

Chloroform 67-66-3 V 9.80E-02 A 2.80E-02 A 2.30E-05 I 8.05E-02 I 

Chloromethane 74-87-3 V 9.00E-02 I 2.57E-02 I -- -- -- -- 

Chloromethyl methyl ether 107-30-2 V -- -- -- -- 6.90E-04 C 2.42E+00 C 

Chloroprene 126-99-8 V 7.00E-03 H 2.00E-03 H -- -- -- -- 

Chlorpyrifos 2921-88-2 -- -- -- -- -- -- -- -- -- 

Chromium 7440-47-3 -- -- -- -- -- -- -- -- -- 

Chromium (III) 16065-83-1 -- -- -- -- -- -- -- -- -- 

Chrysene 218-01-9 -- -- -- -- -- 1.10E-05 C 3.85E-02 C 

cis-1,2-Dichloroethylene 156-59-2 V -- -- -- -- -- -- -- -- 

cis-1,3-Dichloropropene 10061-01-5 V 2.00E-02 I 5.71E-03 I 4.00E-06 I 1.40E-02 I 

Cobalt 7440-48-4 -- 6.00E-06 P 1.71E-06 P 9.00E-03 P 3.15E+01 P 

Co-elution of Aroclor 1242 and Aroclor 1016 PCB1242/1016 -- -- -- -- -- -- -- -- -- 

Copper 7440-50-8 -- -- -- -- -- -- -- -- -- 

Cyanide 57-12-5 -- -- -- -- -- -- -- -- -- 

Cyanogen 460-19-5 V -- -- -- -- -- -- -- -- 

Cyanogen bromide 506-68-3 V -- -- -- -- -- -- -- -- 

Cyanogen chloride 506-77-4 V -- -- -- -- -- -- -- -- 

Cyclohexane 110-82-7 V 6.00E+00 I 1.71E+00 I -- -- -- -- 

Cyclohexanone 108-94-1 V -- -- -- -- -- -- -- -- 

Dalapon 75-99-0 V -- -- -- -- -- -- -- -- 

Delta-BHC 319-86-8 -- -- -- -- -- -- -- -- -- 

Diallate 2303-16-4 -- -- -- -- -- -- -- -- -- 

Diazinon 333-41-5 -- -- -- -- -- -- -- -- -- 

Dibenz[a,h]anthracene 53-70-3 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Dibenzofuran 132-64-9 -- -- -- -- -- -- -- -- -- 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-261



ECF-HANFORD-11-0033, DRAFT 

40 

Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Dibromochloromethane 124-48-1 V -- -- -- -- 2.70E-05 C 9.45E-02 C 

Dibromomethane 74-95-3 V 4.00E-03 X 1.14E-03 X -- -- -- -- 

Dicamba 1918-00-9 -- -- -- -- -- -- -- -- -- 

Dichlorodifluoromethane 75-71-8 V 2.00E-01 H 5.71E-02 H -- -- -- -- 

Dichloroprop 120-36-5 -- -- -- -- -- -- -- -- -- 

Dichlorvos 62-73-7 V 5.00E-04 I 1.43E-04 I 8.30E-05 C 2.91E-01 C 

Dieldrin 60-57-1 -- -- -- -- -- 4.60E-03 I 1.61E+01 I 

Diethyl ether 60-29-7 V -- -- -- -- -- -- -- -- 

Diethylphthalate 84-66-2 -- -- -- -- -- -- -- -- -- 

Diethylstilbesterol 56-53-1 -- -- -- -- -- 1.00E-01 C 3.50E+02 C 

Dimethoate 60-51-5 -- -- -- -- -- -- -- -- -- 

Dimethyl 1,2-dibromo-2,2-dichloroethyl phosphate 300-76-5 -- -- -- -- -- -- -- -- -- 

Dimethyl phthalate 131-11-3 -- -- -- -- -- -- -- -- -- 

Di-n-butylphthalate 84-74-2 -- -- -- -- -- -- -- -- -- 

Di-n-octylphthalate 117-84-0 -- -- -- -- -- -- -- -- -- 

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 -- -- -- -- -- -- -- -- -- 

Diphenylamine 122-39-4 -- -- -- -- -- -- -- -- -- 

Disulfoton 298-04-4 -- -- -- -- -- -- -- -- -- 

Endosulfan (1, 11, sulfate)  115-29-7 -- -- -- -- -- -- -- -- -- 

Endosulfan I 959-98-8 -- -- -- -- -- -- -- -- -- 

Endosulfan II 33213-65-9 -- -- -- -- -- -- -- -- -- 

Endosulfan sulfate 1031-07-8 -- -- -- -- -- -- -- -- -- 

Endrin 72-20-8 -- -- -- -- -- -- -- -- -- 

Endrin Aldehyde 7421-93-4 -- -- -- -- -- -- -- -- -- 

Endrin ketone 53494-70-5 -- -- -- -- -- -- -- -- -- 

Epn 2104-64-5 -- -- -- -- -- -- -- -- -- 

Ethyl acetate 141-78-6 V -- -- -- -- -- -- -- -- 

Ethyl methacrylate 97-63-2 V -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Ethyl methylene phosphorodithioate 563-12-2 -- -- -- -- -- -- -- -- -- 

Ethylbenzene 100-41-4 V 1.00E+00 I 2.86E-01 I 2.50E-06 C 8.75E-03 C 

Ethylene glycol 107-21-1 V 4.00E-01 C 1.14E-01 C -- -- -- -- 

Ethylene oxide 75-21-8 V 3.00E-02 C 8.57E-03 C 8.80E-05 C 3.08E-01 C 

Ethylenethiourea 96-45-7 -- -- -- -- -- 1.30E-05 C 4.55E-02 C 

Fensulfothion 115-90-2 -- -- -- -- -- -- -- -- -- 

Fluoranthene 206-44-0 -- -- -- -- -- -- -- -- -- 

Fluorene 86-73-7 -- -- -- -- -- -- -- -- -- 

Fluoride 16984-48-8 -- 1.30E-02 C 3.71E-03 C -- -- -- -- 

Formaldehyde 50-00-0 V 9.80E-03 A 2.80E-03 A 1.30E-05 I 4.55E-02 I 

Formamide, N,N-diethyl- 617-84-5 -- -- -- -- -- -- -- -- -- 

Formic Acid 64-18-6 V 3.00E-03 P 8.57E-04 P -- -- -- -- 

Furan 110-00-9 V -- -- -- -- -- -- -- -- 

Furfural 98-01-1 V 5.00E-02 H 1.43E-02 H -- -- -- -- 

Gamma-BHC (Lindane) 58-89-9 -- -- -- -- -- 3.10E-04 C 1.09E+00 C 

Gamma-Chlordane 5103-74-2 -- 7.00E-04 I 2.00E-04 I 1.00E-04 I 3.50E-01 I 

Glycidylaldehyde 765-34-4 V 1.00E-03 H 2.86E-04 H -- -- -- -- 

Heptachlor 76-44-8 -- -- -- -- -- 1.30E-03 I 4.55E+00 I 

Heptachlor epoxide 1024-57-3 V -- -- -- -- 2.60E-03 I 9.10E+00 I 

Hexachlorobenzene 118-74-1 -- -- -- -- -- 4.60E-04 I 1.61E+00 I 

Hexachlorobutadiene 87-68-3 V -- -- -- -- 2.20E-05 I 7.70E-02 I 

Hexachlorocyclopentadiene 77-47-4 V 2.00E-04 I 5.71E-05 I -- -- -- -- 

Hexachloroethane 67-72-1 V -- -- -- -- 4.00E-06 I 1.40E-02 I 

Hexachlorophene 70-30-4 -- -- -- -- -- -- -- -- -- 

Hexane 110-54-3 V 7.00E-01 I 2.00E-01 I -- -- -- -- 

Hexavalent Chromium 18540-29-9 -- 1.00E-04 I 2.86E-05 I 8.40E-02 I 2.94E+02 I 

Hydrazine 302-01-2 V 3.00E-05 P 8.57E-06 P 4.90E-03 I 1.72E+01 I 

Hydrogen sulfide 7783-06-4 V 2.00E-03 I 5.71E-04 I -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Hydroquinone 123-31-9 -- -- -- -- -- -- -- -- -- 

Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Iron 7439-89-6 -- -- -- -- -- -- -- -- -- 

Isobutyl alcohol 78-83-1 V -- -- -- -- -- -- -- -- 

Isophorone 78-59-1 V 2.00E+00 C 5.71E-01 C -- -- -- -- 

Isopropylbenzene 98-82-8 V 4.00E-01 I 1.14E-01 I -- -- -- -- 

Lead 7439-92-1 -- -- -- -- -- -- -- -- -- 

Lithium 7439-93-2 -- -- -- -- -- -- -- -- -- 

Magnesium 7439-95-4 -- -- -- -- -- -- -- -- -- 

Maleic hydrazide 123-33-1 -- -- -- -- -- -- -- -- -- 

Malononitrile 109-77-3 V -- -- -- -- -- -- -- -- 

Manganese 7439-96-5 -- 5.00E-05 I 1.43E-05 I -- -- -- -- 

m-Dinitrobenzene 99-65-0 -- -- -- -- -- -- -- -- -- 

Mercury 7487-94-7 -- 3.00E-05 C 8.57E-06 C -- -- -- -- 

Merphos 150-50-5 -- -- -- -- -- -- -- -- -- 

Methacrylonitrile 126-98-7 V 7.00E-04 H 2.00E-04 H -- -- -- -- 

Methanol 67-56-1 V 4.00E+00 C 1.14E+00 C -- -- -- -- 

Metholonyl 16752-77-5 -- -- -- -- -- -- -- -- -- 

Methoxychlor 72-43-5 -- -- -- -- -- -- -- -- -- 

Methyl Mercury 22967-92-6 -- -- -- -- -- -- -- -- -- 

Methyl methacrylate 80-62-6 V 7.00E-01 I 2.00E-01 I -- -- -- -- 

Methyl parathion 298-00-0 -- -- -- -- -- -- -- -- -- 

Methyl tert-butyl ether 1634-04-4 V 3.00E+00 I 8.57E-01 I 2.60E-07 C 9.10E-04 C 

Methylene chloride 75-09-2 V 1.00E+00 A 2.86E-01 A 4.70E-07 I 1.65E-03 I 

Methylhydrazine 60-34-4 V -- -- -- -- -- -- -- -- 

Mevinphos 7786-34-7 -- -- -- -- -- -- -- -- -- 

Mirex 2385-85-5 -- -- -- -- -- 5.10E-03 C 1.79E+01 C 

Molybdenum 7439-98-7 -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

m-Xylene 108-38-3 V 7.0E-01 C 2.00E-01 C -- -- -- -- 

Naphthalene 91-20-3 V 3.00E-03 I 8.57E-04 I 3.40E-05 C 1.19E-01 C 

n-Heptane 142-82-5 V -- -- -- -- -- -- -- -- 

Nickel 7440-02-0 -- 9.00E-05 A 2.57E-05 A 2.60E-04 C 9.10E-01 C 

Nitrate 14797-55-8 -- -- -- -- -- -- -- -- -- 

Nitrite 14797-65-0 -- -- -- -- -- -- -- -- -- 

Nitrobenzene 98-95-3 V 9.00E-03 I 2.57E-03 I 4.00E-05 I 1.40E-01 I 

Nitrogen in Nitrate NO3-N -- -- -- -- -- -- -- -- -- 

Nitrogen in Nitrite NO2-N -- -- -- -- -- -- -- -- -- 

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- -- -- -- -- -- -- -- -- 

Nitrosopyrrolidine 930-55-2 V -- -- -- -- 6.10E-04 I 2.14E+00 I 

n-Nitrosodiethanolamine 1116-54-7 -- -- -- -- -- 8.00E-04 C 2.80E+00 C 

n-Nitrosodiethylamine 55-18-5 V -- -- -- -- 4.30E-02 I 1.51E+02 I 

n-Nitrosodimethylamine 62-75-9 V 4.00E-05 X 1.14E-05 X 1.40E-02 I 4.90E+01 I 

n-Nitrosodi-n-butylamine 924-16-3 V -- -- -- -- 1.60E-03 I 5.60E+00 I 

n-Nitrosodi-n-dipropylamine 621-64-7 -- -- -- -- -- 2.00E-03 C 7.00E+00 C 

n-Nitrosodiphenylamine 86-30-6 -- -- -- -- -- 2.60E-06 C 9.10E-03 C 

n-Nitrosomethylethylamine 10595-95-6 -- -- -- -- -- 6.30E-03 C 2.21E+01 C 

n-Nitrosomethylvinylamine 4549-40-0 -- -- -- -- -- -- -- -- -- 

Octachlorodibenzo-p-dioxin 3268-87-9 -- -- -- -- -- 1.14E-02 WAC 3.99E+01 WAC 

o-Toluidine 95-53-4 V -- -- -- -- -- -- -- -- 

o-Toluidine hydrochloride 636-21-5 -- -- -- -- -- 3.70E-05 C 1.30E-01 C 

o-Xylene 95-47-6 V 7.0E-01 C 2.00E-01 C -- -- -- -- 

Parathion 56-38-2 -- -- -- -- -- -- -- -- -- 

Pentachlorobenzene 608-93-5 -- -- -- -- -- -- -- -- -- 

Pentachloronitrobenzene (PCNB) 82-68-8 -- -- -- -- -- -- -- -- -- 

Pentachlorophenol 87-86-5 -- -- -- -- -- 5.10E-06 C 1.79E-02 C 

Percent moisture (wet sample) %MOISTURE -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

pH Measurement PH -- -- -- -- -- -- -- -- -- 

Phenanthrene 85-01-8 -- -- -- -- -- -- -- -- -- 

Phenol 108-95-2 V 2.00E-01 C 5.71E-02 C -- -- -- -- 

Phorate 298-02-2 -- -- -- -- -- -- -- -- -- 

Phosphate 14265-44-2 -- -- -- -- -- -- -- -- -- 

Phosphorothioic Acid, O,O-diethyl O-(2-(ethylthio)ethyl... 8065-48-3 -- -- -- -- -- -- -- -- -- 

Phosphorus 7723-14-0 V -- -- -- -- -- -- -- -- 

Phosphorus in phosphate PO4-P -- -- -- -- -- -- -- -- -- 

Potassium 7440-09-7 -- -- -- -- -- -- -- -- -- 

p-Phenylenediamine 106-50-3 -- -- -- -- -- -- -- -- -- 

Pronamide 23950-58-5 -- -- -- -- -- -- -- -- -- 

Pyrene 129-00-0 -- -- -- -- -- -- -- -- -- 

Pyridine 110-86-1 V -- -- -- -- -- -- -- -- 

Ronnel 299-84-3 -- -- -- -- -- -- -- -- -- 

Selenium 7782-49-2 -- 2.00E-02 C 5.71E-03 C -- -- -- -- 

Silicon 7440-21-3 -- -- -- -- -- -- -- -- -- 

Silver 7440-22-4 -- -- -- -- -- -- -- -- -- 

Sodium 7440-23-5 -- -- -- -- -- -- -- -- -- 

Strontium 7440-24-6 -- -- -- -- -- -- -- -- -- 

Strychnine 57-24-9 -- -- -- -- -- -- -- -- -- 

Styrene 100-42-5 V 1.00E+00 I 2.86E-01 I -- -- -- -- 

Sulfate 14808-79-8 -- -- -- -- -- -- -- -- -- 

Sulfide 12597-05-5 -- -- -- -- -- -- -- -- -- 

sym-Trinitrobenzene 99-35-4 -- -- -- -- -- -- -- -- -- 

Tetrachloroethene 127-18-4 V 2.70E-01 A 7.71E-02 A 5.90E-06 C 2.07E-02 C 

Tetraethyl dithiopyrophosphate (Sulfotepp) 3689-24-5 -- -- -- -- -- -- -- -- -- 

Thallium 7440-28-0 -- -- -- -- -- -- -- -- -- 

Thiofanox 39196-18-4 -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Thiuram 137-26-8 V -- -- -- -- -- -- -- -- 

Tin 7440-31-5 -- -- -- -- -- -- -- -- -- 

Titanium 7440-32-6 -- -- -- -- -- -- -- -- -- 

Toluene 108-88-3 V 5.00E+00 I 1.43E+00 I -- -- -- -- 

Total PCBs 1336-36-3 -- -- -- -- -- 1.00E-04 C 3.50E-01 C 

Total petroleum hydrocarbons - diesel range TPHDIESEL -- -- -- -- -- -- -- -- -- 

Total petroleum hydrocarbons - motor oil (high boiling) TPH/OILH -- -- -- -- -- -- -- -- -- 

Toxaphene 8001-35-2 -- -- -- -- -- 3.20E-04 I 1.12E+00 I 

TPH TPH -- -- -- -- -- -- -- -- -- 

trans-1,2-Dichloroethylene 156-60-5 V 6.00E-02 P 1.71E-02 P -- -- -- -- 

trans-1,3-Dichloropropene 10061-02-6 V 2.00E-02 I 5.71E-03 I 4.00E-06 I 1.40E-02 I 

Tributyl phosphate 126-73-8 -- -- -- -- -- -- -- -- -- 

Trichloroethene 79-01-6 V 3.50E-02 H 1.00E-02 H 2.50E-05 H 8.75E-02 H 

Trichloromonofluoromethane 75-69-4 V 7.00E-01 H 2.00E-01 H -- -- -- -- 

Trifluralin 1582-09-8 -- -- -- -- -- -- -- -- -- 

Uranium 7440-61-1 -- 3.00E-04 A 8.57E-05 A -- -- -- -- 

Vanadium 7440-62-2 -- -- -- -- -- -- -- -- -- 

Vinyl acetate 108-05-4 V 2.00E-01 I 5.71E-02 I -- -- -- -- 

Vinyl chloride 75-01-4 V 1.00E-01 I 2.86E-02 I 4.40E-06 I 1.54E-02 I 

Warfarin 81-81-2 V -- -- -- -- -- -- -- -- 

Xylenes (total) 1330-20-7 V 1.00E-01 I 2.86E-02 I -- -- -- -- 

Zinc 7440-66-6 -- -- -- -- -- -- -- -- -- 

Notes: 

a. Analytes with a V are identified as volatile in the CLARC database (Ecology 2010)  

b. Inhalation reference concentration (RfC) converted to inhalation reference dose (RfDi) following EPA protocol (see Section 4.2) 

c. Inhalation unit risk (IUR) converted to inhalation cancer potency factor (CPFi) following EPA protocol (see Section 4.2) 

d. Analyte not listed in CLARC database (Ecology 2010) but meets definition of volatile organic compound WAC 173‐340‐200 “Definitions” “Volatiles” 

A‐ Agency for Toxic Substances and Disease Registry (ATSDR) 

C ‐ California Environmental Protection Agency Office of Environmental Health Hazard Assessments (CalEPA) 

H ‐ Health Effects Assessment Summary Tables (HEAST) 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

I ‐ EPA's Integrate Risk Information System (IRIS) 

N‐National Center for Environmental Assessment (NCEA) 

P ‐ Provisional Peer Reviewed Toxicity Values (PPRTV) 

X‐ PPRTV Appendix 

WAC‐ uses Toxicity Equivalence factors as provided by WAC 173‐340‐900 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-268



ECF-HANFORD-11-0033, DRAFT 

47 

 

5 Software Applications 

All supporting calculations are performed on electronic spreadsheets using Microsoft Excel1.  

6 Calculation  

Inhalation pathway PRGs protective of Standard Method B air cleanup levels are calculated using the 
methodology presented in Section 3 and the assumptions and inputs presented in Section 4. The 
spreadsheet calculations are validated by comparison with hand calculations. The hand calculations are 
provided in Figure 6-1. 

7 Results/Conclusions 

Calculation results for the Standard Method B air cleanup levels are presented in Table 7-1. The table 
provides calculated values for both noncarcinogens and carcinogens as well as a final value, which is the 
lower of the two air concentrations for analytes with both noncarcinogenic and carcinogenic effects. 

Calculation results for the inhalation pathway PRGs protective of Standard Method B air cleanup levels 
are presented in Table 7-2. The table provides calculated values for both noncarcinogens and carcinogens 
as well as a final value, which is the lower of the two soil concentrations for analytes with both 
noncarcinogenic and carcinogenic effects. 

 

                                                      
1 Excel is a trademark of Microsoft Corporation, Redmond, Washington. 
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Figure 6-1 
HAND CALCULATIONS 

(4 Sheets) 
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1 Purpose 

This Environmental Calculation documents the methods and assumptions for development of non-
radiological soil Preliminary Remediation Goals (PRGs) that will be used to support the 100 Areas and 
300 Area Remedial Investigation/Feasibility Study (RI/FS) Reports. PRGs are concentration goals for a 
specific medium that are intended to protect specified receptors from exposure to contaminants through 
identified exposure pathways. 

The PRGs described in the Environmental Calculation represent soil concentrations that are protective of 
the inhalation pathway using Standard Method B air cleanup levels as defined in the Washington 
Administrative Code (WAC) Section 173-340-750, “Cleanup Standards to Protect Air Quality.” 
Inhalation pathway PRGs in soil are developed by calculating analyte-specific Standard Method B air 
cleanup levels for a suite of target analytes and then applying a site-specific soil-to-air particulate 
emission factor (PEF) and analyte-specific volatilization factors (VFs) to derive soil concentrations that 
correspond to the air concentrations. 

2 Background 

As described in DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/Feasibility Study Work 
Plan and DOE/RL-2009-30, 300 Area Decision Unit Remedial Investigation/Feasibility Study Work Plan, 
the 100 Areas and 300 Area contains multiple source and groundwater operable units (OUs) that are part 
of the Hanford Site River Corridor, which encompasses approximately 570 km2 (220 mi2) adjacent to the 
Columbia River. To date, waste sites within the River Corridor have been remediated to unrestricted land 
use levels. Cleanup levels corresponding to unrestricted land use in the River Corridor are currently 
defined in Interim Action Records of Decision (IAROD), and have been calculated in DOE/RL-96-17, 
100 Area Remedial Design Report/Remedial Action Work Plan. For the purposes of developing 
nonradiological PRGs within this Environmental Calculation document, the following target objective is 
used: 

 Prevent unacceptable risk to human health from inhalation of dust and vapors from soils and/or debris 
contaminated with nonradiological contaminants less than 4.6 m (15 ft) below ground surface (bgs). 
PRGs that achieve this objective are based on State of Washington Method B standards (WAC 173-
340-750). Standard Method B air cleanup levels for individual carcinogenic substances correspond to 
an upper bound of the estimated excess lifetime cancer risk of one in one million (1 x 10-6). Standard 
Method B air cleanup levels for individual noncarcinogenic substances are set at concentrations that 
are anticipated to result in no acute or chronic toxic effects on human health; this level corresponds to 
a Hazard Quotient (HQ) of one.  

This target objective has been developed only for the purpose of calculating PRGs that are presented in 
this Environmental Calculation. This target objective is not intended to supersede Remedial Action 
Objectives (RAOs) being developed as part of the 100 Areas or 300 Area RI/FS Reports. This 
Environmental Calculation document will be revised as needed to incorporate updates to these PRGs that 
may result from changes in RAOs occurring during development of the 100 Areas and 300 Area RI/FS 
Reports.  

3 Methodology  

The following steps were used to calculate inhalation pathway PRGs protective of Standard Method B air 
cleanup levels: 

1. Calculation of analyte-specific Standard Method B air cleanup levels. 
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2. Calculation of a site-specific PEF. 

3. Calculation of analyte-specific VFs for volatile analytes. 

4. Calculation of analyte-specific soil PRGs using results from Steps 1 through 3. 

The methodology and equations used for each step are detailed in the following subsections. 

3.1 Standard Method B Air Cleanup Levels 

The methodology used to determine Standard Method B air cleanup levels is described in WAC 173-340-
750(3)(b), “Method B Air Cleanup Levels,” “Standard Method B Air Cleanup Levels.” Air cleanup levels 
are calculated for noncarcinogens and carcinogens using equation 750-1 and equation 750-2, respectively. 
Default parameters, specified in the equations, are used to provide air cleanup levels based on a hazard 
quotient of 1 for noncarcinogens or an acceptable cancer risk level of 1 x 10-6 for carcinogens. 

Reference doses and carcinogenic potency factors used in the equations are determined using the 
recommended reference hierarchy as described in Cook , 2003, Human Health Toxicity Values in 
Superfund Risk Assessments. These values are obtained from the Washington State Department of 
Ecology (Ecology) “Cleanup Levels and Risk Calculations (CLARC)” web site (Ecology 2010) 
(https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx) or the U.S. Environmental Protection Agency 
(EPA) “Regional Screening Levels for Chemical Contaminants at Superfund Sites” web site (EPA 2009) 
(http://www.epa.gov/reg3hscd/risk/human/rb-concentration_table/). The EPA Regional Screening Levels 
(EPA 2009) were used as the source for toxicity values for those contaminants where EPA has recently 
updated those values. Further details on the selection of toxicity values are presented in Section 4 of this 
Environmental Calculation. 

The following steps were used to calculate Standard Method B air cleanup levels: 

1. Identify equation 750-1 and equation 750-2 from WAC 173-340-750(3)(b). 

2. Identify the exposure assumptions within equation 750-1 and equation 750-2 from WAC 173-
340-750(3)(b). 

3. Obtain toxicity values for each analyte. 

4. Calculate air concentrations corresponding to a HQ of 1 or a cancer risk level of 1 x 10-6.  

5. For analytes with both noncarcinogenic and carcinogenic effects, use the lower of the two air 
cleanup levels; the lower value is protective of both effects. 

6. Document exposure assumptions, analytes-specific parameters, and their primary sources in a 
summary table.  

The following subsections provide the equations used to calculate Standard Method B air cleanup levels. 
Input variables and default parameters for the equations are defined in Table 3-1. The calculated analyte-
specific Standard Method B air cleanup levels are tabulated and presented in Section 7. 
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3.1.1 Noncarcinogens 
For noncarcinogens, Standard Method B air cleanup levels are calculated using equation 750-1 from 
WAC 173-340-750(3)(b)(ii)(A) as follows.  
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    (1) 

3.1.2 Carcinogens 
For carcinogens, Standard Method B air cleanup levels are calculated using equation 750-2 from 
WAC 173-340-750(3)(b)(ii)(B) as follows.  
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3.2 Particulate Emission Factor and Volatilization Factors 

Inhalation pathway PRGs in soil are calculated by converting the Method B air cleanup levels into 
corresponding soil concentrations using a site-specific soil-to-air PEF and analyte-specific VFs. The PEF 
and VFs provide the relationship between an analyte’s concentration in the soil and its concentration in 
the air. The PEF addresses fugitive dust emissions caused by wind and is applied to all analytes; the VFs 
address soil vapor emissions from volatiles and are applied only to volatile analytes. The PEF and VFs 
are developed using EPA guidance provided in OSWER 9355.4-24, Supplemental Guidance for 
Developing Soil Screening Levels for Superfund Sites. The methodology for developing the PEF and VFs 
is described in the following subsections. 

3.2.1 Particulate Emission Factor 
The airborne concentration of an analyte adhered to particulate matter with an aerodynamic particle 
diameter of less than 10 microns (PM10) is assessed using a site-specific PEF. The PEF relates the 
contaminant concentration in soil with the concentration of respirable particles in the air due to fugitive 
dust emissions. 

The following steps were used to calculate a site-specific PEF: 

1. Identify the applicable equations. 

a. Equation 4-5 from OSWER 9355.4-24 for the PEF, 

b. Equation D-1 from OSWER 9355.4-24 for the inverse of the ratio of the geometric mean air 
concentration to the emission flux at the center of the source or at the boundary of the source 
(Q/C),  

c. Equations found on page B-2 of EPA/600/8-85/002, Rapid Assessment of Exposure to Particulate 
Emissions from Surface Contamination Sites for the wind speed distribution function [F(x)]. 

2. Identify the default and site-specific factors for use in calculating PEF, Q/C, x, and F(x). 

3. Calculate the site-specific PEF. 

4. Document the default and site-specific assumptions, and their primary sources in a summary table.  

The equations used to calculate the PEF are as follows: 

   xF
u

u
V

C

Q
PEF

t

m 










3

1036.0

600,3

  (3)

 

Where: 

  







 


C

BA
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Q s
2ln

exp
     (4) 

And: 

)x (  x) 12  +  x (8 0.18 = F(x) 23 exp      (5)  
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And:

 










m

t

u
u 0.886 = x

      (6)
 

 
Input variables for the PEF equations are defined in Table 3-2. The calculated value for the PEF is 
7.30E+10 m3/kg. 
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3.2.2 Volatilization Factors 
A VF is used to define the relationship between the concentration of an analyte in soil and the flux of the 
volatilized analyte to air. The VF is calculated using analyte-specific properties and either site-specific or 
default values for soil moisture, dry bulk density, and fraction of organic carbon in soil.  

The following steps were used to calculate analyte-specific VFs for volatile analytes: 

1. Identify the applicable equations. 

a. Equation 4-8 from OSWER 9355.4-24 for VF and apparent diffusivity (DA), 

b. Equation D-1 from OSWER 9355.4-24 for Q/C.  

2. Identify default and site-specific factors for use in calculating VF, DA, and Q/C. 

3. Identify analyte-specific values for diffusivity in air (Di), diffusivity in water (Dw), Henry’s Law 
Constant (H’), soil-carbon partition coefficient (Koc), and soil-water distribution coefficient (Kd). 
These analyte-specific parameters were obtained from the following sources in order of preference: 

a. DOE/RL-96-17. 

b. The Ecology CLARC database (Ecology 2010). 

c. The EPA Regional Screening Levels (EPA 2009). 

d. The Oak Ridge National Laboratory (ORNL) Risk Assessment information database (RAIS) 
(ORNL 2010) (http://rais.ornl.gov/). 

4.  Calculate the analyte-specific VFs. 

5. Document the default and site-specific assumptions, and their primary sources in a summary table. 

The equations used to calculate analyte-specific VFs for volatile analytes are as follows: 

 

Ab

A

D

cm

m
TD

C

Q

VF
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    (7) 

Where: 
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And: 
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  (9) 

 
Input variables for the VF equations are defined in Table 3-3. The calculated values for the analyte-
specific VFs are tabulated and presented in Section 4. 
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3.3 Inhalation Pathway Preliminary Remediation Goals 

The following subsections present the equations used to derive soil concentrations corresponding to the 
Standard Method B air cleanup levels. The inhalation pathway PRGs in soil are derived from the air 
concentrations by applying the site-specific PEF to all analytes and analyte-specific VFs to volatile 
analytes. The methodology used is consistent with EPA guidance for calculating soil PRGs protective of 
ambient air provided in EPA/540/R-92/003, Risk Assessment Guidance for Superfund, Volume I: Human 
Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals). 

3.3.1 Nonvolatile Analytes 
For nonvolatile analytes, inhalation pathway PRGs protective of Standard Method B air cleanup levels are 
calculated as follows: 
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/

1

)/(
)/(

3

3

gmg

kgmPEF

mgLevelAirCleanup
kgmgpLevelSoilCleanu 













   (10) 

3.3.2 Volatile Analytes 
For volatile analytes, inhalation pathway PRGs protective of Standard Method B air cleanup levels are 
calculated as follows: 

   
)/(001.0

/

1

/

1

)/(
)/(

33

3

gmg

kgmVFkgmPEF

mgLevelAirCleanup
kgmgpLevelSoilCleanu 






























  (11) 

 

4 Assumptions and Inputs  

Assumptions and inputs associated with the calculation of inhalation pathway PRGs using Standard 
Method B air cleanup levels are described below. 

4.1 Exposure Factors 

The assumptions and inputs used to quantify inhalation pathway exposures to dust and volatiles from soil 
are presented in Tables 3-1 through 3-3 and Table 4-1. Other key assumptions are as follows: 

 Exposure assumptions used to calculate Standard Method B air cleanup levels for noncarcinogens and 
carcinogens are listed in Table 3-1. The sources for each of the assumptions are also listed in Table 3-
1. 

 The exposure route included in the Standard Method B air cleanup levels is inhalation of dust and 
volatiles from soil. 

 An inhalation absorption fraction of 1.0 is used for all analytes.  

 Input parameters used to calculate a site-specific PEF for fugitive dust emissions are listed in Table 3-
2. These parameters include a site-specific average wind speed as well as standard EPA default 
values. The sources for each of the parameters are listed in Table 3-2. 
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 Input parameters used to calculate analyte-specific VFs for vapor emissions are listed in Table 3-3, 
along with the sources for each of the parameters. These parameters are site-specific values where 
available, or default values where site-specific values were not available. Values for the analyte-
specific parameters in Table 3-3 are provided Table 4-1, along with the source for each value. 
Analytes identified as volatile in Table 4-1 meet the definition of a volatile organic compound in 
WAC 173-340-200, “Definitions,” and were identified from the Ecology CLARC database (Ecology 
2010). The calculated VFs for all analytes defined as volatile are presented in Table 4-1. 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

1,1,1,2-Tetrachloroethane -- 630-20-6 4.80E-02 EPA 
2010 

9.10E-06 EPA 
2010 

1.00E-01 EPA 
2010 

8.60E+01 8.60E-02 EPA 
2010 

-- -- -- 8.60E-02 EPA 
2010 

1.25E-03 V 3.67E+03 

1,1,1-Trichloroethane -- 71-55-6 6.50E-02 EPA 
2010 

9.60E-06 EPA 
2010 

7.10E-01 CLARC 
2010 

1.40E+02 1.40E-01 CLARC 
2010 

-- -- -- 1.40E-01 CLARC 
2010 

6.57E-03 V 1.60E+03 

1,1,2,2-Tetrachloroethane -- 79-34-5 4.90E-02 EPA 
2010 

9.30E-06 EPA 
2010 

1.40E-02 CLARC 
2010 

7.90E+01 7.90E-02 CLARC 
2010 

-- -- -- 7.90E-02 CLARC 
2010 

2.02E-04 V 9.13E+03 

1,1,2-Trichloro-1,2,2-trifluoroethane -- 76-13-1 3.80E-02 EPA 
2010 

8.60E-06 EPA 
2010 

2.20E+01 EPA 
2010 

1.97E+02 1.97E-01 EPA 
2010 

-- -- -- 1.97E-01 EPA 
2010 

9.98E-03 V 1.30E+03 

1,1,2-Trichloroethane -- 79-00-5 6.70E-02 EPA 
2010 

1.00E-05 EPA 
2010 

3.70E-02 CLARC 
2010 

7.50E+01 7.50E-02 CLARC 
2010 

-- -- -- 7.50E-02 CLARC 
2010 

7.26E-04 V 4.81E+03 

1,1'-Biphenyl -- 92-52-4 4.70E-02 EPA 
2010 

7.60E-06 EPA 
2010 

1.30E-02 EPA 
2010 

5.13E+03 5.13E+00 EPA 
2010 

-- -- -- 5.13E+00 EPA 
2010 

6.23E-06 V 5.19E+04 

1,1-Dichloroethane -- 75-34-3 8.40E-02 EPA 
2010 

1.10E-05 EPA 
2010 

2.30E-01 CLARC 
2010 

5.30E+01 5.30E-02 CLARC 
2010 

-- -- -- 5.30E-02 CLARC 
2010 

5.24E-03 V 1.79E+03 

1,1-Dichloroethene 1,1-Dichloroethylene 75-35-4 8.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.10E+00 CLARC 
2010 

6.50E+01 6.50E-02 CLARC 
2010 

-- -- -- 6.50E-02 CLARC 
2010 

1.35E-02 V 1.12E+03 

1,1-Dimethylhydrazine -- 57-14-7 -- -- -- -- 2.80E-06 EPA 
2010 

1.20E+01 1.20E-02 EPA 
2010 

-- -- -- 1.20E-02 EPA 
2010 

-- V -- 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin HxCDD, 1,2,3,7,8,9- 19408-74-3 -- -- -- -- 1.05E-03 ORNL 
2010 

6.95E+05 6.95E+02 ORNL 
2010 

-- -- -- 6.95E+02 ORNL 
2010 

-- -- -- 

1,2,3-Trichloropropane -- 96-18-4 5.70E-02 EPA 
2010 

9.20E-06 EPA 
2010 

1.40E-02 EPA 
2010 

1.16E+02 1.16E-01 EPA 
2010 

-- -- -- 1.16E-01 EPA 
2010 

1.95E-04 V 9.29E+03 

1,2,4,5-Tetrachlorobenzene -- 95-94-3 -- -- -- -- 4.10E-02 EPA 
2010 

2.22E+03 2.22E+00 EPA 
2010 

-- -- -- 2.22E+00 EPA 
2010 

-- -- -- 

1,2,4-Trichlorobenzene -- 120-82-1 4.00E-02 EPA 
2010 

8.40E-06 EPA 
2010 

5.80E-02 CLARC 
2010 

1.70E+03 1.70E+00 CLARC 
2010 

-- -- 1.66E+00 1.66E+00 DOE/RL-
96-17 

6.98E-05 V 1.55E+04 

1,2,4-Trimethylbenzene -- 95-63-6 6.10E-02 EPA 
2010 

7.90E-06 EPA 
2010 

2.50E-01 EPA 
2010 

6.14E+02 6.14E-01 EPA 
2010 

-- -- -- 6.14E-01 EPA 
2010 

1.07E-03 V 3.97E+03 

1,2-Dibromo-3-chloropropane -- 96-12-8 3.20E-02 EPA 
2010 

8.90E-06 EPA 
2010 

6.00E-03 EPA 
2010 

1.16E+02 1.16E-01 EPA 
2010 

-- -- -- 1.16E-01 EPA 
2010 

4.74E-05 V 1.88E+04 

1,2-Dibromoethane -- 106-93-4 4.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.70E-02 EPA 
2010 

6.60E+01 6.60E-02 CLARC 
2010 

-- -- -- 6.60E-02 CLARC 
2010 

3.62E-04 V 6.82E+03 

1,2-Dichlorobenzene -- 95-50-1 5.60E-02 EPA 
2010 

8.90E-06 EPA 
2010 

7.80E-02 CLARC 
2010 

3.80E+02 3.80E-01 CLARC 
2010 

-- -- 3.79E-01 3.79E-01 DOE/RL-
96-17 

4.71E-04 V 5.97E+03 

1,2-Dichloroethane -- 107-06-2 8.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.00E-02 CLARC 
2010 

3.80E+01 3.80E-02 CLARC 
2010 

-- -- -- 3.80E-02 CLARC 
2010 

1.26E-03 V 3.65E+03 

1,2-Dichloroethene (Total) 1,2-Dichloroethylene Mixed Isomers 540-59-0 9.00E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.70E-01 EPA 
2010 

3.96E+01 3.96E-02 EPA 
2010  

-- -- -- 3.96E-02 EPA 
2010  

4.75E-03 V 1.88E+03 

1,2-Dichloropropane -- 78-87-5 8.10E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.20E-01 CLARC 
2010 

4.70E+01 4.70E-02 CLARC 
2010 

-- -- -- 4.70E-02 CLARC 
2010 

3.05E-03 V 2.35E+03 

1,2-Dimethylhydrazine -- 540-73-8 -- -- -- -- 2.80E-06 EPA 
2010 

1.49E+01 1.49E-02 EPA 
2010 

-- -- -- 1.49E-02 EPA 
2010 

-- V -- 

1,2-Diphenylhydrazine -- 122-66-7 -- -- -- -- 2.00E-05 EPA 
2010 

1.51E+03 1.51E+00 EPA 
2010 

-- -- -- 1.51E+00 EPA 
2010 

-- -- -- 

1,2-Propanediol Propylene Glycol 57-55-6 -- -- -- -- 5.30E-07 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

1,3-Butadiene -- 106-99-0 1.00E-01 EPA 
2010 

1.00E-05 EPA 
2010 

3.00E+00 EPA 
2010 

3.96E+01 3.96E-02 EPA 
2010 

-- -- -- 3.96E-02 EPA 
2010 

2.26E-02 V 8.63E+02 

1,3-Dichlorobenzene 
-- 

541-73-1 
5.58E-02 ORNL 

2010 
8.85E-06 ORNL 

2010 
1.08E-01 ORNL 

2010 
3.75E+02 3.75E-01 ORNL 

2010  
-- -- 4.34E-01 4.34E-01 DOE/RL-

96-17 
5.79E-04 V 5.39E+03 

1,3-Dichloropropene -- 542-75-6 8.20E-02 EPA 
2010 

9.60E-06 EPA 
2010 

7.26E-01 CLARC 
2010 

2.70E+01 2.70E-02 CLARC 
2010 

-- -- -- 2.70E-02 CLARC 
2010 

1.20E-02 V 1.18E+03 

1,3-Isobenzofurandione Pthalic Anhydride 85-44-9 -- -- -- -- 6.70E-07 EPA 
2010 

1.00E+01 1.00E-02 EPA 
2010 

-- -- -- 1.00E-02 EPA 
2010 

-- -- -- 

1,4-Dichloro-2-butene -- 764-41-0 7.60E-02 EPA 
2010 

8.90E-06 EPA 
2010 

2.70E-02 EPA 
2010 

1.32E+02 1.32E-01 EPA 
2010 

-- -- -- 1.32E-01 EPA 
2010 

4.62E-04 V 6.03E+03 

1,4-Dichlorobenzene -- 106-46-7 5.50E-02 EPA 
2010 

8.70E-06 EPA 
2010 

1.00E-01 CLARC 
2010 

6.20E+02 6.20E-01 CLARC 
2010 

-- -- 6.16E-01 6.16E-01 DOE/RL-
96-17 

3.99E-04 V 6.49E+03 

1,4-Dinitrobenzene -- 100-25-4 4.90E-02 EPA 
2010 

9.40E-06 EPA 
2010 

1.50E-05 EPA 
2010 

3.52E+02 3.52E-01 EPA 
2010 

-- -- -- 3.52E-01 EPA 
2010 

2.19E-07 -- -- 

1,4-Dioxane -- 123-91-1 8.70E-02 EPA 
2010 

1.10E-05 EPA 
2010 

2.00E-04 EPA 
2010 

2.63E+00 2.63E-03 EPA 
2010 

-- -- -- 2.63E-03 EPA 
2010 

9.71E-06 V 4.16E+04 

1-Butanol N-Butanol 71-36-3 9.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

3.60E-04 EPA 
2010 

6.92E+00 6.92E-03 CLARC 
2010 

-- -- -- 6.92E-03 CLARC 
2010 

1.67E-05 V 3.17E+04 

1-Chloro-2,3-epoxypropane Epichlorohydrin 106-89-8 8.90E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.20E-03 EPA 
2010 

9.91E+00 9.91E-03 EPA 
2010 

-- -- -- 9.91E-03 EPA 
2010 

5.23E-05 V 1.79E+04 

1-Chlorobutane -- 109-69-3 7.80E-02 EPA 
2010 

9.30E-06 EPA 
2010 

6.80E-01 EPA 
2010 

7.22E+01 7.22E-02 EPA 
2010 

-- -- -- 7.22E-02 EPA 
2010 

9.39E-03 V 1.34E+03 

1-Methoxy-2-propanol Propylene Glycol monomethyl Ether 107-98-2 8.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

3.80E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.29E-06 V 8.57E+04 

2-(2-Butoxyethoxy)ethanol Diethylene Glycol Monobutyl Ether 112-34-5 -- -- -- -- 2.90E-07 EPA 
2010 

1.00E+01 1.00E-02 EPA 
2010 

-- -- -- 1.00E-02 EPA 
2010 

-- V -- 

2-(2-ethoxyethoxy)ethanol Diethylene Glycol Monoethyl Ether 111-90-0 -- -- -- -- 9.10E-07 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 

2-(2-methyl-4-chlorophenoxy) propionic acid MCPP 93-65-2 -- -- -- -- 3.70E-08 EPA 
2010 

4.85E+01 4.85E-02 EPA 
2010 

-- -- -- 4.85E-02 EPA 
2010 

-- -- -- 

2,3,4,6-Tetrachlorophenol -- 58-90-2 -- -- -- -- 3.60E-04 EPA 
2010 

2.80E+02 2.80E-01 CLARC 
2010 

-- -- -- 2.80E-01 CLARC 
2010 

-- -- -- 

2,3,7,8-Tetrachlorodibenzo-p-dioxin TCDD 1746-01-6 -- -- -- -- 2.00E-03 EPA 
2010 

2.49E+05 2.49E+02 EPA 
2010 

-- -- -- 2.49E+02 EPA 
2010 

-- -- -- 

2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) 2,4,5-Trichlorophenoxyacetic acid 93-76-5 -- -- -- -- 1.90E-06 EPA 
2010 

4.90E+01 4.90E-02 ORNL 
2010 

-- -- -- 4.90E-02 ORNL 
2010 

-- -- -- 

2,4,5-TP(2-(2,4,5-Trichlorophenoxy)propionic 
acid)Silvex 

2-(2,4,5-Trichlorophenoxy)propionic 
acid 

93-72-1 -- -- -- -- 3.70E-07 EPA 
2010 

8.00E+01 8.00E-02 ORNL 
2010 

-- -- -- 8.00E-02 ORNL 
2010 

-- -- -- 

2,4,5-Trichlorophenol -- 95-95-4 5.60E-02 EPA 
2010 

6.50E-06 EPA 
2010 

1.80E-04 CLARC 
2010 

1.60E+03 1.60E+00 CLARC 
2010 

-- -- 1.60E+00 1.60E+00 DOE/RL-
96-17 

3.40E-07 V 2.22E+05 

2,4,6-Trichlorophenol -- 88-06-2 3.10E-02 EPA 
2010 

8.10E-06 EPA 
2010 

3.20E-04 CLARC 
2010 

3.80E+02 3.80E-01 CLARC 
2010 

-- -- 3.81E-01 3.81E-01 DOE/RL-
96-17 

1.21E-06 V 1.18E+05 

2,4,6-Trinitrotoluene -- 118-96-7 -- -- -- -- 8.50E-07 EPA 
2010 

2.81E+03 2.81E+00 EPA 
2010 

-- -- -- 2.81E+00 EPA 
2010 

-- -- -- 

2,4-D(2,4-Dichlorophenoxyacetic acid) 2,4-Dichlorophenoxyacetic acid 94-75-7 -- -- -- -- 1.40E-06 EPA 
2010 

2.94E+01 2.94E-02 ORNL 
2010 

-- -- -- 2.94E-02 ORNL 
2010 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2,4-DB(4-(2,4-Dichlorophenoxy)butanoic acid) 4-(2,4-Dichlorophenoxy)butanoic acid 94-82-6 -- -- -- -- 2.40E-07 EPA 
2010 

1.00E+02 1.00E-01 ORNL 
2010 

-- -- -- 1.00E-01 ORNL 
2010 

-- -- -- 

2,4-Dichlorophenol -- 120-83-2 6.40E-02 EPA 
2010 

7.40E-06 EPA 
2010 

1.30E-04 CLARC 
2010 

1.50E+02 1.50E-01 CLARC 
2010 

-- -- 1.47E-01 1.47E-01 DOE/RL-
96-17 

1.98E-06 V 9.20E+04 

2,4-Dimethylphenol -- 105-67-9 6.20E-02 EPA 
2010 

8.30E-06 EPA 
2010 

8.20E-05 CLARC 
2010 

2.10E+02 2.10E-01 CLARC 
2010 

-- -- 2.09E-01 2.09E-01 DOE/RL-
96-17 

1.05E-06 V 1.27E+05 

2,4-Dinitrophenol -- 51-28-5 -- -- -- -- 1.80E-05 CLARC 
2010 

1.00E-02 1.00E-05 CLARC 
2010 

-- -- 1.00E-05 1.00E-05 DOE/RL-
96-17 

-- -- -- 

2,4-Dinitrotoluene -- 121-14-2 -- -- -- -- 3.80E-06 CLARC 
2010 

9.60E+01 9.60E-02 CLARC 
2010 

-- -- 9.55E-02 9.55E-02 DOE/RL-
96-17 

-- -- -- 

2,5-Diaminotoluene Toluene-2,5-diamine 95-70-5 -- -- -- -- 3.89E-08 ORNL 
2010 

5.54E+01 5.54E-02 ORNL 
2010 

-- -- -- 5.54E-02 ORNL 
2010 

-- -- -- 

2,6-Dinitrotoluene -- 606-20-2 3.70E-02 EPA 
2010 

7.80E-06 EPA 
2010 

3.10E-05 CLARC 
2010 

6.90E+01 6.90E-02 CLARC 
2010 

-- -- 6.92E-02 6.92E-02 DOE/RL-
96-17 

6.54E-07 -- -- 

2-Butanone Methyl Ethyl Ketone 78-93-3 9.10E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.30E-03 EPA 
2010 

4.51E+00 4.51E-03 EPA 
2010  

-- -- -- 4.51E-03 EPA 
2010  

1.07E-04 V 1.25E+04 

2-Butoxyethanol Ethylene Glycol Monobutyl Ether 111-76-2 6.30E-02 EPA 
2010 

8.10E-06 EPA 
2010 

6.50E-05 EPA 
2010 

2.82E+00 2.82E-03 EPA 
2010 

-- -- -- 2.82E-03 EPA 
2010 

2.62E-06 V 8.01E+04 

2-Chloronaphthalene Beta-Chloronaphthalene 91-58-7 4.50E-02 EPA 
2010 

7.70E-06 EPA 
2010 

1.30E-02 EPA 
2010 

2.48E+03 2.48E+00 EPA 
2010  

-- -- 2.98E+00 2.98E+00 DOE/RL-
96-17 

1.01E-05 V 4.07E+04 

2-Chlorophenol -- 95-57-8 6.60E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.60E-02 CLARC 
2010 

3.90E+02 3.90E-01 CLARC 
2010 

-- -- 3.88E-01 3.88E-01 DOE/RL-
96-17 

1.15E-04 V 1.21E+04 

2-Chlorotoluene Chlorotoluene, o- 95-49-8 6.30E-02 EPA 
2010 

8.70E-06 EPA 
2010 

1.50E-01 EPA 
2010 

3.83E+02 3.83E-01 EPA 
2010 

-- -- -- 3.83E-01 EPA 
2010 

9.85E-04 V 4.13E+03 

2-Cyclohexyl-4,6-dinitrophenol 1,4,6-Dinitro-o-cyclohexyl Phenol 131-89-5 -- -- -- -- 1.40E-09 EPA 
2010 

1.65E+04 1.65E+01 EPA 
2010 

-- -- -- 1.65E+01 EPA 
2010 

-- -- -- 

2-Hexanoned -- 591-78-6 7.00E-02 EPA 
2010 

8.40E-06 EPA 
2010 

3.81E-03 ORNL 
2010 

1.50E+01 1.50E-02 EPA 
2010  

-- -- -- 1.50E-02 EPA 
2010  

1.23E-04 V 1.17E+04 

2-Methyl-2-(methylthio)propionaldehyde-o-
(methylcarbonyl) ox 

Aldicarb 116-06-3 -- -- -- -- 5.90E-08 EPA 
2010 

2.46E+01 2.46E-02 EPA 
2010 

-- -- -- 2.46E-02 EPA 
2010 

-- -- -- 

2-Methyl-4 chlorophenoxyacetic acid MCPA 94-74-6 -- -- -- -- 5.40E-08 EPA 
2010 

2.96E+01 2.96E-02 EPA 
2010 

-- -- -- 2.96E-02 EPA 
2010 

-- -- -- 

2-Methyllactonitrile Acetone Cyanohydrin 75-86-5 8.60E-02 EPA 
2010 

1.00E-05 EPA 
2010 

5.30E-04 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.46E-05 V 2.61E+04 

2-methylnaphthalene -- 
91-57-6 

5.20E-03 EPA 
2010 

7.80E-06 ORNL 
2010 

2.12E-02 ORNL 
2010 

2.48E+03 2.48E+00 ORNL 
2010  

-- -- 2.98E+00 2.98E+00 DOE/RL-
96-17 

1.92E-06 V 9.36E+04 

2-Methylphenol (cresol, o-) Cresol, o- 95-48-7 7.30E-02 EPA 
2010 

9.30E-06 EPA 
2010 

4.90E-05 CLARC 
2010 

9.10E+01 9.10E-02 CLARC 
2010 

-- -- 4.34E-01 4.34E-01 DOE/RL-
96-17 

4.67E-07 V 1.90E+05 

2-Nitroaniline -- 88-74-4 -- -- -- -- 2.40E-06 EPA 
2010 

1.11E+02 1.11E-01 EPA 
2010  

-- -- 5.27E-02 5.27E-02 DOE/RL-
96-17 

-- -- -- 

2-Nitrophenol 
-- 

88-75-5 
6.05E-02 ORNL 

2010 
9.17E-06 ORNL 

2010 
5.23E-04 ORNL 

2010 
2.97E+02 2.97E-01 ORNL 

2010  
-- -- -- 2.97E-01 ORNL 

2010  
4.39E-06 -- -- 

2-Nitropropane -- 79-46-9 8.50E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.90E-03 EPA 
2010 

3.08E+01 3.08E-02 EPA 
2010 

-- -- -- 3.08E-02 EPA 
2010 

1.69E-04 V 9.98E+03 

2-Pentanone, 4-Methyl 4-Methyl-2-Penatone 108-10-1 7.00E-02 EPA 
2010 

8.30E-06 EPA 
2010 

5.60E-03 EPA 
2010 

1.26E+01 1.26E-02 EPA 
2010  

-- -- -- 1.26E-02 EPA 
2010  

1.84E-04 V 9.55E+03 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2-Propyn-1-ol Propargyl Alcohol 107-19-7 1.20E-01 EPA 
2010 

1.30E-05 EPA 
2010 

4.70E-05 EPA 
2010 

1.90E+00 1.90E-03 EPA 
2010 

-- -- -- 1.90E-03 EPA 
2010 

3.76E-06 V 6.69E+04 

3,3'-Dichlorobenzidine -- 91-94-1 -- -- -- -- 1.60E-07 CLARC 
2010 

7.20E+02 7.20E-01 CLARC 
2010 

-- -- 7.24E-01 7.24E-01 DOE/RL-
96-17 

-- -- -- 

3,3'-Dimethoxybenzidine -- 119-90-4 -- -- -- -- 1.90E-09 EPA 
2010 

5.09E+02 5.09E-01 EPA 
2010 

-- -- -- 5.09E-01 EPA 
2010 

-- -- -- 

3,3'-Dimethylbenzidine -- 119-93-7 -- -- -- -- 3.30E-09 EPA 
2010 

3.19E+03 3.19E+00 EPA 
2010 

-- -- -- 3.19E+00 EPA 
2010 

-- -- -- 

3+4 Methylphenol (cresol, m+p) -- 65794-96-9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

3-Methylphenol (cresol, m-) Cresol, m- 108-39-4 7.30E-02 EPA 
2010 

9.30E-06 EPA 
2010 

3.50E-05 EPA 
2010 

3.00E+02 3.00E-01 EPA 
2010 

-- -- -- 3.00E-01 EPA 
2010 

4.87E-07 V 1.86E+05 

3-Nitroaniline -- 99-09-2 -- -- -- -- 3.23E-07 ORNL 
2010 

1.09E+02 1.09E-01 ORNL 
2010  

-- -- 5.16E-02 5.16E-02 DOE/RL-
96-17 

-- -- -- 

4,4'-DDD (Dichlorodiphenyldichloroethane) Dichlorodiphenyldichloroethane 72-54-8 -- -- -- -- 1.60E-04 CLARC 
2010 

4.60E+04 4.60E+01 CLARC 
2010 

-- -- 4.58E+01 4.58E+01 DOE/RL-
96-17 

-- -- -- 

4,4'-DDE (Dichlorodiphenyldichloroethylene) Dichlorodiphenyldichloroethylene 72-55-9 -- -- -- -- 8.60E-04 CLARC 
2010 

8.60E+04 8.60E+01 CLARC 
2010 

-- -- 8.64E+01 8.64E+01 DOE/RL-
96-17 

-- -- -- 

4,4'-DDT (Dichlorodiphenyltrichloroethane) Dichlorodiphenyltrichloroethane 50-29-3 -- -- -- -- 3.30E-04 CLARC 
2010 

6.80E+05 6.80E+02 CLARC 
2010 

-- -- 6.78E+02 6.78E+02 DOE/RL-
96-17 

-- -- -- 

4,4'-Methylenebis(2-chloroaniline) -- 101-14-4 -- -- -- -- 4.70E-10 EPA 
2010 

5.70E+03 5.70E+00 EPA 
2010 

-- -- -- 5.70E+00 EPA 
2010 

-- -- -- 

4,6-Dinitro-2-methylphenol 4,6-Dinitro-o-cresol 534-52-1 5.60E-02 EPA 
2010 

6.50E-06 EPA 
2010 

5.70E-05 EPA 
2010 

7.54E+02 7.54E-01 EPA 
2010  

-- -- 6.02E-01 6.02E-01 DOE/RL-
96-17 

3.01E-07 -- -- 

4-Amino-3,5,6-trichloropicolinic acid Picloram 1918-02-1 -- -- -- -- 2.20E-12 EPA 
2010 

3.88E+01 3.88E-02 EPA 
2010 

-- -- -- 3.88E-02 EPA 
2010 

-- -- -- 

4-Bromophenylphenyl ether 
-- 

101-55-3 
-- -- -- -- 4.78E-03 ORNL 

2010 
3.08E+03 3.08E+00 ORNL 

2010 
-- -- -- 3.08E+00 ORNL 

2010 
-- -- -- 

4-Chloro-3-methylphenol 
-- 

59-50-7 
-- -- -- -- 1.0E-04 EPA 

2010 4.92E+02 
4.92E-01 ORNL 

2010 
-- -- -- 4.92E-01 ORNL 

2010 
-- -- -- 

4-Chloroaniline Chloraniline, p- 106-47-8 7.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.40E-05 CLARC 
2010 

6.60E+01 6.60E-02 CLARC 
2010 

-- -- 7.25E-02 7.25E-02 DOE/RL-
96-17 

6.71E-07 V 1.58E+05 

4-Chlorophenylphenyl ether 
-- 

7005-72-3 
-- -- -- -- 9.77E-03 ORNL 

2010 
3.08E+03 3.08E+00 ORNL 

2010  
-- -- -- 3.08E+00 ORNL 

2010  
-- -- -- 

4-Methylphenol (cresol, p-) Cresol, p- 106-44-5 7.20E-02 EPA 
2010 

9.20E-06 EPA 
2010 

4.10E-05 EPA 
2010 

3.00E+02 3.00E-01 EPA 
2010  

-- -- 4.34E-01 4.34E-01 DOE/RL-
96-17 

4.04E-07 V 2.04E+05 

4-Nitroaniline -- 100-01-6 -- -- -- -- 5.20E-08 EPA 
2010 

1.09E+02 1.09E-01 EPA 
2010  

-- -- 5.16E-02 5.16E-02 DOE/RL-
96-17 

-- -- -- 

4-Nitrophenol -- 100-02-7 -- -- -- -- 1.70E-08 ORNL 
2010 

2.91E+02 2.91E-01 ORNL 
2010  

-- -- 3.09E-01 3.09E-01 DOE/RL-
96-17 

-- -- -- 

5-Nitro-o-toluidine 2-methyl-5-nitroaniline 99-55-8 -- -- -- -- 7.90E-07 EPA 
2010 

1.79E+02 1.79E-01 EPA 
2010 

-- -- -- 1.79E-01 EPA 
2010 

-- -- -- 

Acenaphthene -- 83-32-9 5.10E-02 EPA 
2010 

8.30E-06 EPA 
2010 

6.40E-03 CLARC 
2010 

4.90E+03 4.90E+00 CLARC 
2010 

-- -- 6.12E+00 6.12E+00 DOE/RL-
96-17 

2.80E-06 -- -- 

Acenaphthylene 
-- 

208-96-8 
4.50E-02 ORNL 

2010 
6.98E-06 ORNL 

2010 
4.66E-03 ORNL 

2010 
5.03E+03 5.03E+00 ORNL 

2010  
-- -- -- 5.03E+00 ORNL 

2010  
2.19E-06 -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Acetaldehyde -- 75-07-0 1.30E-01 EPA 
2010 

1.40E-05 EPA 
2010 

2.70E-03 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

1.85E-04 V 9.53E+03 

Acetic acid, methyl ester Methyl Acetate 79-20-9 9.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.70E-03 EPA 
2010 

3.06E+00 3.06E-03 EPA 
2010 

-- -- -- 3.06E-03 EPA 
2010 

2.32E-04 V 8.52E+03 

Acetone -- 67-64-1 1.10E-01 EPA 
2010 

1.10E-05 EPA 
2010 

1.60E-03 CLARC 
2010 

5.80E-01 5.80E-04 CLARC 
2010 

-- -- 6.00E-04 6.00E-04 DOE/RL-
96-17 

9.36E-05 V 1.34E+04 

Acetonitrile -- 75-05-8 1.30E-01 EPA 
2010 

1.40E-05 EPA 
2010 

1.40E-03 EPA 
2010 

4.67E+00 4.67E-03 EPA 
2010 

-- -- -- 4.67E-03 EPA 
2010 

9.33E-05 V 1.34E+04 

Acetophenone -- 98-86-2 6.50E-02 EPA 
2010 

8.70E-06 EPA 
2010 

4.30E-04 EPA 
2010 

5.19E+01 5.19E-02 EPA 
2010 

-- -- -- 5.19E-02 EPA 
2010 

1.02E-05 V 4.07E+04 

Acrolein -- 107-02-8 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

5.00E-03 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.88E-04 V 7.64E+03 

Acrylamide -- 79-06-1 -- -- -- -- 7.00E-08 EPA 
2010 

5.69E+00 5.69E-03 EPA 
2010 

-- -- -- 5.69E-03 EPA 
2010 

-- V -- 

Acrylonitrile -- 107-13-1 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

5.60E-03 EPA 
2010 

8.51E+00 8.51E-03 EPA 
2010 

-- -- -- 8.51E-03 EPA 
2010 

3.00E-04 V 7.48E+03 

Aldrin -- 309-00-2 -- -- -- -- 7.00E-03 CLARC 
2010 

4.90E+04 4.90E+01 CLARC 
2010 

-- -- 4.87E+01 4.87E+01 DOE/RL-
96-17 

-- V -- 

Allyl alcohol -- 107-18-6 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

2.00E-04 EPA 
2010 

1.90E+00 1.90E-03 EPA 
2010 

-- -- -- 1.90E-03 EPA 
2010 

1.22E-05 V 3.71E+04 

Allyl chloride -- 107-05-1 9.40E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.50E-01 EPA 
2010 

3.96E+01 3.96E-02 EPA 
2010 

-- -- -- 3.96E-02 EPA 
2010 

1.00E-02 V 1.30E+03 

Alpha-BHC Hexachlorocyclohexane, Alpha- 319-84-6 -- -- -- -- 4.40E-04 CLARC 
2010 

1.80E+03 1.80E+00 CLARC 
2010 

-- -- 1.76E+00 1.76E+00 DOE/RL-
96-17 

-- -- -- 

Alpha-Chlordane -- 5103-71-9 -- -- -- -- 
0.00199 

ORNL 
2010 67.5 0.0675 

ORNL 
2010  -- -- 51 51 

DOE/RL-
96-17 

-- -- -- 

Alpha-Methylstyrene -- 98-83-9 6.30E-02 EPA 
2010 

8.20E-06 EPA 
2010 

1.00E-01 EPA 
2010 

6.98E+02 6.98E-01 EPA 
2010 

-- -- -- 6.98E-01 EPA 
2010 

4.11E-04 V 6.40E+03 

Aluminum -- 7429-90-5 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 1.50E+03 EPA 
2010 

-- 1.50E+03 EPA 
2010 

-- -- -- 

Aniline -- 62-53-3 8.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

8.30E-05 EPA 
2010 

7.02E+01 7.02E-02 EPA 
2010 

-- -- -- 7.02E-02 EPA 
2010 

2.53E-06 V 8.15E+04 

Anthracene -- 120-12-7 3.90E-02 EPA 
2010 

7.90E-06 EPA 
2010 

2.70E-03 CLARC 
2010 

2.30E+04 2.30E+01 CLARC 
2010 

-- -- 2.35E+01 2.35E+01 DOE/RL-
96-17 

2.40E-07 -- -- 

Antimony Antimony (metallic) 7440-36-0 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

45 
CLARC 

2010 

3.76E+00 3.76E+00 DOE/RL-
96-17 

-- -- -- 

Aramite -- 140-57-8 -- -- -- -- 7.80E-06 EPA 
2010 

5.55E+03 5.55E+00 EPA 
2010 

-- -- -- 5.55E+00 EPA 
2010 

-- -- -- 

Aroclor-1016 -- 12674-11-2 -- -- -- -- 8.20E-03 EPA 
2010 

1.10E+05 1.10E+02 CLARC 
2010 

-- -- 1.07E+02 1.07E+02 DOE/RL-
96-17 

-- -- -- 

Aroclor-1221 -- 11104-28-2 5.80E-02 EPA 
2010 

6.70E-06 EPA 
2010 

3.00E-02 EPA 
2010 

8.40E+03 8.40E+00 EPA 
2010  

-- -- 1.03E+01 1.03E+01 DOE/RL-
96-17 

8.91E-06 -- -- 

Aroclor-1232 -- 11141-16-5 5.80E-02 EPA 
2010 

6.70E-06 EPA 
2010 

3.00E-02 EPA 
2010 

8.40E+03 8.40E+00 EPA 
2010  

-- -- 1.03E+01 1.03E+01 DOE/RL-
96-17 

8.91E-06 -- -- 

Aroclor-1242 -- 53469-21-9 -- -- -- -- 7.80E-03 EPA 
2010 

7.81E+04 7.81E+01 EPA 
2010  

-- -- 4.48E+01 4.48E+01 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Aroclor-1248 -- 12672-29-6 -- -- -- -- 1.80E-02 EPA 
2010 

7.65E+04 7.65E+01 EPA 
2010  

-- -- 4.39E+01 4.39E+01 DOE/RL-
96-17 

-- -- -- 

Aroclor-1254 -- 11097-69-1 -- -- -- -- 1.20E-02 EPA 
2010 

1.31E+05 1.31E+02 EPA 
2010  

-- -- 7.56E+01 7.56E+01 DOE/RL-
96-17 

-- -- -- 

Aroclor-1260 -- 11096-82-5 -- -- -- -- 1.40E-02 EPA 
2010 

8.20E+05 8.20E+02 CLARC 
2010 

-- -- 8.22E+02 8.22E+02 DOE/RL-
96-17 

-- -- -- 

Aroclor-1262 -- 37324-23-5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Arsenic Arsenic, Inorganic 7440-38-2 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

29 
CLARC 

2010 

3.00E+00 3.00E+00 DOE/RL-
96-17 

-- -- -- 

Atrazine -- 1912-24-9 -- -- -- -- 9.60E-08 EPA 
2010 

2.25E+02 2.25E-01 EPA 
2010 

-- -- -- 2.25E-01 EPA 
2010 

-- -- -- 

Azobenzene -- 103-33-3 3.40E-02 EPA 
2010 

7.00E-06 EPA 
2010 

5.50E-04 EPA 
2010 

3.76E+03 3.76E+00 EPA 
2010 

-- -- -- 3.76E+00 EPA 
2010 

2.70E-07 -- -- 

Barium -- 7440-39-3 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

41 
CLARC 

2010 

2.50E+01 2.50E+01 DOE/RL-
96-17 

-- -- -- 

Benzaldehyde -- 100-52-7 7.40E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.10E-03 EPA 
2010 

1.11E+01 1.11E-02 EPA 
2010 

-- -- -- 1.11E-02 EPA 
2010 

3.95E-05 V 2.06E+04 

Benzene -- 71-43-2 9.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.30E-01 CLARC 
2010 

6.20E+01 6.20E-02 CLARC 
2010 

-- -- -- 6.20E-02 CLARC 
2010 

5.37E-03 V 1.77E+03 

Benzenethiol -- 108-98-5 7.30E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.40E-02 EPA 
2010 

2.34E+02 2.34E-01 EPA 
2010 

-- -- -- 2.34E-01 EPA 
2010 

1.62E-04 V 1.02E+04 

Benzidine -- 92-87-5 -- -- -- -- 2.90E-09 EPA 
2010 

1.19E+03 1.19E+00 EPA 
2010 

-- -- -- 1.19E+00 EPA 
2010 

-- -- -- 

Benzo(a)anthracene Benz(a)anthracene 56-55-3 -- -- -- -- 1.40E-04 CLARC 
2010 

3.60E+05 3.60E+02 CLARC 
2010 

-- -- 3.60E+02 3.60E+02 DOE/RL-
96-17 

-- -- -- 

Benzo(a)pyrene -- 50-32-8 -- -- -- -- 4.60E-05 CLARC 
2010 

9.70E+05 9.70E+02 CLARC 
2010 

-- -- 5.50E+03 5.50E+03 DOE/RL-
96-17 

-- -- -- 

Benzo(b)fluoranthene -- 205-99-2 -- -- -- -- 4.60E-03 CLARC 
2010 

1.20E+06 1.20E+03 CLARC 
2010 

-- -- 8.03E+02 8.03E+02 DOE/RL-
96-17 

-- -- -- 

Benzo(g,h,i)perylene 
-- 

191-24-2 
-- -- -- -- 1.35E-05 ORNL 

2010 
1.95E+06 1.95E+03 ORNL 

2010  
-- -- -- 1.95E+03 ORNL 

2010  
-- -- -- 

Benzo(k)fluoranthene -- 207-08-9 -- -- -- -- 3.40E-05 CLARC 
2010 

1.20E+06 1.20E+03 CLARC 
2010 

-- -- 1.23E+03 1.23E+03 DOE/RL-
96-17 

-- -- -- 

Benzoic acid -- 65-85-0 -- -- -- -- 6.31E-05 CLARC 
2010 

1.66E+01 1.66E-02 EPA 
2010 

-- -- -- 1.66E-02 EPA 
2010 

-- -- -- 

Benzyl alcohol -- 100-51-6 7.30E-02 EPA 
2010 

9.40E-06 EPA 
2010 

1.40E-05 EPA 
2010 

2.15E+01 2.15E-02 EPA 
2010 

-- -- -- 2.15E-02 EPA 
2010 

9.40E-07 V 1.34E+05 

Benzyl chloride -- 100-44-7 6.30E-02 EPA 
2010 

8.80E-06 EPA 
2010 

1.70E-02 EPA 
2010 

4.46E+02 4.46E-01 EPA 
2010 

-- -- -- 4.46E-01 EPA 
2010 

1.04E-04 V 1.27E+04 

Beryllium Beryllium and Compounds 7440-41-7 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 7.90E+02 EPA 
2010 

7.90E+02 7.90E+02 DOE/RL-
96-17 

-- -- -- 

beta-1,2,3,4,5,6-Hexachlorocyclohexane (beta-BHC) Hexachlorocyclohexane, Beta- (Beta-
BHC) 

319-85-7 -- -- -- -- 3.10E-05 CLARC 
2010 

2.10E+03 2.10E+00 CLARC 
2010 

-- -- 2.14E+00 2.14E+00 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Bis(2-chloro-1-methylethyl)ether -- 108-60-1 4.00E-02 EPA 
2010 

7.40E-06 EPA 
2010 

3.00E-03 EPA 
2010 

8.29E+01 8.29E-02 EPA 
2010  

-- -- 3.92E-02 3.92E-02 DOE/RL-
96-17 

4.61E-05 V 1.91E+04 

Bis(2-Chloroethoxy)methane -- 111-91-1 -- -- -- -- 1.60E-04 EPA 
2010 

1.44E+01 1.44E-02 EPA 
2010  

-- -- 2.77E-03 2.77E-03 DOE/RL-
96-17 

-- -- -- 

Bis(2-chloroethyl) ether -- 111-44-4 5.70E-02 EPA 
2010 

8.70E-06 EPA 
2010 

7.40E-04 CLARC 
2010 

7.60E+01 7.60E-02 CLARC 
2010 

-- -- 7.60E-02 7.60E-02 DOE/RL-
96-17 

1.31E-05 V 3.59E+04 

Bis(2-chloroisopropyl) Bis(2-chloroisopropyl) ether 39638-32-9 6.17E-02 ORNL 
2010 

7.20E-06 ORNL 
2010 

1.36E-02 ORNL 
2010 

4.58E+01 4.58E-02 ORNL 
2010 

-- -- -- 4.58E-02 ORNL 
2010 

3.02E-04 V 7.47E+03 

Bis(2-ethylhexyl) adipate Di-(2-ethylehexyl) adipate 103-23-1 -- -- -- -- 1.80E-05 EPA 
2010 

1.10E+05 1.10E+02 ORNL 
2010 

-- -- -- 1.10E+02 ORNL 
2010 

-- -- -- 

Bis(2-ethylhexyl) phthalate -- 117-81-7 -- -- -- -- 4.20E-06 CLARC 
2010 

1.10E+05 1.10E+02 CLARC 
2010 

-- -- 1.10E+02 1.10E+02 DOE/RL-
96-17 

-- -- -- 

Bis(chloromethyl) ether -- 542-88-1 7.60E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.80E-01 EPA 
2010 

9.70E+00 9.70E-03 EPA 
2010 

-- -- -- 9.70E-03 EPA 
2010 

5.07E-03 V 1.82E+03 

Bismuth -- 7440-69-9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Bisphenol A -- 80-05-7 -- -- -- -- 3.70E-10 EPA 
2010 

3.77E+04 3.77E+01 EPA 
2010 

-- -- -- 3.77E+01 EPA 
2010 

-- -- -- 

Boron Boron And Borates Only 7440-42-8 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 3.00E+00 EPA 
2010 

-- 3.00E+00 EPA 
2010 

-- -- -- 

Bromide -- 24959-67-9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Bromodichloromethane -- 75-27-4 5.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

6.60E-02 CLARC 
2010 

5.50E+01 5.50E-02 CLARC 
2010 

-- -- -- 5.50E-02 CLARC 
2010 

1.18E-03 V 3.78E+03 

Bromoform -- 75-25-2 -- -- -- -- 2.20E-02 CLARC 
2010 

1.30E+02 1.30E-01 CLARC 
2010 

-- -- -- 1.30E-01 CLARC 
2010 

-- V -- 

Bromomethane -- 74-83-9 1.00E-01 EPA 
2010 

1.30E-05 EPA 
2010 

2.60E-01 CLARC 
2010 

9.00E+00 9.00E-03 CLARC 
2010 

-- -- -- 9.00E-03 CLARC 
2010 

8.76E-03 V 1.39E+03 

Butylbenzylphthalate -- 85-68-7 -- -- -- -- 5.20E-05 CLARC 
2010 

1.40E+04 1.40E+01 CLARC 
2010 

-- -- 1.38E+01 1.38E+01 DOE/RL-
96-17 

-- -- -- 

Cadmium Cadmium (Diet) 7440-43-9 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

75 
EPA 
2010 

3.00E+01 3.00E+01 DOE/RL-
96-17 

-- -- -- 

Calcium -- 7440-70-2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Caprolactam -- 105-60-2 -- -- -- -- 1.00E-06 EPA 
2010 

2.45E+01 2.45E-02 EPA 
2010 

-- -- -- 2.45E-02 EPA 
2010 

-- -- -- 

Carbazole -- 86-74-8 6.26E-02 EPA 
2010 

7.31E-06 EPA 
2010 

6.30E-07 CLARC 
2010 

3.40E+03 3.40E+00 CLARC 
2010 

-- -- 3.39E+00 3.39E+00 DOE/RL-
96-17 

1.39E-08 -- -- 

Carbethoxy malathion Malathion 121-75-5 -- -- -- -- 2.00E-07 EPA 
2010 

3.13E+01 3.13E-02 EPA 
2010 

-- -- -- 3.13E-02 EPA 
2010 

-- -- -- 

Carbon disulfide -- 75-15-0 1.10E-01 EPA 
2010 

1.30E-05 EPA 
2010 

1.20E+00 CLARC 
2010 

4.60E+01 4.60E-02 CLARC 
2010 

-- -- -- 4.60E-02 CLARC 
2010 

1.88E-02 V 9.45E+02 

Carbon tetrachloride -- 56-23-5 5.70E-02 EPA 
2010 

9.80E-06 EPA 
2010 

1.30E+00 CLARC 
2010 

1.50E+02 1.50E-01 CLARC 
2010 

-- -- 1.52E-01 1.52E-01 DOE/RL-
96-17 

7.93E-03 V 1.46E+03 

Carbophenothion Trithion 786-19-6 -- -- -- -- 8.79E-06 ORNL 
2010 

8.31E+03 8.31E+00 ORNL 
2010 

-- -- -- 8.31E+00 ORNL 
2010 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Cellosolve acetate 2-Ethoxyethanol acetate 111-15-9 5.70E-02 EPA 
2010 

8.00E-06 EPA 
2010 

1.30E-04 EPA 
2010 

4.54E+00 4.54E-03 EPA 
2010 

-- -- -- 4.54E-03 EPA 
2010 

4.26E-06 V 6.28E+04 

Cellosolve Solvent 2-Ethoxyethanol  110-80-5 8.20E-02 EPA 
2010 

9.70E-06 EPA 
2010 

1.90E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

1.43E-06 V 1.08E+05 

Chloral -- 75-87-6 -- -- -- -- 1.19E-07 ORNL 
2010 

2.14E+00 2.14E-03 ORNL 
2010 

-- -- -- 2.14E-03 ORNL 
2010 

-- V -- 

Chlordane -- 57-74-9 -- -- -- -- 
0.002 

CLARC 
2010 51 0.051 

CLARC 
2010 -- -- 51 51 

DOE/RL-
96-17 

-- -- -- 

Chloride -- 16887-00-6 -- -- -- -- 0.00E+00 ORNL 
2010 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Chlorine -- 7782-50-5 -- -- -- -- 4.80E-01 EPA 
2010 

-- -- -- 2.50E-01 EPA 
2010 

-- 2.50E-01 EPA 
2010 

-- V -- 

Chloroacetophenone 2-Chloroacetophenone 532-27-4 5.20E-02 EPA 
2010 

8.70E-06 EPA 
2010 

1.30E-04 EPA 
2010 

9.89E+01 9.89E-02 EPA 
2010 

-- -- -- 9.89E-02 EPA 
2010 

2.09E-06 -- -- 

Chlorobenzene -- 108-90-7 7.20E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.50E-01 CLARC 
2010 

2.20E+02 2.20E-01 CLARC 
2010 

-- -- -- 2.20E-01 CLARC 
2010 

1.65E-03 V 3.19E+03 

Chlorobenzilate -- 510-15-6 -- -- -- -- 3.00E-06 EPA 
2010 

1.54E+03 1.54E+00 EPA 
2010 

-- -- -- 1.54E+00 EPA 
2010 

-- -- -- 

Chlorodifluoromethane -- 75-45-6 1.00E-01 EPA 
2010 

1.30E-05 EPA 
2010 

1.70E+00 EPA 
2010 

3.18E+01 3.18E-02 EPA 
2010 

-- -- -- 3.18E-02 EPA 
2010 

2.00E-02 V 9.18E+02 

Chloroethane Ethylchloride 75-00-3 1.00E-01 EPA 
2010 

1.20E-05 EPA 
2010 

4.5E-01 EPA 
2010 

2.17E+01 2.17E-02 ORNL 
2010  

-- -- -- 2.17E-02 ORNL 
2010  

1.16E-02 V 1.20E+03 

Chloroform -- 67-66-3 7.70E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.50E-01 CLARC 
2010 

5.30E+01 5.30E-02 CLARC 
2010 

-- -- -- 5.30E-02 CLARC 
2010 

3.39E-03 V 2.23E+03 

Chloromethane -- 74-87-3 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

3.6E-01 ORNL 
2010 

6.00E+00 6.00E-03 CLARC 
2010 

-- -- -- 6.00E-03 CLARC 
2010 

1.32E-02 V 1.13E+03 

Chloromethyl methyl ether -- 107-30-2 9.50E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.20E-02 EPA 
2010 

5.32E+00 5.32E-03 EPA 
2010 

-- -- -- 5.32E-03 EPA 
2010 

5.65E-04 V 5.45E+03 

Chloroprene 2-Chloro-1,3-butadiene 126-99-8 8.40E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.30E+00 EPA 
2010 

6.07E+01 6.07E-02 EPA 
2010 

-- -- -- 6.07E-02 EPA 
2010 

1.73E-02 V 9.87E+02 

Chlorpyrifos -- 2921-88-2 -- -- -- -- 1.20E-04 EPA 
2010 

7.28E+03 7.28E+00 EPA 
2010 

-- -- -- 7.28E+00 EPA 
2010 

-- -- -- 

Chromium -- 7440-47-3 -- -- -- -- 
0 

CLARC 
2010 -- -- -- 1000 

ORNL 
2010 200 200 

DOE/RL-
96-17 

-- -- -- 

Chromium (III) -- 16065-83-1 -- -- -- -- 
0 

CLARC 
2010 -- -- -- 1000 

ORNL 
2010 200 200 

DOE/RL-
96-17 

-- -- -- 

Chrysene -- 218-01-9 -- -- -- -- 3.90E-03 CLARC 
2010 

4.00E+05 4.00E+02 CLARC 
2010 

-- -- 2.00E+02 2.00E+02 DOE/RL-
96-17 

-- -- -- 

cis-1,2-Dichloroethylene -- 156-59-2 8.80E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.70E-01 CLARC 
2010 

3.60E+01 3.60E-02 CLARC 
2010 

-- -- -- 3.60E-02 CLARC 
2010 

4.74E-03 V 1.88E+03 

cis-1,3-Dichloropropened -- 10061-01-5 7.65E-02 ORNL 
2010 

1.02E-05 ORNL 
2010 0.73 

CLARC 
2010 0.027 0.000027 

CLARC 
2010 -- -- -- 0.027 

CLARC 
2010 

1.12E-02 V 1.22E+03 

Cobalt -- 7440-48-4 -- -- -- -- 0.00E+00 ORNL 
2010 

-- -- -- 

45 
EPA 
2010 

5.00E+01 5.00E+01 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Co-elution of Aroclor 1242 and Aroclor 1016 -- PCB1242/10
16 

-- -- -- -- 
-- -- -- -- -- -- -- -- -- -- 

-- -- -- 

Copper -- 7440-50-8 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 2.20E+01 CLARC 
2010 

2.20E+01 2.20E+01 DOE/RL-
96-17 

-- -- -- 

Cyanide Cyanide (CN-) 57-12-5 2.10E-01 EPA 
2010 

2.50E-05 EPA 
2010 

5.40E-03 EPA 
2010 

2.84E+00 2.84E-03 ORNL 
2010 

9.90E+00 EPA 
2010 

9.90E+00 9.90E+00 DOE/RL-
96-17 

6.06E-06 -- -- 

Cyanogen -- 460-19-5 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

2.20E-01 EPA 
2010 

1.83E+00 1.83E-03 EPA 
2010 

-- -- -- 1.83E-03 EPA 
2010 

9.80E-03 V 1.31E+03 

Cyanogen bromide -- 506-68-3 9.80E-02 EPA 
2010 

1.40E-05 EPA 
2010 

1.00E+00 EPA 
2010 

4.67E+00 4.67E-03 EPA 
2010 

-- -- -- 4.67E-03 EPA 
2010 

1.78E-02 V 9.73E+02 

Cyanogen chloride -- 506-77-4 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

7.90E-02 EPA 
2010 

4.67E+00 4.67E-03 EPA 
2010 

-- -- -- 4.67E-03 EPA 
2010 

4.22E-03 V 2.00E+03 

Cyclohexaned -- 110-82-7 8.00E-02 EPA 
2010 

9.10E-06 EPA 
2010 

6.10E+00 EPA 
2010 

1.46E+02 1.46E-01 EPA 
2010 

-- -- -- 1.46E-01 EPA 
2010 

1.86E-02 V 9.52E+02 

Cyclohexanone -- 108-94-1 7.70E-02 EPA 
2010 

9.40E-06 EPA 
2010 

3.70E-04 EPA 
2010 

1.74E+01 1.74E-02 EPA 
2010 

-- -- -- 1.74E-02 EPA 
2010 

1.34E-05 V 3.54E+04 

Dalapon -- 75-99-0 -- -- -- -- 2.30E-06 EPA 
2010 

2.74E+00 2.74E-03 ORNL 
2009 

-- -- -- 2.74E-03 ORNL 
2009 

-- V -- 

Delta-BHC Delta-Hexachlorocyclohexane 319-86-8 -- -- -- -- 2.10E-04 ORNL 
2010 

2.81E+03 2.81E+00 ORNL 
2010  

-- -- -- 2.81E+00 ORNL 
2010  

-- -- -- 

Diallate -- 2303-16-4 -- -- -- -- 1.60E-04 EPA 
2010 

6.44E+02 6.44E-01 EPA 
2010 

-- -- -- 6.44E-01 EPA 
2010 

-- -- -- 

Diazinon -- 333-41-5 -- -- -- -- 4.60E-06 EPA 
2010 

3.03E+03 3.03E+00 EPA 
2010 

-- -- -- 3.03E+00 EPA 
2010 

-- -- -- 

Dibenz[a,h]anthracene -- 53-70-3 -- -- -- -- 6.00E-07 CLARC 
2010 

1.80E+06 1.80E+03 CLARC 
2010 

-- -- 1.79E+03 1.79E+03 DOE/RL-
96-17 

-- -- -- 

Dibenzofuran -- 132-64-9 4.10E-02 EPA 
2010 

7.40E-06 EPA 
2010 

8.70E-03 EPA 
2010 

9.16E+03 9.16E+00 EPA 
2010  

-- -- 1.13E+01 1.13E+01 DOE/RL-
96-17 

1.67E-06 -- -- 

Dibromochloromethane -- 124-48-1 3.70E-02 EPA 
2010 

1.10E-05 EPA 
2010 

3.20E-02 CLARC 
2010 

6.30E+01 6.30E-02 CLARC 
2010 

-- -- -- 6.30E-02 CLARC 
2010 

3.74E-04 V 6.71E+03 

Dibromomethane Methylene Bromide 74-95-3 5.50E-02 EPA 
2010 

1.20E-05 EPA 
2010 

3.40E-02 EPA 
2010 

2.17E+01 2.17E-02 EPA 
2010 

-- -- -- 2.17E-02 EPA 
2010 

7.78E-04 V 4.65E+03 

Dicamba -- 1918-00-9 -- -- -- -- 8.90E-08 EPA 
2010 

2.88E+01 2.88E-02 ORNL 
2009 

-- -- -- 2.88E-02 ORNL 
2009 

-- -- -- 

Dichlorodifluoromethane -- 75-71-8 7.80E-02 EPA 
2010 

9.10E-06 EPA 
2010 

1.40E+01 EPA 
2010 

4.39E+01 4.39E-02 EPA 
2010 

-- -- -- 4.39E-02 EPA 
2010 

2.08E-02 V 8.99E+02 

Dichloroprop -- 120-36-5 -- -- -- -- -- -- 2.94E+01 2.94E-02 ORNL 
2009 

-- -- -- 2.94E-02 ORNL 
2009 

-- -- -- 

Dichlorvos -- 62-73-7 -- -- -- -- 2.30E-05 EPA 
2010 

5.40E+01 5.40E-02 EPA 
2010 

-- -- -- 5.40E-02 EPA 
2010 

-- V -- 

Dieldrin -- 60-57-1 -- -- -- -- 6.20E-04 CLARC 
2010 

2.60E+04 2.60E+01 CLARC 
2010 

-- -- 2.56E+01 2.56E+01 DOE/RL-
96-17 

-- -- -- 

Diethyl ether Ethyl Ether 60-29-7 8.50E-02 EPA 
2010 

9.40E-06 EPA 
2010 

5.00E-02 EPA 
2010 

9.70E+00 9.70E-03 EPA 
2010 

-- -- -- 9.70E-03 EPA 
2010 

1.90E-03 V 2.97E+03 

Diethylphthalate -- 84-66-2 -- -- -- -- 1.90E-05 CLARC 
2010 

8.20E+01 8.20E-02 CLARC 
2010 

-- -- 8.20E-02 8.20E-02 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Diethylstilbesterol -- 56-53-1 -- -- -- -- 2.40E-10 EPA 
2010 

2.74E+05 2.74E+02 EPA 
2010 

-- -- -- 2.74E+02 EPA 
2010 

-- -- -- 

Dimethoate -- 60-51-5 -- -- -- -- 9.90E-09 EPA 
2010 

1.28E+01 1.28E-02 EPA 
2010 

-- -- -- 1.28E-02 EPA 
2010 

-- -- -- 

Dimethyl 1,2-dibromo-2,2-dichloroethyl phosphate Naled 300-76-5 -- -- -- -- 2.70E-03 EPA 
2010 

1.27E+02 1.27E-01 EPA 
2010 

-- -- -- 1.27E-01 EPA 
2010 

-- -- -- 

Dimethyl phthalate -- 131-11-3 -- -- -- -- 8.05E-06 CLARC 
2010 

3.16E+01 3.16E-02 ORNL 
2010  

-- -- -- 3.16E-02 ORNL 
2010  

-- -- -- 

Di-n-butylphthalate -- 84-74-2 -- -- -- -- 3.90E-08 CLARC 
2010 

1.60E+03 1.60E+00 CLARC 
2010 

-- -- 1.57E+00 1.57E+00 DOE/RL-
96-17 

-- -- -- 

Di-n-octylphthalate Octyl Phthalate, di-N- 117-84-0 -- -- -- -- 2.70E-03 CLARC 
2010 

8.30E+07 8.30E+04 CLARC 
2010 

-- -- -- 8.30E+04 CLARC 
2010 

-- -- -- 

Dinoseb(2-secButyl-4,6-dinitrophenol) Dinoseb 88-85-7 -- -- -- -- 1.90E-05 EPA 
2010 

3.54E+03 3.54E+00 ORNL 
2009 

-- -- -- 3.54E+00 ORNL 
2009 

-- -- -- 

Diphenylamine -- 122-39-4 4.20E-02 EPA 
2010 

7.60E-06 EPA 
2010 

1.10E-04 EPA 
2010 

8.26E+02 8.26E-01 EPA 
2010 

-- -- -- 8.26E-01 EPA 
2010 

3.18E-07 -- -- 

Disulfoton -- 298-04-4 -- -- -- -- 8.80E-05 EPA 
2010 

8.38E+02 8.38E-01 EPA 
2010 

-- -- -- 8.38E-01 EPA 
2010 

-- -- -- 

Endosulfan (1, 11, sulfate)  
-- 

115-29-7 
-- -- -- -- 4.60E-04 CLARC 

2010 
2.04E+03 2.04E+00 ORNL 

2010 
-- -- -- 2.04E+00 ORNL 

2010 
-- -- -- 

Endosulfan I -- 959-98-8 -- -- -- -- 
4.60E-04 

CLARC 
2010 2 0.002 

CLARC 
2010 -- -- 2.04 2.04 

DOE/RL-
96-17 

-- -- -- 

Endosulfan II -- 33213-65-9 -- -- -- -- 
1.33E-05 

ORNL 
2010 9.85 0.00985 

ORNL 
2010  -- -- 2.04 2.04 

DOE/RL-
96-17 

-- -- -- 

Endosulfan sulfate -- 1031-07-8 -- -- -- -- 
8.26E-07 

ORNL 
2010 9.72 0.00972 

ORNL 
2010  -- -- -- 9.72 

ORNL 
2010  

-- -- -- 

Endrin -- 72-20-8 -- -- -- -- 3.10E-04 CLARC 
2010 

1.10E+04 1.10E+01 CLARC 
2010 

-- -- 1.08E+01 1.08E+01 DOE/RL-
96-17 

-- -- -- 

Endrin Aldehyde 
-- 

7421-93-4 
-- -- -- -- 1.71E-04 ORNL 

2010 
3.27E+03 3.27E+00 ORNL 

2010  
1.40E-02 ORNL 

2009 
1.08E+01 1.08E+01 DOE/RL-

96-17 
-- -- -- 

Endrin ketone -- 53494-70-5 -- -- -- -- 
8.26E-07 

ORNL 
2010 9.72 0.00972 

ORNL 
2010  -- -- -- 9.72 

ORNL 
2010  

-- -- -- 

Epn Ethyl-p-nitrophenyl Phosphate 2104-64-5 -- -- -- -- 1.80E-05 EPA 
2010 

1.55E+04 1.55E+01 EPA 
2010 

-- -- -- 1.55E+01 EPA 
2010 

-- -- -- 

Ethyl acetate -- 141-78-6 8.20E-02 EPA 
2010 

9.70E-06 EPA 
2010 

5.50E-03 EPA 
2010 

5.58E+00 5.58E-03 EPA 
2010 

-- -- -- 5.58E-03 EPA 
2010 

2.26E-04 V 8.63E+03 

Ethyl methacrylate -- 97-63-2 6.50E-02 EPA 
2010 

8.40E-06 EPA 
2010 

2.30E-02 EPA 
2010 

1.67E+01 1.67E-02 EPA 
2010 

-- -- -- 1.67E-02 EPA 
2010 

6.59E-04 V 5.05E+03 

Ethyl methylene phosphorodithioate Ethion 563-12-2 -- -- -- -- 1.50E-05 EPA 
2010 

8.82E+02 8.82E-01 EPA 
2010 

-- -- -- 8.82E-01 EPA 
2010 

-- -- -- 

Ethylbenzene -- 100-41-4 6.80E-02 EPA 
2010 

8.50E-06 EPA 
2010 

3.20E-01 CLARC 
2010 

2.00E+02 2.00E-01 CLARC 
2010 

-- -- -- 2.00E-01 CLARC 
2010 

3.22E-03 V 2.29E+03 

Ethylene glycol -- 107-21-1 -- -- -- -- 2.50E-06 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 

Ethylene oxide -- 75-21-8 1.30E-01 EPA 
2010 

1.50E-05 EPA 
2010 

6.10E-03 EPA 
2010 

3.24E+00 3.24E-03 EPA 
2010 

-- -- -- 3.24E-03 EPA 
2010 

4.06E-04 V 6.44E+03 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Ethylenethiourea -- 96-45-7 8.70E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.40E-05 EPA 
2010 

1.30E+01 1.30E-02 EPA 
2010 

-- -- -- 1.30E-02 EPA 
2010 

1.14E-06 -- -- 

Fensulfothion -- 115-90-2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluoranthene -- 206-44-0 -- -- -- -- 6.60E-04 CLARC 
2010 

4.90E+04 4.90E+01 CLARC 
2010 

-- -- 4.91E+01 4.91E+01 DOE/RL-
96-17 

-- -- -- 

Fluorene -- 86-73-7 4.40E-02 EPA 
2010 

7.90E-06 EPA 
2010 

2.60E-03 CLARC 
2010 

7.70E+03 7.70E+00 CLARC 
2010 

-- -- 7.71E+00 7.71E+00 DOE/RL-
96-17 

7.87E-07 -- -- 

Fluoride -- 16984-48-8 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- 1.50E+02 EPA 
2010 

1.50E+02 1.50E+02 DOE/RL-
96-17 

-- -- -- 

Formaldehyde -- 50-00-0 1.70E-01 EPA 
2010 

1.70E-05 EPA 
2010 

1.40E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.32E-06 V 8.51E+04 

Formamide, N,N-diethyl- Diethyl Formamide 617-84-5 -- -- -- -- 5.30E-06 EPA 
2010 

2.06E+00 2.06E-03 EPA 
2010 

-- -- -- 2.06E-03 EPA 
2010 

-- -- -- 

Formic Acid -- 64-18-6 -- -- -- -- 6.80E-06 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- V -- 

Furan -- 110-00-9 1.00E-01 EPA 
2010 

1.20E-05 EPA 
2010 

2.20E-01 EPA 
2010 

8.00E+01 8.00E-02 EPA 
2010 

-- -- -- 8.00E-02 EPA 
2010 

5.29E-03 V 1.78E+03 

Furfural -- 98-01-1 8.50E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.50E-04 EPA 
2010 

6.08E+00 6.08E-03 EPA 
2010 

-- -- -- 6.08E-03 EPA 
2010 

7.06E-06 V 4.88E+04 

Gamma-BHC (Lindane) Hexachlorocyclohexane, Gamma- 
(Lindane) 

58-89-9 -- -- -- -- 5.70E-04 CLARC 
2010 

1.40E+03 1.40E+00 CLARC 
2010 

-- -- 1.35E+00 1.35E+00 DOE/RL-
96-17 

-- -- -- 

Gamma-Chlordane -- 5103-74-2 -- -- -- -- 
0.00199 

ORNL 
2010 67.5 0.0675 

ORNL 
2010  -- -- 51 51 

DOE/RL-
96-17 

-- -- -- 

Glycidylaldehyde Glycidyl 765-34-4 1.10E-01 EPA 
2010 

1.30E-05 EPA 
2010 

3.20E-05 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

2.67E-06 V 7.93E+04 

Heptachlor -- 76-44-8 -- -- -- -- 4.50E-02 CLARC 
2010 

9.50E+03 9.50E+00 CLARC 
2010 

-- -- 9.53E+00 9.53E+00 DOE/RL-
96-17 

-- -- -- 

Heptachlor epoxide -- 1024-57-3 -- -- -- -- 3.90E-04 CLARC 
2010 

8.30E+04 8.30E+01 CLARC 
2010 

-- -- 8.32E+01 8.32E+01 DOE/RL-
96-17 

-- V -- 

Hexachlorobenzene -- 118-74-1 -- -- -- -- 5.40E-02 CLARC 
2010 

8.00E+04 8.00E+01 CLARC 
2010 

-- -- 8.00E+01 8.00E+01 DOE/RL-
96-17 

-- -- -- 

Hexachlorobutadiene -- 87-68-3 -- -- -- -- 3.30E-01 CLARC 
2010 

5.40E+04 5.40E+01 CLARC 
2010 

-- -- 5.37E+01 5.37E+01 DOE/RL-
96-17 

-- V -- 

Hexachlorocyclopentadiene -- 77-47-4 -- -- -- -- 1.10E+00 CLARC 
2010 

2.00E+05 2.00E+02 CLARC 
2010 

-- -- 2.00E+02 2.00E+02 DOE/RL-
96-17 

-- V -- 

Hexachloroethane -- 67-72-1 -- -- -- -- 1.60E-01 CLARC 
2010 

1.80E+03 1.80E+00 CLARC 
2010 

-- -- 1.78E+00 1.78E+00 DOE/RL-
96-17 

-- V -- 

Hexachlorophene -- 70-30-4 -- -- -- -- 2.20E-11 EPA 
2010 

6.69E+05 6.69E+02 EPA 
2010 

-- -- -- 6.69E+02 EPA 
2010 

-- -- -- 

Hexane Hexane, N- 110-54-3 7.30E-02 EPA 
2010 

8.20E-06 EPA 
2010 

7.40E+01 EPA 
2010 

3.41E+03 3.41E+00 CLARC 
2010 

-- -- -- 3.41E+00 CLARC 
2010 

1.64E-02 V 1.01E+03 

Hexavalent Chromium Chromium (VI) 18540-29-9 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

19 
CLARC 

2010 

0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Hydrazine -- 302-01-2 -- -- -- -- -- -- 1.43E+01 1.43E-02 ORNL 
2009 

-- -- -- 1.43E-02 ORNL 
2009 

-- V -- 

Hydrogen sulfide -- 7783-06-4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- V -- 

Hydroquinone -- 123-31-9 -- -- -- -- 1.90E-09 EPA 
2010 

2.41E+02 2.41E-01 EPA 
2010 

-- -- -- 2.41E-01 EPA 
2010 

-- -- -- 

Indeno(1,2,3-cd)pyrene -- 193-39-5 -- -- -- -- 6.60E-05 CLARC 
2010 

3.50E+06 3.50E+03 CLARC 
2010 

-- -- 3.47E+03 3.47E+03 DOE/RL-
96-17 

-- -- -- 

Iron -- 7439-89-6 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 2.50E+01 EPA 
2010 

-- 2.50E+01 EPA 
2010 

-- -- -- 

Isobutyl alcohol -- 78-83-1 9.00E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.00E-04 EPA 
2010 

2.92E+00 2.92E-03 EPA 
2010 

-- -- -- 2.92E-03 EPA 
2010 

1.92E-05 V 2.96E+04 

Isophorone -- 78-59-1 5.30E-02 EPA 
2010 

7.50E-06 EPA 
2010 

2.70E-04 CLARC 
2010 

4.70E+01 4.70E-02 CLARC 
2010 

-- -- 4.68E-02 4.68E-02 DOE/RL-
96-17 

5.52E-06 V 5.52E+04 

Isopropylbenzene Cumene 98-82-8 6.00E-02 EPA 
2010 

7.90E-06 EPA 
2010 

4.70E-01 EPA 
2010 

6.98E+02 6.98E-01 EPA 
2010 

-- -- -- 6.98E-01 EPA 
2010 

1.69E-03 V 3.15E+03 

Lead Lead and Compounds 7439-92-1 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

10000 
CLARC 

2010 

3.00E+01 3.00E+01 DOE/RL-
96-17 

-- -- -- 

Lithium -- 7439-93-2 -- -- -- -- 0.00E+00 ORNL 
2010 

-- -- -- 5.00E+01 ORNL 
2010  

5.00E+01 5.00E+01 DOE/RL-
96-17 

-- -- -- 

Magnesium -- 7439-95-4 -- -- -- -- 
0.3 

CLARC 
2010 0.2 0.0002 

CLARC 
2010 -- -- -- 0.2 

CLARC 
2010 

-- -- -- 

Maleic hydrazide -- 123-33-1 8.20E-02 EPA 
2010 

9.50E-06 EPA 
2010 

1.10E-09 EPA 
2010 

3.30E+00 3.30E-03 EPA 
2010 

-- -- -- 3.30E-03 EPA 
2010 

5.84E-07 -- -- 

Malononitrile -- 109-77-3 1.20E-01 EPA 
2010 

1.40E-05 EPA 
2010 

5.40E-06 EPA 
2010 

3.33E+00 3.33E-03 EPA 
2010 

-- -- -- 3.33E-03 EPA 
2010 

1.19E-06 V 1.19E+05 

Manganese Manganese (Diet) 7439-96-5 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

65 
EPA 
2010 

5.00E+01 5.00E+01 DOE/RL-
96-17 

-- -- -- 

m-Dinitrobenzene 1,3-Dinitrobenzene 99-65-0 -- -- -- -- 2.00E-06 EPA 
2010 

3.52E+02 3.52E-01 EPA 
2010 

-- -- -- 3.52E-01 EPA 
2010 

-- -- -- 

Mercuric Chloride -- 7487-94-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Mercury -- 7487-94-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Merphos -- 150-50-5 -- -- -- -- 9.30E-04 EPA 
2010 

4.90E+04 4.90E+01 EPA 
2010 

-- -- -- 4.90E+01 EPA 
2010 

-- -- -- 

Methacrylonitrile -- 126-98-7 9.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

1.00E-02 EPA 
2010 

1.31E+01 1.31E-02 EPA 
2010 

-- -- -- 1.31E-02 EPA 
2010 

4.46E-04 V 6.14E+03 

Methanol -- 67-56-1 1.60E-01 EPA 
2010 

1.60E-05 EPA 
2010 

1.90E-04 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

1.70E-05 V 3.14E+04 

Metholonyl -- 16752-77-5 4.80E-02 EPA 
2010 

8.40E-06 EPA 
2010 

8.10E-10 EPA 
2010 

1.00E+01 1.00E-02 EPA 
2010 

-- -- -- 1.00E-02 EPA 
2010 

4.85E-07 -- -- 

Methoxychlor -- 72-43-5 -- -- -- -- 6.50E-04 CLARC 8.00E+04 8.00E+01 CLARC -- -- 8.00E+01 8.00E+01 DOE/RL- -- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2010 2010 96-17 

Methyl Mercury -- 22967-92-6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Methyl methacrylate -- 80-62-6 7.50E-02 EPA 
2010 

9.20E-06 EPA 
2010 

1.30E-02 EPA 
2010 

9.14E+00 9.14E-03 EPA 
2010 

-- -- -- 9.14E-03 EPA 
2010 

4.66E-04 V 6.01E+03 

Methyl parathion -- 298-00-0 -- -- -- -- 4.10E-06 EPA 
2010 

7.29E+02 7.29E-01 EPA 
2010 

-- -- -- 7.29E-01 EPA 
2010 

-- -- -- 

Methyl tert-butyl ether MTBE 1634-04-4 7.50E-02 EPA 
2010 

8.60E-06 EPA 
2010 

1.80E-02 CLARC 
2010 

1.16E+01 1.16E-02 EPA 
2010 

-- -- -- 1.16E-02 EPA 
2010 

6.26E-04 V 5.18E+03 

Methylene chloride -- 75-09-2 1.00E-01 EPA 
2010 

1.30E-05 EPA 
2010 

9.00E-02 CLARC 
2010 

1.00E+01 1.00E-02 CLARC 
2010 

-- -- 1.00E-02 1.00E-02 DOE/RL-
96-17 

3.78E-03 V 2.11E+03 

Methylhydrazine -- 60-34-4 -- -- -- -- 1.29E-06 ORNL 
2010 

1.33E+01 1.33E-02 ORNL 
2010 

-- -- -- 1.33E-02 ORNL 
2010 

-- V -- 

Mevinphos -- 7786-34-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Mirex -- 2385-85-5 -- -- -- -- 3.30E-02 EPA 
2010 

3.57E+05 3.57E+02 EPA 
2010 

-- -- -- 3.57E+02 EPA 
2010 

-- -- -- 

Molybdenum -- 7439-98-7 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 2.00E+01 EPA 
2010 

2.00E+01 2.00E+01 DOE/RL-
96-17 

-- -- -- 

m-Xylene -- 108-38-3 6.84E-02 ORNL 
2010 

8.44E-06 ORNL 
2010 0.3 

CLARC 
2010 200 0.2 

CLARC 
2010 -- -- -- 0.2 

CLARC 
2010 

3.06E-03 V 2.34E+03 

Naphthalene -- 91-20-3 6.00E-02 EPA 
2010 

8.40E-06 EPA 
2010 

2.00E-02 CLARC 
2010 

1.20E+03 1.20E+00 CLARC 
2010 

-- -- 1.19E+00 1.19E+00 DOE/RL-
96-17 

4.95E-05 V 1.84E+04 

n-Heptane -- 142-82-5 6.49E-02 ORNL 
2010 

7.59E-06 ORNL 
2010 

8.18E+01 ORNL 
2010 

2.40E+02 2.40E-01 ORNL 
2010 

-- -- -- 2.40E-01 ORNL 
2010 

1.79E-02 V 9.70E+02 

Nickel Nickel Soluble Salts 7440-02-0 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 6.50E+01 EPA 
2010 

6.50E+01 6.50E+01 DOE/RL-
96-17 

-- -- -- 

Nitrate -- 14797-55-8 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Nitrite -- 14797-65-0 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Nitrobenzene -- 98-95-3 6.80E-02 EPA 
2010 

9.40E-06 EPA 
2010 

9.80E-04 CLARC 
2010 

1.20E+02 1.20E-01 CLARC 
2010 

-- -- 1.19E-01 1.19E-01 DOE/RL-
96-17 

1.65E-05 V 3.20E+04 

Nitrogen in Nitrate -- NO3-N -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) -- -- -- -- -- 0 0 

DOE/RL-
96-17 

-- -- -- 

Nitrogen in Nitrite -- NO2-N -- -- -- -- 

0.00E+00 

(Conser
vative 
assump
tion) -- -- -- -- -- 0 0 

DOE/RL-
96-17 

-- -- -- 

Nitrogen in Nitrite and Nitrate -- NO2+NO3-N -- -- -- -- 

0.00E+00 

(Conser
vative 
assump
tion) 2 0.002 

CLARC 
2010 -- -- 0 0 

DOE/RL-
96-17 

-- -- -- 

Nitrosopyrrolidine -- 930-55-2 -- -- -- -- 2.00E-06 EPA 
2010 

9.19E+01 9.19E-02 EPA 
2010 

-- -- -- 9.19E-02 EPA 
2010 

-- V -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

n-Nitrosodiethanolamine -- 1116-54-7 -- -- -- -- 9.30E-15 EPA 
2010 

1.00E+00 1.00E-03 EPA 
2010 

-- -- -- 1.00E-03 EPA 
2010 

-- -- -- 

n-Nitrosodiethylamine -- 55-18-5 7.40E-02 EPA 
2010 

9.10E-06 EPA 
2010 

1.50E-04 EPA 
2010 

8.29E+01 8.29E-02 EPA 
2010 

-- -- -- 8.29E-02 EPA 
2010 

3.55E-06 V 6.88E+04 

n-Nitrosodimethylamine -- 62-75-9 9.90E-02 EPA 
2010 

1.20E-05 EPA 
2010 

7.40E-05 EPA 
2010 

2.28E+01 2.28E-02 EPA 
2010 

-- -- -- 2.28E-02 EPA 
2010 

3.80E-06 V 6.65E+04 

n-Nitrosodi-n-butylamine -- 924-16-3 6.50E-02 EPA 
2010 

7.60E-06 EPA 
2010 

5.40E-04 EPA 
2010 

9.15E+02 9.15E-01 EPA 
2010 

-- -- -- 9.15E-01 EPA 
2010 

1.89E-06 V 9.43E+04 

n-Nitrosodi-n-dipropylamine -- 621-64-7 5.60E-02 EPA 
2010 

7.80E-06 EPA 
2010 

9.20E-05 CLARC 
2010 

2.40E+01 2.40E-02 CLARC 
2010 

-- -- 2.40E-02 2.40E-02 DOE/RL-
96-17 

2.61E-06 -- -- 

n-Nitrosodiphenylamine -- 86-30-6 5.60E-02 EPA 
2010 

6.50E-06 EPA 
2010 

2.10E-04 CLARC 
2010 

1.30E+03 1.30E+00 CLARC 
2010 

-- -- 1.29E+00 1.29E+00 DOE/RL-
96-17 

4.80E-07 -- -- 

n-Nitrosomethylethylamine -- 10595-95-6 9.60E-02 EPA 
2010 

1.10E-05 EPA 
2010 

5.90E-05 EPA 
2010 

4.35E+01 4.35E-02 EPA 
2010 

-- -- -- 4.35E-02 EPA 
2010 

2.59E-06 -- -- 

n-Nitrosomethylvinylamine -- 4549-40-0 9.75E-02 ORNL 
2010 

1.14E-05 ORNL 
2010 

1.47E-04 ORNL 
2010 

4.35E+01 4.35E-02 ORNL 
2010 

-- -- -- 4.35E-02 ORNL 
2010 

5.82E-06 -- -- 

Octachlorodibenzo-p-dioxin OCDD 3268-87-9 -- -- -- -- 2.76E-04 ORNL 
2010 

1.94E+06 1.94E+03 ORNL 
2010 

-- -- -- 1.94E+03 ORNL 
2010 

-- -- -- 

o-Toluidine 2-Methylalanine 95-53-4 7.24E-02 ORNL 
2010 

9.18E-06 ORNL 
2010 

8.09E-05 ORNL 
2010 

1.15E+02 1.15E-01 ORNL 
2010 

-- -- -- 1.15E-01 ORNL 
2010 

1.72E-06 V 9.88E+04 

o-Toluidine hydrochloride Methylaniline Hydrochloride 636-21-5 8.40E-02 EPA 
2010 

9.80E-06 EPA 
2010 

8.10E-05 EPA 
2010 

1.15E+02 1.15E-01 EPA 
2010 

-- -- -- 1.15E-01 EPA 
2010 

1.98E-06 -- -- 

o-Xylene -- 95-47-6 6.89E-02 ORNL 
2010 

8.53E-06 ORNL 
2010 2.1E-01 

CLARC 
2010 241 0.00024 

CLARC 
2010 -- -- -- 0.24 

CLARC 
2010 

2.03E-03 V 2.88E+03 

Parathion -- 56-38-2 -- -- -- -- 1.20E-05 EPA 
2010 

2.42E+03 2.42E+00 EPA 
2010 

-- -- -- 2.42E+00 EPA 
2010 

-- -- -- 

Pentachlorobenzene -- 608-93-5 -- -- -- -- 2.90E-02 EPA 
2010 

3.71E+03 3.71E+00 EPA 
2010 

-- -- -- 3.71E+00 EPA 
2010 

-- -- -- 

Pentachloronitrobenzene (PCNB) PCNB 82-68-8 -- -- -- -- 1.80E-03 EPA 
2010 

6.00E+03 6.00E+00 EPA 
2010 

-- -- -- 6.00E+00 EPA 
2010 

-- -- -- 

Pentachlorophenol -- 87-86-5 -- -- -- -- 1.00E-06 CLARC 
2010 

5.90E+02 5.90E-01 CLARC 
2010 

-- -- 5.92E-01 5.92E-01 DOE/RL-
96-17 

-- -- -- 

Percent moisture (wet sample) -- %MOISTUR
E 

-- -- -- -- 
-- -- -- -- -- -- -- -- -- -- 

-- -- -- 

pH Measurement -- PH -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phenanthrene 
-- 

85-01-8 
3.45E-02 ORNL 

2010 
6.69E-06 ORNL 

2010 
1.73E-03 ORNL 

2010 
1.67E+04 1.67E+01 ORNL 

2010  
-- -- -- 1.67E+01 ORNL 

2010  
1.92E-07 -- -- 

Phenol -- 108-95-2 8.30E-02 EPA 
2010 

1.00E-05 EPA 
2010 

1.60E-05 CLARC 
2010 

2.90E+01 2.90E-02 CLARC 
2010 

-- -- 2.88E-02 2.88E-02 DOE/RL-
96-17 

1.04E-06 V 1.27E+05 

Phorate -- 298-02-2 -- -- -- -- 1.80E-04 EPA 
2010 

4.60E+02 4.60E-01 EPA 
2010 

-- -- -- 4.60E-01 EPA 
2010 

-- -- -- 

Phosphate -- 14265-44-2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phosphorothioic Acid, O,O-diethyl O-(2-
(ethylthio)ethyl... 

Demeton 8065-48-3 -- -- -- -- -- EPA 
2010 

-- -- EPA 
2010 

-- -- -- -- EPA 
2010 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Phosphorus Phosphorus, White 7723-14-0 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- 3.50E+00 EPA 
2010 

-- 3.50E+00 EPA 
2010 

-- V -- 

Phosphorus in phosphate -- PO4-P -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- 3.50E+00 EPA 
2010 

-- 3.50E+00 EPA 
2010 

-- -- -- 

Potassium -- 7440-09-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

p-Phenylenediamine -- 106-50-3 -- -- -- -- 3.60E-08 EPA 
2010 

3.38E+01 3.38E-02 EPA 
2010 

-- -- -- 3.38E-02 EPA 
2010 

-- -- -- 

Pronamide Kerb 23950-58-5 -- -- -- -- 4.00E-07 EPA 
2010 

4.05E+02 4.05E-01 EPA 
2010 

-- -- -- 4.05E-01 EPA 
2010 

-- -- -- 

Pyrene -- 129-00-0 2.80E-02 EPA 
2010 

7.20E-06 EPA 
2010 

4.50E-04 CLARC 
2010 

6.80E+04 6.80E+01 CLARC 
2010 

-- -- 6.80E+01 6.80E+01 DOE/RL-
96-17 

1.05E-08 -- -- 

Pyridine -- 110-86-1 9.30E-02 EPA 
2010 

1.10E-05 EPA 
2010 

4.50E-04 EPA 
2010 

7.17E+01 7.17E-02 EPA 
2010 

-- -- -- 7.17E-02 EPA 
2010 

1.34E-05 V 3.54E+04 

Ronnel -- 299-84-3 -- -- -- -- 1.30E-03 EPA 
2010 

4.46E+03 4.46E+00 EPA 
2010 

-- -- -- 4.46E+00 EPA 
2010 

-- -- -- 

Selenium -- 7782-49-2 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 5.00E+00 EPA 
2010 

5.00E+00 5.00E+00 DOE/RL-
96-17 

-- -- -- 

Silicon -- 7440-21-3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Silver -- 7440-22-4 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

8.3 
CLARC 

2010 

9.00E+01 9.00E+01 DOE/RL-
96-17 

-- -- -- 

Sodium -- 7440-23-5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Strontium Strontium, Stable 7440-24-6 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

35 
EPA 
2010 

2.50E+01 2.50E+01 DOE/RL-
96-17 

-- -- -- 

Strychnine -- 57-24-9 -- -- -- -- 2.40E-12 EPA 
2010 

5.40E+03 5.40E+00 EPA 
2010 

-- -- -- 5.40E+00 EPA 
2010 

-- -- -- 

Styrene -- 100-42-5 7.10E-02 EPA 
2010 

8.80E-06 EPA 
2010 

1.10E-01 CLARC 
2010 

9.10E+02 9.10E-01 CLARC 
2010 

-- -- -- 9.10E-01 CLARC 
2010 

4.04E-04 V 6.45E+03 

Sulfate -- 14808-79-8 -- -- -- -- 0.00E+00 (Conser
vative 
assump
tion) 

-- -- -- -- -- 0.00E+00 0.00E+00 DOE/RL-
96-17 

-- -- -- 

Sulfide -- 12597-05-5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

sym-Trinitrobenzene 1,3,5-Trinitrobenzene 99-35-4 -- -- -- -- 2.70E-07 EPA 
2010 

1.68E+03 1.68E+00 EPA 
2010 

-- -- -- 1.68E+00 EPA 
2010 

-- -- -- 

Tetrachloroethene Perchloroethylene (PCE) 127-18-4 5.00E-02 EPA 
2010 

9.50E-06 EPA 
2010 

7.50E-01 CLARC 
2010 

2.70E+02 2.70E-01 CLARC 
2010 

-- -- -- 2.70E-01 CLARC 
2010 

3.90E-03 V 2.08E+03 

Tetraethyl dithiopyrophosphate (Sulfotepp) -- 3689-24-5 -- -- -- -- 1.80E-04 EPA 
2010 

2.66E+02 2.66E-01 EPA 
2010 

-- -- -- 2.66E-01 EPA 
2010 

-- -- -- 

Thallium Thallium (Soluble Salts) 7440-28-0 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 7.10E+01 EPA 
2010 

-- 7.10E+01 EPA 
2010 

-- -- -- 

Thiofanox -- 39196-18-4 -- -- -- -- 3.80E-07 EPA 7.24E+01 7.24E-02 EPA -- -- -- 7.24E-02 EPA -- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

2010 2010 2010 

Thiuram -- 137-26-8 -- -- -- -- 7.40E-06 EPA 
2010 

6.11E+02 6.11E-01 EPA 
2010 

-- -- -- 6.11E-01 EPA 
2010 

-- V -- 

Tin -- 7440-31-5 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 1.30E+02 ORNL 
2010 

1.30E+02 1.30E+02 DOE/RL-
96-17 

-- -- -- 

Titanium -- 7440-32-6 -- -- -- -- -- -- -- -- -- 1.00E+03 EPA 
2010 

-- 1.00E+03 EPA 
2010 

-- -- -- 

Toluene -- 108-88-3 7.80E-02 EPA 
2010 

9.20E-06 EPA 
2010 

2.70E-01 CLARC 
2010 

1.40E+02 1.40E-01 CLARC 
2010 

-- -- 1.40E-01 1.40E-01 DOE/RL-
96-17 

3.85E-03 V 2.09E+03 

Total PCBs Polychlorinated Biphenyls (low risk) 1336-36-3 -- -- -- -- 7.80E-03 EPA 
2010 

3.09E+05 3.09E+02 ORNL 
2010 

-- -- -- 3.09E+02 ORNL 
2010 

-- -- -- 

Total petroleum hydrocarbons - diesel range -- TPHDIESEL -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total petroleum hydrocarbons - motor oil (high 
boiling) 

-- TPH/OILH -- -- -- -- 
-- -- -- -- -- -- -- -- -- -- 

-- -- -- 

Toxaphene -- 8001-35-2 -- -- -- -- 2.50E-04 CLARC 
2010 

9.60E+04 9.60E+01 CLARC 
2010 

-- -- 9.58E+01 9.58E+01 DOE/RL-
96-17 

-- -- -- 

TPH -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

trans-1,2-Dichloroethylene -- 156-60-5 8.80E-02 EPA 
2010 

1.10E-05 EPA 
2010 

3.90E-01 CLARC 
2010 

3.80E+01 3.80E-02 CLARC 
2010 

-- -- -- 3.80E-02 CLARC 
2010 

8.63E-03 V 1.40E+03 

trans-1,3-Dichloropropened -- 10061-02-6 7.63E-02 ORNL 
2010 

1.01E-05 ORNL 
2010 0.73 

CLARC 
2010 0.027 0.000027 

CLARC 
2010 -- -- -- 0.027 

CLARC 
2010 

1.12E-02 V 1.23E+03 

Tributyl phosphate -- 126-73-8 -- -- -- -- 5.80E-05 EPA 
2010 

1.89E+03 1.89E+00 ORNL 
2009 

-- -- -- 1.89E+00 ORNL 
2009 

-- -- -- 

Trichloroethene Trichloroethylene (TCE) 79-01-6 6.90E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.20E-01 CLARC 
2010 

9.40E+01 9.40E-02 CLARC 
2010 

-- -- -- 9.40E-02 CLARC 
2010 

5.65E-03 V 1.73E+03 

Trichloromonofluoromethane Trichlorofluoromethane 75-69-4 6.50E-02 EPA 
2010 

1.00E-05 EPA 
2010 

4.00E+00 EPA 
2010 

4.39E+01 4.39E-02 EPA 
2010 

-- -- -- 4.39E-02 EPA 
2010 

1.54E-02 V 1.05E+03 

Trifluralin -- 1582-09-8 -- -- -- -- 4.20E-03 EPA 
2010 

1.64E+04 1.64E+01 EPA 
2010 

-- -- -- 1.64E+01 EPA 
2010 

-- -- -- 

Uranium Uranium (Soluble Salts) 7440-61-1 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 

450 
EPA 
2010 

2.00E+00 2.00E+00 DOE/RL-
96-17 

-- -- -- 

Vanadium Vanadium and Compounds 7440-62-2 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 1.00E+03 CLARC 
2010 

1.00E+03 1.00E+03 DOE/RL-
96-17 

-- -- -- 

Vinyl acetate -- 108-05-4 8.50E-02 EPA 
2010 

1.00E-05 EPA 
2010 

2.10E-02 EPA 
2010 

5.58E+00 5.58E-03 EPA 
2010 

-- -- -- 5.58E-03 EPA 
2010 

8.69E-04 V 4.40E+03 

Vinyl chloride -- 75-01-4 1.10E-01 EPA 
2010 

1.20E-05 EPA 
2010 

1.10E+00 CLARC 
2010 

1.90E+01 1.90E-02 CLARC 
2010 

-- -- -- 1.90E-02 CLARC 
2010 

1.97E-02 V 9.24E+02 

Warfarin -- 81-81-2 -- -- -- -- 1.10E-07 EPA 
2010 

4.26E+02 4.26E-01 EPA 
2010 

-- -- -- 4.26E-01 EPA 
2010 

-- V -- 

Xylenes (total) Xylenes (mixture) 1330-20-7 8.50E-02 EPA 
2010 

9.90E-06 EPA 
2010 

2.80E-01 CLARC 
2010 

2.30E+02 2.30E-01 CLARC 
2010 

-- -- -- 2.30E-01 CLARC 
2010 

3.31E-03 V 2.25E+03 

Zinc Zinc (Metallic) 7440-66-6 -- -- -- -- 0.00E+00 CLARC 
2010 

-- -- -- 6.20E+01 EPA 
2010 

3.00E+01 3.00E+01 DOE/RL-
96-17 

-- -- -- 
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Table 4-1. Summary of Analyte-Specific Input Parameters and Volatilization Factors 

Analyte Alternate Name Referenced In EPA 
Regional Screening Table 

CAS# Diffusivity 
in Air 

(cm2/s) 
(Di) 

Source Diffusivity 
in Water 
(cm2/s) 

(Dw) 

 
Source 

Dimensionless 
Henry's Law 

Constant (H')a 

Source Soil-
Carbon 

Partition 
Coefficient 
(L/kg) (Koc)

a 

Soil/Water 
Distribution 

Coefficient Kd 
Organic 

(L/kg) = Koc x 
foc  

 
Source 

Inorganic 
Kd (cm3/g)  

Source RDR/RAWP 
Soil/Water 

Distribution 
Coefficient, 
Kd (DOE/RL-

96-17)b 

Final Kd
a 

(cm3/g)  
Source Apparent 

Diffusivity 
(cm2/s) (DA) 

Volatile?c Volatilization 
Factor 

(m3/kg) (VF) 

Notes: 

a. Analyte-specific parameters (H’, Koc, and Kd) were obtained from the following sources, in order of preference: 

  1. DOE/RL-96-17 

  2. CLARC database (Ecology 2010) 

  3. EPA Regional Screening Levels (EPA 2010) 

  4. RAIS database (ORNL 2010) 

b. Table E-2, DOE/RL-96-17 

c. Analytes with a V are identified as volatile in the CLARC database (Ecology 2010) 

d. Analyte not listed in CLARC database (Ecology 2010) but meets definition of volatile organic compound in WAC 173-340-200 “Definitions” “Volatiles” 

DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area 

Ecology, 2010, Cleanup Levels and Risk Calculations (CLARC) 

EPA, 2010, Regional Screening Levels for Chemical Contaminants at Superfund Sites 

ORNL, 2010, Risk Assessment Information System 
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4.2 Toxicity Values 
Analyte-specific toxicity values are presented Table 4-2. These values are determined using the 
recommended reference hierarchy as described in Cook, 2003. The hierarchy is summarized below. 

 Tier 1 – The EPA Integrated Risk Information System (IRIS) 

 Tier 2 – The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) 

 Tier 3 – Other Toxicity Values 

Tier 1 – IRIS 
The preferred source of toxicity data is EPA’s IRIS database (http://www.epa.gov/iris/index.html). Expert 
toxicologists at EPA have derived the values in this database and most values have undergone a thorough 
review and validation both within and outside EPA. If a toxicity value is available in IRIS, that value is 
used in preference to any other value. 
 
Tier 2 – PPRTVs 
If a toxicity value is not available in IRIS, the next source is EPA’s PPRTVs. This source includes 
toxicity values that have been developed by the Office of Research and Development/National Center for 
Environmental Assessment/Superfund Health Risk Technical Support Center (STSC). This database is 
not available to the public, but is accessible to EPA risk assessors via EPA’s intranet. These values are 
also published at the EPA Regional Screening Levels web site (EPA 2009). 
 
Tier 3 – Other Toxicity Values 
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:  
 The California EPA (CalEPA)’s Toxicity Criteria Database contains toxicity values that are peer 

reviewed and address both cancer and non-cancer effects. 

 The Agency for Toxic Substances and Disease Registry (ATSDR)’s Minimal Risk Levels (MRLs) for 
Hazard Substances are peer-reviewed estimates of the daily human exposure to hazardous substances 
that is likely to be without appreciable risk of adverse non-cancer health effects over a specified 
duration of exposure. 

 Toxicity values in EPA/540/R-97/036, Health Effects Assessment Summary Tables (HEAST).  

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for an analyte, the toxicity values from the 
National Center for Environmental Assessment (NCEA) are used. NCEA values can be found in RAIS 
(ORNL 2010). 

Toxicity equivalency factors (TEFs) were used to calculate toxicity values for dioxins, furans, and 
carcinogenic polyaromatic hydrocarbons (PAHs) as described in WAC 173-340-708(8), “Human Health 
Risk Assessment Procedures, Carcinogenic Potency Factors”. 

The EPA has recently published guidance to address chemical inhalation exposures in EPA-540-R-070-
002, Risk Assessment Guidance for Superfund: Volume 1—Human Health Evaluation Manual (Part F, 
Supplemental Guidance for Inhalation Risk Assessment). A methodology is provided to use the toxicity 
values which are currently derived by the EPA IRIS as concentrations (reference concentrations [RfC] for 
non-cancer effects and inhalation unit risk values [IUR] for cancer endpoints). These values now 
supersede the intake-based approach used by the inhalation component of EPA/540/1-89/002, Risk 
Assessment Guidance for Superfund: Volume 1—Human Health Evaluation Manual, Part A, Interim 
Final. The method described in WAC 170-340-750 for calculation of Standard Method B air cleanup 
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levels uses the former EPA/540/1-89/002 approach of quantifying intake. Therefore, for the Standard 
Method B air cleanup values, the IUR and RfC values from the EPA toxicity tables (EPA 2009) were 
converted to CPFi and RfDi values following protocol documented in EPA/540/1-89/002. The following 
equations were used based on an assumed breathing rate of 20 m3/day and body weight of 70 kg.  

 CPFi (kg-day/mg) = IUR (m3/µg) x 1/20 (m3/day) x 70 (kg) x 1000 (μg/mg) (12) 

 RfDi (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x 1/70 (kg) (13) 

The CPFi and RfDi values are used to calculate inhalation cancer risks and non-cancer hazards, 
respectively.  

For several analytes the toxicity value published in the Ecology CLARC database (Ecology 2010) was 
selected for final PRGs when Cook, 2003 recommended a different source of information. The 
differences in toxicity values for these analytes are summarized below. 

 The inhalation unit risk of 2.5E-05 (µg/m3)-1 for trichloroethene is the value published by HEAST on 
Ecology’s CLARC web site and is used to develop the WAC 173-340-750 Method B air cleanup 
level for trichloroethene. HEAST has not been updated since 1997 and therefore does not reflect the 
most current source of information for the inhalation cancer potency factor. The source of this 
toxicity value is consistent with the hierarchy of toxicity values recommended in Cook, 2003. 
However, the inhalation unit risk currently implemented by EPA for trichloroethene in the Regional 
Screening Levels (EPA 2009) is established by the CalEPA Office of Environmental Health Hazard 
Assessment (OEHHA). The inhalation unit risk of 2.0E-06 (µg/m3)-1 is presented in OEHHA, 2009, 
Public Health Goal for Chemicals In Drinking Water Trichloroethylene. If the CalEPA value were 
used to calculate the WAC 173-340-750 Method B air cleanup level, the air concentration would 
increase from 0.1 µg/m3 to 1.3 µg/m3. While the CalEPA toxicity value may be more current, the 
existing value published by Ecology provides a more conservative cleanup level in air.   

 For 1,1-dichloroethane, the inhalation reference concentration of 0.7 mg/-kg-day published by 
HEAST is used to develop the WAC 173-340-750 Method B air cleanup level. An inhalation unit risk 
factor has recently been published by the CalEPA OEHHA. The inhalation carcinogenic potency 
factor derived by OEHHA is 1.5E-06 (µg/m3)-1

, as presented in OEHHA, 2003, Public Health Goals 
for Chemicals in Drinking Water: 1,1-Dichloroethane in Drinking Water. If the value published by 
Cal-EPA were used to calculate the WAC 173-340-750 Method B air cleanup level, the air 
concentration would decrease from 320 µg/m3 to 1.7 µg/m3. 

 For consistency with previous Hanford analyses of carbon tetrachloride, the toxicity assessment uses 
an inhalation unit risk factor of 1.5E-05 (µg/m3)-1 previously published in IRIS, as well as the 
inhalation reference concentration of 0.19 (mg/m3) published by ATSDR. These values do not reflect 
the most current toxicity values published for carbon tetrachloride. The inhalation unit risk of 6E-06 
(µg/m3)-1, and inhalation reference concentration of 0.1 (mg/m3) for carbon tetrachloride is currently 
implemented by EPA in the Regional Screening Levels and are established by IRIS. Use of the 
previous IRIS values in this assessment has the potential to under-estimate both cancer risks and 
noncancer hazards.
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

1,1,1,2-Tetrachloroethane 630-20-6 V -- -- -- -- 7.40E-06 I 2.59E-02 I 

1,1,1-Trichloroethane 71-55-6 V 5.00E+00 I 1.43E+00 I -- -- -- -- 

1,1,2,2-Tetrachloroethane 79-34-5 V -- -- -- -- 5.80E-05 I 2.03E-01 I 

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 V 3.00E+01 H 8.57E+00 H -- -- -- -- 

1,1,2-Trichloroethane 79-00-5 V -- -- -- -- 1.60E-05 I 5.60E-02 I 

1,1'-Biphenyl 92-52-4 V -- -- -- -- -- -- -- -- 

1,1-Dichloroethane 75-34-3 V 7.00E-01 H 2.00E-01 H -- -- -- -- 

1,1-Dichloroethene 75-35-4 V 2.00E-01 I 5.71E-02 I -- -- -- -- 

1,1-Dimethylhydrazine 57-14-7 V 2.00E-06 X 5.71E-07 X -- -- -- -- 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 -- -- -- -- -- 3.80E+00 WAC 1.33E+04 WAC 

1,2,3-Trichloropropane 96-18-4 V 3.00E-04 I 8.57E-05 I -- -- -- -- 

1,2,4,5-Tetrachlorobenzene 95-94-3 -- -- -- -- -- -- -- -- -- 

1,2,4-Trichlorobenzene 120-82-1 V 2.00E-03 P 5.71E-04 P -- -- -- -- 

1,2,4-Trimethylbenzene 95-63-6 V 7.00E-03 P 2.00E-03 P -- -- -- -- 

1,2-Dibromo-3-chloropropane 96-12-8 V 2.00E-04 I 5.71E-05 I 6.00E-03 P 2.10E+01 P 

1,2-Dibromoethane 106-93-4 V 9.00E-03 I 2.57E-03 I 6.00E-04 I 2.10E+00 I 

1,2-Dichlorobenzene 95-50-1 V 2.00E-01 H 5.71E-02 H -- -- -- -- 

1,2-Dichloroethane 107-06-2 V 2.40E+00 A 6.86E-01 A 2.60E-05 I 9.10E-02 I 

1,2-Dichloroethene (Total) 540-59-0 V -- -- -- -- -- -- -- -- 

1,2-Dichloropropane 78-87-5 V 4.00E-03 I 1.14E-03 I 1.00E-05 C 3.50E-02 C 

1,2-Dimethylhydrazine 540-73-8 V -- -- -- -- 1.60E-01 C 5.60E+02 C 

1,2-Diphenylhydrazine 122-66-7 -- -- -- -- -- 2.20E-04 I 7.70E-01 I 

1,2-Propanediol 57-55-6 V -- -- -- -- -- -- -- -- 

1,3-Butadiene 106-99-0 V 2.00E-03 I 5.71E-04 I 3.00E-05 I 1.05E-01 I 

1,3-Dichlorobenzene 541-73-1 V -- -- -- -- -- -- -- -- 

1,3-Dichloropropene 542-75-6 V 2.00E-02 I 5.71E-03 I 4.00E-06 I 1.40E-02 I 

1,3-Isobenzofurandione 85-44-9 -- 2.00E-02 C 5.71E-03 C -- -- -- -- 

1,4-Dichloro-2-butene 764-41-0 V -- -- -- -- 4.20E-03 P 1.47E+01 P 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

1,4-Dichlorobenzene 106-46-7 V 8.00E-01 I 2.29E-01 I 1.10E-05 C 3.85E-02 C 

1,4-Dinitrobenzene 100-25-4 -- -- -- -- -- -- -- -- -- 

1,4-Dioxane 123-91-1 V 3.60E+00 A 1.03E+00 A 7.70E-06 C 2.70E-02 C 

1-Butanol 71-36-3 V -- -- -- -- -- -- -- -- 

1-Chloro-2,3-epoxypropane 106-89-8 V 1.00E-03 I 2.86E-04 I 1.20E-06 I 4.20E-03 I 

1-Chlorobutane 109-69-3 V -- -- -- -- -- -- -- -- 

1-Methoxy-2-propanol 107-98-2 V 2.00E+00 I 5.71E-01 I -- -- -- -- 

2-(2-Butoxyethoxy)ethanol 112-34-5 V 1.00E-04 P 2.86E-05 P -- -- -- -- 

2-(2-ethoxyethoxy)ethanol 111-90-0 V 3.00E-04 P 8.57E-05 P -- -- -- -- 

2-(2-methyl-4-chlorophenoxy) propionic acid 93-65-2 -- -- -- -- -- -- -- -- -- 

2,3,4,6-Tetrachlorophenol 58-90-2 -- -- -- -- -- -- -- -- -- 

2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 -- 4.00E-08 C 1.14E-08 C 3.80E+01 C 1.33E+05 C 

2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) 93-76-5 -- -- -- -- -- -- -- -- -- 

2,4,5-TP(2-(2,4,5-Trichlorophenoxy)propionic acid)Silvex 93-72-1 -- -- -- -- -- -- -- -- -- 

2,4,5-Trichlorophenol 95-95-4 V -- -- -- -- -- -- -- -- 

2,4,6-Trichlorophenol 88-06-2 V -- -- -- -- 3.10E-06 I 1.09E-02 I 

2,4,6-Trinitrotoluene 118-96-7 -- -- -- -- -- -- -- -- -- 

2,4-D(2,4-Dichlorophenoxyacetic acid) 94-75-7 -- -- -- -- -- -- -- -- -- 

2,4-DB(4-(2,4-Dichlorophenoxy)butanoic acid) 94-82-6 -- -- -- -- -- -- -- -- -- 

2,4-Dichlorophenol 120-83-2 V -- -- -- -- -- -- -- -- 

2,4-Dimethylphenol 105-67-9 V -- -- -- -- -- -- -- -- 

2,4-Dinitrophenol 51-28-5 -- -- -- -- -- -- -- -- -- 

2,4-Dinitrotoluene 121-14-2 -- -- -- -- -- 8.90E-05 C 3.12E-01 C 

2,5-Diaminotoluene 95-70-5 -- -- -- -- -- -- -- -- -- 

2,6-Dinitrotoluene 606-20-2 -- -- -- -- -- -- -- -- -- 

2-Butanone 78-93-3 V 5.00E+00 I 1.43E+00 I -- -- -- -- 

2-Butoxyethanol 111-76-2 V 1.30E+01 I 3.71E+00 I -- -- -- -- 

2-Chloronaphthalene 91-58-7 V -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

2-Chlorophenol 95-57-8 V -- -- -- -- -- -- -- -- 

2-Chlorotoluene 95-49-8 V -- -- -- -- -- -- -- -- 

2-Cyclohexyl-4,6-dinitrophenol 131-89-5 -- -- -- -- -- -- -- -- -- 

2-Hexanone 591-78-6 V 3.00E-02 I 8.57E-03 I -- -- -- -- 

2-Methyl-2-(methylthio)propionaldehyde-o-(methylcarbonyl) ox 116-06-3 -- -- -- -- -- -- -- -- -- 

2-Methyl-4 chlorophenoxyacetic acid 94-74-6 -- -- -- -- -- -- -- -- -- 

2-Methyllactonitrile 75-86-5 V 6.00E-02 P 1.71E-02 P -- -- -- -- 

2-methylnaphthalene 91-57-6 V -- -- -- -- -- -- -- -- 

2-Methylphenol (cresol, o-) 95-48-7 V 6.00E-01 C 1.71E-01 C -- -- -- -- 

2-Nitroaniline 88-74-4 -- 5.00E-05 X 1.43E-05 X -- -- -- -- 

2-Nitrophenol 88-75-5 -- -- -- -- -- -- -- -- -- 

2-Nitropropane 79-46-9 V 2.00E-02 I 5.71E-03 I 2.70E-03 H 9.45E+00 H 

2-Pentanone, 4-Methyl 108-10-1 V 3.00E+00 I 8.57E-01 I -- -- -- -- 

2-Propyn-1-ol 107-19-7 V -- -- -- -- -- -- -- -- 

3,3'-Dichlorobenzidine 91-94-1 -- -- -- -- -- 3.40E-04 C 1.19E+00 C 

3,3'-Dimethoxybenzidine 119-90-4 -- -- -- -- -- -- -- -- -- 

3,3'-Dimethylbenzidine 119-93-7 -- -- -- -- -- -- -- -- -- 

3+4 Methylphenol (cresol, m+p) 65794-96-9 -- -- -- -- -- -- -- -- -- 

3-Methylphenol (cresol, m-) 108-39-4 V 6.00E-01 C 1.71E-01 C -- -- -- -- 

3-Nitroaniline 99-09-2 -- 1.00E-03 P 2.86E-04 P -- -- -- -- 

4,4'-DDD (Dichlorodiphenyldichloroethane) 72-54-8 -- -- -- -- -- 6.90E-05 C 2.42E-01 C 

4,4'-DDE (Dichlorodiphenyldichloroethylene) 72-55-9 -- -- -- -- -- 9.70E-05 C 3.40E-01 C 

4,4'-DDT (Dichlorodiphenyltrichloroethane) 50-29-3 -- -- -- -- -- 9.70E-05 I 3.40E-01 I 

4,4'-Methylenebis(2-chloroaniline) 101-14-4 -- -- -- -- -- 4.30E-04 C 1.51E+00 C 

4,6-Dinitro-2-methylphenol 534-52-1 -- -- -- -- -- -- -- -- -- 

4-Amino-3,5,6-trichloropicolinic acid 1918-02-1 -- -- -- -- -- -- -- -- -- 

4-Bromophenylphenyl ether 101-55-3 -- -- -- -- -- -- -- -- -- 

4-Chloro-3-methylphenol 59-50-7 -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

4-Chloroaniline 106-47-8 V -- -- -- -- -- -- -- -- 

4-Chlorophenylphenyl ether 7005-72-3 -- -- -- -- -- -- -- -- -- 

4-Methylphenol (cresol, p-) 106-44-5 V 6.00E-01 C 1.71E-01 C -- -- -- -- 

4-Nitroaniline 100-01-6 -- 6.00E-03 P 1.71E-03 P -- -- -- -- 

4-Nitrophenol 100-02-7 -- -- -- -- -- -- -- -- -- 

5-Nitro-o-toluidine 99-55-8 -- -- -- -- -- -- -- -- -- 

Acenaphthene 83-32-9 -- -- -- -- -- -- -- -- -- 

Acenaphthylene 208-96-8 -- -- -- -- -- -- -- -- -- 

Acetaldehyde 75-07-0 V 9.00E-03 I 2.57E-03 I 2.20E-06 I 7.70E-03 I 

Acetic acid, methyl ester 79-20-9 V -- -- -- -- -- -- -- -- 

Acetone 67-64-1 V 3.10E+01 A 8.86E+00 A -- -- -- -- 

Acetonitrile 75-05-8 V 6.00E-02 I 1.71E-02 I -- -- -- -- 

Acetophenone 98-86-2 V -- -- -- -- -- -- -- -- 

Acrolein 107-02-8 V 2.00E-05 I 5.71E-06 I -- -- -- -- 

Acrylamide 79-06-1 V -- -- -- -- 1.30E-03 I 4.55E+00 I 

Acrylonitrile 107-13-1 V 2.00E-03 I 5.71E-04 I 6.80E-05 I 2.38E-01 I 

Aldrin 309-00-2 V -- -- -- -- 4.90E-03 I 1.72E+01 I 

Allyl alcohol 107-18-6 V 1.00E-04 X 2.86E-05 X -- -- -- -- 

Allyl chloride 107-05-1 V 1.00E-03 I 2.86E-04 I 6.00E-06 C 2.10E-02 C 

Alpha-BHC 319-84-6 -- -- -- -- -- 1.80E-03 I 6.30E+00 I 

Alpha-Chlordane 5103-71-9 -- 7.00E-04 I 2.00E-04 I 1.00E-04 I 3.50E-01 I 

Alpha-Methylstyrene 98-83-9 V -- -- -- -- -- -- -- -- 

Aluminum 7429-90-5 -- 5.00E-03 P 1.43E-03 P -- -- -- -- 

Aniline 62-53-3 V 1.00E-03 I 2.86E-04 I 1.60E-06 C 5.60E-03 C 

Anthracene 120-12-7 -- -- -- -- -- -- -- -- -- 

Antimony 7440-36-0 -- -- -- -- -- -- -- -- -- 

Aramite 140-57-8 -- -- -- -- -- 7.10E-06 I 2.49E-02 I 

Aroclor-1016 12674-11-2 -- -- -- -- -- 2.00E-05 I 7.00E-02 I 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Aroclor-1221 11104-28-2 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1232 11141-16-5 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1242 53469-21-9 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1248 12672-29-6 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1254 11097-69-1 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1260 11096-82-5 -- -- -- -- -- 5.70E-04 I 2.00E+00 I 

Aroclor-1262 37324-23-5 -- -- -- -- -- -- -- -- -- 

Arsenic 7440-38-2 -- 1.50E-05 C 4.29E-06 C 4.30E-03 I 1.51E+01 I 

Atrazine 1912-24-9 -- -- -- -- -- -- -- -- -- 

Azobenzene 103-33-3 -- -- -- -- -- 3.10E-05 I 1.09E-01 I 

Barium 7440-39-3 -- 5.00E-04 H 1.43E-04 H -- -- -- -- 

Benzaldehyde 100-52-7 V -- -- -- -- -- -- -- -- 

Benzene 71-43-2 V 3.00E-02 I 8.57E-03 I 7.80E-06 I 2.73E-02 I 

Benzenethiol 108-98-5 V -- -- -- -- -- -- -- -- 

Benzidine 92-87-5 -- -- -- -- -- 6.70E-02 I 2.35E+02 I 

Benzo(a)anthracene 56-55-3 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Benzo(a)pyrene 50-32-8 -- -- -- -- -- 1.10E-03 C 3.85E+00 C 

Benzo(b)fluoranthene 205-99-2 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Benzo(g,h,i)perylene 191-24-2 -- -- -- -- -- -- -- -- -- 

Benzo(k)fluoranthene 207-08-9 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Benzoic acid 65-85-0 -- -- -- -- -- -- -- -- -- 

Benzyl alcohol 100-51-6 V -- -- -- -- -- -- -- -- 

Benzyl chloride 100-44-7 V 1.00E-03 P 2.86E-04 P 4.90E-05 C 1.72E-01 C 

Beryllium 7440-41-7 -- 2.00E-05 I 5.71E-06 I 2.40E-03 I 8.40E+00 I 

beta-1,2,3,4,5,6-Hexachlorocyclohexane (beta-BHC) 319-85-7 -- -- -- -- -- 5.30E-04 I 1.86E+00 I 

Bis(2-chloro-1-methylethyl)ether 108-60-1 V -- -- -- -- 1.00E-05 H 3.50E-02 H 

Bis(2-Chloroethoxy)methane 111-91-1 -- -- -- -- -- -- -- -- -- 

Bis(2-chloroethyl) ether 111-44-4 V -- -- -- -- 3.30E-04 I 1.16E+00 I 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Bis(2-chloroisopropyl) 39638-32-9 V -- -- -- -- -- -- -- -- 

Bis(2-ethylhexyl) adipate 103-23-1 -- -- -- -- -- -- -- -- -- 

Bis(2-ethylhexyl) phthalate 117-81-7 -- -- -- -- -- 2.40E-06 C 8.40E-03 C 

Bis(chloromethyl) ether 542-88-1 V -- -- -- -- 6.20E-02 I 2.17E+02 I 

Bismuth 7440-69-9 -- -- -- -- -- -- -- -- -- 

Bisphenol A 80-05-7 -- -- -- -- -- -- -- -- -- 

Boron 7440-42-8 -- 2.00E-02 H 5.71E-03 H -- -- -- -- 

Bromide 24959-67-9 -- -- -- -- -- -- -- -- -- 

Bromodichloromethane 75-27-4 V -- -- -- -- 3.70E-05 C 1.30E-01 C 

Bromoform 75-25-2 V -- -- -- -- 1.10E-06 I 3.85E-03 I 

Bromomethane 74-83-9 V 5.00E-03 I 1.43E-03 I -- -- -- -- 

Butylbenzylphthalate 85-68-7 -- -- -- -- -- -- -- -- -- 

Cadmium 7440-43-9 -- 1.00E-05 A 2.86E-06 A 1.80E-03 I 6.30E+00 I 

Calcium 7440-70-2 -- -- -- -- -- -- -- -- -- 

Caprolactam 105-60-2 -- -- -- -- -- -- -- -- -- 

Carbazole 86-74-8 -- -- -- -- -- -- -- -- -- 

Carbethoxy malathion 121-75-5 -- -- -- -- -- -- -- -- -- 

Carbon disulfide 75-15-0 V 7.00E-01 I 2.00E-01 I -- -- -- -- 

Carbon tetrachloride 56-23-5 V 1.90E-01 A 5.43E-02 A 1.50E-05 I 5.25E-02 I 

Carbophenothion 786-19-6 -- -- -- -- -- -- -- -- -- 

Cellosolve acetate 111-15-9 V 3.00E-01 C 8.57E-02 C -- -- -- -- 

Cellosolve Solvent 110-80-5 V 2.00E-01 I 5.71E-02 I -- -- -- -- 

Chloral 75-87-6 V -- -- -- -- -- -- -- -- 

Chlordane 57-74-9 -- 7.00E-04 I 2.00E-04 I 1.00E-04 I 3.50E-01 I 

Chloride 16887-00-6 -- -- -- -- -- -- -- -- -- 

Chlorine 7782-50-5 V 1.50E-04 A 4.29E-05 A -- -- -- -- 

Chloroacetophenone 532-27-4 -- 3.00E-05 I 8.57E-06 I -- -- -- -- 

Chlorobenzene 108-90-7 V 5.00E-02 P 1.43E-02 P -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Chlorobenzilate 510-15-6 -- -- -- -- -- 3.10E-05 C 1.09E-01 C 

Chlorodifluoromethane 75-45-6 V 5.00E+01 I 1.43E+01 I -- -- -- -- 

Chloroethane 75-00-3 V 1.00E+01 I 2.86E+00 I -- -- -- -- 

Chloroform 67-66-3 V 9.80E-02 A 2.80E-02 A 2.30E-05 I 8.05E-02 I 

Chloromethane 74-87-3 V 9.00E-02 I 2.57E-02 I -- -- -- -- 

Chloromethyl methyl ether 107-30-2 V -- -- -- -- 6.90E-04 C 2.42E+00 C 

Chloroprene 126-99-8 V 7.00E-03 H 2.00E-03 H -- -- -- -- 

Chlorpyrifos 2921-88-2 -- -- -- -- -- -- -- -- -- 

Chromium 7440-47-3 -- -- -- -- -- -- -- -- -- 

Chromium (III) 16065-83-1 -- -- -- -- -- -- -- -- -- 

Chrysene 218-01-9 -- -- -- -- -- 1.10E-05 C 3.85E-02 C 

cis-1,2-Dichloroethylene 156-59-2 V -- -- -- -- -- -- -- -- 

cis-1,3-Dichloropropene 10061-01-5 V 2.00E-02 I 5.71E-03 I 4.00E-06 I 1.40E-02 I 

Cobalt 7440-48-4 -- 6.00E-06 P 1.71E-06 P 9.00E-03 P 3.15E+01 P 

Co-elution of Aroclor 1242 and Aroclor 1016 PCB1242/1016 -- -- -- -- -- -- -- -- -- 

Copper 7440-50-8 -- -- -- -- -- -- -- -- -- 

Cyanide 57-12-5 -- -- -- -- -- -- -- -- -- 

Cyanogen 460-19-5 V -- -- -- -- -- -- -- -- 

Cyanogen bromide 506-68-3 V -- -- -- -- -- -- -- -- 

Cyanogen chloride 506-77-4 V -- -- -- -- -- -- -- -- 

Cyclohexane 110-82-7 V 6.00E+00 I 1.71E+00 I -- -- -- -- 

Cyclohexanone 108-94-1 V -- -- -- -- -- -- -- -- 

Dalapon 75-99-0 V -- -- -- -- -- -- -- -- 

Delta-BHC 319-86-8 -- -- -- -- -- -- -- -- -- 

Diallate 2303-16-4 -- -- -- -- -- -- -- -- -- 

Diazinon 333-41-5 -- -- -- -- -- -- -- -- -- 

Dibenz[a,h]anthracene 53-70-3 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Dibenzofuran 132-64-9 -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Dibromochloromethane 124-48-1 V -- -- -- -- 2.70E-05 C 9.45E-02 C 

Dibromomethane 74-95-3 V 4.00E-03 X 1.14E-03 X -- -- -- -- 

Dicamba 1918-00-9 -- -- -- -- -- -- -- -- -- 

Dichlorodifluoromethane 75-71-8 V 2.00E-01 H 5.71E-02 H -- -- -- -- 

Dichloroprop 120-36-5 -- -- -- -- -- -- -- -- -- 

Dichlorvos 62-73-7 V 5.00E-04 I 1.43E-04 I 8.30E-05 C 2.91E-01 C 

Dieldrin 60-57-1 -- -- -- -- -- 4.60E-03 I 1.61E+01 I 

Diethyl ether 60-29-7 V -- -- -- -- -- -- -- -- 

Diethylphthalate 84-66-2 -- -- -- -- -- -- -- -- -- 

Diethylstilbesterol 56-53-1 -- -- -- -- -- 1.00E-01 C 3.50E+02 C 

Dimethoate 60-51-5 -- -- -- -- -- -- -- -- -- 

Dimethyl 1,2-dibromo-2,2-dichloroethyl phosphate 300-76-5 -- -- -- -- -- -- -- -- -- 

Dimethyl phthalate 131-11-3 -- -- -- -- -- -- -- -- -- 

Di-n-butylphthalate 84-74-2 -- -- -- -- -- -- -- -- -- 

Di-n-octylphthalate 117-84-0 -- -- -- -- -- -- -- -- -- 

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 -- -- -- -- -- -- -- -- -- 

Diphenylamine 122-39-4 -- -- -- -- -- -- -- -- -- 

Disulfoton 298-04-4 -- -- -- -- -- -- -- -- -- 

Endosulfan (1, 11, sulfate)  115-29-7 -- -- -- -- -- -- -- -- -- 

Endosulfan I 959-98-8 -- -- -- -- -- -- -- -- -- 

Endosulfan II 33213-65-9 -- -- -- -- -- -- -- -- -- 

Endosulfan sulfate 1031-07-8 -- -- -- -- -- -- -- -- -- 

Endrin 72-20-8 -- -- -- -- -- -- -- -- -- 

Endrin Aldehyde 7421-93-4 -- -- -- -- -- -- -- -- -- 

Endrin ketone 53494-70-5 -- -- -- -- -- -- -- -- -- 

Epn 2104-64-5 -- -- -- -- -- -- -- -- -- 

Ethyl acetate 141-78-6 V -- -- -- -- -- -- -- -- 

Ethyl methacrylate 97-63-2 V -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Ethyl methylene phosphorodithioate 563-12-2 -- -- -- -- -- -- -- -- -- 

Ethylbenzene 100-41-4 V 1.00E+00 I 2.86E-01 I 2.50E-06 C 8.75E-03 C 

Ethylene glycol 107-21-1 V 4.00E-01 C 1.14E-01 C -- -- -- -- 

Ethylene oxide 75-21-8 V 3.00E-02 C 8.57E-03 C 8.80E-05 C 3.08E-01 C 

Ethylenethiourea 96-45-7 -- -- -- -- -- 1.30E-05 C 4.55E-02 C 

Fensulfothion 115-90-2 -- -- -- -- -- -- -- -- -- 

Fluoranthene 206-44-0 -- -- -- -- -- -- -- -- -- 

Fluorene 86-73-7 -- -- -- -- -- -- -- -- -- 

Fluoride 16984-48-8 -- 1.30E-02 C 3.71E-03 C -- -- -- -- 

Formaldehyde 50-00-0 V 9.80E-03 A 2.80E-03 A 1.30E-05 I 4.55E-02 I 

Formamide, N,N-diethyl- 617-84-5 -- -- -- -- -- -- -- -- -- 

Formic Acid 64-18-6 V 3.00E-03 P 8.57E-04 P -- -- -- -- 

Furan 110-00-9 V -- -- -- -- -- -- -- -- 

Furfural 98-01-1 V 5.00E-02 H 1.43E-02 H -- -- -- -- 

Gamma-BHC (Lindane) 58-89-9 -- -- -- -- -- 3.10E-04 C 1.09E+00 C 

Gamma-Chlordane 5103-74-2 -- 7.00E-04 I 2.00E-04 I 1.00E-04 I 3.50E-01 I 

Glycidylaldehyde 765-34-4 V 1.00E-03 H 2.86E-04 H -- -- -- -- 

Heptachlor 76-44-8 -- -- -- -- -- 1.30E-03 I 4.55E+00 I 

Heptachlor epoxide 1024-57-3 V -- -- -- -- 2.60E-03 I 9.10E+00 I 

Hexachlorobenzene 118-74-1 -- -- -- -- -- 4.60E-04 I 1.61E+00 I 

Hexachlorobutadiene 87-68-3 V -- -- -- -- 2.20E-05 I 7.70E-02 I 

Hexachlorocyclopentadiene 77-47-4 V 2.00E-04 I 5.71E-05 I -- -- -- -- 

Hexachloroethane 67-72-1 V -- -- -- -- 4.00E-06 I 1.40E-02 I 

Hexachlorophene 70-30-4 -- -- -- -- -- -- -- -- -- 

Hexane 110-54-3 V 7.00E-01 I 2.00E-01 I -- -- -- -- 

Hexavalent Chromium 18540-29-9 -- 1.00E-04 I 2.86E-05 I 8.40E-02 I 2.94E+02 I 

Hydrazine 302-01-2 V 3.00E-05 P 8.57E-06 P 4.90E-03 I 1.72E+01 I 

Hydrogen sulfide 7783-06-4 V 2.00E-03 I 5.71E-04 I -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Hydroquinone 123-31-9 -- -- -- -- -- -- -- -- -- 

Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- -- -- 1.10E-04 C 3.85E-01 C 

Iron 7439-89-6 -- -- -- -- -- -- -- -- -- 

Isobutyl alcohol 78-83-1 V -- -- -- -- -- -- -- -- 

Isophorone 78-59-1 V 2.00E+00 C 5.71E-01 C -- -- -- -- 

Isopropylbenzene 98-82-8 V 4.00E-01 I 1.14E-01 I -- -- -- -- 

Lead 7439-92-1 -- -- -- -- -- -- -- -- -- 

Lithium 7439-93-2 -- -- -- -- -- -- -- -- -- 

Magnesium 7439-95-4 -- -- -- -- -- -- -- -- -- 

Maleic hydrazide 123-33-1 -- -- -- -- -- -- -- -- -- 

Malononitrile 109-77-3 V -- -- -- -- -- -- -- -- 

Manganese 7439-96-5 -- 5.00E-05 I 1.43E-05 I -- -- -- -- 

m-Dinitrobenzene 99-65-0 -- -- -- -- -- -- -- -- -- 

Mercury 7487-94-7 -- 3.00E-05 C 8.57E-06 C -- -- -- -- 

Merphos 150-50-5 -- -- -- -- -- -- -- -- -- 

Methacrylonitrile 126-98-7 V 7.00E-04 H 2.00E-04 H -- -- -- -- 

Methanol 67-56-1 V 4.00E+00 C 1.14E+00 C -- -- -- -- 

Metholonyl 16752-77-5 -- -- -- -- -- -- -- -- -- 

Methoxychlor 72-43-5 -- -- -- -- -- -- -- -- -- 

Methyl Mercury 22967-92-6 -- -- -- -- -- -- -- -- -- 

Methyl methacrylate 80-62-6 V 7.00E-01 I 2.00E-01 I -- -- -- -- 

Methyl parathion 298-00-0 -- -- -- -- -- -- -- -- -- 

Methyl tert-butyl ether 1634-04-4 V 3.00E+00 I 8.57E-01 I 2.60E-07 C 9.10E-04 C 

Methylene chloride 75-09-2 V 1.00E+00 A 2.86E-01 A 4.70E-07 I 1.65E-03 I 

Methylhydrazine 60-34-4 V -- -- -- -- -- -- -- -- 

Mevinphos 7786-34-7 -- -- -- -- -- -- -- -- -- 

Mirex 2385-85-5 -- -- -- -- -- 5.10E-03 C 1.79E+01 C 

Molybdenum 7439-98-7 -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

m-Xylene 108-38-3 V 7.0E-01 C 2.00E-01 C -- -- -- -- 

Naphthalene 91-20-3 V 3.00E-03 I 8.57E-04 I 3.40E-05 C 1.19E-01 C 

n-Heptane 142-82-5 V -- -- -- -- -- -- -- -- 

Nickel 7440-02-0 -- 9.00E-05 A 2.57E-05 A 2.60E-04 C 9.10E-01 C 

Nitrate 14797-55-8 -- -- -- -- -- -- -- -- -- 

Nitrite 14797-65-0 -- -- -- -- -- -- -- -- -- 

Nitrobenzene 98-95-3 V 9.00E-03 I 2.57E-03 I 4.00E-05 I 1.40E-01 I 

Nitrogen in Nitrate NO3-N -- -- -- -- -- -- -- -- -- 

Nitrogen in Nitrite NO2-N -- -- -- -- -- -- -- -- -- 

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- -- -- -- -- -- -- -- -- 

Nitrosopyrrolidine 930-55-2 V -- -- -- -- 6.10E-04 I 2.14E+00 I 

n-Nitrosodiethanolamine 1116-54-7 -- -- -- -- -- 8.00E-04 C 2.80E+00 C 

n-Nitrosodiethylamine 55-18-5 V -- -- -- -- 4.30E-02 I 1.51E+02 I 

n-Nitrosodimethylamine 62-75-9 V 4.00E-05 X 1.14E-05 X 1.40E-02 I 4.90E+01 I 

n-Nitrosodi-n-butylamine 924-16-3 V -- -- -- -- 1.60E-03 I 5.60E+00 I 

n-Nitrosodi-n-dipropylamine 621-64-7 -- -- -- -- -- 2.00E-03 C 7.00E+00 C 

n-Nitrosodiphenylamine 86-30-6 -- -- -- -- -- 2.60E-06 C 9.10E-03 C 

n-Nitrosomethylethylamine 10595-95-6 -- -- -- -- -- 6.30E-03 C 2.21E+01 C 

n-Nitrosomethylvinylamine 4549-40-0 -- -- -- -- -- -- -- -- -- 

Octachlorodibenzo-p-dioxin 3268-87-9 -- -- -- -- -- 1.14E-02 WAC 3.99E+01 WAC 

o-Toluidine 95-53-4 V -- -- -- -- -- -- -- -- 

o-Toluidine hydrochloride 636-21-5 -- -- -- -- -- 3.70E-05 C 1.30E-01 C 

o-Xylene 95-47-6 V 7.0E-01 C 2.00E-01 C -- -- -- -- 

Parathion 56-38-2 -- -- -- -- -- -- -- -- -- 

Pentachlorobenzene 608-93-5 -- -- -- -- -- -- -- -- -- 

Pentachloronitrobenzene (PCNB) 82-68-8 -- -- -- -- -- -- -- -- -- 

Pentachlorophenol 87-86-5 -- -- -- -- -- 5.10E-06 C 1.79E-02 C 

Percent moisture (wet sample) %MOISTURE -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

pH Measurement PH -- -- -- -- -- -- -- -- -- 

Phenanthrene 85-01-8 -- -- -- -- -- -- -- -- -- 

Phenol 108-95-2 V 2.00E-01 C 5.71E-02 C -- -- -- -- 

Phorate 298-02-2 -- -- -- -- -- -- -- -- -- 

Phosphate 14265-44-2 -- -- -- -- -- -- -- -- -- 

Phosphorothioic Acid, O,O-diethyl O-(2-(ethylthio)ethyl... 8065-48-3 -- -- -- -- -- -- -- -- -- 

Phosphorus 7723-14-0 V -- -- -- -- -- -- -- -- 

Phosphorus in phosphate PO4-P -- -- -- -- -- -- -- -- -- 

Potassium 7440-09-7 -- -- -- -- -- -- -- -- -- 

p-Phenylenediamine 106-50-3 -- -- -- -- -- -- -- -- -- 

Pronamide 23950-58-5 -- -- -- -- -- -- -- -- -- 

Pyrene 129-00-0 -- -- -- -- -- -- -- -- -- 

Pyridine 110-86-1 V -- -- -- -- -- -- -- -- 

Ronnel 299-84-3 -- -- -- -- -- -- -- -- -- 

Selenium 7782-49-2 -- 2.00E-02 C 5.71E-03 C -- -- -- -- 

Silicon 7440-21-3 -- -- -- -- -- -- -- -- -- 

Silver 7440-22-4 -- -- -- -- -- -- -- -- -- 

Sodium 7440-23-5 -- -- -- -- -- -- -- -- -- 

Strontium 7440-24-6 -- -- -- -- -- -- -- -- -- 

Strychnine 57-24-9 -- -- -- -- -- -- -- -- -- 

Styrene 100-42-5 V 1.00E+00 I 2.86E-01 I -- -- -- -- 

Sulfate 14808-79-8 -- -- -- -- -- -- -- -- -- 

Sulfide 12597-05-5 -- -- -- -- -- -- -- -- -- 

sym-Trinitrobenzene 99-35-4 -- -- -- -- -- -- -- -- -- 

Tetrachloroethene 127-18-4 V 2.70E-01 A 7.71E-02 A 5.90E-06 C 2.07E-02 C 

Tetraethyl dithiopyrophosphate (Sulfotepp) 3689-24-5 -- -- -- -- -- -- -- -- -- 

Thallium 7440-28-0 -- -- -- -- -- -- -- -- -- 

Thiofanox 39196-18-4 -- -- -- -- -- -- -- -- -- 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

Thiuram 137-26-8 V -- -- -- -- -- -- -- -- 

Tin 7440-31-5 -- -- -- -- -- -- -- -- -- 

Titanium 7440-32-6 -- -- -- -- -- -- -- -- -- 

Toluene 108-88-3 V 5.00E+00 I 1.43E+00 I -- -- -- -- 

Total PCBs 1336-36-3 -- -- -- -- -- 1.00E-04 C 3.50E-01 C 

Total petroleum hydrocarbons - diesel range TPHDIESEL -- -- -- -- -- -- -- -- -- 

Total petroleum hydrocarbons - motor oil (high boiling) TPH/OILH -- -- -- -- -- -- -- -- -- 

Toxaphene 8001-35-2 -- -- -- -- -- 3.20E-04 I 1.12E+00 I 

TPH TPH -- -- -- -- -- -- -- -- -- 

trans-1,2-Dichloroethylene 156-60-5 V 6.00E-02 P 1.71E-02 P -- -- -- -- 

trans-1,3-Dichloropropene 10061-02-6 V 2.00E-02 I 5.71E-03 I 4.00E-06 I 1.40E-02 I 

Tributyl phosphate 126-73-8 -- -- -- -- -- -- -- -- -- 

Trichloroethene 79-01-6 V 3.50E-02 H 1.00E-02 H 2.50E-05 H 8.75E-02 H 

Trichloromonofluoromethane 75-69-4 V 7.00E-01 H 2.00E-01 H -- -- -- -- 

Trifluralin 1582-09-8 -- -- -- -- -- -- -- -- -- 

Uranium 7440-61-1 -- 3.00E-04 A 8.57E-05 A -- -- -- -- 

Vanadium 7440-62-2 -- -- -- -- -- -- -- -- -- 

Vinyl acetate 108-05-4 V 2.00E-01 I 5.71E-02 I -- -- -- -- 

Vinyl chloride 75-01-4 V 1.00E-01 I 2.86E-02 I 4.40E-06 I 1.54E-02 I 

Warfarin 81-81-2 V -- -- -- -- -- -- -- -- 

Xylenes (total) 1330-20-7 V 1.00E-01 I 2.86E-02 I -- -- -- -- 

Zinc 7440-66-6 -- -- -- -- -- -- -- -- -- 

Notes: 

a. Analytes with a V are identified as volatile in the CLARC database (Ecology 2010)  

b. Inhalation reference concentration (RfC) converted to inhalation reference dose (RfDi) following EPA protocol (see Section 4.2) 

c. Inhalation unit risk (IUR) converted to inhalation cancer potency factor (CPFi) following EPA protocol (see Section 4.2) 

d. Analyte not listed in CLARC database (Ecology 2010) but meets definition of volatile organic compound WAC 173‐340‐200 “Definitions” “Volatiles” 

A‐ Agency for Toxic Substances and Disease Registry (ATSDR) 

C ‐ California Environmental Protection Agency Office of Environmental Health Hazard Assessments (CalEPA) 

H ‐ Health Effects Assessment Summary Tables (HEAST) 
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Table 4-2. Selection of Inhalation Toxicity Values 

Analyte Name CAS Number Volatile?a 

Inhalation 
Reference 

Concentration 

 (RfC)  

(mg/m3) Reference 

Inhalation 
Reference 

Dose  

(RfDi)
b  

(mg/kg-day) Reference 

Inhalation Unit 
Risk  

(IUR)  

(µg/m3)-1 Reference 

Inhalation 
Cancer 
Potency 
Factor  

(CPFi)
c  

(mg/kg-day)-1 Reference 

I ‐ EPA's Integrate Risk Information System (IRIS) 

N‐National Center for Environmental Assessment (NCEA) 

P ‐ Provisional Peer Reviewed Toxicity Values (PPRTV) 

X‐ PPRTV Appendix 

WAC‐ uses Toxicity Equivalence factors as provided by WAC 173‐340‐900 
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5 Software Applications 

All supporting calculations are performed on electronic spreadsheets using Microsoft Excel1.  

6 Calculation  

Inhalation pathway PRGs protective of Standard Method B air cleanup levels are calculated using the 
methodology presented in Section 3 and the assumptions and inputs presented in Section 4. The 
spreadsheet calculations are validated by comparison with hand calculations. The hand calculations are 
provided in Figure 6-1. 

7 Results/Conclusions 

Calculation results for the Standard Method B air cleanup levels are presented in Table 7-1. The table 
provides calculated values for both noncarcinogens and carcinogens as well as a final value, which is the 
lower of the two air concentrations for analytes with both noncarcinogenic and carcinogenic effects. 

Calculation results for the inhalation pathway PRGs protective of Standard Method B air cleanup levels 
are presented in Table 7-2. The table provides calculated values for both noncarcinogens and carcinogens 
as well as a final value, which is the lower of the two soil concentrations for analytes with both 
noncarcinogenic and carcinogenic effects. 

 

                                                      
1 Excel is a trademark of Microsoft Corporation, Redmond, Washington. 
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Figure 6-1 
HAND CALCULATIONS 

(4 Sheets) 
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1 Purpose 

This environmental calculation describes the identification of contaminants of potential concern (COPCs) 
for the groundwater risk assessment at the 100-KR-4 Groundwater Operable Unit (OU).  This evaluation 
supports DOE/RL-2010-97, Remedial Investigation/Feasibility Study for the 100-KR-1, 100-KR-2, and 
100-KR-4 Operable Units. 

This environmental calculation includes a description of the 100-KR-4 OU COPC identification process, 
and the COPC results.  

2 Background 

Groundwater COPCs are potentially site-related analytes that are detected in groundwater at levels that 
represent a potential threat to human health or the environment and that have analytical data of sufficient 
quality for use in a quantitative baseline risk assessment.  COPCs are selected based on a multi-step 
screening process.  COPCs that pose a potentially unacceptable risk are referred to as COPCs and are 
carried forward to be addressed by the feasibility study (FS).   

1. In general, COPCs with exposure point concentrations above an action level [see Section 3.3 for a 
complete list of chemical-specific applicable or relevant and appropriate requirements (ARARs)] 
were retained as COPCs.   

2. Exceptions to this general rule are made for analytes that have exposure point concentrations that 
are not above their action level (which are calculated for the OU as a whole), but exist locally at 
concentrations above the action level (i.e., are localized contaminants that represent a potential 
threat to human health or the environment). 

A preliminary COPC evaluation was conducted in 2008 to support DOE/RL-2008-46-ADD2, Rev. 0, 
Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Addendum 2: 100-K Decision 
Unit and DOE/RL-2009-41, Rev. 0, Sampling and Analysis Plan for the 100-K Decision Unit Remedial 
Investigation/ Feasibility Study.  The work plan effort evaluated groundwater analytical data collected 
over a 16-year period (1992 to 2008) and resulted in the identification of COPCs that are reported in 
DOE/RL-2009-41, Table 1-3.  The COPCs identified in DOE/RL-2009-41 are also listed in Table 2-1, 
below.   

The groundwater data used in this calculation were collected specifically to addresses the data needs 
identified in DOE/RL-2008-46-ADD2.  The groundwater data set also addresses the chemical, spatial, 
and temporal uncertainties associated with the previous groundwater risk results. 

This calculation focuses on: 

1. Validating and updating the results of the DOE/RL-2008-46-ADD2 COPC evaluation, using 
more recent and comprehensive groundwater analytical data, and  

2. Evaluating the groundwater analytical data collected in accordance with DOE/RL-2009-41 to 
identify those analytes that qualify as COPCs.   

This calculation uses a rigorous screening methodology that incorporates action levels derived from a 
comprehensive set of chemical-specific ARARs.   
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Table 2-1.  List of Contaminants of Potential Concern in he 100-KR-4 Operable Unita. 

Contaminants of Potential Concern 

Metals 

Antimony Arsenic Barium Beryllium 

Cadmium Chromium Cobalt Copper 

Hexavalent Chromium Lead Manganese  Mercury  

Nickel Selenium Thallium Uranium 

Vanadium Zinc   

Volatile Organic Compounds 

1,1-Dichloroethene 1,1,2-Tichloroethane Benzene Carbon tetrachloride 

Chloroform Tetrachloroethene Trichloroethene Vinyl chloride 

Radiological 

Carbon-14 Tritium Strontium-90  

Anions 

Chloride Fluoride Nitrate (as N) Nitrite (as N) 

Sulfate    

Notes: 

a.  DOE/RL-2009-41, Rev. 0, Table 1-3. 

 

3 Methodology 

The COPC identification methodology is a sequence of three steps: 

1. Extract (from the Hanford Environmental Information System) and process the 100-KR-4 OU-
specific analytical data set.  

2. Evaluate the data set to select analytes that qualify for the groundwater risk assessment. 

3. Evaluate the analytes, to identify analytes that qualify as COPCs.   

The COPCs will be carried forward into the supplemental groundwater risk evaluation, which will be 
conducted as part of the remedial investigation/feasibility study (RI/FS). 

3.1 Verification of Data Set Completeness 

A list of the analytical methods used is gathered from the dataset and compared against the methods 
specified in the sampling and analysis plan (DOE/RL-2009-41).  The following steps are taken to verify 
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that the data set is complete and contains only those records that will be used in the COPC identification 
process: 

• Identify any records associated with an analytical method not called out in the SAP. 

• Identify any records associated with an analytical method not equivalent to a method identified in the 
SAP. 

• Identify each well, and independently verify that all results are reported in the data set, identifying 
any wells for which sample results are missing. 

 

3.2 Analytical Data Processing 

The data set obtained from HEIS included the following types of information: 

• Analytical results from both unfiltered and filtered samples 

• Data qualification and data validation flags, including rejected results 

• Results for a given analyte reported by more than one analytical method 

• Parent, field duplicate, and field split sample results  

The analytical data were processed to eliminate unusable results and thus identify one set of results per 
sampling location and date of sample collection.  The data processing steps and the numbers of records 
associated with each step are presented in Figure 3-1. Descriptions of the data processing steps follow.  

3.2.1 Unfiltered Sample Results 

Only analytical results from unfiltered samples are used in identifying COPCs; results from filtered 
samples are excluded.  Unfiltered sample results represent total concentrations of the analytes, while 
filtered sample results represent only dissolved concentrations.  Use of filtered sampling results might 
lead to underestimation of chemical and radiological concentrations (e.g., in water from an unfiltered tap).  

The publication, EPA/541/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health 
Evaluation Manual (Part A), addresses this issue in providing guidance on estimating exposure 
concentrations in groundwater: 

• “While filtration of ground-water samples provides useful information for understanding 
chemical transport within an aquifer, the use of filtered samples for estimating exposure is very 
controversial because these data may underestimate chemical concentrations in water from an 
unfiltered tap.  Therefore, data from unfiltered samples should be used to estimate exposure 
concentrations.”   

3.2.2 Laboratory and Data Validation Flags 

Analytical data are received from the laboratory with data qualification flags. Validation qualifiers are 
assigned during the data validation process.  The following rules determine how flagged and/or qualified 
sample results are used in identifying COPCs.   

• Sample results flagged with a “U” qualifier, or combination of qualifiers that include a “U,” such as a 
“UJ,” are considered nondetected results. 

• Sample results without a “U” qualifier are considered detected concentrations, including results with 
no qualifier or with a “J” qualifier. 
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• Sample results that are rejected and flagged with an “R” qualifier are not used in identifying COPCs. 

3.2.3 Analytes Reported by Numerous Analytical Methods 

Often analytes are reported by more than one analytical method, resulting in multiple results for the same 
analyte from the same location.  When analytes are reported by more than one analytical method, the data 
are processed to select the method that provides the most reliable results.  For example, the gamma 
spectroscopy method provides concentration results for the uranium isotopes; however, uranium 
concentrations reported by a uranium-isotope-specific method are preferred. 

3.2.4 Field Duplicate and Field Split Results 

Field quality control samples (field duplicates and field splits) are collected in the field and analyzed by 
the laboratory as unique samples.  The parent sample and quality control samples are collected from the 
same location (i.e., monitoring well) on the same date, resulting in more than one sample per 
location/date.  The following criteria are used to reduce multiple sample results for an individual 
location/date to a single result:  

• If two or more detections exist, the maximum concentration is used. 

• If at least one detection and one or more nondetected results exist, the detected concentration is used. 

• If only (two or more) nondetected results exist, the lowest detection limit is used. 

3.3 Identify Action Levels 

Action levels are derived from available sources of chemical-specific ARARs and default exposure 
assumptions.  All sources of chemical-specific ARARs for each of the 101 analytes reported in the HEIS 
database for the 100-KR-4 OU are identified in Table 3-1.   

For the COPC identification process, the action level is the lowest of the available values for protection of 
human health and aquatic receptors.   

3.3.1 ARAR-Based Remediation Goals 

The sources of the chemical-specific ARARs from federal regulations are: 

• 40 CFR 141 National Primary Drinking Water Regulation, MCLs, secondary MCLs, and non-zero 
MCLGs established under the Safe Drinking Water Act of 1974 (SDWA) 

• National Recommended Water Quality Criteria, aquatic water quality criteria (AWQC) established 
under Section 304 of the Clean Water Act of 1977 

• 40 CFR 131 water quality standards for states not complying with Section 303 of the Clean Water Act 
of 1977 

The sources of the chemical-specific ARARs from Washington State regulations are: 

• WAC 173-340-720, “Groundwater Cleanup Standards” 

• WAC 173-340-730, “Surface Water Cleanup Standards” 

• WAC 246-290-310, “Group A Public Water Supplies,” “Maximum Contaminant Levels (MCLs) and 
Maximum Residual Disinfectant Levels (MRDLs)” 

• WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington” 
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Derivation of State of Washington groundwater cleanup levels is provided in a separate calculation brief 
(ECF-100NPL-10-0462, Environmental Calculation of WAC 173-340-720 Method B Groundwater 
Cleanup Levels for Potable Groundwater in the 100 Areas and 300 Area).  Derivation of State of 
Washington surface water cleanup levels in provided in a separate calculation brief (ECF-100NPL-10-
0463, Environmental Calculation of WAC 173-340-730 Method B Surface Water Cleanup Levels for the 
100 Areas and 300 Area).   

3.4 Groundwater COPC Identification Process:  Part 1 

After extracting and processing the 100-KR-4 OU groundwater analytical data set from HEIS, a multi-
step screening process was used to identify COPCs.  The COPC identification process steps, and the 
numbers of records and numbers of analytes associated with each step, are depicted in Figure 3-2. The 
steps are: 

• Apply exclusion criteria 

• Identify nondetected analytes 

• Identify analytes with maximum detected concentrations less than their respective action levels; 

• Identify analytes with maximum detected concentrations greater than their respective action levels. 

3.4.1 Apply Exclusion Criteria 

The first step in the groundwater COPC identification process is to apply certain exclusion criteria.  
Analytes that meet one or more of the exclusion criteria were eliminated as COPCs.  Analytes that did not 
meet any of the exclusion criteria were carried forward into the next step.  The exclusion criteria are: 

• Naturally occurring radionuclides associated with background radiation 

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

• Essential nutrients (minerals) 

• Analytes without known toxicity information 

3.4.2 Identify Nondetected Analytes 

The next step in the groundwater COPC identification process was to identify nondetected analytes.  
Chemicals and radionuclides that have been analyzed for, but not detected in any sample (collected from 
appropriate locations, with adequate detection limits), are eliminated as COPCs.  All analytes detected at 
least once were carried forward to the next step. 

3.4.3 Identify Analytes with Maximum Detected Concentrations Less Than Action Levels 

This step identifies analytes with maximum concentrations less than action levels.  In this initial 
screening, the maximum concentration of each analyte detected in groundwater was compared to its 
action level, to identify analytes not likely to contribute significantly to overall risk.  If the maximum 
detected concentration of an analyte was less than its action level, the analyte was eliminated as a COPC, 
unless the uncertainty analysis indicated otherwise.   

Uncertainty Analysis.  An additional evaluation was performed on those analytes that were detected at 
concentrations that were near but did not exceed their respective action level (i.e., the maximum detected 
concentration was at least greater than one-tenth the action level, or one order of magnitude). This 
evaluation also included the additional analytes identified on the list of COPCs in DOE/RL-2009-41, 
Table 1-3 (See Table 2-1).   
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The purpose of this evaluation is to determine if there is a potential for underestimating cumulative effects 
when the concentrations of analytes only slightly less than their action levels. Additionally, method 
detection limits (MDLs) associated with these analytes were evaluated, to determine if the limits are 
adequate for confirming presence or absence of the analytes near their respective action levels. 

3.4.4 Identify Analytes with Maximum Detected Concentrations Greater Than Action Levels 

This step identifies analytes with maximum concentrations greater than their respective action levels. 
Such analytes are likely to contribute to overall risk.  If the maximum detected concentration of an analyte 
is greater than its action level, the analyte is identified as a COPC, unless the uncertainty analysis 
indicates otherwise.  

Uncertainty Analysis.  An additional evaluation was performed to distinguish two types of analytes that 
were detected infrequently:  

• Analytes detected once, or a very few times, with high concentrations that are not consistent with 
the remainder of the dataset (are not reproducible). Such results can lead to overestimation of 
actual groundwater concentrations.  Analytes with limited, non-reproducible results are not 
retained as COPCs. 

• Analytes that were detected infrequently overall, but more frequently at one or more locations, 
and that are associated with a significant local trend or may be associated with a continuing 
vadose source.  Such results indicate a potential risk, and these analytes are retained as COPCs. 

3.5 Groundwater COPC Identification Process:  Part 2 

After identifying the set of groundwater COPCs for the 100-KR-4 OU, a multi-step screening process is 
applied to the analytical dataset to further evaluate  the COPCs that will be carried forward for evaluation 
in the 100-KR-4 OU RI/FS.   

Groundwater COPCs are identified by comparing 90th percentile values to their respective action levels.  
The sequential steps in the COPC identification process are: 

• Perform statistical calculations to estimate 90th percentile values for the COPCs.  

• Identify COPCs with 90th percentile values less than their respective action levels.  

• Identify COPCs with 90th percentile values greater than their respective action levels. 

• Perform analyte-specific evaluations. 

A flow-chart depicting the COPC identification process and the number of analytes associated with each 
process step is provided in Figure 3-3.  The steps in the sequence are described below.   

3.5.1 Calculate 90th Percentile Values for Each COPC  

Groundwater COPCs are identified by comparing statistical exposure point concentration (EPC) estimates 
(i.e., 90th percentile values) to action levels for each detected COPC.  EPCs are estimated as the 90th 
percentile value for each COPC.  In the 90th percentile value calculations, the MDL is used as the 
“detected” concentration for nondetect samples.  A description of the methodology used to calculate the 
90th percentile values is provided in ECF-100KR4-10-0472, Calculation of Exposure Point 
Concentrations for the 100-KR-4 Groundwater Operable Unit. 
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3.5.2 Identify COPCs with 90th Percentile Values Less Than Action Levels  

Groundwater COPCs with 90th percentile values less than their respective action levels are identified.  The 
90th percentile values are compared to the lowest chemical-specific ARARs for protection of human 
health and aquatic receptors. 

3.5.2.1 Analyte-Specific Evaluation 
An analyte-specific evaluation step is conducted when the 90th percentile value for a COPC is less than its 
action level, but individual sample results indicate concentrations greater than the action level.  A flow-
chart depicting this analyte-specific evaluation is provided in Figure 3-4.  This step is performed to 
confirm that the analyte has not been inappropriately eliminated as a COPC, and takes into consideration 
specific attributes of the groundwater contamination plume, as described below. 

• Is the COPC collocated with one or more COPCs, with some sample concentrations above its action 
level?   

• Is the COPC associated with a significant local trend? 

• Is the COPC associated with a discrete local exposure point, with some concentrations above its 
action level? 

3.5.3 Identify COPCs with 90th Percentile Values Greater Than Action Levels 

Groundwater COPCs with 90th percentile values greater than their respective action levels are identified.  
The 90th percentile values are compared to the lowest chemical-specific ARARs for protection of human 
health and aquatic receptors.   

3.5.3.1 Analyte Specific Evaluation 
An analyte-specific evaluation is performed on COPCs with 90th percentile values greater than their 
respective action levels.  A flow-chart depicting this analyte-specific evaluation is provided in Figure 3-5.  
This step is performed to confirm that the 90th percentile value has not inappropriately identified a COPC, 
and takes into consideration the effects that data quality, naturally occurring levels of metals, and action 
level selection have on COPC identification. 

• Is the COPC at or below background levels and thus a naturally occurring substance? 

• Is the ARAR-based action level (Table 3-1) only a secondary MCL that is not enforceable? 

4 Assumptions and Inputs 

4.1 Groundwater Data Set Used for COPC Identification 

The groundwater data set used for COPC identification consists of sampling and analysis data collected 
from 18 monitoring wells within the boundaries of the 100-KR-4 OU.  All are either monitoring wells or 
compliance wells.  A list of the wells used in this evaluation is provided in Table 4-1. Figure 4-1 shows 
the location of each well.   

The sampling and analysis data were collected over an 8-month period between October 22, 2009 and 
June 30, 2010. Three sampling events were used to capture the effects that temporal fluctuations of river 
stage have on groundwater conditions.  Samples collected from May to mid-June 2010 represent the 
aquifer when the river stage is at its highest elevation. Samples collected from mid-September to mid-
October 2009 represent the aquifer when the river is at its lowest elevation. Samples collected from 
March to April and July to August 2010 represent the aquifer when the river is transitioning from high to 
low river stage.  A total of 10,080 records were obtained from HEIS, and a total of 101 analytes were 
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included in the data set prior to analytical data processing. After analytical data processing (as described 
in Section 3.2), the final data set used for the COPC identification process contained a total of 4,953 
records, with 101 analytes included in the data set. 

Table 4-1. 100-KR-4 Operable Unit Monitoring Wells 

Well Name 

199-K-106A 199-K-108A 199-K-11 

199-K-117A 199-K-142 199-K-151 

199-K-152 199-K-157 199-K-18 

199-K-20 199-K-22 199-K-31 

199-K-32A 199-K-34 199-K-36 

199-K-37 699-72-73 699-73-61 
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Figure 4-1.  Groundwater Monitoring Wells for the 100-KR-4 Groundwater Operable Unit 
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5 Software Applications 

Software used for this analysis includes HEIS, Microsoft Access1 database software, and Microsoft 
Excel2.  HEIS is a central repository for storing and maintaining access to environmental data collected 
for the Hanford Site.  Microsoft Access is used to query and sort the data downloaded from HEIS.  
Microsoft Excel is used to present the groundwater data and other information in spreadsheets. 

6 Calculation 

Groundwater COPCs for the 100-KR-4 groundwater OU are identified using the methodology presented 
in Section 3 and the groundwater data set described in Section 4.  Results for each step of the COPC 
identification process are summarized in the text and tables in Section 7. 

The methodology used to calculate 90th percentile values and the results are provided in ECF-100KR4-
10-0473, Calculation of Exposure Point Concentrations for the 100-KR-4 Groundwater Operable Unit. 

7 Results/Conclusions 

7.1 Groundwater COPC Identification Process:  Part 1 

This section summarizes the results of the COPC identification process. 

7.1.1 Apply Exclusion Criteria 

The following subsections summarize the results of the exclusion criteria screening step. A total of 15 
analytes met the exclusion criteria; they are listed in Table 7-1.  Sampling dates, minimum and maximum 
detected concentrations, minimum and maximum MDLs, and the bases for their exclusion are also 
provided in Table 7-1. 

7.1.1.1 Background Radiation 
No reported analytes in the 100-KR-4 OU were excluded based on being natural background 
radioisotopes. 

7.1.1.2 Radionuclides with Half-lives of Less than 3 Years 
No reported analytes in the 100-KR-4 OU were radioisotopes with half-lives of less than three years. 

7.1.1.3  Essential Nutrients 
Essential nutrients are those analytes considered essential for human nutrition.  The essential nutrients 
(calcium, magnesium, potassium, and sodium) were detected in the groundwater in the 100-KR-4 OU, but 
are excluded from further consideration as COPCs.   

7.1.1.4 Analytes without Action Levels or Toxicity Values 
Some analytes do not have an action level, because a promulgated chemical-specific ARAR is not 
available in any of the sources listed in Table 3-1.  For some analytes without an action level, there is also 
no available toxicological information that could be considered in assessing any risks they may present.  
Eleven analytes were eliminated from further consideration as COPCs because they do not have an action 
level and they do not have available toxicological information.  The eliminated analytes are listed in 
Table 7-1. 

                                                      
1 Access is a trademark of Microsoft Corporation, Redmond, Washington. 
2 Excel is a trademark of Microsoft Corporation, Redmond, Washington. 
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7.1.2 Identify Nondetected Analytes 

A total of 45 analytes were not detected in the 100-KR-4 OU groundwater samples.  They are listed in 
Table 7-2, each with sampling dates, minimum and maximum MDLs, the action level, the basis of the 
action level, and the level of exceedance.  The action levels in this table are the lowest of chemical-
specific ARARs available for protection of human and aquatic receptors (Table 3-1).  The level of 
exceedance in Table 7-2 is used to identify analytes with MDLs that did not meet the action level.  The 
level of exceedance is calculated by dividing the minimum MDL by the action level. 

Table 7-3 lists COPCs in DOE/RL-2009-41 but not identified as groundwater COPCs for the 100-KR-4 
groundwater OU because they were not detected. 

Table 7-3.  Summary of COPCs from DOE/RL-2009-41 Not Identified as Groundwater 
COPCs for the 100-KR-4 Groundwater Operable Unit 

COPC 
Reason for Inclusion in the SAP  

(DOE/RL-2009-41) Reason for Exclusion as COPC. 
1,1,2-Trichloroethane Single detection; some MDLs greater than 

action level 
Not detected in data set; all MDLs less than the 
EQL listed in DOE/RL-2009-41 a. 

1,1-Dichloroethene Some MDLs greater than action level Not detected in data set; all MDLs less than the 
EQL listed in DOE/RL-2009-41 a. 

Antimony Max concentration and MDLs greater than 
action level 

Not detected in data set; all MDLs less than 
action level. 

Benzene Detected concentrations and MDLs greater than 
action level 

Not detected in data set; all MDLs less than the 
EQL listed in DOE/RL-2009-41 a. 

Carbon tetrachloride Max concentration and MDLs greater than 
action level 

Not detected in data set; all MDLs less than the 
EQL listed in DOE/RL-2009-41 a. 

Mercury Max concentration and MDLs greater than 
action level 

Not detected in data set; all MDLs less than the 
EQL listed in DOE/RL-2009-41 a. 

Tetrachloroethene MDLs greater than action level Not detected in data set; all MDLs less than the 
EQL listed in DOE/RL-2009-41 a. 

Vinyl chloride Most MDLs greater than action level Not detected in data set; all MDLs less than the 
EQL listed in DOE/RL-2009-41 a. 

a.  When action level is less than the MDL reported in DOE/RL-2009-41, the action level defaults to the EQL.   

 

1,1,2-Trichloroethane was identified as a COPC in DOE/RL-2009-41 because it was detected in one 
sample between 1992 and 2008, and to confirm that nondetected concentrations were below the action 
level.  1,1,2-Trichloroethane was not detected in the current 100-KR-4 groundwater OU samples.  All 
MDLs for 1,1,2-trichloroethane ranged between 0.063 and 1 μg/L.  When the action level is less than the 
MDL reported in DOE/RL-2009-41, the action level defaults to the estimated quantitation limit (EQL).  
The EQL of 2 μg/L reported in DOE/RL-2009-41 and 18 of 54 MDLs are greater than the action level of 
0.59 µg/L.  All MDLs are less than the EQL listed in DOE/RL-2009-41. 

1,1-Dichloroethene was identified as a COPC in DOE/RL-2009-41 because it was not detected in 
groundwater samples between 1992 and 2008 COPCs, but most MDLs were greater than the action level.  
1,1-Dichloroethene was not detected in the current 100-KR-4 groundwater OU samples.  All MDLs for 
1,1-dichloroethene ranged between 0.051 and 1 μg/L.  When the action level is less than the MDL 

reported in DOE/RL-2009-41, the action level defaults to the EQL.  The EQL of 2 μg/L reported in 
DOE/RL-2009-41 and 36 of 54 MDLs are greater than the action level of 0.057 µg/L.  All MDLs are less 
than the EQL listed in DOE/RL-2009-41.  

Antimony was identified as a COPC in DOE/RL-2009-41 because it was detected in 20 samples between 
1992 and 2008 at concentrations greater than the action level and most MDLs were greater than the action 
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level.  Antimony was not detected in the current 100-KR-4 groundwater OU samples and all MDLs are 
less than the action level.  Therefore, antimony is not identified as an COPC; its elimination is not 
expected to lead to underestimation of cumulative health effects. 

Benzene was identified as a COPC in DOE/RL-2009-41 because it was detected in five samples between 
1992 and 2008 at concentrations greater than the action level and because most MDLs were greater than 
the action level.  Benzene was not detected in the current 100-KR-4 groundwater OU samples.  All MDLs 
for benzene ranged between 0.045 and 1 µg/L.  When the action level is less than the MDL reported in 
DOE/RL-2009-41, the action level defaults to the EQL.  The EQL of 1.5 μg/L reported in DOE/RL-2009-
41 and 18 of 54 MDLs are greater than the action level of 0.80 µg/L.  All MDLs are less than the EQL 
listed in DOE/RL-2009-41. 

Carbon tetrachloride was identified as a COPC in DOE/RL-2009-41 because it was detected in three 
samples between 1992 and 2008 at concentrations greater than the action level and most MDLs were 
greater than the action level.  Carbon tetrachloride was not detected in the current 100-KR-4 groundwater 
OU samples.  All MDLs for carbon tetrachloride ranged between 0.063 and 1 µg/L.  When the action 
level is less than the MDL reported in DOE/RL-2009-41, the action level defaults to the EQL.  The EQL 
of 1 μg/L reported in DOE/RL-2009-41 and 18 of 54 MDLs are greater than the action level of 0.23 µg/L.  
All MDLs are less than (equal to) the EQL listed in DOE/RL-2009-41. 

Mercury was identified as a COPC in DOE/RL-2009-41 because it was detected in seven samples 
between 1992 and 2008 and because all MDLs were greater than the action level.  Mercury was not 
detected in the current 100-KR-4 groundwater OU samples.  All MDLs for mercury ranged between 0.10 
and 0.10 µg/L.  When the action level is less than the MDL reported in DOE/RL-2009-41, the action level 
defaults to the EQL.  The EQL of 0.5 μg/L reported in DOE/RL-2009-41 and all MDLs are greater than 
the action level of 0.012 µg/L.  All MDLs are less than the EQL listed in DOE/RL-2009-41. 

Tetrachloroethene was identified as a COPC in DOE/RL-2009-41 because it was detected in four samples 
between 1992 and 2008 and because some MDLs were greater than the action level.  Tetrachloroethene 
was not detected in the current 100-KR-4 groundwater OU samples.  All MDLs for tetrachloroethene 
ranged between 0.088 and 0.10 µg/L.  When the action level is less than the MDL reported in DOE/RL-
2009-41, the action level defaults to the EQL.  The EQL of 5 μg/L reported in DOE/RL-2009-41 and all 
MDLs are greater than the action level of 0.081 µg/L.  All MDLs are less than the EQL listed in 
DOE/RL-2009-41. 

Vinyl chloride was identified as a COPC in DOE/RL-2009-41 because most MDLs were greater than the 
action level.  Vinyl chloride was not detected in the current 100-KR-4 groundwater OU samples.  All 
MDLs for vinyl chloride ranged between 0.032 and 0.10 µg/L.  When the action level is less than the 
MDL reported in DOE/RL-2009-41, the action level defaults to the EQL.  The EQL of 5 μg/L reported in 
DOE/RL-2009-41 and all MDLs are greater than the action level of 0.025 µg/L.  All MDLs are less than 
the EQL listed in DOE/RL-2009-41. 

7.1.2.1 Uncertainty Analysis 
Seven analytes were not detected and were reported with all MDLs greater than their respective action 
levels.  This indicates that the analytical method selected is unable to detect the analyte at or below the 
action level.  With the exceptions of tetrachloroethene and vinyl chloride, these seven analytes that are not 
detected are not known or suspected to be associated with releases at the 100-KR-1 or 100-KR-2 source 
OUs. 
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7.1.3 Identify Analytes with Maximum Detected Concentrations Less than Action Levels 

Twenty-five analytes were detected at least once and had maximum detected concentrations less than 
their respective action levels.  A list of these analytes is presented in Table 7-4.  Table 7-4 also provides 
sampling dates, minimum and maximum MDLs, minimum and maximum detected concentrations, the 
action levels, and the bases of the action levels.     

Table 7-5 lists the COPCs from DOE/RL-2009-41 that are not identified as groundwater COPC for the 
100-KR-4 groundwater OU, because their maximum concentrations are not greater than their respective 
action levels. 

Table 7-5.  Summary of COPCs from DOE/RL-2009-41 Not Identified as Groundwater 
COPCs for the 100-KR-4 Groundwater OU 

COPC 
Reason for Inclusion in the SAP  

(DOE/RL-2009-41) Reason for Exclusion as COPC. 
Barium Maximum concentration greater than action 

level 
All detects less than action level 

Beryllium Maximum concentration and MDLs greater than 
action level 

Single detection at well 199-K-18 is an 
estimated concentration and not detected in two 
other sample events; MDLs less than action 
level 

Chloride Maximum concentration greater than action 
level 

All detects less than action level 

Cobalt Maximum concentration and MDLs greater than 
action level 

All detects and MDLs less than action level 

Copper Maximum concentration and MDLs greater than 
action level 

All detects and MDLs less than action level 

Fluoride Maximum concentration and MDLs greater than 
action level 

All detects and MDLs less than action level 

Nitrite Maximum concentration and MDLs greater than 
action level 

Single detection at well 699-73-61 is an 
estimated concentration and not detected in two 
other sample events; MDLs less than action 
level 

Selenium Maximum concentration and MDLs greater than 
action level 

All detects and MDLs less than action level 

Sulfate Maximum concentration greater than action 
level 

All detects less than action level 

Uranium Retained to confirm presence below action level All detects less than action level 

Vanadium Maximum concentration greater than action 
level 

All detects and MDLs less than action level 

 

Barium was detected in all water samples (100 percent frequency).  Barium concentrations ranged from 
19.2 to 53.5 µg/L, all below the action level of 1,000 µg/L.  Results of this evaluation indicate that barium 
concentrations are consistently below the action level and that elimination of this analyte would not likely 
lead to underestimation of cumulative health effects. 

Beryllium was detected in 1 of 54 water samples (1.9 percent frequency).  Beryllium was detected at well 
199-K-18 (B248X4) at a concentration of 0.226 µg/L, which is below the action level of 4 μg/L.  In 
addition, all MDLs were below the action level.  Results of this evaluation indicate that beryllium 
concentrations are below the action level and that elimination of this analyte would not likely lead to 
underestimation of cumulative health effects.  
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Chloride was detected in all water samples (100 percent frequency).  Chloride concentrations ranged from 
1,090 to 36,000 µg/L and all were below the action level of 230,000 µg/L.  Results of this evaluation 
indicate that chloride concentrations are consistently below the action level and that elimination of this 
analyte would not likely lead to underestimation of cumulative health effects. 

Cobalt was detected in 20 of 54 water samples (37 percent frequency).  Cobalt concentrations ranged 
from 0.104 to 1.42 µg/L, which are below the action level of  2.6 µg/L.  In addition, all MDLs were 
below the action level.  Results of this evaluation indicate that cobalt concentrations are consistently 
below the action level and that elimination of this analyte would not likely lead to underestimation of 
cumulative health effects. 

Copper was detected in 27 of 54 water samples (50 percent frequency).  Copper concentrations ranged 
from 0.218 to 3.9 µg/L which are below the action level of 9 µg/L. In addition, all MDLs were below the 
action level.  Results of this evaluation indicate that copper concentrations are consistently below the 
action level and that elimination of this analyte would not likely lead to underestimation of cumulative 
health effects. 

Fluoride was detected in 41 of 54 water samples (76 percent frequency).  Fluoride concentrations ranged 
from 45 to 380 µg/L which are below the action level of 960 µg/L.  In addition, all MDLs were below the 
action level.  Results of this evaluation indicate that fluoride concentrations are consistently below the 
action level and that elimination of this analyte would not likely lead to underestimation of cumulative 
health effects. 

Nitrite was detected in 1 of 54 water samples (1.9 percent frequency).  Nitrite was detected at well 699-
73-61 (B21Y47) at a concentration of 147 µg/L, which is below the action level of 3,300 μg/L.  In 
addition, all MDLs were below the action level of 3,300 µg/L.  Results of this evaluation indicate that 
nitrite concentrations are consistently below the action level and that elimination of this analyte would not 
likely lead to underestimation of cumulative health effects. 

Selenium was detected in 42 of 54 water samples (78 percent frequency).  Selenium concentrations 
ranged from 0.72 to 4.0 µg/L which are below the action level of 5.0 µg/L.  In addition, all MDLs were 
below the action level.  Results of this evaluation indicate that selenium concentrations are consistently 
below the action level and that elimination of this analyte would not likely lead to underestimation of 
cumulative health effects. 

Sulfate was detected in all water samples (100 percent frequency).  Sulfate concentrations ranged from 
9,020 to 100,000 µg/L which are below the action level of 250,000 µg/L.  Results of this evaluation 
indicate that sulfate concentrations are consistently below the action level and that elimination of this 
analyte would not likely lead to underestimation of cumulative health effects. 

Uranium was detected in all water samples (100 percent frequency).  Uranium concentrations ranged 
from 0.381 to 10.5 µg/L, which are below the action level of 30 µg/L.  Results of this evaluation indicate 
that uranium concentrations are consistently is below the action level and that elimination of this analyte 
would not likely lead to underestimation of cumulative health effects. 

Vanadium was detected in 23 of 54 water samples (43 percent frequency).  Vanadium concentrations 
ranged from 10 to 25.6 µg/L, which are below the action level of 80 μg/L.   In addition, all MDLs were 
below the action level.  Results of this evaluation indicate that vanadium concentrations are consistently 
below the action level and that elimination of this analyte would not likely lead to underestimation of 
cumulative health effects. 
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7.1.3.1 Uncertainty Analysis 
The analytes detected at concentrations that are near but do not exceed their respective action levels (i.e., 
with maximum  detected concentrations greater than one-tenth of their respective action level, or one 
order of magnitude) are aluminum, bromodichloromethane, bromomethane, chloride, cobalt, copper, 
fluoride, lithium, molybdenum, silver, sulfate, uranium, and vanadium.  Among these, chloride, cobalt, 
copper, fluoride, sulfate, uranium, and vanadium were identified as COPCs in DOE/RL-2009-41 and are 
evaluated above.   

Aluminum, bromodichloromethane, bromomethane, lithium, molybdenum, and silver were not identified 
as COPCs in DOE/RL-2009-41, but are considered below to determine if any have concentrations that are 
only slightly less than their action levels and if there is thus a potential for underestimating cumulative 
effects by their elimination as COPCs. MDLs associated with these analytes are also evaluated, to 
determine if the limits are adequate for confirming presence or absence of the analytes near their 
respective action levels.  None of these six analytes was retained as a COPC. 

Aluminum was detected in 22 of 54 water samples (41 percent frequency).  Aluminum concentrations 
ranged from 7.5 to 49 µg/L, all below the action level of 50 µg/L.  In addition, all MDLs were below the 
action level.  The secondary MCL for aluminum is a range of concentrations between 50 and 200 µg/L.  
Aluminum affects aesthetic qualities relating to public acceptance of drinking water.  These regulations 
are not federally enforceable, but are intended as guidelines for the states.   Results of this evaluation 
indicate that aluminum concentrations are consistently below the action level and that elimination of this 
analyte would not likely lead to underestimation of cumulative health effects. 

Bromodichloromethane was detected in 5 of 54 water samples (9.3 percent frequency). 
Bromodichloromethane concentrations ranged from 0.1 to 0.16 µg/L, all below the action level of 0.27 
μg/L; and all were flagged with a “J”, indicating that the results are estimated values.  When the action 
level is less than the MDL reported in DOE/RL-2009-41, the action level defaults to the EQL.  The EQL 
of 5.0 µg/L reported in DOE/RL-2009-41 and 18 of 59 MDLs are greater than the action level of 0.27 
µg/L.  MDLs ranged between 0.082 and 1 μg/L.  All detects and MDLs are less (equal to) than the EQL 
listed in DOE/RL-2009-41.  Results of this evaluation indicate that bromodichloromethane concentrations 
are consistently below the action level and that elimination of this analyte would not likely lead to 
underestimation of cumulative health effects.  

Bromomethane was detected in 21 of 54 water samples (39 percent frequency).  Bromomethane 
concentrations ranged from 0.11 to 1.6 µg/L, all below the action level of 11.2 µg/L.  In addition, all 
MDLs were below the action level.  Results of this evaluation indicate that bromomethane concentrations 
are consistently below the action level and that elimination of this analyte would not likely lead to 
underestimation of cumulative health effects. 

Lithium was detected in 33 of 36 water samples (92 percent frequency).  Lithium concentrations ranged 
from 4.1 to 29 µg/L, all below the action level of 32 µg/L.  In addition, all MDLs were below the action 
level.  Results of this evaluation indicate that lithium concentrations are consistently below the action 
level and that elimination of this analyte would not likely lead to underestimation of cumulative health 
effects. 

Molybdenum was detected in all water samples (100 percent frequency).  Molybdenum concentrations 
ranged from 0.171 to 8.8 µg/L, all below the action level of 80 µg/L.  Results of this evaluation indicate 
that molybdenum concentrations are consistently below the action level and that elimination of this 
analyte would not likely lead to underestimation of cumulative health effects. 
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Silver was detected in 1 of 54 water samples (1.9 percent frequency).  Silver was detected at well 199-K-
152 (B22655) at a concentration of 0.48 µg/L, which is below the action level of 2.61 µg/L. In addition, 
all MDLs were below the action level.  Results of this evaluation indicate that silver concentrations are 
consistently below the action level and that elimination of this analyte would not likely lead to 
underestimation of cumulative health effects. 

7.1.4 Identify Analytes with Maximum Detected Concentrations Greater than Action levels 

Sixteen analytes were detected at least once, with maximum detected concentrations greater than their 
respective action levels.  Fifteen of these analytes were identified as COPCs in DOE/RL-2009-41. 

Table 7-6 provides a summary of the sixteen analytes, providing for each, sampling dates, minimum and 
maximum MDLs, minimum and maximum detected concentrations, the action level, and the basis of the 
action level.  

Table 7-7 lists the 15 COPCs from DOE/RL-2009-41 that are identified as groundwater COPCs for the 
100-KR-4 groundwater OU, because their maximum concentrations are greater than their respective 
action levels.  

Table 7-7.  Summary of COPCs from DOE/RL-2009-41 Identified as COPCs 

Arsenic  Cadmium  Carbon-14 Chloroform  

Chromium  Hexavalent chromium  Lead Manganese 

Nickel  Nitrate  Strontium-90 Thallium 

Trichloroethene Tritium Zinc  

 

Fifteen of the 16 analytes listed on Table 7-6 were included on the DOE/RL-2009-41 list of COPCs.  In 
addition to the 15 analytes listed in Table 7-7, iron is also identified as groundwater COPCs, because it 
has a maximum concentration greater than its action level, and is carried forward in the COPC 
identification process. 

7.2 Groundwater COPC Identification Process:  Part 2 

This section summarizes the COPC identification process. 

7.2.1 Calculate 90th Percentile Values for Each COPC 

Groundwater COPCs are identified by comparing calculated EPC estimates (i.e., 90th percentile values) to 
action levels for each detected COPC.  (The 90th percentile value is used as an estimate of the exposure 
point concentration.)  The 90th percentile value is calculated for each COPC from the groundwater data 
set.  In the calculations, the MDL is taken as the “detected” concentration for nondetect samples.  
Documentation of the calculations is provided in a separate environmental calculation (ECF-100KR4-10-
0472).  Results of the calculations are summarized in Table 7-8.   

7.2.2 Identify COPCs with 90th Percentile Values Less Than the Action Levels 

The 90th percentile values are compared to the lowest available chemical-specific ARARs for protection 
of human health and aquatic receptors (i.e., action levels). COPCs with 90th percentile values less than 
their respective action levels are listed in Table 7-9, and are discussed below in the analyte-specific 
evaluation. 
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Table 7-9.  Summary of COPCs with 90th Percentile Values Less than Action Levels 

Cadmium  Carbon-14a  Lead  

Manganese  Nickel Strontium-90a  

Thallium    

a.  Retained as COPC as a result of localized contamination. 

 

7.2.2.1 Analyte Specific Evaluation 

• An analyte-specific evaluation step is conducted when the 90th percentile value for a COPC is less 
than its action level, but one or more individual sample results are greater than the action level. This step 
is performed to confirm that the COPC has not been inappropriately eliminated as a COPC and takes into 
consideration specific attributes of the groundwater contamination plume, as described below. 

•  Is the COPC collocated with one or more COPCs, with some sample concentrations above its action 
level? 

• Is the COPC associated with a significant local trend ? 

• Is the COPC associated with a discrete local exposure point, with some concentrations above its 
action level? 

• Seven COPCs have been detected at least once in groundwater and have 90th percentile values 
less than their respective action levels (Table 7-8).  Of the seven, only carbon-14 and strontium-90 are 
retained as COPCs. 

Cadmium’s 90th percentile value is 0.20 µg/L, which is below the action level of 0.25 µg/L.  Cadmium 
was detected only once, at monitoring well 699-73-61, at a concentration of 0.31 µg/L.  Cadmium 
concentrations at this well during the transitional and low river stages were less than the action level.  The 
detected concentration was flagged with a “B”, indicating the analyte was detected at a value less than the 
contract required detection limit, but greater than or equal to the instrument detection limit (i.e., it is an 
estimated concentration). The presence of cadmium at well 699-73-61 does not appear to be associated 
with a local trend or a local exposure point; therefore, the 90th percentile value is a considered reasonable 
estimate of groundwater concentrations. 

Carbon-14’s 90th percentile value is 1,465 pCi/L, which is less than the action level of 2,000 pCi/L.  
However, carbon-14 was detected at concentrations above the action level during all three sampling 
events at well 199-K-106A (3,970 pCi/L, 6,770 pCi/L, and 10,100 pCi/L).  Also, during the high river 
stage sampling event, carbon-14 was detected at well 199-K-34 at a concentration (3,880 pCi/L) greater 
than the action level.  The presence of carbon-14 at 199-K-106A and 199-K-34 is associated with a long 
term trend and with a local source: the 116-KW-1 Condensate Crib.  Carbon-14 is identified as a COPC 
because it is associated with a long-term trend.  

Lead‘s 90th percentile value is 0.28 µg/L, which is below the action level of 2.1 µg/L.  Lead was detected 
only once at concentrations greater than the action level.  At monitoring well 699-73-61, lead was 
detected at 16.4 µg/L.  This detection was flagged with a “D”, indicating that the analyte was reported at a 
secondary dilution factor.  All MDLs are less than the action level.  The results of this evaluation indicate 
that lead is not associated with a local trend or a local exposure point; therefore, the 90th percentile value 
is considered a reasonable estimate of groundwater concentrations.  
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Manganese’s 90th percentile value is 11 µg/L, which is below the action level of 50 µg/L.  Manganese 
was detected at levels greater than the action level only in well 699-73-61, at concentrations ranging from 
39 µg/L to 70 µg/L.  The secondary MCL is the basis for the action level in this evaluation.  This metal 
affects aesthetic water qualities relating to the public acceptance of drinking water.  These regulations are 
not federally enforceable, but are intended as guidelines for the States.  In addition, manganese is not 
associated with a long-term trend or a local exposure point; therefore, the 90th percentile value is 
considered a reasonable estimate of groundwater concentrations.   

Nickel’s 90th percentile value is 4 µg/L, which is less than the action level of 52 µg/L.  Nickel was 
detected at concentrations above the action level only at well 199-K-36, though it was detected during all 
three sampling events (68 µg/L, 105 μg/L, and 109 µg/L).  The presence of nickel at well 199-K-36 is 
suspected to be associated with corrosion of the well casing.  This is supported by the presence of 
elevated iron concentrations at this well.  The 90th percentile value is considered a reasonable estimate of 
groundwater concentration.   

Strontium-90’s 90th percentile value is 7.9 pCi/L, which is less than the action level of 8 pCi/L.  
Strontium-90 was detected at concentrations above the action level during all three sampling events at 
well 199-K-34 (16 pCi/L, 30 pCi/L, and 41 pCi/L).  Strontium-90 concentrations were also above the 
action level during a single sampling event at monitoring wells 199-K-20 (8.5 pCi/L) and 199-K-22 (8.2 
pCi/L).  The presence of strontium-90 at wells 199-K-34, 199-K-22, and 199-K-20 is associated with a 
continuing local source: the 116-K-2 Trench.  Strontium-90 is identified as a COPC because it is 
associated with a long-term trend and with local exposure point.  

Thallium’s 90th percentile value is 0.10 μg/L, which is below the action level 0.24 μg/L.  Thallium was 
detected only once with concentrations above the action level.  During the high river stage above the 
action level (1.5 µg/L) at monitoring well 199-K-34.  This result was also flagged with a “B”.  Sampling 
rounds during the low and transitional river stage at monitoring well 199-K-34 reported nondetect 
concentrations less than the action level.  All MDLs are less than the action level.  The results of this 
evaluation indicate that thallium is not associated with a trend or a local exposure point; therefore, the 
EPC is considered a reasonable estimate of groundwater concentrations.  

Conclusion from Analyte-Specific Evaluation 

Table 7-10 provides a summary of the COPCs identified in DOE/RL-209-41 that were eliminated in this 
evaluation as COPCs for the 100-KR-4 groundwater OU. 

Table 7-10.  Summary of COPCs form DOE/RL-2009-41 Not Identified as Groundwater 
COPCs for the 100-KR-4 Groundwater Operable Unit 

COPC 
Reason for Inclusion in the SAP  

(DOE/RL-2009-41) Reason for Exclusion as COPC. 
Cadmium Max concentration and MDLs greater than 

action level 
Single detection at well 699-73-61 is an 
estimated concentration and not detected in two 
other sampling events; MDLs less than action 
level 

Lead Max concentration and MDLs greater than 
action level 

Single detection at well 699-73-61, reported as a 
secondary dilution factor.  All MDL are less 
than the action level. 

Manganese Max concentration greater than action level Maximum value above secondary MCL; 
regulation not federally enforceable, and is 
intended as a guideline for States 

Thallium Max concentration and MDLs greater than 
action level 

Single detection at well 199-K-34 is an 
estimated concentration; other samples rounds 
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Table 7-10.  Summary of COPCs form DOE/RL-2009-41 Not Identified as Groundwater 
COPCs for the 100-KR-4 Groundwater Operable Unit 

COPC 
Reason for Inclusion in the SAP  

(DOE/RL-2009-41) Reason for Exclusion as COPC. 
reported nondetects less than action level. 

 

7.2.3 Identify COPCs with 90th Percentile Values Greater Than Action Levels 

Nine COPCs have 90th percentile values that are greater than their respective action levels.  Chromium, 
hexavalent chromium, chloroform, nitrate, trichloroethene, and tritium are retained as COPCs; they are 
discussed in section 7.3.  A summary is provided in Table 7-11. 

Table 7-11.  Summary of COPCs with 90th Percentile Values Greater than Action Levels 

Arsenic Chloroform Chromium 

Hexavalent chromium Iron  Nitrate 

 Trichloroethene Tritium Zinc 

 

7.2.3.1 Analyte-Specific Evaluation 
An analyte-specific evaluation is performed on the COPCs that have 90th percentile values greater than 
the action level.  This evaluation considers the effects of data quality, naturally occurring levels of metals, 
long-term trends, and action levels on the identification of COPCs.   

Arsenic’s 90th percentile value is 5.3 μg/L, which is greater than the action level of 0.018 μg/L.  The 
WAC 173-340-720 groundwater cleanup standard is the basis for the action level.  Arsenic was detected 
in 47 of 54 samples, with concentrations ranging between 0.86 μg/L and 7.3 μg/L.  Thus, all detected 
concentrations of arsenic are above the action level.  In DOE/RL-96-64, Hanford Site Background: Part 
3, Groundwater Background, background concentrations have been established for filtered (dissolved) 
concentrations of water constituents.  Minimum, maximum, and 90th percentile concentrations for 
(filtered) background concentrations of arsenic are 0.5, 8.8, and 7.85 μg/L, respectively.  All arsenic 
concentrations are below the 90th percentile background (filtered) concentration and are considered to be 
naturally occurring; therefore, arsenic is not identified as a COPC. 

Iron’s 90th percentile value is 360 μg/L, which is greater than the action level of 300 μg/L.  The secondary 
MCL is the basis for the action level.  Iron was detected in 42 of 54 samples, with concentrations ranging 
between 20 μg/L and 1280 μg/L.  In DOE/RL-96-64, Hanford Site Background: Part 3, Groundwater 
Background, background concentrations have been established for filtered (dissolved) concentrations of 
water constituents.  Minimum, maximum, and 90th percentile concentration for (filtered) concentration of 
iron are 6, 7225, and 570 μg/L, respectively.  All but two of the measured iron concentrations are below 
the 90th percentile background (filtered) concentration and are considered to be naturally occurring; 
therefore, iron is not identified as a COPC. 

Zinc’s 90th percentile value is 303 μg/L, which is greater than the action level of 91 μg/L.  The WAC 173-
201A, “Water Quality Standards for Surface Waters of the State of Washington” is the basis for the action 
level.   Zinc was detected at concentrations above the action level in two of 18 monitoring wells.  Zinc 
concentrations were above the action level for all three sampling events at monitoring wells 199-K-22 
(277, 328, and 389 μg/L) and 699-73-61 (358, 425, and 1,270 μg/L). The presence of zinc at 199-K-22 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-436



ECF-100KR4-10-0470, DRAFT A 
 

20 

 

and 699-73-61 is suspected to be associated with corrosion of the well casings.  This is supported by the 
presence of elevated nickel and iron concentrations at these wells.  Zinc is not identified as a COPC. 

Conclusions from Analyte-Specific Evaluation 

Table 7-12 lists the analytes that are excluded as COPCs for the 100-KR-4 OU. 

Table 7-12.  Summary of Analytes Excluded as Groundwater COPCs for the 100-KR-4 
Groundwater Operable Unit 

COPC 
Reason for Inclusion in the SAP  

(DOE/RL-2009-41) Reason for Exclusion as a COPC. 
Arsenic Max concentration and MDLs greater than 

action level 
Naturally occurring 

Iron Not identified as a COPC Naturally occurring 

Zinc Max concentration and MDLs greater than 
action level  

Elevated zinc concentrations associated with 
corrosion of well casing. 

 

7.3 Summary of GroundwaterCOPCs 

Eighteen monitoring wells were determined to be spatially representative of the groundwater conditions at 
the 100-KR-4 groundwater OU.  Thirty-four COPCs were identified in DOE/RL-2009-41.  The 
monitoring wells were analyzed for all 34 COPCs, using a method based analytical approach.  Three 
sampling events are used to capture the effects that temporal fluctuations in river stage have on 
groundwater conditions.  Samples collected from May to mid-June 2010 represent aquifer conditions 
when the river stage is at its highest elevation.  Samples collected from mid-September to mid-October 
2009 represent aquifer conditions when the river is at its lowest elevation.  Samples collected from March 
to April and July to August represent aquifer conditions when the river is transitioning from high to low 
river stage.   

The COPCs are the contaminants most likely to contribute to overall risk. 

1. In general, COPCs with exposure point concentrations3 above an action level [see Section 3.3 for 
a complete list of chemical-specific applicable or relevant and appropriate requirements 
(ARARs)] were retained as COPCs.   

2. Exceptions to this general rule are made for analytes that have exposure point concentrations that 
are not above their action level (which are calculated for the OU as a whole), but exist locally at 
concentrations above the action level (i.e., are localized contaminants that represent a potential 
threat to human health or the environment). 

Based on the results of the COPC identification process, eight contaminants are identified as COPCs for 
the 100-KR-4 groundwater OU.   

A summary list is presented in Table 7-13.    A list of the monitoring wells that reported concentrations 
greater than action levels is provided in Table 7-14.   

Table 7-13.  Summary of Groundwater COPCs Identified for the 100-KR-4 Groundwater OU 

Metals VOCs Radionuclides 

                                                      
3 Exposure point concentrations are estimated as the 90th percentile value.  See ECF-100KR4-10-0472. 
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Table 7-13.  Summary of Groundwater COPCs Identified for the 100-KR-4 Groundwater OU 

Chromium  Chloroform Carbon-14a  

Hexavalent chromium Trichloroethene Strontium-90a  

  Tritium 

Non-Radioactive Anions   

Nitrate   

a. EPC did not exceed action level, but was retained as a COPC due to localized contamination. 

 

Carbon-14’s 90th percentile is 1,465 pCi/L, which is less than the action level of 2,000 pCi/L.  Carbon-14 
was detected in 31 of 54 samples analyzed (57 percent frequency), with concentrations ranging from 11 to 
10,100 pCi/L.  Carbon-14 was detected at concentrations greater than the action level in two of 18 
monitoring wells.  The presence of carbon-14 at 199-K-106A and 199-K-34 is associated with a long term 
trend and with a exposure point: the 116-KW-1 Condensate Crib.   

Chloroform’s 90th percentile value is 2.2 μg/L, which is greater than the action level of 1.4 μg/L.  When 
the action level is less than the MDL reported in DOE/RL-2009-41, the action level defaults to the EQL.  
The EQL of 5.0 µg/L reported in DOE/RL-2009-41 is greater than the action level of 1.4 µg/L. All MDLs 
for chloroform ranged between 0.1 and 1 μg/L.  Chloroform was detected in 35 of 54 samples analyzed 
(65 percent frequency), with concentrations ranging from 0.11 to 6.3 μg/L.  Chloroform was detected at 
concentrations greater than the EQL in one of 18 monitoring wells.    

Chromium’s 90th percentile value is 121 μg/L, which is greater than the action level of 65 μg/L.  
Chromium was detected in all (100 percent frequency), with concentrations ranging from 1.2 to 203 µg/L.  
Chromium was detected at concentrations greater than the action level in four of 18 monitoring wells.     

Hexavalent chromium’s 90th percentile value is 117 μg/L, which is greater than the action level of 10 
μg/L.  Hexavalent chromium was detected in 38 of 54 samples analyzed (70 percent frequency), with 
concentrations ranging from 2.1 to 201 μg/L.  Hexavalent chromium was detected at concentrations 
greater than the action level in 10 of 18 monitoring wells.   

Nitrate’s 90th percentile value is 71,700 μg/L, which is greater than the action level of 45,000 μg/L.  
Nitrate was detected in 51 of 54 samples analyzed (94 percent frequency), with concentrations ranging 
from 726 to 96,062 μg/L.  Nitrate was detected at concentrations greater than the action level in five of 20 
monitoring wells. .    

Strontium-90’s 90th percentile value is 7.9 pCi/L, which is less than the action level of 8 pCi/L.  
Strontium-90 was detected in 10 of 54 samples analyzed (19 percent frequency), with concentrations 
ranging from 2.6 to 41 pCi/L.  Strontium-90 was detected at concentrations greater than the action level in 
three monitoring wells.  The presence of strontium-90 at wells 199-K-34, 199-K-22, and 199-K-20 is 
associated with a local exposure point: the 116-K-2 Trench.   

Trichloroethene’s 90th percentile value is 3.8 μg/L, which is greater than the action level of 0.49 μg/L. 
When the action level is less than the MDL reported in DOE/RL-2009-41, the action level defaults to the 
EQL.  The EQL of 1.0 µg/L reported in DOE/RL-2009-41 is greater than the action level of 0.49 µg/L. 
All MDLs for trichloroethene ranged between 0.21 and 1 μg/L.  Trichloroethene was detected in 20 of 54 
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samples analyzed (37 percent frequency), with concentrations ranging from 0.22 to 7.4 μg/L.  
Trichloroethene was detected at concentrations greater than the EQL in four of 18 monitoring wells.  

Tritium’s 90th percentile value is 34,500 pCi/L, which is greater than the action level of 20,000 pCi/L.  
Tritium was detected in 41 of 54 samples analyzed (74 percent frequency), with concentrations ranging 
from 160 to 290,000 pCi/L.  Tritium was detected at concentrations greater than the action level  in two 
monitoring wells.  
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WAC 246-290-310b WAC 173-201Ae WAC 173-340-730g

 Federal MCL Federal MCLG State MCL

Groundwater 
Method A Cleanup 

Levels

Groundwater 
Method B  

Unrestricted Land 
Use

Acute Freshwater 
CMC

Freshwater 
CCC

Human Health 
Water + Organism  Freshwater CCC

Freshwater 
CMC

Freshwater 
CCC

Human Health 
Water + 

Organism
Surface Water Method B 

Unrestricted Land Use 
Final Action 

Level Final Action Level Basis
630-20-6 1,1,1,2-Tetrachloroethane -- µg/L -- -- -- -- 1.7 -- -- -- -- -- -- -- 6.2 1.7 WAC 173-340-720(4)(b)(iii)(A) and (B)
71-55-6 1,1,1-Trichloroethane -- µg/L 200 200 -- -- 16,000 -- -- -- -- -- -- -- 925,926 200 40 CFR 141 - Federal MCL
79-34-5 1,1,2,2-Tetrachloroethane -- µg/L -- -- -- -- 0.22 -- -- 0.17 -- -- -- 0.17 6.5 0.17 Clean Water Act -- Human Health Water + Organism
79-00-5 1,1,2-Trichloroethane -- µg/L 5.0 3.0 -- -- 0.77 -- -- 0.59 -- -- -- 0.60 25 0.59 Clean Water Act -- Human Health Water + Organism
75-34-3 1,1-Dichloroethane -- µg/L -- -- -- -- 1,600 -- -- -- -- -- -- -- 73,549 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B)
75-35-4 1,1-Dichloroethene 1,1-Dichloroethylene µg/L 7.0 7.0 -- -- 400 -- -- 330 -- -- -- 0.057 23,148 0.057 40 CFR 131 -- Human Health Water + Organism
96-18-4 1,2,3-Trichloropropane -- µg/L -- -- -- -- 0.0015 -- -- -- -- -- -- -- 0.017 0.0015 WAC 173-340-720(4)(b)(iii)(A) and (B)
96-12-8 1,2-Dibromo-3-chloropropane -- µg/L 0.20 -- -- -- 0.055 -- -- -- -- -- -- -- 0.70 0.055 WAC 173-340-720(4)(b)(iii)(A) and (B)
106-93-4 1,2-Dibromoethane -- µg/L 0.050 -- -- -- 0.022 -- -- -- -- -- -- -- 0.22 0.022 WAC 173-340-720(4)(b)(iii)(A) and (B)
107-06-2 1,2-Dichloroethane -- µg/L 5.0 -- -- -- 0.48 -- -- 0.38 -- -- -- 0.38 59 0.38 Clean Water Act -- Human Health Water + Organism

540-59-0 1,2-Dichloroethene (Total) 1,2-Dichloroethylene Mixed Isomers µg/L -- -- -- -- 72 -- -- -- -- -- -- -- 2,102 72 WAC 173-340-720(4)(b)(iii)(A) and (B)
78-87-5 1,2-Dichloropropane -- µg/L 5.0 -- -- -- 1.2 -- -- 0.50 -- -- -- -- 44 0.50 Clean Water Act -- Human Health Water + Organism
106-46-7 1,4-Dichlorobenzene -- µg/L 75 75 -- -- 8.1 -- -- 63 -- -- -- 400 22 8.1 WAC 173-340-720(4)(b)(iii)(A) and (B)
123-91-1 1,4-Dioxane -- µg/L -- -- -- -- 4.0 -- -- -- -- -- -- -- -- 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B)
71-36-3 1-Butanol N-Butanol µg/L -- -- -- -- 800 -- -- -- -- -- -- -- 82,044 800 WAC 173-340-720(4)(b)(iii)(A) and (B)
78-93-3 2-Butanone Methyl Ethyl Ketone µg/L -- -- -- -- 4,800 -- -- -- -- -- -- -- 492,264 4,800 WAC 173-340-720(4)(b)(iii)(A) and (B)
591-78-6 2-Hexanone -- µg/L -- -- -- -- 80 -- -- -- -- -- -- -- 3,429 80 WAC 173-340-720(4)(b)(iii)(A) and (B)
108-10-1 4-Methyl-2-pentanone 4-Methyl-2-Penatone µg/L -- -- -- -- 640 -- -- -- -- -- -- -- 61,002 640 WAC 173-340-720(4)(b)(iii)(A) and (B)
67-64-1 Acetone -- µg/L -- -- -- -- 7,200 -- -- -- -- -- -- -- 738,397 7,200 WAC 173-340-720(4)(b)(iii)(A) and (B)
75-05-8 Acetonitrile -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
107-02-8 Acrolein -- µg/L -- -- -- -- 4.0 -- 3.0 6.0 -- -- -- 320 -- 3.0 Clean Water Act -- Freshwater CCC
107-05-1 Allyl chloride -- µg/L -- -- -- -- 2.1 -- -- -- -- -- -- -- 62 2.1 WAC 173-340-720(4)(b)(iii)(A) and (B)
7429-90-5 Aluminum -- µg/L 50 -- -- -- 16,000 750 87 -- -- -- -- -- 5,185 50 40 CFR 141 - Federal MCL
7440-36-0 Antimony Antimony (metallic) µg/L 6.0 6.0 6.0 -- 6.4 -- -- 5.6 -- -- -- 14 1,037 5.6 Clean Water Act -- Human Health Water + Organism
7440-38-2 Arsenic Arsenic, Inorganic µg/L 10 -- 10 -- 0.058 340 150 0.018 190 360 190 0.018 0.098 0.018 Clean Water Act -- Human Health Water + Organism
7440-39-3 Barium -- µg/L 2,000 2,000 2,000 -- 3,200 -- -- 1,000 -- -- -- -- 129,630 1,000 Clean Water Act -- Human Health Water + Organism
71-43-2 Benzene -- µg/L 5.0 -- -- -- 0.80 -- -- 2.2 -- -- -- 1.2 23 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B)
7440-41-7 Beryllium Beryllium and Compounds µg/L 4.0 4.0 4.0 -- 32 -- -- -- -- -- -- -- 273 4.0 40 CFR 141 - Federal MCL
7440-69-9 Bismuth -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7440-42-8 Boron Boron And Borates Only µg/L -- -- -- -- 3,200 -- -- -- -- -- -- -- -- 3,200 WAC 173-340-720(4)(b)(iii)(A) and (B)
24959-67-9 Bromide -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
75-27-4 Bromodichloromethane -- µg/L -- -- -- -- 0.71 -- -- 0.55 -- -- -- 0.27 28 0.27 40 CFR 131 -- Human Health Water + Organism
75-25-2 Bromoform -- µg/L -- 80 -- -- 5.5 -- -- 4.3 -- -- -- 4.3 219 4.3 Clean Water Act -- Human Health Water + Organism
74-83-9 Bromomethane -- µg/L -- -- -- -- 11 -- -- 47 -- -- -- 48 968 11 WAC 173-340-720(4)(b)(iii)(A) and (B)
7440-43-9 Cadmium Cadmium (Water) µg/L 5.0 5.0 5.0 -- 8.0 2.0 0.25 -- 0.91 3.9 1.0 -- 20 0.25 Clean Water Act -- Freshwater CCC
7440-70-2 Calcium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
75-15-0 Carbon disulfide -- µg/L -- -- -- -- 800 -- -- -- -- -- -- -- 13,295 800 WAC 173-340-720(4)(b)(iii)(A) and (B)
56-23-5 Carbon tetrachloride -- µg/L 5.0 -- -- -- 0.34 -- -- 0.23 -- -- -- 0.25 2.7 0.23 Clean Water Act -- Human Health Water + Organism
14762-75-5 Carbon-14 -- pCi/L 2,000 -- -- -- -- -- -- -- -- -- -- -- -- 2,000 40 CFR 141 - Federal MCL
16887-00-6 Chloride -- µg/L 250,000 -- 250,000 -- -- 860,000 230,000 -- 230,000 -- -- -- -- 230,000 Clean Water Act -- Freshwater CCC
108-90-7 Chlorobenzene -- µg/L 100 100 -- -- 160 -- -- 130 -- -- -- 680 5,034 100 40 CFR 141 - Federal MCL
75-00-3 Chloroethane Ethylchloride -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
67-66-3 Chloroform -- µg/L 80 -- 80 -- 1.4 -- -- 5.7 -- -- -- 5.7 56 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B)
74-87-3 Chloromethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
126-99-8 Chloroprene 2-Chloro-1,3-butadiene µg/L -- -- -- -- 160 -- -- -- -- -- -- -- 2,412 160 WAC 173-340-720(4)(b)(iii)(A) and (B)
7440-47-3 Chromium -- µg/L 100 100 100 -- 24,000 570 65 -- 156 550 180 -- 19,444 65 Clean Water Act -- Freshwater CCC
156-59-2 cis-1,2-Dichloroethylene -- µg/L 70 70 -- -- 80 -- -- -- -- -- -- -- 2,336 70 40 CFR 141 - Federal MCL
10061-01-5 cis-1,3-Dichloropropene -- µg/L -- -- -- -- 0.44 -- -- 0.34 -- -- -- -- 34 0.34 Clean Water Act -- Human Health Water + Organism
7440-48-4 Cobalt -- µg/L -- -- -- -- 4.8 -- -- -- -- -- -- -- 2.6 2.6 WAC 173-340-730(3)(b)(iii)(A) and (B)
7440-50-8 Copper -- µg/L 1,300 1,300 -- -- 640 13 9.0 1,300 -- 17 11 -- 2,881 9.0 Clean Water Act -- Freshwater CCC
124-48-1 Dibromochloromethane -- µg/L 60 60 -- -- 0.52 -- -- 0.40 -- -- -- 0.41 21 0.40 Clean Water Act -- Human Health Water + Organism
74-95-3 Dibromomethane Methylene Bromide µg/L -- -- -- -- 80 -- -- -- -- -- -- -- 4,216 80 WAC 173-340-720(4)(b)(iii)(A) and (B)
75-71-8 Dichlorodifluoromethane -- µg/L -- -- -- -- 1,600 -- -- -- -- -- -- -- 84,312 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B)
107-12-0 Ethyl cyanide -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
97-63-2 Ethyl methacrylate -- µg/L -- -- -- -- 720 -- -- -- -- -- -- -- 26,365 720 WAC 173-340-720(4)(b)(iii)(A) and (B)
100-41-4 Ethylbenzene -- µg/L 700 700 -- -- 4.0 -- -- 530 -- -- -- 3,100 16 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B)
16984-48-8 Fluoride -- µg/L 4,000 4,000 4,000 -- 960 -- -- -- -- -- -- -- -- 960 WAC 173-340-720(4)(b)(iii)(A) and (B)
18540-29-9 Hexavalent Chromium Chromium (VI) µg/L  -- -- -- -- 48 16 11 -- 10 15 10 -- 486 10 40 CFR 131 -- Freshwater CCC
74-88-4 Iodomethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7439-89-6 Iron -- µg/L 300 -- 300 -- 11,200 -- 1,000 300 -- -- -- -- 9,074 300 40 CFR 141 - Federal MCL
78-83-1 Isobutyl alcohol -- µg/L -- -- -- -- 2,400 -- -- -- -- -- -- -- 246,132 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B)
7439-92-1 Lead Lead and Compounds µg/L 15 -- -- 15 -- 65 2.5 -- 2.1 65 2.5 -- -- 2.1 WAC 173-201A
7439-93-2 Lithium -- µg/L -- -- -- -- 32 -- -- -- -- -- -- -- -- 32 WAC 173-340-720(4)(b)(iii)(A) and (B)
7439-95-4 Magnesium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7439-96-5 Manganese Manganese (Water) µg/L 50 -- 50 -- 2,240 -- -- 50 -- -- -- -- 907 50 40 CFR 141 - Federal MCL
7439-97-6 Mercury Mercury (elemental) µg/L 2.0 2.0 2.0 -- 2.6 1.4 0.77 -- 0.012 2.1 0.012 0.14 131 0.012 40 CFR 131 -- Freshwater CCC
126-98-7 Methacrylonitrile -- µg/L -- -- -- -- 0.80 -- -- -- -- -- -- -- 82 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B)
80-62-6 Methyl methacrylate -- µg/L -- -- -- -- 11,200 -- -- -- -- -- -- -- 960,219 11,200 WAC 173-340-720(4)(b)(iii)(A) and (B)
75-09-2 Methylene chloride -- µg/L 5.0 -- -- -- 5.8 -- -- 4.6 -- -- -- 4.7 960 4.6 Clean Water Act -- Human Health Water + Organism
7439-98-7 Molybdenum -- µg/L -- -- -- -- 80 -- -- -- -- -- -- -- 1,296 80 WAC 173-340-720(4)(b)(iii)(A) and (B)
7440-02-0 Nickel Nickel Soluble Salts µg/L  -- 100 100 -- 320 470 52 610 137 1,400 160 610 1,103 52 Clean Water Act -- Freshwater CCC
14797-55-8 Nitrate -- µg/L 45,000 45,000 45,000 -- 113,600 -- -- 45,000 -- -- -- -- -- 45,000 40 CFR 141 - Federal MCL
14797-65-0 Nitrite -- µg/L 3,300 3,300 3,300 -- 5,280 -- -- -- -- -- -- -- -- 3,300 40 CFR 141 - Federal MCL
14265-44-2 Phosphate -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7440-09-7 Potassium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7782-49-2 Selenium -- µg/L 50 50 50 -- 80 -- 5.0 170 5.0 20 5.0 -- 2,701 5.0 Clean Water Act -- Freshwater CCC
7440-21-3 Silicon -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Table 3-1.  Summary of Federal and State Water Quality Criteria and Action Levels for the 100-KR-4 Groundwater Operable Unit.

Final Value

40 CFR 141 

National Primary Drinking Water Regulationsa WAC 173-340-720c

Clean Water Act

National Recommended Water Quality Criteriad

40 CFR 131

Water Quality Standardsf

CAS# Analyte Name Alternate Analyte Name Units

Groundwater Surface Water
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WAC 246-290-310b WAC 173-201Ae WAC 173-340-730g

 Federal MCL Federal MCLG State MCL

Groundwater 
Method A Cleanup 

Levels

Groundwater 
Method B  

Unrestricted Land 
Use

Acute Freshwater 
CMC

Freshwater 
CCC

Human Health 
Water + Organism  Freshwater CCC

Freshwater 
CMC

Freshwater 
CCC

Human Health 
Water + 

Organism
Surface Water Method B 

Unrestricted Land Use 
Final Action 

Level Final Action Level Basis

Table 3-1.  Summary of Federal and State Water Quality Criteria and Action Levels for the 100-KR-4 Groundwater Operable Unit.

Final Value

40 CFR 141 

National Primary Drinking Water Regulationsa WAC 173-340-720c

Clean Water Act

National Recommended Water Quality Criteriad

40 CFR 131

Water Quality Standardsf

CAS# Analyte Name Alternate Analyte Name Units

Groundwater Surface Water

7440-22-4 Silver -- µg/L 100 -- 100 -- 80 3.2 -- -- 2.6 3.4 -- -- 25,926 2.6 WAC 173-201A
7440-23-5 Sodium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7440-24-6 Strontium Strontium, Stable µg/L -- -- -- -- 9,600 -- -- -- -- -- -- -- 25,926 9,600 WAC 173-340-720(4)(b)(iii)(A) and (B)
10098-97-2 Strontium-90 -- pCi/L 8.0 -- -- -- -- -- -- -- -- -- -- -- -- 8.0 40 CFR 141 - Federal MCL
100-42-5 Styrene -- µg/L 100 100 -- -- 1,600 -- -- -- -- -- -- -- 38,409 100 40 CFR 141 - Federal MCL
14808-79-8 Sulfate -- µg/L 250,000 -- 250,000 -- -- -- -- -- -- -- -- -- -- 250,000 40 CFR 141 - Federal MCL
127-18-4 Tetrachloroethene Perchloroethylene (PCE) µg/L 5.0 -- -- -- 0.081 -- -- 0.69 -- -- -- 0.80 0.39 0.081 WAC 173-340-720(4)(b)(iii)(A) and (B)
109-99-9 Tetrahydrofuran -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7440-28-0 Thallium Thallium (Soluble Salts) µg/L 2.0 0.50 2.0 -- -- -- -- 0.24 -- -- -- 1.7 -- 0.24 Clean Water Act -- Human Health Water + Organism
7440-31-5 Tin -- µg/L -- -- -- -- 9,600 -- -- -- -- -- -- -- 519 519 WAC 173-340-730(3)(b)(iii)(A) and (B)
7440-32-6 Titanium -- µg/L -- -- -- -- 64,000 -- -- -- -- -- -- -- -- 64,000 WAC 173-340-720(4)(b)(iii)(A) and (B)
108-88-3 Toluene -- µg/L 1,000 1,000 -- -- 640 -- -- 1,300 -- -- -- 6,800 19,384 640 WAC 173-340-720(4)(b)(iii)(A) and (B)
156-60-5 trans-1,2-Dichloroethylene -- µg/L 100 100 -- -- 160 -- -- 140 -- -- -- -- 32,818 100 40 CFR 141 - Federal MCL
10061-02-6 trans-1,3-Dichloropropene -- µg/L -- -- -- -- 0.44 -- -- 0.34 -- -- -- -- 34 0.34 Clean Water Act -- Human Health Water + Organism
110-57-6 trans-1,4-Dichloro-2-butene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
79-01-6 Trichloroethene Trichloroethylene (TCE) µg/L 5.0 -- -- -- 0.49 -- -- 2.5 -- -- -- 2.7 6.6 0.49 WAC 173-340-720(4)(b)(iii)(A) and (B)
75-69-4 Trichloromonofluoromethane Trichlorofluoromethane µg/L -- -- -- -- 2,400 -- -- -- -- -- -- -- -- 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B)
10028-17-8 Tritium -- pCi/L 20,000 -- -- -- -- -- -- -- -- -- -- -- -- 20,000 40 CFR 141 - Federal MCL
7440-61-1 Uranium Uranium (Soluble Salts) µg/L 30 -- -- -- 48 -- -- -- -- -- -- -- 778 30 40 CFR 141 - Federal MCL
7440-62-2 Vanadium Vanadium and Compounds µg/L  -- -- -- -- 80 -- -- -- -- -- -- -- -- 80 WAC 173-340-720(4)(b)(iii)(A) and (B)
108-05-4 Vinyl acetate -- µg/L -- -- -- -- 8,000 -- -- -- -- -- -- -- 820,441 8,000 WAC 173-340-720(4)(b)(iii)(A) and (B)
75-01-4 Vinyl chloride -- µg/L 2.0 -- -- -- 0.061 -- -- 0.025 -- -- -- 2.0 7.7 0.025 Clean Water Act -- Human Health Water + Organism
1330-20-7 Xylenes (total) Xylenes (mixture) µg/L 10,000 10,000 -- -- 1,600 -- -- -- -- -- -- -- -- 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B)
7440-66-6 Zinc Zinc (Metallic) µg/L 5,000 -- 5,000 -- 4,800 120 120 7,400 91 110 100 -- 16,548 91 WAC 173-201A

Notes:
a. 40 CFR 141  National Primary Drinking Water Regulations. http://www.epa.gov/waterscience/criteria/wqctable/
b. Washington Department of Ecology, 2008, Group A Public Water Supplies 246-290-310 WAC , Publication No. 08-03-061
c.  WAC 173-340-720(4)(b)(ii)(A) and (B), Ground water cleanup standars, Method B ground water cleanup levels, Noncarcinogens and Carcinogens
d.  Clean Water Act - National Recommended Water Quality Criteria
e.  WAC 173-201A, "Water Quality Standards for Surface Waters of the State of Washington,"Washington Administrative Code , Olympia, Washington. http://apps.leg.wa.gov/wac/default.aspx?cite=173-201A
f.  40 CFR 131 Water Quality Standards, http://ecfr.gpoaccess.gov
g.  WAC 173-340-730(3)(b)(iii)(A) and (B), Surface water cleanup standards, Method B surface water cleanup levels, Noncarcinogens and Carcinogens
MCL - Maximum Contaminant Limit
MCLG - Maximum Contaminant Limit Goal

CMC - Criteria Maximum Concentration
Ecology, 2007, The Model Toxics Control Act Cleanup Regulation Chapter 173-340 WAC,Publication No. 94-06, amended 1996, Washington State Department of Ecology, Olympia, Washington. 

CCC - Criteria Continuous Concentration
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Analyte Name Analyte 
Class

Begin Samp 
Date

End Samp 
Date

Total 
Samples

Total 
Detects

Frequency of 
Detection Units Minimum 

Detection Limit
Maximum 

Detection Limit
Minimum 

Detected Result
Maximum 

Detected Result Basis for Exclusion

Bromide ANION 10/22/2009 6/30/2010 37 19 51.35% µg/L 24 90 70 430 No Action Level/ No Toxicity Values
Phosphate ANION 10/22/2009 6/30/2010 37 2 5.41% µg/L 166 429 205 797 No Action Level/ No Toxicity Values
Bismuth METAL 3/5/2010 6/30/2010 36 0 0.00% µg/L 23 23 -- -- No Action Level/ No Toxicity Values
Calcium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 25,700 83,000 Essential Nutrient
Magnesium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 5,390 19,100 Essential Nutrient
Potassium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 1,800 8,690 Essential Nutrient
Silicon METAL 3/5/2010 6/30/2010 36 36 100.00% µg/L -- -- 7,620 20,100 No Action Level/ No Toxicity Values
Sodium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 2,670 27,600 Essential Nutrient
Acetonitrile VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 2.0 2.0 -- -- No Action Level/ No Toxicity Values
Chloroethane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.085 1.0 -- -- No Action Level/ No Toxicity Values
Chloromethane VOC 10/22/2009 6/30/2010 54 7 12.96% µg/L 0.077 1.0 0.10 0.19 No Action Level/ No Toxicity Values
Ethyl cyanide VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 1.2 2.0 -- -- No Action Level/ No Toxicity Values
Iodomethane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.092 0.092 -- -- No Action Level/ No Toxicity Values
Tetrahydrofuran VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 1.1 2.0 -- -- No Action Level/ No Toxicity Values
trans-1,4-Dichloro-2-butene VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.29 0.29 -- -- No Action Level/ No Toxicity Values

Table 7-1.  Summary of Groundwater Analytes That Meet Exclusion Criteria 100-KR-4 Operable Unit
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Analyte Name Analyte Class Begin Sample 
Date

End Sample 
Date

Total 
Samples

Total 
Detects

Frequency of 
Detection Units

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit
Action Level Action Level Basis Level of 

Exceedence

Antimony METAL 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.60 1.1 5.6 Clean Water Act -- Human Health Water + Organism 1.07E-01
Mercury METAL 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.10 0.10 0.012 40 CFR 131 -- Freshwater CCC 8.33E+00
Titanium METAL 6/16/2010 6/16/2010 1 0 0.00% µg/L 4.0 4.0 64,000 WAC 173-340-720(4)(b)(iii)(A) and (B) 6.25E-05
1,4-Dichlorobenzene SVOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.12 1.0 8.1 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.48E-02
1,1,1,2-Tetrachloroethane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.090 0.090 1.7 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.36E-02
1,1,1-Trichloroethane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.067 1.0 200 40 CFR 141 - Federal MCL 3.35E-04
1,1,2,2-Tetrachloroethane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.098 1.0 0.17 Clean Water Act -- Human Health Water + Organism 5.76E-01
1,1,2-Trichloroethane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.063 1.0 0.59 Clean Water Act -- Human Health Water + Organism 1.07E-01
1,1-Dichloroethane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.068 1.0 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.25E-05
1,1-Dichloroethene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.051 1.0 0.057 40 CFR 131 -- Human Health Water + Organism 8.95E-01
1,2,3-Trichloropropane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.15 0.15 0.0015 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.03E+02
1,2-Dibromo-3-chloropropane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.41 0.41 0.055 WAC 173-340-720(4)(b)(iii)(A) and (B) 7.50E+00
1,2-Dibromoethane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.13 0.13 0.022 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.94E+00
1,2-Dichloroethane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.10 1.0 0.38 Clean Water Act -- Human Health Water + Organism 2.63E-01
1,2-Dichloroethene (Total) VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.13 1.0 72 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.81E-03
1,2-Dichloropropane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.097 1.0 0.50 Clean Water Act -- Human Health Water + Organism 1.94E-01
1,4-Dioxane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 7.6 7.6 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.91E+00
1-Butanol VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 12 100 800 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.50E-02
2-Butanone VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.52 1.0 4,800 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.08E-04
2-Hexanone VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.22 1.0 80 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.75E-03
4-Methyl-2-pentanone VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.12 1.0 640 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.88E-04
Acrolein VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 2.8 2.8 3.0 Clean Water Act -- Freshwater CCC 9.33E-01
Allyl chloride VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.091 0.11 2.1 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.38E-02
Benzene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.045 1.0 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.65E-02
Bromoform VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.094 1.0 4.3 Clean Water Act -- Human Health Water + Organism 2.19E-02
Carbon disulfide VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.050 1.0 800 WAC 173-340-720(4)(b)(iii)(A) and (B) 6.25E-05
Carbon tetrachloride VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.063 1.0 0.23 Clean Water Act -- Human Health Water + Organism 2.74E-01
Chloroprene VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.086 0.097 160 WAC 173-340-720(4)(b)(iii)(A) and (B) 5.38E-04
cis-1,2-Dichloroethylene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.083 1.0 70 40 CFR 141 - Federal MCL 1.19E-03
cis-1,3-Dichloropropene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.073 1.0 0.34 Clean Water Act -- Human Health Water + Organism 2.15E-01
Dibromochloromethane VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.057 1.0 0.40 Clean Water Act -- Human Health Water + Organism 1.43E-01
Dibromomethane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.21 0.21 80 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.63E-03
Dichlorodifluoromethane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.070 0.084 1,600 WAC 173-340-720(4)(b)(iii)(A) and (B) 4.38E-05
Ethyl methacrylate VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.11 0.11 720 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.53E-04
Ethylbenzene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.086 1.0 4.0 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.16E-02
Isobutyl alcohol VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 8.7 8.7 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B) 3.63E-03
Methacrylonitrile VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.050 0.50 0.80 WAC 173-340-720(4)(b)(iii)(A) and (B) 6.25E-02
Methyl methacrylate VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.26 0.26 11,200 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.32E-05
Methylene chloride VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.11 1.0 4.6 Clean Water Act -- Human Health Water + Organism 2.39E-02
Tetrachloroethene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.088 1.0 0.081 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.09E+00
trans-1,2-Dichloroethylene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.083 1.0 100 40 CFR 141 - Federal MCL 8.30E-04
trans-1,3-Dichloropropene VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.083 1.0 0.34 Clean Water Act -- Human Health Water + Organism 2.44E-01
Trichloromonofluoromethane VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.041 0.11 2,400 WAC 173-340-720(4)(b)(iii)(A) and (B) 1.71E-05
Vinyl acetate VOC 3/5/2010 6/30/2010 36 0 0.00% µg/L 0.17 0.18 8,000 WAC 173-340-720(4)(b)(iii)(A) and (B) 2.13E-05
Vinyl chloride VOC 10/22/2009 6/30/2010 54 0 0.00% µg/L 0.032 1.0 0.025 Clean Water Act -- Human Health Water + Organism 1.28E+00

Note:
Shading indicates that an analyte is identified in the proposed list of contaminants of potential concern in DOE/RL-2009-41, Sampling and Analysis Plan for the 100-K Decisoin Unit Remedial Investigation/ Feasibility Study.

Table 7-2.  Summary of Groundwater Analytes That Were Not Detected 100-KR-4 Operable Unit
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Analyte Name Analyte Class Begin Sample 
Date

End Sample 
Date

Total 
Samples

Total 
Detects

Frequency 
of 

Detection
Units Minimum 

Detection Limit
Maximum 

Detection Limit

Minimum 
Detected 

Result

Maximum 
Detected 

Result
Action Level Action Level Basis

Chloride ANION 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 1,090 36,000 230,000 Clean Water Act -- Freshwater CCC
Fluoride ANION 10/22/2009 6/30/2010 54 41 75.93% µg/L 30 68 45 380 960 WAC 173-340-720(4)(b)(iii)(A) and (B)
Nitrite ANION 10/22/2009 6/30/2010 54 1 1.85% µg/L 9.9 118 147 147 3,300 40 CFR 141 - Federal MCL
Sulfate ANION 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 9,020 100,000 250,000 40 CFR 141 - Federal MCL
Aluminum METAL 10/22/2009 6/30/2010 54 22 40.74% µg/L 10 10 7.5 49 5.00E+01 40 CFR 141 - Federal MCL
Barium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 19 54 1,000 Clean Water Act -- Human Health Water + Organism
Beryllium METAL 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.10 0.11 0.23 0.23 4.0 40 CFR 141 - Federal MCL
Boron METAL 3/5/2010 6/30/2010 36 16 44.44% µg/L 19 19 13 155 3.20E+03 WAC 173-340-720(4)(b)(iii)(A) and (B)
Cobalt METAL 10/22/2009 6/30/2010 54 20 37.04% µg/L 0.10 0.22 0.10 1.4 2.6 WAC 173-340-730(3)(b)(iii)(A) and (B)
Copper METAL 10/22/2009 6/30/2010 54 25 46.30% µg/L 0.20 0.20 0.22 3.9 9.0 Clean Water Act -- Freshwater CCC
Lithium METAL 3/5/2010 6/30/2010 36 33 91.67% µg/L 4.0 4.0 4.1 29 3.20E+01 WAC 173-340-720(4)(b)(iii)(A) and (B)
Molybdenum METAL 3/5/2010 6/30/2010 36 36 100.00% µg/L -- -- 0.17 8.8 8.00E+01 WAC 173-340-720(4)(b)(iii)(A) and (B)
Selenium METAL 10/22/2009 6/30/2010 54 42 77.78% µg/L 0.60 0.60 0.72 4.0 5.0 Clean Water Act -- Freshwater CCC
Silver METAL 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.040 0.20 0.48 0.48 2.61E+00 WAC 173-201A
Strontium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 131 449 9.60E+03 WAC 173-340-720(4)(b)(iii)(A) and (B)
Tin METAL 3/5/2010 6/30/2010 36 3 8.33% µg/L 0.10 0.10 0.11 1.5 5.19E+02 WAC 173-340-730(3)(b)(iii)(A) and (B)
Uranium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 0.38 11 30 40 CFR 141 - Federal MCL
Vanadium METAL 10/22/2009 6/30/2010 54 23 42.59% µg/L 4.1 12 10 26 80 WAC 173-340-720(4)(b)(iii)(A) and (B)
Acetone VOC 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.34 1.0 5.1 5.1 7.20E+03 WAC 173-340-720(4)(b)(iii)(A) and (B)
Bromodichloromethane VOC 10/22/2009 6/30/2010 54 5 9.26% µg/L 0.082 1.0 0.10 0.16 2.70E-01 40 CFR 131 -- Human Health Water + Organism
Bromomethane VOC 10/22/2009 6/30/2010 54 21 38.89% µg/L 0.084 1.0 0.11 1.6 1.12E+01 WAC 173-340-720(4)(b)(iii)(A) and (B)
Chlorobenzene VOC 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.15 1.0 0.17 0.17 1.00E+02 40 CFR 141 - Federal MCL
Styrene VOC 10/22/2009 6/30/2010 54 2 3.70% µg/L 0.036 1.0 0.12 0.21 1.00E+02 40 CFR 141 - Federal MCL
Toluene VOC 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.062 1.0 0.12 0.12 6.40E+02 WAC 173-340-720(4)(b)(iii)(A) and (B)
Xylenes (total) VOC 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.11 1.0 0.24 0.24 1.60E+03 WAC 173-340-720(4)(b)(iii)(A) and (B)

Note:
Shading indicates that an analyte is identified in the proposed list of contaminants of potential concern in DOE/RL-2009-41, Sampling and Analysis Plan for the 100-K Decisoin Unit Remedial Investigation/ Feasibility Study.

Table 7-4.  Summary of Groundwater Analytes That Do Not Exceed an Action Level 100-KR-4 Operable Unit
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Analyte Name Analyte 
Class

Begin Sample 
Date End Sample Date Total 

Samples
Total 

Detects
Frequency of 

Detection Units Minimum 
Detection Limit

Maximum 
Detection Limit

Minimum 
Detected 

Result

Maximum 
Detected 

Result

Action 
Level Action Level Basis

Arsenic METAL 10/22/2009 6/30/2010 54 47 87.04% µg/L 0.80 0.80 0.86 7.3 0.018 Clean Water Act -- Human Health Water + Organism
Cadmium METAL 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.055 0.20 0.31 0.31 0.25 Clean Water Act -- Freshwater CCC
Chromium METAL 10/22/2009 6/30/2010 54 54 100.00% µg/L -- -- 1.2 203 65 Clean Water Act -- Freshwater CCC
Hexavalent Chromium METAL 10/22/2009 6/30/2010 54 38 70.37% µg/L 2.0 9.7 2.1 201 10 40 CFR 131 -- Freshwater CCC
Iron METAL 10/22/2009 6/30/2010 54 42 77.78% µg/L 18 18 20 1,280 300 40 CFR 141 - Federal MCL
Lead METAL 10/22/2009 6/30/2010 54 3 5.56% µg/L 0.17 0.20 0.36 16 2.1 WAC 173-201A
Manganese METAL 10/22/2009 6/30/2010 54 11 20.37% µg/L 3.3 4.0 4.3 70 50 40 CFR 141 - Federal MCL
Nickel METAL 10/22/2009 6/30/2010 54 4 7.41% µg/L 4.0 4.0 4.6 109 52 Clean Water Act -- Freshwater CCC
Nitrate ANION 10/22/2009 6/30/2010 54 51 94.44% µg/L 178 178 726 96,062 45,000 40 CFR 141 - Federal MCL

Thallium METAL 10/22/2009 6/30/2010 54 1 1.85% µg/L 0.10 0.10 1.5 1.5 0.24 Clean Water Act -- Human Health Water + Organism
Zinc METAL 10/22/2009 6/30/2010 54 18 33.33% µg/L 5.2 6.0 6.0 1,270 91 WAC 173-201A
Carbon-14 RAD 10/22/2009 6/30/2010 54 31 57.41% pCi/L -3.72E+00 22 11 10,100 2,000 40 CFR 141.66
Strontium-90 RAD 10/22/2009 6/30/2010 54 10 18.52% pCi/L -1.20E+01 1.2 2.6 40 8.0 40 CFR 141 - Federal MCL
Tritium RAD 10/22/2009 6/30/2010 54 40 74.07% pCi/L -5.30E+01 170 160 290,000 20,000 40 CFR 141 - Federal MCL
Chloroform VOC 10/22/2009 6/30/2010 54 35 64.81% µg/L 0.10 1.0 0.11 6.3 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B)
Trichloroethene VOC 10/22/2009 6/30/2010 54 20 37.04% µg/L 0.21 1.0 0.22 7.4 0.49 WAC 173-340-720(4)(b)(iii)(A) and (B)

Note:
Shading indicates that an analyte is identified in the proposed list of contaminants of potential concern in DOE/RL-2009-41, Sampling and Analysis Plan for the 100-K Decisoin Unit Remedial Investigation/ Feasibility Study.

Table 7-6.  Summary of Groundwater Analytes Exceed an Action Level 100-KR-4 Operable Unit
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Analyte Name Analyte Class Total Number 
of Samples

Number of 
Detects

Frequency of 
Detection Units Minimum 

Detection Limit
Maximum 

Detection Limit
Minimum 

Detected Result
Maximum 

Detected Result
90th 

Percentile 
Action 
Level Action Level Basis

90th Percentile 
> Action 
Level?

Level of 
Exceedence

Arsenic METAL 54 47 87.04% µg/L 0.80 0.80 0.86 7.3 5.3 0.018 Clean Water Act -- Human Health Water + Organism Yes 2.95E+02
Cadmium METAL 54 1 1.85% µg/L 0.055 0.20 0.31 0.31 0.2 0.25 Clean Water Act -- Freshwater CCC No 8.00E-01
Chromium METAL 54 54 100.00% µg/L -- -- 1.2 203 121.0 65 Clean Water Act -- Freshwater CCC Yes 1.86E+00
Hexavalent Chromium METAL 54 38 70.37% µg/L 2.0 9.7 2.1 201 117.0 10 40 CFR 131 -- Freshwater CCC Yes 1.17E+01
Iron METAL 54 42 77.78% µg/L 18 18 20 1,280 359.5 300 40 CFR 141 - Federal MCL Yes 1.20E+00
Lead METAL 54 3 5.56% µg/L 0.17 0.20 0.36 16 0.2 2.1 WAC 173-201A No 9.48E-02
Manganese METAL 54 11 20.37% µg/L 3.3 4.0 4.3 70 11.4 50 40 CFR 141 - Federal MCL No 2.27E-01
Nickel METAL 54 4 7.41% µg/L 4.0 4.0 4.6 109 4.0 52 Clean Water Act -- Freshwater CCC No 7.69E-02
Nitrate ANION 54 51 94.44% µg/L 178 178 726 96,062 71700.0 45,000 40 CFR 141 - Federal MCL Yes 1.59E+00
Thallium METAL 54 1 1.85% µg/L 0.10 0.10 1.5 1.5 0.1 0.24 Clean Water Act -- Human Health Water + Organism No 4.17E-01
Zinc METAL 54 18 33.33% µg/L 5.2 6.0 6.0 1,270 302.5 91 WAC 173-201A Yes 3.32E+00
Carbon-14 RAD 54 31 57.41% pCi/L -3.72E+00 22 11 10,100 1465.0 2,000 40 CFR 141.66 No 7.33E-01
Strontium-90 RAD 54 10 18.52% pCi/L -1.20E+01 1.2 2.6 40 7.3 8.0 40 CFR 141 - Federal MCL No 9.06E-01
Tritium RAD 54 40 74.07% pCi/L -5.30E+01 170 160 290,000 34500.0 20,000 40 CFR 141 - Federal MCL Yes 1.73E+00
Chloroform VOC 54 35 64.81% µg/L 0.10 1.0 0.11 6.3 2.2 1.4 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes 1.52E+00
Trichloroethene VOC 54 20 37.04% µg/L 0.21 1.0 0.22 7.4 3.8 0.49 WAC 173-340-720(4)(b)(iii)(A) and (B) Yes 7.72E+00

Table 7-8.  Exposure Point Concentration Summary for the 100-KR-4 Operable Unit 100-KR-4 Operable Unit
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Groundwater COPC Carbon-14 Chloroform Chromium Hexavalent chromium Nitrate Strontium-90 Trichloroethene Tritium
Action Level 2,000 pCi/L 1.4 µg/L 65 µg/L 10 µg/L 45,000 µg/L 8 pCi/L 0.49 µg/L 20,000 pCi/L
199-K-106A X X X
199-K-108A X X
199-K-11 X X X
199-K-117A
199-K-142
199-K-151 X X
199-K-152 X X
199-K-157 X X
199-K-18 X X X X X
199-K-20 X
199-K-22 X X X
199-K-31 X
199-K-32A X X
199-K-34 X X X X X
199-K-36 X X X
199-K-37 X
699-72-73 X
699-73-61

Table 7-14.  Monitoring Well Locations Reported with Concentrations of COPCs Greater Than Action Level for the 100-KR-4 Operable Unit 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-454



DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-455



 ECF-100KR4-10-0472, DRAFT PAGE 1 OF 27

 

 
 

Contents 

1 Purpose ............................................................................................................................................... 5 

2 Background ........................................................................................................................................ 5 

2.1 Exposure Point Concentration ................................................................................................... 5 

3 Methodology ...................................................................................................................................... 5 

3.1 Exposure Point Concentration Methodology ............................................................................ 5 

3.2 Equations Used for Calculating the 90th Percentile Value ........................................................ 6 

4 Assumptions and Inputs ................................................................................................................... 6 

4.1 Sample Analysis Data ............................................................................................................... 6 

4.2 Determination of Statistical Calculation Method for EPC Values ............................................ 7 

5 Software Applications ....................................................................................................................... 8 

6 Calculation ......................................................................................................................................... 8 

7 Results/Conclusions ......................................................................................................................... 10 

7.1 90th Percentile Exposure Point Concentrations ....................................................................... 10 

7.2 Uncertainties Associated with Exposure Point Concentrations .............................................. 12 

8 References ........................................................................................................................................ 14 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-456



 ECF-100KR4-10-0472, DRAFT PAGE 2 OF 27

 

This page intentionally left blank. 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-457



 ECF-100KR4-10-0472, DRAFT PAGE 3 OF 27

 

Terms 

95UCL 95% upper confidence limit 

BDL Below detection limit 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 

COPC Contaminant of potential concern 

CV Coefficient of variation 

ECF Environmental Calculation File 

EPC Exposure point concentration 

HEIS Hanford Environmental Information System 

MAD Median absolute deviation 

OU Operable unit 

RI Remedial investigation 

RI/FS Remedial investigation/feasibility study 

RME Reasonable maximum exposure 

RSD Relative standard deviation 

SD Standard deviation 

UCL Upper confidence limit 
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1 Purpose 

This environmental calculation describes the calculation of exposure point concentrations (EPCs) for 
analytes in groundwater at the 100-KR-4 Groundwater Operable Unit (OU).  This calculation brief details 
the statistical methodology used to calculate the EPCs and supports a separate calculation brief addressing 
the identification of initial and final contaminants of potential concern (COPCs) for the 100-KR-4 OU 
(ECF-100KR4-10-0470,  Identification of Contaminants of Potential Concern for Groundwater Risk 
Assessment at the 100-KR-4 Groundwater Operable Unit).  EPCs are calculated herein for a set of 49 
analytes consisting of:  

1) analytes identified in ECF-100KR4-10-0470 as initial COPCs for the 100-KR-4 OU, based on 
maximum detected concentrations in groundwater that exceed an applicable action level;  

2) analytes identified as proposed groundwater COPCs in Table 1-3 of DOE/RL-2009-41, Sampling and 
Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility Study; and  

3) analytes detected at least once during the groundwater sampling and analysis activities described in 
DOE/RL-2009-41. 

This calculation brief supports the remedial investigation/feasibility study (RI/FS) process being 
conducted for the 100-KR-4 OU under the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA), as documented in DOE/RL-2010-97,  Remedial 
Investigation/Feasibility Study for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units. 

2 Background 

This calculation brief addresses a key element of the risk assessment process for hazardous waste sites: 
estimation of the concentration of a chemical in the environment.  The following section provides a brief 
definition of the EPC. 

2.1 Exposure Point Concentration 

An EPC is a conservative estimate of the contaminant concentration at an exposure point or in an 
exposure area where an exposed receptor may reasonably be assumed to move at random and where 
contact with an environmental medium (e.g., water) is equally likely at all locations within the exposure 
area. The rationale for use of exposure concentrations is explained in EPA/540/1-89/002, Risk Assessment 
Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final:  

“Although this concentration does not reflect the maximum concentration that could be 
contacted at any one time, it is regarded as a reasonable estimate of the concentration 
likely to be contacted over time.  This is because in most situations, assuming long-term 
contact with the maximum concentration is not reasonable.” 

3 Methodology 

The following subsections discuss the methodology and equations used to calculate EPC values for the 
100-KR-4 OU. 

3.1 Exposure Point Concentration Methodology 

The methodology involves using the 100-KR-4 OU groundwater analytical data set to calculate an EPC 
for each of the detected analytes/COPCs.  Calculated 90th percentile values are taken as estimates of the 
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EPCs. The 90th percentile value is the concentration that corresponds to the position in an ordered data set 
that has 90% of the data points below it, and 10% above it. The rational for use of the 90th percentile 
value as the estimated EPC is discussed in Section 4.2. The steps taken to calculate the 90th percentile 
values are: 

1. Obtain the dataset for each detected analyte/COPC. 

2. Place the sample results for each detected analyte/COPC in order from the lowest concentration to the 
highest concentration. 

3. Assign each sample result a ranked number (rank), starting with the number 1 for the lowest 
concentration result and continuing to the highest concentration, which is given the number equal to 
the total number of samples. 

4. Calculate the 90th percentile value using the equations presented in Section 3.2. 

3.2 Equations Used for Calculating the 90th Percentile Value 

The position corresponding to the 90th percentile (k) is determined using the following equation (Hogg 
and Tanis, 2001, Probability and Statistical Inference):   

 

 

 

If the number corresponding to the calculated value, k, is an integer, the sample result with rank 
corresponding to k is the 90th percentile value as indicated by the following equation.   

 

If k is not an integer, then the average or mean of the values on either side of k (the values in the positions 
krounddown and kroundup) is calculated using the following equation to determine the 90th percentile value: 

 

 

 

If k is greater than n for smaller data sets (n <10), the 90th percentile value defaults to the maximum 
concentration reported (i.e., the nth value). 

4 Assumptions and Inputs 

4.1 Sample Analysis Data 

The groundwater data set used for the EPC calculations consists of sample analysis data for samples 
collected from groundwater wells located in the 100-KR-4 OU.  All of these wells are either monitoring 
wells or compliance wells. The data set is composed of analytical results from the groundwater sampling 
and analysis activities performed per the requirements documented in DOE/RL-2009-41.  The analytical 
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data set is extracted from the Hanford Environmental Information System (HEIS) database.  After 
extraction from HEIS, the analytical data are processed to obtain a single set of results per sampling 
location and date of collection.  Analytical data set processing is described in ECF-100KR4-10-0470.  
The input data used for the 90th percentile calculations are provided in Appendix A. 

4.2 Determination of Statistical Calculation Method for EPC Values 

In general, EPA Superfund guidance recommends using a 95% Upper Confidence Limit (95UCL) on the 
mean for estimating EPCs.  However, experience at the Hanford Site indicates that averages and UCLs 
cannot be reliably calculated for Hanford groundwater data sets, such as the 100-KR-4 OU data, where 
multiple groundwater contaminants are present in overlapping plumes, and the highest concentrations for 
different analytes often have different locations within the plumes.   

Use of the 90th percentile value from a distribution of groundwater concentration data as an estimate of 
the EPC is a different approach for estimating EPCs than that provided in some Superfund guidance 
(OSWER 9285.6-10, Calculating Upper Confidence Limits for Exposure Point Concentrations at 
Hazardous Waste Sites).  However as described below, the 90th percentile exposure concentration is 
identified in other EPA risk assessment guidance as appropriate for describing and characterizing health 
risks; its use yields risk estimates that correspond to a reasonable maximum exposure (RME).   

According to EPA/100/B-04/001, An Examination of EPA Risk Assessment Principles and Practices, the 
RME is an appropriate exposure scenario for risk calculations, within the realistic range of exposure, 
since the goal of the Superfund program is to protect against high-end, not average, exposures. The “high 
end” is defined as that part of the exposure distribution that is above the 90th percentile, but below the 
99.9th percentile. The approach is consistent with the peer reviewed EPA/600/Z-92/001, Guidelines for 
Exposure Assessment.  Groundwater concentrations directly reflect potential exposures and risks; so, a 
90th percentile concentration reflects an RME scenario. 

Groundwater data sets at the Hanford site are highly skewed, with a large proportion of below-detection-
limit (BDL) values.  The EPA data analysis guidance (EPA/240/B-06/003, Data Quality Assessment: 
Statistical Methods for Practitioners) provides different guidance for estimating statistical parameters 
(whether means or upper percentiles) depending on the variability of the data set.  The variability of the 
data set is assessed in terms of the coefficient of variation (CV) and the proportion of analytical results 
that are BDL.  For data sets with CVs > 0.5, and with 50% or more analytical results that are BDL, EPA 
recommends using upper percentiles, as opposed to means, to develop summary statistics. 

Therefore, the rationale for using the 90th percentile value as an estimate of the EPC is consistent with the 
definition of an RME scenario, and is an appropriate statistic for groundwater data sets at the Hanford 
Site.  Additional statistical evaluation of the 100-KR-4 OU data sets that supports selection of the 90th 
percentile value as the estimate of the EPC is provided in Appendix B.  The Appendix B evaluation 
includes an estimation of the 95% upper confidence limit (95UCL) value for each detected analyte/COPC 
along with an analysis of data set variability to assess the reliability of the 95UCL estimates.  Results of 
the evaluation indicate that, for the majority of detected analytes/COPCs, a reliable and meaningful 
95UCL estimate cannot be calculated, because of 1) an insufficient number of samples, 2) an insufficient 
number of detections, or 3) high variance of the data.  Therefore, the 90th percentile is adopted as the 
estimated EPC for all detected analytes/COPCs. A comparison of the 90th percentile and 95UCL values is 
provided in Section 7.2. 
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5 Software Applications 

Software programs used for this analysis were the Hanford Environmental Information System (HEIS) 
database, Microsoft Access1 database software, ProUCL statistical software2, and Microsoft Excel3.   The 
HEIS is a central repository for storing and maintaining access to environmental data for the Hanford 
Site.  Microsoft Access was used to query and sort the data downloaded from HEIS.  Microsoft Excel was 
used to calculate the 90th percentile concentrations and to present the groundwater data and information in 
spreadsheets.  ProUCL was used to perform statistical calculations on the analytical data sets.  The 
ProUCL-generated calculations are presented in Appendix B and summarized in Section 7.2.  

6 Calculation 

Calculate the 90th percentile value using the methodology presented in Section 3.  The 90th percentile 
calculations are validated by comparison with a hand calculation.  The hand calculation is provided in 
Figure 6-1. 

 

  

                                                      
1 Access is a trademark of Microsoft Corporation, Redmond, Washington. 
2 ProUCL is a statistical software package developed by the U.S. Environmental Protection Agency, distributed free of charge, and 

made available for download at http://www.epa.gov/nerlesd1/tsc/TSC_form.htm. 
3 Excel is a trademark of Microsoft Corporation, Redmond, Washington. 
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Figure 6-1. Hand Calculation of the 90th Percentile Value 
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7 Results/Conclusions 

7.1 90th Percentile Exposure Point Concentrations 

The calculated 90th percentile values are presented in Table 7-1.   

Table 7-1.  90th Percentile Calculation Results 

Detected Analyte/COPC Detects Nondetects 

Number 
of values 

 (n) 
Percentile 

(p) 

Position in 
Sequence 

(k) 

Mean 90th  
Percentile  

(µg/L or pCi/L) 

1,1,-2 Trichloroethanea No detectable results reported 

1,1-Dichloroethenea No detectable results reported 

Acetone 1 53 54 90 49.5 1.0 

Aluminum 22 32 54 90 49.5 33 

Antimonya No detectable results reported 

Arsenica 47 7 54 90 49.5 5.3 

Bariuma 54 0 54 90 49.5 45 

Benzenea No detectable results reported 

Berylliuma 1 53 54 90 49.5 0.10 

Boron 16 20 36 90 33.3 46 

Bromodichloromethane 5 49 54 90 49.5 1.0 

Bromomethane 21 33 54 90 49.5 1.0 

Cadmiuma 1 53 54 90 49.5 0.20 

Carbon-14a 31 23 54 90 49.5 1,465 

Carbon Tetrachloridea No detectable results reported 

Chloridea 54 0 54 90 49.5 26,050 

Chlorobenzene 1 53 54 90 49.5 1.0 

Chloroforma 35 19 54 90 49.5 2.2 

Chromiuma 54 0 54 90 49.5 121 

Cobalta 20 34 54 90 49.5 0.26 

Coppera 25 29 54 90 49.5 1.3 

Fluoridea 41 13 54 90 49.5 332 

Hexavalent Chromiuma 38 16 54 90 49.5 117 
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Table 7-1.  90th Percentile Calculation Results 

Detected Analyte/COPC Detects Nondetects 

Number 
of values 

 (n) 
Percentile 

(p) 

Position in 
Sequence 

(k) 

Mean 90th  
Percentile  

(µg/L or pCi/L) 

Iron 42 12 54 90 49.5 360 

Leada 3 51 54 90 49.5 0.2 

Lithium 33 3 36 90 33.3 23 

Manganesea 11 43 54 90 49.5 11 

Mercurya No detectable results reported 

Molybdenum 36 0 36 90 33.3 5.3 

Nickela 4 50 54 90 49.5 4.0 

Nitratea 51 3 54 90 49.5 71,700 

Nitritea 1 53 54 90 49.5 118 

Seleniuma 42 12 54 90 49.5 2.3 

Silver 1 53 54 90 49.5 0.20 

Strontium 54 0 54 90 49.5 373 

Strontium-90a 10 44 54 90 49.5 7.3 

Styrene 2 52 54 90 49.5 1.0 

Sulfatea 54 0 54 90 49.5 77,300 

Tetrachloroethenea No detectable results reported 

Thalliuma 1 53 54 90 49.5 0.10 

Tin 3 33 36 90 33.3 0.11 

Toluene 1 53 54 90 49.5 1.0 

Trichloroethenea 20 34 54 90 49.5 3.8 

Tritiuma 40 14 54 90 49.5 34,500 

Uraniuma 54 0 54 90 49.5 7.4 

Vanadiuma 23 31 54 90 49.5 20 

Vinyl Chloridea No detectable results reported 

Xylenes (total) 1 53 54 90 49.5 1.0 

Zinca 18 36 54 90 49.5 303 
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Table 7-1.  90th Percentile Calculation Results 

Detected Analyte/COPC Detects Nondetects 

Number 
of values 

 (n) 
Percentile 

(p) 

Position in 
Sequence 

(k) 

Mean 90th  
Percentile  

(µg/L or pCi/L) 

Notes: 

a. Identified as a groundwater COPC in Table 1-3 of DOE/RL-2009-41. 

COPC = contaminant of potential concern. 

DOE/RL-2009-41, Sampling and Analysis Plan for the 100-K Decision Unit Remedial Investigation/Feasibility Study. 

 

7.2 Uncertainties Associated with Exposure Point Concentrations 

The EPCs for groundwater are estimated by the 90th percentile concentration. The RI/FS protectiveness 
and risk evaluation methodology uses RME concentrations for the OU as a whole, rather than performing 
the evaluation on a specific well or location. As discussed in Section 4.2, EPA Superfund guidance 
generally recommends using a 95 percent UCL on the mean for estimating EPCs. However, experience at 
the Hanford Site indicates that averages and UCLs cannot be reliably calculated for groundwater data sets 
using this approach. Using the present example, the 100-KR-4 groundwater OU has multiple groundwater 
contaminants present in overlapping plumes, and the highest concentrations of the different analytes often 
have different locations within the plumes.  

Taking the 90th percentile from a distribution of groundwater concentration data as an estimate of the EPC 
is a different approach from Superfund guidance for estimating EPCs in risk assessments (OSWER 
9285.6-10). However, as discussed in Section 4.2, the 90th percentile concentration is identified in other 
EPA risk assessment guidance as usable for describing and characterizing health risks. Risk estimates 
based on the 90th percentile value correspond to an RME. 

Table 7-2 shows the 90th percentile concentrations used for the RI/FS protectiveness and risk evaluations, 
as well as the maximum, average, and 95UCL concentrations for the 100-KR-4 OU.  

A groundwater data set is considered robust when the 90th percentile value is greater than the 95UCL 
value. The 90th percentile concentrations are greater than the 95UCL values for all detected 
analytes/COPCs, except carbon-14, manganese, and tritium.  Generally, when data sets are large, the 
95UCL will approach the mean concentration. For example, for nitrate, the 95UCL is 41,700 µg/L, and 
the mean is 28,500 µg/L; in contrast, the 90th percentile is 71,700 µg/L. Therefore, 90th percentile values 
are reasonable upper bounds of exposure area concentrations, for the purposes of the RI/FS risk 
assessment.  

However, risks could be significantly underestimated for a detected analyte/COPC whose maximum 
concentration is considerably larger than the 90th percentile value.  This is true of four of the detected 
analytes/COPCs, for which the maximum concentrations are more than an order of magnitude greater 
than the 90th percentile values.  If a future drinking water well were drilled at the location of one of these 
maximum concentrations, the health risk would be greater than calculated using the 90th percentile value 
as the estimated EPC.  However, because only 10 percent of the data exceed the 90th percentile value, 
such very high concentrations are few, and they represent only limited areas. 
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Table 7-2.  Percentile Concentrations and Summary Statistics for the 100-KR-4 Operable Unit Data 
Set 

Detected 
Analyte/COPC Units 

Number of 
Measurements 

90th 
Percentile Maximum Mean 95% UCLa 

Acetone µg/L 54 1.0 5.1 5.1 -- 

Aluminum µg/L 54 33 49 23 16 

Arsenic µg/L 54 5.3 7.3 3.1 3.2 

Barium µg/L 54 45 54 31 33 

Beryllium µg/L 54 0.10 0.23 0.23 -- 

Boron µg/L 36 46 155 38 34 

Bromodichloromethane µg/L 54 1.0 0.16 0.13 -- 

Bromomethane µg/L 54 1.0 1.6 0.70 0.53 

Cadmium µg/L 54 0.20 0.31 0.31 -- 

Carbon-14 pCi/L 54 1,465 10,100 1,060 3,022 

Chloride µg/L 54 26,050 36,000 14,276 16,091 

Chlorobenzene µg/L 54 1.0 0.17 0.17 -- 

Chloroform µg/L 54 2.2 6.3 1.3 1.8 

Chromium µg/L 54 121 203 40 71 

Cobalt µg/L 54 0.26 1.4 0.29 0.23 

Copper µg/L 54 1.3 3.9 0.87 0.70 

Fluoride µg/L 54 332 380 191 182 

Hexavalent Chromium µg/L 54 117 201 46 62 

Iron µg/L 54 360 1,280 150 245 

Lead µg/L 54 0.20 16 5.9 -- 

Lithium µg/L 36 23 29 11 16 

Manganese µg/L 54 11 70 22 13 

Molybdenum µg/L 36 5.3 8.8 3.1 3.6 

Nickel µg/L 54 4.0 109 72 -- 

Nitrate µg/L 54 71,700 96,062 28,476 41,713 

Nitrite µg/L 54 118 147 147 -- 

Selenium µg/L 54 2.3 4.0 1.5 1.5 

Silver µg/L 54 0.20 0.48 0.48 -- 
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Table 7-2.  Percentile Concentrations and Summary Statistics for the 100-KR-4 Operable Unit Data 
Set 

Detected 
Analyte/COPC Units 

Number of 
Measurements 

90th 
Percentile Maximum Mean 95% UCLa 

Strontium µg/L 54 373 449 257 274 

Strontium-90 pCi/L 54 7.3 40 12 6.0 

Styrene µg/L 54 1.0 0.21 0.17 -- 

Sulfate µg/L 54 77,300 100,000 42,607 48,344 

Thallium µg/L 54 0.10 1.5 1.5 -- 

Tin µg/L 36 0.11 1.5 0.60 -- 

Toluene µg/L 54 1.0 0.12 0.12 -- 

Trichloroethene µg/L 54 3.8 7.4 2.5 1.5 

Tritium pCi/L 54 34,500 290,000 17,560 71,868 

Uranium µg/L 54 7.4 11 3.1 4.6 

Vanadium µg/L 54 20 26 17 14 

Xylenes (total) µg/L 54 1.0 0.24 0.24 -- 

Zinc µg/L 54 303 1,270 182 183 

Notes: 

a.  -- Indicates that the number of detected results is insufficient for ProUCL to calculate meaningful and 
reliable results. 

COPC = contaminant of potential concern. 

UCL = upper confidence limit. 

  

 
8 References 

DOE/RL-2009-41, 2009, Sampling and Analysis Plan for the 100-K Decision Unit Remedial 
Investigation/Feasibility Study, Rev. 0, U.S. Department of Energy, Richland Operations 
Office, Richland, Washington. 

DOE/RL-2010-97, 2011, Remedial Investigation/Feasibility Study for the 100-KR-1, 100-KR-2, and 100-
KR-4 Operable Units, Draft A, U.S. Department of Energy, Richland Operations Office, 
Richland, Washington.  

ECF-100KR4-10-0470, 2010, Identification of Contaminants of Potential Concern for Groundwater Risk 
Assessment at the 100-KR-4 Groundwater Operable Unit, Rev. 0, CH2M HILL Plateau 
Remediation Company, Richland, Washington. 

EPA/100/B-04/001, 2004, An Examination of EPA Risk Assessment Principles and Practices, 
U.S. Environmental Protection Agency, Washington, D.C. Available at: 
http://www.epa.gov/OSA/pdfs/ratf-final.pdf.  

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-469



 ECF-100KR4-10-0472, DRAFT PAGE 15 OF 27

 
EPA/240/B-06/003, 2006, Data Quality Assessment: Statistical Methods for Practitioners, 

EPA QA/G-9S, Office of Environmental Information, U.S. Environmental Protection Agency, 
Washington, D.C. Available at: http://www.epa.gov/quality/qs-docs/g9s-final.pdf. 

EPA/540/1-89/002, 1989, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation 
Manual (Part A): Interim Final, U.S. Environmental Protection Agency, Washington, D.C. 
Available at: http://epa.gov/swerrims/riskassessment/ragsa/pdf/rags-vol1-pta_complete.pdf.  

EPA/600/R-06/022, 2006, On the Computation of 95% Upper Confidence Limit of the Unknown 
Population Mean Based Upon Data Sets with Below Detection Limit Observations, Office of 
Research and Development, U.S. Environmental Protection Agency, Washington, D.C 

EPA/600/R-07/038, 2010, ProUCL Version 4.00.05 User Guide (Draft), U.S. Environmental Protection 
Agency, Washington, D.C. Available at: http://www.epa.gov/esd/tsc/images/proucl4user.pdf. 

EPA/600/Z-92/001, 1992, Guidelines for Exposure Assessment, Office of Research and Development, 
U.S. Environmental Protection Agency, Washington, D.C. 

Hogg, Robert V.,  Elliot A. Tanis, 2001, Probability and Statistical Inference, 6th ed. Upper Saddle 
River, NJ, Prentice Hall. 

OSWER Directive 9285.6-10, 2002, Calculating Upper Confidence Limits for Exposure Point 
Concentrations at Hazardous Waste Sites, Office of Solid Waste and Emergency Response, U.S. 
Environmental Protection Agency, Washington, D.C. 

 

  

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-470



 ECF-100KR4-10-0472, DRAFT PAGE 18 OF 27

 

B.1 Summary Statistics for the 100-KR-4 Operable Unit Data Set 

Statistical calculations were performed for each of the detected analytes/COPCs in groundwater in the 
100-KR-4 OU. The results of the statistical calculations are provided in Table B-1. The raw statistics were 
calculated by the ProUCL software.  This table is provided as an electronic attachment (formatted for on-
screen viewing) in the Excel workbook “ECF-100KR4-0472 EPC Calculation Worksheet.xlsx” that 
accompanies this environmental calculation. The following statistical definitions are provided for 
assistance in interpreting the information provided by ProUCL.  

• Mean:  The sum of all the values of a set of measurements divided by the number of values in the set; 
a measure of central tendency. 

• Median:  The middle value for an ordered set of n values. Represented by the central value when n is 
odd or by the average of the two most central values when n is even. The median is the 50th 
percentile. 

• Standard Deviation (SD):  A measure of variation (or spread) from an average value of the sample 
data values.  

• Median Absolute Deviation (MAD):  For observations x1, x2,..., xn, with median m, the median 
absolute deviation is the median of the differences |x1−m|, |x2−m|,..., |xn−m|.  

• MAD/0.675 = Robust measure of variation (standard deviation) where MAD = Median Absolute 
Deviation 

• Skewness:  A measure of the asymmetry of the distribution of the characteristic under study (e.g., 
lead concentrations). It can also be measured in terms of the standard deviation of log-transformed 
data. The higher the standard deviation, the higher the skewness. Coefficient of Skewness = CV3+ 
3CV where CV is the coefficient of variation. 

• Coefficient of Variation (CV):  A dimensionless quantity used to measure the spread of data relative 
to the size of the numbers. For a normal distribution, the CV is given by the standard deviation 
divided by the mean. Also known as the relative standard deviation (RSD). 

B.2 ProUCL-Generated 95th Percentile Upper Confidence Limits 

The ProUCL 4.0 statistical software package (EPA/600/R-07/038, ProUCL Version 4.00.05 User Guide 
(Draft)) was used to generate an estimate of the 95% upper confidence limit (95UCL) on the mean 
concentration for each detected analyte/COPC.  ProUCL 4.0 contains statistical methods to address data 
sets both with and without nondetects and computes the UCL for a given data set by a variety of 
alternative statistical approaches (including several approaches that do not require the assumption of 
normality or log-normality).  ProUCL 4.0 then recommends specific UCL values as being the most 
appropriate for that particular data set.  The input data files used to calculate the 95UCL values are the 
same as those used for the 90th percentile calculations and are provided in Appendix A.  The ProUCL 
output generated for the 100-KR-4 OU is provided at the end of this appendix.  A summary table with the 
ProUCL comments, recommended UCL calculation methods, and warnings regarding the adequacy of the 
data to provide meaningful results for each detected analyte/COPC, by exposure area, is provided in 
Table B-2. 
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Table B-2.  Summary of ProUCL Comments and UCL Calculation Methods 

Detected 
Analyte/COPC ProUCL Comment 

UCL Calculation 
Method 

Acetone Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Acetone was not processed! 

Not Processed 

Aluminum Data appear Lognormal at 5% Significance Level 

Data not Normal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

 

95% KM (t) UCL 

Arsenic Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

 

95% KM (BCA) UCL 

Barium Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

Use 95% 
Approximate 
Gamma UCL 

 

Beryllium Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Beryllium was not processed! 

 

 

Not Processed 

Boron Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

 

95% KM (t) UCL 

95% KM (% 
Bootstrap) UCL 

Bromodichloromethan
e 

Warning:  There are only 5 Detected Values in this data 

Note:  It should be noted that even though bootstrap may be 
performed on this data set 

the resulting calculations may not be reliable enough to draw 
conclusions 

It is recommended to have 10-15 or more distinct observations 
for accurate and meaningful results. 

Data appear Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

 

95% KM (t) UCL 

95% KM (Percentile 
Bootstrap) UCL 

Bromomethane Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

 

95% KM (BCA) UCL 
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Table B-2.  Summary of ProUCL Comments and UCL Calculation Methods 

Detected 
Analyte/COPC ProUCL Comment 

UCL Calculation 
Method 

Data not Gamma Distributed at 5% Significance Level 

Cadmium Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Cadmium was not processed! 

Not Processed 

Carbon-14 
Data not Normal at 5% Significance Level 

99% KM 
(Chebyshev) UCL 

Chloride Data appear Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

Use 95% Student's-t 
UCL 

Chlorobenzene Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Chlorobenzene was not processed! 

Not Processed 

Chloroform Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data not Gamma Distributed at 5% Significance Level 

95% KM 
(Chebyshev) UCL 

Chromium Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

 

Use 95% 
Chebyshev (Mean, 
Sd) UCL 

 

Cobalt Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

95% KM (t) UCL 

95% KM (% 
Bootstrap) UCL 

Copper Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

95% KM (t) UCL 

95% KM (% 
Bootstrap) UCL 

Fluoride 
Data appear Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

95% KM (Percentile 
Bootstrap) UCL 

95% KM (t) UCL 
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Table B-2.  Summary of ProUCL Comments and UCL Calculation Methods 

Detected 
Analyte/COPC ProUCL Comment 

UCL Calculation 
Method 

Hexavalent Chromium Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

95% KM 
(Chebyshev) UCL 

Iron Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

95% KM 
(Chebyshev) UCL 

Lead Warning:  There are only 3 Detected Values in this data 

Note:  It should be noted that even though bootstrap may be 
performed on this data set 

the resulting calculations may not be reliable enough to draw 
conclusions 

It is necessary to have 4 or more Distinct Values for bootstrap 
methods. 

However, results obtained using 4 to 9 distinct values may not be 
reliable. 

It is recommended to have 10-15 or more distinct observations 
for accurate and meaningful results. 

Data appear Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Normal at 5% Significance Level 

Data not Gamma Distributed at 5% Significance Level 

95% KM (t) UCL 

95% KM (Percentile 
Bootstrap) UCL 

Lithium Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

95% KM 
(Chebyshev) UCL 

Manganese Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data not Gamma Distributed at 5% Significance Level 

95% KM (t) UCL 

95% KM (% 
Bootstrap) UCL 

Molybdenum Data appear Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data not Gamma Distributed at 5% Significance Level 

Use 95% Student's-t 
UCL 

Nickel Warning:  There are only 4 Distinct Detected Values in this data 

Note:  It should be noted that even though bootstrap may be 
performed on this data set 

the resulting calculations may not be reliable enough to draw 
conclusions 

It is recommended to have 10-15 or more distinct observations 
for accurate and meaningful results. 

Data appear Normal at 5% Significance Level 

95% KM (t) UCL 

95% KM (Percentile 
Bootstrap) UCL 
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Table B-2.  Summary of ProUCL Comments and UCL Calculation Methods 

Detected 
Analyte/COPC ProUCL Comment 

UCL Calculation 
Method 

Data not Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

Nitrate Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

95% KM 
(Chebyshev) UCL 

Nitrite Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Nitrite was not processed! 

Not Processed 

Selenium Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data follow Appr. Gamma Distribution at 5% Significance Level 

 

95% KM (Percentile 
Bootstrap) UCL 

 

Silver Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Silver was not processed! 

Not Processed 

Strontium Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

Use 95% 
Approximate 
Gamma UCL 

Strontium-90 Data not Normal at 5% Significance Level 95% KM (t) UCL 

Styrene Warning: Data set has only 2 Distinct Detected Values. 

This may not be adequate enough to compute meaningful and 
reliable test statistics and estimates. 

The Project Team may decide to use alternative site specific 
values to estimate environmental parameters (e.g., EPC, BTV). 

The number of detected data may not be adequate enough to 
perform GOF tests, bootstrap, and ROS methods. 

Those methods will return a 'N/A' value on your output display! 

Unless Data Quality Objectives (DQOs) have been met, it is 
suggested to collect additional observations. 

It is necessary to have 4 or more Distinct Values for bootstrap 
methods. 

However, results obtained using 4 to 9 distinct values may not be 
reliable. 

It is recommended to have 10 to 15 or more observations for 
accurate and meaningful results and estimates. 

Data not Normal at 5% Significance Level 

95% KM (t) UCL 

95% KM (% 
Bootstrap) UCL 
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Table B-2.  Summary of ProUCL Comments and UCL Calculation Methods 

Detected 
Analyte/COPC ProUCL Comment 

UCL Calculation 
Method 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

Sulfate Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

Use 95% 
Approximate 
Gamma UCL 

 

Thallium Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Thallium was not processed! 

 

Not Processed 

Tin Warning:  There are only 3 Distinct Detected Values in this data 
set 

The number of detected data may not be adequate enough to 
perform GOF tests, bootstrap, and ROS methods. 

Those methods will return a 'N/A' value on your output display! 

It is necessary to have 4 or more Distinct Values for bootstrap 
methods. 

However, results obtained using 4 to 9 distinct values may not be 
reliable. 

It is recommended to have 10 to 15 or more observations for 
accurate and meaningful results and estimates. 

Data appear Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data not Gamma Distributed at 5% Significance Level 

 

95% KM (t) UCL 

95% KM (Percentile 
Bootstrap) UCL 

 

Toluene Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Toluene was not processed! 

Not Processed 

Trichloroethene Data not Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

95% KM (t) UCL 

Tritium 
Data not Normal at 5% Significance Level 

99% KM 
(Chebyshev) UCL 

Uranium Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 
Use 95% 
Chebyshev (Mean, 
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Table B-2.  Summary of ProUCL Comments and UCL Calculation Methods 

Detected 
Analyte/COPC ProUCL Comment 

UCL Calculation 
Method 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

Sd) UCL 

Vanadium 
Data appear Normal at 5% Significance Level 

Data appear Lognormal at 5% Significance Level 

Data appear Gamma Distributed at 5% Significance Level 

95% KM (t) UCL 

95% KM (Percentile 
Bootstrap) UCL 

 

Xylenes (total) Warning: Only one distinct data value was detected! ProUCL (or 
any other software) should not be used on such a data set! 

It is suggested to use alternative site specific values determined 
by the Project Team to estimate environmental parameters (e.g., 
EPC, BTV). 

The data set for variable Xylenes (total) was not processed! 

Not Processed 

Zinc Data not Normal at 5% Significance Level 

Data not Lognormal at 5% Significance Level 

Data do not follow a Discernable Distribution (0.05) 

Data not Gamma Distributed at 5% Significance Level 

95% KM 
(Chebyshev) UCL 

Notes: 

KM (BCA) UCL:  UCL based upon Kaplan-Meier Estimates using the Bias Corrected Accelerated Percentile 
Bootstrap Method 

KM (t) UCL:  UCL based upon Kaplan-Meier Estimates using Student’s t-Distribution Critical Value 

KM (% Bootstrap) UCL:  UCL based upon Kaplan-Meier Estimates using the Percentile Bootstrap Method. 

KM (Chebyshev) UCL:  UCL based upon Kaplan-Meier Estimates using the Chebyshev Inequality 

  
The 100-KR-4 OU groundwater data set is highly skewed or left-censored (i.e., they contain a significant 
number of results reported below detection limits).  Determination of the distribution of left-censored data 
sets, especially when a large percentage (> 40% -50%) of observations are censored, because they are 
nondetected, is very difficult (EPA/600/R-07/038).  The 100-KR-4 OU data set generally does not fit 
either normal or lognormal distributions as demonstrated by the comments generated in the ProUCL 
output.   

Skewed or highly censored data sets present problems in calculating the UCL, as well.  Reviewing the 
ProUCL output, the majority (58%) of the recommended calculation methods use Kaplan–Meier 
estimates.  Estimation methods such as the Kaplan-Meier estimates yield reasonably good 95UCLs 
(providing adequate coverage for the population mean) for symmetric or mildly-skewed distributions, but 
may not perform well on a data set obtained from moderately- or highly-skewed distributions, such as the 
100-KR-4 OU data set  (EPA/600/R-06/022, On the Computation of 95% Upper Confidence Limit of the 
Unknown Population Mean Based Upon Data Sets with Below Detection Limit Observations). 

In evaluating the reliability of the 95UCL values generated by the ProUCL software, the following 
subsections summarize the characteristics of the 100-KR-4 OU data set with respect to 1) left-censoring 
or skewness, 2) adequate number of detected results, and 3) variance of the data. 
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B.3 Number of Less-than-Detectable Results Reported for the 100-KR-4 Operable 
Unit Data Set 

As previously mentioned, the 100-KR-4 OU data set contained results reported at less than the detection 
limits and is considered left-censored.  A summary of the number of less-than-detectable results reported 
for the 100-KR-4 data set is provided in Table B-3. 

B.4 Number of Detectable Results for the 100-KR-4 Operable Unit Data Set 

Several detected analytes/COPCs had insufficient detectable results to enable the ProUCL software to 
calculate reliable and meaningful results.  A summary of the number of detectable results for the 100-KR-
4 data set is provided in Table B-3. 

B.5 Coefficient of Variation for the 100-KR-4 Operable Unit Data Set 

A large sample variance indicates that the data are not clustered close to the mean. A small sample 
variance (relative to the mean) indicates that most of the data are near the mean. The sample variance is 
affected by extreme values and by a large number of non-detects.  Guidelines in the EPA/240/B-06/003, 
Data Quality Assessment:  Statistical Methods for Practitioners provide recommendations regarding 
statistical parameters to use for different values of CV, when censoring is present in data sets.  
Coefficients of variation greater than 0.5 is the threshold value used in EPA/240/B-06/003 for using an 
upper percentile value, instead of mean-based value, for a statistical parameter.  The CVs for the 100-KR-
4 dataset are provided in Table B-3.  

Table B-3.  Data Set Summary by Detected Analyte/COPC for 100-KR-4 Operable Unit Data Set 

Detected 
Analyte/COP

C 
Number of 

Detects 
Number of 
Nondetects 

Frequency 
of 

Nondetects 

Sufficient 
Percentage 
of Detectsa 

Coefficient 
of Variation 

Coefficient 
of Variation 

>0.5b 

Acetonec 1 53 98% No N/A -- 

Aluminum 22 32 59% No 0.49 No 

Arsenic 47 7 13% Yes 0.52 Yes 

Barium 54 0 0% Yes 0.26 No 

Berylliumc 
1 53 98% No N/A -- 

Boron 16 20 56% No 0.91 Yes 

Bromodichlorom
ethanec 

5 49 91% No 0.20 No 

Bromomethane 21 33 61% No 0.67 Yes 

Cadmiumc 1 53 98% No N/A -- 

Carbon-14 31 23 43% Yes 2.1 Yes 

Chloride 54 0 0% Yes 0.56 Yes 

Chlorobenzenec 1 53 98% No N/A -- 

Chloroform 35 19 35% Yes 1.2 Yes 
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Table B-3.  Data Set Summary by Detected Analyte/COPC for 100-KR-4 Operable Unit Data Set 

Detected 
Analyte/COP

C 
Number of 

Detects 
Number of 
Nondetects 

Frequency 
of 

Nondetects 

Sufficient 
Percentage 
of Detectsa 

Coefficient 
of Variation 

Coefficient 
of Variation 

>0.5b 

Chromium 54 0 0% Yes 1.3 Yes 

Cobalt 20 34 63% No 1.2 Yes 

Copper 25 29 54% No 0.99 Yes 

Fluoride 41 13 24% Yes 0.48 No 

Hexavalent 
Chromium 

38 16 30% Yes 1.2 Yes 

Iron 42 12 22% Yes 1.5 Yes 

Leadc 3 51 94% No 1.5 Yes 

Lithium 33 3 8% Yes 0.66 Yes 

Manganese 11 43 80% No 1.0 Yes 

Molybdenum 36 0 0% Yes 0.60 Yes 

Nickelc 4 50 93% No 0.68 Yes 

Nitrate 51 3 6% Yes 0.87 Yes 

Nitritec 1 53 98% No N/A -- 

Selenium 42 12 22% Yes 0.46 No 

Silverc 1 53 98% No N/A -- 

Strontium 54 0 0% Yes 0.28 No 

Strontium-90 10 44 81% No 1.0 Yes 

Styrenec 2 52 96% No 0.39 No 

Sulfate 54 0 0% Yes 0.52 Yes 

Thalliumc 1 53 98% No N/A Yes 

Tinc 3 33 92% No 1.3 Yes 

Toluenec 1 53 98% No N/A -- 

Trichloroethene 20 34 63% No 0.86 Yes 

Tritium 40 14 26% Yes 2.8 Yes 

Uranium 54 0 0% Yes 0.78 Yes 

Vanadium 23 31 57% No 0.25 No 

Xylenes (total)c 1 53 98% No N/A -- 

Zinc 18 36 67% No 1.7 Yes 
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Table B-3.  Data Set Summary by Detected Analyte/COPC for 100-KR-4 Operable Unit Data Set 

Detected 
Analyte/COP

C 
Number of 

Detects 
Number of 
Nondetects 

Frequency 
of 

Nondetects 

Sufficient 
Percentage 
of Detectsa 

Coefficient 
of Variation 

Coefficient 
of Variation 

>0.5b 

Notes: 

a.  A sufficient number of detections is considered to be 50% or more. 

b. Coefficient of Variation = Standard Deviation / Mean.  Data is considered variable if the CV is greater than 
0.5. 

c. The number of detected results is insufficient for ProUCL to calculate meaningful and reliable results. 

COPC = contaminant of potential concern 

Shading indicates those COPCs that have a sufficient number of results, a sufficient number of detects, and a 
coefficient of variation less than 0.5. 

  

B.6 Statistical Summary Results Reported for the 100-KR-4 Operable Unit Data Set 

Table B-3 summarizes the detected analytes/COPCs with respect to sufficient number of detectable 
results, the percentage of detected results (left-censored indicator), and the CV.  Those COPCs that had a 
sufficient number of results above detection limits and a coefficient of variation less than 0.5 are shaded, 
for clarity. The COPCs that have data sets that could provide generally reliable 95UCL values are barium, 
fluoride, selenium, and strontium. The percentage values associated with this information are provided in 
Table B-4. 

Table B-4.  General Summary of Data Set for 100-KR-4 Operable Unit 

Operable Unit 

Number of Detected 
Results Sufficient % Detected Sufficient Coefficient of Variation>0.5 

No Yes %No No Yes %No No Yes %Yes 

100-KR-4 14 27 34% 24 17 59% 8 25 76% 

 

B.7 ProUCL Output 

The ProUCL output generated for the 100-KR-4 OU data set is provided in Table B-5.  This table is 
provided as an electronic attachment (formatted for on-screen viewing) in the Excel workbook “ECF-
100KR4-0472 EPC Calculation Worksheet.xlsx” that accompanies this environmental calculation. 
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Table A-1.  100-KR-4 Operable Unit Example Analytical Data Used for 90th Percentile Calculation

Acetone D_Acetone

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.34 0 32 0.34 0

2 0.34 0 33 0.34 0

3 0.34 0 34 0.34 0

4 0.34 0 35 0.34 0

5 0.34 0 36 1 0

6 0.34 0 37 1 0

7 0.34 0 38 1 0

8 0.34 0 39 1 0

9 0.34 0 40 1 0

10 0.34 0 41 1 0

11 0.34 0 42 1 0

12 0.34 0 43 1 0

13 0.34 0 44 1 0

14 0.34 0 45 1 0

15 0.34 0 46 1 0

16 0.34 0 47 1 0

17 0.34 0 48 1 0

18 0.34 0 49 1 0

19 0.34 0 50 1 0

20 0.34 0 51 1 0

21 0.34 0 52 1 0

22 0.34 0 53 1 0

23 0.34 0 54 5.12 1

24 0.34 0

25 0.34 0

26 0.34 0

27 0.34 0

28 0.34 0

29 0.34 0

30 0.34 0

31 0.34 0
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Aluminum D_Aluminum

detects 22

nondetects 32

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 32.65

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 7.5 1 32 10 0

2 10 0 33 10 0

3 10 0 34 11.8 1

4 10 0 35 13.1 1

5 10 0 36 13.3 1

6 10 0 37 13.6 1

7 10 0 38 14 1

8 10 0 39 14.3 1

9 10 0 40 16.2 1

10 10 0 41 16.7 1

11 10 0 42 17 1

12 10 0 43 17.4 1

13 10 0 44 20.1 1

14 10 0 45 20.1 1

15 10 0 46 22.8 1

16 10 0 47 27.5 1

17 10 0 48 28.2 1

18 10 0 49 32.3 1

19 10 0 50 33 1

20 10 0 51 37 1

21 10 0 52 37.2 1

22 10 0 53 43.1 1

23 10 0 54 48.9 1

24 10 0

25 10 0

26 10 0

27 10 0

28 10 0

29 10 0

30 10 0

31 10 0
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Arsenic D_Arsenic

detects 47

nondetects 7

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 5.315

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.8 0 32 3.11 1

2 0.8 0 33 3.11 1

3 0.8 0 34 3.22 1

4 0.8 0 35 3.3 1

5 0.8 0 36 3.31 1

6 0.8 0 37 3.48 1

7 0.8 0 38 3.54 1

8 0.856 1 39 3.6 1

9 0.868 1 40 3.87 1

10 0.946 1 41 4.03 1

11 0.983 1 42 4.24 1

12 1.14 1 43 4.33 1

13 1.29 1 44 4.39 1

14 1.3 1 45 4.46 1

15 1.52 1 46 4.5 1

16 1.73 1 47 4.62 1

17 1.77 1 48 4.76 1

18 1.83 1 49 5 1

19 1.86 1 50 5.63 1

20 1.94 1 51 5.73 1

21 2.03 1 52 6.4 1

22 2.07 1 53 7.2 1

23 2.15 1 54 7.34 1

24 2.18 1

25 2.21 1

26 2.39 1

27 2.43 1

28 2.43 1

29 2.55 1

30 2.9 1

31 3.03 1
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Barium D_Barium

detects 54

nondetects 0

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 45.45

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 19.2 1 32 30.9 1

2 20.3 1 33 31.3 1

3 20.8 1 34 31.6 1

4 21.7 1 35 31.8 1

5 21.9 1 36 31.9 1

6 23.2 1 37 32.4 1

7 23.3 1 38 32.6 1

8 23.3 1 39 33 1

9 24 1 40 34 1

10 24.1 1 41 35.3 1

11 25.7 1 42 35.9 1

12 25.7 1 43 36 1

13 25.8 1 44 36.2 1

14 25.9 1 45 37.8 1

15 26.4 1 46 37.8 1

16 26.5 1 47 38 1

17 26.5 1 48 40.7 1

18 26.9 1 49 45 1

19 26.9 1 50 45.9 1

20 27.3 1 51 46.6 1

21 27.5 1 52 48.6 1

22 27.5 1 53 52.7 1

23 27.6 1 54 53.5 1

24 27.8 1

25 28.2 1

26 28.6 1

27 29 1

28 29 1

29 29.9 1

30 30 1

31 30.8 1
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Beryllium D_Beryllium

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 0.1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.1 0 32 0.1 0

2 0.1 0 33 0.1 0

3 0.1 0 34 0.1 0

4 0.1 0 35 0.1 0

5 0.1 0 36 0.1 0

6 0.1 0 37 0.1 0

7 0.1 0 38 0.1 0

8 0.1 0 39 0.1 0

9 0.1 0 40 0.1 0

10 0.1 0 41 0.1 0

11 0.1 0 42 0.1 0

12 0.1 0 43 0.1 0

13 0.1 0 44 0.1 0

14 0.1 0 45 0.1 0

15 0.1 0 46 0.1 0

16 0.1 0 47 0.1 0

17 0.1 0 48 0.1 0

18 0.1 0 49 0.1 0

19 0.1 0 50 0.1 0

20 0.1 0 51 0.1 0

21 0.1 0 52 0.1 0

22 0.1 0 53 0.11 0

23 0.1 0 54 0.226 1

24 0.1 0

25 0.1 0

26 0.1 0

27 0.1 0

28 0.1 0

29 0.1 0

30 0.1 0

31 0.1 0
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Boron D_Boron

detects 16

nondetects 20

n (number of values) 36

p (percentile) 90

k (position in sequence) 33.3

mean 90th percentile 45.5

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 12.9 1 32 40 1

2 19 0 33 40 1

3 19 0 34 51 1

4 19 0 35 71 1

5 19 0 36 155 1

6 19 0

7 19 0

8 19 0

9 19 0

10 19 0

11 19 0

12 19 0

13 19 0

14 19 0

15 19 0

16 19 0

17 19 0

18 19 0

19 19 0

20 19 0

21 19 0

22 20 1

23 20 1

24 21 1

25 21.6 1

26 22.9 1

27 23 1

28 25 1

29 25 1

30 27 1

31 31 1
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Bromodichloromethane D_Bromodichloromethane

detects 5

nondetects 49

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.082 0 32 0.1 1

2 0.082 0 33 0.11 1

3 0.082 0 34 0.13 1

4 0.082 0 35 0.15 1

5 0.082 0 36 0.16 1

6 0.082 0 37 1 0

7 0.082 0 38 1 0

8 0.082 0 39 1 0

9 0.082 0 40 1 0

10 0.082 0 41 1 0

11 0.082 0 42 1 0

12 0.082 0 43 1 0

13 0.082 0 44 1 0

14 0.082 0 45 1 0

15 0.082 0 46 1 0

16 0.082 0 47 1 0

17 0.088 0 48 1 0

18 0.088 0 49 1 0

19 0.088 0 50 1 0

20 0.088 0 51 1 0

21 0.088 0 52 1 0

22 0.088 0 53 1 0

23 0.088 0 54 1 0

24 0.088 0

25 0.088 0

26 0.088 0

27 0.088 0

28 0.088 0

29 0.088 0

30 0.088 0

31 0.088 0
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Bromomethane D_Bromomethane

detects 21

nondetects 33

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.084 0 32 1 0

2 0.084 0 33 1 0

3 0.084 0 34 1 0

4 0.084 0 35 1 0

5 0.084 0 36 1 0

6 0.084 0 37 1 0

7 0.084 0 38 1 0

8 0.084 0 39 1 0

9 0.084 0 40 1 0

10 0.084 0 41 1 0

11 0.11 1 42 1 0

12 0.12 1 43 1 1

13 0.12 1 44 1 0

14 0.13 0 45 1 0

15 0.13 0 46 1 0

16 0.13 0 47 1 1

17 0.13 1 48 1 0

18 0.13 0 49 1 0

19 0.13 0 50 1 0

20 0.14 1 51 1.1 1

21 0.17 1 52 1.1 1

22 0.18 1 53 1.1 1

23 0.19 1 54 1.6 1

24 0.91 1

25 0.95 1

26 0.95 1

27 0.96 1

28 0.97 1

29 0.97 1

30 0.98 1

31 1 0

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-488



Cadmium D_Cadmium

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 0.2

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.055 0 32 0.2 0

2 0.2 0 33 0.2 0

3 0.2 0 34 0.2 0

4 0.2 0 35 0.2 0

5 0.2 0 36 0.2 0

6 0.2 0 37 0.2 0

7 0.2 0 38 0.2 0

8 0.2 0 39 0.2 0

9 0.2 0 40 0.2 0

10 0.2 0 41 0.2 0

11 0.2 0 42 0.2 0

12 0.2 0 43 0.2 0

13 0.2 0 44 0.2 0

14 0.2 0 45 0.2 0

15 0.2 0 46 0.2 0

16 0.2 0 47 0.2 0

17 0.2 0 48 0.2 0

18 0.2 0 49 0.2 0

19 0.2 0 50 0.2 0

20 0.2 0 51 0.2 0

21 0.2 0 52 0.2 0

22 0.2 0 53 0.2 0

23 0.2 0 54 0.307 1

24 0.2 0

25 0.2 0

26 0.2 0

27 0.2 0

28 0.2 0

29 0.2 0

30 0.2 0

31 0.2 0
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Carbon-14 D_Carbon-14

detects 31

nondetects 23

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1465

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 -3.72 0 32 66.4 1

2 -0.854 0 33 108 1

3 -0.62 0 34 115 1

4 -0.261 0 35 121 1

5 -0.1 0 36 140 1

6 -0.00142 0 37 166 1

7 0.132 0 38 172 1

8 0.162 0 39 179 1

9 0.601 0 40 209 1

10 0.67 0 41 214 1

11 1.44 0 42 219 1

12 2.66 0 43 263 1

13 2.77 0 44 334 1

14 2.93 0 45 436 1

15 4.49 0 46 599 1

16 4.68 0 47 679 1

17 4.82 0 48 955 1

18 4.98 0 49 1020 1

19 6.05 0 50 1910 1

20 6.11 0 51 3880 1

21 6.35 0 52 3970 1

22 7.14 0 53 6770 1

23 7.16 0 54 10100 1

24 10.8 1

25 12 1

26 17 1

27 21.5 1

28 23.4 1

29 30.2 1

30 63.6 1

31 64.3 1
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Chloride D_Chloride

detects 54

nondetects 0

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 26050

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 1090 1 32 14800 1

2 1270 1 33 15000 1

3 1530 1 34 15100 1

4 5430 1 35 15200 1

5 5960 1 36 16200 1

6 6260 1 37 17400 1

7 6280 1 38 17700 1

8 6530 1 39 17700 1

9 6620 1 40 17900 1

10 7230 1 41 18000 1

11 7390 1 42 18400 1

12 7470 1 43 18600 1

13 8070 1 44 20100 1

14 8070 1 45 20400 1

15 8240 1 46 20500 1

16 9260 1 47 24400 1

17 9500 1 48 24600 1

18 9920 1 49 25600 1

19 10500 1 50 26500 1

20 10800 1 51 28200 1

21 11700 1 52 29600 1

22 11900 1 53 36000 1

23 11900 1 54 36000 1

24 12000 1

25 12000 1

26 12300 1

27 12500 1

28 13300 1

29 13900 1

30 14000 1

31 14300 1
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Chlorobenzene D_Chlorobenzene

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.15 0 32 0.15 0

2 0.15 0 33 0.15 0

3 0.15 0 34 0.15 0

4 0.15 0 35 0.15 0

5 0.15 0 36 0.17 1

6 0.15 0 37 1 0

7 0.15 0 38 1 0

8 0.15 0 39 1 0

9 0.15 0 40 1 0

10 0.15 0 41 1 0

11 0.15 0 42 1 0

12 0.15 0 43 1 0

13 0.15 0 44 1 0

14 0.15 0 45 1 0

15 0.15 0 46 1 0

16 0.15 0 47 1 0

17 0.15 0 48 1 0

18 0.15 0 49 1 0

19 0.15 0 50 1 0

20 0.15 0 51 1 0

21 0.15 0 52 1 0

22 0.15 0 53 1 0

23 0.15 0 54 1 0

24 0.15 0

25 0.15 0

26 0.15 0

27 0.15 0

28 0.15 0

29 0.15 0

30 0.15 0

31 0.15 0

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-492



Chloroform D_Chloroform

detects 35

nondetects 19

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 2.15

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.1 0 32 1 1

2 0.1 0 33 1 0

3 0.1 0 34 1 0

4 0.1 0 35 1 0

5 0.1 0 36 1 0

6 0.11 1 37 1 0

7 0.13 1 38 1 0

8 0.14 1 39 1 0

9 0.14 1 40 1 0

10 0.18 1 41 1 0

11 0.24 1 42 1 0

12 0.29 1 43 1 0

13 0.33 1 44 1.2 1

14 0.36 1 45 1.2 1

15 0.48 1 46 2 1

16 0.49 1 47 2.1 1

17 0.55 1 48 2.1 1

18 0.57 1 49 2.1 1

19 0.6 1 50 2.2 1

20 0.64 1 51 2.3 1

21 0.67 1 52 5.6 1

22 0.7 1 53 6.2 1

23 0.73 1 54 6.3 1

24 0.76 1

25 0.79 1

26 0.86 1

27 0.87 1

28 0.91 1

29 1 0

30 1 0

31 1 0
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Chromium D_Chromium

detects 54

nondetects 0

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 121

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 1.19 1 32 26.4 1

2 1.21 1 33 26.4 1

3 2 1 34 38.7 1

4 2.38 1 35 40.7 1

5 2.52 1 36 41.6 1

6 3.14 1 37 47.8 1

7 3.7 1 38 48.9 1

8 3.88 1 39 51.5 1

9 4.03 1 40 51.7 1

10 4.41 1 41 56.5 1

11 4.42 1 42 60.9 1

12 5.16 1 43 61.4 1

13 5.48 1 44 63.3 1

14 5.54 1 45 70.3 1

15 5.6 1 46 88.9 1

16 5.96 1 47 90.9 1

17 6.19 1 48 116 1

18 6.58 1 49 117 1

19 6.69 1 50 125 1

20 7.26 1 51 155 1

21 7.4 1 52 187 1

22 7.47 1 53 190 1

23 7.8 1 54 203 1

24 9.18 1

25 9.23 1

26 10.7 1

27 12.5 1

28 14.1 1

29 14.4 1

30 16.2 1

31 19.2 1
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Cobalt D_Cobalt

detects 20

nondetects 34

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 0.257

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.1 0 32 0.1 0

2 0.1 0 33 0.1 0

3 0.1 0 34 0.104 1

4 0.1 0 35 0.107 1

5 0.1 0 36 0.109 1

6 0.1 0 37 0.112 1

7 0.1 0 38 0.121 1

8 0.1 0 39 0.124 1

9 0.1 0 40 0.132 1

10 0.1 0 41 0.138 1

11 0.1 0 42 0.145 1

12 0.1 0 43 0.147 1

13 0.1 0 44 0.157 1

14 0.1 0 45 0.17 1

15 0.1 0 46 0.192 1

16 0.1 0 47 0.196 1

17 0.1 0 48 0.22 0

18 0.1 0 49 0.256 1

19 0.1 0 50 0.258 1

20 0.1 0 51 0.321 1

21 0.1 0 52 0.624 1

22 0.1 0 53 0.889 1

23 0.1 0 54 1.42 1

24 0.1 0

25 0.1 0

26 0.1 0

27 0.1 0

28 0.1 0

29 0.1 0

30 0.1 0

31 0.1 0
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Copper D_Copper

detects 25

nondetects 29

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1.272

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.2 0 32 0.291 1

2 0.2 0 33 0.298 1

3 0.2 0 34 0.372 1

4 0.2 0 35 0.379 1

5 0.2 0 36 0.38 1

6 0.2 0 37 0.398 1

7 0.2 0 38 0.443 1

8 0.2 0 39 0.512 1

9 0.2 0 40 0.524 1

10 0.2 0 41 0.528 1

11 0.2 0 42 0.555 1

12 0.2 0 43 0.556 1

13 0.2 0 44 0.58 1

14 0.2 0 45 0.596 1

15 0.2 0 46 0.605 1

16 0.2 0 47 0.675 1

17 0.2 0 48 0.893 1

18 0.2 0 49 0.974 1

19 0.2 0 50 1.57 1

20 0.2 0 51 1.7 1

21 0.2 0 52 2.19 1

22 0.2 0 53 2.5 1

23 0.2 0 54 3.85 1

24 0.2 0

25 0.2 0

26 0.2 0

27 0.2 0

28 0.2 0

29 0.2 0

30 0.218 1

31 0.248 1
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Fluoride D_Fluoride

detects 41

nondetects 13

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 332

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 30 0 32 160 1

2 45 1 33 175 1

3 60 0 34 187 1

4 60 0 35 189 1

5 60 0 36 198 1

6 60 0 37 200 1

7 60 0 38 200 1

8 60 0 39 201 1

9 60 0 40 222 1

10 60 0 41 228 1

11 60 0 42 230 1

12 60 0 43 235 1

13 61 1 44 250 1

14 66.5 1 45 252 1

15 67.8 0 46 260 1

16 67.8 0 47 281 1

17 68.9 1 48 320 1

18 73.9 1 49 327 1

19 74.3 1 50 337 1

20 84.6 1 51 343 1

21 93.7 1 52 347 1

22 106 1 53 354 1

23 131 1 54 380 1

24 136 1

25 137 1

26 138 1

27 145 1

28 145 1

29 149 1

30 153 1

31 156 1
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Hexavalent Chromium D_Hexavalent Chromium

detects 38

nondetects 16

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 117

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 2 0 32 17 1

2 2 0 33 20.7 1

3 2 0 34 22.4 1

4 2 0 35 23.6 1

5 2 0 36 26.4 1

6 2 0 37 30.1 1

7 2 0 38 31.8 1

8 2 0 39 35 1

9 2 0 40 36.8 1

10 2 0 41 44.4 1

11 2 0 42 51.8 1

12 2 0 43 54.4 1

13 2.1 1 44 55.5 1

14 2.3 1 45 56.7 1

15 2.6 1 46 59.5 1

16 3.3 1 47 62.4 1

17 3.7 0 48 69.9 1

18 4.4 1 49 114 1

19 4.4 1 50 120 1

20 5.2 1 51 128 1

21 5.6 1 52 191 1

22 6 1 53 192 1

23 6 1 54 201 1

24 8.2 1

25 9.2 1

26 9.3 1

27 9.68 0

28 9.68 0

29 9.68 0

30 11.6 1

31 11.8 1
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Iron D_Iron

detects 42

nondetects 12

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 359.5

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 18 0 32 53 1

2 18 0 33 56.9 1

3 18 0 34 60.3 1

4 18 0 35 60.4 1

5 18 0 36 76 1

6 18 0 37 81 1

7 18 0 38 101 1

8 18 0 39 111 1

9 18 0 40 120 1

10 18 0 41 132 1

11 18 0 42 138 1

12 18 0 43 142 1

13 19.6 1 44 145 1

14 19.7 1 45 159 1

15 20 1 46 186 1

16 20.7 1 47 280 1

17 21 1 48 291 1

18 23.6 1 49 328 1

19 24.6 1 50 391 1

20 27.8 1 51 396 1

21 28.9 1 52 414 1

22 36.1 1 53 685 1

23 36.5 1 54 1280 1

24 38 1

25 38.2 1

26 39.7 1

27 41.2 1

28 41.4 1

29 43 1

30 45 1

31 50.3 1
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Lead D_Lead

detects 3

nondetects 51

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 0.2

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.17 0 32 0.2 0

2 0.2 0 33 0.2 0

3 0.2 0 34 0.2 0

4 0.2 0 35 0.2 0

5 0.2 0 36 0.2 0

6 0.2 0 37 0.2 0

7 0.2 0 38 0.2 0

8 0.2 0 39 0.2 0

9 0.2 0 40 0.2 0

10 0.2 0 41 0.2 0

11 0.2 0 42 0.2 0

12 0.2 0 43 0.2 0

13 0.2 0 44 0.2 0

14 0.2 0 45 0.2 0

15 0.2 0 46 0.2 0

16 0.2 0 47 0.2 0

17 0.2 0 48 0.2 0

18 0.2 0 49 0.2 0

19 0.2 0 50 0.2 0

20 0.2 0 51 0.2 0

21 0.2 0 52 0.364 1

22 0.2 0 53 0.907 1

23 0.2 0 54 16.4 1

24 0.2 0

25 0.2 0

26 0.2 0

27 0.2 0

28 0.2 0

29 0.2 0

30 0.2 0

31 0.2 0
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Lithium D_Lithium

detects 33

nondetects 3

n (number of values) 36

p (percentile) 90

k (position in sequence) 33.3

mean 90th percentile 22.5

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 4 0 32 20 1

2 4 0 33 21 1

3 4 0 34 24 1

4 4.1 1 35 25 1

5 4.2 1 36 29 1

6 4.6 1

7 4.9 1

8 5 1

9 5 1

10 5.2 1

11 5.3 1

12 5.5 1

13 5.7 1

14 5.8 1

15 5.9 1

16 6 1

17 6 1

18 6.2 1

19 6.3 1

20 7 1

21 8.1 1

22 8.2 1

23 10 1

24 10 1

25 11.5 1

26 16 1

27 16 1

28 17 1

29 19 1

30 20 1

31 20 1
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Manganese D_Manganese

detects 11

nondetects 43

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 11.35

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 3.3 0 32 4 0

2 3.3 0 33 4 0

3 3.3 0 34 4 0

4 3.3 0 35 4 0

5 3.3 0 36 4 0

6 4 0 37 4 0

7 4 0 38 4 0

8 4 0 39 4 0

9 4 0 40 4 0

10 4 0 41 4 0

11 4 0 42 4 0

12 4 0 43 4 0

13 4 0 44 4.3 1

14 4 0 45 6 1

15 4 0 46 9 1

16 4 0 47 9.2 1

17 4 0 48 9.9 1

18 4 0 49 10 1

19 4 0 50 12.7 1

20 4 0 51 14.2 1

21 4 0 52 39 1

22 4 0 53 58.7 1

23 4 0 54 70.2 1

24 4 0

25 4 0

26 4 0

27 4 0

28 4 0

29 4 0

30 4 0

31 4 0
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Molybdenum D_Molybdenum

detects 36

nondetects 0

n (number of values) 36

p (percentile) 90

k (position in sequence) 33.3

mean 90th percentile 5.25

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.171 1 32 4.79 1

2 0.199 1 33 4.85 1

3 0.479 1 34 5.65 1

4 0.792 1 35 6.57 1

5 0.848 1 36 8.83 1

6 0.976 1

7 1.02 1

8 1.22 1

9 1.77 1

10 1.87 1

11 2.3 1

12 2.36 1

13 2.42 1

14 2.65 1

15 2.71 1

16 2.81 1

17 2.83 1

18 2.85 1

19 2.89 1

20 2.91 1

21 2.92 1

22 3.43 1

23 3.77 1

24 3.85 1

25 3.9 1

26 3.95 1

27 4.33 1

28 4.37 1

29 4.42 1

30 4.45 1

31 4.6 1
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Nickel D_Nickel

detects 4

nondetects 50

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 4

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 4 0 32 4 0

2 4 0 33 4 0

3 4 0 34 4 0

4 4 0 35 4 0

5 4 0 36 4 0

6 4 0 37 4 0

7 4 0 38 4 0

8 4 0 39 4 0

9 4 0 40 4 0

10 4 0 41 4 0

11 4 0 42 4 0

12 4 0 43 4 0

13 4 0 44 4 0

14 4 0 45 4 0

15 4 0 46 4 0

16 4 0 47 4 0

17 4 0 48 4 0

18 4 0 49 4 0

19 4 0 50 4 0

20 4 0 51 4.6 1

21 4 0 52 68.1 1

22 4 0 53 105 1

23 4 0 54 109 1

24 4 0

25 4 0

26 4 0

27 4 0

28 4 0

29 4 0

30 4 0

31 4 0
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Nitrate D_Nitrate

detects 51

nondetects 3

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 71700

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 178 0 32 23400 1

2 178 0 33 23500 1

3 178 0 34 24126.1 1

4 726 1 35 24200 1

5 1360 1 36 24600 1

6 2253.24 1 37 24800 1

7 3810 1 38 25000 1

8 4360.4 1 39 31600 1

9 5580 1 40 38300 1

10 7480 1 41 40500 1

11 8233.85 1 42 41921.8 1

12 8320 1 43 49100 1

13 8455.19 1 44 50022.8 1

14 8680 1 45 50900 1

15 8850 1 46 58000 1

16 8990 1 47 61500 1

17 9606.16 1 48 65500 1

18 10403 1 49 70400 1

19 10500 1 50 73000 1

20 12200 1 51 76600 1

21 12600 1 52 76700 1

22 15006.9 1 53 84600 1

23 15600 1 54 96061.6 1

24 15700 1

25 15800 1

26 18400 1

27 20500 1

28 20600 1

29 20717.4 1

30 21425.7 1

31 21800 1
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Nitrite D_Nitrite

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 118.243

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 9.85 0 32 118 0

2 9.85 0 33 118 0

3 9.85 0 34 118 0

4 9.85 0 35 118 0

5 9.85 0 36 118 0

6 9.85 0 37 118 0

7 19.2 0 38 118 0

8 19.2 0 39 118.243 0

9 40 0 40 118.243 0

10 40 0 41 118.243 0

11 40 0 42 118.243 0

12 40 0 43 118.243 0

13 40 0 44 118.243 0

14 40 0 45 118.243 0

15 40 0 46 118.243 0

16 59.1 0 47 118.243 0

17 118 0 48 118.243 0

18 118 0 49 118.243 0

19 118 0 50 118.243 0

20 118 0 51 118.243 0

21 118 0 52 118.243 0

22 118 0 53 118.243 0

23 118 0 54 147 1

24 118 0

25 118 0

26 118 0

27 118 0

28 118 0

29 118 0

30 118 0

31 118 0
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Selenium D_Selenium

detects 42

nondetects 12

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 2.3

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.6 0 32 1.35 1

2 0.6 0 33 1.37 1

3 0.6 0 34 1.37 1

4 0.6 0 35 1.39 1

5 0.6 0 36 1.39 1

6 0.6 0 37 1.41 1

7 0.6 0 38 1.43 1

8 0.6 0 39 1.44 1

9 0.6 0 40 1.49 1

10 0.6 0 41 1.59 1

11 0.6 0 42 1.64 1

12 0.6 0 43 1.65 1

13 0.723 1 44 1.77 1

14 0.725 1 45 1.85 1

15 0.729 1 46 1.91 1

16 0.827 1 47 1.91 1

17 0.86 1 48 1.93 1

18 0.894 1 49 2.23 1

19 0.904 1 50 2.37 1

20 0.95 1 51 2.61 1

21 0.97 1 52 2.77 1

22 0.985 1 53 3.44 1

23 1.01 1 54 3.98 1

24 1.06 1

25 1.13 1

26 1.2 1

27 1.22 1

28 1.23 1

29 1.23 1

30 1.34 1

31 1.35 1
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Silver D_Silver

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 0.2

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.04 0 32 0.2 0

2 0.2 0 33 0.2 0

3 0.2 0 34 0.2 0

4 0.2 0 35 0.2 0

5 0.2 0 36 0.2 0

6 0.2 0 37 0.2 0

7 0.2 0 38 0.2 0

8 0.2 0 39 0.2 0

9 0.2 0 40 0.2 0

10 0.2 0 41 0.2 0

11 0.2 0 42 0.2 0

12 0.2 0 43 0.2 0

13 0.2 0 44 0.2 0

14 0.2 0 45 0.2 0

15 0.2 0 46 0.2 0

16 0.2 0 47 0.2 0

17 0.2 0 48 0.2 0

18 0.2 0 49 0.2 0

19 0.2 0 50 0.2 0

20 0.2 0 51 0.2 0

21 0.2 0 52 0.2 0

22 0.2 0 53 0.2 0

23 0.2 0 54 0.48 1

24 0.2 0

25 0.2 0

26 0.2 0

27 0.2 0

28 0.2 0

29 0.2 0

30 0.2 0

31 0.2 0
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Strontium D_Strontium

detects 54

nondetects 0

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 373

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 131 1 32 256 1

2 135 1 33 258 1

3 144 1 34 260 1

4 150 1 35 260 1

5 163 1 36 262 1

6 170 1 37 262 1

7 181 1 38 266 1

8 188 1 39 269 1

9 199 1 40 276 1

10 202 1 41 290 1

11 209 1 42 294 1

12 209 1 43 301 1

13 213 1 44 313 1

14 213 1 45 320 1

15 222 1 46 321 1

16 223 1 47 322 1

17 228 1 48 337 1

18 229 1 49 368 1

19 230 1 50 378 1

20 231 1 51 394 1

21 232 1 52 418 1

22 235 1 53 425 1

23 238 1 54 449 1

24 238 1

25 239 1

26 248 1

27 250 1

28 251 1

29 254 1

30 254 1

31 256 1
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Strontium-90 D_Strontium-90

detects 10

nondetects 44

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 7.25

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 -12 0 32 -2.5 0

2 -12 0 33 -2.4 0

3 -11 0 34 -2.2 0

4 -10 0 35 -1.6 0

5 -10 0 36 -1.5 0

6 -8.3 0 37 -1.4 0

7 -7.7 0 38 -1.3 0

8 -7.6 0 39 -1.3 0

9 -7.2 0 40 -1.3 0

10 -6.4 0 41 -0.81 0

11 -6.1 0 42 -0.76 0

12 -6 0 43 -0.6 0

13 -5.9 0 44 1.2 0

14 -5.6 0 45 2.6 1

15 -5.1 0 46 3.8 1

16 -4.9 0 47 4 1

17 -4.8 0 48 4.7 1

18 -4.8 0 49 6.3 1

19 -4.6 0 50 8.2 1

20 -4.3 0 51 8.5 1

21 -4.2 0 52 16 1

22 -3.9 0 53 30 1

23 -3.5 0 54 41 1

24 -3.4 0

25 -3.4 0

26 -3.2 0

27 -3.1 0

28 -3.1 0

29 -2.9 0

30 -2.7 0

31 -2.6 0

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-510



Styrene D_Styrene

detects 2

nondetects 52

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.036 0 32 0.074 0

2 0.036 0 33 0.074 0

3 0.036 0 34 0.074 0

4 0.036 0 35 0.12 1

5 0.036 0 36 0.21 1

6 0.036 0 37 1 0

7 0.036 0 38 1 0

8 0.036 0 39 1 0

9 0.036 0 40 1 0

10 0.036 0 41 1 0

11 0.036 0 42 1 0

12 0.036 0 43 1 0

13 0.036 0 44 1 0

14 0.036 0 45 1 0

15 0.036 0 46 1 0

16 0.036 0 47 1 0

17 0.036 0 48 1 0

18 0.036 0 49 1 0

19 0.074 0 50 1 0

20 0.074 0 51 1 0

21 0.074 0 52 1 0

22 0.074 0 53 1 0

23 0.074 0 54 1 0

24 0.074 0

25 0.074 0

26 0.074 0

27 0.074 0

28 0.074 0

29 0.074 0

30 0.074 0

31 0.074 0
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Sulfate D_Sulfate

detects 54

nondetects 0

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 77300

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 9020 1 32 40500 1

2 9940 1 33 40700 1

3 10400 1 34 42100 1

4 10800 1 35 45500 1

5 10800 1 36 49200 1

6 12400 1 37 50300 1

7 20000 1 38 50800 1

8 20700 1 39 54100 1

9 21800 1 40 54500 1

10 23400 1 41 54800 1

11 23900 1 42 55300 1

12 28400 1 43 55700 1

13 29100 1 44 56200 1

14 30300 1 45 56200 1

15 32400 1 46 58400 1

16 32400 1 47 63200 1

17 33200 1 48 71200 1

18 33800 1 49 74500 1

19 34200 1 50 80100 1

20 34900 1 51 90000 1

21 35500 1 52 90800 1

22 36200 1 53 94800 1

23 36600 1 54 100000 1

24 36700 1

25 37000 1

26 37200 1

27 37500 1

28 37700 1

29 38000 1

30 38100 1

31 39500 1
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Thallium D_Thallium

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 0.1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.1 0 32 0.1 0

2 0.1 0 33 0.1 0

3 0.1 0 34 0.1 0

4 0.1 0 35 0.1 0

5 0.1 0 36 0.1 0

6 0.1 0 37 0.1 0

7 0.1 0 38 0.1 0

8 0.1 0 39 0.1 0

9 0.1 0 40 0.1 0

10 0.1 0 41 0.1 0

11 0.1 0 42 0.1 0

12 0.1 0 43 0.1 0

13 0.1 0 44 0.1 0

14 0.1 0 45 0.1 0

15 0.1 0 46 0.1 0

16 0.1 0 47 0.1 0

17 0.1 0 48 0.1 0

18 0.1 0 49 0.1 0

19 0.1 0 50 0.1 0

20 0.1 0 51 0.1 0

21 0.1 0 52 0.1 0

22 0.1 0 53 0.1 0

23 0.1 0 54 1.5 1

24 0.1 0

25 0.1 0

26 0.1 0

27 0.1 0

28 0.1 0

29 0.1 0

30 0.1 0

31 0.1 0
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Tin D_Tin

detects 3

nondetects 33

n (number of values) 36

p (percentile) 90

k (position in sequence) 33.3

mean 90th percentile 0.106

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.1 0 32 0.1 0

2 0.1 0 33 0.1 0

3 0.1 0 34 0.112 1

4 0.1 0 35 0.177 1

5 0.1 0 36 1.5 1

6 0.1 0

7 0.1 0

8 0.1 0

9 0.1 0

10 0.1 0

11 0.1 0

12 0.1 0

13 0.1 0

14 0.1 0

15 0.1 0

16 0.1 0

17 0.1 0

18 0.1 0

19 0.1 0

20 0.1 0

21 0.1 0

22 0.1 0

23 0.1 0

24 0.1 0

25 0.1 0

26 0.1 0

27 0.1 0

28 0.1 0

29 0.1 0

30 0.1 0

31 0.1 0
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Toluene D_Toluene

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.062 0 32 0.072 0

2 0.062 0 33 0.072 0

3 0.062 0 34 0.072 0

4 0.062 0 35 0.072 0

5 0.062 0 36 0.12 1

6 0.062 0 37 1 0

7 0.062 0 38 1 0

8 0.062 0 39 1 0

9 0.062 0 40 1 0

10 0.062 0 41 1 0

11 0.062 0 42 1 0

12 0.062 0 43 1 0

13 0.062 0 44 1 0

14 0.062 0 45 1 0

15 0.062 0 46 1 0

16 0.062 0 47 1 0

17 0.062 0 48 1 0

18 0.062 0 49 1 0

19 0.072 0 50 1 0

20 0.072 0 51 1 0

21 0.072 0 52 1 0

22 0.072 0 53 1 0

23 0.072 0 54 1 0

24 0.072 0

25 0.072 0

26 0.072 0

27 0.072 0

28 0.072 0

29 0.072 0

30 0.072 0

31 0.072 0
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Trichloroethene D_Trichloroethene

detects 20

nondetects 34

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 3.8

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.21 0 32 1 0

2 0.21 0 33 1 0

3 0.21 0 34 1 0

4 0.21 0 35 1 0

5 0.21 0 36 1 0

6 0.21 0 37 1 0

7 0.21 0 38 1 0

8 0.21 0 39 1 0

9 0.21 0 40 1 0

10 0.21 0 41 1 0

11 0.21 0 42 1 0

12 0.21 0 43 1.6 1

13 0.21 0 44 1.6 1

14 0.21 0 45 2.8 1

15 0.21 0 46 2.9 1

16 0.21 0 47 3.1 1

17 0.21 0 48 3.7 1

18 0.21 0 49 3.7 1

19 0.21 0 50 3.9 1

20 0.21 0 51 4.1 1

21 0.22 1 52 4.2 1

22 0.25 1 53 7.1 1

23 0.39 1 54 7.4 1

24 0.54 1

25 0.55 1

26 0.6 1

27 0.89 1

28 0.98 1

29 1 0

30 1 0

31 1 0
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Tritium D_Tritium

detects 40

nondetects 14

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 34500

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 -53 0 32 1700 1

2 -14 0 33 1700 1

3 -13 0 34 1900 1

4 9 0 35 2300 1

5 26 0 36 2900 1

6 27 0 37 3400 1

7 38 0 38 3500 1

8 66 0 39 3900 1

9 81 0 40 4400 1

10 100 0 41 4600 1

11 120 0 42 5200 1

12 130 0 43 5800 1

13 150 0 44 6100 1

14 160 1 45 6300 1

15 160 1 46 12000 1

16 170 1 47 12000 1

17 170 0 48 12600 1

18 220 1 49 26000 1

19 230 1 50 43000 1

20 280 1 51 51000 1

21 290 1 52 95000 1

22 400 1 53 98000 1

23 400 1 54 290000 1

24 420 1

25 550 1

26 590 1

27 680 1

28 1100 1

29 1200 1

30 1500 1

31 1500 1
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Uranium D_Uranium

detects 54

nondetects 0

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 7.425

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.381 1 32 2.38 1

2 0.41 1 33 2.43 1

3 0.557 1 34 2.46 1

4 0.644 1 35 2.7 1

5 0.649 1 36 2.82 1

6 0.666 1 37 2.86 1

7 0.792 1 38 3.08 1

8 1.07 1 39 3.53 1

9 1.19 1 40 3.66 1

10 1.24 1 41 4.73 1

11 1.33 1 42 4.81 1

12 1.46 1 43 5.09 1

13 1.72 1 44 5.34 1

14 1.75 1 45 5.35 1

15 1.81 1 46 5.73 1

16 1.84 1 47 5.78 1

17 1.88 1 48 6.25 1

18 2 1 49 7.33 1

19 2.01 1 50 7.52 1

20 2.07 1 51 7.58 1

21 2.07 1 52 9.17 1

22 2.07 1 53 9.5 1

23 2.08 1 54 10.5 1

24 2.1 1

25 2.16 1

26 2.17 1

27 2.21 1

28 2.22 1

29 2.23 1

30 2.24 1

31 2.29 1
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Vanadium D_Vanadium

detects 23

nondetects 31

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 19.5

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 4.1 0 32 12 0

2 4.1 0 33 12 0

3 4.1 0 34 12 0

4 10 1 35 12.6 1

5 10.1 1 36 13 1

6 12 0 37 13.1 1

7 12 0 38 13.9 1

8 12 1 39 14 1

9 12 0 40 14.7 1

10 12 0 41 15 1

11 12 0 42 15.2 1

12 12 0 43 16.3 1

13 12 0 44 18 1

14 12 0 45 18 1

15 12 0 46 18.3 1

16 12 0 47 18.4 1

17 12 0 48 18.5 1

18 12 0 49 19 1

19 12 0 50 20 1

20 12 0 51 20.7 1

21 12 0 52 22 1

22 12 0 53 24.5 1

23 12 0 54 25.6 1

24 12 0

25 12 0

26 12 0

27 12 0

28 12 0

29 12 0

30 12 0

31 12 0
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Xylenes (total) D_Xylenes (total)

detects 1

nondetects 53

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 1

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 0.11 0 32 0.2 0

2 0.11 0 33 0.2 0

3 0.11 0 34 0.2 0

4 0.11 0 35 0.2 0

5 0.11 0 36 0.24 1

6 0.11 0 37 1 0

7 0.11 0 38 1 0

8 0.11 0 39 1 0

9 0.11 0 40 1 0

10 0.11 0 41 1 0

11 0.11 0 42 1 0

12 0.11 0 43 1 0

13 0.11 0 44 1 0

14 0.11 0 45 1 0

15 0.11 0 46 1 0

16 0.11 0 47 1 0

17 0.11 0 48 1 0

18 0.11 0 49 1 0

19 0.2 0 50 1 0

20 0.2 0 51 1 0

21 0.2 0 52 1 0

22 0.2 0 53 1 0

23 0.2 0 54 1 0

24 0.2 0

25 0.2 0

26 0.2 0

27 0.2 0

28 0.2 0

29 0.2 0

30 0.2 0

31 0.2 0
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Zinc D_Zinc

detects 18

nondetects 36

n (number of values) 54

p (percentile) 90

k (position in sequence) 49.5

mean 90th percentile 302.5

Rank µg/L
Det. = 1 

Nondet. = 0 Rank µg/L
Det. = 1 

Nondet. = 0

1 5.2 0 32 6 0

2 5.2 0 33 6 0

3 5.2 0 34 6 0

4 5.2 0 35 6 0

5 5.2 0 36 6 0

6 6 0 37 6 0

7 6 0 38 8 1

8 6 0 39 8 1

9 6 0 40 8.4 1

10 6 0 41 10.4 1

11 6 0 42 10.9 1

12 6 0 43 13.1 1

13 6 0 44 14 1

14 6 0 45 21 1

15 6 0 46 33.6 1

16 6 0 47 37.1 1

17 6 0 48 65 1

18 6 1 49 277 1

19 6 0 50 328 1

20 6 0 51 358 1

21 6 0 52 389 1

22 6 0 53 425 1

23 6 0 54 1270 1

24 6 0

25 6 0

26 6 0

27 6 0

28 6 0

29 6 0

30 6 0

31 6 0
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Num Ds NumNDs % NDs Minimum Maximum Mean Median SD MAD/0.675 Skewness CV

1 53 98.15% 5.12 5.12 5.12 5.12     N/A    0     N/A        N/A    

22 32 59.26% 7.5 48.9 22.96 18.75 11.3 8.228 0.844 0.492

47 7 12.96% 0.856 7.34 3.14 3.03 1.646 1.779 0.745 0.524

54 0 0.00% 19.2 53.5 31.13 29 7.996 5.189 1.12 0.257

1 53 98.15% 0.226 0.226 0.226 0.226     N/A    0     N/A        N/A    

16 20 55.56% 12.9 155 37.9 25 34.4 7.413 2.986 0.908

5 49 90.74% 0.1 0.16 0.13 0.13 0.0255 0.0297 -3.41E-16 0.196

21 33 61.11% 0.11 1.6 0.702 0.95 0.469 0.222 -0.169 0.668

1 53 98.15% 0.307 0.307 0.307 0.307     N/A    0     N/A        N/A    

31 23 42.59% 10.8 10100 1060 179 2243 229.8 3.014 2.115

54 0 0.00% 1090 36000 14276 12900 7967 7287 0.821 0.558

1 53 98.15% 0.17 0.17 0.17 0.17     N/A    0     N/A        N/A    

35 19 35.19% 0.11 6.3 1.31 0.73 1.609 0.652 2.304 1.229

54 0 0.00% 1.19 203 40.27 13.3 52.43 16.09 1.758 1.302

20 34 62.96% 0.104 1.42 0.286 0.152 0.331 0.0615 2.693 1.156

25 29 53.70% 0.218 3.85 0.873 0.555 0.864 0.261 2.257 0.989

41 13 24.07% 45 380 190.9 187 92.45 83.02 0.378 0.484

38 16 29.63% 2.1 201 45.69 25 55.04 29.95 1.751 1.205

42 12 22.22% 19.6 1280 150 58.6 228.2 55.97 3.486 1.521

3 51 94.44% 0.364 16.4 5.89 0.907 9.106 0.805 1.725 1.546

33 3 8.33% 4.1 29 11.14 7 7.358 3.558 0.929 0.661

11 43 79.63% 4.3 70.2 22.11 10 23.02 5.93 1.462 1.041

36 0 0.00% 0.171 8.83 3.077 2.87 1.859 1.898 0.739 0.604

4 50 92.59% 4.6 109 71.68 86.55 48.36 30.32 -1.255 0.675

51 3 5.56% 726 96062 28476 20717 24772 17846 1.127 0.87

1 53 98.15% 147 147 147 147     N/A    0     N/A        N/A    

42 12 22.22% 0.723 3.98 1.515 1.37 0.7 0.552 1.735 0.462

1 53 98.15% 0.48 0.48 0.48 0.48     N/A    0     N/A        N/A    

54 0 0.00% 131 449 256.7 250.5 71.13 55.6 0.755 0.277

10 44 81.48% 2.6 39.7 12.38 7.25 12.64 4.967 1.578 1.021

2 52 96.30% 0.12 0.21 0.165 0.165 0.0636 0.0667     N/A    0.386

54 0 0.00% 9020 100000 42607 37600 21929 19941 0.799 0.515

1 53 98.15% 1.5 1.5 1.5 1.5     N/A    0     N/A        N/A    

3 33 91.67% 0.112 1.5 0.596 0.177 0.783 0.0964 1.719 1.313

1 53 98.15% 0.12 0.12 0.12 0.12     N/A    0     N/A        N/A    

20 34 62.96% 0.22 7.4 2.526 2.2 2.159 2.409 0.93 0.855

40 14 25.93% 160 290000 17560 2100 49669 2735 4.656 2.829

54 0 0.00% 0.381 10.5 3.146 2.215 2.452 1.297 1.379 0.779

23 31 57.41% 10 25.6 16.65 16.3 4.214 4.003 0.402 0.253

1 53 98.15% 0.24 0.24 0.24 0.24     N/A    0     N/A        N/A    

18 36 66.67% 6 1270 182.4 27.3 313.1 28.61 2.729 1.717

Vanadium

Xylenes (total)

Zinc

Thallium

Tin

Toluene

Trichloroethene

Tritium

Uranium

Sulfate

Manganese

Molybdenum

Nickel

Nitrate

Nitrite

Selenium

Silver

Strontium

Strontium-90

Styrene

Lithium

Carbon-14

Chloride

Chlorobenzene

Chloroform

Chromium

Cobalt

Copper

Fluoride

Hexavalent Chromium

Iron

Lead

Table B-1. 100-KR-4 Source Raw Statistics

Cadmium

Summary Statistics for Raw Data Sets with NDs using Detected Data Only

Variable

Acetone

Aluminum

Arsenic

Barium

Beryllium

Boron

Bromodichloromethane

Bromomethane
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Terms 

ATSDR Agency for Toxic Substances and Disease Registry 

CalEPA California Environmental Protection Agency 

CDI chronic daily intake 

COPC contaminant of potential concern 

CTUIR 

DAevent 

Confederated Tribes of the Umatilla Indian Reservation 

Dermally absorbed dose per event 

DOE U.S. Department of Energy 

ECF Environmental Calculation File 

ELCR excess lifetime cancer risk 

EPA Environmental Protection Agency 

EPC exposure point concentration 

GIABS gastrointestinal absorption factor 

HEAST Health Effects Assessment Summary Tables 

HEIS Hanford Environmental Information System 

HI hazard index 

HQ hazard quotient 

IRIS Integrated Risk Information System 

IUR inhalation unit risk 

MCL maximum contaminant level 

MRL minimal risk level 

NCEA National Center for Environmental Assessment 

NJDEP New Jersey Department of Environmental Protection 

OEHHA Office of Environmental Health Hazard Assessment (CalEPA) 

ORIA Office of Radiation and Indoor Air 

ORNL Oak Ridge National Laboratory 

OSWER 

OU 

Office of Solid Waste and Emergency Response (EPA) 

Operating Unit 

pCi picocurie 
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PPRTV Provisional Peer Reviewed Toxicity Values 

RAGS Risk Assessment Guidance for Superfund 

RAIS Risk Assessment Information System 

RfC reference concentration 

RfD 

RME 

reference dose 

reasonable maximum exposure 

MRL Minimal Risk Levels 

STSC superfund health risk technical support center 

SF slope factor 

VF volatilization factor 

OU Operable Unit 
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1 Purpose 

The purpose of this environmental calculation is to document the calculation of potential human health 
risks and hazards associated with exposure to contaminants in the 100-KR-4 Groundwater Operable Unit 
(OU) for two Native American exposure scenarios.  Exposure is evaluated assuming a hypothetical failure 
of current administrative controls, such that tribal use of 100-KR-4 OU groundwater becomes possible.  
Cancer risks and non-cancer hazards are calculated based on current groundwater conditions for both 
radioactive and nonradioactive contaminants of potential concern (COPCs).  For purposes of this 
calculation, any analyte detected at least once in groundwater at the 100-KR-4 OU is included in the 
exposure and risk calculations as a COPC.  Potential health risks are calculated for ingestion, inhalation, 
and dermal exposure routes from use of groundwater as a domestic drinking water source and from use as 
a source of steam in a sweat lodge. The results of all exposure routes are summed to calculate total excess 
lifetime cancer risk (ELCR) and hazard index (HI).  This evaluation supports DOE/RL-2010-97, 
Remedial Investigation/Feasibility Study for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units. 

2 Background  

Several local and regional tribes have ancestral ties to the Hanford Reach of the Columbia River, and the 
U.S. Department of Energy (DOE) has requested that each tribe provide an exposure scenario that reflects 
their traditional activities.  The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) and the 
Yakama Nation have provided scenarios. 

For purposes of this environmental calculation, adult and child members of the CTUIR and the Yakama 
Nation are assumed to use groundwater from the 100-KR-4 OU as a drinking water source (i.e., domestic 
supply) and to make steam in a sweat lodge (adult tribal members only) as a part of their traditional 
lifeways.   

Use of groundwater to irrigate crops and water livestock is not evaluated, because those exposure 
pathways, although potentially complete, are considered insignificant and secondary to the drinking water 
and sweat lodge exposure pathways.  Such food-chain and leaching exposure pathways are evaluated 
separately in the PRG calculations provided in DOE/RL-2010-97, because the RESRAD model (ANL 
2009, RESRAD, Version 6.5) used to estimate exposures considers these pathways.  Contact with 
contaminated drill cuttings is not addressed; only the drinking water and sweat lodge exposure pathways 
are relevant to the Native American exposure scenarios. 

2.1 Carcinogenic Effects 

The potential for carcinogenic effects is evaluated by estimating the incremental increase in the 
probability of developing cancer over a lifetime (excess lifetime cancer risk [ELCR]), above the 
background probability of developing cancer (that is, if no exposure to site contaminants occurs).  Cancer 
slope factors developed by the EPA are considered to be plausible upper bound estimates of the cancer 
potencies of contaminants.  Using these cancer slope factors in calculating risks results in plausible, 
upper-bound estimates of risk; there is reasonable confidence that the actual cancer risks will not exceed 
the estimated risks and may actually be lower (EPA/540/1-89/002, Risk Assessment Guidance for 
Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final).   The following 
equations are used to estimate cancer risk for non-radionuclides and radionuclides: 

For nonradionuclides: 
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 SFCDIRisk ×=  (1) 

where: 

 Risk = Excess lifetime cancer risk (unitless probability) 
 CDI = Chronic daily intake, averaged over a lifetime (mg/kg-day)  
 SF = Cancer slope factor (mg/kg-day)-1 
 

For radionuclides:   

 SFIntakeRisk ×=  (2) 

where: 

 Risk = Excess lifetime cancer risk (unitless probability) 
 Intake = Activity (pCi)  
 SF = Cancer slope factor (pCi)-1 

 

For cases with high ELCR values, defined as an ELCR greater than 0.01, the following “one-hit” cancer 
risk equation from EPA RAGS Part A guidance (EPA/540/1-89/002) is used.  

 ( )SFCDIRisk ×−−= exp1  (3) 
where: 

 Risk = Excess lifetime cancer risk (unitless probability) 
 CDI = Chronic daily intake, averaged over a lifetime (mg/kg-day) or (pCi) 
 SF = Cancer slope factor (mg/kg-day)-1 or (pCi)-1 
 

Although synergistic or antagonistic interactions might occur between cancer-causing contaminants and 
other contaminants, information is generally lacking in the toxicological literature to predict 
quantitatively the effects of these potential interactions.  Therefore, in this evaluation, cancer risks are 
treated as independent, and additive within an exposure route.  This is consistent with the EPA guidelines 
on chemical mixtures presented in EPA/630/P-03/001F, Guidelines for Carcinogen Risk Assessment.   

EPA considers external radiation to be a significant exposure route for radionuclides only in soil 
(EPA/540/1-89/002); external radiation from radionuclides in water is considered insignificant, due to the 
radiation shielding effect of the water.  Therefore, EPA does not publish radionuclide cancer slope factors 
to quantify cancer risk from external or dermal exposure to radionuclides in water.  Because this 
evaluation assesses risks associated with radionuclides only in water, radionuclide cancer risk is 
calculated only for the ingestion and inhalation exposure routes.   

2.2 Noncarcinogenic Effects 

For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by 
comparing the predicted level of exposure for a particular contaminant with the highest level of exposure 
that is considered protective (that is, its reference dose [RfD]).  The ratio of the chronic daily intake (CDI) 
divided by the RfD is termed the hazard quotient (HQ): 
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  (4) 

When the HQ for a contaminant exceeds 1 (that is, exposure exceeds the RfD), there is a concern for 
potential noncancer health effects.  To assess the potential for noncancer effects posed by exposure to 
multiple contaminants, a hazard index (HI) approach is used, in accordance with EPA guidance 
(EPA/540/1-89/002).  This approach assumes that the noncancer hazards associated with exposure to 
multiple contaminants are simply additive; synergistic or antagonistic interactions between contaminants, 
which are largely unknown, are not accounted for.   

2.3 Exposure Routes 

Potentially complete exposure routes for adult and child tribal members associated with using 
groundwater as a domestic drinking water supply are: 

• Ingestion of drinking water, 

• Inhalation of volatiles when showering and using drinking water for other domestic purposes, and  

• Dermal exposure from showering and using drinking water for other domestic purposes (e.g., 
washing dishes). 

Potentially complete exposure routes for adult tribal members associated with using groundwater in a 
sweat lodge are: 

• Inhalation of volatiles, semi-volatiles, and aerosolized non-volatiles, while spending time in a 
sweat lodge, and 

• Dermal contact with vapors and condensed liquid, while spending time in a sweat lodge. 

2.4 References 

For the drinking water exposure pathway, contaminant intake is quantified using standard EPA equations 
and procedures, as specified in the following references:    

• EPA/540/1-89/002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health 
Evaluation Manual, Part A, Interim Final;  

• EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health 
Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): 
Interim;  

• EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final;  

• EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1:Human Health 
Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment), Final. 

• ORNL, 2010, The Risk Assessment Information System (RAIS) (http://rais.ornl.gov/) 

o RAIS Risk Exposure Models for Chemicals User’s Guide 
(http://rais.ornl.gov/tools/rais_chemical_risk_guide.html) 

day)-(mg/kg RfD

day)-(mg/kg Intake Chemical
HQ =
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o RAIS Risk Exposure Models for Radionuclides User's Guide 
(http://rais.ornl.gov/tools/rais_rad_risk_guide.html) 

For the sweat lodge exposure pathway, contaminant intake is quantified based on standard EPA methods, 
coupled with the sweat lodge steam model provided in:  

• Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.   

The CTUIR and Yakama Nation provided many of the exposure factors necessary to quantify 
contaminant intake in the following references.  Those values are used preferentially, rather than EPA 
residential default values.  Where tribal-specific factors are not provided, EPA defaults are used 
(EPA/540/R-92/003). 

• Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways; 

• Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk 
Assessments; and 

• Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment. 
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3 Methodology 

This section provides the equations (and their bases) used to calculate the cancer risks and noncancer 
hazards associated with exposure to the 100-KR-4 OU COPCs via the exposure routes associated with the 
drinking water and sweat lodge exposure pathways.   

3.1   Drinking Water Exposure Pathway 

Definitions of the variables and input values for the drinking water exposure pathway equations are 
provided in Table 3-1 for the CTUIR exposure scenario, and in Table 3-2 for the Yakama Nation 
exposure scenario.   

3.1.1  Intake and Risk Equations for Drinking Water Ingestion 
The bases for the equations used to calculate intake, risk, and hazard associated with the drinking water 
ingestion exposure route are summarized in Table 3-3.  Equations are provided in the following 
subsections. 

Table 3-3. Calculated Values and Reference Bases Used for the Drinking Water Ingestion Exposure 
Route 

Effect 
Symbol for 

Calculated Value Reference  

Carcinogenic CDI 
IRWadj 

RAIS Risk Exposure Models for Chemicals User’s Guide 
(ORNL, 2010) 

Risk EPA/540/R-92/003 

Noncarcinogenic 
CDI 

RAIS Risk Exposure Models for Chemicals User’s Guide 
(ORNL, 2010) 

HQ EPA/540/R-92/003 

Radionuclide CDI 

IRW_RADadj 
RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2010) 

Risk EPA/540/R-92/003 

Notes: 

CDI= chronic daily intake 

HQ= hazard quotient 

IRWadj = age-adjusted water ingestion rate. 

IRW_RADadj = age-adjusted water ingestion rate for radionuclides. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health Evaluation Manual 
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

ORNL, 2010, The Risk Assessment Information System (RAIS). 
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3.1.1.1  Drinking Water Ingestion—Carcinogenic Effects 
For ingestion of carcinogens, the chronic daily intake (CDI) is calculated using the following equations: 

 1CFAT

EFIRWC
CDI

adjw

×

××
=  (5)

 

where: 

 
( )

aBW
aIRWcEDaED

cBW
cIRWcED

adjIRW
×−

+
×

=  (6) 

Cancer risk is calculated using the following equation: 

 
oCSFCDIRISK ×=  (7) 

3.1.1.2 Drinking Water Ingestion—Noncarcinogenic Effects 
For ingestion of noncarcinogens, the CDI is calculated using the following equation: 

 1CFATBW

EDEFIRWC
CDI

a

aaw

××
×××

=  (8) 

Noncancer hazard is calculated using the following equation: 

 
oRfD

CDI
HQ =  (9) 

3.1.1.3 Drinking Water Ingestion—Radionuclides 
For ingestion of radionuclides, the CDI is calculated using the following equations: 

 EFRADIRWCCDI adjw ××= _  (10) 

where: 

 
)]([)(_ aIRWcEDaEDcIRWcEDadjRADIRW ×−+×=
 (11) 

Radiological cancer risk is calculated using the following equation: 

 oSFCDIRISK ×=  (12) 

3.1.2  Intake and Risk Equations for Drinking Water Inhalation (Volatiles Only) 
The bases for the equations used to calculate intake, risk, and hazard associated with inhalation of 
volatiles in drinking water are summarized in Table 3-4.  Equations are provided in the following 
subsections. 
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Table 3-4. Calculated Values and Reference Bases Used for the Drinking Water Inhalation of Volatiles 
Exposure Route  

Effect 
Symbol for 

Calculated Value Reference  

Carcinogenic 
CDI 

RAIS Risk Exposure Models for Chemicals User’s Guide  

(ORNL, 2010) 

Risk EPA-540-R-070-002 

Noncarcinogenic 
CDI 

RAIS Risk Exposure Models for Chemicals User’s Guide  

(ORNL, 2010) 

HQ EPA-540-R-070-002 

Radionuclide 

CDI 

INH_RADadj 
RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2010) 

ETadj EPA-540-R-070-002 and EPA/540/R/99/005 

Risk EPA/540/R-92/003 

Notes: 
CDI= chronic daily intake. 
ETadj = age-adjusted exposure time. 
HQ = hazard quotient. 
INH_RADadj = age-adjusted radionuclide inhalation rate. 

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation 
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment). 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health Evaluation Manual 
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual 
(Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

ORNL, 2010, The Risk Assessment Information System (RAIS). 

 

3.1.2.1 Drinking Water Inhalation of Volatiles—Carcinogenic Effects 
For inhalation of carcinogens, the CDI is calculated using the following equation:  

 1

10002

CFAT

mg

g
VFCFaETEFaEDwC

CDI
×









××××××

=

μ

 
(13) 

 
Cancer risk is calculated using the following equation: 

 IURCDIRISK ×=      (14) 

3.1.2.2 Drinking Water Inhalation of Volatiles—Noncarcinogenic Effects  
For inhalation of noncarcinogens, the CDI is calculated using the following equation: 
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 1

2

CFAT

VFCFaETEFaEDwC
CDI

×
×××××=

 
(15) 

Noncancer hazard is calculated using the following equation: 

 RfC

CDI
HQ =

 
(16) 

3.1.2.3 Drinking Water Inhalation of Volatiles—Radionuclides 
For inhalation of radionuclides, the CDI is calculated using the following equations: 

 2_ CFETEFVFRADINHCCDI adjadjw ×××××=  (17) 

where: 

 )]([)(_ aINHcEDaEDcINHcEDadjRADINH ×−+×=  (18) 

and: 

 

( ) ( )( )
aED

aETcEDaEDcEDcET
adjET

×−+×=
 

(19) 

Radiological cancer risk is calculated using the following equation: 

 iSFCDIRISK ×=       (20) 

3.1.3  Intake and Risk Equations for Drinking Water Dermal Absorption 
The bases for the equations used to calculate intake, risk, and hazard associated with the drinking water 
dermal absorption exposure route are provided in Table 3-5.  The equations are presented in the following 
subsections. 

Table 3-5. Calculated Values and Reference Bases Used for the Drinking Water Dermal Exposure 
Route 

Effect Symbol for Calculated Value Reference  

Carcinogenic 

CDI EPA/540/R/99/005  

SAadj EPA/540/R/99/005 

ETadj EPA/540/R/99/005 

DAevent EPA/540/R/99/005 

Risk EPA/540/R/99/005 

Noncarcinogenic 

CDI EPA/540/R/99/005 

DAevent EPA/540/R/99/005 

HQ EPA/540/R/99/005 

Radionuclide Not applicable 
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Table 3-5. Calculated Values and Reference Bases Used for the Drinking Water Dermal Exposure 
Route 

Effect Symbol for Calculated Value Reference  

Notes: 
CDI= chronic daily intake. 
DAevent = absorbed dose per event. 
ETadj = age-adjusted exposure time. 
HQ = hazard quotient. 
SAadj = age-adjusted skin surface area. 
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual  

Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

  

3.1.3.1 Drinking Water Dermal Absorption— Carcinogenic Effects 
For dermal exposure to carcinogens, the CDI is calculated using the following equations: 

 
1CFAT

EFadjSAeventDA
CDI

×

××
=  (21) 

where: 

 ( )
a

aaca

c

ccc
adj BW

EVSAEDED

BW

EVSAED
SA

××−
+

××
=  (22) 

Cancer risk is calculated using the following equation: 

 

 
GIABS

oCSF
CDIRISK ×=   (23) 

3.1.3.2 Drinking Water Dermal Absorption— Noncarcinogenic Effects 
For dermal exposure to noncarcinogens, the CDI is calculated using the following equation: 

 

 
1CFATBW

EVEDEFSADA
CDI

a

aaevent

××
××××

=  (24) 

Noncancer hazard is calculated using the following equation: 

 
GIABSRfD

CDI
HQ

o ×
=  (25) 

 

3.1.3.3 Drinking Water Dermal Absorption— Event Time (Carcinogenic Effects and Noncarcinogenic 
Effects) 

The event time used in the risk calculations is health effect-dependent. For noncarcinogens, the event time 
is not age-adjusted (ET = ETa). For carcinogens, an age-adjusted event time is calculated using the 
following equation:  
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( ) ( )( )
aED

aETcEDaEDcEDcET
adjET

×−+×=  (26) 

3.1.3.4 Drinking Water Dermal Absorption— Dermally Absorbed Dose (Carcinogenic Effects and 
Noncarcinogenic Effects) 

For organics, the following equations are used to calculate the dermally absorbed dose per event (DAevent), 
using the adult exposure time for noncarcinogenic effects and the age-adjusted exposure time (as 
calculated above) for carcinogenic effects and: 

If ET ≤ t*, then the following nonsteady-state equation is used: 

 π
τ ET

CFwCpKFAeventDA
×××××××= 6

32
  

 (27) 

If ET > t*, then the following pseudosteady-state equation is used: 

 



























+

++××+
+

××××=
2)1(

2331
2

1
3

B

BB

B

ET
CFwCpKFAeventDA τ  (28) 

Where ET = ETa or ETadj, for noncarcinogenic and carcinogenic effects, respectively. 

 

For inorganics, the following steady-state equation is used to estimate DAevent: 

 3CFETwCpKeventDA ×××=  (29) 

Where ET = ETa or ETadj, for noncarcinogenic and carcinogenic effects, respectively. 

3.1.3.5 Drinking Water Dermal Absorption— Radionuclides 
Dermal exposure to radionuclides in drinking water is not evaluated.  As noted, EPA does not publish 
radionuclide cancer slope factors to calculate cancer risk from external or dermal exposure to radioactive 
contaminants in water, due to the shielding effects of water.   

3.2 Sweat Lodge Exposure Pathway 

Exposure factors used to quantify contaminant intake from sweat lodge exposure are provided in Table 3-
6 for the CTUIR exposure scenario and in Table 3-7 for the Yakama Nation exposure scenario.  Sweat 
lodge exposure is evaluated for both the CTUIR and Yakama Nation scenarios (for adults only) based on 
an exposure frequency of 365 days/yr over a 68-year exposure duration (first 2 years of life excluded)1.  
(Although the provided exposure scenarios indicate that childhood sweats occur, exposure assumptions 
are made for adults only.) 

                                                      
1 Child exposure assumptions were not provided for the purpose of evaluating exposure through sweat lodge use; 
therefore, an adult exposure duration was assumed to be 68 years. 
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3.2.1 Intake and Risk Equations for Sweat Lodge Inhalation of Volatiles and Semi-Volatiles 
The bases for the equations used to calculate intake, risk, and hazard associated with the inhalation of 
volatiles and semi-volatiles during sweat lodge use are summarized in Table 3-8.  Equations are provided 
in the following subsections.   

Table 3-8. Calculated Values and Reference Bases Used for the Sweat Lodge Inhalation of Volatiles 
and Semi-Volatiles Exposure Route  

Effect Symbol for Calculated Value Reference  

Carcinogenic and Noncarcinogenic Iinh Harris and Harper, 2004 

Carcinogenic Risk EPA-540-R-070-002 

Noncarcinogenic HQ EPA-540-R-070-002 

Radionuclide 
Iinh Harris and Harper, 2004 

Risk EPA/540/R-92/003 

Notes: 
Iinh = Inhalation intake of COPCs in sweat lodge. 
HQ = hazard quotient. 

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation 
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment). 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health Evaluation Manual 
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 

 

3.2.1.1  Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Intake (Carcinogenic Effects and 
Noncarcinogenic Effects) 

Inhalation intake of volatiles and semi-volatiles in sweat lodge vapor is calculated with the following 
equation (Harris and Harper 2004, Appendix 4, Equation 7): 
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3.2.1.2 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Carcinogenic Effects 
For carcinogens, the cancer risk is calculated using the following equation: 

 inhIiCSFRISK ×=  (31) 

3.2.1.3 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Noncarcinogenic Effects 
For noncarcinogens, the noncancer hazard is calculated using the following equation: 
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 inhI
iRfD

HQ ×= 1
 (32) 

3.2.1.4 Sweat Lodge Inhalation of Volatiles and Semi-Volatiles—Radionuclides 
Inhalation intake of volatile and semi-volatile radionuclides in sweat lodge vapor is calculated with the 
following equation (modified for pCi/L groundwater concentration units and inhalation slope factors from 
Harris and Harper, 2004, Appendix 4, Equation 7): 

 EDEFETIR
r

totalwV
dwCinhI ××××
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1

2
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π  (33) 

Radiological cancer risk is calculated using the following equation: 

 inhIiSFradRISK ×=  (34) 

3.2.2 Intake and Risk Equations for Sweat Lodge Inhalation of Nonvolatiles 
The bases for the equations used to calculate intake, risk, and hazard associated with the inhalation of 
nonvolatiles exposure route during sweat lodge use are summarized in Table 3-9.  Equations are provided 
in the following subsections.   

Table 3-9. Calculated Values and Reference Bases Used for the Sweat Lodge Inhalation of 
Nonvolatiles Exposure Route  

Effect Symbol for Calculated Value Reference  

Carcinogenic and Noncarcinogenic Iinh Harris and Harper, 2004 

Carcinogenic Risk EPA-540-R-070-002 

Noncarcinogenic HQ EPA-540-R-070-002 

Radionuclide 
Iinh Harris and Harper, 2004 

Risk EPA/540/R-92/003 

Notes: 
Iinh = Inhalation intake of COPCs in sweat lodge. 
HQ = hazard quotient. 

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation 
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment). 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health Evaluation Manual 
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 

 

3.2.2.1 Sweat Lodge Inhalation of Nonvolatiles—Intake (Carcinogenic Effects and Noncarcinogenic 
Effects) 

Inhalation intake of aerosolized nonvolatile contaminants in a sweat lodge is calculated using the 
following equation (Harris and Harper 2004, Appendix 4, Equation 15): 
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3.2.2.2 Sweat Lodge Inhalation of Nonvolatiles—Carcinogenic Effects 
For carcinogens, the cancer risk is calculated using the following equation: 

 inhi ICSFRISK ×=  (36) 

3.2.2.3 Sweat Lodge Inhalation of Nonvolatiles—Noncarcinogenic Effects 
For noncarcinogens, the noncancer hazard is calculated using the following equation: 

 inh
i

I
RfD

HQ ×= 1
 (37) 

3.2.2.4 Sweat Lodge Inhalation of Nonvolatiles—Radionuclides 
Inhalation intake of aerosolized nonvolatile radionuclides in a sweat lodge is calculated with the 
following equation (modified for pCi/L groundwater concentration units and inhalation slope factors from 
Harris and Harper, 2004, Appendix 4, Equation 15): 
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Radiological cancer risk is calculated using the following equation: 

 inhirad ISFRISK ×=  (39) 

3.2.3 Intake and Risk Equations for Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles 
The bases for the equations used to calculate intake, risk, and hazard associated with the dermal exposure 
route for volatiles and semi-volatiles during sweat lodge use are summarized in Table 3-10.  Equations 
are provided in the following subsections.   

Table 3-10. Calculated Values and Reference Bases Used for the Sweat Lodge Dermal Exposure to 
Volatiles and Semi-Volatiles Exposure Route  

Effect Symbol for Calculated Value Reference  

Carcinogenic and Noncarcinogenic Id,v = Id.total Harris and Harper, 2004 

Carcinogenic Risk EPA/540/R/99/005 

Noncarcinogenic HQ EPA/540/R/99/005 
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Table 3-10. Calculated Values and Reference Bases Used for the Sweat Lodge Dermal Exposure to 
Volatiles and Semi-Volatiles Exposure Route  

Effect Symbol for Calculated Value Reference  

Notes: 
Id,v = Dermal intake of volatile and semi-volatile COPCs in vapor in sweat lodge. 
Id,total = Total dermal intake of volatile and semi-volatile COPCs in sweat lodge. 
HQ = hazard quotient. 

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual  
Part E, Supplemental Guidance for Dermal Risk Assessment): Final.  

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 

 

3.2.3.1 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Intake (Carcinogenic Effects 
and Noncarcinogenic Effects) 

For volatile and semi-volatile compounds, the Harris and Harper model assumes 100% volatilization 
within the sweat lodge.  Vapor exposure is the primary exposure pathway, and exposure from condensed 
water is considered incomplete.  Therefore, Id,total is equal to Id,v.   

Exposure from dermal contact with volatile and semi-volatile contaminants in sweat lodge vapor is 
calculated with the following equation (Harris and Harper 2004, Appendix 4, Equation 18): 
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3.2.3.2 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Carcinogenic Effects 
For carcinogens, the cancer risk is calculated using the following equation: 

 

 totaldI
GIABS

oCSF
RISK ,×=  (41) 

3.2.3.3 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Noncarcinogenic Effects 
For noncarcinogens, the noncancer hazard is calculated using the following equation: 

 totaldI
GIABSoRfD

HQ ,
1 ×

×
=  (42) 

3.2.3.4 Sweat Lodge Dermal Exposure to Volatiles and Semi-Volatiles—Radionuclides 
Dermal exposure to volatile and semi-volatile radionuclides in a sweat lodge is not evaluated because 
radionuclide cancer slope factors are not published for cancer risk from external or dermal exposure to 
radioactive contaminants in water. 
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3.2.4 Intake and Risk Equations for Sweat Lodge Dermal Exposure to Nonvolatiles 
The bases for the equations used to calculate intake, risk, and hazard associated with the dermal exposure 
route for nonvolatiles during sweat lodge use are summarized in Table 3-11.  Equations are provided in 
the following subsections.   

Table 3-11. Calculated Values and Reference Bases Used for the Sweat Lodge Dermal Exposure to 
Nonvolatiles Exposure Route  

Effect Symbol for Calculated Value Reference  

Carcinogenic and Noncarcinogenic Id,l Harris and Harper, 2004 

Carcinogenic and Noncarcinogenic Id,v Harris and Harper, 2004 

Carcinogenic and Noncarcinogenic Id,total Harris and Harper, 2004 

Carcinogenic Risk EPA/540/R/99/005 

Noncarcinogenic HQ EPA/540/R/99/005 

Notes: 
Id,l = Dermal intake of nonvolatiles COPCs in condensed liquid in sweat lodge. 
Id,v = Dermal  intake of nonvolatile COPCs in vapor in sweat lodge. 
Id,total = Total dermal intake of nonvolatile COPCs in sweat lodge. 
HQ = hazard quotient. 

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual 
(HHEM) (Part E, Supplemental Guidance for Dermal Risk Assessment): Final (OSWER Directive 9285.7-
03B-P).  

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways. 

 

 

3.2.4.1 Sweat Lodge Dermal Exposure to Nonvolatiles in Condensed Liquid—Intake (Carcinogenic 
Effects and Noncarcinogenic Effects) 

In the Harris and Harper model, total dermal intake of nonvolatile contaminants is calculated as the sum 
of intakes from dermal exposure to vapors and to aqueous condensate.  For condensed liquid, the model 
assumes nonvolatile contaminant concentrations in the condensed water are equal to that of the water 
added to the heated rocks.  Intake from dermal contact with nonvolatile compounds in sweat lodge 
condensed liquid is calculated with the following equation (Harris and Harper 2004, Appendix 4, 
Equation 19): 

 1

3
, CFATBW

CFEDEFETpKSAdwC
ldI

××

××××××
=  (43) 

 

3.2.4.2 Sweat Lodge Dermal Exposure to Nonvolatiles in Vapor—Intake (Carcinogenic Effects and 
Noncarcinogenic Effects) 

Intake from dermal contact with nonvolatile compounds in sweat lodge vapor is calculated with the 
following equation (Harris and Harper 2004, Appendix 4, Equation 20): 
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3.2.4.3 Sweat Lodge Dermal Exposure to Nonvolatiles in Vapor—Total Intake (Carcinogenic Effects 
and Noncarcinogenic Effects) 

The total dermal exposure for nonvolatile compounds in a sweat lodge is calculated using the following 
equation (Harris and Harper 2004, Appendix 4, Equation 21): 

 ldvdtotald III ,,, +=  (45) 

3.2.4.4 Sweat Lodge Dermal Exposure to Nonvolatiles—Carcinogenic Effects  
For carcinogens, the cancer risk is calculated using the following equation: 

 totaldI
GIABS

oCSF
RISK ,×=  (46) 

3.2.4.5 Sweat Lodge Dermal Exposure to Nonvolatiles—Noncarcinogenic Effects  
For noncarcinogens, the noncancer hazard is calculated using the following equation: 

 totaldI
GIABSoRfD

HQ ,
1 ×

×
=  (47) 

3.2.4.6 Sweat Lodge Dermal Exposure to Nonvolatiles—Radionuclides  
Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer slope 
factors are not published for calculating cancer risk from external or dermal exposure to radioactive 
contaminants in water. 

3.3  Cumulative Risk—Cancer 

For estimating the cancer risks from exposure to multiple carcinogens from a single exposure route, the 
following equation is used.  The basis for the equation is provided in EPA/540/1-89/002. 

 = N

iT RiskRisk
1

 (48) 

where: 

 RiskT = Total cancer risk from route of exposure 
 Riski = Cancer risk for the ith chemical 
 N = Number of chemicals 

 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-557



 ECF-100KR4-10-0475, DRAFT PAGE 35 OF 78

 

 

3.4 Hazard Index—Noncancer 

The HI is calculated with the following equation.  The basis for the equation is provided in 
EPA/540/1-89/002. 

 

 i

N
i

RfD

CDI
HI

= 1
 (49) 

where: 

 HI = hazard index 
 CDIi = chronic daily intake of the ith chemical (mg/kg-day) 
 RfDi = reference dose of the ith chemical (mg/kg-day) 
 N = number of chemicals 
  

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-558



 ECF-100KR4-10-0475, DRAFT PAGE 36 OF 78

 

 

 

4 Assumptions and Inputs 

Assumptions and inputs associated with the exposure scenarios and human health toxicity values, along 
with the groundwater COPCs and associated exposure point concentrations (EPCs), used in the CTUIR 
and Yakama Nation human health risk calculations, are described below. 

4.1 Exposure Inputs and Assumptions 

• Exposure inputs used to quantify intake from the drinking water exposure pathway are provided in 
Tables 3-1 and 3-2 for the CTUIR and Yakama Nation exposure scenarios, respectively.  Exposure 
inputs used to quantify intake from the sweat lodge exposure pathway are provided in Tables 3-6 and 
3-7 for the CTUIR and Yakama Nation exposure scenarios, respectively. 

• Exposure routes evaluated for the drinking water exposure pathway for the CTUIR and Yakama 
Nation exposure scenarios are ingestion, inhalation, and dermal absorption. (Dermal exposure is 
evaluated for nonradionuclides only.) 

• Exposure routes evaluated for the sweat lodge exposure pathway for the CTUIR and Yakama Nation 
exposure scenarios are inhalation and dermal absorption. (Dermal exposure is evaluated for 
nonradionuclides only.) 

• For domestic use of groundwater as a drinking water supply, EPA considers the inhalation pathway 
potentially complete only for volatile contaminants, because there is no mechanism for release of 
nonvolatile chemicals into the air in significant concentrations (EPA/540/R-92/003).  For the drinking 
water exposure pathway, inhalation intake is quantified for volatile contaminants as defined by EPA, 
2009, Regional Screening Levels for Chemical Contaminants at Superfund Sites. 

• For the RME residential scenario, the EPA recommended values for showering/bathing exposure 
times for dermal exposure to drinking water are 35 minutes for an adult and 1 hour for a child 
(EPA/540/R/99/005).  Exposure times for inhalation of volatiles in drinking water are assumed to be 
the same as for the dermal exposure route. 

• The Yakama Nation exposure scenario (Ridolfi, 2007) did not provide intake equations for exposures 
related to sweat lodge use; therefore, equations provided by Harris and Harper were used. 

• Harris and Harper, 2004, Appendix 4, indicates that the water concentration (Cdw) is “dissolved 
surface water concentration of the COPC (mg/L); calculated according to EPA 1998a, Appendix B.”  
However, for this evaluation, the EPCs were used for Cdw; the EPCs are calculated based on total 
concentrations (not dissolved concentrations) in groundwater.  (Total concentrations are typically 
higher than dissolved concentrations.) 

• For the sweat lodge scenario, an exposure time of 1 hour/event is used for the CTUIR, based on 
Harris and Harper, 2004.  For the Yakama Nation, an exposure time of 2 hours/event is used.  In the 
Yakama Nation exposure document (Ridolfi, 2007), seven hours/day is the recommended sweat lodge 
exposure time, based on the maximum value reported in a tribal survey.  The average reported 
Yakama Nation value is 5 hours/week.  The maximum exposure time of seven hours for sweat lodge 
use has the potential to overestimate the time budgeted for this activity and has the potential to 
underestimate the time budgeted to the remaining lifeway activities described in the Yakama Nation 
document (Ridolfi, 2007).  For purposes of this calculation, a value of 2 hours/event (14 hours/week) 
is assumed. 

• The sweat lodge scenario assumes 4 liters of groundwater are poured over hot rocks to make steam in 
a hemispherical sweat lodge with a radius of 1 m (Harris and Harper, 2004).  The internal temperature 
of the sweat lodge is assumed to be maintained at a constant 150 degrees Fahrenheit (Harris and 
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Harper, 2004).  This scenario creates a unique environment where volatile, semi-volatile, and 
nonvolatile COPCs could potentially be present in the air and available for inhalation and dermal 
exposure.  Harris and Harper, 2004 describes a method for calculating a vaporization factor for the 
sweat lodge scenario.  The vaporization factor is applied to the groundwater concentration to estimate 
COPC concentrations in sweat lodge steam.  Ridolfi (2007) does not specify a method for estimating 
COPC concentrations in sweat lodge steam; therefore, the Harris and Harper steam model is used for 
both the CTUIR and Yakama Nation intake calculations. 

• Harris and Harper recommend different methods for calculating vaporization factors for volatile and 
semi-volatile COPCs, versus nonvolatile COPCs.  For volatile and semi-volatile COPCs, the model 
assumes 100 percent volatilization throughout the sweat; hence, dermal exposure to volatiles and 
nonvolatiles in condensed water is considered an incomplete pathway.  Therefore, volatile and semi-
volatile COPCs (including tritium) are evaluated for intake via inhalation and dermal absorption only 
from the vapor phase.   

• For nonvolatile COPCs, the model assumes that the COPCs become airborne as an aerosol and that, 
once airborne, the COPCs can deposit onto the skin surface as aqueous condensate.  Nonvolatile 
COPC intake is assumed to occur via inhalation from the vapor phase and dermal absorption from 
both the vapor and liquid phases.  The Harris and Harper model assumes the concentration of 
nonvolatiles in condensed water is equal to the concentration in the water used to create the steam. 

4.2  Groundwater Contaminants of Potential Concern and Exposure Point 
Concentrations 

The COPCs assessed in this environmental calculation were identified from the 100-KR-4 OU analytical 
data set in the Hanford Environmental Information System (HEIS) database. The data set was first 
processed as described in ECF-100KR4-11-0470, Identification of Contaminants of Potential Concern for 
Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit, to exclude analytes classed 
as essential nutrients (minerals), analytes without known toxicity information, and nondetected analytes.   

The COPC identification methodology presented in ECF-100KR4-11-0470 applies a multi-step screening 
process that includes among its several steps a comparison of maximum detected groundwater 
concentrations to chemical-specific action levels for protection of human health and aquatic receptors.  
For this evaluation, comparisons to action levels were not made: any analyte in the (processed) 100-KR-4 
OU data set with at least one reported detection was identified as a COPC and assessed in the Native 
American risk calculations.   

The EPCs used for the Native American risk calculations are the analyte-specific 90th percentile 
groundwater concentration values calculated from the (processed) 100-KR-4 OU analytical data set, as 
described in ECF-100KR4-10-0472, Calculation of Exposure Point Concentrations for the 100-KR-4 
Groundwater Operable Unit.  The identified COPCs and their associated 90th percentile values are 
presented in Table 4-1.   
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Table 4-1.  Contaminants of Potential Concern and Exposure Point Concentrations 
(90th Percentile Groundwater Concentrations) Used for the Native American 
Supplemental Risk Evaluation at the 100-KR-4 Groundwater Operable Unit 

Contaminant of 
Potential Concern 

Exposure Point 
Concentration 
(µg/L or pCi/L)a 

Contaminant of 
Potential Concern 

Exposure Point 
Concentration 
(µg/L or pCi/L)a 

Acetone 1.0 Manganese 11 

Aluminum 33 Molybdenum 5.3 

Arsenic 5.3 Nickel 4.0 

Barium 45 Nitrate 71,700 

Beryllium 0.10 Nitrite 118 

Boron 46 Selenium 2.3 

Bromodichloromethane 1.0 Silver 0.20 

Bromomethane 1.0 Strontium 373 

Cadmium 0.20 Strontium-90 7.3 

Carbon-14 1,465 Styrene 1.0 

Chloride 26,050 Sulfate 77,300 

Chlorobenzene 1.0 Thallium 0.10 

Chloroform 2.2 Tin 0.11 

Chromium 121 Toluene 1.0 

Cobalt 0.26 Trichloroethene 3.8 

Copper 1.3 Tritium 34,500 

Fluoride 332 Uranium 7.4 

Hexavalent Chromium 117 Vanadium 20 

Iron 360 Xylenes (total) 1.0 

Lead 0.20 Zinc 303 

Lithium 23     

Notes: 

a.  90th percentile groundwater concentration calculated as described in ECF-100KR4-10-
0472. 

  

 
 
 
 
 
 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-561



 ECF-100KR4-10-0475, DRAFT PAGE 39 OF 78

 

 

 

4.3 Toxicity Values 

The toxicity criteria used for the Native American human health risk calculations are provided in Table 4-
2.  The sources for these criteria are discussed below.  

4.3.1 Toxicity Values for Nonradionuclides 
For nonradionuclides, the COPC-specific toxicity values shown in Table 4-2 are determined using the 
recommended reference hierarchy as described in Cook, 2003, “Human Health Toxicity Values in 
Superfund Risk Assessments.”  The hierarchy is summarized below. 

• Tier 1 – The EPA Integrated Risk Information System (IRIS) 

• Tier 2 – The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) 

• Tier 3 – Other Toxicity Values 

Tier 1 – IRIS 
The preferred source of toxicity data is the EPA IRIS database (http://www.epa.gov/iris/index.html).  
EPA toxicologists derived the values in this database. The values have undergone thorough review and 
validation, both within and outside EPA.  If a toxicity value is available in IRIS, that value is used in 
preference to any other value. 
 
Tier 2 – PPRTVs 
If a toxicity value is not available in IRIS, the next source is the EPA PPRTVs.  This source includes 
toxicity values that have been developed by the Office of Research and Development/National Center for 
Environmental Assessment/Superfund Health Risk Technical Support Center (STSC).  This database is 
not available to the general public, but is accessible to EPA risk assessors via the EPA intranet. These 
values are also published at the EPA Regional Screening Levels website (EPA, 2009).  
 
Tier 3 – Other Toxicity Values 
If neither a Tier 1 or Tier 2 value is available for a COPC, a Tier 3 value is sought.  Tier 3 includes 
additional EPA and non-EPA sources of toxicity information, including:   

• The California EPA’s (CalEPA’s) Toxicity Criteria Database.  This database contains both cancer and 
non-cancer effects toxicity values that have been peer reviewed. 

• The Agency for Toxic Substances and Disease Registry (ATSDR)’s Minimal Risk Levels (MRLs) for 
Hazard Substances.  These levels are peer-reviewed estimates of permissible daily human exposure to 
hazardous substances that are likely to be without appreciable risk of adverse non-cancer health 
effects over a specified duration of exposure. 

• Toxicity values in EPA/540-R-97-036, Health Effects Assessment Summary Tables (HEAST).  

When Tier 1, Tier 2, and Tier 3 toxicity values are not available for a COPC, the toxicity values from the 
National Center for Environmental Assessment (NCEA) are used.  NCEA values can be found in the Risk 
Assessment Information System (RAIS, ORNL, 2010).  

For this environmental calculation, two toxicity values required conversion to a different concentration 
basis: nitrate and nitrite.    

• Nitrate.  A derived RfD for nitrate (NO3
-) was calculated from the RfD reported in IRIS, which is 

given as 1.6 mg/kg-day for nitrate as nitrogen (NO3
- as N).  Conversion from nitrate as nitrogen to 

nitrate was made using the mass fraction of nitrogen in nitrate.  The mass fraction of nitrogen in 
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nitrate = mol wt N/mol wt NO3
- = (14 g/mol)/(62 g/mol) = 0.226.  The derived RfD for nitrate = (1.6 

mg NO3
- as N/kg-day) x (1 mg NO3

-/0.226 mg NO3
- as N) = 7.1 mg NO3

-/kg-day.  

• Nitrite.  A derived RfD for nitrate (NO2
-) was calculated from the RfD reported in IRIS, which is 

given as 0.1 mg/kg-day for nitrite as nitrogen (NO2
- as N).  Conversion from nitrite as nitrogen to 

nitrite was made using the mass fraction of nitrogen in nitrite.  The mass fraction of nitrogen in nitrite 
= mol wt N/mol wt NO2

- = (14 g/mol)/(46 g/mol) = 0.304.  The derived RfD for nitrite = (0.1 mg 
NO2

- as N/kg-day) x (1 mg NO2
-/0.304 mg NO2

- as N) = 0.3 mg NO2
-/kg-day. 

For several nonradionuclide COPCs, the toxicity value used was obtained from a different source than 
recommended by the EPA Superfund hierarchy (Cook 2003).  The differences in toxicity values are 
summarized below. 

• For fluoride, the oral reference dose of 0.06 mg/kg-day published on IRIS is used for this evaluation.  
The value reported on IRIS has not been updated since 1989 and does not reflect the most current 
source of information. The oral reference dose currently implemented by EPA in the Regional 
Screening Levels is established by the CalEPA Office of Environmental Health Hazard Assessment 
(OEHHA).  The oral reference dose derived by OEHHA is 0.04 mg/kg-day as documented in 
OEHHA, 2003, Chronic Toxicity Summary: Fluorides including Hydrogen Fluoride.  Use of the IRIS 
value in this evaluation has the potential to under-estimate noncancer hazards. 

• For hexavalent chromium, the this evaluation considers cancer effects only for inhalation exposures.  
An oral cancer slope factor has recently been published by the New Jersey Department of 
Environmental Protection (NJDEP).  The oral cancer slope factor derived by NJDEP is 
0.5 (mg/kg-day)-1

, as presented in NJDEP, 2009, Derivation of an Ingestion-Based Soil Remediation 
Criterion for Cr+6 Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate.  
Assessing only inhalation cancer effects from hexavalent chromium has the potential to under-
estimate cancer risk. 

• For trichloroethene, the oral cancer slope factor of 0.089 (mg/kg-day)-1 and inhalation unit risk of 
2.5E-05 (µg/m3)-1 published in HEAST are used for this evaluation. HEAST has not been updated 
since 1997 and does not reflect the most current source of information. The oral cancer slope factor 
and inhalation unit risk currently implemented by EPA in the Regional Screening Levels (EPA, 2009) 
are established by the CalEPA OEHHA. The oral slope factor of 0.0059 (mg/kg-day)-1 and the 
Inhalation Unit Risk of 2.0E-06  (µg/m3)-1  derived by OEHHA are presented in OEHHA, 2009, 
Public Health Goal for Chemicals In Drinking Water Trichloroethylene.   Use of the HEAST values 
in this evaluation has the potential to over-estimate cancer risk. 

4.3.2 Toxicity Values for Radionuclides 
The cancer slope factors for radionuclides in Table 4-2 were obtained from EPA, 2001, “Health Effects 
Assessment Summary Tables database” / “April 16, 2001 Update: Radionuclide Toxicity,” /  
“Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.”  

4.3.3 Toxicity Values for Sweat Lodge Equations 
EPA has recently published guidance to address chemical inhalation exposures in EPA-540-R-070-002.  
A methodology is provided to use the toxicity values that are currently provided in IRIS as concentrations 
(reference concentrations [RfC] for non-cancer effects and inhalation unit risk values [IUR] for cancer 
endpoints). These values now supersede the intake-based approach specified in EPA/540/1-89/002.   

The method described in Harris and Harper, 2004 for inhalation of nonradionuclide COPCs in sweat 
lodge vapor follows the former EPA/540/1-89/002 approach of quantifying intake.  Therefore, in the 
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sweat lodge exposure pathway calculations, the IUR and RfC values from the EPA toxicity tables (EPA, 
2009) were converted to CSFi and RfDi values, following the protocol given in EPA/540/1-89/002.  The 
following equations were used, based on an assumed breathing rate of 20 m3/day and an assumed body 
weight of 70 kg.   

 CSFi (kg-day/mg) = IUR (m3/µg) x 1/[20 (m3/day)] x 70 (kg) x 1000 (μg/mg) (50) 

 RfDi (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x 1/70 (kg) (51) 

The CSFi and RfDi values are used to calculate inhalation cancer risks and inhalation non-cancer hazards, 
respectively.  For inhalation of radionuclides in sweat lodge vapor, no toxicity factor conversions are 
necessary.  Sweat lodge radiological risk is calculated by quantifying inhalation intake (pCi) and then 
multiplying by the EPA inhalation slope factor (risk/pCi). 
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Table 4-2.  Toxicity Criteria for 100-KR-4 Groundwater Operable Unit Contaminants of Potential Concern 

COPCa 

Oral 
Reference 

Dose 
(RfDo)b 
(mg/kg-

day) Key 

Oral Cancer 
Slope Factor  

(CSFo)b 
(mg/kg-day)-1  

or  
Oral Slope 

Factor  
(SFo) c 

(Risk/pCi) Key 

Inhalation Unit 
Risk  

(IUR)b 
(µg/m3)-1 Key 

Inhalation 
Cancer 

Slope Factor 
(CSFi)d 

(kg-day/mg)  
or 

Inhalation 
Slope Factor 

(SFi)c 
 (Risk/pCi) 

Inhalation 
Reference 

Concentration 
 (RfC)b 

(mg/m3) Key 

Inhalation 
Reference 

Dose 
 (RfDi)e 
(mg/kg-

day) 

Volatile 
Nonradionuclidesb 

Radionuclidesc 

GIABS 
Nonradionuclidesb 

Radionuclidesc 
Kp

 f 
(cm/hour) Bf 

τf 
(hours/event) 

t* f 
(hours) FAf 

Acetone 9.00E-01 I -- -- -- -- -- 3.10E+01 A 8.86E+00 V 1.00E+00 5.12E-04e -- -- -- -- 

Aluminum 1.00E+00 P -- -- -- -- -- 5.00E-03 P 1.43E-03 -- 1.00E+00 1.00E-03 -- -- -- -- 

Arsenic 3.00E-04 I 1.50E+00 I 4.30E-03 I 1.51E+01 1.50E-05 C 4.29E-06 -- 1.00E+00 1.00E-03 -- -- -- -- 

Barium 2.00E-01 I -- -- -- -- -- 5.00E-04 H 1.43E-04 -- 7.00E-02 1.00E-03 -- -- -- -- 

Beryllium 2.00E-03 I -- -- 2.40E-03 I 8.40E+00 2.00E-05 I 5.71E-06 -- 7.00E-03 1.00E-03 -- -- -- -- 

Boron 2.00E-01 I -- -- -- -- -- 2.00E-02 H 5.71E-03 -- 1.00E+00 1.00E-03 -- -- -- -- 

Bromodichloromethane 2.00E-02 I 6.20E-02 I 3.70E-05 C 1.30E-01 -- -- -- V 1.00E+00 4.60E-03 0 0.88 2.12 1 

Bromomethane 1.40E-03 I -- -- -- -- -- 5.00E-03 I 1.43E-03 V 1.00E+00 2.80E-03 0 0.36 0.87 1 

Cadmium 5.00E-04 I -- -- 1.80E-03 I 6.30E+00 1.00E-05 A 2.86E-06 -- 5.00E-02 1.00E-03 -- -- -- -- 

Carbon-14 -- -- 1.55E-12 H -- -- 7.07E-12 -- -- -- -- -- -- -- -- -- -- 

Chloride -- -- -- -- -- -- -- -- -- -- -- -- 1.00E-03 -- -- -- -- 

Chlorobenzene 2.00E-02 I -- -- -- -- -- 5.00E-02 P 1.43E-02 V 1.00E+00 2.80E-02 0.1 0.46 1.09 1 

Chloroform 1.00E-02 I 3.10E-02 C 2.30E-05 I 8.05E-02 9.80E-02 A 2.80E-02 V 1.00E+00 6.80E-03 0 0.5 1.19 1 

Chromium 1.50E+00 I -- -- -- -- -- -- -- -- -- 1.30E-02 1.00E-03 -- -- -- -- 

Cobalt 3.00E-04 P -- -- 9.00E-03 P 3.15E+01 6.00E-06 P 1.71E-06 -- 1.00E+00 4.00E-04 -- -- -- -- 

Copper 4.00E-02 H -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Fluoride 6.00E-02 I -- -- -- -- -- 1.30E-02 C 3.71E-03 -- 1.00E+00 1.00E-03 -- -- -- -- 

Hexavalent Chromium 3.00E-03 I -- -- 8.40E-02 I 2.94E+02 1.00E-04 I 2.86E-05 -- 2.50E-02 2.00E-03 -- -- -- -- 

Iron 7.00E-01 P -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Lead -- -- -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-04 -- -- -- -- 

Lithium 2.00E-03 P -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Manganese 2.40E-02 I -- -- -- -- -- 5.00E-05 I 1.43E-05 -- 4.00E-02 1.00E-03 -- -- -- -- 

Molybdenum 5.00E-03 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Nickel 2.00E-02 I -- -- 2.60E-04 C 9.10E-01 9.00E-05 A 2.57E-05 -- 4.00E-02 2.00E-04 -- -- -- -- 

Nitrate 7.1 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 
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Table 4-2.  Toxicity Criteria for 100-KR-4 Groundwater Operable Unit Contaminants of Potential Concern 

COPCa 

Oral 
Reference 

Dose 
(RfDo)b 
(mg/kg-

day) Key 

Oral Cancer 
Slope Factor  

(CSFo)b 
(mg/kg-day)-1  

or  
Oral Slope 

Factor  
(SFo) c 

(Risk/pCi) Key 

Inhalation Unit 
Risk  

(IUR)b 
(µg/m3)-1 Key 

Inhalation 
Cancer 

Slope Factor 
(CSFi)d 

(kg-day/mg)  
or 

Inhalation 
Slope Factor 

(SFi)c 
 (Risk/pCi) 

Inhalation 
Reference 

Concentration 
 (RfC)b 

(mg/m3) Key 

Inhalation 
Reference 

Dose 
 (RfDi)e 
(mg/kg-

day) 

Volatile 
Nonradionuclidesb 

Radionuclidesc 

GIABS 
Nonradionuclidesb 

Radionuclidesc 
Kp

 f 
(cm/hour) Bf 

τf 
(hours/event) 

t* f 
(hours) FAf 

Nitrite 3.00E-01 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Selenium 5.00E-03 I -- -- -- -- -- 2.00E-02 C 5.71E-03 -- 1.00E+00 1.00E-03 -- -- -- -- 

Silver 5.00E-03 I -- -- -- -- -- -- -- -- -- 4.00E-02 6.00E-04 -- -- -- -- 

Strontium 6.00E-01 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Strontium-90 -- -- 5.59E-11 H -- -- 1.05E-10 -- -- -- -- -- -- -- -- -- -- 

Styrene 2.00E-01 I -- -- -- -- -- 1.00E+00 I 2.86E-01 V 1.00E+00 3.70E-02 0.1 0.41 0.98 1 

Sulfate -- -- -- -- -- -- -- -- -- -- -- -- 1.00E-03 -- -- -- -- 

Thallium -- -- -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Tin 6.00E-01 H -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Toluene 8.00E-02 I -- -- -- -- -- 5.00E+00 I 1.43E+00 V 1.00E+00 3.10E-02 0.1 0.35 0.84 1 

Trichloroethene -- -- 8.90E-02 H 2.50E-05 H 8.75E-02 3.50E-02 H 1.00E-02 V 1.00E+00 1.20E-02 0.1 0.58 1.39 1 

Tritium -- -- 5.07E-14 H -- -- 5.62E-14 -- -- -- V -- -- -- -- -- -- 

Uranium 3.00E-03 I -- -- -- -- -- 3.00E-04 A 8.57E-05 -- 1.00E+00 1.00E-03 -- -- -- -- 

Vanadium 5.00E-03 S -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Xylenes (total) 2.00E-01 I -- -- -- -- -- 1.00E-01 I 2.86E-02 V 1.00E+00 5.30E-02 0.2 0.42 1.01 1 

Zinc 3.00E-01 I -- -- -- -- -- -- -- -- -- 1.00E+00 6.00E-04 -- -- -- -- 
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Table 4-2.  Toxicity Criteria for 100-KR-4 Groundwater Operable Unit Contaminants of Potential Concern 

COPCa 

Oral 
Reference 

Dose 
(RfDo)b 
(mg/kg-

day) Key 

Oral Cancer 
Slope Factor  

(CSFo)b 
(mg/kg-day)-1  

or  
Oral Slope 

Factor  
(SFo) c 

(Risk/pCi) Key 

Inhalation Unit 
Risk  

(IUR)b 
(µg/m3)-1 Key 

Inhalation 
Cancer 

Slope Factor 
(CSFi)d 

(kg-day/mg)  
or 

Inhalation 
Slope Factor 

(SFi)c 
 (Risk/pCi) 

Inhalation 
Reference 

Concentration 
 (RfC)b 

(mg/m3) Key 

Inhalation 
Reference 

Dose 
 (RfDi)e 
(mg/kg-

day) 

Volatile 
Nonradionuclidesb 

Radionuclidesc 

GIABS 
Nonradionuclidesb 

Radionuclidesc 
Kp

 f 
(cm/hour) Bf 

τf 
(hours/event) 

t* f 
(hours) FAf 

Notes: 

a. Source = ECF-100KR4-10-0470.   

b. Source = EPA, 2009. 

c. Source = EPA, 2001. 

d. CSFi (kg-day/mg) = IUR (m3/µg) x 1/20 (m3/day) x 70 (kg) x 1000 (μg/mg) 

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

f. Source = EPA/540/R/99/005, Exhibits 3-1 (inorganic COPCs) and B-3 (organic COPCs). 

g. Source = ORNL, 2010. 

-- = indicates toxicity value not available for this contaminant and exposure route.  

A = ATSDR 

B = partitioning constant. 

C = Cal EPA  

COPC = contaminant of potential concern. 

FA = fraction absorbed. 

GIABS = gastrointestinal absorption factor. 

H = HEAST  

I = IRIS 

Kp = dermal permeability constant. 

P = PPRTV 

t* = time to reach steady-state. 

τ = lag time 

V = volatile 

SV= Semivolatile 

ECF-100KR4-10-0470, Identification of Contaminants of Potential Concern for Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit. 
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 
EPA, 2001, Health Effects Assessment Summary Tables database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites.” 
ORNL, 2010, The Risk Assessment Information System (RAIS). 
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5 Software Applications 

All calculations for this Environmental Calculation were performed on electronic spreadsheets using 
Microsoft Excel®.  These spreadsheets are provided as electronic attachments to this environmental 
calculation. 

6 Calculation 

Potential human health risks to members of the CTUIR and the Yakama Nation are calculated using the 
methodology, COPCs, EPCs, and toxicity factors documented in Sections 3 and 4 of this environmental 
calculation.  The calculation spreadsheets were validated by comparison with the hand calculations 
presented in Figure 6-1, and are provided as electronic attachments (formatted for on-screen viewing). 

6.1 Drinking Water Exposure Pathway Worksheets 

The drinking water exposure pathway calculations for the CTUIR exposure scenario are contained in the 
Excel workbook “100-KR-4 Native Am Risk Env Calc - Attach A - Drinking Water CTUIR.xlsx”.  The 
worksheets in this workbook are listed in Table 6-1. 

The drinking water exposure pathway calculations for the Yakama Nation exposure scenario are 
contained in the Excel workbook “100-KR-4 Native Am Risk Env Calc - Attach B - Drinking Water 
YN.xlsx”.  The worksheets in this workbook are listed in Table 6-2.   

Table 6-1.  Worksheets for the CTUIR Drinking Water 
Exposure Pathway Calculations 

100-KR-4 Groundwater Operable Unit 

A-1: Results Summary  

A-2: Ingestion of Nonradioactive COPCs in Drinking Water 

A-3: Inhalation of Volatile Nonradioactive COPCs in Drinking 
Water 

A-4: Dermal Absorption of Nonradioactive COPCs in 
Drinking Water 

A-5: Inhalation of Volatile Radioactive COPCs in Drinking 
Water 

A-6: Ingestion of Radioactive COPCs in Drinking Water 

Notes: 

COPC = contaminant of potential concern 

  

 
                                                      
® Microsoft Excel is a registered product of the Microsoft Corporation. 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-569



 ECF-100KR4-10-0475, DRAFT PAGE 46 OF 78

 

 

Table 6-2.  Worksheets for the Yakama Nation 
Drinking Water Exposure Pathway Calculations 

100-KR-4 Groundwater Operable Unit 

B-1: Results Summary 

B-2: Ingestion of Nonradioactive COPCs in 
Drinking Water 

B-3: Inhalation of Volatile Nonradioactive COPCs 
in Drinking Water 

B-4: Dermal Absorption of Nonradioactive COPCs 
in Drinking Water 

B-5: Inhalation of Volatile Radioactive COPCs in 
Drinking Water 

B-6: Ingestion of Radioactive COPCs in Drinking 
Water 

Notes: 

COPC = contaminant of potential concern 

 

6.2 Sweat Lodge Exposure Pathway Worksheets 

The sweat lodge exposure pathway calculations for the CTUIR exposure scenario are contained in the 
Excel workbook “100-KR-4 Native Am Risk Env Calc - Attach C - Sweatlodge CTUIR.xlsx”.  The 
worksheets in this workbook are listed in Table 6-3. 

The sweat lodge exposure pathway calculations for the Yakama Nation exposure scenario are contained 
in the Excel workbook “100-KR-4 Native Am Risk Env Calc - Attach D - Sweatlodge YN.xlsx”.  The 
worksheets in this workbook are listed in Table 6-4.   

Table 6-3.  Worksheets for the CTUIR Sweat Lodge 
Exposure Pathway Calculations 

100-KR-4 Groundwater Operable Unit 

C-1: Results Summary 

C-2: Inhalation of Volatile and Semi-Volatile COPCs in 
Vapor 

C-3: Inhalation of Nonvolatile COPCs in Vapor 

C-4: Dermal Exposure to Volatile and Semi-Volatile 
COPCs in Vapor 

C-5: Dermal Exposure to Nonvolatile COPCs in 
Condensed Water 
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Table 6-3.  Worksheets for the CTUIR Sweat Lodge 
Exposure Pathway Calculations 

100-KR-4 Groundwater Operable Unit 

C-6: Dermal Exposure to Nonvolatile COPCs in Vapor 

C-7: Inhalation of Volatile and Semi-Volatile Radioactive 
COPCs in Vapor 

C-8: Inhalation of Nonvolatile Radioactive COPCs in 
Vapor 

 

Table 6-4.  Worksheets for the Yakama Nation 
Sweat Lodge Exposure Pathway Calculations 

100-KR-4 Groundwater Operable Unit 

D-1: Results Summary 

D-2: Inhalation of Volatile and Semi-Volatile COPCs 
in Vapor 

D-3: Inhalation of Nonvolatile COPCs in Vapor 

D-4: Dermal Exposure to Volatile and Semi-Volatile 
COPCs in Vapor 

D-5: Dermal Exposure to Nonvolatile COPCs in 
Condensed Water 

D-6: Dermal Exposure to Nonvolatile COPCs in 
Vapor 

D-7: Inhalation of Volatile and Semi-Volatile 
Radioactive COPCs in Vapor 

D-8: Inhalation of Nonvolatile Radioactive COPCs in 
Vapor 

 

6.3 Hand Calculations 

The electronic spreadsheet calculations are validated by comparison with hand calculations.   The hand 
calculations are presented in Figure 6-1.  The hand calculations were performed to validate the formulas 
used in the spreadsheets.   
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7 Results/Conclusions 

Results of the CTUIR and Yakama Nation human health risk calculations are summarized and discussed 
in the sections below.    

7.1 Summary of the CTUIR Supplemental Risk Evaluation 

This section summarizes the supplemental risk evaluation results for use of groundwater as a drinking 
water source and use of groundwater to make steam in a sweat lodge, where the groundwater source is the 
100-KR-4 OU.   

7.1.1 Use of Groundwater as a Potential Drinking Water Source 
Potential exposure to groundwater as a drinking water source is evaluated under this scenario.  Potential 
routes of exposure to groundwater include ingestion, dermal contact (nonradionuclides only), and 
inhalation of volatiles during household activities.  Table 7-1 provides a summary of the risk estimates, 
by exposure route.  Additional detail, including COPC-specific risk contributions, is provided in the 
electronic spreadsheet attachments. 

Table 7-1.  CTUIR Exposure Scenario—Summary of 
Risk Estimates from Use of Groundwater as a 

Potential Drinking Water Source 

Exposure Route 

100-KR-4 Groundwater 
Operable Unit 

ELCR HI 

Nonradionuclide COPCs 

Ingestion  4.9E-04 5.6 

Dermal  3.5E-06 0.48 

Inhalation 2.2E-06 <0.01 

Total 5.0E-04 6.1 

Radionuclide COPCs 

Ingestion  4.2E-04 -- 

Inhalation 1.5E-05 -- 

Total 4.4E-04 -- 

Total ELCRa 9.3E-04 -- 

Notes: 

a. Total ELCR represents the sum of the total 
nonradionuclide ELCR and the total radionuclide 
ELCR. 

COPC = contaminant of potential concern. 

ELCR = excess lifetime cancer risk. 

HI = hazard index. 

-- = Indicates HI not applicable. 
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The cumulative ELCR for the 100-KR-4 OU is 5.0 × 10-4 for nonradiological COPCs and 4.4 × 10-4 for 
radiological COPCs, which are greater than the EPA upper target risk threshold of 1 × 10-4. The 
individual ELCR values for carbon-14 and tritium are greater than the EPA regulatory target risk 
threshold of 1 × 10-4. Individual ELCR values for chloroform, trichloroethene, and strontium-90 are 
within the EPA range of 1 × 10-4 to 1 × 10-6.   The HI for the 100-KR-4 OU is 6.1, which is greater than 
the EPA target HI of 1.0. The primary contributor to the noncancer HI is hexavalent chromium, with a 
HQ of 2.7.  

Although the individual ELCR value associated with arsenic is greater than EPA’s regulatory target risk 
threshold of 1 × 10-4 and the HQ is greater than 1.0, the 90th percentile value of 5.3 µg/L is considered to 
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not considered a 
contributor to risk or hazard.  

The individual ELCR associated with bromodichloromethane is within the EPA range of 1 ×10-4 to 1 × 
10-6.  However, bromodichloromethane is not considered to be a contributor to the ELCR because it was 
detected in only five of 54 water samples, all of which were flagged with a “J”, which indicates that the 
results are estimated values.  

7.1.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use 
Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this scenario.  
Potential routes of exposure to steam generated from groundwater include inhalation of vaporized 
volatiles, semi-volatiles, and aerosolized nonvolatiles, and dermal contact with vaporized volatiles, semi-
volatiles, and aerosolized nonvolatiles, while spending time in a sweat lodge.  Table 7-2 summarizes the 
risk estimates by exposure route.  Additional, detail including COPC-specific risk contributions, is 
provided in the electronic spreadsheet attachments. 

Table 7-2.  CTUIR Exposure Scenario—Summary of Risk Estimates from 
Use of Groundwater in a Sweat Lodge 

Exposure Route 
100-KR-4 

Groundwater 
Operable Unit 

 ELCR HI 

Nonradionuclide COPCs 

Inhalation in Sweat Lodge 

   Volatile and Semi-Volatiles (vapor) 8.8E-06 0.02 

   Nonvolatile (aerosol) 7.9E-02 17 

Total 7.9E-02 17 

Dermal Exposure in Sweat Lodge 

   Volatile and Semi-Volatiles (vapor only) 1.1E-09 <0.01 

   Nonvolatile (vapor and aqueous condensate) 2.0E-06 0.83 
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Table 7-2.  CTUIR Exposure Scenario—Summary of Risk Estimates from 
Use of Groundwater in a Sweat Lodge 

Exposure Route 
100-KR-4 

Groundwater 
Operable Unit 

 ELCR HI 

Total 2.0E-06 0.83 

Total Nonradionuclide 7.9E-02 18 

Radionuclide COPCs 

Inhalation in Sweat Lodge 

   Volatile and Semi-Volatiles (vapor) 4.8E-05 -- 

   Nonvolatile (aerosol) 4.7E-05 -- 

Total Radionuclide 9.5E-05 -- 

Total ELCRa 7.9E-02 -- 

Notes: 

a. Total ELCR represents the sum of the total nonradionuclide ELCR and the 
total radionuclide ELCR. 

-- = Indicates HI not applicable. 

COPC = contaminant of potential concern. 

CTUIR = Confederated Tribes of the Umatilla Indian Reservation. 

HI = hazard index. 

ELCR = excess lifetime cancer risk. 

  

The cumulative ELCR for the 100-KR-4 OU is 7.9 × 10-2 for nonradiological COPCs and 9.5 × 10-5 for 
radiological COPCs.  The cumulative nonradiological ELCR is greater than the EPA upper target risk 
threshold of 1 × 10-4. The individual ELCR value for hexavalent chromium is greater than the EPA upper 
target risk threshold of 1 × 10-4. The individual ELCR values for chloroform, cobalt, trichloroethene, 
carbon-14, tritium, and strontium-90 are within the EPA range of 1 × 10-4 to 1 × 10-6.  The HI for the 100-
KR-4 OU is 18, which is greater than the EPA target HI of 1.0. The primary contributor to the noncancer 
HI is hexavalent chromium, with a HQ of 11. 

Although the individual ELCR value for arsenic is greater than EPA’s regulatory target risk threshold of 1 
× 10-4 and the HQ is greater than 1.0, the 90th percentile value of 5.3 µg/L is within the range of naturally 
occurring concentrations of arsenic. Therefore, arsenic is not considered a contributor to risk or hazard.  

The individual ELCR for bromodichloromethane is within the EPA range of 1 × 10-4 to 1 × 10-6. 
However, bromodichloromethane is not considered to be a contributor to the ELCR because it was 
detected in only five of 54 water samples, all of which were flagged with a “J”, indicating the results are 
estimated values.  

Although the individual ELCR values associated with beryllium, cadmium, and nickel are within the EPA 
range of 1 × 10-4 to 1 × 10-6, they are not considered contributors to the ELCR. Beryllium was detected in 
one of 54 water samples (at well 199-K-18) and is not considered to be associated with a trend or local 
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exposure point.  Cadmium was detected once (at well 699-73-61), and the result was flagged with a “B”, 
indicating an estimated concentration. Cadmium does not appear to be associated with a trend or local 
exposure point.  Nickel was detected in four of 54 water samples (only at well 199-K-36) and its presence 
is suspected to be associated with corrosion of the well casing.  This is supported by the presence of 
elevated iron concentrations at this well.   

Although the individual HQ for manganese is greater than 1.0, manganese is not considered to be a 
contributor to the HI, because the 90th percentile value of 11 µg/L is below the secondary MCL of 
50 µg/L.  (The secondary MCL is based on aesthetic qualities and is not federally enforceable.) 

7.2 Summary of the Yakama Nation Supplemental Risk Evaluation 

This section summarizes the supplemental risk evaluation results for use of groundwater as a drinking 
water source and use of groundwater to make steam in a sweat lodge, where the groundwater source is the 
100-KR-4 OU. 

7.2.1 Use of Groundwater as a Potential Drinking Water Source 
Potential exposure to groundwater as a drinking water source is evaluated under this scenario.  Potential 
routes of exposure to groundwater include ingestion, dermal contact (nonradionuclides only), and 
inhalation of volatiles during household activities.  Table 7-3 provides a summary of the risk estimates, 
by exposure route.  Additional detail, including COPC-specific risk contributions, is provided in the 
electronic spreadsheet attachments. 

Table 7-3.  Yakama Nation Exposure Scenario—
Summary of Risk Estimates from Use of 

Groundwater as a Potential Drinking Water Source 

Exposure Route 

100-KR-4 
Groundwater 
Operable Unit 

ELCR HI 

Nonradionuclide COPCs 

Ingestion  5.3E-04 5.6 

Dermal  3.5E-06 0.48 

Inhalation 2.2E-06 <0.01 

Total 5.4E-04 6.1 

Radionuclide COPCs 

Ingestion  4.3E-04 -- 

Inhalation 1.6E-05 -- 

Total 4.5E-04 -- 

Total ELCRa 9.8E-04 -- 

Notes: 

a. Total ELCR represents the sum of the total 
nonradionuclide ELCR and the total radionuclide 
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Table 7-3.  Yakama Nation Exposure Scenario—
Summary of Risk Estimates from Use of 

Groundwater as a Potential Drinking Water Source 

Exposure Route 

100-KR-4 
Groundwater 
Operable Unit 

ELCR HI 
ELCR. 

COPC = contaminant of potential concern. 

ELCR = excess lifetime cancer risk. 

HI = hazard index. 

-- = Indicates HI not applicable. 

  

The cumulative ELCR for the 100-KR-4 OU is 5.4 × 10-4 for nonradiological COPCs and 4.5 × 10-4 for 
radiological COPCs, which are greater than the EPA upper target risk threshold of 1 ×10-4.  The 
individual ELCR values for carbon-14 and tritium are greater than the EPA regulatory target risk 
threshold of 1 ×10-4.  The individual ELCR values for chloroform, trichloroethene, and strontium-90 are 
within the EPA range of 1 ×10-4 to 1 × 10-6.  The HI for the 100-KR-4 OU is 6.1, which is greater than the 
EPA target HI of 1.0. The primary contributor to the noncancer HI is hexavalent chromium, with a HQ of 
2.7. 

Although the individual ELCR value associated with arsenic is greater than EPA’s regulatory target risk 
threshold of 1 × 10-4 and the HQ is greater than 1.0, the 90th percentile value of 5.3 µg/L is within the 
range of naturally occurring arsenic concentrations. Therefore, arsenic is not considered a contributor to 
risk or hazard.  

The individual ELCR for bromodichloromethane is within the EPA range of 1 × 10-4 to 1 × 10-6. 
However, bromodichloromethane is not considered to be a contributor to the ELCR, because it was 
detected in only five of 54 water samples, all of which were flagged with a “J”, indicating the results are 
estimated values.  

7.2.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use 
Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this scenario.  
Potential routes of exposure to steam generated from groundwater include inhalation of vaporized 
volatiles, semi-volatiles, and aerosolized nonvolatiles, and dermal contact with vaporized volatiles, semi-
volatiles, and aerosolized nonvolatiles while spending time in a sweat lodge.  Table 7-4 provides a 
summary of the risk estimates by exposure route.  Additional detail, including COPC-specific risk 
contributions, is provided in the electronic spreadsheet attachments. 

 

 

Table 7-4.  Yakama Nation Exposure Scenario—Summary of Risk Estimates 
from Use of Groundwater in a Sweat Lodge 

Exposure Route 100-KR-4 
Groundwater 
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Operable Unit 

 ELCR HI 

Nonradionuclide COPCs 

Inhalation in Sweat Lodge 

   Volatile and Semi-Volatiles (vapor) 1.8E-05 0.04 

   Nonvolatile (aerosol) 1.6E-01 35 

Total 1.6E-01 35 

Dermal Exposure in Sweat Lodge 

   Volatile and Semi-Volatiles (vapor only) 2.3E-09 <0.01 

   Nonvolatile (vapor and aqueous condensate) 4.0E-06 1.7 

Total 4.0E-06 1.7 

Total Nonradionuclide 1.6E-01 37 

Radionuclide COPCs 

Inhalation in Sweat Lodge 

   Volatile and Semi-Volatiles (vapor) 1.0E-04 -- 

   Nonvolatile (aerosol) 9.8E-05 -- 

Total Radionuclide 2.0E-04 -- 

Total ELCRa 1.6E-01 -- 

Notes: 

a. Total ELCR represents the sum of the total nonradionuclide ELCR and the 
total radionuclide ELCR. 

-- = Indicates HI not applicable. 

COPC = contaminant of potential concern. 

HI = hazard index. 

ELCR = excess lifetime cancer risk. 

  

The cumulative ELCR for the 100-KR-4 OU is 1.6 × 10-1 for nonradiological COPCs and 2.0 × 10-4 for 
radiological COPCs, which are greater than the EPA upper target risk threshold of 1 ×10-4.  The 
individual ELCR value for hexavalent chromium is greater than the EPA regulatory target risk threshold 
of 1 × 10-4.  The individual ELCR values for chloroform, cobalt, trichloroethene, carbon-14, tritium, and 
strontium-90 are all within the EPA range of 1 ×10-4 to 1 × 10-6.  The HI for the 100-KR-4 OU is 37, 
which is greater than the EPA target HI of 1.0. The primary contributors to the noncancer HI are 
hexavalent chromium, with a HQ of 22, and barium, with a HQ of 1.6. 

Although the individual ELCR value for arsenic is greater than EPA’s regulatory target risk threshold of 1 
× 10-4 and the HQ is greater than 1.0, the 90th percentile value of 5.3 µg/L is within the range of naturally 
occurring arsenic concentrations. Therefore, arsenic is not considered a contributor to risk or hazard.  

The individual ELCR for bromodichloromethane is within the EPA range of 1 × 10-4 to 1 × 10-6. 
However, bromodichloromethane is not considered to be a contributor to the ELCR, because it was 
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detected in only five of 54 water samples, all of which were flagged with a “J”, indicating the results are 
estimated values.  

Although the individual ELCR values for beryllium, cadmium, and nickel are within the EPA range of 1 
× 10-4 to 1 × 10-6, they are not considered contributors to the ELCR. Beryllium was detected in one of 54 
water samples (at well 199-K-18) and is not considered to be associated with a trend or local exposure 
point.  Cadmium was detected once (at well 699-73-61), and the result was flagged with a “B,” indicating 
an estimated concentration. Cadmium does not appear to be associated with a trend or local exposure 
point.  Nickel was detected in four of 54 water samples (all at well 199-K-36), and its presence is 
suspected to be associated with corrosion of the well casing.  This is supported by the presence of 
elevated iron concentrations at this well.   

Although the individual HQ for manganese is greater than 1.0, manganese is not considered to be a 
contributor to the HI, because the 90th percentile value of 11 µg/L is below the secondary MCL of 
50 µg/L.  (The secondary MCL is based on aesthetic qualities and is not federally enforceable.) 
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COPC Contaminant Concentration in Groundwater Volatilea HQ (Inhalation) HQ (Ingestion) HQ (Dermal) Total HQ %
Cw (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.001 Yes 3.90E-07 6.35E-05 -- 6.39E-05 0.0011
Aluminum 0.03265 -- --(b) 1.87E-03 4.87E-06 1.87E-03 0.03
Arsenic 0.005315 -- --(b) 1.01E+00 2.64E-03 1.02E+00 16.73
Barium 0.04545 -- --(b) 1.30E-02 4.84E-04 1.35E-02 0.22
Beryllium 0.0001 -- --(b) 2.86E-03 1.07E-03 3.92E-03 0.06
Boron 0.0455 -- --(b) 1.30E-02 3.39E-05 1.30E-02 0.21
Bromodichloromethane 0.001 Yes -- 2.86E-03 1.17E-04 2.97E-03 0.05
Bromomethane 0.001 Yes 2.42E-03 4.08E-02 6.50E-04 4.39E-02 0.72
Cadmium 0.0002 -- --(b) 2.29E-02 1.19E-03 2.41E-02 0.40
Chloride 26.05 -- --(b) -- -- --
Chlorobenzene 0.001 Yes 2.42E-04 2.86E-03 5.14E-04 3.61E-03 0.06
Chloroform 0.00215 Yes 2.65E-04 1.23E-02 5.60E-04 1.31E-02 0.22
Chromium 0.121 -- --(b) 4.61E-03 9.25E-04 5.53E-03 0.09
Cobalt 0.000257 -- --(b) 4.90E-02 5.11E-05 4.90E-02 0.81
Copper 0.001272 -- --(b) 1.82E-03 4.74E-06 1.82E-03 0.03
Fluoride 0.332 -- --(b) 3.16E-01 8.25E-04 3.17E-01 5.22
Hexavalent Chromium 0.117 -- --(b) 2.23E+00 4.65E-01 2.69E+00 44.39
Iron 0.3595 -- --(b) 2.93E-02 7.66E-05 2.94E-02 0.48
Lead 0.0002 -- --(b) -- -- --
Lithium 0.0225 -- --(b) 6.43E-01 1.68E-03 6.45E-01 10.62
Manganese 0.01135 -- --(b) 2.70E-02 1.76E-03 2.88E-02 0.47
Molybdenum 0.00525 -- --(b) 6.00E-02 1.57E-04 6.02E-02 0.99
Nickel 0.004 -- --(b) 1.14E-02 1.49E-04 1.16E-02 0.19
Nitrate 71.7 -- --(b) 5.77E-01 1.51E-03 5.79E-01 9.53
Nitrite 0.118243 -- --(b) 2.25E-02 5.88E-05 2.26E-02 0.37
Selenium 0.0023 -- --(b) 2.63E-02 6.86E-05 2.64E-02 0.43
Silver 0.0002 -- --(b) 2.29E-03 8.95E-05 2.38E-03 0.04
Strontium 0.373 -- --(b) 3.55E-02 9.27E-05 3.56E-02 0.59
Styrene 0.001 Yes 1.21E-05 2.86E-04 6.41E-05 3.62E-04 0.006
Sulfate 77.3 -- --(b) -- -- --
Thallium 0.0001 -- --(b) -- -- --
Tin 0.000106 -- --(b) 1.01E-05 2.63E-08 1.01E-05 0.0002
Toluene 0.001 Yes 2.42E-06 7.14E-04 1.24E-04 8.41E-04 0.01

Trichloroethene 0.0038 Yes 1.31E-03 -- -- 1.31E-03 0.02

Uranium 0.007425 -- --(b) 1.41E-01 3.69E-04 1.42E-01 2.34

Vanadium 0.0195 -- --(b) 2.23E-01 5.82E-04 2.23E-01 3.68

Xylenes (total) 0.001 Yes 1.21E-04 2.86E-04 9.30E-05 5.00E-04 0.008

Zinc 0.3025 -- --(b) 5.76E-02 9.02E-05 5.77E-02 0.95
Total HI 4.37E-03 5.58E+00 4.81E-01 6.07E+00 100
aVolatile contaminants as defined by EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HI = hazard index.
HQ = hazard quotient.

100-KR-4 Groundwater Operable Unit Native American Risk Assessment--Summary of CTUIR Drinking Water Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
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COPC Contaminant Concentration in Groundwater Volatilea Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %
Cw (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.001 Yes -- -- -- --
Aluminum 0.03265 -- --(b) -- -- --
Arsenic 0.005315 -- --(b) 4.62E-04 1.34E-06 4.63E-04 93.65
Barium 0.04545 -- --(b) -- -- --
Beryllium 0.0001 -- --(b) -- -- --
Boron 0.0455 -- --(b) -- -- --
Bromodichloromethane 0.001 Yes 4.47E-07 3.59E-06 1.58E-07 4.20E-06 0.85
Bromomethane 0.001 Yes -- -- -- --
Cadmium 0.0002 -- --(b) -- -- --
Chloride 26.05 -- --(b) -- -- --
Chlorobenzene 0.001 Yes -- -- -- --
Chloroform 0.00215 Yes 5.98E-07 3.86E-06 1.90E-07 4.65E-06 0.94
Chromium 0.121 -- --(b) -- -- --
Cobalt 0.000257 -- --(b) -- -- --
Copper 0.001272 -- --(b) -- -- --
Fluoride 0.332 -- --(b) -- -- --
Hexavalent Chromium 0.117 -- --(b) -- -- --
Iron 0.3595 -- --(b) -- -- --
Lead 0.0002 -- --(b) -- -- --
Lithium 0.0225 -- --(b) -- -- --
Manganese 0.01135 -- --(b) -- -- --
Molybdenum 0.00525 -- --(b) -- -- --
Nickel 0.004 -- --(b) -- -- --
Nitrate 71.7 -- --(b) -- -- --
Nitrite 0.118243 -- --(b) -- -- --
Selenium 0.0023 -- --(b) -- -- --
Silver 0.0002 -- --(b) -- -- --
Strontium 0.373 -- --(b) -- -- --
Styrene 0.001 Yes -- -- -- --
Sulfate 77.3 -- --(b) -- -- --
Thallium 0.0001 -- --(b) -- -- --
Tin 0.000106 -- --(b) -- -- --
Toluene 0.001 Yes -- -- -- --

Trichloroethene 0.0038 Yes 1.15E-06 1.96E-05 1.83E-06 2.26E-05 4.56

Uranium 0.007425 -- --(b) -- -- --

Vanadium 0.0195 -- --(b) -- -- --

Xylenes (total) 0.001 Yes -- -- -- --

Zinc 0.3025 -- --(b) -- -- --
Total Nonradionuclide ELCR 2.19E-06 4.89E-04 3.52E-06 4.95E-04 100
aVolatile contaminants as defined by EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.

100-KR-4 Groundwater Operable Unit Native American Risk Assessment--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
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COPC Contaminant Concentration in Groundwater Volatilea Risk (Inhalation) Risk (Ingestion) Total Risk %
Cw (pCi/L) (unitless) (unitless) (unitless) Contribution

Carbon-14 1465 --(b) 2.17E-04 2.17E-04 49.52
Strontium-90 7.25 --(b) 3.88E-05 3.88E-05 8.84
Tritium 34500 Yes 1.53E-05 1.67E-04 1.83E-04 41.64
Total Radionuclide ELCR 1.53E-05 4.23E-04 4.39E-04 100
aVolatile radioactive contaminants as defined by EPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
bNonvolatile constituents are not considered in the inhalation exposure route
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.

100-KR-4 Groundwater Operable Unit Native American Risk Assessment--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
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100-KR-4 Groundwater Operable Unit Native American Risk Assessment 

CTUIR

Ingestion of Nonradioactive COPCs in Drinking Water - CTUIR

Parameter Symbol Value Unit Source

Chronic Daily Intake - nonradiological ingestion CDI Calculated Value mg/kg-day Equations 5 and 8

Contaminant concentration in groundwater Cw COPC-specific mg/L ECF-100KR4-10-0472 

Body Weight  - adult BWa 70 kg Harris and Harper, 2004

Body Weight  - child BWc 15 kg Harris and Harper, 2004

Water Ingestion Rate - adult IRWa 4 L/day Harris, 2008

Water Ingestion Rate - child IRWc 1 L/day Harris and Harper, 2004

Age-Adjusted Water Ingestion Rate - nonradiological IRWadj 4.057 L-year/kg-day Equation 6

Exposure Frequency EF 365 days/year Harris and Harper, 2004

Exposure Duration - adult EDa 70 years Harris and Harper, 2004

Exposure Duration - child EDc 6 years Harris, 2008

Averaging time - carcinogens and noncarcinogens AT 70 years Harris, 2008

Reference Dose - Oral RfDo COPC-specific mg/kg-day EPA, 2009

Cancer Slope Factor - Oral CSFo COPC-specific (mg/kg-day)
-1 EPA, 2009

Conversion Factor CF1 365 days/year 1 year = 365 days

ECF-100KR4-10-0472, Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit. 

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

Harris, S., and Harper, B., 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways .

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments .

Non-cancer HQ calculation

Intake Parameter Values
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100-KR-4 Groundwater Operable Unit Cw CDI (noncarcinogen) RfDo
a HQ %

 Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 0.001 5.71E-05 9.00E-01 6.35E-05 0.0011

Aluminum 7429-90-5 0.03265 1.87E-03 1.00E+00 1.87E-03 0.03

Arsenic 7440-38-2 0.005315 3.04E-04 3.00E-04 1.01E+00 18.13

Barium 7440-39-3 0.04545 2.60E-03 2.00E-01 1.30E-02 0.23

Beryllium 7440-41-7 0.0001 5.71E-06 2.00E-03 2.86E-03 0.05

Boron 7440-42-8 0.0455 2.60E-03 2.00E-01 1.30E-02 0.23

Bromodichloromethane 75-27-4 0.001 5.71E-05 2.00E-02 2.86E-03 0.05

Bromomethane 74-83-9 0.001 5.71E-05 1.40E-03 4.08E-02 0.73

Cadmium 7440-43-9 0.0002 1.14E-05 5.00E-04 2.29E-02 0.41

Chloride 16887-00-6 26.05 1.49E+00 -- --

Chlorobenzene 108-90-7 0.001 5.71E-05 2.00E-02 2.86E-03 0.05

Chloroform 67-66-3 0.00215 1.23E-04 1.00E-02 1.23E-02 0.22

Chromium 7440-47-3 0.121 6.91E-03 1.50E+00 4.61E-03 0.08

Cobalt 7440-48-4 0.000257 1.47E-05 3.00E-04 4.90E-02 0.88

Copper 7440-50-8 0.001272 7.27E-05 4.00E-02 1.82E-03 0.03

Fluoride 16984-48-8 0.332 1.90E-02 6.00E-02 3.16E-01 5.66

Hexavalent Chromium 18540-29-9 0.117 6.69E-03 3.00E-03 2.23E+00 39.92

Iron 7439-89-6 0.3595 2.05E-02 7.00E-01 2.93E-02 0.53

Lead 7439-92-1 0.0002 1.14E-05 -- --

Lithium 7439-93-2 0.0225 1.29E-03 2.00E-03 6.43E-01 11.52

Manganese 7439-96-5 0.01135 6.49E-04 2.4E-02 2.70E-02 0.48

Molybdenum 7439-98-7 0.00525 3.00E-04 5.00E-03 6.00E-02 1.07

Nickel 7440-02-0 0.004 2.29E-04 2.00E-02 1.14E-02 0.20

Nitrate 14797-55-8 71.7 4.10E+00 7.10E+00 5.77E-01 10.34

Nitrite 14797-65-0 0.118243 6.76E-03 3.00E-01 2.25E-02 0.40

Selenium 7782-49-2 0.0023 1.31E-04 5.00E-03 2.63E-02 0.47

Silver 7440-22-4 0.0002 1.14E-05 5.00E-03 2.29E-03 0.04

Strontium 7440-24-6 0.373 2.13E-02 6.00E-01 3.55E-02 0.64

Styrene 100-42-5 0.001 5.71E-05 2.00E-01 2.86E-04 0.005

Sulfate 14808-79-8 77.3 4.42E+00 -- --

Thallium 7440-28-0 0.0001 5.71E-06 -- --

Tin 7440-31-5 0.000106 6.06E-06 6.00E-01 1.01E-05 0.0002

Toluene 108-88-3 0.001 5.71E-05 8.00E-02 7.14E-04 0.013

Trichloroethene 79-01-6 0.0038 2.17E-04 -- --

Uranium 7440-61-1 0.007425 4.24E-04 3.00E-03 1.41E-01 2.53

Vanadium 7440-62-2 0.0195 1.11E-03 5.00E-03 2.23E-01 3.99

Xylenes (total) 1330-20-7 0.001 5.71E-05 2.00E-01 2.86E-04 0.005

Zinc 7440-66-6 0.3025 1.73E-02 3.00E-01 5.76E-02 1.03

Total HI 5.58E+00 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

COPC = contaminant of potential concern.

HI = hazard index.

HQ = hazard quotient.

EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

Cancer risk calculation
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100-KR-4 Groundwater Operable Unit Cw CDI (carcinogen) CSFo
a Risk %

 Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day)-1
(unitless) Contribution

Acetone 67-64-1 0.001 5.80E-05 -- --

Aluminum 7429-90-5 0.03265 1.89E-03 -- --

Arsenic 7440-38-2 0.005315 3.08E-04 1.50E+00 4.62E-04 94.47

Barium 7440-39-3 0.04545 2.63E-03 -- --

Beryllium 7440-41-7 0.0001 5.80E-06 -- --

Boron 7440-42-8 0.0455 2.64E-03 -- --

Bromodichloromethane 75-27-4 0.001 5.80E-05 6.20E-02 3.59E-06 0.73

Bromomethane 74-83-9 0.001 5.80E-05 -- --

Cadmium 7440-43-9 0.0002 1.16E-05 -- --

Chloride 16887-00-6 26.05 1.51E+00 -- --

Chlorobenzene 108-90-7 0.001 5.80E-05 -- --

Chloroform 67-66-3 0.00215 1.25E-04 3.10E-02 3.86E-06 0.79

Chromium 7440-47-3 0.121 7.01E-03 -- --

Cobalt 7440-48-4 0.000257 1.49E-05 -- --

Copper 7440-50-8 0.001272 7.37E-05 -- --

Fluoride 16984-48-8 0.332 1.92E-02 -- --

Hexavalent Chromium 18540-29-9 0.117 6.78E-03 -- --

Iron 7439-89-6 0.3595 2.08E-02 -- --

Lead 7439-92-1 0.0002 1.16E-05 -- --

Lithium 7439-93-2 0.0225 1.30E-03 -- --

Manganese 7439-96-5 0.01135 6.58E-04 -- --

Molybdenum 7439-98-7 0.00525 3.04E-04 -- --

Nickel 7440-02-0 0.004 2.32E-04 -- --

Nitrate 14797-55-8 71.7 4.16E+00 -- --

Nitrite 14797-65-0 0.118243 6.85E-03 -- --

Selenium 7782-49-2 0.0023 1.33E-04 -- --

Silver 7440-22-4 0.0002 1.16E-05 -- --

Strontium 7440-24-6 0.373 2.16E-02 -- --

Styrene 100-42-5 0.001 5.80E-05 -- --

Sulfate 14808-79-8 77.3 4.48E+00 -- --

Thallium 7440-28-0 0.0001 5.80E-06 -- --

Tin 7440-31-5 0.000106 6.14E-06 -- --

Toluene 108-88-3 0.001 5.80E-05 -- --

Trichloroethene 79-01-6 0.0038 2.20E-04 8.90E-02 1.96E-05 4.01

Uranium 7440-61-1 0.007425 4.30E-04 -- --

Vanadium 7440-62-2 0.0195 1.13E-03 -- --

Xylenes (total) 1330-20-7 0.001 5.80E-05 -- --

Zinc 7440-66-6 0.3025 1.75E-02 -- --

Total Nonradionuclide ELCR 4.89E-04 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

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

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 
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100-KR-4 Groundwater Operable Unit Native American Risk Assessment 

CTUIR

Inhalation of Volatile Nonradioactive COPCs in Drinking Water - CTUIR

Parameter Symbol Value Unit Source

Chronic Daily Intake - nonradiological inhalation CDI Calculated Value
mg/m3 for noncarcinogens, 

µg/m3 for carcinogens
Equations 13 and 15

Contaminant concentration in groundwater Cw COPC-specific mg/L ECF-100KR4-10-0472 

Exposure Time- adult ETa 0.58 hours/day EPA/540/R/99/005

Exposure Frequency EF 365 days/year Harris and Harper, 2004

Exposure Duration - adult EDa 70 years Harris and Harper, 2004

Averaging time - carcinogens and noncarcinogens AT 70 years Harris, 2008

Volatilization Factor VF 0.5 L/m3 EPA/540/R-92/003

Reference Concentration RfC COPC-specific mg/m3 EPA, 2009

Inhalation Unit Risk IUR COPC-specific (µg/m3)-1 EPA, 2009

Conversion Factor CF1 365 days/year 1 year = 365 days

Conversion Factor CF2   1/24 days/hour 1 day  = 24 hours

ECF-100KR4-10-0472, Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

Harris, S., and Harper, B., 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways .

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments .

Non-cancer HQ calculation

100-KR-4 Groundwater Operable Unit Volatilea
Cw CDI (noncarcinogen) RfCa

HQ %

 Nonradioactive COPC CAS # (mg/L) (mg/m3) (mg/m3) (unitless) Contribution

Acetone 67-64-1 Yes 0.001 1.21E-05 3.10E+01 3.90E-07 0.01

Aluminum 7429-90-5 -- 0.03265 --(b) 5.00E-03 --(b)

Arsenic 7440-38-2 -- 0.005315 --(b) 1.50E-05 --(b)

Barium 7440-39-3 -- 0.04545 --(b) 5.00E-04 --(b)

Beryllium 7440-41-7 -- 0.0001 --(b) 2.00E-05 --(b)

Boron 7440-42-8 -- 0.0455 --(b) 2.00E-02 --(b)

Bromodichloromethane 75-27-4 Yes 0.001 1.21E-05 -- --

Bromomethane 74-83-9 Yes 0.001 1.21E-05 5.00E-03 2.42E-03 55.29

Cadmium 7440-43-9 -- 0.0002 --(b) 1.00E-05 --(b)

Chloride 16887-00-6 -- 26.05 --(b) -- --(b)

Chlorobenzene 108-90-7 Yes 0.001 1.21E-05 5.00E-02 2.42E-04 5.53

Chloroform 67-66-3 Yes 0.00215 2.60E-05 9.80E-02 2.65E-04 6.06

Chromium 7440-47-3 -- 0.121 --(b) -- --(b)

Cobalt 7440-48-4 -- 0.000257 --(b) 6.00E-06 --(b)

Copper 7440-50-8 -- 0.001272 --(b) -- --(b)

Intake Parameter Values
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Fluoride 16984-48-8 -- 0.332 --(b) 1.30E-02 --(b)

Hexavalent Chromium 18540-29-9 -- 0.117 --(b) 1.00E-04 --(b)

Iron 7439-89-6 -- 0.3595 --(b) -- --(b)

Lead 7439-92-1 -- 0.0002 --(b) -- --(b)

Lithium 7439-93-2 -- 0.0225 --(b) -- --(b)

Manganese 7439-96-5 -- 0.01135 --(b) 5.00E-05 --(b)

Molybdenum 7439-98-7 -- 0.00525 --(b) -- --(b)

Nickel 7440-02-0 -- 0.004 --(b) 9.00E-05 --(b)

Nitrate 14797-55-8 -- 71.7 --(b) -- --(b)

Nitrite 14797-65-0 -- 0.118243 --(b) -- --(b)

Selenium 7782-49-2 -- 0.0023 --(b) 2.00E-02 --(b)

Silver 7440-22-4 -- 0.0002 --(b) -- --(b)

Strontium 7440-24-6 -- 0.373 --(b) -- --(b)

Styrene 100-42-5 Yes 0.001 1.21E-05 1.00E+00 1.21E-05 0.28

Sulfate 14808-79-8 -- 77.3 --(b) -- --(b)

Thallium 7440-28-0 -- 0.0001 --(b) -- --(b)

Tin 7440-31-5 -- 0.000106 --(b) -- --(b)

Toluene 108-88-3 Yes 0.001 1.21E-05 5.00E+00 2.42E-06 0.06
Trichloroethene 79-01-6 Yes 0.0038 4.59E-05 3.50E-02 1.31E-03 30.01

Uranium 7440-61-1 -- 0.007425 --(b) 3.00E-04 --(b)

Vanadium 7440-62-2 -- 0.0195 --(b) -- --(b)

Xylenes (total) 1330-20-7 Yes 0.001 1.21E-05 1.00E-01 1.21E-04 2.76

Zinc 7440-66-6 -- 0.3025 --(b) -- --(b)

Total HI 4.37E-03 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

COPC = contaminant of potential concern.

HI = hazard index.

HQ = hazard quotient.

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment).

Cancer risk calculation

100-KR-4 Groundwater Operable Unit Volatilea
Cw CDI (cancer) IURa

Risk %

 Nonradioactive COPC CAS # (mg/L) (μg/m3) (µg/m3)-1
(unitless) Contribution

Acetone 67-64-1 Yes 0.001 1.21E-02 -- --

Aluminum 7429-90-5 -- 0.03265 --(b) -- --(b)

Arsenic 7440-38-2 -- 0.005315 --(b) 4.30E-03 --(b)

Barium 7440-39-3 -- 0.04545 --(b) -- --(b)

Beryllium 7440-41-7 -- 0.0001 --(b) 2.40E-03 --(b)
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Boron 7440-42-8 -- 0.0455 --(b) -- --(b)

Bromodichloromethane 75-27-4 Yes 0.001 1.21E-02 3.70E-05 4.47E-07 20.39

Bromomethane 74-83-9 Yes 0.001 --(b) -- --

Cadmium 7440-43-9 -- 0.0002 --(b) 1.80E-03 --(b)

Chloride 16887-00-6 -- 26.05 --(b) -- --(b)

Chlorobenzene 108-90-7 Yes 0.001 1.21E-02 -- --

Chloroform 67-66-3 Yes 0.00215 2.60E-02 2.30E-05 5.98E-07 27.25

Chromium 7440-47-3 -- 0.121 --(b) -- --(b)

Cobalt 7440-48-4 -- 0.000257 --(b) 9.00E-03 --(b)

Copper 7440-50-8 -- 0.001272 --(b) -- --(b)

Fluoride 16984-48-8 -- 0.332 --(b) -- --(b)

Hexavalent Chromium 18540-29-9 -- 0.117 --(b) 8.40E-02 --(b)

Iron 7439-89-6 -- 0.3595 --(b) -- --(b)

Lead 7439-92-1 -- 0.0002 --(b) -- --(b)

Lithium 7439-93-2 -- 0.0225 --(b) -- --(b)

Manganese 7439-96-5 -- 0.01135 --(b) -- --(b)

Molybdenum 7439-98-7 -- 0.00525 --(b) -- --(b)

Nickel 7440-02-0 -- 0.004 --(b) 2.60E-04 --(b)

Nitrate 14797-55-8 -- 71.7 --(b) -- --(b)

Nitrite 14797-65-0 -- 0.118243 --(b) -- --(b)

Selenium 7782-49-2 -- 0.0023 --(b) -- --(b)

Silver 7440-22-4 -- 0.0002 --(b) -- --(b)

Strontium 7440-24-6 -- 0.373 --(b) -- --(b)

Styrene 100-42-5 Yes 0.001 1.21E-02 -- --

Sulfate 14808-79-8 -- 77.3 --(b) -- --(b)

Thallium 7440-28-0 -- 0.0001 --(b) -- --(b)

Tin 7440-31-5 -- 0.000106 --(b) -- --(b)

Toluene 108-88-3 Yes 0.001 1.21E-02 -- --

Trichloroethene 79-01-6 Yes 0.0038 4.59E-02 2.50E-05 1.15E-06 52.36

Uranium 7440-61-1 -- 0.007425 --(b) -- --(b)

Vanadium 7440-62-2 -- 0.0195 --(b) -- --(b)

Xylenes (total) 1330-20-7 Yes 0.001 1.21E-02 -- --

Zinc 7440-66-6 -- 0.3025 --(b) -- --(b)

Total Nonradionuclide ELCR 2.19E-06 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route

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

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment).
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100-KR-4 Groundwater Operable Unit Native American Risk Assessment 

CTUIR

Dermal Absorption of Nonradioactive COPCs in Drinking Water - CTUIR

Parameter Symbol Value Unit Source

Chronic Daily Intake - Dermal CDI calculated mg/kg-day Equations 21 and 24

Contaminant concentration in groundwater Cw COPC-specific mg/L ECF-100KR4-10-0472 

Body Weight  - adult BWa 70 kg Harris and Harper, 2004

Body Weight  - child BWc 15 kg Harris and Harper, 2004

Exposure Time - adult ETa 0.58 hours/event EPA/540/R/99/005

Exposure Time - child ETc 1 hours/event EPA/540/R/99/005

Age-Adjusted Exposure Time ETadj 0.616 hours/event Equation 26

Skin Surface Area - adult SAa 18,000 cm2 EPA/540/R/99/005

Skin Surface Area - child SAc 6,600 cm2 EPA/540/R/99/005

Age-Adjusted Skin Surface Area SAadj 19,097 (cm2-year-event)/(kg-day) Equation 22

Event Frequency - adult EVa 1 event/day EPA/540/R/99/005

Event Frequency -child EVc 1 event/day EPA/540/R/99/005

Exposure Frequency EF 365 days/year Harris and Harper, 2004

Exposure Duration - adult EDa 70 years Harris and Harper, 2004

Exposure Duration - child EDc 6 years Harris, 2008

Averaging Time - carcinogens and noncarcinogens AT 70 years Harris, 2008

Reference Dose - Oral RfDo COPC-specific mg/kg-day EPA, 2009

Cancer Slope Factor - Oral CSFo COPC-specific (mg/kg-day)-1 EPA, 2009

Gastrointestinal Absorption Factor GIABS COPC-specific unitless EPA, 2009

Conversion Factor CF1 365 days/year 1 year = 365 days

Conversion Factor CF3 0.001 L/cm3 1 L = 1000 cm3

The constant pi π 3.14159 unitless --

Time to reach steady state conditions t* COPC-specific hours EPA/540/R/99/005

Partitioning Constant derived by Bunge Model B COPC-specific unitless EPA/540/R/99/005

Absorbed Dose per Event DAevent calculated mg/cm2-event Equations 27, 28, and 29

Dermal Permeability Coefficient Kp COPC-specific cm/hour EPA/540/R/99/005

Fraction of absored water FA COPC-specific unitless EPA/540/R/99/005

Lag Time τ COPC-specific hours/event EPA/540/R/99/005

ECF-100KR4-10-0472, Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

Harris, S., and Harper, B., 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways .

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments .

Absorbed Dermal Dose Calculation

100-KR-4 Groundwater Operable Unit Cw FAb
Kp

a Bb τb t*b DA (noncancer) DA (cancer)

 Nonradioactive COPC CAS # (mg/L) Inorganic/organica (unitless) (cm/hour) (unitless) (hours/event) (hours) (mg/cm2-event) (mg/cm2-event)

Acetonec
67-64-1 0.001 -- -- 5.12E-04 -- -- -- -- --

Aluminum 7429-90-5 0.03265 INORGANIC -- 1.00E-03 -- -- -- 1.89E-08 2.01E-08

Arsenic 7440-38-2 0.005315 INORGANIC -- 1.00E-03 -- -- -- 3.08E-09 3.27E-09

Barium 7440-39-3 0.04545 INORGANIC -- 1.00E-03 -- -- -- 2.64E-08 2.80E-08

100-KR-4  Operable Unit Native American Risk Assessment--Dermal Absorbed Dose Calculations

Intake Parameter Values
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Beryllium 7440-41-7 0.0001 INORGANIC -- 1.00E-03 -- -- -- 5.80E-11 6.16E-11

Boron 7440-42-8 0.0455 INORGANIC -- 1.00E-03 -- -- -- 2.64E-08 2.80E-08

Bromodichloromethane 75-27-4 0.001 -- 1 4.60E-03 0 0.88 2.12 9.08E-09 9.36E-09

Bromomethane 74-83-9 0.001 -- 1 2.80E-03 0 0.36 0.87 3.54E-09 3.64E-09

Cadmium 7440-43-9 0.0002 INORGANIC -- 1.00E-03 -- -- -- 1.16E-10 1.23E-10

Chloride 16887-00-6 26.05 INORGANIC -- 1.00E-03 -- -- -- 1.51E-05 1.60E-05

Chlorobenzene 108-90-7 0.001 -- 1 2.80E-02 0.1 0.46 1.09 4.00E-08 4.12E-08

Chloroform 67-66-3 0.00215 -- 1 6.80E-03 0 0.5 1.19 2.18E-08 2.24E-08

Chromium 7440-47-3 0.121 INORGANIC -- 1.00E-03 -- -- -- 7.02E-08 7.45E-08

Cobalt 7440-48-4 0.000257 INORGANIC -- 4.00E-04 -- -- -- 5.96E-11 6.33E-11

Copper 7440-50-8 0.001272 INORGANIC -- 1.00E-03 -- -- -- 7.38E-10 7.84E-10

Fluoride 16984-48-8 0.332 INORGANIC -- 1.00E-03 -- -- -- 1.93E-07 2.05E-07

Hexavalent Chromium 18540-29-9 0.117 INORGANIC -- 2.00E-03 -- -- -- 1.36E-07 1.44E-07

Iron 7439-89-6 0.3595 INORGANIC -- 1.00E-03 -- -- -- 2.09E-07 2.21E-07

Lead 7439-92-1 0.0002 INORGANIC -- 1.00E-04 -- -- -- 1.16E-11 1.23E-11

Lithium 7439-93-2 0.0225 INORGANIC -- 1.00E-03 -- -- -- 1.31E-08 1.39E-08

Manganese 7439-96-5 0.01135 INORGANIC -- 1.00E-03 -- -- -- 6.58E-09 6.99E-09

Molybdenum 7439-98-7 0.00525 INORGANIC -- 1.00E-03 -- -- -- 3.05E-09 3.23E-09

Nickel 7440-02-0 0.004 INORGANIC -- 2.00E-04 -- -- -- 4.64E-10 4.93E-10

Nitrate 14797-55-8 71.7 INORGANIC -- 1.00E-03 -- -- -- 4.16E-05 4.42E-05

Nitrite 14797-65-0 0.118243 INORGANIC -- 1.00E-03 -- -- -- 6.86E-08 7.28E-08

Selenium 7782-49-2 0.0023 INORGANIC -- 1.00E-03 -- -- -- 1.33E-09 1.42E-09

Silver 7440-22-4 0.0002 INORGANIC -- 6.00E-04 -- -- -- 6.96E-11 7.39E-11

Strontium 7440-24-6 0.373 INORGANIC -- 1.00E-03 -- -- -- 2.16E-07 2.30E-07

Styrene 100-42-5 0.001 -- 1 3.70E-02 0.1 0.41 0.98 4.99E-08 5.14E-08

Sulfate 14808-79-8 77.3 INORGANIC -- 1.00E-03 -- -- -- 4.48E-05 4.76E-05

Thallium 7440-28-0 0.0001 INORGANIC -- 1.00E-03 -- -- -- 5.80E-11 6.16E-11

Tin 7440-31-5 0.000106 INORGANIC -- 1.00E-03 -- -- -- 6.15E-11 6.53E-11

Toluene 108-88-3 0.001 -- 1 3.10E-02 0.1 0.35 0.84 3.86E-08 3.98E-08

Trichloroethene 79-01-6 0.0038 -- 1 1.20E-02 0.1 0.58 1.39 7.31E-08 7.53E-08

Uranium 7440-61-1 0.007425 INORGANIC -- 1.00E-03 -- -- -- 4.31E-09 4.57E-09

Vanadium 7440-62-2 0.0195 INORGANIC -- 1.00E-03 -- -- -- 1.13E-08 1.20E-08

Xylenes (total) 1330-20-7 0.001 -- 1 5.30E-02 0.2 0.42 1.01 7.23E-08 7.45E-08

Zinc 7440-66-6 0.3025 INORGANIC -- 6.00E-04 -- -- -- 1.05E-07 1.12E-07
aEPA/540/R/99/005, Exhibit 3-1 (inorganics) and Exhibit B-3
bEPA/540/R/99/005, Exhibit B-3
cthe Kp value was taken from  ORNL, 2010, The Risk Assessment Information System (RAIS).

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

Non-cancer HQ calculation

100-KR-4 Groundwater Operable Unit Cw CDI (noncarcinogen) RfDo
a GIABSa

HQ %

 Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetone 67-64-1 0.001 -- 9.00E-01 1.00E+00 --

Aluminum 7429-90-5 0.03265 4.87E-06 1.00E+00 1.00E+00 4.87E-06 0.001

Arsenic 7440-38-2 0.005315 7.93E-07 3.00E-04 1.00E+00 2.64E-03 0.55

Barium 7440-39-3 0.04545 6.78E-06 2.00E-01 7.00E-02 4.84E-04 0.10

Beryllium 7440-41-7 0.0001 1.49E-08 2.00E-03 7.00E-03 1.07E-03 0.22

Boron 7440-42-8 0.0455 6.79E-06 2.00E-01 1.00E+00 3.39E-05 0.01

Bromodichloromethane 75-27-4 0.001 2.34E-06 2.00E-02 1.00E+00 1.17E-04 0.02
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Bromomethane 74-83-9 0.001 9.09E-07 1.40E-03 1.00E+00 6.50E-04 0.13

Cadmium 7440-43-9 0.0002 2.98E-08 5.00E-04 5.00E-02 1.19E-03 0.25

Chloride 16887-00-6 26.05 3.89E-03 -- -- --

Chlorobenzene 108-90-7 0.001 1.03E-05 2.00E-02 1.00E+00 5.14E-04 0.11

Chloroform 67-66-3 0.00215 5.60E-06 1.00E-02 1.00E+00 5.60E-04 0.12

Chromium 7440-47-3 0.121 1.80E-05 1.50E+00 1.30E-02 9.25E-04 0.19

Cobalt 7440-48-4 0.000257 1.53E-08 3.00E-04 1.00E+00 5.11E-05 0.01

Copper 7440-50-8 0.001272 1.90E-07 4.00E-02 1.00E+00 4.74E-06 0.001

Fluoride 16984-48-8 0.332 4.95E-05 6.00E-02 1.00E+00 8.25E-04 0.17

Hexavalent Chromium 18540-29-9 0.117 3.49E-05 3.00E-03 2.50E-02 4.65E-01 96.67

Iron 7439-89-6 0.3595 5.36E-05 7.00E-01 1.00E+00 7.66E-05 0.02

Lead 7439-92-1 0.0002 2.98E-09 -- 1.00E+00 --

Lithium 7439-93-2 0.0225 3.36E-06 2.00E-03 1.00E+00 1.68E-03 0.35

Manganese 7439-96-5 0.01135 1.69E-06 2.4E-02 4.00E-02 1.76E-03 0.37

Molybdenum 7439-98-7 0.00525 7.83E-07 5.00E-03 1.00E+00 1.57E-04 0.03

Nickel 7440-02-0 0.004 1.19E-07 2.00E-02 4.00E-02 1.49E-04 0.03

Nitrate 14797-55-8 71.7 1.07E-02 7.10E+00 1.00E+00 1.51E-03 0.31

Nitrite 14797-65-0 0.118243 1.76E-05 3.00E-01 1.00E+00 5.88E-05 0.01

Selenium 7782-49-2 0.0023 3.43E-07 5.00E-03 1.00E+00 6.86E-05 0.01

Silver 7440-22-4 0.0002 1.79E-08 5.00E-03 4.00E-02 8.95E-05 0.02

Strontium 7440-24-6 0.373 5.56E-05 6.00E-01 1.00E+00 9.27E-05 0.02

Styrene 100-42-5 0.001 1.28E-05 2.00E-01 1.00E+00 6.41E-05 0.01

Sulfate 14808-79-8 77.3 1.15E-02 -- -- --

Thallium 7440-28-0 0.0001 1.49E-08 -- 1.00E+00 --

Tin 7440-31-5 0.000106 1.58E-08 6.00E-01 1.00E+00 2.63E-08 0.000005

Toluene 108-88-3 0.001 9.93E-06 8.00E-02 1.00E+00 1.24E-04 0.03

Trichloroethene 79-01-6 0.0038 1.88E-05 -- 1.00E+00 --

Uranium 7440-61-1 0.007425 1.11E-06 3.00E-03 1.00E+00 3.69E-04 0.08

Vanadium 7440-62-2 0.0195 2.91E-06 5.00E-03 1.00E+00 5.82E-04 0.12

Xylenes (total) 1330-20-7 0.001 1.86E-05 2.00E-01 1.00E+00 9.30E-05 0.02

Zinc 7440-66-6 0.3025 2.71E-05 3.00E-01 1.00E+00 9.02E-05 0.02

Total HI 4.81E-01 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

COPC = contaminant of potential concern.

HI = hazard index

HQ = hazard quotient.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

Cancer risk calculation

100-KR-4 Groundwater Operable Unit Cw CDI (carcinogen) CSFo
a GIABSa

Risk %

 Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day)-1
(unitless) (unitless) Contribution

Acetone 67-64-1 0.001 -- -- 1.00E+00 --

Aluminum 7429-90-5 0.03265 5.49E-06 -- 1.00E+00 --

Arsenic 7440-38-2 0.005315 8.93E-07 1.50E+00 1.00E+00 1.34E-06 38.10

Barium 7440-39-3 0.04545 7.64E-06 -- 7.00E-02 --

Beryllium 7440-41-7 0.0001 1.68E-08 -- 7.00E-03 --

Boron 7440-42-8 0.0455 7.65E-06 -- 1.00E+00 --

Bromodichloromethane 75-27-4 0.001 2.55E-06 6.20E-02 1.00E+00 1.58E-07 4.50

Bromomethane 74-83-9 0.001 9.94E-07 -- 1.00E+00 --

Cadmium 7440-43-9 0.0002 3.36E-08 -- 5.00E-02 --

Chloride 16887-00-6 26.05 4.38E-03 -- -- --

Chlorobenzene 108-90-7 0.001 1.12E-05 -- 1.00E+00 --

Chloroform 67-66-3 0.00215 6.12E-06 3.10E-02 1.00E+00 1.90E-07 5.39

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-614



Chromium 7440-47-3 0.121 2.03E-05 -- 1.30E-02 --

Cobalt 7440-48-4 0.000257 1.73E-08 -- 1.00E+00 --

Copper 7440-50-8 0.001272 2.14E-07 -- 1.00E+00 --

Fluoride 16984-48-8 0.332 5.58E-05 -- 1.00E+00 --

Hexavalent Chromium 18540-29-9 0.117 3.93E-05 -- 2.50E-02 --

Iron 7439-89-6 0.3595 6.04E-05 -- 1.00E+00 --

Lead 7439-92-1 0.0002 3.36E-09 -- 1.00E+00 --

Lithium 7439-93-2 0.0225 3.78E-06 -- 1.00E+00 --

Manganese 7439-96-5 0.01135 1.91E-06 -- 4.00E-02 --

Molybdenum 7439-98-7 0.00525 8.82E-07 -- 1.00E+00 --

Nickel 7440-02-0 0.004 1.34E-07 -- 4.00E-02 --

Nitrate 14797-55-8 71.7 1.20E-02 -- 1.00E+00 --

Nitrite 14797-65-0 0.118243 1.99E-05 -- 1.00E+00 --

Selenium 7782-49-2 0.0023 3.87E-07 -- 1.00E+00 --

Silver 7440-22-4 0.0002 2.02E-08 -- 4.00E-02 --

Strontium 7440-24-6 0.373 6.27E-05 -- 1.00E+00 --

Styrene 100-42-5 0.001 1.40E-05 -- 1.00E+00 --

Sulfate 14808-79-8 77.3 1.30E-02 -- -- --

Thallium 7440-28-0 0.0001 1.68E-08 -- 1.00E+00 --

Tin 7440-31-5 0.000106 1.78E-08 -- 1.00E+00 --

Toluene 108-88-3 0.001 1.09E-05 -- 1.00E+00 --

Trichloroethene 79-01-6 0.0038 2.06E-05 8.90E-02 1.00E+00 1.83E-06 52.01

Uranium 7440-61-1 0.007425 1.25E-06 -- 1.00E+00 --

Vanadium 7440-62-2 0.0195 3.28E-06 -- 1.00E+00 --

Xylenes (total) 1330-20-7 0.001 2.03E-05 -- 1.00E+00 --

Zinc 7440-66-6 0.3025 3.05E-05 -- 1.00E+00 --

Total Nonradionuclide ELCR 3.52E-06 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

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

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 
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100-KR-4 Groundwater Operable Unit Native American Risk Assessment 
CTUIR

Inhalation of Volatile Radioactive COPCs in Drinking Water - CTUIR

Factor Symbol Value Unit Reference

Chronic Daily Intake - radiological inhalation CDI Calculated Value pCi Equation 17

Contaminant concentration in groundwater Cw COPC-specific pCi/L ECF-100KR4-10-0472 

Exposure frequency EF 365 days/year Harris and Harper, 2004

Exposure Duration - adult EDa 70 years Harris and Harper, 2004
Exposure Duration - child EDc 6 years Harris, 2008

Inhalation Rate - adult INHa 25 m3/day Harris, 2008

Inhalation Rate - child INHc 15 m3/day Harris, 2008

Age-adjusted Inhalation Rate - radiological INH_RADadj 1690 m3-year/day Equation 18

Exposure Time - adult ETa 0.58 hour/day EPA/540/R/99/005
Exposure Time - child ETc 1 hour/day EPA/540/R/99/005
Age-Adjusted Exposure Time ETadj 0.616 hour/day Equation 19
Conversion Factor CF2   1/24 day/hour 1 day  = 24 hours
Volatilization Factor VF 0.5 L/m3 EPA/540/R-92/003

Slope Factor - inhalation SFi COPC-specific risk/pCi EPA, 2001

ECF-100KR4-10-0472, Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 
EPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
Harris, S., and Harper, B., 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways .
Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments .

Inhalation of Volatile Radioactive Constituents in Groundwater

100-KR-4 Groundwater Operable Unit Volatilea
Cw CDI (radiological inhalation) SFi

a Risk %
 Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Carbon-14 14762-75-5 1465 --(b) 7.07E-12 --(b)
Strontium-90 10098-97-2 7.25 --(b) 1.05E-10 --(b)
Tritium 10028-17-8 Yes 34500 2.73E+08 5.62E-14 1.53E-05 100
Total Radionuclide ELCR 1.53E-05 100
aEPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
bNonvolatile constituents are not considered in the inhalation exposure route
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

Intake Parameter Values
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100-KR-4 Groundwater Operable Unit Native American Risk Assessment 
CTUIR

Ingestion of Radioactive COPCs in Drinking Water - CTUIR

Factor Symbol Value Unit Reference

Chronic Daily Intake - radiological ingestion CDI Calculated Value pCi Equation 10

Contaminant concentration in groundwater Cw COPC-specific pCi/L ECF-100KR4-10-0472 

Exposure frequency EF 365 days/year Harris and Harper, 2004

Exposure Duration - adult EDa 70 years Harris and Harper, 2004

Exposure Duration - child EDc 6 years Harris, 2008

Water Ingestion Rate - adult IRWa 4 L/day Harris, 2008

Water Ingestion Rate - child IRWc 1 L/day Harris and Harper, 2004

Age-adjusted water ingestion rate - radiological IRW_RADadj 262 L-year/day Equation 11
Slope Factor - oral SFo COPC-specific risk/pCi EPA, 2001

ECF-100KR4-10-0472, Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit. 
EPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
Harris, S., and Harper, B., 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways .
Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments .

Ingestion of Radioactive Constituents in Groundwater
100-KR-4 Groundwater Operable Unit Cw CDI (radiological ingestion) SFo Risk %

 Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution
Carbon-14 14762-75-5 1465 1.40E+08 1.55E-12 2.17E-04 51.31
Strontium-90 10098-97-2 7.25 6.93E+05 5.59E-11 3.88E-05 9.16
Tritium 10028-17-8 34500 3.30E+09 5.07E-14 1.67E-04 39.53
Total Radionuclide ELCR 4.23E-04 100
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

Intake Parameter Values
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m
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Equations 5 and 8
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2.60E-03

2.00E-01
1.30E-02

0.23

Beryllium
7440-41-7

0.0001
5.71E-06

2.00E-03
2.86E-03

0.05

Boron
7440-42-8

0.0455
2.60E-03

2.00E-01
1.30E-02

0.23

Brom
odichlorom

ethane
75-27-4

0.001
5.71E-05

2.00E-02
2.86E-03

0.05

Brom
om

ethane
74-83-9

0.001
5.71E-05

1.40E-03
4.08E-02

0.73

Cadm
ium

7440-43-9
0.0002

1.14E-05
5.00E-04

2.29E-02
0.41

Chloride
16887-00-6

26.05
1.49E+00

--
--

Chlorobenzene
108-90-7

0.001
5.71E-05

2.00E-02
2.86E-03

0.05

Chloroform
67-66-3

0.00215
1.23E-04

1.00E-02
1.23E-02

0.22

Chrom
ium

7440-47-3
0.121

6.91E-03
1.50E+00

4.61E-03
0.08

Cobalt
7440-48-4

0.000257
1.47E-05

3.00E-04
4.90E-02

0.88

Copper
7440-50-8

0.001272
7.27E-05

4.00E-02
1.82E-03

0.03

Fluoride
16984-48-8

0.332
1.90E-02

6.00E-02
3.16E-01

5.66

H
exavalent Chrom

ium
18540-29-9

0.117
6.69E-03

3.00E-03
2.23E+00

39.92

Iron
7439-89-6

0.3595
2.05E-02

7.00E-01
2.93E-02

0.53

Lead
7439-92-1

0.0002
1.14E-05

--
--

Lithium
7439-93-2

0.0225
1.29E-03

2.00E-03
6.43E-01

11.52

M
anganese

7439-96-5
0.01135

6.49E-04
2.4E-02

2.70E-02
0.48

M
olybdenum

7439-98-7
0.00525

3.00E-04
5.00E-03

6.00E-02
1.07

N
ickel

7440-02-0
0.004

2.29E-04
2.00E-02

1.14E-02
0.20

N
itrate

14797-55-8
71.7

4.10E+00
7.10E+00

5.77E-01
10.34

N
itrite

14797-65-0
0.118243

6.76E-03
3.00E-01

2.25E-02
0.40

Selenium
7782-49-2

0.0023
1.31E-04

5.00E-03
2.63E-02

0.47

Silver
7440-22-4

0.0002
1.14E-05

5.00E-03
2.29E-03

0.04

Strontium
7440-24-6

0.373
2.13E-02

6.00E-01
3.55E-02

0.64

Styrene
100-42-5

0.001
5.71E-05

2.00E-01
2.86E-04

0.005

Sulfate
14808-79-8

77.3
4.42E+00

--
--

Thallium
7440-28-0

0.0001
5.71E-06

--
--

Tin
7440-31-5

0.000106
6.06E-06

6.00E-01
1.01E-05

0.0002

Toluene
108-88-3

0.001
5.71E-05

8.00E-02
7.14E-04

0.013

Trichloroethene
79-01-6

0.0038
2.17E-04

--
--

U
ranium

7440-61-1
0.007425

4.24E-04
3.00E-03

1.41E-01
2.53

Vanadium
7440-62-2

0.0195
1.11E-03

5.00E-03
2.23E-01

3.99

Xylenes (total)
1330-20-7

0.001
5.71E-05

2.00E-01
2.86E-04

0.005

Zinc
7440-66-6

0.3025
1.73E-02

3.00E-01
5.76E-02

1.03

Total H
I

5.58E+00
100

aEPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.

H
I = hazard index.

H
Q

 = hazard quotient.

EPA
 540/1-89/002 Risk A

ssessm
ent G

uidance for Superfund Volum
e I:  H

um
an H

ealth Evaluation M
anual (Part A

).

Cancer risk calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

w
 

CD
I (carcinogen)

CSF
o a

Risk
%

 N
onradioactive CO

PC
CA

S #
(m

g/L)
(m

g/kg-day)
(m

g/kg-day) -1
(unitless)

Contribution

A
cetone

67-64-1
0.001

6.30E-05
--

--

A
lum

inum
7429-90-5

0.03265
2.06E-03

--
--

A
rsenic

7440-38-2
0.005315

3.35E-04
1.50E+00

5.02E-04
94.47

Barium
7440-39-3

0.04545
2.86E-03

--
--

Beryllium
7440-41-7

0.0001
6.30E-06

--
--

Boron
7440-42-8

0.0455
2.86E-03

--
--

Brom
odichlorom

ethane
75-27-4

0.001
6.30E-05

6.20E-02
3.90E-06

0.73

Brom
om

ethane
74-83-9

0.001
6.30E-05

--
--

Cadm
ium

7440-43-9
0.0002

1.26E-05
--

--

Chloride
16887-00-6

26.05
1.64E+00

--
--

Chlorobenzene
108-90-7

0.001
6.30E-05

--
--

Chloroform
67-66-3

0.00215
1.35E-04

3.10E-02
4.20E-06

0.79

Chrom
ium

7440-47-3
0.121

7.62E-03
--

--

Cobalt
7440-48-4

0.000257
1.62E-05

--
--

Copper
7440-50-8

0.001272
8.01E-05

--
--

Fluoride
16984-48-8

0.332
2.09E-02

--
--

H
exavalent Chrom

ium
18540-29-9

0.117
7.37E-03

--
--

Iron
7439-89-6

0.3595
2.26E-02

--
--

Lead
7439-92-1

0.0002
1.26E-05

--
--

Lithium
7439-93-2

0.0225
1.42E-03

--
--

M
anganese

7439-96-5
0.01135

7.15E-04
--

--

M
olybdenum

7439-98-7
0.00525

3.31E-04
--

--

N
ickel

7440-02-0
0.004

2.52E-04
--

--

N
itrate

14797-55-8
71.7

4.51E+00
--

--

N
itrite

14797-65-0
0.118243

7.44E-03
--

--

Selenium
7782-49-2

0.0023
1.45E-04

--
--

Silver
7440-22-4

0.0002
1.26E-05

--
--

Strontium
7440-24-6

0.373
2.35E-02

--
--

Styrene
100-42-5

0.001
6.30E-05

--
--

Sulfate
14808-79-8

77.3
4.87E+00

--
--

Thallium
7440-28-0

0.0001
6.30E-06

--
--

Tin
7440-31-5

0.000106
6.67E-06

--
--

Toluene
108-88-3

0.001
6.30E-05

--
--

Trichloroethene
79-01-6

0.0038
2.39E-04

8.90E-02
2.13E-05

4.01

U
ranium

7440-61-1
0.007425

4.67E-04
--

--

Vanadium
7440-62-2

0.0195
1.23E-03

--
--

Xylenes (total)
1330-20-7

0.001
6.30E-05

--
--

Zinc
7440-66-6

0.3025
1.90E-02

--
--

Total ELCR
5.31E-04

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."

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

CO
PC = contam

inant of potential concern.

ELCR = excess lifetim
e cancer risk.

EPA
 540/1-89/002 Risk A

ssessm
ent G

uidance for Superfund Volum
e I:  H

um
an H

ealth Evaluation M
anual (Part A

).

Intake Param
eter Values
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

Yakam
a N

ation

Inhalation of Volatile N
onradioactive CO

PCs in D
rinking W

ater - Yakam
a N

ation

Param
eter

Sym
bol

Value
U

nit
Source

Chronic D
aily Intake - nonradiological inhalation

CD
I

Calculated Value
m

g/m
3 for 

noncarcinogens, µg/m
3for 

carcinogens

Equations 13 and 15

Contam
inant concentration in groundw

ater
C

w
CO

PC-specific
m

g/L
ECF-100KR4-10-0472 

Exposure Tim
e- adult

ET
a

0.58
hours/day

EPA
/540/R/99/005

Exposure Frequency
EF

365
days/year

Ridolfi, 2007

Exposure D
uration - adult

ED
a 

70
years

Ridolfi, 2007

A
veraging tim

e - carcinogens and noncarcinogens
A

T
70

years
Ridolfi, 2007

Volatilization Factor
VF

0.5
L/m

3
EPA

/540/R-92/003

Reference Concentration
RfC

i
CO

PC-specific
m

g/m
3

EPA
, 2009

Inhalation U
nit Risk

IU
R

CO
PC-specific

(µg/m
3) -1

EPA
, 2009

Conversion Factor
CF1

365
days/year

1 year = 365 days

Conversion Factor
CF2

  1/24
days/hour

1 day  = 24 hours

Ridolfi, 2007, Yakam
a N

ation Exposure Scenario for H
anford Site Risk A

ssessm
ent.

ECF-100KR4-10-0472, Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
/540/R-92/003, Risk A

ssessm
ent G

uidance for Superfund: Volum
e I - H

um
an H

ealth Evaluation M
anual (Part B, D

evelopm
ent of Risk-based Prelim

inary Rem
ediation G

oals): Interim
.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
Volatile

a
C

w
 

CD
I (noncarcinogen)

RfCi a
H

Q
%

 N
onradioactive CO

PC
CA

S #
(m

g/L)
(m

g/m
3)

(m
g/m

3)
(unitless)

Contribution

A
cetone

67-64-1
Yes

0.001
1.21E-05

3.10E+01
3.90E-07

0.01

A
lum

inum
7429-90-5

--
0.03265

--(b)
5.00E-03

--(b)

A
rsenic

7440-38-2
--

0.005315
--(b)

1.50E-05
--(b)

Barium
7440-39-3

--
0.04545

--(b)
5.00E-04

--(b)

Beryllium
7440-41-7

--
0.0001

--(b)
2.00E-05

--(b)

Boron
7440-42-8

--
0.0455

--(b)
2.00E-02

--(b)

Brom
odichlorom

ethane
75-27-4

Yes
0.001

1.21E-05
--

--

Brom
om

ethane
74-83-9

Yes
0.001

1.21E-05
5.00E-03

2.42E-03
55.29

Cadm
ium

7440-43-9
--

0.0002
--(b)

1.00E-05
--(b)

Chloride
16887-00-6

--
26.05

--(b)
--

--(b)

Chlorobenzene
108-90-7

Yes
0.001

1.21E-05
5.00E-02

2.42E-04
5.53

Chloroform
67-66-3

Yes
0.00215

2.60E-05
9.80E-02

2.65E-04
6.06

Chrom
ium

7440-47-3
--

0.121
--(b)

--
--(b)

Cobalt
7440-48-4

--
0.000257

--(b)
6.00E-06

--(b)

Copper
7440-50-8

--
0.001272

--(b)
--

--(b)

Fluoride
16984-48-8

--
0.332

--(b)
1.30E-02

--(b)

H
exavalent Chrom

ium
18540-29-9

--
0.117

--(b)
1.00E-04

--(b)

Iron
7439-89-6

--
0.3595

--(b)
--

--(b)

Lead
7439-92-1

--
0.0002

--(b)
--

--(b)

Lithium
7439-93-2

--
0.0225

--(b)
--

--(b)

M
anganese

7439-96-5
--

0.01135
--(b)

5.00E-05
--(b)

M
olybdenum

7439-98-7
--

0.00525
--(b)

--
--(b)

N
ickel

7440-02-0
--

0.004
--(b)

9.00E-05
--(b)

N
itrate

14797-55-8
--

71.7
--(b)

--
--(b)

N
itrite

14797-65-0
--

0.118243
--(b)

--
--(b)

Selenium
7782-49-2

--
0.0023

--(b)
2.00E-02

--(b)

Silver
7440-22-4

--
0.0002

--(b)
--

--(b)

Strontium
7440-24-6

--
0.373

--(b)
--

--(b)

Styrene
100-42-5

Yes
0.001

1.21E-05
1.00E+00

1.21E-05
0.28

Sulfate
14808-79-8

--
77.3

--(b)
--

--(b)

Thallium
7440-28-0

--
0.0001

--(b)
--

--(b)

Tin
7440-31-5

--
0.000106

--(b)
--

--(b)

Toluene
108-88-3

Yes
0.001

1.21E-05
5.00E+00

2.42E-06
0.06

Trichloroethene
79-01-6

Yes
0.0038

4.59E-05
3.50E-02

1.31E-03
30.01

U
ranium

7440-61-1
--

0.007425
--(b)

3.00E-04
--(b)

Vanadium
7440-62-2

--
0.0195

--(b)
--

--(b)

Xylenes (total)
1330-20-7

Yes
0.001

1.21E-05
1.00E-01

1.21E-04
2.76

Zinc
7440-66-6

--
0.3025

--(b)
--

--(b)

Total H
I

4.37E-03
100

aEPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

bN
onvolatile constituents are not considered in the inhalation of groundw

ater in the drinking w
ater pathw

ay

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.

H
I = hazard index.

H
Q

 = hazard quotient.

EPA
-540-R-070-002, Risk A

ssessm
ent G

uidance for Superfund:  Volum
e 1—

H
um

an H
ealth Evaluation M

anual (Part F, Supplem
ental G

uidance for Inhalation Risk A
ssessm

ent).

Cancer risk calculation

100-KR-4 G
roundw

ater O
perable U

nit
Volatile

a
C

w
 

CD
I (cancer)

IU
R

a
Risk

%

 N
onradioactive CO

PC
CA

S #
(m

g/L)
μg/m

3
(µg/m

3) -1
(unitless)

Contribution

A
cetone

67-64-1
Yes

0.001
1.21E-02

--
--

A
lum

inum
7429-90-5

--
0.03265

--(b)
--

--(b)

A
rsenic

7440-38-2
--

0.005315
--(b)

4.30E-03
--(b)

Barium
7440-39-3

--
0.04545

--(b)
--

--(b)

Beryllium
7440-41-7

--
0.0001

--(b)
2.40E-03

--(b)

Boron
7440-42-8

--
0.0455

--(b)
--

--(b)

Brom
odichlorom

ethane
75-27-4

Yes
0.001

1.21E-02
3.70E-05

4.47E-07
20.39

Brom
om

ethane
74-83-9

Yes
0.001

1.21E-02
--

--

Cadm
ium

7440-43-9
--

0.0002
--(b)

1.80E-03
--(b)

Chloride
16887-00-6

--
26.05

--(b)
--

--(b)

Chlorobenzene
108-90-7

Yes
0.001

1.21E-02
--

--

Chloroform
67-66-3

Yes
0.00215

2.60E-02
2.30E-05

5.98E-07
27.25

Chrom
ium

7440-47-3
--

0.121
--(b)

--
--(b)

Cobalt
7440-48-4

--
0.000257

--(b)
9.00E-03

--(b)

Copper
7440-50-8

--
0.001272

--(b)
--

--(b)

Fluoride
16984-48-8

--
0.332

--(b)
--

--(b)

H
exavalent Chrom

ium
18540-29-9

--
0.117

--(b)
8.40E-02

--(b)

Iron
7439-89-6

--
0.3595

--(b)
--

--(b)

Lead
7439-92-1

--
0.0002

--(b)
--

--(b)

Lithium
7439-93-2

--
0.0225

--(b)
--

--(b)

M
anganese

7439-96-5
--

0.01135
--(b)

--
--(b)

M
olybdenum

7439-98-7
--

0.00525
--(b)

--
--(b)

N
ickel

7440-02-0
--

0.004
--(b)

2.60E-04
--(b)

N
itrate

14797-55-8
--

71.7
--(b)

--
--(b)

N
itrite

14797-65-0
--

0.118243
--(b)

--
--(b)

Selenium
7782-49-2

--
0.0023

--(b)
--

--(b)

Silver
7440-22-4

--
0.0002

--(b)
--

--(b)

Strontium
7440-24-6

--
0.373

--(b)
--

--(b)

Styrene
100-42-5

Yes
0.001

1.21E-02
--

--

Sulfate
14808-79-8

--
77.3

--(b)
--

--(b)

Thallium
7440-28-0

--
0.0001

--(b)
--

--(b)

Tin
7440-31-5

--
0.000106

--(b)
--

--(b)

Toluene
108-88-3

Yes
0.001

1.21E-02
--

--

Trichloroethene
79-01-6

Yes
0.0038

4.59E-02
2.50E-05

1.15E-06
52.36

U
ranium

7440-61-1
--

0.007425
--(b)

--
--(b)

Vanadium
7440-62-2

--
0.0195

--(b)
--

--(b)

Xylenes (total)
1330-20-7

Yes
0.001

1.21E-02
--

--

Zinc
7440-66-6

--
0.3025

--(b)
--

--(b)

Total ELCR
2.19E-06

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
bN

onvolatile constituents are not considered in the inhalation of groundw
ater in the drinking w

ater pathw
ay

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

CO
PC = contam

inant of potential concern.

ELCR = excess lifetim
e cancer risk.

EPA
-540-R-070-002, Risk A

ssessm
ent G

uidance for Superfund:  Volum
e 1—

H
um

an H
ealth Evaluation M

anual (Part F, Supplem
ental G

uidance for Inhalation Risk A
ssessm

ent).

Intake Param
eter Values

100-KR-4 N
ative A

m
 Risk Env Calc - A

ttach B - D
rinking W

ater YN
.xlsx

B-3
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

Yakam
a N

ation

D
erm

al A
bsorption of N

onradioactive CO
PCs in D

rinking W
ater - Yakam

a N
ation

Param
eter

Sym
bol

Value
U

nit
Source

Chronic D
aily Intake - D

erm
al

CD
I

calculated
m

g/kg-day
Equations 21 and 24

Contam
inant concentration in groundw

ater
C

w
CO

PC-specific
m

g/L
ECF-100KR4-10-0472 

Body W
eight  - adult 

BW
a

70
kg

Ridolfi, 2007

Body W
eight  - child

BW
c

16
kg

Ridolfi, 2007

Exposure Tim
e - adult 

ET
a 

0.58
hours/event

EPA
/540/R/99/005

Exposure Tim
e - child

ET
c

1
hours/event

EPA
/540/R/99/005

A
ge-A

djusted Exposure Tim
e

ET
adj

0.616
hours/event

Equation 26

Skin Surface A
rea - adult 

SA
a 

18,000
cm

2
EPA

/540/R/99/005

Skin Surface A
rea - child

SA
c 

6,600
cm

2
EPA

/540/R/99/005

A
ge-A

djusted Skin Surface A
rea

SA
adj

18,932
(cm

2-year-event)/(kg-day)
Equations 22

Event Frequency - adult
EV

a 
1

event/day
EPA

/540/R/99/005

Event Frequency -child
EV

c 
1

event/day
EPA

/540/R/99/005

Exposure Frequency
EF

365
days/year

Ridolfi, 2007

Exposure D
uration - adult 

ED
a 

70
years

Ridolfi, 2007

Exposure D
uration - child

ED
c

6
years

Ridolfi, 2007

A
veraging tim

e - carcinogens and noncarcinogens
A

T
70

years
Ridolfi, 2007

Reference D
ose - O

ral
RfD

o
CO

PC-specific
m

g/kg-day
EPA

, 2009

Cancer Slope Factor - O
ral

CSF
o

CO
PC-specific

(m
g/kg-day) -1

EPA
, 2009

G
astrointestinal absorption factor

G
IA

BS
CO

PC-specific
unitless

EPA
, 2009

Conversion Factor
CF1

365
days/year

1 year = 365 days

Conversion Factor
CF3

0.001
L/cm

3
1 L = 1000 cm

3

The constant pi
π

3.14159
unitless

--

Tim
e to reach steady state conditions

t*
CO

PC-specific
hours

EPA
/540/R/99/005

Partitioning constant derived by Bunge M
odel

B
CO

PC-specific
unitless

EPA
/540/R/99/005

A
bsorbed D

ose per Event
D

A
event

Calculated Value
(m

g/cm
2-event)

Equations 27, 28, and 29

D
erm

al Perm
eability Coefficient

K
p

CO
PC-specific

cm
/hour

EPA
/540/R/99/005

Fraction of absored w
ater

FA
CO

PC-specific
unitless

EPA
/540/R/99/005

Lag Tim
e

τ
CO

PC-specific
hours/event

EPA
/540/R/99/005

Ridolfi, 2007, Yakam
a N

ation Exposure Scenario for H
anford Site Risk A

ssessm
ent.

ECF-100KR4-10-0472, Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
/540/R-92/003, Risk A

ssessm
ent G

uidance for Superfund: Volum
e I - H

um
an H

ealth Evaluation M
anual (Part B, D

evelopm
ent of Risk-based Prelim

inary Rem
ediation G

oals): Interim
.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

A
bsorbed D

erm
al D

ose Calculation

C
w

FA
b

K
p a

B
b

τ
b

t*
b

D
A

 (noncancer)
D

A
 (cancer)

Contaminant of Potential Concern
CA

S #
(m

g/L)
Inorganic/organic

a
(unitless)

(cm
/hour)

(unitless)
(hours/event)

(hours)
(m

g/cm
2-

event) 
(m

g/cm
2-

event)

A
cetone

c
67-64-1

0.001
--

--
5.12E-04

--
--

--
--

--

A
lum

inum
7429-90-5

0.03265
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

1.89E-08
2.01E-08

A
rsenic

7440-38-2
0.005315

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
3.08E-09

3.27E-09

Barium
7440-39-3

0.04545
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

2.64E-08
2.80E-08

Beryllium
7440-41-7

0.0001
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

5.80E-11
6.16E-11

Boron
7440-42-8

0.0455
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

2.64E-08
2.80E-08

Brom
odichlorom

ethane
75-27-4

0.001
--

1
4.60E-03

0
0.88

2.12
9.08E-09

9.36E-09

Brom
om

ethane
74-83-9

0.001
--

1
2.80E-03

0
0.36

0.87
3.54E-09

3.64E-09

Cadm
ium

7440-43-9
0.0002

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
1.16E-10

1.23E-10

Chloride
16887-00-6

26.05
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

1.51E-05
1.60E-05

Chlorobenzene
108-90-7

0.001
--

1
2.80E-02

0.1
0.46

1.09
4.00E-08

4.12E-08

Chloroform
67-66-3

0.00215
--

1
6.80E-03

0
0.5

1.19
2.18E-08

2.24E-08

Chrom
ium

7440-47-3
0.121

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
7.02E-08

7.45E-08

Cobalt
7440-48-4

0.000257
IN

O
RG

A
N

IC
--

4.00E-04
--

--
--

5.96E-11
6.33E-11

Copper
7440-50-8

0.001272
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

7.38E-10
7.84E-10

Fluoride
16984-48-8

0.332
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

1.93E-07
2.05E-07

H
exavalent Chrom

ium
18540-29-9

0.117
IN

O
RG

A
N

IC
--

2.00E-03
--

--
--

1.36E-07
1.44E-07

Iron
7439-89-6

0.3595
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

2.09E-07
2.21E-07

Lead
7439-92-1

0.0002
IN

O
RG

A
N

IC
--

1.00E-04
--

--
--

1.16E-11
1.23E-11

Lithium
7439-93-2

0.0225
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

1.31E-08
1.39E-08

M
anganese

7439-96-5
0.01135

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
6.58E-09

6.99E-09

M
olybdenum

7439-98-7
0.00525

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
3.05E-09

3.23E-09

N
ickel

7440-02-0
0.004

IN
O

RG
A

N
IC

--
2.00E-04

--
--

--
4.64E-10

4.93E-10

N
itrate

14797-55-8
71.7

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
4.16E-05

4.42E-05

N
itrite

14797-65-0
0.118243

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
6.86E-08

7.28E-08

Selenium
7782-49-2

0.0023
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

1.33E-09
1.42E-09

Silver
7440-22-4

0.0002
IN

O
RG

A
N

IC
--

6.00E-04
--

--
--

6.96E-11
7.39E-11

Strontium
7440-24-6

0.373
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

2.16E-07
2.30E-07

Styrene
100-42-5

0.001
--

1
3.70E-02

0.1
0.41

0.98
4.99E-08

5.14E-08

Sulfate
14808-79-8

77.3
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

4.48E-05
4.76E-05

Thallium
7440-28-0

0.0001
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

5.80E-11
6.16E-11

Tin
7440-31-5

0.000106
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

6.15E-11
6.53E-11

Toluene
108-88-3

0.001
--

1
3.10E-02

0.1
0.35

0.84
3.86E-08

3.98E-08

Trichloroethene
79-01-6

0.0038
--

1
1.20E-02

0.1
0.58

1.39
7.31E-08

7.53E-08

U
ranium

7440-61-1
0.007425

IN
O

RG
A

N
IC

--
1.00E-03

--
--

--
4.31E-09

4.57E-09

Vanadium
7440-62-2

0.0195
IN

O
RG

A
N

IC
--

1.00E-03
--

--
--

1.13E-08
1.20E-08

Xylenes (total)
1330-20-7

0.001
--

1
5.30E-02

0.2
0.42

1.01
7.23E-08

7.45E-08

Zinc
7440-66-6

0.3025
IN

O
RG

A
N

IC
--

6.00E-04
--

--
--

1.05E-07
1.12E-07

a EPA
/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2

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

cthe K
p  value w

as taken from
  O

RN
L, 2010, The Risk A

ssessm
ent Inform

ation System
 (RA

IS).

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

N
on-cancer H

Q
 calculation100-KR-4 G

roundw
ater O

perable U
nit

C
w

 
CD

I (noncarcinogen)
RfD

o a
G

IA
BS

a
H

Q
%

 N
onradioactive CO

PC
CA

S #
(m

g/L)
(m

g/kg-day)
(m

g/kg-day)
(unitless)

(unitless)
Contribution

A
cetone

67-64-1
0.001

--
9.00E-01

1.00E+00
--

A
lum

inum
7429-90-5

0.03265
4.87E-06

1.00E+00
1.00E+00

4.87E-06
0.001

A
rsenic

7440-38-2
0.005315

7.93E-07
3.00E-04

1.00E+00
2.64E-03

0.55

Barium
7440-39-3

0.04545
6.78E-06

2.00E-01
7.00E-02

4.84E-04
0.10

Beryllium
7440-41-7

0.0001
1.49E-08

2.00E-03
7.00E-03

1.07E-03
0.22

Boron
7440-42-8

0.0455
6.79E-06

2.00E-01
1.00E+00

3.39E-05
0.01

Brom
odichlorom

ethane
75-27-4

0.001
2.34E-06

2.00E-02
1.00E+00

1.17E-04
0.02

Brom
om

ethane
74-83-9

0.001
9.09E-07

1.40E-03
1.00E+00

6.50E-04
0.13

Cadm
ium

7440-43-9
0.0002

2.98E-08
5.00E-04

5.00E-02
1.19E-03

0.25

Chloride
16887-00-6

26.05
3.89E-03

--
--

--

Chlorobenzene
108-90-7

0.001
1.03E-05

2.00E-02
1.00E+00

5.14E-04
0.11

Chloroform
67-66-3

0.00215
5.60E-06

1.00E-02
1.00E+00

5.60E-04
0.12

Chrom
ium

7440-47-3
0.121

1.80E-05
1.50E+00

1.30E-02
9.25E-04

0.19

Cobalt
7440-48-4

0.000257
1.53E-08

3.00E-04
1.00E+00

5.11E-05
0.01

Copper
7440-50-8

0.001272
1.90E-07

4.00E-02
1.00E+00

4.74E-06
0.001

Fluoride
16984-48-8

0.332
4.95E-05

6.00E-02
1.00E+00

8.25E-04
0.17

H
exavalent Chrom

ium
18540-29-9

0.117
3.49E-05

3.00E-03
2.50E-02

4.65E-01
96.67

Iron
7439-89-6

0.3595
5.36E-05

7.00E-01
1.00E+00

7.66E-05
0.02

Lead
7439-92-1

0.0002
2.98E-09

--
1.00E+00

--

Lithium
7439-93-2

0.0225
3.36E-06

2.00E-03
1.00E+00

1.68E-03
0.35

M
anganese

7439-96-5
0.01135

1.69E-06
2.4E-02

4.00E-02
1.76E-03

0.37

M
olybdenum

7439-98-7
0.00525

7.83E-07
5.00E-03

1.00E+00
1.57E-04

0.03

N
ickel

7440-02-0
0.004

1.19E-07
2.00E-02

4.00E-02
1.49E-04

0.03

N
itrate

14797-55-8
71.7

1.07E-02
7.10E+00

1.00E+00
1.51E-03

0.31

N
itrite

14797-65-0
0.118243

1.76E-05
3.00E-01

1.00E+00
5.88E-05

0.01

Selenium
7782-49-2

0.0023
3.43E-07

5.00E-03
1.00E+00

6.86E-05
0.01

Silver
7440-22-4

0.0002
1.79E-08

5.00E-03
4.00E-02

8.95E-05
0.02

Strontium
7440-24-6

0.373
5.56E-05

6.00E-01
1.00E+00

9.27E-05
0.02

Styrene
100-42-5

0.001
1.28E-05

2.00E-01
1.00E+00

6.41E-05
0.01

Sulfate
14808-79-8

77.3
1.15E-02

--
--

--

Thallium
7440-28-0

0.0001
1.49E-08

--
1.00E+00

--

Tin
7440-31-5

0.000106
1.58E-08

6.00E-01
1.00E+00

2.63E-08
0.000005

Toluene
108-88-3

0.001
9.93E-06

8.00E-02
1.00E+00

1.24E-04
0.03

Trichloroethene
79-01-6

0.0038
1.88E-05

--
1.00E+00

--

U
ranium

7440-61-1
0.007425

1.11E-06
3.00E-03

1.00E+00
3.69E-04

0.08

Vanadium
7440-62-2

0.0195
2.91E-06

5.00E-03
1.00E+00

5.82E-04
0.12

Xylenes (total)
1330-20-7

0.001
1.86E-05

2.00E-01
1.00E+00

9.30E-05
0.02

Zinc
7440-66-6

0.3025
2.71E-05

3.00E-01
1.00E+00

9.02E-05
0.02

Total H
I

0.481
100

aEPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

b Phosphorus should be identified as Phosphate, and therefore does not have applicable toxicity values.

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.

H
I = hazard index.

H
Q

 = hazard quotient.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

Cancer risk calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

w
 

CD
I (carcinogen)

CSF
o a

G
IA

BS
a

Risk
%

 N
onradioactive CO

PC
CA

S #
(m

g/L)
(m

g/kg-day)
(m

g/kg-day) -1
(unitless)

(unitless)
Contribution

A
cetone

67-64-1
0.001

--
--

1.00E+00
--

A
lum

inum
7429-90-5

0.03265
5.44E-06

--
1.00E+00

--

A
rsenic

7440-38-2
0.005315

8.85E-07
1.50E+00

1.00E+00
1.33E-06

38.10

Barium
7440-39-3

0.04545
7.57E-06

--
7.00E-02

--

Beryllium
7440-41-7

0.0001
1.67E-08

--
7.00E-03

--

Boron
7440-42-8

0.0455
7.58E-06

--
1.00E+00

--

Brom
odichlorom

ethane
75-27-4

0.001
2.53E-06

6.20E-02
1.00E+00

1.57E-07
4.50

Brom
om

ethane
74-83-9

0.001
9.86E-07

--
1.00E+00

--

Cadm
ium

7440-43-9
0.0002

3.33E-08
--

5.00E-02
--

Chloride
16887-00-6

26.05
4.34E-03

--
--

--

Chlorobenzene
108-90-7

0.001
1.11E-05

--
1.00E+00

--

Chloroform
67-66-3

0.00215
6.07E-06

3.10E-02
1.00E+00

1.88E-07
5.39

Chrom
ium

7440-47-3
0.121

2.02E-05
--

1.30E-02
--

Cobalt
7440-48-4

0.000257
1.71E-08

--
1.00E+00

--

Copper
7440-50-8

0.001272
2.12E-07

--
1.00E+00

--

Fluoride
16984-48-8

0.332
5.53E-05

--
1.00E+00

--

H
exavalent Chrom

ium
18540-29-9

0.117
3.90E-05

--
2.50E-02

--

Iron
7439-89-6

0.3595
5.99E-05

--
1.00E+00

--

Lead
7439-92-1

0.0002
3.33E-09

--
1.00E+00

--

Lithium
7439-93-2

0.0225
3.75E-06

--
1.00E+00

--

M
anganese

7439-96-5
0.01135

1.89E-06
--

0.04
--

M
olybdenum

7439-98-7
0.00525

8.75E-07
--

1.00E+00
--

N
ickel

7440-02-0
0.004

1.33E-07
--

4.00E-02
--

N
itrate

14797-55-8
71.7

1.19E-02
--

1.00E+00
--

N
itrite

14797-65-0
0.118243

1.97E-05
--

1.00E+00
--

Selenium
7782-49-2

0.0023
3.83E-07

--
1.00E+00

--

Silver
7440-22-4

0.0002
2.00E-08

--
4.00E-02

--

Strontium
7440-24-6

0.373
6.21E-05

--
1.00E+00

--

Styrene
100-42-5

0.001
1.39E-05

--
1.00E+00

--

Sulfate
14808-79-8

77.3
1.29E-02

--
--

--

Thallium
7440-28-0

0.0001
1.67E-08

--
1.00E+00

--

Tin
7440-31-5

0.000106
1.77E-08

--
1.00E+00

--

Toluene
108-88-3

0.001
1.08E-05

--
1.00E+00

--

Trichloroethene
79-01-6

0.0038
2.04E-05

8.90E-02
1.00E+00

1.81E-06
52.01

U
ranium

7440-61-1
0.007425

1.24E-06
--

1.00E+00
--

Vanadium
7440-62-2

0.0195
3.25E-06

--
1.00E+00

--

Xylenes (total)
1330-20-7

0.001
2.02E-05

--
1.00E+00

--

Zinc
7440-66-6

0.3025
3.02E-05

--
1.00E+00

--

Total ELCR
3.49E-06

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b Phosphorus should be identified as Phosphate, and therefore does not have applicable toxicity values.

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

CO
PC = contam

inant of potential concern.

ELCR = excess lifetim
e cancer risk.

EPA
/540/R/99/005, Risk A
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ent G

uidance for Superfund Volum
e I: H

um
an H
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uidance for D

erm
al Risk A

ssessm
ent): Final. 
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--

--
--

--
--

--
--

Thallium
0.0001

--
--

--
--

--
--

--
Tin

0.000106
--

--
--

--
4.54E-08

7.44E-12
4.54E-08

2.55E-07
Toluene

0.001
Yes

9.95E-06
--

9.52E-08
--

--
1.00E-05

0.00006
Trichloroethene

0.0038
Yes

5.40E-03
--

--
--

--
5.40E-03

0.03
U

ranium
0.007425

--
--

--
--

6.36E-04
1.04E-07

6.37E-04
0.004

Vanadium
0.0195

--
--

--
--

1.00E-03
1.64E-07

1.00E-03
0.01

Xylenes (total)
0.001

Yes
4.97E-04

--
6.51E-08

--
--

4.97E-04
0.003

Zinc
0.3025

--
--

--
--

1.56E-04
2.55E-08

1.56E-04
0.001

Total H
I

1.80E-02
1.70E+01

1.46E-06
8.26E-01

1.35E-0 4
1.78E+01

100
a Volatile contam

inants as defined by EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.
CTU

IR = Confederated Tribes of the U
m

atilla Indian Reservation.
H

I = hazard index.
H

Q
 = hazard quotient.

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays
.

CO
PC

G
roundw

ater Concentration
Volatile

a
Risk (Inhalation) (Volatiles and Sem

i-
Volatiles)

Risk (Inhalation) 
(N

onvolatiles)
Risk (D

erm
al, Vapor, Volatiles and 

Sem
i-Volatiles)

Risk (D
erm

al, Liquid, 
N

onvolatiles)
Risk (D

erm
al, Vapor, 

N
onvolatiles)

Total Risk
%

C
dw  (m

g/L)
(unitless)

(unitless)
(unitless)

(unitless)
(unitless)

(unitless)
Contribution

A
cetone

0.001
Yes

--
--

--
--

--
--

A
lum

inum
0.03265

--
--

--
--

--
--

--
A

rsenic
0.005315

--
--

1.89E-04
--

1.99E-06
3.26E-10

1.91E-04
0.24

Barium
0.04545

--
--

--
--

--
--

--
Beryllium

0.0001
--

--
1.99E-06

--
--

--
1.99E-06

0.003
Boron

0.0455
--

--
--

--
--

--
--

Brom
odichlorom

ethane
0.001

Yes
1.79E-06

--
6.80E-11

--
--

1.79E-06
0.002

Brom
om

ethane
0.001

Yes
--

--
--

--
--

--
Cadm

ium
0.0002

--
--

2.98E-06
--

--
--

2.98E-06
0.004

Chloride
26.05

--
--

--
--

--
--

--
Chlorobenzene

0.001
Yes

--
--

--
--

--
--

Chloroform
0.00215

Yes
2.39E-06

--
1.08E-10

--
--

2.39E-06
0.003

Chrom
ium

0.121
--

--
--

--
--

--
--

Cobalt
0.000257

--
--

1.92E-05
--

--
--

1.92E-05
0.02

Copper
0.001272

--
--

--
--

--
--

--
Fluoride

0.332
--

--
--

--
--

--
--

H
exavalent Chrom

ium
0.117

--
--

7.82E-02
--

--
--

7.82E-02
99.70

Iron
0.3595

--
--

--
--

--
--

--
Lead

0.0002
--

--
--

--
--

--
--

Lithium
0.0225

--
--

--
--

--
--

--
M

anganese
0.01135

--
--

--
--

--
--

--
M

olybdenum
0.00525

--
--

--
--

--
--

--
N

ickel
0.004

--
--

8.62E-06
--

--
--

8.62E-06
0.01

N
itrate

71.7
--

--
--

--
--

--
--

N
itrite

0.118243
--

--
--

--
--

--
--

Selenium
0.0023

--
--

--
--

--
--

--
Silver

0.0002
--

--
--

--
--

--
--

Strontium
0.373

--
--

--
--

--
--

--
Styrene

0.001
Yes

--
--

--
--

--
--

Sulfate
77.3

--
--

--
--

--
--

--
Thallium

0.0001
--

--
--

--
--

--
--

Tin
0.000106

--
--

--
--

--
--

--
Toluene

0.001
Yes

--
--

--
--

--
--

Trichloroethene
0.0038

Yes
4.59E-06

--
9.68E-10

--
--

4.59E-06
0.01

U
ranium

0.007425
--

--
--

--
--

--
--

Vanadium
0.0195

--
--

--
--

--
--

--
Xylenes (total)

0.001
Yes

--
--

--
--

--
Zinc

0.3025
--

--
--

--
--

--
--

Total ELCR
8.77E-06

7.85E-02
1.14E-09

1.99E-06
3.26E-10

7.85E-02
100

a Volatile contam
inants as defined by EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
-- = Indicates toxicity criteria not available to quantify contam

inant's cancer risk via this exposure route.
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays

.
CO

PC = contam
inant of potential concern.

CTU
IR = Confederated Tribes of the U

m
atilla Indian Reservation.

ELCR = excess lifetim
e cancer risk.

CO
PC

G
roundw

ater Concentration
Volatile

a
Risk (Inhalation) (Volatiles and Sem

i-
Volatiles)

Risk (Inhalation) 
(N

onvolatiles)
Risk (D

erm
al)

Total Risk
%

C
dw  (pCi/L)

(unitless)
(unitless)

(unitless)
(unitless)

Contribution

Carbon-14
1465

--
4.39E-05

--
4.39E-05

46.20
Strontium

-90
7.25

--
3.22E-06

--
3.22E-06

3.40
Tritium

34500
Yes

4.79E-05
--

--
4.79E-05

50.40
Total ELCR

4.79E-05
4.71E-05

--
9.50E-05

100
a Volatile radioactive contam

inants as defined by EPA
, 2001, H

ealth Effects A
ssessm

ent Sum
m

ary Tables
 database, “A

pril 16, 2001 U
pdate: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 

-- = Indicates radionuclide toxicity criteria not available to quantify contam
inant's cancer risk via this exposure route.

CO
PC = contam

inant of potential concern.
CTU

IR = Confederated Tribes of the U
m

atilla Indian Reservation.
ELCR = excess lifetim

e cancer risk.
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays

.
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ater.
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m
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

CTU
IR

H
azard quotient and cancer risk from

 inhalation of volatiles and sem
i-volatiles in sw

eat lodge vapor
CTU

IR Sw
eat Lodge Scenario (H

arris and H
arper 2004, A

ppendix 4)

Param
ete r

Sym
bol

Value
U

nit
Source

Inhalation Intake of CO
PCs - Volatiles and Sem

i-Volatiles
Iinh

Calculated Value
m

g/kg-day
Equation 34

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472 

Cum
ulative Volum

e of w
ater used in a sw

eat
V

w
,total

4
L

H
arris and H

arper, 2004
Radius of Sw

eat Lodge
r

1
m

H
arris and H

arper, 2004

Inhalation rate- adult
IR

25
m

3/day
H

arris, 2008

Length of sw
eat event- adult a

ET
1/24

days/event
H

arris and H
arper, 2004

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - adult

ED
68

years
H

arris and H
arper, 2004

A
verage body w

eight - adult
BW

70
kg

H
arris and H

arper, 2004

A
veraging tim

e (noncarcinogens) b
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) b
A

T
70

years
H

arris and H
arper, 2004

The constant pi
π

3.14159
unitless

--
Inhalation Reference Concentration

RfC
CO

PC-specific
m

g/m
3

EPA
, 2009

Inhalation Reference D
ose

RfD
i

Calculated Value
m

g/kg-day
Equation 51

Inhalation U
nit Risk

IU
R

CO
PC-specific

(µg/m
3) -1

EPA
, 2009

Inhalation Cancer Slope Factor
CSF

i
CO

PC-specific
(m

g/kg-day) -1
Equation 50

Conversion facto r
CF1

365
days/year

1 year = 365 days
a Exposure tim

e of 1 hour provided in H
arris and H

arper, 2004 w
as replaced w

ith 1/24 days/event so that the intake values have appropriate units (m
g/kg-day or pCi) w

hen calculated using the inhalation equations provided in H
arris and H

arper, 2004
b A

veraging tim
e of 1 year provided in H

arris and H
arper, 2004 w

as replaced w
ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim

e intake rather than annual intake

ECF-100KR4-10-0472 , Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.
H

arris, 2008, A
pplication of the CTU

IR Traditional Lifew
ays Exposure Scenario in H

anford Risk A
ssessm

ents.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (noncarcinogen)
RfC

a
RfD

i b
H

Q
%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
m

g/m
3

m
g/kg-day

(unitless)
Contribution

A
cetone

67-64-1
Yes

0.001
1.42E-05

3.10E+01
8.86E+00

1.60E-06
0.009

A
lum

inum
7429-90-5

--
0.03265

--(c)
5.00E-03

1.43E-03
--

A
rsenic

7440-38-2
--

0.005315
--(c)

1.50E-05
4.29E-06

--
Barium

7440-39-3
--

0.04545
--(c)

5.00E-04
1.43E-04

--
Beryllium

7440-41-7
--

0.0001
--(c)

2.00E-05
5.71E-06

--
Boron

7440-42-8
--

0.0455
--(c)

2.00E-02
5.71E-03

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
1.42E-05

--
--

--
Brom

om
ethane

74-83-9
Yes

0.001
1.42E-05

5.00E-03
1.43E-03

9.95E-03
55.29

Cadm
ium

7440-43-9
--

0.0002
--(c)

1.00E-05
2.86E-06

--
Chloride

16887-00-6
--

26.05
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
1.42E-05

5.00E-02
1.43E-02

9.95E-04
5.53

Chloroform
67-66-3

Yes
0.00215

3.06E-05
9.80E-02

2.80E-02
1.09E-03

6.06
Chrom

ium
7440-47-3

--
0.121

--(c)
--

--
--

Cobalt
7440-48-4

--
0.000257

--(c)
6.00E-06

1.71E-06
--

Copper
7440-50-8

--
0.001272

--(c)
--

--
--

Fluoride
16984-48-8

--
0.332

--(c)
1.30E-02

3.71E-03
--

H
exavalent Chrom

ium
18540-29-9

--
0.117

--(c)
1.00E-04

2.86E-05
--

Iron
7439-89-6

--
0.3595

--(c)
--

--
--

Lead
7439-92-1

--
0.0002

--(c)
--

--
--

Lithium
7439-93-2

--
0.0225

--(c)
--

--
--

M
anganese

7439-96-5
--

0.01135
--(c)

5.00E-05
1.43E-05

--
M

olybdenum
7439-98-7

--
0.00525

--(c)
--

--
--

N
ickel

7440-02-0
--

0.004
--(c)

9.00E-05
2.57E-05

--
N

itrate
14797-55-8

--
71.7

--(c)
--

--
--

N
itrite

14797-65-0
--

0.118243
--(c)

--
--

--
Selenium

7782-49-2
--

0.0023
--(c)

2.00E-02
5.71E-03

--
Silver

7440-22-4
--

0.0002
--(c)

--
--

--
Strontium

7440-24-6
--

0.373
--(c)

--
--

--
Styrene

100-42-5
Yes

0.001
1.42E-05

1.00E+00
2.86E-01

4.97E-05
0.28

Sulfate
14808-79-8

--
77.3

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

--(c)
--

--
--

Tin
7440-31-5

--
0.000106

--(c)
--

--
--

Toluene
108-88-3

Yes
0.001

1.42E-05
5.00E+00

1.43E+00
9.95E-06

0.06
Trichloroethene

79-01-6
Yes

0.0038
5.40E-05

3.50E-02
1.00E-02

5.40E-03
30.01

U
ranium

7440-61-1
--

0.007425
--(c)

3.00E-04
8.57E-05

--
Vanadium

7440-62-2
--

0.0195
--(c)

--
--

--
Xylenes (total)

1330-20-7
Yes

0.001
1.42E-05

1.00E-01
2.86E-02

4.97E-04
2.76

Zinc
7440-66-6

--
0.3025

--(c)
--

--
--

Total H
I

1.80E-02
100

a EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

b Inhalation reference concentration (RfC) converted to inhalation reference dose (RfD
i ) follow

ing EPA
 protocol (EPA

 540/1-89/002) using form
ula RfD

i (m
g/kg-day) = RfC (m

g/m
3) x 20 (m

3/day) x 1/70 (kg).
c Inhalation intake of nonvolatiles in sw

eat lodge is presented in table C-3
-- = Indicates toxicity criteria not available to quantify contam

inant's noncancer hazard via this exposure route
CO

PC = contam
inant of potential concern.

H
I = hazard index.

H
Q

 = hazard quotient.
EPA

/540/1-89/002, Risk A
ssessm

ent G
uidance for Superfund Volum

e I H
um

an H
ealth Evaluation M

anual (Part A
): Interim

 Final.
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays.

Cancer risk calculation100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (carcinogen)
IU

R
a

CSF
i b

Risk
%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
(µg/m

3) -1
(m

g/kg-day) -1
(unitless)

Contribution
A

cetone
67-64-1

Yes
0.001

1.38E-05
--

--
--

A
lum

inum
7429-90-5

--
0.03265

--(c)
--

--
--

A
rsenic

7440-38-2
--

0.005315
--(c)

4.30E-03
1.51E+01

--
Barium

7440-39-3
--

0.04545
--(c)

--
--

--
Beryllium

7440-41-7
--

0.0001
--(c)

2.40E-03
8.40E+00

--
Boron

7440-42-8
--

0.0455
--(c)

--
--

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
1.38E-05

3.70E-05
1.30E-01

1.79E-06
20.39

Brom
om

ethane
74-83-9

Yes
0.001

1.38E-05
--

--
--

Cadm
ium

7440-43-9
--

0.0002
--(c)

1.80E-03
6.30E+00

--
Chloride

16887-00-6
--

26.05
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
1.38E-05

--
--

--
Chloroform

67-66-3
Yes

0.00215
2.97E-05

2.30E-05
8.05E-02

2.39E-06
27.25

Chrom
ium

7440-47-3
--

0.121
--(c)

--
--

--
Cobalt

7440-48-4
--

0.000257
--(c)

9.00E-03
3.15E+01

--
Copper

7440-50-8
--

0.001272
--(c)

--
--

--
Fluoride

16984-48-8
--

0.332
--(c)

--
--

--
H

exavalent Chrom
ium

18540-29-9
--

0.117
--(c)

8.40E-02
2.94E+02

--
Iron

7439-89-6
--

0.3595
--(c)

--
--

--
Lead

7439-92-1
--

0.0002
--(c)

--
--

--
Lithium

7439-93-2
--

0.0225
--(c)

--
--

--
M

anganese
7439-96-5

--
0.01135

--(c)
--

--
--

M
olybdenum

7439-98-7
--

0.00525
--(c)

--
--

--
N

ickel
7440-02-0

--
0.004

--(c)
2.60E-04

9.10E-01
--

N
itrate

14797-55-8
--

71.7
--(c)

--
--

--
N

itrite
14797-65-0

--
0.118243

--(c)
--

--
--

Selenium
7782-49-2

--
0.0023

--(c)
--

--
--

Silver
7440-22-4

--
0.0002

--(c)
--

--
--

Strontium
7440-24-6

--
0.373

--(c)
--

--
--

Styrene
100-42-5

Yes
0.001

1.38E-05
--

--
--

Sulfate
14808-79-8

--
77.3

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

--(c)
--

--
--

Tin
7440-31-5

--
0.000106

--(c)
--

--
--

Toluene
108-88-3

Yes
0.001

1.38E-05
--

--
--

Trichloroethene
79-01-6

Yes
0.0038

5.25E-05
2.50E-05

8.75E-02
4.59E-06

52.36
U

ranium
7440-61-1

--
0.007425

--(c)
--

--
--

Vanadium
7440-62-2

--
0.0195

--(c)
--

--
--

Xylenes (total)
1330-20-7

Yes
0.001

1.38E-05
--

--
--

Zinc
7440-66-6

--
0.3025

--(c)
--

--
--

Total ELCR
8.77E-06

100
a EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b Inhalation unit risk (IU

R) converted to inhalation cancer slope factor (CSFi) follow
ing EPA

 protocol (EPA
 540/1-89/002) using form

ula CSFi  (kg-day/m
g) = IU

R (m
3/µg) x 1/20 (m

3/day) x 70 (kg) x 1000 (μg/m
g).

c Inhalation intake of nonvolatiles in sw
eat lodge is presented in table C-3

-- = Indicates toxicity criteria not available to quantify contam
inant's cancer risk via this exposure route

CO
PC = contam

inant of potential concern.
ELCR = excess lifetim

e cancer risk.
EPA

 540/1-89/002 Risk A
ssessm

ent G
uidance for Superfund Volum

e I:  H
um

an H
ealth Evaluation M

anual (Part A
)

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

CTU
IR

H
azard quotient and cancer risk from

 inhalation of nonvolatiles in sw
eat lodge vapor

CTU
IR Sw

eat Lodge Scenario (H
arris and H

arper 2004, A
ppendix 4)

Param
eter

Sym
bol

Value
U

nit
Source

Inhalation Intake of CO
PCs - N

onvolatiles
Iinh

Calculated Value
m

g/kg-day
Equation 35

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472 

Tem
perature inside of the sw

eat lodge
a

T
338.7

K
H

arris and H
arper, 2004

Ideal gas law
 constant

R
0.06237

(m
m

H
g-m

3)/(gm
ole-K)

H
arris and H

arper, 2004

Inhalation rate- adult
IR

25
m

3/day
H

arris, 2008

Length of sw
eat event - adult b

ET
1/24

days/event
H

arris and H
arper, 2004

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - adult

ED
68

years
H

arris and H
arper, 2004

A
verage body w

eight - adult
BW

70
kg

H
arris and H

arper, 2004

A
veraging tim

e (noncarcinogens) c
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) c
A

T
70

years
H

arris and H
arper, 2004

Inhalation Reference Concentration
RfC

CO
PC-specific

m
g/m

3
EPA

, 2009

Inhalation Reference D
ose

RfD
i

Calculated Value
m

g/kg-day
Equation 51

Inhalation U
nit Risk

IU
R

CO
PC-specific

(µg/m
3) -1

EPA
, 2009

Inhalation Cancer Slope Factor
CSF

i
CO

PC-specific
(m

g/kg-day) -1
Equation 50

Conversion Factor
CF1

365
days/year

1 year = 365 days
M

olecular w
eight of w

ater
M

W
w

18
g/m

ole
H

arris and H
arper, 2004

D
ensity of liquid w

ater
ρ

w
1000

g/L
H

arris and H
arper, 2004

a Tem
perature of 389 K provided in H

arris and H
arper, 2004 w

as replaced w
ith 338.7 K (150 ⁰F) for consistency w

ith stated assum
ption in H

arris and H
arper, 2004 that sw

eat lodge internal tem
perature is m

aintained at 150 ⁰F. 
b For Sw

eat lodge inhalation exposure, exposure tim
e of 1 hour provided in H

arris and H
arper, 2004 w

as replaced w
ith 1/24 days/event so that the intake values have appropriate units (m

g/kg-day or pCi) w
hen calculated using the inhalation equations provided in H

arris and H
arper, 2004

c A
veraging tim

e of 1 year provided in H
arris and H

arper, 2004 w
as replaced w

ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim
e intake rather than annual intake

ECF-100KR4-10-0472 , Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.
H

arris, 2008, A
pplication of the CTU

IR Traditional Lifew
ays Exposure Scenario in H

anford Risk A
ssessm

ents
.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (noncarcinogen)
RfC

a
RfD

i b
H

Q
%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
(m

g/m
3)

(m
g/kg-day)

(unitless)
Contribution

A
cetone

67-64-1
Yes

0.001
--(c)

3.10E+01
8.86E+00

--
A

lum
inum

7429-90-5
--

0.03265
7.96E-05

5.00E-03
1.43E-03

5.57E-02
0.33

A
rsenic

7440-38-2
--

0.005315
1.30E-05

1.50E-05
4.29E-06

3.02E+00
17.81

Barium
7440-39-3

--
0.04545

1.11E-04
5.00E-04

1.43E-04
7.76E-01

4.57
Beryllium

7440-41-7
--

0.0001
2.44E-07

2.00E-05
5.71E-06

4.27E-02
0.25

Boron
7440-42-8

--
0.0455

1.11E-04
2.00E-02

5.71E-03
1.94E-02

0.11
Brom

odichlorom
ethane

75-27-4
Yes

0.001
--(c)

--
--

--
Brom

om
ethane

74-83-9
Yes

0.001
--(c)

5.00E-03
1.43E-03

--
Cadm

ium
7440-43-9

--
0.0002

4.88E-07
1.00E-05

2.86E-06
1.71E-01

1.01
Chloride

16887-00-6
--

26.05
6.35E-02

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
--(c)

5.00E-02
1.43E-02

--
Chloroform

67-66-3
Yes

0.00215
--(c)

9.80E-02
2.80E-02

--
Chrom

ium
7440-47-3

--
0.121

2.95E-04
--

--
--

Cobalt
7440-48-4

--
0.000257

6.27E-07
6.00E-06

1.71E-06
3.66E-01

2.15
Copper

7440-50-8
--

0.001272
3.10E-06

--
--

--
Fluoride

16984-48-8
--

0.332
8.10E-04

1.30E-02
3.71E-03

2.18E-01
1.28

H
exavalent Chrom

ium
18540-29-9

--
0.117

2.85E-04
1.00E-04

2.86E-05
9.99E+00

58.82
Iron

7439-89-6
--

0.3595
8.77E-04

--
--

--
Lead

7439-92-1
--

0.0002
4.88E-07

--
--

--
Lithium

7439-93-2
--

0.0225
5.49E-05

--
--

--
M

anganese
7439-96-5

--
0.01135

2.77E-05
5.00E-05

1.43E-05
1.94E+00

11.41
M

olybdenum
7439-98-7

--
0.00525

1.28E-05
--

--
--

N
ickel

7440-02-0
--

0.004
9.75E-06

9.00E-05
2.57E-05

3.79E-01
2.23

N
itrate

14797-55-8
--

71.7
1.75E-01

--
--

--
N

itrite
14797-65-0

--
0.118243

2.88E-04
--

--
--

Selenium
7782-49-2

--
0.0023

5.61E-06
2.00E-02

5.71E-03
9.81E-04

0.01
Silver

7440-22-4
--

0.0002
4.88E-07

--
--

--
Strontium

7440-24-6
--

0.373
9.10E-04

--
--

--
Styrene

100-42-5
Yes

0.001
--(c)

1.00E+00
2.86E-01

--
Sulfate

14808-79-8
--

77.3
1.88E-01

--
--

--
Thallium

7440-28-0
--

0.0001
2.44E-07

--
--

--
Tin

7440-31-5
--

0.000106
2.58E-07

--
--

--
Toluene

108-88-3
Yes

0.001
--(c)

5.00E+00
1.43E+00

--
Trichloroethene

79-01-6
Yes

0.0038
--(c)

3.50E-02
1.00E-02

--
U

ranium
7440-61-1

--
0.007425

1.81E-05
3.00E-04

8.57E-05
--

Vanadium
7440-62-2

--
0.0195

4.75E-05
--

--
--

Xylenes (total)
1330-20-7

Yes
0.001

--(c)
1.00E-01

2.86E-02
--

Zinc
7440-66-6

--
0.3025

7.38E-04
--

--
--

Total H
I

1.70E+01
100

a EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

b Inhalation reference concentration (RfC) converted to inhalation reference dose (RfD
i) follow

ing EPA
 protocol (EPA

 540/1-89/002) using form
ula RfD

i (m
g/kg-day) = RfC (m

g/m
3) x 20 (m

3/day) x 1/70 (kg).
c Inhalation intake of volatiles and sem

i-volatiles in sw
eat lodge vapor is presented in Table C-2

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.
H

I= hazard index.
H

Q
 = hazard quotient.

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.

Cancer risk calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (carcinogen)
IU

R
a

CSF
i b

Risk
%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
(µg/m

3) -1
(m

g/kg-day) -1
(unitless)

Contribution
A

cetone
67-64-1

Yes
0.001

--(c)
--

--
--

A
lum

inum
7429-90-5

--
0.03265

7.73E-05
--

--
--

A
rsenic

7440-38-2
--

0.005315
1.26E-05

4.30E-03
1.51E+01

1.89E-04
0.24

Barium
7440-39-3

--
0.04545

1.08E-04
--

--
--

Beryllium
7440-41-7

--
0.0001

2.37E-07
2.40E-03

8.40E+00
1.99E-06

0.003
Boron

7440-42-8
--

0.0455
1.08E-04

--
--

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
--(c)

3.70E-05
1.30E-01

--
Brom

om
ethane

74-83-9
Yes

0.001
--(c)

--
--

--
Cadm

ium
7440-43-9

--
0.0002

4.74E-07
1.80E-03

6.30E+00
2.98E-06

0.004
Chloride

16887-00-6
--

26.05
6.17E-02

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
--(c)

--
--

--
Chloroform

67-66-3
Yes

0.00215
--(c)

2.30E-05
8.05E-02

--
Chrom

ium
7440-47-3

--
0.121

2.87E-04
--

--
--

Cobalt
7440-48-4

--
0.000257

6.09E-07
9.00E-03

3.15E+01
1.92E-05

0.02
Copper

7440-50-8
--

0.001272
3.01E-06

--
--

--
Fluoride

16984-48-8
--

0.332
7.86E-04

--
--

--
H

exavalent Chrom
ium

18540-29-9
--

0.117
2.77E-04

8.40E-02
2.94E+02

7.82E-02
99.72

Iron
7439-89-6

--
0.3595

8.52E-04
--

--
--

Lead
7439-92-1

--
0.0002

4.74E-07
--

--
--

Lithium
7439-93-2

--
0.0225

5.33E-05
--

--
--

M
anganese

7439-96-5
--

0.01135
2.69E-05

--
--

--
M

olybdenum
7439-98-7

--
0.00525

1.24E-05
--

--
--

N
ickel

7440-02-0
--

0.004
9.47E-06

2.60E-04
9.10E-01

8.62E-06
0.01

N
itrate

14797-55-8
--

71.7
1.70E-01

--
--

--
N

itrite
14797-65-0

--
0.118243

2.80E-04
--

--
--

Selenium
7782-49-2

--
0.0023

5.45E-06
--

--
--

Silver
7440-22-4

--
0.0002

4.74E-07
--

--
--

Strontium
7440-24-6

--
0.373

8.84E-04
--

--
--

Styrene
100-42-5

Yes
0.001

--(c)
--

--
--

Sulfate
14808-79-8

--
77.3

1.83E-01
--

--
--

Thallium
7440-28-0

--
0.0001

2.37E-07
--

--
--

Tin
7440-31-5

--
0.000106

2.51E-07
--

--
--

Toluene
108-88-3

Yes
0.001

--(c)
--

--
--

Trichloroethene
79-01-6

Yes
0.0038

--(c)
2.50E-05

8.75E-02
--

U
ranium

7440-61-1
--

0.007425
1.76E-05

--
--

--
Vanadium

7440-62-2
--

0.0195
4.62E-05

--
--

--
Xylenes (total)

1330-20-7
Yes

0.001
--(c)

--
--

--
Zinc

7440-66-6
--

0.3025
7.17E-04

--
--

--
Total ELCR

7.85E-02
100

a EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

b Inhalation unit risk (IU
R) converted to inhalation cancer slope factor (CSF

i ) follow
ing EPA

 protocol (EPA
 540/1-89/002) using form

ula CSF
i (kg-day/m

g) = IU
R (m

3/µg) x 1/20 (m
3/day) x 70 (kg) x 1000 (μg/m

g).
c Inhalation intake of volatiles and sem

i-volatiles in sw
eat lodge vapor is presented in Table C-2

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

CO
PC = contam

inant of potential concern.
ELCR = excess lifetim

e cancer risk.
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays.

Intake Param
eter Values

C
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

CTU
IR

H
azard quotient and cancer risk from

 derm
al exposure to volatiles and sem

i-volatiles in sw
eat lodge vapor

CTU
IR Sw

eat Lodge Scenario (H
arris and H

arper 2004, A
ppendix 4)

M
odel assum

es 100%
 volatilization of volatiles and sem

i-volatiles; hence, derm
al intake from

 volatiles and sem
i-volatiles in condensed w

ater (Id,l )

can be neglected and total derm
al intake (Id,total ) is equal to derm

al intake from
 volatiles and sem

i-volatiles in sw
eat lodge vapor (Id,v )

Param
eter

Sym
bol

Value
U

nit
Source

D
erm

al Intake of CO
PCs -  Volatile Vapor (Id,total  = Id,v )

Id,total
Calculated Value

m
g/kg-day

Equation 40

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472 

Cum
ulative Volum

e of w
ater used in a sw

eat
V

w
,total

4
L

H
arris and H

arper, 2004
Radius of Sw

eat Lodge
r

1
m

H
arris and H

arper, 2004

Skin Surface A
rea - adult

SA
1.8

m
2

H
arris and H

arper, 2004

CO
PC-specific perm

eability constant
K

p
CO

PC-specific
cm

/hour
EPA

/540/R/99/005
Length of sw

eat event - adult
ET

1
hours/event

H
arris and H

arper, 2004
Exposure Frequency or N

um
ber of sw

eats per year
EF

365
events/year

H
arris and H

arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - adult

ED
68

years
H

arris and H
arper, 2004

A
verage body w

eight - adult
BW

70
kg

H
arris and H

arper, 2004

A
veraging tim

e (noncarcinogens) a
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) a
A

T
70

years
H

arris and H
arper, 2004

The constant pi
π

3.14159
unitless

--
Reference D

ose - O
ral

RfD
o

CO
PC-specific

m
g/kg-day

EPA
, 2009

G
astronintestinal A

bsorption Factor
G

IA
BS

CO
PC-specific

unitless
EPA

, 2009

Cancer Slope Factor - O
ral 

CSF
o

CO
PC-specific

(m
g/kg-day) -1

EPA
, 2009

Conversion factor
CF1

365
days/year

1 year = 365 days
Conversion factor

CF2
0.01

m
/cm

1 m
 = 100 cm

a A
veraging tim

e of 1 year provided in H
arris and H

arper, 2004 w
as replaced w

ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim
e intake rather than annual intake

ECF-100KR4-10-0472 , Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,total (noncarcinogen)
RfD

o a
G

IA
BS

a
H

Q
%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hour)
(m

g/kg-day)
(m

g/kg-day)
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

5.12E-04
1.26E-10

9.00E-01
1.00E+00

1.40E-10
0.01

A
lum

inum
7429-90-5

--
0.03265

1.00E-03
--(c)

1.00E+00
1.00E+00

--
A

rsenic
7440-38-2

--
0.005315

1.00E-03
--(c)

3.00E-04
1.00E+00

--
Barium

7440-39-3
--

0.04545
1.00E-03

--(c)
2.00E-01

7.00E-02
--

Beryllium
7440-41-7

--
0.0001

1.00E-03
--(c)

2.00E-03
7.00E-03

--
Boron

7440-42-8
--

0.0455
1.00E-03

--(c)
2.00E-01

1.00E+00
--

Brom
odichlorom

ethane
75-27-4

Yes
0.001

4.60E-03
1.13E-09

2.00E-02
1.00E+00

5.65E-08
3.88

Brom
om

ethane
74-83-9

Yes
0.001

2.80E-03
6.88E-10

1.40E-03
1.00E+00

4.91E-07
33.73

Cadm
ium

7440-43-9
--

0.0002
1.00E-03

--(c)
5.00E-04

5.00E-02
--

Chloride
16887-00-6

--
26.05

1.00E-03
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
2.80E-02

6.88E-09
2.00E-02

1.00E+00
3.44E-07

23.61
Chloroform

67-66-3
Yes

0.00215
6.80E-03

3.59E-09
1.00E-02

1.00E+00
3.59E-07

24.65
Chrom

ium
7440-47-3

--
0.121

1.00E-03
--(c)

1.50E+00
1.30E-02

--
Cobalt

7440-48-4
--

0.000257
4.00E-04

--(c)
3.00E-04

1.00E+00
--

Copper
7440-50-8

--
0.001272

1.00E-03
--(c)

4.00E-02
1.00E+00

--
Fluoride

16984-48-8
--

0.332
1.00E-03

--(c)
6.00E-02

1.00E+00
--

H
exavalent Chrom

ium
18540-29-9

--
0.117

2.00E-03
--(c)

3.00E-03
2.50E-02

--
Iron

7439-89-6
--

0.3595
1.00E-03

--(c)
7.00E-01

1.00E+00
--

Lead
7439-92-1

--
0.0002

1.00E-04
--(c)

--
1.00E+00

--
Lithium

7439-93-2
--

0.0225
1.00E-03

--(c)
2.00E-03

1.00E+00
--

M
anganese

7439-96-5
--

0.01135
1.00E-03

--(c)
2.4E-02

4.00E-02
--

M
olybdenum

7439-98-7
--

0.00525
1.00E-03

--(c)
5.00E-03

1.00E+00
--

N
ickel

7440-02-0
--

0.004
2.00E-04

--(c)
2.00E-02

4.00E-02
--

N
itrate

14797-55-8
--

71.7
1.00E-03

--(c)
7.10E+00

1.00E+00
--

N
itrite

14797-65-0
--

0.118243
1.00E-03

--(c)
3.00E-01

1.00E+00
--

Selenium
7782-49-2

--
0.0023

1.00E-03
--(c)

5.00E-03
1.00E+00

--
Silver

7440-22-4
--

0.0002
6.00E-04

--(c)
5.00E-03

4.00E-02
--

Strontium
7440-24-6

--
0.373

1.00E-03
--(c)

6.00E-01
1.00E+00

--
Styrene

100-42-5
Yes

0.001
3.70E-02

9.09E-09
2.00E-01

1.00E+00
4.54E-08

3.12
Sulfate

14808-79-8
--

77.3
1.00E-03

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

1.00E-03
--(c)

--
1.00E+00

--
Tin

7440-31-5
--

0.000106
1.00E-03

--(c)
6.00E-01

1.00E+00
--

Toluene
108-88-3

Yes
0.001

3.10E-02
7.61E-09

8.00E-02
1.00E+00

9.52E-08
6.53

Trichloroethene
79-01-6

Yes
0.0038

1.20E-02
1.12E-08

--
1.00E+00

--
U

ranium
7440-61-1

--
0.007425

1.00E-03
--(c)

3.00E-03
1.00E+00

--
Vanadium

7440-62-2
--

0.0195
1.00E-03

--(c)
5.00E-03

1.00E+00
--

Xylenes (total)
1330-20-7

Yes
0.001

5.30E-02
1.30E-08

2.00E-01
1.00E+00

6.51E-08
4.47

Zinc
7440-66-6

--
0.3025

6.00E-04
--(c)

3.00E-01
1.00E+00

--
Total H

I
1.46E-06

100
a EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics).
c D

erm
al intake of nonvolatiles in sw

eat lodge vapor is presented in Table C-6
dK

p  value w
as taken from

  O
RN

L, 2010, The Risk A
ssessm

ent Inform
ation System

 (RA
IS).

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.
H

I= hazard index.
H

Q
 = hazard quotient.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.

Cancer risk calculation100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,total (carcinogen)
CSF

o a
G

IA
BS

a
Risk

%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hour)
(m

g/kg-day)
(m

g/kg-day) -1
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

5.12E-04
1.22E-10

--
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
1.00E-03

--(c)
--

1.00E+00
--

A
rsenic

7440-38-2
--

0.005315
1.00E-03

--(c)
1.50E+00

1.00E+00
--

Barium
7440-39-3

--
0.04545

1.00E-03
--(c)

--
7.00E-02

--
Beryllium

7440-41-7
--

0.0001
1.00E-03

--(c)
--

7.00E-03
--

Boron
7440-42-8

--
0.0455

1.00E-03
--(c)

--
1.00E+00

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
4.60E-03

1.10E-09
6.20E-02

1.00E+00
6.80E-11

5.95
Brom

om
ethane

74-83-9
Yes

0.001
2.80E-03

6.68E-10
--

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
1.00E-03

--(c)
--

5.00E-02
--

Chloride
16887-00-6

--
26.05

1.00E-03
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
2.80E-02

6.68E-09
--

1.00E+00
--

Chloroform
67-66-3

Yes
0.00215

6.80E-03
3.49E-09

3.10E-02
1.00E+00

1.08E-10
9.45

Chrom
ium

7440-47-3
--

0.121
1.00E-03

--(c)
--

1.30E-02
--

Cobalt
7440-48-4

--
0.000257

4.00E-04
--(c)

--
1.00E+00

--
Copper

7440-50-8
--

0.001272
1.00E-03

--(c)
--

1.00E+00
--

Fluoride
16984-48-8

--
0.332

1.00E-03
--(c)

--
1.00E+00

--
H

exavalent Chrom
ium

18540-29-9
--

0.117
2.00E-03

--(c)
--

2.50E-02
--

Iron
7439-89-6

--
0.3595

1.00E-03
--(c)

--
1.00E+00

--
Lead

7439-92-1
--

0.0002
1.00E-04

--(c)
--

1.00E+00
--

Lithium
7439-93-2

--
0.0225

1.00E-03
--(c)

--
1.00E+00

--
M

anganese
7439-96-5

--
0.01135

1.00E-03
--(c)

--
4.00E-02

--
M

olybdenum
7439-98-7

--
0.00525

1.00E-03
--(c)

--
1.00E+00

--
N

ickel
7440-02-0

--
0.004

2.00E-04
--(c)

--
4.00E-02

--
N

itrate
14797-55-8

--
71.7

1.00E-03
--(c)

--
1.00E+00

--
N

itrite
14797-65-0

--
0.118243

1.00E-03
--(c)

--
1.00E+00

--
Selenium

7782-49-2
--

0.0023
1.00E-03

--(c)
--

1.00E+00
--

Silver
7440-22-4

--
0.0002

6.00E-04
--(c)

--
4.00E-02

--
Strontium

7440-24-6
--

0.373
1.00E-03

--(c)
--

1.00E+00
--

Styrene
100-42-5

Yes
0.001

3.70E-02
8.83E-09

--
1.00E+00

--
Sulfate

14808-79-8
--

77.3
1.00E-03

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

1.00E-03
--(c)

--
1.00E+00

--
Tin

7440-31-5
--

0.000106
1.00E-03

--(c)
--

1.00E+00
--

Toluene
108-88-3

Yes
0.001

3.10E-02
7.39E-09

--
1.00E+00

--
Trichloroethene

79-01-6
Yes

0.0038
1.20E-02

1.09E-08
8.90E-02

1.00E+00
9.68E-10

84.61
U

ranium
7440-61-1

--
0.007425

1.00E-03
--(c)

--
1.00E+00

--
Vanadium

7440-62-2
--

0.0195
1.00E-03

--(c)
--

1.00E+00
--

Xylenes (total)
1330-20-7

Yes
0.001

5.30E-02
1.26E-08

--
1.00E+00

--
Zinc

7440-66-6
--

0.3025
6.00E-04

--(c)
--

1.00E+00
--

Total ELCR
1.14E-09

100
a EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics).
c D

erm
al intake of nonvolatiles in sw

eat lodge vapor is presented in Table C-6
dK

p  value w
as taken from

  O
RN

L, 2010, The Risk A
ssessm

ent Inform
ation System

 (RA
IS).

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

CO
PC = contam

inant of potential concern.
ELCR = excess lifetim

e cancer risk.
EPA

/540/R/99/005, Risk A
ssessm

ent G
uidance for Superfund Volum

e I: H
um

an H
ealth Evaluation M

anual (Part E, Supplem
ental G

uidance for D
erm

al Risk A
ssessm

ent): Final. 
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays.

Intake Param
eter Values

C
-4

100-K
R

-4 N
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m
 R

isk E
nv C
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w
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T

U
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

CTU
IR

H
azard quotient and cancer risk from

 derm
al exposure to nonvolatile com

pounds in sw
eat lodge condensed w

ater
CTU

IR Sw
eat Lodge Scenario (H

arris and H
arper 2004, A

ppendix 4)

M
odel assum

es concentration of nonvolatiles in condensed w
ater is equal to concentration in w

ater used to create steam

Param
eter

Sym
bol

Value
U

nit
Source

D
erm

al Intake of CO
PCs - N

onvolatiles Condensed Liquid
Id,l

Calculated Value
m

g/kg-day
Equation 43

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472 

Skin Surface A
rea - adult

SA
1.8

m
2

H
arris and H

arper, 2004
CO

PC-specific perm
eability constant

K
p

CO
PC- specific

cm
/hour

EPA
/540/R/99/005

Length of sw
eat event - adult

ET
1

hours/event
H

arris and H
arper, 2004

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a 
lifetim

e - adult
ED

68
years

H
arris and H

arper, 2004
A

verage body w
eight - adult

BW
70

kg
H

arris and H
arper, 2004

A
veraging tim

e (noncarcinogens) a
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) a
A

T
70

years
H

arris and H
arper, 2004

Reference D
ose - O

ral
RfD

o
CO

PC-specific
m

g/kg-day
EPA

, 2009
G

astronintestinal A
bsorption Factor

G
IA

BS
CO

PC-specific
unitless

EPA
, 2009

Cancer Slope Factor - O
ral 

CSF
o

CO
PC-specific

(m
g/kg-day) -1

EPA
, 2009

Conversion factor
CF1

365
days/year

1 year = 365 days

Conversion factor
CF3

10
L/m

2-cm
1 L = 0.01 m

2 * 10 cm
a A

veraging tim
e of 1 year provided in H

arris and H
arper, 2004 w

as replaced w
ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim

e intake rather than annual intake

ECF-100KR4-10-0472 , Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,l (noncarcinogen)
RfD

o a
G

IA
BS

a
H

Q
%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hour)
(m

g/kg-day)
(m

g/kg-day)
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

5.12E-04
--(c)

9.00E-01
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
1.00E-03

8.40E-06
1.00E+00

1.00E+00
8.40E-06

0.001
A

rsenic
7440-38-2

--
0.005315

1.00E-03
1.37E-06

3.00E-04
1.00E+00

4.56E-03
0.55

Barium
7440-39-3

--
0.04545

1.00E-03
1.17E-05

2.00E-01
7.00E-02

8.35E-04
0.10

Beryllium
7440-41-7

--
0.0001

1.00E-03
2.57E-08

2.00E-03
7.00E-03

1.84E-03
0.22

Boron
7440-42-8

--
0.0455

1.00E-03
1.17E-05

2.00E-01
1.00E+00

5.85E-05
0.01

Brom
odichlorom

ethane
75-27-4

Yes
0.001

4.60E-03
--(c)

2.00E-02
1.00E+00

--
Brom

om
ethane

74-83-9
Yes

0.001
2.80E-03

--(c)
1.40E-03

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
1.00E-03

5.14E-08
5.00E-04

5.00E-02
2.06E-03

0.25
Chloride

16887-00-6
--

26.05
1.00E-03

6.70E-03
--

--
--

Chlorobenzene
108-90-7

Yes
0.001

2.80E-02
--(c)

2.00E-02
1.00E+00

--
Chloroform

67-66-3
Yes

0.00215
6.80E-03

--(c)
1.00E-02

1.00E+00
--

Chrom
ium

7440-47-3
--

0.121
1.00E-03

3.11E-05
1.50E+00

1.30E-02
1.60E-03

0.19
Cobalt

7440-48-4
--

0.000257
4.00E-04

2.64E-08
3.00E-04

1.00E+00
8.81E-05

0.01
Copper

7440-50-8
--

0.001272
1.00E-03

3.27E-07
4.00E-02

1.00E+00
8.18E-06

0.001
Fluoride

16984-48-8
--

0.332
1.00E-03

8.54E-05
6.00E-02

1.00E+00
1.42E-03

0.17
H

exavalent Chrom
ium

18540-29-9
--

0.117
2.00E-03

6.02E-05
3.00E-03

2.50E-02
8.02E-01

97.10
Iron

7439-89-6
--

0.3595
1.00E-03

9.24E-05
7.00E-01

1.00E+00
1.32E-04

0.02
Lead

7439-92-1
--

0.0002
1.00E-04

5.14E-09
--

1.00E+00
--

Lithium
7439-93-2

--
0.0225

1.00E-03
5.79E-06

2.00E-03
1.00E+00

2.89E-03
0.35

M
anganese

7439-96-5
--

0.01135
1.00E-03

2.92E-06
2.4E-02

4.00E-02
3.04E-03

0.37
M

olybdenum
7439-98-7

--
0.00525

1.00E-03
1.35E-06

5.00E-03
1.00E+00

2.70E-04
0.03

N
ickel

7440-02-0
--

0.004
2.00E-04

2.06E-07
2.00E-02

4.00E-02
2.57E-04

0.03
N

itrate
14797-55-8

--
71.7

1.00E-03
1.84E-02

7.10E+00
1.00E+00

2.60E-03
0.31

N
itrite

14797-65-0
--

0.118243
1.00E-03

3.04E-05
3.00E-01

1.00E+00
1.01E-04

0.01
Selenium

7782-49-2
--

0.0023
1.00E-03

5.91E-07
5.00E-03

1.00E+00
1.18E-04

0.01
Silver

7440-22-4
--

0.0002
6.00E-04

3.09E-08
5.00E-03

4.00E-02
1.54E-04

0.02
Strontium

7440-24-6
--

0.373
1.00E-03

9.59E-05
6.00E-01

1.00E+00
1.60E-04

0.02
Styrene

100-42-5
Yes

0.001
3.70E-02

--(c)
2.00E-01

1.00E+00
--

Sulfate
14808-79-8

--
77.3

1.00E-03
1.99E-02

--
--

--
Thallium

7440-28-0
--

0.0001
1.00E-03

2.57E-08
--

1.00E+00
--

Tin
7440-31-5

--
0.000106

1.00E-03
2.73E-08

6.00E-01
1.00E+00

4.54E-08
5.50E-06

Toluene
108-88-3

Yes
0.001

3.10E-02
--(c)

8.00E-02
1.00E+00

--
Trichloroethene

79-01-6
Yes

0.0038
1.20E-02

--(c)
--

1.00E+00
--

U
ranium

7440-61-1
--

0.007425
1.00E-03

1.91E-06
3.00E-03

1.00E+00
6.36E-04

0.08

Vanadium
7440-62-2

--
0.0195

1.00E-03
5.01E-06

5.00E-03
1.00E+00

1.00E-03
0.12

Xylenes (total)
1330-20-7

Yes
0.001

5.30E-02
--(c)

2.00E-01
1.00E+00

--
Zinc

7440-66-6
--

0.3025
6.00E-04

4.67E-05
3.00E-01

1.00E+00
1.56E-04

0.02
Total H

I
8.26E-01

100
a EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics).
c M

odel assum
es 100%

 volatilization of volatiles and sem
i-volatiles; hence, derm

al intake from
 volatiles and sem

i-volatiles in condensed w
ater can be neglected (H

arris and H
arper 2004, A

ppendix 4).
dK

p  value w
as taken from

  O
RN

L, 2010, The Risk A
ssessm

ent Inform
ation System

 (RA
IS).

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route

CO
PC = contam

inant of potential concern.
H

I= hazard index.
H

Q
 = hazard quotient.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.

Cancer risk calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,l (carcinogen)
CSF

o a
G

IA
BS

a
Risk

%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hour)
(m

g/kg-day)
(m

g/kg-day) -1
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

5.12E-04
--(c)

--
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
1.00E-03

8.16E-06
--

1.00E+00
--

A
rsenic

7440-38-2
--

0.005315
1.00E-03

1.33E-06
1.50E+00

1.00E+00
1.99E-06

100.00
Barium

7440-39-3
--

0.04545
1.00E-03

1.14E-05
--

7.00E-02
--

Beryllium
7440-41-7

--
0.0001

1.00E-03
2.50E-08

--
7.00E-03

--
Boron

7440-42-8
--

0.0455
1.00E-03

1.14E-05
--

1.00E+00
--

Brom
odichlorom

ethane
75-27-4

Yes
0.001

4.60E-03
--(c)

6.20E-02
1.00E+00

--
Brom

om
ethane

74-83-9
Yes

0.001
2.80E-03

--(c)
--

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
1.00E-03

5.00E-08
--

5.00E-02
--

Chloride
16887-00-6

--
26.05

1.00E-03
6.51E-03

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
2.80E-02

--(c)
--

1.00E+00
--

Chloroform
67-66-3

Yes
0.00215

6.80E-03
--(c)

3.10E-02
1.00E+00

--
Chrom

ium
7440-47-3

--
0.121

1.00E-03
3.02E-05

--
1.30E-02

--
Cobalt

7440-48-4
--

0.000257
4.00E-04

2.57E-08
--

1.00E+00
--

Copper
7440-50-8

--
0.001272

1.00E-03
3.18E-07

--
1.00E+00

--
Fluoride

16984-48-8
--

0.332
1.00E-03

8.29E-05
--

1.00E+00
--

H
exavalent Chrom

ium
18540-29-9

--
0.117

2.00E-03
5.85E-05

--
2.50E-02

--
Iron

7439-89-6
--

0.3595
1.00E-03

8.98E-05
--

1.00E+00
--

Lead
7439-92-1

--
0.0002

1.00E-04
5.00E-09

--
1.00E+00

--
Lithium

7439-93-2
--

0.0225
1.00E-03

5.62E-06
--

1.00E+00
--

M
anganese

7439-96-5
--

0.01135
1.00E-03

2.84E-06
--

4.00E-02
--

M
olybdenum

7439-98-7
--

0.00525
1.00E-03

1.31E-06
--

1.00E+00
--

N
ickel

7440-02-0
--

0.004
2.00E-04

2.00E-07
--

4.00E-02
--

N
itrate

14797-55-8
--

71.7
1.00E-03

1.79E-02
--

1.00E+00
--

N
itrite

14797-65-0
--

0.118243
1.00E-03

2.95E-05
--

1.00E+00
--

Selenium
7782-49-2

--
0.0023

1.00E-03
5.75E-07

--
1.00E+00

--
Silver

7440-22-4
--

0.0002
6.00E-04

3.00E-08
--

4.00E-02
--

Strontium
7440-24-6

--
0.373

1.00E-03
9.32E-05

--
1.00E+00

--
Styrene

100-42-5
Yes

0.001
3.70E-02

--(c)
--

1.00E+00
--

Sulfate
14808-79-8

--
77.3

1.00E-03
1.93E-02

--
--

--
Thallium

7440-28-0
--

0.0001
1.00E-03

2.50E-08
--

1.00E+00
--

Tin
7440-31-5

--
0.000106

1.00E-03
2.65E-08

--
1.00E+00

--
Toluene

108-88-3
Yes

0.001
3.10E-02

--(c)
--

1.00E+00
--

Trichloroethene
79-01-6

Yes
0.0038

1.20E-02
--(c)

8.90E-02
1.00E+00

--
U

ranium
7440-61-1

--
0.007425

1.00E-03
1.85E-06

--
1.00E+00

--
Vanadium

7440-62-2
--

0.0195
1.00E-03

4.87E-06
--

1.00E+00
--

Xylenes (total)
1330-20-7

Yes
0.001

5.30E-02
--(c)

--
1.00E+00

--
Zinc

7440-66-6
--

0.3025
6.00E-04

4.53E-05
--

1.00E+00
--

Total ELCR
1.99E-06

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics).
c M

odel assum
es 100%

 volatilization of volatiles and sem
i-volatiles; hence, derm

al intake from
 volatiles and sem

i-volatiles in condensed w
ater can be neglected (H

arris and H
arper 2004, A

ppendix 4).
dK

p  value w
as taken from

  O
RN

L, 2010, The Risk A
ssessm

ent Inform
ation System

 (RA
IS).

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

CO
PC = contam

inant of potential concern.
ELCR = excess lifetim

e cancer risk.
EPA

/540/R/99/005, Risk A
ssessm

ent G
uidance for Superfund Volum

e I: H
um

an H
ealth Evaluation M

anual (Part E, Supplem
ental G

uidance for D
erm

al Risk A
ssessm

ent): Final. 
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays.

Intake Param
eter Values

 C
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R
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

CTU
IR

H
azard quotient and cancer risk from

 derm
al exposure to nonvolatile com

pounds in sw
eat lodge vapor

CTU
IR Sw

eat Lodge Scenario (H
arris and H

arper 2004, A
ppendix 4)

Param
eter

Sym
bol

Value
U

nit
Source

D
erm

al Intake of CO
PCs - N

onvolatiles Vapor
Id,v

Calculated Value
m

g/kg-day
Equation 44

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472 

Skin Surface A
rea - adult

SA
1.8

m
2

H
arris and H

arper, 2004
CO

PC-specific perm
eability constant

K
p

CO
PC- specific

cm
/hour

EPA
/540/R/99/005

Length of sw
eat event-adult

ET
1

hours/event
H

arris and H
arper, 2004

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - adult

ED
68

years
H

arris and H
arper, 2004

A
verage body w

eight - adult
BW

70
kg

H
arris and H

arper, 2004

A
veraging tim

e (noncarcinogens) a
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) a
A

T
70

years
H

arris and H
arper, 2004

M
olecular w

eight of w
ater

M
W

w
18

g/m
ole

H
arris and H

arper, 2004

Ideal gas law
 constant b

R
62.37

(m
m

H
g-L)/(gm

ole-K)
H

arris and H
arper, 2004

Tem
perature inside of the sw

eat lodge
c

T
338.7

K 
H

arris and H
arper, 2004

D
ensity of liquid w

ater
ρ

w
1000

g/L
H

arris and H
arper, 2004

Reference D
ose - O

ral
RfD

o
CO

PC-specific
m

g/kg-day
EPA

, 2009
G

astronintestinal A
bsorption Factor

G
IA

BS
CO

PC-specific
unitless

EPA
, 2009

Cancer Slope Factor - O
ral 

CSF
o

CO
PC-specific

(m
g/kg-day) -1

EPA
, 2009

Conversion factor
CF1

365
days/year

1 year = 365 days

Conversion factor
CF3

10
L/m

2-cm
1 L = 0.01 m

2 * 10 cm
a A

veraging tim
e of 1 year provided in H

arris and H
arper, 2004 w

as replaced w
ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim

e intake rather than annual intake
b Ideal gas law

 of 0.06237 m
m

H
g-m

3/gm
ole-K provided in H

arris and H
arper, 2004 w

as replaced w
ith 62.37 m

m
H

g-L/gm
ole-K so that intake values have appropriate units (m

g/kg-day) w
hen calculated using the equations provided in H

arris and H
arper, 2004, Equations 15 and 20.

c Tem
perature of 389 K provided in H

arris and H
arper, 2004 w

as replaced w
ith 338.7 K (150 ⁰F) for consistency w

ith stated assum
ption in H

arris and H
arper, 2004 that sw

eat lodge internal tem
perature is m

aintained at 150 ⁰F. 

ECF-100KR4-10-0472 , Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,v (noncarcinogen)
RfD

o a
G

IA
BS

a
H

Q
%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hour)
(m

g/kg-day)
(m

g/kg-day)
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

5.12E-04
--(c)

9.00E-01
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
1.00E-03

1.38E-09
1.00E+00

1.00E+00
1.38E-09

0.001
A

rsenic
7440-38-2

--
0.005315

1.00E-03
2.24E-10

3.00E-04
1.00E+00

7.46E-07
0.55

Barium
7440-39-3

--
0.04545

1.00E-03
1.92E-09

2.00E-01
7.00E-02

1.37E-07
0.10

Beryllium
7440-41-7

--
0.0001

1.00E-03
4.21E-12

2.00E-03
7.00E-03

3.01E-07
0.22

Boron
7440-42-8

--
0.0455

1.00E-03
1.92E-09

2.00E-01
1.00E+00

9.59E-09
0.01

Brom
odichlorom

ethane
75-27-4

Yes
0.001

4.60E-03
--(c)

2.00E-02
1.00E+00

--
Brom

om
ethane

74-83-9
Yes

0.001
2.80E-03

--(c)
1.40E-03

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
1.00E-03

8.43E-12
5.00E-04

5.00E-02
3.37E-07

0.25
Chloride

16887-00-6
--

26.05
1.00E-03

1.10E-06
--

--
--

Chlorobenzene
108-90-7

Yes
0.001

2.80E-02
--(c)

2.00E-02
1.00E+00

--
Chloroform

67-66-3
Yes

0.00215
6.80E-03

--(c)
1.00E-02

1.00E+00
--

Chrom
ium

7440-47-3
--

0.121
1.00E-03

5.10E-09
1.50E+00

1.30E-02
2.61E-07

0.19
Cobalt

7440-48-4
--

0.000257
4.00E-04

4.33E-12
3.00E-04

1.00E+00
1.44E-08

0.01
Copper

7440-50-8
--

0.001272
1.00E-03

5.36E-11
4.00E-02

1.00E+00
1.34E-09

0.001
Fluoride

16984-48-8
--

0.332
1.00E-03

1.40E-08
6.00E-02

1.00E+00
2.33E-07

0.17
H

exavalent Chrom
ium

18540-29-9
--

0.117
2.00E-03

9.86E-09
3.00E-03

2.50E-02
1.31E-04

97.10
Iron

7439-89-6
--

0.3595
1.00E-03

1.51E-08
7.00E-01

1.00E+00
2.16E-08

0.02
Lead

7439-92-1
--

0.0002
1.00E-04

8.43E-13
--

1.00E+00
--

Lithium
7439-93-2

--
0.0225

1.00E-03
9.48E-10

2.00E-03
1.00E+00

4.74E-07
0.35

M
anganese

7439-96-5
--

0.01135
1.00E-03

4.78E-10
2.4E-02

4.00E-02
4.98E-07

0.37
M

olybdenum
7439-98-7

--
0.00525

1.00E-03
2.21E-10

5.00E-03
1.00E+00

4.42E-08
0.03

N
ickel

7440-02-0
--

0.004
2.00E-04

3.37E-11
2.00E-02

4.00E-02
4.21E-08

0.03
N

itrate
14797-55-8

--
71.7

1.00E-03
3.02E-06

7.10E+00
1.00E+00

4.25E-07
0.31

N
itrite

14797-65-0
--

0.118243
1.00E-03

4.98E-09
3.00E-01

1.00E+00
1.66E-08

0.01
Selenium

7782-49-2
--

0.0023
1.00E-03

9.69E-11
5.00E-03

1.00E+00
1.94E-08

0.01
Silver

7440-22-4
--

0.0002
6.00E-04

5.06E-12
5.00E-03

4.00E-02
2.53E-08

0.02
Strontium

7440-24-6
--

0.373
1.00E-03

1.57E-08
6.00E-01

1.00E+00
2.62E-08

0.02
Styrene

100-42-5
Yes

0.001
3.70E-02

--(c)
2.00E-01

1.00E+00
--

Sulfate
14808-79-8

--
77.3

1.00E-03
3.26E-06

--
--

--
Thallium

7440-28-0
--

0.0001
1.00E-03

4.21E-12
--

1.00E+00
--

Tin
7440-31-5

--
0.000106

1.00E-03
4.47E-12

6.00E-01
1.00E+00

7.44E-12
5.50E-06

Toluene
108-88-3

Yes
0.001

3.10E-02
--(c)

8.00E-02
1.00E+00

--
Trichloroethene

79-01-6
Yes

0.0038
1.20E-02

--(c)
--

1.00E+00
--

U
ranium

7440-61-1
--

0.007425
1.00E-03

3.13E-10
3.00E-03

1.00E+00
1.04E-07

0.08

Vanadium
7440-62-2

--
0.0195

1.00E-03
8.22E-10

5.00E-03
1.00E+00

1.64E-07
0.12

Xylenes (total)
1330-20-7

Yes
0.001

5.30E-02
--(c)

2.00E-01
1.00E+00

--
Zinc

7440-66-6
--

0.3025
6.00E-04

7.65E-09
3.00E-01

1.00E+00
2.55E-08

0.02
Total H

I
1.35E-04

100
a EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics).
c D

erm
al intake of volatiles and sem

i-volatiles in sw
eat lodge vapor is presented in table C-4

dK
p  value w

as taken from
  O

RN
L, 2010, The Risk A

ssessm
ent Inform

ation System
 (RA

IS).
-- = Indicates toxicity criteria not available to quantify contam

inant's noncancer hazard via this exposure route.
CO

PC = contam
inant of potential concern.

H
I = hazard index.

H
Q

 = hazard quotient.
EPA

/540/R/99/005, Risk A
ssessm

ent G
uidance for Superfund Volum

e I: H
um

an H
ealth Evaluation M

anual (Part E, Supplem
ental G

uidance for D
erm

al Risk A
ssessm

ent): Final. 
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays.

Cancer risk calculation100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,v (carcinogen)
CSF

o a
G

IA
BS

a
Risk

%

  N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hour)
(m

g/kg-day)
(m

g/kg-day) -1
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

5.12E-04
--(c)

--
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
1.00E-03

1.34E-09
--

1.00E+00
--

A
rsenic

7440-38-2
--

0.005315
1.00E-03

2.18E-10
1.50E+00

1.00E+00
3.26E-10

100.00
Barium

7440-39-3
--

0.04545
1.00E-03

1.86E-09
--

7.00E-02
--

Beryllium
7440-41-7

--
0.0001

1.00E-03
4.09E-12

--
7.00E-03

--
Boron

7440-42-8
--

0.0455
1.00E-03

1.86E-09
--

1.00E+00
--

Brom
odichlorom

ethane
75-27-4

Yes
0.001

4.60E-03
--(c)

6.20E-02
1.00E+00

--
Brom

om
ethane

74-83-9
Yes

0.001
2.80E-03

--(c)
--

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
1.00E-03

8.19E-12
--

5.00E-02
--

Chloride
16887-00-6

--
26.05

1.00E-03
1.07E-06

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
2.80E-02

--(c)
--

1.00E+00
--

Chloroform
67-66-3

Yes
0.00215

6.80E-03
--(c)

3.10E-02
1.00E+00

--
Chrom

ium
7440-47-3

--
0.121

1.00E-03
4.95E-09

--
1.30E-02

--
Cobalt

7440-48-4
--

0.000257
4.00E-04

4.21E-12
--

1.00E+00
--

Copper
7440-50-8

--
0.001272

1.00E-03
5.21E-11

--
1.00E+00

--
Fluoride

16984-48-8
--

0.332
1.00E-03

1.36E-08
--

1.00E+00
--

H
exavalent Chrom

ium
18540-29-9

--
0.117

2.00E-03
9.58E-09

--
2.50E-02

--
Iron

7439-89-6
--

0.3595
1.00E-03

1.47E-08
--

1.00E+00
--

Lead
7439-92-1

--
0.0002

1.00E-04
8.19E-13

--
1.00E+00

--
Lithium

7439-93-2
--

0.0225
1.00E-03

9.21E-10
--

1.00E+00
--

M
anganese

7439-96-5
--

0.01135
1.00E-03

4.65E-10
--

4.00E-02
--

M
olybdenum

7439-98-7
--

0.00525
1.00E-03

2.15E-10
--

1.00E+00
--

N
ickel

7440-02-0
--

0.004
2.00E-04

3.27E-11
--

4.00E-02
--

N
itrate

14797-55-8
--

71.7
1.00E-03

2.93E-06
--

1.00E+00
--

N
itrite

14797-65-0
--

0.118243
1.00E-03

4.84E-09
--

1.00E+00
--

Selenium
7782-49-2

--
0.0023

1.00E-03
9.41E-11

--
1.00E+00

--
Silver

7440-22-4
--

0.0002
6.00E-04

4.91E-12
--

4.00E-02
--

Strontium
7440-24-6

--
0.373

1.00E-03
1.53E-08

--
1.00E+00

--
Styrene

100-42-5
Yes

0.001
3.70E-02

--(c)
--

1.00E+00
--

Sulfate
14808-79-8

--
77.3

1.00E-03
3.16E-06

--
--

--
Thallium

7440-28-0
--

0.0001
1.00E-03

4.09E-12
--

1.00E+00
--

Tin
7440-31-5

--
0.000106

1.00E-03
4.34E-12

--
1.00E+00

--
Toluene

108-88-3
Yes

0.001
3.10E-02

--(c)
--

1.00E+00
--

Trichloroethene
79-01-6

Yes
0.0038

1.20E-02
--(c)

8.90E-02
1.00E+00

--
U

ranium
7440-61-1

--
0.007425

1.00E-03
3.04E-10

--
1.00E+00

--
Vanadium

7440-62-2
--

0.0195
1.00E-03

7.98E-10
--

1.00E+00
--

Xylenes (total)
1330-20-7

Yes
0.001

5.30E-02
--(c)

--
1.00E+00

--
Zinc

7440-66-6
--

0.3025
6.00E-04

7.43E-09
--

1.00E+00
--

Total ELCR
3.26E-10

100
a EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics).
c D

erm
al intake of volatiles and sem

i-volatiles in sw
eat lodge vapor is presented in table C-4

dK
p  value w

as taken from
  O

RN
L, 2010, The Risk A

ssessm
ent Inform

ation System
 (RA

IS).
-- = Indicates toxicity criteria not available to quantify contam

inant's cancer risk via this exposure route.
CO

PC = contam
inant of potential concern.

ELCR = excess lifetim
e cancer risk.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.
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eter Values
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CO
PC

G
roundw

ater Concentration
H

Q
 (Inhalation) (Volatiles 
and Sem

i-volatiles)
H

Q
 (Inhalation) 

(N
onvolatiles)

H
Q

 (D
erm

al, Vapor, 
Volatiles and Sem

i-
volatiles)

H
Q

 (D
erm

al, Liquid, 
N

onvolatiles)
H

Q
 (D

erm
al, Vapor, 

N
onvolatiles)

Total H
Q

%

C
dw  (m

g/L)
Volatile

a
(unitless)

(unitless)
(unitless)

(unitless)
(unitless)

(unitless)
Contribution

A
cetone

0.001
Yes

3.34E-06
--

2.79E-10
--

--
3.34E-06

9.02E-06
A

lum
inum

0.03265
--

--
1.16E-01

--
1.68E-05

2.75E-09
1.16E-01

0.31
A

rsenic
0.005315

--
--

6.29E+00
--

9.11E-03
1.49E-06

6.30E+00
17.03

Barium
0.04545

--
--

1.61E+00
--

1.67E-03
2.74E-07

1.62E+00
4.37

Beryllium
0.0001

--
--

8.88E-02
--

3.67E-03
6.02E-07

9.24E-02
0.25

Boron
0.0455

--
--

4.04E-02
--

1.17E-04
1.92E-08

4.05E-02
0.11

Brom
odichlorom

ethane
0.001

Yes
--

--
1.13E-07

--
--

1.13E-07
3.05E-07

Brom
om

ethane
0.001

Yes
2.07E-02

--
9.82E-07

--
--

2.07E-02
0.06

Cadm
ium

0.0002
--

--
3.55E-01

--
4.11E-03

6.74E-07
3.59E-01

0.97
Chloride

26.05
--

--
--

--
--

--
--

Chlorobenzene
0.001

Yes
2.07E-03

--
6.88E-07

--
--

2.07E-03
0.006

Chloroform
0.00215

Yes
2.27E-03

--
7.18E-07

--
--

2.27E-03
0.01

Chrom
ium

0.121
--

--
--

--
3.19E-03

5.23E-07
3.19E-03

0.01
Cobalt

0.000257
--

--
7.60E-01

--
1.76E-04

2.89E-08
7.61E-01

2.06
Copper

0.001272
--

--
--

--
1.64E-05

2.68E-09
1.64E-05

0.0000
Fluoride

0.332
--

--
4.53E-01

--
2.85E-03

4.66E-07
4.56E-01

1.23
H

exavalent Chrom
ium

0.117
--

--
2.08E+01

--
1.60E+00

2.63E-04
2.24E+01

60.47
Iron

0.3595
--

--
--

--
2.64E-04

4.33E-08
2.64E-04

0.001
Lead

0.0002
--

--
--

--
--

--
--

Lithium
0.0225

--
--

--
--

5.79E-03
9.48E-07

5.79E-03
0.02

M
anganese

0.01135
--

--
4.03E+00

--
6.08E-03

9.96E-07
4.04E+00

10.91
M

olybdenum
0.00525

--
--

--
--

5.40E-04
8.85E-08

5.40E-04
0.001

N
ickel

0.004
--

--
7.89E-01

--
5.14E-04

8.43E-08
7.89E-01

2.13
N

itrate
71.7

--
--

--
--

5.19E-03
8.51E-07

5.19E-03
0.01

N
itrite

0.118243
--

--
--

--
2.03E-04

3.32E-08
2.03E-04

0.001
Selenium

0.0023
--

--
2.04E-03

--
2.37E-04

3.88E-08
2.28E-03

0.01
Silver

0.0002
--

--
--

--
3.09E-04

5.06E-08
3.09E-04

0.0008
Strontium

0.373
--

--
--

--
3.20E-04

5.24E-08
3.20E-04

0.001
Styrene

0.001
Yes

1.03E-04
--

9.09E-08
--

--
1.04E-04

0.0003
Sulfate

77.3
--

--
--

--
--

--
--

Thallium
0.0001

--
--

--
--

--
--

--
Tin

0.000106
--

--
--

--
9.09E-08

1.49E-11
9.09E-08

2.46E-07
Toluene

0.001
Yes

2.07E-05
--

1.90E-07
--

--
2.09E-05

5.64E-05
Trichloroethene

0.0038
Yes

1.12E-02
--

--
--

--
1.12E-02

0.03
U

ranium
0.007425

--
--

--
--

1.27E-03
2.09E-07

1.27E-03
0.003

Vanadium
0.0195

--
--

--
--

2.01E-03
3.29E-07

2.01E-03
0.01

Xylenes (total)
0.001

Yes
1.03E-03

--
1.30E-07

--
--

1.03E-03
0.003

Zinc
0.3025

--
--

--
--

3.11E-04
5.10E-08

3.11E-04
0.001

Total H
I

3.74E-02
3.53E+01

2.91E-06
1.65E+00

2.71E-04
3.70E+01

100
aVolatile contam

inants as defined by EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route

CO
PC = contam

inant of potential concern.
CTU

IR = Confederated Tribes of the U
m

atilla Indian Reservation.
H

I = hazard index.
H

Q
 = hazard quotient.

H
arris and H

arper 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.
Ridolfi, 2007, Yakam

a N
ation Exposure Scenario for H

anford Site Risk A
ssessm

ent.

CO
PC

G
roundw

ater Concentration
Risk (Inhalation) (Volatiles 

and Sem
i-volatiles)

Risk (Inhalation) 
(N

onvolatiles)

Risk (D
erm

al, Vapor, 
Volatiles and Sem

i-
volatiles)

Risk (D
erm

al, Liquid, 
N

onvolatiles)
Risk (D

erm
al, Vapor, 

N
onvolatiles)

Total Risk
%

C
dw  (m

g/L)
Volatile

a
(unitless)

(unitless)
(unitless)

(unitless)
(unitless)

(unitless)
Contribution

A
cetone

0.001
Yes

--
--

--
--

--
--

A
lum

inum
0.03265

--
--

--
--

--
--

--
A

rsenic
0.005315

--
--

3.94E-04
--

3.98E-06
6.53E-10

3.98E-04
0.25

Barium
0.04545

--
--

--
--

--
--

--
Beryllium

0.0001
--

--
4.14E-06

--
--

--
4.14E-06

0.003
Boron

0.0455
--

--
--

--
--

--
--

Brom
odichlorom

ethane
0.001

Yes
3.72E-06

--
1.36E-10

--
--

3.72E-06
0.002

Brom
om

ethane
0.001

Yes
--

--
--

--
--

--
Cadm

ium
0.0002

--
--

6.21E-06
--

--
--

6.21E-06
0.004

Chloride
26.05

--
--

--
--

--
--

--
Chlorobenzene

0.001
Yes

--
--

--
--

--
--

Chloroform
0.00215

Yes
4.97E-06

--
2.16E-10

--
--

4.97E-06
0.003

Chrom
ium

0.121
--

--
--

--
--

--
--

Cobalt
0.000257

--
--

3.99E-05
--

--
--

3.99E-05
0.03

Copper
0.001272

--
--

--
--

--
--

--
Fluoride

0.332
--

--
--

--
--

--
--

H
exavalent Chrom

ium
0.117

--
--

1.56E-01
--

--
--

1.56E-01
99.69

Iron
0.3595

--
--

--
--

--
--

--
Lead

0.0002
--

--
--

--
--

--
--

Lithium
0.0225

--
--

--
--

--
--

--
M

anganese
0.01135

--
--

--
--

--
--

--
M

olybdenum
0.00525

--
--

--
--

--
--

--
N

ickel
0.004

--
--

1.79E-05
--

--
--

1.79E-05
0.01

N
itrate

71.7
--

--
--

--
--

--
--

N
itrite

0.118243
--

--
--

--
--

--
--

Selenium
0.0023

--
--

--
--

--
--

--
Silver

0.0002
--

--
--

--
--

--
--

Strontium
0.373

--
--

--
--

--
--

--
Styrene

0.001
Yes

--
--

--
--

--
--

Sulfate
77.3

--
--

--
--

--
--

--
Thallium

0.0001
--

--
--

--
--

--
--

Tin
0.000106

--
--

--
--

--
--

--
Toluene

0.001
Yes

--
--

--
--

--
--

Trichloroethene
0.0038

Yes
9.55E-06

--
1.94E-09

--
--

9.55E-06
0.01

U
ranium

0.007425
--

--
--

--
--

--
--

Vanadium
0.0195

--
--

--
--

--
--

--
Xylenes (total)

0.001
Yes

--
--

--
--

--
--

Zinc
0.3025

--
--

--
--

--
--

--
Total ELCR

1.82E-05
1.56E-01

2.29E-09
3.98E-06

6.53E-10
1.56E-01

100
aVolatile contam

inants as defined by EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contam
inant's cancer risk via this exposure route

CO
PC = contam

inant of potential concern.
CTU

IR = Confederated Tribes of the U
m

atilla Indian Reservation.
ELCR = excess lifetim

e cancer risk.
H

arris and H
arper 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays.

Ridolfi, 2007, Yakam
a N

ation Exposure Scenario for H
anford Site Risk A

ssessm
ent.

CO
PC

G
roundw

ater Concentration
Volatile

a
Risk (Inhalation) (Volatiles)

Risk (Inhalation) 
(N

onvolatiles)
Risk (D

erm
al)

Total Risk
%

C
dw  (pCi/L)

(unitless)
(unitless)

(unitless)
(unitless)

Contribution

Carbon-14
1465

--
9.13E-05

--
9.13E-05

46.20
Strontium

-90
7.25

--
6.71E-06

--
6.71E-06

3.40
Tritium

34500
Yes

9.96E-05
--

--
9.96E-05

50.40
Total ELCR

9.96E-05
9.80E-05

--
1.98E-04

100
aVolatile radioactive contam

inants as defined by EPA
, 2001, H

ealth Effects A
ssessm

ent Sum
m

ary Tables database, “A
pril 16, 2001 U

pdate: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
-- = Indicates radionuclide toxicity criteria not available to quantify contam

inant's cancer risk via this exposure route
CO

PC = contam
inant of potential concern.

ELCR = excess lifetim
e cancer risk.

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays

100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent--Sum

m
ary of Yakam

a N
ationa Sw

eat Lodge Exposure Scenario Cancer Risk Results for Radioactive CO
PCs in G

roundw
ater.

100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent--Sum

m
ary of Yakam

a N
ation Sw

eat Lodge Exposure Scenario N
oncancer H

azard Results for N
onradioactive CO

PCs in G
roundw

ater

100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent--Sum

m
ary of Yakam

a N
ation Sw

eat Lodge Exposure Scenario Cancer Risk Results for N
onradioactive CO

PCs in G
roundw

ater.

D
-1

100-K
R

-4 N
ative A

m
 R

isk E
nv C

alc - A
ttach D

 - S
w

eatlodge Y
N

.xlsx
1 of 8

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-633



100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

Yakam
a N

ation

H
azard quotient and cancer risk from

 inhalation of volatiles and sem
i-volatiles in sw

eat lodge vapor
Yakam

a N
ation Sw

eathouse Scenario (Ridolfi, 2007)

Yakam
a N

ation exposure scenario (Ridolfi, 2007) does not include a m
odel for estim

ating contam
inant concentrations in sw

eathouse air from
 contam

inant concentrations in
groundw

ater used to m
ake steam

.  Evaluation perform
ed using steam

 m
odel from

 CTU
IR sw

eat lodge scenario (H
arris and H

arper, 2004).

Param
eter

Sym
bol

Value
U

nit
Source

Inhalation Intake of CO
PCs - Volatiles and Sem

i-Volatiles
Iinh

Calculated Value
m

g/kg-day
Equation 30

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472

Cum
ulative Volum

e of w
ater used in a sw

eat
V

w
,total

4
L

H
arris and H

arper, 2004
Radius of Sw

eat Lodge
r

1
m

H
arris and H

arper, 2004

Inhalation Rate- adult
IR

26
m

3/day
Ridolfi, 2007

Length of Sw
eat Event- adult a

ET
0.083

2/24 days/event
Ridolfi, 2007

Exposure Frequency or N
um

ber of Sw
eats per Year

EF
365

events/year
H

arris and H
arper, 2004

Exposure D
uration or num

ber of years a person sw
eats in a lifetim

e - adult
ED

68
years

H
arris and H

arper, 2004
A

verage body w
eight - adult

BW
70

kg
H

arris and H
arper, 2004

A
veraging Tim

e (noncarcinogens) b
A

T
68

years
H

arris and H
arper, 2004

A
veraging Tim

e (carcinogens) b
A

T
70

years
H

arris and H
arper, 2004

The constant pi
π

3.14159
unitless

--

Inhalation Reference Concentration
RfC

CO
PC-specific

m
g/m

3
EPA

, 2009

Inhalation Reference D
ose

RfD
i

Calculated Value
m

g/kg-day
Equation 51

Inhalation U
nit Risk

IU
R

CO
PC-specific

(µg/m
3) -1

EPA
, 2009

Inhalation Cancer Slope Factor
CSF

i
CO

PC-specific
(m

g/kg-day) -1
Equation 50

Conversion Factor
CF1

365
days/year

1 year = 365 days

bA
veraging tim

e of 1 year provided in H
arris and H

arper, 2004 w
as replaced w

ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim
e intake rather than annual intake.

ECF-100KR4-10-0472, Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 
EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays

.
Ridolfi, 2007, Yakam

a N
ation Exposure Scenario for H

anford Site Risk A
ssessm

ent
.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (noncarcinogen)
RfC

a
RfD

i b
H

Q
%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
(m

g/m
3)

(m
g/kg-day)

(unitless)
Contribution

A
cetone

67-64-1
Yes

0.001
2.96E-05

3.10E+01
8.86E+00

3.34E-06
0.009

A
lum

inum
7429-90-5

--
0.03265

--(c)
5.00E-03

1.43E-03
--

A
rsenic

7440-38-2
--

0.005315
--(c)

1.50E-05
4.29E-06

--
Barium

7440-39-3
--

0.04545
--(c)

5.00E-04
1.43E-04

--
Beryllium

7440-41-7
--

0.0001
--(c)

2.00E-05
5.71E-06

--
Boron

7440-42-8
--

0.0455
--(c)

2.00E-02
5.71E-03

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
2.96E-05

--
--

--
Brom

om
ethane

74-83-9
Yes

0.001
2.96E-05

5.00E-03
1.43E-03

2.07E-02
55.29

Cadm
ium

7440-43-9
--

0.0002
--(c)

1.00E-05
2.86E-06

--
Chloride

16887-00-6
--

26.05
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
2.96E-05

5.00E-02
1.43E-02

2.07E-03
5.53

Chloroform
67-66-3

Yes
0.00215

6.35E-05
9.80E-02

2.80E-02
2.27E-03

6.06
Chrom

ium
7440-47-3

--
0.121

--(c)
--

--
--

Cobalt
7440-48-4

--
0.000257

--(c)
6.00E-06

1.71E-06
--

Copper
7440-50-8

--
0.001272

--(c)
--

--
--

Fluoride
16984-48-8

--
0.332

--(c)
1.30E-02

3.71E-03
--

H
exavalent Chrom

ium
18540-29-9

--
0.117

--(c)
1.00E-04

2.86E-05
--

Iron
7439-89-6

--
0.3595

--(c)
--

--
--

Lead
7439-92-1

--
0.0002

--(c)
--

--
--

Lithium
7439-93-2

--
0.0225

--(c)
--

--
--

M
anganese

7439-96-5
--

0.01135
--(c)

5.00E-05
1.43E-05

--
M

olybdenum
7439-98-7

--
0.00525

--(c)
--

--
--

N
ickel

7440-02-0
--

0.004
--(c)

9.00E-05
2.57E-05

--
N

itrate
14797-55-8

--
71.7

--(c)
--

--
--

N
itrite

14797-65-0
--

0.118243
--(c)

--
--

--
Selenium

7782-49-2
--

0.0023
--(c)

2.00E-02
5.71E-03

--
Silver

7440-22-4
--

0.0002
--(c)

--
--

--
Strontium

7440-24-6
--

0.373
--(c)

--
--

--
Styrene

100-42-5
Yes

0.001
2.96E-05

1.00E+00
2.86E-01

1.03E-04
0.28

Sulfate
14808-79-8

--
77.3

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

--(c)
--

--
--

Tin
7440-31-5

--
0.000106

--(c)
--

--
--

Toluene
108-88-3

Yes
0.001

2.96E-05
5.00E+00

1.43E+00
2.07E-05

0.06
Trichloroethene

79-01-6
Yes

0.0038
1.12E-04

3.50E-02
1.00E-02

1.12E-02
30.01

U
ranium

7440-61-1
--

0.007425
--(c)

3.00E-04
8.57E-05

--
Vanadium

7440-62-2
--

0.0195
--(c)

--
--

--
Xylenes (total)

1330-20-7
Yes

0.001
2.96E-05

1.00E-01
2.86E-02

1.03E-03
2.76

Zinc
7440-66-6

--
0.3025

--(c)
--

--
--

Total H
I

3.74E-02
100

aEPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

b Inhalation reference concentration (RfC) converted to inhalation reference dose (RfD
i ) follow

ing EPA
 protocol (EPA

 540/1-89/002) using form
ula RfD

i  (m
g/kg-day) = RfC (m

g/m
3) x 20 (m

3/day) x 1/70 (kg).
c Inhalation intake of nonvolatiles is presented in table D

-3
-- = Indicates toxicity criteria not available to quantify contam

inant's noncancer hazard via this exposure route.
EPA

 540/1-89/002 Risk A
ssessm

ent G
uidance for Superfund Volum

e I:  H
um

an H
ealth Evaluation M

anual (Part A
).

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays
CO

PC = contam
inant of potential concern.

H
Q

 = hazard quotient.

Cancer risk calculation100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (carcinogen)
IU

R
a

CSF
i b

Risk
%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
(µg/m

3) -1
(m

g/kg-day) -1
(unitless)

Contribution
A

cetone
67-64-1

Yes
0.001

2.87E-05
--

--
--

A
lum

inum
7429-90-5

--
0.03265

--(c)
--

--
--

A
rsenic

7440-38-2
--

0.005315
--(c)

4.30E-03
1.51E+01

--
Barium

7440-39-3
--

0.04545
--(c)

--
--

--
Beryllium

7440-41-7
--

0.0001
--(c)

2.40E-03
8.40E+00

--
Boron

7440-42-8
--

0.0455
--(c)

--
--

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
2.87E-05

3.70E-05
1.30E-01

3.72E-06
20.39

Brom
om

ethane
74-83-9

Yes
0.001

2.87E-05
--

--
--

Cadm
ium

7440-43-9
--

0.0002
--(c)

1.80E-03
6.30E+00

--
Chloride

16887-00-6
--

26.05
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
2.87E-05

--
--

--
Chloroform

67-66-3
Yes

0.00215
6.17E-05

2.30E-05
8.05E-02

4.97E-06
27.25

Chrom
ium

7440-47-3
--

0.121
--(c)

--
--

--
Cobalt

7440-48-4
--

0.000257
--(c)

9.00E-03
3.15E+01

--
Copper

7440-50-8
--

0.001272
--(c)

--
--

--
Fluoride

16984-48-8
--

0.332
--(c)

--
--

--
H

exavalent Chrom
ium

18540-29-9
--

0.117
--(c)

8.40E-02
2.94E+02

--
Iron

7439-89-6
--

0.3595
--(c)

--
--

--
Lead

7439-92-1
--

0.0002
--(c)

--
--

--
Lithium

7439-93-2
--

0.0225
--(c)

--
--

--
M

anganese
7439-96-5

--
0.01135

--(c)
--

--
--

M
olybdenum

7439-98-7
--

0.00525
--(c)

--
--

--
N

ickel
7440-02-0

--
0.004

--(c)
2.60E-04

9.10E-01
--

N
itrate

14797-55-8
--

71.7
--(c)

--
--

--
N

itrite
14797-65-0

--
0.118243

--(c)
--

--
--

Selenium
7782-49-2

--
0.0023

--(c)
--

--
--

Silver
7440-22-4

--
0.0002

--(c)
--

--
--

Strontium
7440-24-6

--
0.373

--(c)
--

--
--

Styrene
100-42-5

Yes
0.001

2.87E-05
--

--
--

Sulfate
14808-79-8

--
77.3

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

--(c)
--

--
--

Tin
7440-31-5

--
0.000106

--(c)
--

--
--

Toluene
108-88-3

Yes
0.001

2.87E-05
--

--
--

Trichloroethene
79-01-6

Yes
0.0038

1.09E-04
2.50E-05

8.75E-02
9.55E-06

52.36
U

ranium
7440-61-1

--
0.007425

--(c)
--

--
--

Vanadium
7440-62-2

--
0.0195

--(c)
--

--
--

Xylenes (total)
1330-20-7

Yes
0.001

2.87E-05
--

--
--

Zinc
7440-66-6

--
0.3025

--(c)
--

--
--

Total ELCR
1.82E-05

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b Inhalation unit risk (IU

R) converted to inhalation cancer slope factor (CSFi ) follow
ing EPA

 protocol (EPA
 540/1-89/002) using form

ula CSFi (kg-day/m
g) = IU

R (m
3/μg) x 1/20 (m

3/day) x 70 (kg) x 1000 (µg/m
g).

c Inhalation intake of nonvolatiles is presented in table D
-3

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

CO
PC = contam

inant of potential concern.
ELCR = excess lifetim

e cancer risk.
EPA

 540/1-89/002 Risk A
ssessm

ent G
uidance for Superfund Volum

e I:  H
um

an H
ealth Evaluation M

anual (Part A
).

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays

aA
verage reported Yakam

a N
ation tim

e spent inside sw
eathouse is 5 hr per w

eek (Ridolfi, 2007); value used conservatively assum
es 2 hr/event, 1 event/day (14 hr/w

eek).  For sw
eat lodge inhalation exposure, exposure tim

e of 2 hr w
as replaced w

ith 2/24 days/event so that the 
intake values have appropriate units.(m

g/kg-day or pCi) w
hen calculated using the inhalation equations provided in H

arris and H
arper, 2004

Intake Param
eter Values

D
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

Yakam
a N

ation

H
azard quotient and cancer risk from

 inhalation of nonvolatiles in sw
eat lodge vapor

Yakam
a N

ation Sw
eathouse Scenario (Ridolfi, 2007)

Yakam
a N

ation exposure scenario (Ridolfi, 2007) does not include a m
odel for estim

ating contam
inant concentrations in sw

eathouse air from
 contam

inant concentrations in
groundw

ater used to m
ake steam

.  Evaluation perform
ed using steam

 m
odel from

 CTU
IR sw

eat lodge scenario (H
arris and H

arper, 2004).

Param
eter

Sym
bol

Value
U

nit
Source

Inhalation Intake of CO
PCs - N

onvolatiles
Iinh

Calculated Value
m

g/kg-day
Equation 35

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472

Tem
perature inside of the sw

eat lodge
a

T
338.7

K
H

arris and H
arper, 2004

Ideal gas law
 constant

R
0.06237

(m
m

H
g-m

3)/(gm
ole-K)

H
arris and H

arper, 2004

Inhalation rate- adult
IR

26
m

3/day
Ridolfi, 2007

Length of sw
eat event - adult b

ET
0.083

2/24 days/event
Ridolfi, 2007

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - adult

ED
68

years
H

arris and H
arper, 2004

A
verage body w

eight - adult
BW

70
kg

H
arris and H

arper, 2004

A
veraging tim

e (noncarcinogens) c
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) c
A

T
70

years
H

arris and H
arper, 2004

Inhalation Reference Concentration
RfC

CO
PC-specific

m
g/m

3
EPA

, 2009
Inhalation Reference D

ose
RfD

i
Calculated Value

m
g/kg-day

Equation 51

Inhalation U
nit Risk

IU
R

CO
PC-specific

(µg/m
3) -1

EPA
, 2009

Inhalation Cancer Slope Factor
CSF

i
CO

PC-specific
(m

g/kg-day) -1
Equation 50

Conversion Factor
CF1

365
days/year

1 year = 365 days
M

olecular w
eight of w

ater
M

W
w

18
g/m

ole
H

arris and H
arper, 2004

D
ensity of liquid w

ater
ρ

w
1000

g/L
H

arris and H
arper, 2004

aTem
perature of 389 K provided in H

arris and H
arper, 2004 w

as replaced w
ith 338.7 K (150 ⁰F) for consistency w

ith stated assum
ption in H

arris and H
arper, 2004 that sw

eat lodge internal tem
perature is m

aintained at 150 ⁰F. 

c A
veraging tim

e of 1 year provided in H
arris and H

arper, 2004 w
as replaced w

ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim
e intake rather than annual intake

ECF-100KR4-10-0472, Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 
EPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays.
Ridolfi, 2007, Yakam

a N
ation Exposure Scenario for H

anford Site Risk A
ssessm

ent.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (noncarcinogen)
RfC

a
RfD

i b
H

Q
%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
(m

g/m
3)

(m
g/kg-day)

(unitless)
Contribution

A
cetone

67-64-1
Yes

0.001
--(c)

3.10E+01
8.86E+00

--
A

lum
inum

7429-90-5
--

0.03265
1.66E-04

5.00E-03
1.43E-03

1.16E-01
0.33

A
rsenic

7440-38-2
--

0.005315
2.70E-05

1.50E-05
4.29E-06

6.29E+00
17.81

Barium
7440-39-3

--
0.04545

2.31E-04
5.00E-04

1.43E-04
1.61E+00

4.57
Beryllium

7440-41-7
--

0.0001
5.07E-07

2.00E-05
5.71E-06

8.88E-02
0.25

Boron
7440-42-8

--
0.0455

2.31E-04
2.00E-02

5.71E-03
4.04E-02

0.11
Brom

odichlorom
ethane

75-27-4
Yes

0.001
--(c)

--
--

--
Brom

om
ethane

74-83-9
Yes

0.001
--(c)

5.00E-03
1.43E-03

--
Cadm

ium
7440-43-9

--
0.0002

1.01E-06
1.00E-05

2.86E-06
3.55E-01

1.01
Chloride

16887-00-6
--

26.05
1.32E-01

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
--(c)

5.00E-02
1.43E-02

--
Chloroform

67-66-3
Yes

0.00215
--(c)

9.80E-02
2.80E-02

--
Chrom

ium
7440-47-3

--
0.121

6.14E-04
--

--
--

Cobalt
7440-48-4

--
0.000257

1.30E-06
6.00E-06

1.71E-06
7.60E-01

2.15
Copper

7440-50-8
--

0.001272
6.45E-06

--
--

--
Fluoride

16984-48-8
--

0.332
1.68E-03

1.30E-02
3.71E-03

4.53E-01
1.28

H
exavalent Chrom

ium
18540-29-9

--
0.117

5.93E-04
1.00E-04

2.86E-05
2.08E+01

58.82
Iron

7439-89-6
--

0.3595
1.82E-03

--
--

--
Lead

7439-92-1
--

0.0002
1.01E-06

--
--

--
Lithium

7439-93-2
--

0.0225
1.14E-04

--
--

--
M

anganese
7439-96-5

--
0.01135

5.76E-05
5.00E-05

1.43E-05
4.03E+00

11.41
M

olybdenum
7439-98-7

--
0.00525

2.66E-05
--

--
--

N
ickel

7440-02-0
--

0.004
2.03E-05

9.00E-05
2.57E-05

7.89E-01
2.23

N
itrate

14797-55-8
--

71.7
3.64E-01

--
--

--
N

itrite
14797-65-0

--
0.118243

6.00E-04
--

--
--

Selenium
7782-49-2

--
0.0023

1.17E-05
2.00E-02

5.71E-03
2.04E-03

0.01
Silver

7440-22-4
--

0.0002
1.01E-06

--
--

--
Strontium

7440-24-6
--

0.373
1.89E-03

--
--

--
Styrene

100-42-5
Yes

0.001
--(c)

1.00E+00
2.86E-01

--
Sulfate

14808-79-8
--

77.3
3.92E-01

--
--

--
Thallium

7440-28-0
--

0.0001
5.07E-07

--
--

--
Tin

7440-31-5
--

0.000106
5.38E-07

--
--

--
Toluene

108-88-3
Yes

0.001
--(c)

5.00E+00
1.43E+00

--
Trichloroethene

79-01-6
Yes

0.0038
--(c)

3.50E-02
1.00E-02

--
U

ranium
7440-61-1

--
0.007425

3.77E-05
3.00E-04

8.57E-05
--

Vanadium
7440-62-2

--
0.0195

9.89E-05
--

--
--

Xylenes (total)
1330-20-7

Yes
0.001

--(c)
1.00E-01

2.86E-02
--

Zinc
7440-66-6

--
0.3025

1.53E-03
--

--
--

Total H
I

3.53E+01
100

aEPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

b Inhalation reference concentration (RfC) converted to inhalation reference dose (RfD
i ) follow

ing EPA
 protocol (EPA

 540/1-89/002) using form
ula RfD

i  (m
g/kg-day) = RfC (m

g/m
3) x 20 (m

3/day) x 1/70 (kg).
c Inhalation of volatile com

pounds in vapor is presented in Table D
-2

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.
H

I= hazard index.
H

Q
 = hazard quotient.

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays

Cancer risk calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

Iinh (carcinogen)
IU

R
a

CSF
i b

Risk
%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(m

g/kg-day)
(µg/m

3) -1
(m

g/kg-day) -1
(unitless)

Contribution
A

cetone
67-64-1

Yes
0.001

--(c)
--

--
--

A
lum

inum
7429-90-5

--
0.03265

1.61E-04
--

--
--

A
rsenic

7440-38-2
--

0.005315
2.62E-05

4.30E-03
1.51E+01

3.94E-04
0.25

Barium
7440-39-3

--
0.04545

2.24E-04
--

--
--

Beryllium
7440-41-7

--
0.0001

4.93E-07
2.40E-03

8.40E+00
4.14E-06

0.003
Boron

7440-42-8
--

0.0455
2.24E-04

--
--

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
--(c)

3.70E-05
1.30E-01

--
Brom

om
ethane

74-83-9
Yes

0.001
--(c)

--
--

--
Cadm

ium
7440-43-9

--
0.0002

9.85E-07
1.80E-03

6.30E+00
6.21E-06

0.004
Chloride

16887-00-6
--

26.05
1.28E-01

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
--(c)

--
--

--
Chloroform

67-66-3
Yes

0.00215
--(c)

2.30E-05
8.05E-02

--
Chrom

ium
7440-47-3

--
0.121

5.96E-04
--

--
--

Cobalt
7440-48-4

--
0.000257

1.27E-06
9.00E-03

3.15E+01
3.99E-05

0.03
Copper

7440-50-8
--

0.001272
6.27E-06

--
--

--
Fluoride

16984-48-8
--

0.332
1.64E-03

--
--

--
H

exavalent Chrom
ium

18540-29-9
--

0.117
5.76E-04

8.40E-02
2.94E+02

1.56E-01
99.70

Iron
7439-89-6

--
0.3595

1.77E-03
--

--
--

Lead
7439-92-1

--
0.0002

9.85E-07
--

--
--

Lithium
7439-93-2

--
0.0225

1.11E-04
--

--
--

M
anganese

7439-96-5
--

0.01135
5.59E-05

--
--

--
M

olybdenum
7439-98-7

--
0.00525

2.59E-05
--

--
--

N
ickel

7440-02-0
--

0.004
1.97E-05

2.60E-04
9.10E-01

1.79E-05
0.01

N
itrate

14797-55-8
--

71.7
3.53E-01

--
--

--
N

itrite
14797-65-0

--
0.118243

5.83E-04
--

--
--

Selenium
7782-49-2

--
0.0023

1.13E-05
--

--
--

Silver
7440-22-4

--
0.0002

9.85E-07
--

--
--

Strontium
7440-24-6

--
0.373

1.84E-03
--

--
--

Styrene
100-42-5

Yes
0.001

--(c)
--

--
--

Sulfate
14808-79-8

--
77.3

3.81E-01
--

--
--

Thallium
7440-28-0

--
0.0001

4.93E-07
--

--
--

Tin
7440-31-5

--
0.000106

5.22E-07
--

--
--

Toluene
108-88-3

Yes
0.001

--(c)
--

--
--

Trichloroethene
79-01-6

Yes
0.0038

--(c)
2.50E-05

8.75E-02
--

U
ranium

7440-61-1
--

0.007425
3.66E-05

--
--

--
Vanadium

7440-62-2
--

0.0195
9.61E-05

--
--

--
Xylenes (total)

1330-20-7
Yes

0.001
--(c)

--
--

--
Zinc

7440-66-6
--

0.3025
1.49E-03

--
--

--
Total ELCR

1.56E-01
100

aEPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

b Inhalation unit risk (IU
R) converted to inhalation cancer slope factor (CSF

i ) follow
ing EPA

 protocol (EPA
 540/1-89/002) using form

ula CSF
i (kg-day/m

g) = IU
R (m

3/µg) x 1/20 (m
3/day) x 70 (kg) x 1000 (μg/m

g).
c Inhalation of volatile com

pounds in vapor is presented in Table D
-2

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

CO
PC = contam

inant of potential concern.
ELCR = excess lifetim

e cancer risk.
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays

b A
verage reported Yakam

a N
ation tim

e spent inside sw
eathouse is 5 hr per w

eek (Ridolfi, 2007); value used conservatively assum
es 2 hr/event, 1 event/day (14 hr/w

eek).  For sw
eat lodge inhalation exposure, exposure tim

e of 2 hr w
as 

replaced w
ith 2/24 days/event so that the intake values have appropriate units (m

g/kg-day or pCi) w
hen calculated using the inhalation equations provided in H

arris and H
arper, 2004

Intake Param
eter Values

D
-3
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R

-4 N
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

Yakam
a N

ation

H
azard quotient and cancer risk from

 derm
al exposure to volatiles and sem

i-volatiles in sw
eat lodge vapor

Yakam
a N

ation Sw
eathouse Scenario (Ridolfi, 2007)

Yakam
a N

ation exposure scenario (Ridolfi, 2007) does not include a m
odel for estim

ating contam
inant concentrations in sw

eathouse air from
 contam

inant concentrations in
groundw

ater used to m
ake steam

.  Evaluation perform
ed using steam

 m
odel from

 CTU
IR sw

eat lodge scenario (H
arris and H

arper 2004)

M
odel assum

es 100%
 volatilization of volatiles and sem

i-volatiles; hence, derm
al intake from

 volatiles and sem
i-volatiles in condensed w

ater (Id,l )

can be neglected and total derm
al intake (Id,total ) is equal to derm

al intake from
 volatiles and sem

i-volatiles in sw
eat lodge vapor (Id,v )

Param
eter

Sym
bol

Value
U

nit
Source

D
erm

al Intake of CO
PCs -  Volatile Vapor (Id,total  = Id,v )

Id,total
Calculated Value

m
g/kg-day

Equation 40

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472

Cum
ulative Volum

e of w
ater used in a sw

eat
V

w
,total

4
L

H
arris and H

arper, 2004
Radius of Sw

eat Lodge
r

1
m

H
arris and H

arper, 2004

Skin Surface A
rea - adult

SA
1.8

m
2

H
arris and H

arper, 2004
CO

PC-specific perm
eability constant

K
p

CO
PC- specific

cm
/hour

EPA
/540/R/99/005

Length of sw
eat event - adult a

ET
2

hours/event
Ridolfi, 2007

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - adult

ED
68

years
H

arris and H
arper, 2004

A
verage body w

eight - adult
BW

70
kg

H
arris and H

arper, 2004

A
veraging tim

e (noncarcinogens) b
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) b
A

T
70

years
H

arris and H
arper, 2004

The constant pi
π

3.14159
unitless

--
Reference D

ose - O
ral

RfD
o

CO
PC-specific

m
g/kg-day

EPA
, 2009

G
astronintestinal A

bsorption Factor
G

IA
BS

CO
PC-specific

unitless
EPA

, 2009

Cancer Slope Factor - O
ral 

CSF
o

CO
PC-specific

(m
g/kg-day) -1

EPA
, 2009

Conversion factor
CF1

365
days/year

1 year = 365 days
Conversion factor

CF2
0.01

m
/cm

1 m
 = 100 cm

aA
verage reported Yakam

a N
ation tim

e spent inside sw
eathouse is 5 hr per w

eek (Ridolfi, 2007); value used conservatively assum
es 2 hr/event, 1 event/day (14 hr/w

eek)
bA

veraging tim
e of 1 year provided in H

arris and H
arper, 2004 w

as replaced w
ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim

e intake rather than annual intake
ECF-100KR4-10-0472, Exposure Point Concentration for G

roundw
ater Risk A

ssessm
ent at the 100-KR-4 G

roundw
ater O

perable U
nit. 

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays
.

Ridolfi, 2007, Yakam
a N

ation Exposure Scenario for H
anford Site Risk A

ssessm
ent

.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,total (noncarcinogen)
RfD

o a
G

IA
BS

a
H

Q
%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hr)
(m

g/kg-day)
(m

g/kg-day)
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

0.000512
2.51E-10

9.00E-01
1.00E+00

2.79E-10
0.01

A
lum

inum
7429-90-5

--
0.03265

0.001
--(c)

1.00E+00
1.00E+00

--
A

rsenic
7440-38-2

--
0.005315

0.001
--(c)

3.00E-04
1.00E+00

--
Barium

7440-39-3
--

0.04545
0.001

--(c)
2.00E-01

7.00E-02
--

Beryllium
7440-41-7

--
0.0001

0.001
--(c)

2.00E-03
7.00E-03

--
Boron

7440-42-8
--

0.0455
0.001

--(c)
2.00E-01

1.00E+00
--

Brom
odichlorom

ethane
75-27-4

Yes
0.001

0.0046
2.26E-09

2.00E-02
1.00E+00

1.13E-07
3.88

Brom
om

ethane
74-83- 9

Yes
0.001

0.0028
1.38E-09

1.40E-03
1.00E+00

9.82E-07
33.73

Cadm
ium

7440-43- 9
--

0.0002
0.001

--(c)
5.00E-04

5.00E-02
--

Chloride
16887-00-6

--
26.05

0.001
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
0.028

1.38E-08
2.00E-02

1.00E+00
6.88E-07

23.61
Chloroform

67-66-3
Yes

0.00215
0.0068

7.18E-09
1.00E-0 2

1.00E+00
7.18E-07

24.65
Chrom

ium
7440-47- 3

--
0.121

0.001
--(c)

1.50E+00
1.30E-02

--
Cobalt

7440-48-4
--

0.000257
0.0004

--(c)
3.00E-04

1.00E+00
--

Copper
7440-50-8

--
0.001272

0.001
--(c)

4.00E-02
1.00E+00

--
Fluoride

16984-48-8
--

0.332
0.001

--(c)
6.00E-02

1.00E+00
--

H
exavalent Chrom

ium
18540-29-9

--
0.117

0.002
--(c)

3.00E-03
2.50E-02

--
Iron

7439-89-6
--

0.3595
0.001

--(c)
7.00E-01

1.00E+00
--

Lead
7439-92-1

--
0.0002

0.0001
--(c)

--
1.00E+00

--
Lithium

7439-93-2
--

0.0225
0.001

--(c)
2.00E-03

1.00E+00
--

M
anganese

7439-96-5
--

0.01135
0.001

--(c)
2.4E-02

4.00E-02
--

M
olybdenum

7439-98-7
--

0.00525
0.001

--(c)
5.00E-03

1.00E+00
--

N
ickel

7440-02-0
--

0.004
0.0002

--(c)
2.00E-02

4.00E-02
--

N
itrate

14797-55-8
--

71.7
0.001

--(c)
7.10E+00

1.00E+00
--

N
itrite

14797-65-0
--

0.118243
0.001

--(c)
3.00E-01

1.00E+00
--

Selenium
7782-49-2

--
0.0023

0.001
--(c)

5.00E-03
1.00E+00

--
Silver

7440-22-4
--

0.0002
0.0006

--(c)
5.00E-03

4.00E-02
--

Strontium
7440-24-6

--
0.373

0.001
--(c)

6.00E-01
1.00E+00

--
Styrene

100-42-5
Yes

0.001
0.037

1.82E-08
2.00E-01

1.00E+00
9.09E-08

3.12
Sulfate

14808-79- 8
--

77.3
0.001

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

0.001
--(c)

--
1.00E+00

--
Tin

7440-31-5
--

0.000106
0.001

--(c)
6.00E-01

1.00E+00
--

Toluene
108-88-3

Yes
0.001

0.031
1.52E-08

8.00E-02
1.00E+00

1.90E-07
6.53

Trichloroethene
79-01- 6

Yes
0.0038

0.012
2.24E-08

--
1.00E+00

--
U

ranium
7440-61-1

--
0.007425

0.001
--(c)

3.00E-03
1.00E+00

--
Vanadium

7440-62-2
--

0.0195
0.001

--(c)
5.00E-03

1.00E+00
--

Xylenes (total)
1330-20-7

Yes
0.001

0.053
2.60E-08

2.00E-01
1.00E+00

1.30E-07
4.47

Zinc
7440-66-6

--
0.3025

0.0006
--(c)

3.00E-01
1.00E+00

--
Total H

I
2.91E-06

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics)
c D

erm
al intake of nonvolatiles in sw

eat lodge vapor is presented in Table D
-6

dK
p  value w

as taken from
  O

RN
L, 2010, The Risk A

ssessm
ent Inform

ation System
 (RA

IS).
-- = Indicates toxicity criteria not available to quantify contam

inant's noncancer hazard via this exposure route.
CO

PC = contam
inant of potential concern.

H
I = hazard index.

H
Q

 = hazard quotient.
EPA

/540/R/99/005, Risk A
ssessm

ent G
uidance for Superfund Volum

e I: H
um

an H
ealth Evaluation M

anual (Part E, Supplem
ental G

uidance for D
erm

al Risk A
ssessm

ent): Final. 
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays

Cancer risk calculation100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,total (carcinogen)
CSF

o a
G

IA
BS

a
Risk

%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hr)
(m

g/kg-day)
(m

g/kg-day) -1
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

0.000512
2.44E-10

--
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
0.001

--(c)
--

1.00E+00
--

A
rsenic

7440-38-2
--

0.005315
0.001

--(c)
1.50E+00

1.00E+00
--

Barium
7440-39-3

--
0.04545

0.001
--(c)

--
7.00E-02

--
Beryllium

7440-41-7
--

0.0001
0.001

--(c)
--

7.00E-03
--

Boron
7440-42-8

--
0.0455

0.001
--(c)

--
1.00E+00

--
Brom

odichlorom
ethane

75-27-4
Yes

0.001
0.0046

2.19E-09
6.20E-02

1.00E+00
1.36E-10

5.95
Brom

om
ethane

74-83-9
Yes

0.001
0.0028

1.34E-09
--

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
0.001

--(c)
--

5.00E-02
--

Chloride
16887-00-6

--
26.05

0.001
--(c)

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
0.028

1.34E-08
--

1.00E+00
--

Chloroform
67-66-3

Yes
0.00215

0.0068
6.97E-09

3.10E-02
1.00E+00

2.16E-10
9.45

Chrom
ium

7440-47-3
--

0.121
0.001

--(c)
--

1.30E-02
--

Cobalt
7440-48-4

--
0.000257

0.0004
--(c)

--
1.00E+00

--
Copper

7440-50-8
--

0.001272
0.001

--(c)
--

1.00E+00
--

Fluoride
16984-48-8

--
0.332

0.001
--(c)

--
1.00E+00

--
H

exavalent Chrom
ium

18540-29-9
--

0.117
0.002

--(c)
--

2.50E-02
--

Iron
7439-89-6

--
0.3595

0.001
--(c)

--
1.00E+00

--
Lead

7439-92-1
--

0.0002
0.0001

--(c)
--

1.00E+00
--

Lithium
7439-93-2

--
0.0225

0.001
--(c)

--
1.00E+00

--
M

anganese
7439-96-5

--
0.01135

0.001
--(c)

--
4.00E-02

--
M

olybdenum
7439-98-7

--
0.00525

0.001
--(c)

--
1.00E+00

--
N

ickel
7440-02-0

--
0.004

0.0002
--(c)

--
4.00E-02

--
N

itrate
14797-55-8

--
71.7

0.001
--(c)

--
1.00E+00

--
N

itrite
14797-65-0

--
0.118243

0.001
--(c)

--
1.00E+00

--
Selenium

7782-49-2
--

0.0023
0.001

--(c)
--

1.00E+00
--

Silver
7440-22-4

--
0.0002

0.0006
--(c)

--
4.00E-02

--
Strontium

7440-24-6
--

0.373
0.001

--(c)
--

1.00E+00
--

Styrene
100-42-5

Yes
0.001

0.037
1.77E-08

--
1.00E+00

--
Sulfate

14808-79-8
--

77.3
0.001

--(c)
--

--
--

Thallium
7440-28-0

--
0.0001

0.001
--(c)

--
1.00E+00

--
Tin

7440-31-5
--

0.000106
0.001

--(c)
--

1.00E+00
--

Toluene
108-88-3

Yes
0.001

0.031
1.48E-08

--
1.00E+00

--
Trichloroethene

79-01-6
Yes

0.0038
0.012

2.18E-08
8.90E-02

1.00E+00
1.94E-09

84.61
U

ranium
7440-61-1

--
0.007425

0.001
--(c)

--
1.00E+00

--
Vanadium

7440-62-2
--

0.0195
0.001

--(c)
--

1.00E+00
--

Xylenes (total)
1330-20-7

Yes
0.001

0.053
2.53E-08

--
1.00E+00

--
Zinc

7440-66-6
--

0.3025
0.0006

--(c)
--

1.00E+00
--

Total ELCR
2.29E-09

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics)
c D

erm
al intake of nonvolatiles in sw

eat lodge vapor is presented in Table D
-6

dK
p  value w

as taken from
  O

RN
L, 2010, The Risk A

ssessm
ent Inform

ation System
 (RA

IS).
-- = Indicates toxicity criteria not available to quantify contam

inant's cancer risk via this exposure route.
CO

PC = contam
inant of potential concern.

ELCR = excess lifetim
e cancer risk.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

Yakam
a N

ation

H
azard quotient and cancer risk from

 derm
al exposure to nonvolatile com

pounds in sw
eat lodge condensed w

ater
Yakam

a N
ation Sw

eathouse Scenario (Ridolfi, 2007)

M
odel assum

es concentration of nonvolatiles in condensed w
ater is equal to concentration in w

ater used to create steam
M

odel assum
es 100%

 volatilization of volatiles and sem
i-volatiles; hence, derm

al intake from
 volatiles and sem

i-volatiles in condensed w
ater can be neglected (H

arris and H
arper 2004, A

ppendix 4)

Yakam
a N

ation exposure scenario (Ridolfi, 2007) does not include a m
odel for estim

ating contam
inant concentrations in sw

eathouse air from
 contam

inant concentrations in
groundw

ater used to m
ake steam

.  Evaluation perform
ed using steam

 m
odel from

 CTU
IR sw

eat lodge scenario (H
arris and H

arper 2004).

Param
eter

Sym
bol

Value
U

nit
Source

D
erm

al Intake of CO
PCs - N

onvolatiles Condensed Liquid
Id,l

Calculated Value
m

g/kg-day
Equation 43

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472

Skin Surface A
rea - adult

SA
1.8

m
2

H
arris and H

arper, 2004
CO

PC-specific perm
eability constant

K
p

CO
PC- specific

cm
/hr

EPA
/540/R/99/005

Length of sw
eat event - adult a

ET
2

hr/event
Ridolfi, 2007

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - adult

ED
68

years
H

arris and H
arper, 2004

A
verage body w

eight - adult
BW

70
kg

H
arris and H

arper, 2004

A
veraging tim

e (noncarcinogens) b
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) b
A

T
70

years
H

arris and H
arper, 2004

Reference D
ose - O

ral
RfD

o
CO

PC-specific
m

g/kg-day
EPA

, 2009
G

astronintestinal A
bsorption Factor

G
IA

BS
CO

PC-specific
unitless

EPA
, 2009

Cancer Slope Factor - O
ral 

CSF
o

CO
PC-specific

(m
g/kg-day) -1

EPA
, 2009

Conversion factor
CF1

365
day/year

1 year = 365 days

Conversion factor
CF3

10
L/m

2-cm
1 L = 0.01 m

2* 10 cm
a A

verage reported Yakam
a N

ation tim
e spent inside sw

eathouse is 5 hr per w
eek (Ridolfi, 2007); value used conservatively assum

es 2 hr/event, 1 event/day (14 hr/w
eek)

b A
veraging tim

e of 1 year provided in H
arris and H

arper, 2004 w
as replaced w

ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim
e intake rather than annual intake

ECF-100KR4-10-0472, Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays
Ridolfi, 2007, Yakam

a N
ation Exposure Scenario for H

anford Site Risk A
ssessm

ent
.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,l (noncarcinogen)
RfD

o a
G

IA
BS

a
H

Q
%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hr)
(m

g/kg-day)
(m

g/kg-day)
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

0.000512
--(c)

9.00E-01
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
0.001

1.68E-05
1.00E+00

1.00E+00
1.68E-05

0.001
A

rsenic
7440-38-2

--
0.005315

0.001
2.73E-06

3.00E-04
1.00E+00

9.11E-03
0.55

Barium
7440-39-3

--
0.04545

0.001
2.34E-05

2.00E-01
7.00E-02

1.67E-03
0.10

Beryllium
7440-41-7

--
0.0001

0.001
5.14E-08

2.00E-03
7.00E-03

3.67E-03
0.22

Boron
7440-42-8

--
0.0455

0.001
2.34E-05

2.00E-01
1.00E+00

1.17E-04
0.01

Brom
odichlorom

ethane
75-27- 4

Yes
0.001

0.0046
--(c)

2.00E-02
1.00E+00

--
Brom

om
ethane

74-83-9
Yes

0.001
0.0028

--(c)
1.40E-03

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
0.001

1.03E-07
5.00E-04

5.00E-02
4.11E-03

0.25
Chloride

16887-00-6
--

26.05
0.001

1.34E-02
--

--
--

Chlorobenzene
108-90-7

Yes
0.001

0.028
--(c)

2.00E-02
1.00E+00

--
Chloroform

67-66-3
Yes

0.00215
0.0068

--(c)
1.00E-02

1.00E+00
--

Chrom
ium

7440-47-3
--

0.121
0.001

6.22E-05
1.50E+00

1.30E-02
3.19E-03

0.19
Cobalt

7440-48-4
--

0.000257
0.0004

5.29E-08
3.00E-04

1.00E+00
1.76E-04

0.01
Coppe r

7440-50-8
--

0.001272
0.001

6.54E-07
4.00E-02

1.00E+00
1.64E-05

0.001
Fluoride

16984-48-8
--

0.332
0.001

1.71E-04
6.00E-02

1.00E+00
2.85E-03

0.17
H

exavalent Chrom
ium

18540-29-9
--

0.117
0.002

1.20E-04
3.00E-03

2.50E-02
1.60E+00

97.10
Iron

7439-89- 6
--

0.3595
0.001

1.85E-04
7.00E-01

1.00E+00
2.64E-04

0.02
Lead

7439-92- 1
--

0.0002
0.0001

1.03E-08
--

1.00E+00
--

Lithium
7439-93-2

--
0.0225

0.001
1.16E-05

2.00E-03
1.00E+00

5.79E-03
0.35

M
anganese

7439-96-5
--

0.01135
0.001

5.84E-06
2.4E-02

0.04
6.08E-03

0.37
M

olybdenum
7439-98-7

--
0.00525

0.001
2.70E-06

5.00E-03
1.00E+00

5.40E-04
0.03

N
ickel

7440-02- 0
--

0.004
0.0002

4.11E-07
2.00E-02

4.00E-02
5.14E-04

0.03
N

itrate
14797-55- 8

--
71.7

0.001
3.69E-02

7.10E+00
1.00E+00

5.19E-03
0.31

N
itrite

14797-65-0
--

0.118243
0.001

6.08E-05
3.00E-01

1.00E+00
2.03E-04

0.01
Selenium

7782-49- 2
--

0.0023
0.001

1.18E-06
5.00E-03

1.00E+00
2.37E-04

0.01
Silver

7440-22- 4
--

0.0002
0.0006

6.17E-08
5.00E-03

4.00E-02
3.09E-04

0.02
Strontium

7440-24- 6
--

0.373
0.001

1.92E-04
6.00E-01

1.00E+00
3.20E-04

0.02
Styrene

100-42-5
Yes

0.001
0.037

--(c)
2.00E-01

1.00E+00
--

Sulfate
14808-79-8

--
77.3

0.001
3.98E-02

--
--

--
Thallium

7440-28-0
--

0.0001
0.001

5.14E-08
--

1.00E+00
--

Tin
7440-31-5

--
0.000106

0.001
5.45E-08

6.00E-01
1.00E+00

9.09E-08
5.50E-06

Toluene
108-88- 3

Yes
0.001

0.031
--(c)

8.00E-02
1.00E+00

--
Trichloroethene

79-01-6
Yes

0.0038
0.012

--(c)
--

1.00E+00
--

U
ranium

7440-61-1
--

0.007425
0.001

3.82E-06
3.00E-03

1.00E+00
1.27E-03

0.08

Vanadium
7440-62-2

--
0.0195

0.001
1.00E-05

5.00E-03
1.00E+00

2.01E-03
0.12

Xylenes (total)
1330-20-7

Yes
0.001

0.053
--(c)

2.00E-01
1.00E+00

--
Zinc

7440-66-6
--

0.3025
0.0006

9.33E-05
3.00E-01

1.00E+00
3.11E-04

0.02
Total H

I
1.65E+00

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics)
c M

odel assum
es 100%

 volatilization of volatiles and sem
i-volatiles; hence, derm

al intake from
 volatiles and sem

i-volatiles in condensed w
ater can be neglected (H

arris and H
arper 2004, A

ppendix 4)
dK

p  value w
as taken from

  O
RN

L, 2010, The Risk A
ssessm

ent Inform
ation System

 (RA
IS).

-- = Indicates toxicity criteria not available to quantify contam
inant's noncancer hazard via this exposure route.

CO
PC = contam

inant of potential concern.
H

I= hazard index.
H

Q
 = hazard quotient.

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays

Cancer risk calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,l (carcinogen)
CSF

o a
G

IA
BS

a
Risk

%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hr)
(m

g/kg-day)
(m

g/kg-day) -1
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

0.000512
--(c)

--
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
0.001

1.63E-05
--

1.00E+00
--

A
rsenic

7440-38-2
--

0.005315
0.001

2.66E-06
1.50E+00

1.00E+00
3.98E-06

100
Barium

7440-39- 3
--

0.04545
0.001

2.27E-05
--

7.00E-02
--

Beryllium
7440-41-7

--
0.0001

0.001
5.00E-08

--
7.00E-03

--
Boron

7440-42-8
--

0.0455
0.001

2.27E-05
--

1.00E+00
--

Brom
odichlorom

ethane
75-27-4

Yes
0.001

0.0046
--(c)

6.20E-02
1.00E+00

--
Brom

om
ethane

74-83-9
Yes

0.001
0.0028

--(c)
--

1.00E+00
--

Cadm
ium

7440-43-9
--

0.0002
0.001

9.99E-08
--

5.00E-02
--

Chloride
16887-00-6

--
26.05

0.001
1.30E-02

--
--

--
Chlorobenzene

108-90-7
Yes

0.001
0.028

--(c)
--

1.00E+00
--

Chloroform
67-66-3

Yes
0.00215

0.0068
--(c)

3.10E-02
1.00E+00

--
Chrom

ium
7440-47-3

--
0.121

0.001
6.05E-05

--
1.30E-02

--
Cobalt

7440-48-4
--

0.000257
0.0004

5.14E-08
--

1.00E+00
--

Copper
7440-50-8

--
0.001272

0.001
6.35E-07

--
1.00E+00

--
Fluoride

16984-48-8
--

0.332
0.001

1.66E-04
--

1.00E+00
--

H
exavalent Chrom

ium
18540-29-9

--
0.117

0.002
1.17E-04

--
2.50E-02

--
Iron

7439-89-6
--

0.3595
0.001

1.80E-04
--

1.00E+00
--

Lead
7439-92-1

--
0.0002

0.0001
9.99E-09

--
1.00E+00

--
Lithium

7439-93-2
--

0.0225
0.001

1.12E-05
--

1.00E+00
--

M
anganese

7439-96-5
--

0.01135
0.001

5.67E-06
--

0.04
--

M
olybdenum

7439-98-7
--

0.00525
0.001

2.62E-06
--

1.00E+00
--

N
ickel

7440-02-0
--

0.004
0.0002

4.00E-07
--

4.00E-02
--

N
itrate

14797-55-8
--

71.7
0.001

3.58E-02
--

1.00E+00
--

N
itrite

14797-65-0
--

0.118243
0.001

5.91E-05
--

1.00E+00
--

Selenium
7782-49-2

--
0.0023

0.001
1.15E-06

--
1.00E+00

--
Silver

7440-22-4
--

0.0002
0.0006

6.00E-08
--

4.00E-02
--

Strontium
7440-24-6

--
0.373

0.001
1.86E-04

--
1.00E+00

--
Styrene

100-42-5
Yes

0.001
0.037

--(c)
--

1.00E+00
--

Sulfate
14808-79-8

--
77.3

0.001
3.86E-02

--
--

--
Thallium

7440-28-0
--

0.0001
0.001

5.00E-08
--

1.00E+00
--

Tin
7440-31-5

--
0.000106

0.001
5.30E-08

--
1.00E+00

--
Toluene

108-88-3
Yes

0.001
0.031

--(c)
--

1.00E+00
--

Trichloroethene
79-01-6

Yes
0.0038

0.012
--(c)

8.90E-02
1.00E+00

--
U

ranium
7440-61-1

--
0.007425

0.001
3.71E-06

--
1.00E+00

--
Vanadium

7440-62-2
--

0.0195
0.001

9.74E-06
--

1.00E+00
--

Xylenes (total)
1330-20-7

Yes
0.001

0.053
--(c)

--
1.00E+00

--
Zinc

7440-66-6
--

0.3025
0.0006

9.07E-05
--

1.00E+00
--

Total ELCR
3.98E-06

100
aEPA

, 2009, “Regional Screening Levels for Chem
ical Contam

inants at Superfund Sites."
b EPA

/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-3 (organics)
c M

odel assum
es 100%

 volatilization of volatiles and sem
i-volatiles; hence, derm

al intake from
 volatiles and sem

i-volatiles in condensed w
ater can be neglected (H

arris and H
arper 2004, A

ppendix 4)
dK

p  value w
as taken from

  O
RN

L, 2010, The Risk A
ssessm

ent Inform
ation System

 (RA
IS).

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

CO
PC = contam

inant of potential concern.
ELCR = excess lifetim

e cancer risk.
EPA

/540/R/99/005, Risk A
ssessm

ent G
uidance for Superfund Volum

e I: H
um

an H
ealth Evaluation M

anual (Part E, Supplem
ental G

uidance for D
erm

al Risk A
ssessm

ent): Final. 
H

arris and H
arper, 2004, Exposure Scenario for CTU

IR Traditional Subsistence Lifew
ays
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100-KR-4 G
roundw

ater O
perable U

nit N
ative A

m
erican Risk A

ssessm
ent

Yakam
a N

ation

H
azard quotient and cancer risk from

 derm
al exposure to nonvolatile com

pounds in sw
eat lodge vapor

Yakam
a N

ation Sw
eathouse Scenario (Ridolfi, 2007)

Yakam
a N

ation exposure scenario (Ridolfi, 2007) does not include a m
odel for estim

ating contam
inant concentrations in sw

eathouse air from
 contam

inant concentrations in
groundw

ater used to m
ake steam

.  Evaluation perform
ed using steam

 m
odel from

 CTU
IR sw

eat lodge scenario (H
arris and H

arper 2004).

Param
eter

Sym
bol

Value
U

nit
Source

D
erm

al Intake of CO
PCs - N

onvolatiles Vapor
Id,v

Calculated Value
m

g/kg-day
Equation 44

G
roundw

ater Concentration
C

dw
CO

PC- specific
m

g/L
ECF-100KR4-10-0472

Skin Surface A
rea - adult

SA
1.8

m
2

H
arris and H

arper, 2004
CO

PC-specific perm
eability constant

K
p

CO
PC- specific

cm
/hr

EPA
/540/R/99/005

Length of sw
eat event-adult a

ET
2

hr/event
Ridolfi, 2007

Exposure Frequency or N
um

ber of sw
eats per year

EF
365

events/year
H

arris and H
arper, 2004

Exposure duration or num
ber of years a person sw

eats in a lifetim
e - 

adult
ED

68
years

H
arris and H

arper, 2004
A

verage body w
eight - adult

BW
70

kg
H

arris and H
arper, 2004

A
veraging tim

e (noncarcinogens) b
A

T
68

years
H

arris and H
arper, 2004

A
veraging tim

e (carcinogens) b
A

T
70

years
H

arris and H
arper, 2004

M
olecular w

eight of w
ater

M
W

w
18

g/m
ole

H
arris and H

arper, 2004
Ideal gas law

 constant
R

62.37
(m

m
H

g- L)/gm
ole-K)

H
arris and H

arper, 2004

Tem
perature inside of the sw

eat lodge
c

T
338.7

K 
H

arris and H
arper, 2004

D
ensity of liquid w

ater
ρ

w
1000

g/L
H

arris and H
arper, 2004

Reference D
ose - O

ral
RfD

o
CO

PC-specific
m

g/kg-day
EPA

, 2009
G

astronintestinal A
bsorption Factor

G
IA

BS
CO

PC-specific
unitless

EPA
, 2009

Cancer Slope Factor - O
ral 

CSF
o

CO
PC-specific

(m
g/kg-day) -1

EPA
, 2009

Conversion factor
CF1

365
day/year

1 year = 365 days

Conversion factor
CF3

10
L/m

2-cm
1 L = 0.01 m

2* 10 cm
a A

verage reported Yakam
a N

ation tim
e spent inside sw

eathouse is 5 hr per w
eek (Ridolfi, 2007); value used conservatively assum

es 2 hr/event, 1 event/day (14 hr/w
eek)

b A
veraging tim

e of 1 year provided in H
arris and H

arper, 2004 w
as replaced w

ith 70 years for carcinogens and 68 years for noncarcinogens to account for lifetim
e intake rather than annual intake

cTem
perature of 389 K provided in H

arris and H
arper, 2004 w

as replaced w
ith 338.7 K (150⁰F) for consistency w

ith stated assum
ption in H

arris and H
arper, 2004 that sw

eat lodge internal tem
perature is m

aintained at 150 ⁰F. 
dK

p  value w
as taken from

  O
RN

L, 2010, The Risk A
ssessm

ent Inform
ation System

 (RA
IS).

ECF-100KR4-10-0472, Exposure Point Concentration for G
roundw

ater Risk A
ssessm

ent at the 100-KR-4 G
roundw

ater O
perable U

nit. 

EPA
/540/R/99/005, Risk A

ssessm
ent G

uidance for Superfund Volum
e I: H

um
an H

ealth Evaluation M
anual (Part E, Supplem

ental G
uidance for D

erm
al Risk A

ssessm
ent): Final. 

EPA
, 2009, “Regional Screening Levels for Chem

ical Contam
inants at Superfund Sites."

H
arris and H

arper, 2004, Exposure Scenario for CTU
IR Traditional Subsistence Lifew

ays
Ridolfi, 2007, Yakam

a N
ation Exposure Scenario for H

anford Site Risk A
ssessm

ent
.

N
on-cancer H

Q
 calculation

100-KR-4 G
roundw

ater O
perable U

nit
C

dw
 

K
p b

Id,v (noncarcinogen)
RfD

o a
G

IA
BS

a
H

Q
%

 N
onradioactive CO

PC
CA

S #
Volatile

a
(m

g/L)
(cm

/hr)
(m

g/kg-day)
(m

g/kg-day)
(unitless)

(unitless)
Contribution

A
cetone

d
67-64-1

Yes
0.001

0.000512
--(c)

9.00E-01
1.00E+00

--
A

lum
inum

7429-90-5
--

0.03265
0.001

2.75E-09
1.00E+00

1.00E+00
2.75E-09

0.001
A

rsenic
7440-38-2

--
0.005315

0.001
4.48E-10

3.00E-04
1.00E+00

1.49E-06
0.55

Barium
7440-39-3

--
0.04545

0.001
3.83E-09

2.00E-01
7.00E-02

2.74E-07
0.10

Beryllium
7440-41-7

--
0.0001

0.001
8.43E-12

2.00E-03
7.00E-03

6.02E-07
0.22

Boron
7440-42-8

--
0.0455

0.001
3.83E-09

2.00E-01
1.00E+00

1.92E-08
0.01

Brom
odichlorom

ethane
75-27-4

Yes
0.001

0.0046
--(c)

2.00E-02
1.00E+00

--
Brom

om
ethane

74-83- 9
Yes

0.001
0.0028

--(c)
1.40E-03

1.00E+00
--

Cadm
ium

7440-43- 9
--

0.0002
0.001

1.69E-11
5.00E-04

5.00E-02
6.74E-07

0.25
Chloride

16887-00-6
--

26.05
0.001

2.20E-06
--

--
--

Chlorobenzene
108-90- 7

Yes
0.001

0.028
--(c)

2.00E-02
1.00E+00

--
Chloroform

67-66-3
Yes

0.00215
0.0068

--(c)
1.00E-0 2

1.00E+00
--

Chrom
ium

7440-47-3
--

0.121
0.001

1.02E-08
1.50E+00

1.30E-02
5.23E-07

0.19
Cobalt

7440-48-4
--

0.000257
0.0004

8.66E-12
3.00E-04

1.00E+00
2.89E-08

0.01
Copper

7440-50-8
--

0.001272
0.001

1.07E-10
4.00E-02

1.00E+00
2.68E-09

0.001
Fluoride

16984-48-8
--

0.332
0.001

2.80E-08
6.00E-02

1.00E+00
4.66E-07

0.17
H

exavalent Chrom
ium

18540-29-9
--

0.117
0.002

1.97E-08
3.00E-03

2.50E-02
2.63E-04

97.10
Iron

7439-89-6
--

0.3595
0.001

3.03E-08
7.00E-01

1.00E+00
4.33E-08

0.02
Lead

7439-92-1
--

0.0002
0.0001

1.69E-12
--

1.00E+00
--

Lithium
7439-93- 2

--
0.0225

0.001
1.90E-09

2.00E-03
1.00E+00

9.48E-07
0.35

M
anganese

7439-96-5
--

0.01135
0.001

9.56E-10
2.4E-02

0.04
9.96E-07

0.37
M

olybdenum
7439-98-7

--
0.00525

0.001
4.42E-10

5.00E-03
1.00E+00

8.85E-08
0.03

N
ickel

7440-02-0
--

0.004
0.0002

6.74E-11
2.00E-02

4.00E-02
8.43E-08

0.03
N

itrate
14797-55-8

--
71.7

0.001
6.04E-06

7.10E+00
1.00E+00

8.51E-07
0.31

N
itrite

14797-65-0
--

0.118243
0.001

9.96E-09
3.00E-01

1.00E+00
3.32E-08

0.01
Selenium

7782-49-2
--

0.0023
0.001

1.94E-10
5.00E-03

1.00E+00
3.88E-08

0.01
Silver

7440-22-4
--

0.0002
0.0006

1.01E-11
5.00E-03

4.00E-02
5.06E-08

0.02
Strontium

7440-24-6
--

0.373
0.001

3.14E-08
6.00E-01

1.00E+00
5.24E-08

0.02
Styrene

100-42-5
Yes

0.001
0.037

--(c)
2.00E-01

1.00E+00
--

Sulfate
14808-79- 8

--
77.3

0.001
6.51E-06

--
--

--
Thallium

7440-28-0
--

0.0001
0.001

8.43E-12
--

1.00E+00
--

Tin
7440-31- 5

--
0.000106

0.001
8.93E-12

6.00E-01
1.00E+00

1.49E-11
5.50E-06

Toluene
108-88-3

Yes
0.001

0.031
--(c)

8.00E-02
1.00E+00

--
Trichloroethene

79-01-6
Yes

0.0038
0.012

--(c)
--

1.00E+00
--

U
ranium

7440-61-1
--

0.007425
0.001

6.26E-10
3.00E-03

1.00E+00
2.09E-07

0.08

Vanadium
7440-62-2

--
0.0195

0.001
1.64E-09

5.00E-03
1.00E+00

3.29E-07
0.12

Xylenes (total)
1330-20-7

Yes
0.001

0.053
--(c)

2.00E-01
1.00E+00

--
Zinc

7440-66-6
--

0.3025
0.0006

1.53E-08
3.00E-01

1.00E+00
5.10E-08

0.02
Total H

I
2.71E-0 4

100
aEPA

, 2009, “Regional Screening Levels for Chem
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inants at Superfund Sites."
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al intake of volatiles and sem

i-volatiles is presented in Table D
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I= hazard index.

H
Q

 = hazard quotient.
EPA

/540/R/99/005, Risk A
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uidance for Superfund Volum
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ealth Evaluation M
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uidance for D
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al Risk A
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ent): Final. 
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arper, 2004, Exposure Scenario for CTU
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Terms 

ATSDR Agency for Toxic Substances and Disease Registry 

CalEPA California Environmental Protection Agency 

CDI  chronic daily intake 

COPC contaminant of potential concern  

DAevent dermally absorbed dose per event 

ECF  environmental calculation file 

ELCR  excess lifetime cancer risk  

EPA Environmental Protection Agency  

EPC exposure point concentration 

GIABS gastrointestinal absorption factor 

ET event time  

HEAST Health Effects Assessment Summary Tables 

HEIS Hanford Environmental Information System 

HI hazard index  

HQ  hazard quotient 

IRIS Integrated Risk Information System 

IUR inhalation unit risk 

MRL minimal risk level 

NCEA National Center for Environmental Assessment 

NJDEP New Jersey Department of Environmental Protection 

OEHHA Office of Environmental Health Hazard Assessment 

ORNL Oak Ridge National Laboratory 

OSWER Office of Solid Waste and Emergency Response (EPA) 

OU operable unit  

pCi picocurie 

PPRTVs Provisional Peer Reviewed Toxicity Values 

RAIS Risk Assessment Information System 
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RfC Reference concentration 

RfD reference dose 

RME reasonable maximum exposure 

VF volatilization factor 
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1 Purpose 

The purpose of this environmental calculation is to document the assumptions, equations, and methods 
used to calculate the potential human health risks and hazards associated with exposure to radionuclides 
and nonradionuclides in tap water under a residential exposure scenario, where the tap water source is the 
groundwater from the 100-KR-4 Groundwater Operable Unit (OU).  Potential health risks and hazards are 
calculated for ingestion, dermal, and inhalation exposure routes associated with the tap water exposure 
pathway.  The results of all exposure routes are summed to provide total excess lifetime cancer risk 
(ELCR) or hazard index (HI) from direct contact with tap water by a residential receptor.  This 
methodology is used to calculate intake, ELCR, and HI for both radionuclide and nonradionuclide 
contaminants of potential concern (COPCs).  For this calculation, any analyte detected as least once in 
groundwater at the 100-KR-4 OU is included in the exposure and risk calculations as a COPC.  This 
evaluation supports DOE/RL-2010-97, Remedial Investigation/Feasibility Study for the 100-KR-1, 100-
KR-2, and 100-KR-4 Operable Units.   

2 Background 

The following subsections provide brief descriptions of cancer risks and health hazards, the exposure 
routes included with the tap water exposure pathway, and the references used in this environmental 
calculation. 

2.1 Carcinogenic Effects 
The potential for carcinogenic effects is evaluated by estimating incremental increases in the probability 
of developing cancer over a lifetime (excess lifetime cancer risk [ELCR]), above the background 
probability of developing cancer (that is, if no exposure to site contaminants occurs).  Cancer slope 
factors developed by EPA are considered to be plausible upper bound estimates of the cancer potencies of 
contaminants.  Using these cancer slope factors in calculating risks results in plausible, upper-bound 
estimates of risk; there is reasonable confidence that the actual cancer risks will not exceed the estimated 
risks and may actually be lower (EPA/540/1 89/002, Risk Assessment Guidance for Superfund Volume I 
Human Health Evaluation Manual (Part A): Interim Final).       

Although synergistic or antagonistic interactions might occur between cancer-causing contaminants and 
other contaminants, information is generally lacking in the toxicological literature to predict 
quantitatively the effects of these potential interactions.  Therefore, in this evaluation, cancer risks are 
treated as independent and additive within an exposure route.  This is consistent with the EPA guidelines 
on chemical mixtures presented in EPA/630/P-03/001F, Guidelines for Carcinogen Risk Assessment. 

2.2 Noncarcinogenic Effects 
For noncarcinogenic effects, the likelihood that a receptor will develop an adverse effect is estimated by 
comparing the predicted level of exposure for a particular contaminant with the highest level of exposure 
that is considered protective (that is, its reference dose [RfD]). The ratio of the chronic daily intake (CDI) 
divided by the RfD is termed the hazard quotient (HQ). 

When the HQ for a contaminant exceeds 1 (that is, exposure exceeds the RfD), there is a concern for 
potential noncarcinogenic health effects.  To assess the potential for noncarcinogenic effects posed by 
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exposure to multiple contaminants, a hazard index (HI) approach is used, in accordance with EPA 
guidance (EPA/540/1-89/002).  This approach assumes that the noncancer hazards associated with 
exposure to multiple contaminants are simply additive; synergistic or antagonistic interactions between 
contaminants, which are largely unknown, are not accounted for.  

2.3 Exposure Routes 
Potentially complete exposure routes associated with the tap water exposure pathway for the residential 
exposure scenario are: 

• Ingestion of tap water 

• Inhalation of volatiles when showering or bathing using tap water 

• Dermal exposure from showering or bathing using tap water 

EPA considers external radiation to be a significant exposure route for radionuclides only in soil 
(EPA/540/1-89/002).  External radiation from radionuclides in water is considered insignificant due to the 
radiation shielding effects of the water.  Therefore, EPA does not publish radionuclide cancer slope 
factors to quantify cancer risk from external or dermal exposure to radionuclides in groundwater.  
Because this evaluation assesses risks associated with radionuclides only in water, radionuclide cancer 
risk is calculated only for the ingestion and inhalation exposure routes.   

2.4 References 
For the tap water exposure pathway, contaminant intake is quantified using standard equations and 
procedures as specified in the following references: 

• EPA/540/1-89/002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health 
Evaluation Manual, Part A, Interim Final;  

• EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health 
Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): 
Interim;  

• EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final; and    

• EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health 
Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment); 

• ORNL, 2010, The Risk Assessment Information System (RAIS) (http://rais.ornl.gov/) 

o RAIS Risk Exposure Models for Chemicals User’s Guide 
(http://rais.ornl.gov/tools/rais_chemical_risk_guide.html) 

o RAIS Risk Exposure Models for Radionuclides User's Guide 
(http://rais.ornl.gov/tools/rais_rad_risk_guide.html) 
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3 Methodology 

This section  provides the equations (and their applicable bases) used to calculate the cancer risks and 
noncancer hazards associated with exposure to the 100-KR-4 OU COPCs via the exposure routes 
associated with the tap water exposure pathway.  Definitions of variables and input values for the 
equations are provided in Table 3-1. 

3.1 Intake and Risk Equations for Tap Water Ingestion 

The bases for the equations used to calculate intake, risk, and hazard associated with the tap water 
ingestion route are summarized in Table 3-2.  Equations are provided in the following subsections. 

Table 3-2. Calculated Values and Reference Bases Used for the Tap Water Ingestion Exposure Route 

Effect 
Symbol for 

Calculated Value Reference  

Carcinogenic CDI 

IRWadj 
RAIS Risk Exposure Models for Chemicals User’s Guide 
(ORNL, 2010) 

Risk EPA/540/R-92/003 

Noncarcinogenic CDI RAIS Risk Exposure Models for Chemicals User’s Guide 
(ORNL, 2010) 

HQ EPA/540/R-92/003 

Radionuclide CDI 

IRW_RADadj 
RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2010) 

Risk EPA/540/R-92/003 

Notes: 

CDI= chronic daily intake 

HQ= hazard quotient 

IRWadj = age-adjusted water ingestion rate. 

IRW_RADadj = age-adjusted water ingestion rate for radionuclides. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health Evaluation Manual 
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

ORNL, 2010, The Risk Assessment Information System (RAIS). 

  

3.1.1 Tap Water Ingestion—Carcinogenic Effects 
For ingestion of carcinogens, the chronic daily intake (CDI) is calculated using the following equations: 

 1CFAT

EFIRWC
CDI

adjw

×

××
=  (1)

 

where: 

 
( )

aBW
aIRWcEDaED

cBW
cIRWcED

adjIRW
×−

+
×

=  (2) 
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Cancer risk is calculated using the following equation: 

 oCSFCDIRISK ×=  (3) 
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3.1.2 Tap Water Ingestion—Noncarcinogenic Effects 
For ingestion of noncarcinogens, the CDI is calculated using the following equation: 

 1CFATBW

EDEFIRWC
CDI

a

aaw

××
×××

=  (4) 

Noncancer hazard is calculated using the following equation: 

 
oRfD

CDI
HQ =  (5) 

3.1.3 Tap Water Ingestion—Radionuclides 
For ingestion of radionuclides, the CDI is calculated using the following equations: 

 EFRADIRWCCDI adjw ××= _  (6) 

where:  

 
)]([)(_ aIRWcEDaEDcIRWcEDadjRADIRW ×−+×=

 (7) 

Radiological cancer risk is calculated using the following equation:  

 oSFCDIRISK ×=   (8) 

3.2 Intake and Risk Equations for Tap Water Inhalation (Volatiles Only) 

The bases for the equations used to calculate intake, risk, and hazard associated with inhalation of 
volatiles in tap water are summarized in Table 3-3.  Equations are provided in the following subsections. 

Table 3-3. Calculated Values and Reference Bases Used for the Tap Water Inhalation of Volatiles 
Exposure Route  

Effect 
Symbol for 

Calculated Value Reference  

Carcinogenic 
CDI 

RAIS Risk Exposure Models for Chemicals User’s Guide  

(ORNL, 2010) 

Risk EPA-540-R-070-002 

Noncarcinogenic 
CDI 

RAIS Risk Exposure Models for Chemicals User’s Guide  

(ORNL, 2010) 

HQ EPA-540-R-070-002 

Radionuclide 

CDI 

INH_RADadj 
RAIS Risk Exposure Models for Radionuclides User's Guide 
(ORNL, 2010) 

ETadj EPA-540-R-070-002 and EPA/540/R/99/005 
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Table 3-3. Calculated Values and Reference Bases Used for the Tap Water Inhalation of Volatiles 
Exposure Route  

Effect 
Symbol for 

Calculated Value Reference  

Risk EPA/540/R-92/003 

Notes: 
CDI= chronic daily intake. 
ETadj = age-adjusted exposure time. 
HQ = hazard quotient. 
INH_RADadj = age-adjusted radionuclide inhalation rate. 

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation 
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment). 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health Evaluation Manual 
(Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual 
(Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

ORNL, 2010, The Risk Assessment Information System (RAIS). 

 

3.2.1 Tap Water Inhalation of Volatiles—Carcinogenic Effects 
For inhalation of carcinogens, the CDI is calculated using the following equation:  

 1

10002

CFAT

mg

g
VFCFaETEFaEDwC

CDI
×









××××××

=

μ

 
(9) 

Cancer risk is calculated using the following equation: 

 IURCDIRISK ×=      (10) 

3.2.2 Tap Water Inhalation of Volatiles— Noncarcinogenic Effects 
For inhalation of noncarcinogens, the CDI is calculated using the following equation: 

 1

2

CFAT

VFCFaETEFaEDwC
CDI

×
×××××=

 
(11) 

Noncancer hazard is calculated using the following equation: 

 RfC

CDI
HQ =       (12)   

3.2.3 Tap Water Inhalation of Volatiles— Radionuclides 
For inhalation of radionuclides, the CDI is calculated using the following equations: 
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 2_ CFETEFVFRADINHCCDI adjadjw ×××××=  (13) 

where: 

 
)]([)(_ aINHcEDaEDcINHcEDadjRADINH ×−+×=

 (14) 

and: 

 

( ) ( )( )
aED

aETcEDaEDcEDcET
adjET

×−+×=
 

(15) 

Radiological cancer risk is calculated using the following equation: 

 iSFCDIRISK ×=       (16) 

3.3 Intake and Risk Equations for Tap Water Dermal Absorption 

The bases for the equations used to calculate intake, risk, and hazard associated with the tap water dermal 
absorption exposure route are provided in Table 3-4.  The equations are presented in the following 
subsections. 

Table 3-4. Calculated Values and Reference Bases Used for the Tap Water Dermal Exposure Route 

Effect Calculated Value Reference  

Carcinogenic 

CDI EPA/540/R/99/005  

SAadj EPA/540/R/99/005 

ETadj EPA/540/R/99/005 

DAevent EPA/540/R/99/005 

Risk EPA/540/R/99/005 

Noncarcinogenic 

CDI EPA/540/R/99/005 

DAevent EPA/540/R/99/005 

HQ EPA/540/R/99/005 

Radionuclide Not applicable 

Notes: 
CDI= chronic daily intake. 
DAevent = absorbed dose per event. 
ETadj = age-adjusted exposure time. 
HQ = hazard quotient. 
SAadj = age-adjusted skin surface area. 
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I:  Human Health Evaluation Manual  

(Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 
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3.3.1 Tap Water Dermal Absorption— Carcinogenic Effects 
For dermal exposure to carcinogens, the CDI is calculated using the following equations: 

 1CFAT

EFadjSAeventDA
CDI

×

××
=  (17) 

where: 

 
( )

a

aaca

c

ccc
adj BW

EVSAEDED

BW

EVSAED
SA

××−
+

××
=  (18) 

Cancer risk is calculated using the following equation: 

 

 GIABS
oCSF

CDIRISK ×=   (19) 

3.3.2 Tap Water Dermal Absorption— Noncarcinogenic Effects 
For dermal exposure to noncarcinogens, the CDI is calculated using the following equation: 

 1CFATaBW

EVaEDEFaSAeventDA
CDI

××
××××

=  (20) 

Noncancer hazard is calculated using the following equation: 

 GIABSoRfD

CDI
HQ

×
=  (21) 

3.3.3 Tap Water Dermal Absorption—Event Time (Carcinogenic Effects and Noncarcinogenic 
Effects) 

The event time used in the risk calculations is health effect-dependent. For noncarcinogens, the event time 
is not age-adjusted (ET = ETa). For carcinogens, an age-adjusted event time is calculated using the 
following equation:  

 

( ) ( )( )
aED

aETcEDaEDcEDcET
adjET

×−+×=
 

(22) 

3.3.4 Tap Water Dermal Absorption—Dermally Absorbed Dose (Carcinogenic Effects and 
Noncarcinogenic Effects) 

For organics, the following equations are used to calculate the dermally absorbed dose per event (DAevent), 
using the adult exposure time for noncarcinogenic effects and the age-adjusted exposure time (as 
calculated above) for carcinogenic effects: 

 
If ET ≤ t*, the following nonsteady-state equation is used: 
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 π
τ ET

CFwCpKFAeventDA
×××××××= 6

32  (23) 

If ET > t*, the following pseudosteady-state equation is used: 
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CFwCpKFAeventDA τ  (24) 

where ET = ETa or ETadj, for noncarcinogenic and carcinogenic effects, respectively. 
 
For inorganics, the following steady-state equation is used to estimate DAevent: 

 3CFETCKDA wpevent ×××=  (25) 

3.3.5 Tap Water Dermal Absorption—Radionuclides  
Dermal exposure to radionuclides in tap water is not evaluated.  As noted, EPA does not publish 
radionuclide cancer slope factors to calculate cancer risk from external or dermal exposure to radioactive 
contaminants in water, due to the shielding effects of water.   

3.4 Cumulative Risk—Cancer 

For estimating the cancer risks from exposure to multiple carcinogens from a single exposure route, the 
following equation is used.  The basis for the equation is provided in EPA/540/1-89/002. 

 

 = N

iT RiskRisk
1

 (26) 

where: 

 RiskT = Total cancer risk from route of exposure 
 Riski = Cancer risk for the ith chemical 
 N = Number of chemicals 

3.5 Hazard Index—Noncancer 

The HI is calculated using the following equation.  The basis for the equation is provided in 
EPA/540/1-89/002. 

 

 i

N
i

RfD

CDI
HI

= 1
 (27) 

where: 

 HI = hazard index 
 CDIi = chronic daily intake of the ith chemical (mg/kg-day) 
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 RfDi = reference dose of the ith chemical (mg/kg-day) 
 N = number of chemicals 
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4 Assumptions and Inputs 

Assumptions and inputs associated with the residential exposure scenario, groundwater COPCs and 
associated exposure point concentrations (EPCs), and human health toxicity values used in the risk 
calculations are described below. 

4.1 Exposure Inputs and Assumptions 
• Exposure routes evaluated for the tap water exposure pathway under a residential exposure scenario 

are ingestion, inhalation, and dermal absorption. (Dermal exposure is evaluated for nonradionuclides 
only.) 

• Exposure assumptions for the tap water exposure pathway are consistent with EPA guidance and 
provide a reasonable maximum exposure (RME) estimate for the residential scenario, as defined in 
OSWER Directive 9285.6-03, Risk Assessment Guidance For Superfund Volume I: Human Health 
Evaluation Manual Supplemental Guidance, "Standard Default Exposure Factors” . 

• Exposure inputs used to quantify contaminant intake (CDI) from tap water exposure for the RME 
residential scenario are provided in Table 3-1. 

• For domestic use of groundwater as a drinking water supply, EPA considers the inhalation pathway 
potentially complete only for volatile contaminants, because there is no mechanism for release of 
nonvolatile chemicals into the air in significant concentrations (EPA/540/R-92/003).  For the tap 
water exposure pathway, inhalation intake is quantified only for volatile contaminants, as defined by 
EPA, 2009, Regional Screening Levels for Chemical Contaminants at Superfund Sites.   

• For the RME residential scenario, the EPA-recommended values for showering/bathing exposure 
times for dermal exposure to tap water are 35 minutes for an adult and 1 hour for a child 
(EPA/540/R/99/005).  Exposure times for inhalation of volatiles in tap water are assumed to be the 
same as for the dermal exposure route. 

4.2 Groundwater Contaminants of Potential Concern and Exposure Point 
Concentrations 

The COPCs assessed in this environmental calculation were identified from the 100-KR-4 OU analytical 
data set in the Hanford Environmental Information System (HEIS) database.  The data set was first 
processed as described in ECF-100KR4-11-0470, Identification of Contaminants of Potential Concern for 
Groundwater Risk Assessment at the 100-KR-4 Groundwater Operable Unit to exclude analytes classed 
as essential nutrients (minerals), analytes without known toxicity information, and nondetected analytes.   
 
The COPC identification methodology presented in ECF-100KR4-11-0470 applies a multi-step screening 
process that includes among its several steps a comparison of maximum detected groundwater 
concentrations to chemical-specific action levels for protection of human health and aquatic receptors.  
For this evaluation, comparisons to action levels were not made; any analyte in the (processed) 100-KR-4 
data set with at least one reported detection was identified as a COPC and assessed in the risk 
calculations.   
The EPCs used for the risk calculations are the analyte-specific 90th percentile groundwater concentration 
values calculated from the (processed) 100-KR-4 OU analytical data set, as described in ECF-100KR4-
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10-0472, Calculation of Exposure Point Concentrations for the 100-KR-4 Groundwater Operable Unit.  
The identified COPCs and their associated 90th percentile values are presented in Table 4-1.   
 

Table 4-1.  Contaminants of Potential Concern and Exposure Point Concentrations 
(90th Percentile Groundwater Concentrations) Used for the Tap Water Supplemental 

Risk Evaluation at the 100-KR-4 Groundwater Operable Unit 

Contaminant of 
Potential Concern 

Exposure Point 
Concentration 
(µg/L or pCi/L)a 

Contaminant of 
Potential Concern 

Exposure Point 
Concentration 
(µg/L or pCi/L)a 

Acetone 1.0 Manganese 11 

Aluminum 33 Molybdenum 5.3 

Arsenic 5.3 Nickel 4.0 

Barium 45 Nitrate 71,700 

Beryllium 0.10 Nitrite 118 

Boron 46 Selenium 2.3 

Bromodichloromethane 1.0 Silver 0.20 

Bromomethane 1.0 Strontium 373 

Cadmium 0.20 Strontium-90 7.3 

Carbon-14 1,465 Styrene 1.0 

Chloride 26,050 Sulfate 77,300 

Chlorobenzene 1.0 Thallium 0.10 

Chloroform 2.2 Tin 0.11 

Chromium 121 Toluene 1.0 

Cobalt 0.26 Trichloroethene 3.8 

Copper 1.3 Tritium 34,500 

Fluoride 332 Uranium 7.4 

Hexavalent Chromium 117 Vanadium 20 

Iron 360 Xylenes (total) 1.0 

Lead 0.20 Zinc 303 

Lithium 23     

Notes: 

a.  90th percentile groundwater concentration calculated as described in ECF-100KR4-10-
0472. 
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4.3 Toxicity Values 
The toxicity criteria used for the human health risk calculations are provided in Table 4-2.  The sources 
for these criteria are discussed below.  

4.3.1 Toxicity Values for Nonradionuclides 

For nonradionuclides, the COPC-specific toxicity values shown in Table 4-2 are determined using the 
recommended reference hierarchy as described in Cook, 2003, “Human Health Toxicity Values in 
Superfund Risk Assessments.”  The hierarchy is summarized below. 

• Tier 1 – The EPA Integrated Risk Information System (IRIS) 

• Tier 2 – The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) 

• Tier 3 – Other Toxicity Values 

Tier 1 – IRIS 
The preferred source of toxicity data is the EPA IRIS database (http://www.epa.gov/iris/index.html).  
Expert toxicologists at EPA have derived the values in this database and have undergone a thorough 
review and validation both within and outside EPA.  If a toxicity value is available in IRIS, that value is 
used in preference to any other value. 
 
Tier 2 – PPRTVs 
If a toxicity value is not available in IRIS, the next source is the EPA PPRTVs.  This source includes 
toxicity values that have been developed by the Office of Research and Development/National Center for 
Environmental Assessment/Superfund Health Risk Technical Support Center.  This database is not 
available to the general public, but is accessible to EPA risk assessors via the EPA intranet.  These values 
are also published at the EPA Regional Screening Levels website (EPA, 2009).  
 
Tier 3 – Other Toxicity Values 
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:   
 
• The California EPA (CalEPA) Toxicity Criteria Database contains toxicity values that are peer 

reviewed and address both carcinogenic and noncarcinogenic effects. 

• The Agency for Toxic Substances and Disease Registry (ATSDR) Minimal Risk Levels (MRLs) for 
Hazard Substances are peer-reviewed estimates of the daily human exposure to hazardous substances 
that is likely to be without appreciable risk of adverse noncarcinogenic health effects over a specified 
duration of exposure. 

• Toxicity values in EPA 540-R-97-036, Health Effects Assessment Summary Tables (HEAST).  

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for a COPC, the toxicity values from the 
National Center for Environmental Assessment (NCEA) are used.  The NCEA values can be found in 
RAIS (ORNL, 2010). 

A derived RfD for nitrate was calculated from the RfD reported in IRIS (1.6 mg/kg-day) for nitrate as 
nitrogen (NO3

--N) using the mass fraction of nitrogen in nitrate.  The mass fraction of nitrogen in nitrate = 
mol wt N/mol wt NO3

- = (14 g/mol)/(62 g/mol) = 0.226.  The derived RfD for nitrate = (1.6 mg NO3
- -

N/kg-day) x (1 mg NO3
-/0.226 mg NO3

--N) = 7.1 mg NO3
-/kg-day.  
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A derived RfD for nitrite was calculated from the RfD reported in IRIS (0.1 mg/kg-day) for nitrite as 
nitrogen (NO2

--N) using the mass fraction of nitrogen in nitrite.  The mass fraction of nitrogen in nitrite = 
mol wt N/mol wt NO2

- = (14 g/mol)/(46 g/mol) = 0.304.  The derived RfD for nitrite = (0.1 mg NO2
--

N/kg-day) x (1 mg NO2
-/0.304 mg NO2

--N) = 0.3 mg NO2
-/kg-day. 

For several nonradionuclide COPCs, the toxicity value used was obtained from a different source than 
recommended by the EPA Superfund hierarchy (Cook, 2003).  The differences in toxicity values are 
summarized below. 

• For fluoride, the oral reference dose of 0.06 mg/kg-day published on IRIS is used for this evaluation.  
The value reported on IRIS has not been updated since 1989 and does not reflect the most current 
source of information. The oral reference dose currently implemented by EPA in the Regional 
Screening Levels (EPA, 2009) is established by the CalEPA Office of Environmental Health Hazard 
Assessment (OEHHA).  The oral reference dose derived by OEHHA is 0.04 mg/kg-day as 
documented in OEHHA, 2003, Chronic Toxicity Summary: Fluorides including Hydrogen Fluoride.  
Use of the IRIS value in this evaluation has the potential to under-estimate noncancer hazards. 

• For hexavalent chromium, the this evaluation considers carcinogenic effects only for inhalation 
exposures.  An oral cancer slope factor has recently been published by the New Jersey Department of 
Environmental Protection (NJDEP).  The oral cancer slope factor derived by NJDEP is 
0.5 (mg/kg-day)-1

, as presented in NJDEP, 2009, Derivation of an Ingestion-Based Soil Remediation 
Criterion for Cr+6 Based on the NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate.  
Assessing only inhalation carcinogenic effects from hexavalent chromium has the potential to under-
estimate cancer risk. 

• For trichloroethene, the oral cancer slope factor of 0.089 (mg/kg-day)-1 and inhalation unit risk of 
2.5E-05 (µg/m3)-1 published in HEAST are used for this evaluation. HEAST has not been updated 
since 1997 and does not reflect the most current source of information. The oral cancer slope factor 
and inhalation unit risk currently implemented by EPA in the Regional Screening Levels (EPA, 2009) 
are established by the CalEPA OEHHA. The oral slope factor of 0.0059 (mg/kg-day)-1 and the 
Inhalation Unit Risk of 2.0E-06  (µg/m3)-1  derived by OEHHA are presented in OEHHA, 2009, 
Public Health Goal for Chemicals In Drinking Water Trichloroethylene.   Use of the HEAST values 
in this evaluation has the potential to over-estimate cancer risk. 

4.3.2 Toxicity Values for Radionuclides 

The cancer slope factors for radionuclides in Table 4-2 were obtained from EPA, 2001, “Health Effects 
Assessment Summary Tables database” / “April 16, 2001 Update: Radionuclide Toxicity,” / 
“Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.”  
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Table 4-2.  Toxicity Criteria for 100-KR-4 Groundwater Operable Unit Contaminants of Potential Concern 

COPCa 

Oral 
Reference 

Dose  
(RfDo)b 

(mg/kg-day) Key 

Oral Cancer Slope Factor  
(CSFo)b  

(mg/kg-day)-1  
or  

Oral Slope Factor 
(SFo)c  

(Risk/pCi) Key 

Inhalation 
Reference 

Concentrati
on  

(RfC)b 
(mg/m3) Key 

Inhalation 
Unit Risk 

(IUR)b 
(µg/m3)-1 Key 

Inhalation 
Cancer 
Slope 
Factor  
(SFi)c 

(Risk/pCi) Key 

Volatile 
Nonradionuclidesb 

Radionuclidesc 

GIABS 
Nonradionuclidesb 

Radionuclidesc 
 (unitless) 

Kp
d 

(cm/hr) 
Bd 

(unitless) 
τ d 

(hours/event) 
t*d 

(hours) 
FAd 

(unitless) 

Acetone 9.00E-01 I -- -- 3.10E+01 A -- -- -- -- V 1.00E+00 5.12E-04e -- -- -- -- 

Aluminum 1.00E+00 P -- -- 5.00E-03 P -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Arsenic 3.00E-04 I 1.50E+00 I 1.50E-05 C 4.30E-03 I -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Barium 2.00E-01 I -- -- 5.00E-04 H -- -- -- -- -- 7.00E-02 1.00E-03 -- -- -- -- 

Beryllium 2.00E-03 I -- -- 2.00E-05 I 2.40E-03 I -- -- -- 7.00E-03 1.00E-03 -- -- -- -- 

Boron 2.00E-01 I -- -- 2.00E-02 H -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Bromodichloromethane 2.00E-02 I 6.20E-02 I -- -- 3.70E-05 C -- -- V 1.00E+00 4.60E-03 0 0.88 2.12 1 

Bromomethane 1.40E-03 I -- -- 5.00E-03 I -- -- -- -- V 1.00E+00 2.80E-03 0 0.36 0.87 1 

Cadmium 5.00E-04 I -- -- 1.00E-05 A 1.80E-03 I -- -- -- 5.00E-02 1.00E-03 -- -- -- -- 

Carbon-14 -- -- 1.55E-12 H -- -- -- -- 7.07E-12 H -- -- -- -- -- -- -- 

Chloride -- -- -- -- -- -- -- -- -- -- -- -- 1.00E-03 -- -- -- -- 

Chlorobenzene 2.00E-02 I -- -- 5.00E-02 P -- -- -- -- V 1.00E+00 2.80E-02 0.1 0.46 1.09 1 

Chloroform 1.00E-02 I 3.10E-02 C 9.80E-02 A 2.30E-05 I -- -- V 1.00E+00 6.80E-03 0 0.5 1.19 1 

Chromium 1.50E+00 I -- -- -- -- -- -- -- -- -- 1.30E-02 1.00E-03 -- -- -- -- 

Cobalt 3.00E-04 P -- -- 6.00E-06 P 9.00E-03 P -- -- -- 1.00E+00 4.00E-04 -- -- -- -- 

Copper 4.00E-02 H -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Fluoride 6.00E-02 I -- -- 1.30E-02 C -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Hexavalent Chromium 3.00E-03 I -- -- 1.00E-04 I 8.40E-02 I -- -- -- 2.50E-02 2.00E-03 -- -- -- -- 

Iron 7.00E-01 P -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Lead -- -- -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-04 -- -- -- -- 

Lithium 2.00E-03 P -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Manganese 2.40E-02 I -- -- 5.00E-05 I -- -- -- -- -- 4.00E-02 1.00E-03 -- -- -- -- 

Molybdenum 5.00E-03 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Nickel 2.00E-02 I -- -- 9.00E-05 A 2.60E-04 C -- -- -- 4.00E-02 2.00E-04 -- -- -- -- 

Nitrate 7.1E+00 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Nitrite 3.00E-01 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Selenium 5.00E-03 I -- -- 2.00E-02 C -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 
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Table 4-2.  Toxicity Criteria for 100-KR-4 Groundwater Operable Unit Contaminants of Potential Concern 

COPCa 

Oral 
Reference 

Dose  
(RfDo)b 

(mg/kg-day) Key 

Oral Cancer Slope Factor  
(CSFo)b  

(mg/kg-day)-1  
or  

Oral Slope Factor 
(SFo)c  

(Risk/pCi) Key 

Inhalation 
Reference 

Concentrati
on  

(RfC)b 
(mg/m3) Key 

Inhalation 
Unit Risk 

(IUR)b 
(µg/m3)-1 Key 

Inhalation 
Cancer 
Slope 
Factor  
(SFi)c 

(Risk/pCi) Key 

Volatile 
Nonradionuclidesb 

Radionuclidesc 

GIABS 
Nonradionuclidesb 

Radionuclidesc 
 (unitless) 

Kp
d 

(cm/hr) 
Bd 

(unitless) 
τ d 

(hours/event) 
t*d 

(hours) 
FAd 

(unitless) 

Silver 5.00E-03 I -- -- -- -- -- -- -- -- -- 4.00E-02 6.00E-04 -- -- -- -- 

Strontium 6.00E-01 I -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Strontium-90 -- -- 5.59E-11 H -- -- -- -- 1.05E-10 H -- -- -- -- -- -- -- 

Styrene 2.00E-01 I -- -- 1.00E+00 I -- -- -- -- V 1.00E+00 3.70E-02 0.1 0.41 0.98 1 

Sulfate -- -- -- -- -- -- -- -- -- -- -- -- 1.00E-03 -- -- -- -- 

Thallium -- -- -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Tin 6.00E-01 H -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Toluene 8.00E-02 I -- -- 5.00E+00 I -- -- -- -- V 1.00E+00 3.10E-02 0.1 0.35 0.84 1 

Trichloroethene -- -- 8.90E-02 H 3.50E-02 H 2.50E-05 H -- -- V 1.00E+00 1.20E-02 0.1 0.58 1.39 1 

Tritium -- -- 5.07E-14 H -- -- -- -- 5.62E-14 H V -- -- -- -- -- -- 

Uranium 3.00E-03 I -- -- 3.00E-04 A -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Vanadium 5.00E-03 S -- -- -- -- -- -- -- -- -- 1.00E+00 1.00E-03 -- -- -- -- 

Xylenes (total) 2.00E-01 I -- -- 1.00E-01 I -- -- -- -- V 1.00E+00 5.30E-02 0.2 0.42 1.01 1 

Zinc 3.00E-01 I -- -- -- -- -- -- -- -- -- 1.00E+00 6.00E-04 -- -- -- -- 

Notes: 

a. Source = ECF-100KR4-10-0470.   

b. Source = EPA, 2009. 

c. Source = EPA, 2001. 

d. Source = EPA/540/R/99/005, Exhibits 3-1 (inorganic COPCs) and B-3 (organic COPCs). 

e. Source = ORNL, 2010. 

-- = indicates toxicity value not available for this contaminant and exposure route.  

A = ATSDR 

B = partitioning constant. 

C = Cal EPA  

COPC = contaminant of potential concern. 

FA = fraction absorbed. 

GIABS = gastrointestinal absorption factor. 

H = HEAST  

I = IRIS 

Kp = dermal permeability constant. 
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5 Software Applications 

All calculations for this environmental calculation were performed on electronic spreadsheets using 
Microsoft Excel

®

.  These spreadsheets are provided as electronic attachments to this environmental 
calculation. 

6 Calculation 

Potential human health risk is calculated using the methodology, COPCs, EPCs, and toxicity factors 
documented in Sections 3 and 4 of this environmental calculation.  The calculation spreadsheets were 
validated by comparison with hand calculations, which are presented in Figure 6-1 and provided as 
electronic attachments (formatted for on-screen viewing). 

6.1 Tap Water Exposure Pathway Worksheets 
The tap water exposure pathway calculations are contained in the Excel workbook “100-KR-4 Tap Water 
Risk Env Calc - Attach A.xlsx”.  The worksheets in this workbook are listed in Table 6-1. 

Table 6-1.  Worksheets for the Tap Water 
Exposure Pathway Calculations 

100-KR-4 Groundwater Operable Unit 

A-1: Results Summary  

A-2: Ingestion of Nonradioactive COPCs in Tap 
Water 

A-3: Inhalation of Volatile Nonradioactive 
COPCs in Tap Water 

A-4: Dermal Absorption of Nonradioactive 
COPCs in Tap Water 

A-5: Inhalation of Volatile Radioactive COPCs 
in Tap Water 

A-6: Ingestion of Radioactive COPCs in Tap 
Water 

Notes: 

COPC- Contaminant of Potential Concern 

  

                                                      
® Microsoft Excel is a registered product of the Microsoft Corporation. 
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6.2 Hand Calculations 
 The electronic spreadsheet calculations are validated by comparison with hand calculations, which are 
presented in Figure 6-1.  The hand calculations were performed to validate the formulas used in the 
spreadsheets. 

7 Results/Conclusions 

This section summarizes the supplemental risk evaluation results for the tap water exposure pathway for 
groundwater in the 100-KR-4 OU.  Exposure to groundwater as a tap water source is evaluated using the 
following potential exposure routes:  ingestion, inhalation of volatiles, and dermal contact 
(nonradionuclides only) under a residential exposure scenario.  Table 7-1 provides a summary of the risk 
estimates, by exposure route.  Additional detail, including COPC-specific risk contributions, is provided 
in the electronic spreadsheet attachments. 

Table 7-1.  Summary of Risk Estimates from Use of 
Groundwater as a Potential Drinking Water Source 

Exposure Route 

100-KR-4 Groundwater 
Operable Unit 

ELCR HI 

Nonradionuclide COPCs 

Ingestion  1.3E-04 2.7 

Dermal  1.6E-06 0.46 

Inhalation 9.0E-07 <0.01 

Total 1.3E-04 3.1 

Radionuclide COPCs 

Ingestion  8.4E-05 -- 

Inhalation 5.1E-06 -- 

Total 8.9E-05 -- 

Total ELCRa 2.2E-04 -- 

Notes: 

a. Total ELCR represents the sum of the total 
nonradionuclide ELCR and the total radionuclide 
ELCR. 

COPC = contaminant of potential concern. 

ELCR = excess lifetime cancer risk. 

HI = hazard index. 

-- = Indicates HI not applicable. 

  

The cumulative ELCRs for the 100-KR-4 Groundwater OU are 1.3 ×10-4 for nonradiological COPCs and 
8.9 × 10-5 for radiological COPCs. The nonradiological ELCR is greater than the EPA upper target risk 
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threshold of 1 × 10-4.  The individual ELCR values for carbon-14, chloroform, strontium-90, 
trichloroethene, and tritium are within the EPA range of 1 × 10-4 to 1 × 10-6. The HI for the 100-KR-4 OU 
is 3.1, which is greater than the EPA target HI of 1.0. The primary contributor to the noncancer HI is 
hexavalent chromium, with a HQ of 1.5. 

Although the individual ELCR value associated with arsenic is greater than EPA’s regulatory target risk 
threshold of 1 × 10-4 and the HQ is greater than 1.0, the 90th percentile value of 5.3 µg/L is considered to 
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not considered a 
contributor to risk or hazard.  

The individual ELCR associated with bromodichloromethane is within the EPA range of 1 × 10-4 to 1 × 
10-6.  However, bromodichloromethane is not considered to be a contributor to the ELCR because it was 
detected in only five  of 54 water samples, all of which were flagged with a “J”, which indicates that the 
results are estimated values.  
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Figure 6-1 
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Contaminant Concentration in Groundwater Volatilea HQ (Inhalation) HQ (Ingestion) HQ (Dermal) Total HQ %
Nonradioactive COPCs Cw (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.001 Yes 3.74E-07 3.04E-05 -- 3.08E-05 0.0010
Aluminum 0.03265 -- --(b) 8.95E-04 4.67E-06 8.99E-04 0.03
Arsenic 0.005315 -- --(b) 4.85E-01 2.53E-03 4.88E-01 15.53
Barium 0.04545 -- --(b) 6.23E-03 4.64E-04 6.69E-03 0.21
Beryllium 0.0001 -- --(b) 1.37E-03 1.02E-03 2.39E-03 0.08
Boron 0.0455 -- --(b) 6.23E-03 3.25E-05 6.27E-03 0.20
Bromodichloromethane 0.001 Yes -- 1.37E-03 1.12E-04 1.48E-03 0.05
Bromomethane 0.001 Yes 2.32E-03 1.96E-02 6.23E-04 2.25E-02 0.72
Cadmium 0.0002 -- --(b) 1.10E-02 1.14E-03 1.21E-02 0.39
Chloride 26.05 -- --(b) -- -- -- --
Chlorobenzene 0.001 Yes 2.32E-04 1.37E-03 4.93E-04 2.09E-03 0.07
Chloroform 0.00215 Yes 2.54E-04 5.89E-03 5.37E-04 6.68E-03 0.21
Chromium 0.121 -- --(b) 2.21E-03 8.87E-04 3.10E-03 0.10
Cobalt 0.000257 -- --(b) 2.35E-02 4.90E-05 2.35E-02 0.75
Copper 0.001272 -- --(b) 8.71E-04 4.55E-06 8.76E-04 0.03
Fluoride 0.332 -- --(b) 1.52E-01 7.91E-04 1.52E-01 4.85
Hexavalent Chromium 0.117 -- --(b) 1.07E+00 4.46E-01 1.51E+00 48.2
Iron 0.3595 -- --(b) 1.41E-02 7.34E-05 1.41E-02 0.45
Lead 0.0002 -- --(b) -- -- -- --
Lithium 0.0225 -- --(b) 3.08E-01 1.61E-03 3.10E-01 9.86
Manganese 0.01135 -- --(b) 1.30E-02 1.69E-03 1.46E-02 0.47
Molybdenum 0.00525 -- --(b) 2.88E-02 1.50E-04 2.89E-02 0.92
Nickel 0.004 -- --(b) 5.48E-03 1.43E-04 5.62E-03 0.18
Nitrate 71.7 -- --(b) 2.77E-01 1.44E-03 2.78E-01 8.9
Nitrite 0.118243 -- --(b) 1.08E-02 5.64E-05 1.09E-02 0.35
Selenium 0.0023 -- --(b) 1.26E-02 6.58E-05 1.27E-02 0.40
Silver 0.0002 -- --(b) 1.10E-03 8.58E-05 1.18E-03 0.04
Strontium 0.373 -- --(b) 1.70E-02 8.89E-05 1.71E-02 0.54
Styrene 0.001 Yes 1.16E-05 1.37E-04 6.15E-05 2.10E-04 0.007
Sulfate 77.3 -- --(b) -- -- -- --
Thallium 0.0001 -- --(b) -- -- -- --
Tin 0.000106 -- --(b) 4.84E-06 2.53E-08 4.87E-06 0.0002
Toluene 0.001 Yes 2.32E-06 3.42E-04 1.19E-04 4.64E-04 0.01

Trichloroethene 0.0038 Yes 1.26E-03 -- -- 1.26E-03 0.04

Uranium 0.007425 -- --(b) 6.78E-02 3.54E-04 6.82E-02 2.17

Vanadium 0.0195 -- --(b) 1.07E-01 5.58E-04 1.07E-01 3.42

Xylenes (total) 0.001 Yes 1.16E-04 1.37E-04 8.91E-05 3.42E-04 0.011

Zinc 0.3025 -- --(b) 2.76E-02 8.65E-05 2.77E-02 0.88
Total HI 4.19E-03 2.68E+00 4.62E-01 3.14E+00 100
aVolatile contaminants as defined by EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
COPC = contaminant of potential concern.
HI = hazard index.
HQ = hazard quotient.

Contaminant Concentration in Groundwater Volatilea Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %
Nonradioactive COPCs Cw (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.001 Yes -- -- -- -- --
Aluminum 0.03265 -- --(b) -- -- -- --
Arsenic 0.005315 -- --(b) 1.19E-04 6.39E-07 1.19E-04 93.09
Barium 0.04545 -- --(b) -- -- -- --
Beryllium 0.0001 -- --(b) -- -- -- --
Boron 0.0455 -- --(b) -- -- -- --
Bromodichloromethane 0.001 Yes 1.84E-07 9.22E-07 7.27E-08 1.18E-06 0.92
Bromomethane 0.001 Yes -- -- -- -- --
Cadmium 0.0002 -- --(b) -- -- -- --
Chloride 26.05 -- --(b) -- -- -- --
Chlorobenzene 0.001 Yes -- -- -- -- --
Chloroform 0.00215 Yes 2.46E-07 9.91E-07 8.71E-08 1.32E-06 1.03
Chromium 0.121 -- --(b) -- -- -- --
Cobalt 0.000257 -- --(b) -- -- -- --
Copper 0.001272 -- --(b) -- -- -- --
Fluoride 0.332 -- --(b) -- -- -- --

100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment--Summary of Tap Water Exposure Pathway Cancer Risk Results for Nonradioactive COPCs in Groundwater.

100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment--Summary of Tap Water Exposure Pathway Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
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Hexavalent Chromium 0.117 -- --(b) -- -- -- --
Iron 0.3595 -- --(b) -- -- -- --
Lead 0.0002 -- --(b) -- -- -- --
Lithium 0.0225 -- --(b) -- -- -- --
Manganese 0.01135 -- --(b) -- -- -- --
Molybdenum 0.00525 -- --(b) -- -- -- --
Nickel 0.004 -- --(b) -- -- -- --
Nitrate 71.7 -- --(b) -- -- -- --
Nitrite 0.118243 -- --(b) -- -- -- --
Selenium 0.0023 -- --(b) -- -- -- --
Silver 0.0002 -- --(b) -- -- -- --
Strontium 0.373 -- --(b) -- -- -- --
Styrene 0.001 Yes -- -- -- -- --
Sulfate 77.3 -- --(b) -- -- -- --
Thallium 0.0001 -- --(b) -- -- -- --
Tin 0.000106 -- --(b) -- -- -- --
Toluene 0.001 Yes -- -- -- -- --

Trichloroethene 0.0038 Yes 4.72E-07 5.03E-06 8.40E-07 6.34E-06 4.95

Uranium 0.007425 -- --(b) -- -- -- --

Vanadium 0.0195 -- --(b) -- -- -- --

Xylenes (total) 0.001 Yes -- -- -- -- --

Zinc 0.3025 -- --(b) -- -- -- --

Total Nonradionuclide ELCR 9.01E-07 1.26E-04 1.64E-06 1.28E-04 100
aVolatile contaminants as defined by EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

Contaminant Concentration in Groundwater Volatilea Risk (Inhalation) Risk (Ingestion) Total Risk %
Radioactive COPCs Cw (pCi/L) (unitless) (unitless) (unitless) Contribution

Carbon-14 1465 --(b) 4.29E-05 4.29E-05 48.38
Strontium-90 7.25 --(b) 7.66E-06 7.66E-06 8.64
Tritium 34500 Yes 5.07E-06 3.31E-05 3.81E-05 42.98
Total Radionuclide ELCR 5.07E-06 8.36E-05 8.87E-05 100
aVolatile radioactive contaminants as defined by EPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
bNonvolatile constituents are not considered in the inhalation exposure route
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment--Summary of Tap Water Exposure Pathway Cancer Risk Results for Radioactive COPCs in Groundwater.
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100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment

Ingestion of Nonradioactive COPCs in Tap Water

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI mg/kg-day Equations 1 and 4

Contaminant Concentration Cw mg/L ECF-100KR4-10-0472

Average Body Weight BW 70 15 kg EPA/540/R-92/003

Drinking Water Ingestion Rate IRW 2 1 L/day
EPA/540/R-92/003   

EPA/600/P-95/002Fa

Age-Adjusted Drinking Water Ingestion Rate IRWadj L-year/kg-day Equation 2

Exposure Frequency EF days/year EPA/540/R-92/003

Exposure Duration ED 30 6 years EPA/540/R-92/003

Averaging Time -  Cancer AT years EPA/540/R-92/003

Averaging Time - Noncancer AT years EPA/540/R-92/003

Oral Reference Dose RfDo mg/kg-day EPA, 2009

Oral Cancer Slope Factor CSFo (mg/kg-day)
-1 EPA, 2009

Conversion Factor CF1 days/year 365 days = 1 year

ECF-100KR4-10-0472. Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Operable Unit. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

EPA/600/P-95/002Fa, Exposure Factors Handbook Volume 1: General Factors .

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

Non-cancer HQ calculation

COPC-specific

COPC-specific

365

COPC-specific

1.086

350

30

Intake Parameter Values Value

calculated

70
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100-KR-4 Groundwater Operable Unit Cw CDI (noncarcinogen) RfDo
a HQ %

Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 0.001 2.74E-05 9.00E-01 3.04E-05 0.0011

Aluminum 7429-90-5 0.03265 8.95E-04 1.00E+00 8.95E-04 0.03

Arsenic 7440-38-2 0.005315 1.46E-04 3.00E-04 4.85E-01 18.13

Barium 7440-39-3 0.04545 1.25E-03 2.00E-01 6.23E-03 0.23

Beryllium 7440-41-7 0.0001 2.74E-06 2.00E-03 1.37E-03 0.05

Boron 7440-42-8 0.0455 1.25E-03 2.00E-01 6.23E-03 0.23

Bromodichloromethane 75-27-4 0.001 2.74E-05 2.00E-02 1.37E-03 0.05

Bromomethane 74-83-9 0.001 2.74E-05 1.40E-03 1.96E-02 0.73

Cadmium 7440-43-9 0.0002 5.48E-06 5.00E-04 1.10E-02 0.41

Chloride 16887-00-6 26.05 7.14E-01 -- --

Chlorobenzene 108-90-7 0.001 2.74E-05 2.00E-02 1.37E-03 0.05

Chloroform 67-66-3 0.00215 5.89E-05 1.00E-02 5.89E-03 0.22

Chromium 7440-47-3 0.121 3.32E-03 1.50E+00 2.21E-03 0.08

Cobalt 7440-48-4 0.000257 7.04E-06 3.00E-04 2.35E-02 0.88

Copper 7440-50-8 0.001272 3.48E-05 4.00E-02 8.71E-04 0.03

Fluoride 16984-48-8 0.332 9.10E-03 6.00E-02 1.52E-01 5.66

Hexavalent Chromium 18540-29-9 0.117 3.21E-03 3.00E-03 1.07E+00 39.92

Iron 7439-89-6 0.3595 9.85E-03 7.00E-01 1.41E-02 0.53

Lead 7439-92-1 0.0002 5.48E-06 -- --

Lithium 7439-93-2 0.0225 6.16E-04 2.00E-03 3.08E-01 11.52

Manganese 7439-96-5 0.01135 3.11E-04 2.4E-02 1.30E-02 0.48

Molybdenum 7439-98-7 0.00525 1.44E-04 5.00E-03 2.88E-02 1.07

Nickel 7440-02-0 0.004 1.10E-04 2.00E-02 5.48E-03 0.20

Nitrate 14797-55-8 71.7 1.96E+00 7.10E+00 2.77E-01 10.34

Nitrite 14797-65-0 0.118243 3.24E-03 3.00E-01 1.08E-02 0.40

Selenium 7782-49-2 0.0023 6.30E-05 5.00E-03 1.26E-02 0.47

Silver 7440-22-4 0.0002 5.48E-06 5.00E-03 1.10E-03 0.04

Strontium 7440-24-6 0.373 1.02E-02 6.00E-01 1.70E-02 0.64

Styrene 100-42-5 0.001 2.74E-05 2.00E-01 1.37E-04 0.0051

Sulfate 14808-79-8 77.3 2.12E+00 -- --

Thallium 7440-28-0 0.0001 2.74E-06 -- --

Tin 7440-31-5 0.000106 2.90E-06 6.00E-01 4.84E-06 0.0002

Toluene 108-88-3 0.001 2.74E-05 8.00E-02 3.42E-04 0.0128

Trichloroethene 79-01-6 0.0038 1.04E-04 -- --

Uranium 7440-61-1 0.007425 2.03E-04 3.00E-03 6.78E-02 2.53

Vanadium 7440-62-2 0.0195 5.34E-04 5.00E-03 1.07E-01 3.99

Xylenes (total) 1330-20-7 0.001 2.74E-05 2.00E-01 1.37E-04 0.0051

Zinc 7440-66-6 0.3025 8.29E-03 3.00E-01 2.76E-02 1.03

Total HI 2.68E+00 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

COPC = contaminant of potential concern.

HQ = hazard quotient.
HI = hazard index.

EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 
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Cancer risk calculation

100-KR-4 Groundwater Operable Unit Cw CDI (carcinogen) CSFo
a Risk %

Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day)-1
(unitless) Contribution

Acetone 67-64-1 0.001 1.49E-05 -- --

Aluminum 7429-90-5 0.03265 4.86E-04 -- --

Arsenic 7440-38-2 0.005315 7.90E-05 1.50E+00 1.19E-04 94.47

Barium 7440-39-3 0.04545 6.76E-04 -- --

Beryllium 7440-41-7 0.0001 1.49E-06 -- --

Boron 7440-42-8 0.0455 6.77E-04 -- --

Bromodichloromethane 75-27-4 0.001 1.49E-05 6.20E-02 9.22E-07 0.73

Bromomethane 74-83-9 0.001 1.49E-05 -- --

Cadmium 7440-43-9 0.0002 2.97E-06 -- --

Chloride 16887-00-6 26.05 3.87E-01 -- --

Chlorobenzene 108-90-7 0.001 1.49E-05 -- --

Chloroform 67-66-3 0.00215 3.20E-05 3.10E-02 9.91E-07 0.79

Chromium 7440-47-3 0.121 1.80E-03 -- --

Cobalt 7440-48-4 0.000257 3.82E-06 -- --

Copper 7440-50-8 0.001272 1.89E-05 -- --

Fluoride 16984-48-8 0.332 4.94E-03 -- --

Hexavalent Chromium 18540-29-9 0.117 1.74E-03 -- --

Iron 7439-89-6 0.3595 5.35E-03 -- --

Lead 7439-92-1 0.0002 2.97E-06 -- --

Lithium 7439-93-2 0.0225 3.35E-04 -- --

Manganese 7439-96-5 0.01135 1.69E-04 -- --

Molybdenum 7439-98-7 0.00525 7.81E-05 -- --

Nickel 7440-02-0 0.004 5.95E-05 -- --

Nitrate 14797-55-8 71.7 1.07E+00 -- --

Nitrite 14797-65-0 0.118243 1.76E-03 -- --

Selenium 7782-49-2 0.0023 3.42E-05 -- --

Silver 7440-22-4 0.0002 2.97E-06 -- --

Strontium 7440-24-6 0.373 5.55E-03 -- --

Styrene 100-42-5 0.001 1.49E-05 -- --

Sulfate 14808-79-8 77.3 1.15E+00 -- --

Thallium 7440-28-0 0.0001 1.49E-06 -- --

Tin 7440-31-5 0.000106 1.58E-06 -- --

Toluene 108-88-3 0.001 1.49E-05 -- --

Trichloroethene 79-01-6 0.0038 5.65E-05 8.90E-02 5.03E-06 4.01

Uranium 7440-61-1 0.007425 1.10E-04 -- --

Vanadium 7440-62-2 0.0195 2.90E-04 -- --

Xylenes (total) 1330-20-7 0.001 1.49E-05 -- --

Zinc 7440-66-6 0.3025 4.50E-03 -- --

Total Nonradionuclide ELCR 1.26E-04 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

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

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

100-KR-4 Tap Water Risk Env Calc - Attach A.xlsx
A-2 5 of 14
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100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment

Inhalation of Volatile Nonradioactive COPCs in Tap Water

Parameter Symbol Value Unit Source

Inhalation Chronic Daily Intake CDI calculated
mg/m3 for 

noncarcinogens, µg/m3 

for carcinogens

Equations 9 and 11

Contaminant Concentration Cw COPC-specific mg/L ECF-100KR4-10-0472

Exposure Time ET 0.58 hours/day EPA/540/R/99/005

Exposure Frequency EF 350 days/year EPA/540/R-92/003

Exposure Duration ED 30 years EPA/540/R-92/003

Averaging Time -  Cancer AT 70 years EPA/540/R-92/003

Averaging Time - Noncancer AT 30 years EPA/540/R-92/003

Andelman Volatilization Factor VF 0.5 L/m3 EPA/540/R-92/003

Inhalation Reference Concentration RfC COPC-specific mg/m3 EPA, 2009

Inhalation Unit Risk IUR COPC-specific (µg/m3)-1 EPA, 2009

Conversion Factor CF1 365 days/year 365 days =  1 year

Conversion Factor CF2   1/24 days/hour 1 day = 24 hours

ECF-100KR4-10-0472. Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Operable Unit. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

Non-cancer HQ calculation

100-KR-4 Groundwater Operable Unit Cw CDI (noncarcinogen) RfCa
HQ %

Nonradioactive COPC CAS # Volatilea (mg/L) (mg/m3) (mg/m3) (unitless) Contribution

Acetone 67-64-1 Yes 0.001 1.16E-05 3.10E+01 3.74E-07 0.01

Aluminum 7429-90-5 -- 0.03265 --(b) 5.00E-03 --(b)

Arsenic 7440-38-2 -- 0.005315 --(b) 1.50E-05 --(b)

Barium 7440-39-3 -- 0.04545 --(b) 5.00E-04 --(b)

Beryllium 7440-41-7 -- 0.0001 --(b) 2.00E-05 --(b)

Boron 7440-42-8 -- 0.0455 --(b) 2.00E-02 --(b)

Bromodichloromethane 75-27-4 Yes 0.001 1.16E-05 -- --

Bromomethane 74-83-9 Yes 0.001 1.16E-05 5.00E-03 2.32E-03 55.29

Cadmium 7440-43-9 -- 0.0002 --(b) 1.00E-05 --(b)

Chloride 16887-00-6 -- 26.05 --(b) -- --(b)

Chlorobenzene 108-90-7 Yes 0.001 1.16E-05 5.00E-02 2.32E-04 5.53

Chloroform 67-66-3 Yes 0.00215 2.49E-05 9.80E-02 2.54E-04 6.06

Chromium 7440-47-3 -- 0.121 --(b) -- --(b)

Cobalt 7440-48-4 -- 0.000257 --(b) 6.00E-06 --(b)

Copper 7440-50-8 -- 0.001272 --(b) -- --(b)

Fluoride 16984-48-8 -- 0.332 --(b) 1.30E-02 --(b)

Hexavalent Chromium 18540-29-9 -- 0.117 --(b) 1.00E-04 --(b)

Iron 7439-89-6 -- 0.3595 --(b) -- --(b)

Lead 7439-92-1 -- 0.0002 --(b) -- --(b)

Lithium 7439-93-2 -- 0.0225 --(b) -- --(b)

Manganese 7439-96-5 -- 0.01135 --(b) 5.00E-05 --(b)

Molybdenum 7439-98-7 -- 0.00525 --(b) -- --(b)

Nickel 7440-02-0 -- 0.004 --(b) 9.00E-05 --(b)

Nitrate 14797-55-8 -- 71.7 --(b) -- --(b)

Nitrite 14797-65-0 -- 0.118243 --(b) -- --(b)

Intake Parameter Values
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Selenium 7782-49-2 -- 0.0023 --(b) 2.00E-02 --(b)

Silver 7440-22-4 -- 0.0002 --(b) -- --(b)

Strontium 7440-24-6 -- 0.373 --(b) -- --(b)

Styrene 100-42-5 Yes 0.001 1.16E-05 1.00E+00 1.16E-05 0.28

Sulfate 14808-79-8 -- 77.3 --(b) -- --(b)

Thallium 7440-28-0 -- 0.0001 --(b) -- --(b)

Tin 7440-31-5 -- 0.000106 --(b) -- --(b)

Toluene 108-88-3 Yes 0.001 1.16E-05 5.00E+00 2.32E-06 0.06

Trichloroethene 79-01-6 Yes 0.0038 4.40E-05 3.50E-02 1.26E-03 30.01

Uranium 7440-61-1 -- 0.007425 --(b) 3.00E-04 --(b)

Vanadium 7440-62-2 -- 0.0195 --(b) -- --(b)

Xylenes (total) 1330-20-7 Yes 0.001 1.16E-05 1.00E-01 1.16E-04 2.76

Zinc 7440-66-6 -- 0.3025 --(b) -- --(b)

Total HI 4.19E-03 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

COPC = contaminant of potential concern.

HQ = hazard quotient.

HI = hazard index.

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment).

Cancer risk calculation

100-KR-4 Groundwater Operable Unit Cw CDI (carcinogen) IURa
Risk %

Nonradioactive COPC CAS # Volatilea (mg/L) (μg/m3) (µg/m3)-1
(unitless) Contribution

Acetone 67-64-1 Yes 0.001 4.97E-03 -- --

Aluminum 7429-90-5 -- 0.03265 --(b) -- --(b)

Arsenic 7440-38-2 -- 0.005315 --(b) 4.30E-03 --(b)

Barium 7440-39-3 -- 0.04545 --(b) -- --(b)

Beryllium 7440-41-7 -- 0.0001 --(b) 2.40E-03 --(b)

Boron 7440-42-8 -- 0.0455 --(b) -- --(b)

Bromodichloromethane 75-27-4 Yes 0.001 4.97E-03 3.70E-05 1.84E-07 20.39

Bromomethane 74-83-9 Yes 0.001 4.97E-03 -- --

Cadmium 7440-43-9 -- 0.0002 --(b) 1.80E-03 --(b)

Chloride 16887-00-6 -- 26.05 --(b) -- --(b)

Chlorobenzene 108-90-7 Yes 0.001 4.97E-03 -- --

Chloroform 67-66-3 Yes 0.00215 1.07E-02 2.30E-05 2.46E-07 27.25

Chromium 7440-47-3 -- 0.121 --(b) -- --(b)

Cobalt 7440-48-4 -- 0.000257 --(b) 9.00E-03 --(b)

Copper 7440-50-8 -- 0.001272 --(b) -- --(b)

Fluoride 16984-48-8 -- 0.332 --(b) -- --(b)

Hexavalent Chromium 18540-29-9 -- 0.117 --(b) 8.40E-02 --(b)

Iron 7439-89-6 -- 0.3595 --(b) -- --(b)

Lead 7439-92-1 -- 0.0002 --(b) -- --(b)

Lithium 7439-93-2 -- 0.0225 --(b) -- --(b)

Manganese 7439-96-5 -- 0.01135 --(b) -- --(b)

Molybdenum 7439-98-7 -- 0.00525 --(b) -- --(b)

Nickel 7440-02-0 -- 0.004 --(b) 2.60E-04 --(b)

Nitrate 14797-55-8 -- 71.7 --(b) -- --(b)

Nitrite 14797-65-0 -- 0.118243 --(b) -- --(b)

Selenium 7782-49-2 -- 0.0023 --(b) -- --(b)

Silver 7440-22-4 -- 0.0002 --(b) -- --(b)

Strontium 7440-24-6 -- 0.373 --(b) -- --(b)

Styrene 100-42-5 Yes 0.001 4.97E-03 -- --
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Sulfate 14808-79-8 -- 77.3 --(b) -- --(b)

Thallium 7440-28-0 -- 0.0001 --(b) -- --(b)

Tin 7440-31-5 -- 0.000106 --(b) -- --(b)

Toluene 108-88-3 Yes 0.001 4.97E-03 -- --

Trichloroethene 79-01-6 Yes 0.0038 1.89E-02 2.50E-05 4.72E-07 52.36

Uranium 7440-61-1 -- 0.007425 --(b) -- --(b)

Vanadium 7440-62-2 -- 0.0195 --(b) -- --(b)

Xylenes (total) 1330-20-7 Yes 0.001 4.97E-03 -- --

Zinc 7440-66-6 -- 0.3025 --(b) -- --(b)

Total Nonradionuclide ELCR 9.01E-07 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."
bNonvolatile constituents are not considered in the inhalation exposure route

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

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

EPA-540-R-070-002, Risk Assessment Guidance for Superfund:  Volume 1—Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment).
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100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment

Dermal Absorption of Nonradioactive COPCs in Tap Water 

Parameter Symbol Adult Child Unit Source

Chronic Daily Intake CDI mg/kg-day Equations 17 and 20

Contaminant Concentration Cw mg/L ECF-100KR4-10-0472

Average Body Weight BW 70 15 kg EPA/540/R-92/003

Exposure Time ET 0.58 1 hours/event EPA/540/R/99/005

Exposure Time (Age-Adjusted) ETadj hours/event Equation 22

Surface Area SA 18,000 6,600 cm2 EPA/540/R/99/005

Age-Adjusted Surface Area SAadj (cm2-year-event)/(kg/day) Equation 18

Event Frequency EV event/day EPA/540/R/99/005

Exposure Frequency EF days/year EPA/540/R-92/003

Exposure Duration ED 30 6 years EPA/540/R-92/003

Averaging Time -  Cancer AT years EPA/540/R-92/003

Averaging Time - Noncancer AT years EPA/540/R-92/003

Oral Reference Dose RfDo mg/kg-day EPA, 2009

Oral Cancer Slope Factor CSFo (mg/kg-day)-1 EPA, 2009

Conversion Factor CF1 days/year 365 days = 1 year

Conversion Factor CF3 L/cm3 1 L = 1000 cm3

The constant pi π unitless --

Time to reach steady state t* hours EPA/540/R/99/005

Dermal Partitioning Constant B unitless EPA/540/R/99/005

Absorbed Dose per Event DA mg/cm2-event Equations 23, 24, and 25

Dermal Permeability Constant Kp cm/hour EPA/540/R/99/005

Fraction Absorbed FA unitless EPA/540/R/99/005

Lag Time τ hours/event EPA/540/R/99/005

Fraction of Contaminant Absorbed in Gastrointestinal Tract GIABS unitless EPA, 2009

ECF-100KR4-10-0472. Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Operable Unit. 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

EPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

Absorbed Dermal Dose Calculation

100-KR-4 Groundwater Operable Unit Cw FAb
Kp

a Bb τb t*b DA (noncancer) DA (cancer)

Nonradioactive COPC CAS # (mg/L) Inorganic/organica (unitless) (cm/hour) (unitless) (hours/event) (hours) (mg/cm2-event) (mg/cm2-event)

Acetonec
67-64-1 0.001 -- -- 5.12E-04 -- -- -- -- --

Aluminum 7429-90-5 0.03265 INORGANIC -- 1.00E-03 -- -- -- 1.89E-08 2.17E-08

Arsenic 7440-38-2 0.005315 INORGANIC -- 1.00E-03 -- -- -- 3.08E-09 3.53E-09

Barium 7440-39-3 0.04545 INORGANIC -- 1.00E-03 -- -- -- 2.64E-08 3.02E-08

Beryllium 7440-41-7 0.0001 INORGANIC -- 1.00E-03 -- -- -- 5.80E-11 6.64E-11

Boron 7440-42-8 0.0455 INORGANIC -- 1.00E-03 -- -- -- 2.64E-08 3.02E-08

Bromodichloromethane 75-27-4 0.001 -- 1 4.60E-03 0 0.88 2.12 9.08E-09 9.72E-09

Bromomethane 74-83-9 0.001 -- 1 2.80E-03 0 0.36 0.87 3.54E-09 3.78E-09

Cadmium 7440-43-9 0.0002 INORGANIC -- 1.00E-03 -- -- -- 1.16E-10 1.33E-10

Chloride 16887-00-6 26.05 INORGANIC -- 1.00E-03 -- -- -- 1.51E-05 1.73E-05

Chlorobenzene 108-90-7 0.001 -- 1 2.80E-02 0.1 0.46 1.09 4.00E-08 4.28E-08

Chloroform 67-66-3 0.00215 -- 1 6.80E-03 0 0.5 1.19 2.18E-08 2.33E-08

Chromium 7440-47-3 0.121 INORGANIC -- 1.00E-03 -- -- -- 7.02E-08 8.03E-08

Cobalt 7440-48-4 0.000257 INORGANIC -- 4.00E-04 -- -- -- 5.96E-11 6.83E-11

Copper 7440-50-8 0.001272 INORGANIC -- 1.00E-03 -- -- -- 7.38E-10 8.45E-10

Intake Parameter Values

100-KR-4  Operable Unit  Exposure Area Tap Water Risk Assessment--Dermal Absorbed Dose Calculations

Value

calculated

COPC-specific

0.664

8,811

1

350

70

30

COPC-specific

COPC-specific

365

COPC-specific

COPC-specific

COPC-specific

COPC-specific

0.001

3.14159
COPC-specific

COPC-specific

calculated
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Fluoride 16984-48-8 0.332 INORGANIC -- 1.00E-03 -- -- -- 1.93E-07 2.20E-07

Hexavalent Chromium 18540-29-9 0.117 INORGANIC -- 2.00E-03 -- -- -- 1.36E-07 1.55E-07

Iron 7439-89-6 0.3595 INORGANIC -- 1.00E-03 -- -- -- 2.09E-07 2.39E-07

Lead 7439-92-1 0.0002 INORGANIC -- 1.00E-04 -- -- -- 1.16E-11 1.33E-11

Lithium 7439-93-2 0.0225 INORGANIC -- 1.00E-03 -- -- -- 1.31E-08 1.49E-08

Manganese 7439-96-5 0.01135 INORGANIC -- 1.00E-03 -- -- -- 6.58E-09 7.54E-09

Molybdenum 7439-98-7 0.00525 INORGANIC -- 1.00E-03 -- -- -- 3.05E-09 3.49E-09

Nickel 7440-02-0 0.004 INORGANIC -- 2.00E-04 -- -- -- 4.64E-10 5.31E-10

Nitrate 14797-55-8 71.7 INORGANIC -- 1.00E-03 -- -- -- 4.16E-05 4.76E-05

Nitrite 14797-65-0 0.118243 INORGANIC -- 1.00E-03 -- -- -- 6.86E-08 7.85E-08

Selenium 7782-49-2 0.0023 INORGANIC -- 1.00E-03 -- -- -- 1.33E-09 1.53E-09

Silver 7440-22-4 0.0002 INORGANIC -- 6.00E-04 -- -- -- 6.96E-11 7.97E-11

Strontium 7440-24-6 0.373 INORGANIC -- 1.00E-03 -- -- -- 2.16E-07 2.48E-07

Styrene 100-42-5 0.001 -- 1 3.70E-02 0.1 0.41 0.98 4.99E-08 5.34E-08

Sulfate 14808-79-8 77.3 INORGANIC -- 1.00E-03 -- -- -- 4.48E-05 5.13E-05

Thallium 7440-28-0 0.0001 INORGANIC -- 1.00E-03 -- -- -- 5.80E-11 6.64E-11

Tin 7440-31-5 0.000106 INORGANIC -- 1.00E-03 -- -- -- 6.15E-11 7.04E-11

Toluene 108-88-3 0.001 -- 1 3.10E-02 0.1 0.35 0.84 3.86E-08 4.13E-08

Trichloroethene 79-01-6 0.0038 -- 1 1.20E-02 0.1 0.58 1.39 7.31E-08 7.82E-08

Uranium 7440-61-1 0.007425 INORGANIC -- 1.00E-03 -- -- -- 4.31E-09 4.93E-09

Vanadium 7440-62-2 0.0195 INORGANIC -- 1.00E-03 -- -- -- 1.13E-08 1.29E-08

Xylenes (total) 1330-20-7 0.001 -- 1 5.30E-02 0.2 0.42 1.01 7.23E-08 7.74E-08

Zinc 7440-66-6 0.3025 INORGANIC -- 6.00E-04 -- -- -- 1.05E-07 1.21E-07
aEPA/540/R/99/005, Exhibit 3-1 (inorganics) and Exhibit B-3 (organics)
bEPA/540/R/99/005, Exhibit B-3
cthe Kp value was taken from  ORNL, 2010, The Risk Assessment Information System (RAIS).

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

Non-cancer HQ calculation

100-KR-4 Groundwater Operable Unit Cw CDI (noncarcinogen) RfDo
a GIABSa

HQ %

Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetone 67-64-1 0.001 -- 9.00E-01 1.00E+00 --

Aluminum 7429-90-5 0.03265 4.67E-06 1.00E+00 1.00E+00 4.67E-06 0.001

Arsenic 7440-38-2 0.005315 7.60E-07 3.00E-04 1.00E+00 2.53E-03 0.55

Barium 7440-39-3 0.04545 6.50E-06 2.00E-01 7.00E-02 4.64E-04 0.10

Beryllium 7440-41-7 0.0001 1.43E-08 2.00E-03 7.00E-03 1.02E-03 0.22

Boron 7440-42-8 0.0455 6.51E-06 2.00E-01 1.00E+00 3.25E-05 0.01

Bromodichloromethane 75-27-4 0.001 2.24E-06 2.00E-02 1.00E+00 1.12E-04 0.02

Bromomethane 74-83-9 0.001 8.72E-07 1.40E-03 1.00E+00 6.23E-04 0.13

Cadmium 7440-43-9 0.0002 2.86E-08 5.00E-04 5.00E-02 1.14E-03 0.25

Chloride 16887-00-6 26.05 3.73E-03 -- -- --

Chlorobenzene 108-90-7 0.001 9.86E-06 2.00E-02 1.00E+00 4.93E-04 0.11

Chloroform 67-66-3 0.00215 5.37E-06 1.00E-02 1.00E+00 5.37E-04 0.12

Chromium 7440-47-3 0.121 1.73E-05 1.50E+00 1.30E-02 8.87E-04 0.19

Cobalt 7440-48-4 0.000257 1.47E-08 3.00E-04 1.00E+00 4.90E-05 0.01

Copper 7440-50-8 0.001272 1.82E-07 4.00E-02 1.00E+00 4.55E-06 0.001

Fluoride 16984-48-8 0.332 4.75E-05 6.00E-02 1.00E+00 7.91E-04 0.17

Hexavalent Chromium 18540-29-9 0.117 3.35E-05 3.00E-03 2.50E-02 4.46E-01 96.67

Iron 7439-89-6 0.3595 5.14E-05 7.00E-01 1.00E+00 7.34E-05 0.02

Lead 7439-92-1 0.0002 2.86E-09 -- 1.00E+00 --

Lithium 7439-93-2 0.0225 3.22E-06 2.00E-03 1.00E+00 1.61E-03 0.35

Manganese 7439-96-5 0.01135 1.62E-06 2.4E-02 4.00E-02 1.69E-03 0.37

Molybdenum 7439-98-7 0.00525 7.51E-07 5.00E-03 1.00E+00 1.50E-04 0.03

Nickel 7440-02-0 0.004 1.14E-07 2.00E-02 4.00E-02 1.43E-04 0.03
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Nitrate 14797-55-8 71.7 1.03E-02 7.10E+00 1.00E+00 1.44E-03 0.31

Nitrite 14797-65-0 0.118243 1.69E-05 3.00E-01 1.00E+00 5.64E-05 0.01

Selenium 7782-49-2 0.0023 3.29E-07 5.00E-03 1.00E+00 6.58E-05 0.01

Silver 7440-22-4 0.0002 1.72E-08 5.00E-03 4.00E-02 8.58E-05 0.02

Strontium 7440-24-6 0.373 5.33E-05 6.00E-01 1.00E+00 8.89E-05 0.02

Styrene 100-42-5 0.001 1.23E-05 2.00E-01 1.00E+00 6.15E-05 0.01

Sulfate 14808-79-8 77.3 1.11E-02 -- -- --

Thallium 7440-28-0 0.0001 1.43E-08 -- 1.00E+00 --

Tin 7440-31-5 0.000106 1.52E-08 6.00E-01 1.00E+00 2.53E-08 0.000005

Toluene 108-88-3 0.001 9.52E-06 8.00E-02 1.00E+00 1.19E-04 0.03

Trichloroethene 79-01-6 0.0038 1.80E-05 -- 1.00E+00 --

Uranium 7440-61-1 0.007425 1.06E-06 3.00E-03 1.00E+00 3.54E-04 0.08

Vanadium 7440-62-2 0.0195 2.79E-06 5.00E-03 1.00E+00 5.58E-04 0.12

Xylenes (total) 1330-20-7 0.001 1.78E-05 2.00E-01 1.00E+00 8.91E-05 0.02

Zinc 7440-66-6 0.3025 2.60E-05 3.00E-01 1.00E+00 8.65E-05 0.02

Total HI 4.62E-01 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

COPC = contaminant of potential concern.

HI = hazard index

HQ = hazard quotient.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

Cancer risk calculation

100-KR-4 Groundwater Operable Unit Cw CDI (carcinogen) CSFo
a GIABSa

Risk %

Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day)-1
(unitless) (unitless) Contribution

Acetone 67-64-1 0.001 -- -- 1.00E+00 --

Aluminum 7429-90-5 0.03265 2.62E-06 -- 1.00E+00 --

Arsenic 7440-38-2 0.005315 4.26E-07 1.50E+00 1.00E+00 6.39E-07 38.98

Barium 7440-39-3 0.04545 3.64E-06 -- 7.00E-02 --

Beryllium 7440-41-7 0.0001 8.01E-09 -- 7.00E-03 --

Boron 7440-42-8 0.0455 3.65E-06 -- 1.00E+00 --

Bromodichloromethane 75-27-4 0.001 1.17E-06 6.20E-02 1.00E+00 7.27E-08 4.44

Bromomethane 74-83-9 0.001 4.57E-07 -- 1.00E+00 --

Cadmium 7440-43-9 0.0002 1.60E-08 -- 5.00E-02 --

Chloride 16887-00-6 26.05 2.09E-03 -- -- --

Chlorobenzene 108-90-7 0.001 5.16E-06 -- 1.00E+00 --

Chloroform 67-66-3 0.00215 2.81E-06 3.10E-02 1.00E+00 8.71E-08 5.32

Chromium 7440-47-3 0.121 9.70E-06 -- 1.30E-02 --

Cobalt 7440-48-4 0.000257 8.24E-09 -- 1.00E+00 --

Copper 7440-50-8 0.001272 1.02E-07 -- 1.00E+00 --

Fluoride 16984-48-8 0.332 2.66E-05 -- 1.00E+00 --

Hexavalent Chromium 18540-29-9 0.117 1.88E-05 -- 2.50E-02 --

Iron 7439-89-6 0.3595 2.88E-05 -- 1.00E+00 --

Lead 7439-92-1 0.0002 1.60E-09 -- 1.00E+00 --

Lithium 7439-93-2 0.0225 1.80E-06 -- 1.00E+00 --

Manganese 7439-96-5 0.01135 9.10E-07 -- 4.00E-02 --

Molybdenum 7439-98-7 0.00525 4.21E-07 -- 1.00E+00 --

Nickel 7440-02-0 0.004 6.41E-08 -- 4.00E-02 --

Nitrate 14797-55-8 71.7 5.75E-03 -- 1.00E+00 --

Nitrite 14797-65-0 0.118243 9.48E-06 -- 1.00E+00 --

Selenium 7782-49-2 0.0023 1.84E-07 -- 1.00E+00 --

Silver 7440-22-4 0.0002 9.62E-09 -- 4.00E-02 --

Strontium 7440-24-6 0.373 2.99E-05 -- 1.00E+00 --

Styrene 100-42-5 0.001 6.44E-06 -- 1.00E+00 --
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Sulfate 14808-79-8 77.3 6.20E-03 -- -- --

Thallium 7440-28-0 0.0001 8.01E-09 -- 1.00E+00 --

Tin 7440-31-5 0.000106 8.50E-09 -- 1.00E+00 --

Toluene 108-88-3 0.001 4.99E-06 -- 1.00E+00 --

Trichloroethene 79-01-6 0.0038 9.44E-06 8.90E-02 1.00E+00 8.40E-07 51.26

Uranium 7440-61-1 0.007425 5.95E-07 -- 1.00E+00 --

Vanadium 7440-62-2 0.0195 1.56E-06 -- 1.00E+00 --

Xylenes (total) 1330-20-7 0.001 9.34E-06 -- 1.00E+00 --

Zinc 7440-66-6 0.3025 1.45E-05 -- 1.00E+00 --

Total Nonradionuclide ELCR 1.64E-06 100
aEPA, 2009, “Regional Screening Levels for Chemical Contaminants at Superfund Sites."

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

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 
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100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment

Inhalation of Volatile Radioactive COPCs in Tap Water

Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI pCi Equation 13

Contaminant Concentration Cw pCi/L ECF-100KR4-10-0472

Exposure frequency EF days/year EPA/540/R-92/003

Exposure duration ED 30 6 years EPA/540/R-92/003

Inhalation Rate INH 20 10 m3/day
OSWER Directive 9285.6-03  

EPA/600/P-95/002Fa
Exposure time ET 0.58 1 hours/day EPA/540/R/99/005

Age Adjusted Exposure Time ETadj hours/day Equation 15

Radiation Age-adjusted Inhalation Rate INH_RADadj m3-year/day Equation 14

Andelman Volatilization Factor VF L/m3 EPA/540/R-92/003

Slope Factor - Inhalation SFi  risk/pCi EPA, 2001
Conversion Factor CF2 days/hour 1 day = 24 hours
ECF-100KR4-10-0472. Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Operable Unit. 
EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.
EPA/600/P-95/002Fa, Exposure Factors Handbook Volume 1: General Factors. 

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment): Final. 

EPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
OSWER Directive 9285.6-03, Risk Assessment Guidance For Superfund Volume I: Human Health Evaluation Manual Supplemental Guidance "Standard Default Exposure Factors Interim Final”

Inhalation of Volatile Radioactive Constituents in Groundwater

100-KR-4 Groundwater Operable Unit Cw CDI (radiological inhalation) SFi Risk %

Radioactive COPC CAS # Volatilea (pCi/L) (pCi) (risk/pCi) (unitless) Contribution
Carbon-14 14762-75-5 1465 --(b) 7.07E-12 --(b)
Strontium-90 10098-97-2 7.25 --(b) 1.05E-10 --(b)
Tritium 10028-17-8 Yes 34500 9.02E+07 5.62E-14 5.07E-06 100
Total Radionuclide ELCR 5.07E-06 100
aVolatile radioactive contaminants as defined by EPA, 2001, Health Effects Assessment Summary Tables database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 
bNonvolatile constituents are not considered in the inhalation exposure route

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

Intake Parameter Values Value

calculated

COPC-specific

  1/24

COPC-specific

350

0.664

540

0.5
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100-KR-4 Groundwater Operable Unit Tap Water Risk Assessment

Ingestion of Radioactive COPCs in Tap Water 

Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI pCi Equation 6

Contaminant Concentration Cw pCi/L ECF-100KR4-10-0472

Exposure frequency EF days/year EPA/540/R-92/003

Exposure duration ED 30 6 years EPA/540/R-92/003

Drinking Water Ingestion Rate IRW 2 1 L/day
EPA/540/R-92/003   

EPA/600/P-95/002Fa

Radiation Age-adjusted Drinking Water Ingestion Rate IRW_RADadj L-year/day Equation 7

 
Slope Factor - Oral SFo risk/pCi EPA, 2001

ECF-100KR4-10-0472. Exposure Point Concentration for Groundwater Risk Assessment at the 100-KR-4 Operable Unit. 
EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim.

EPA/600/P-95/002Fa, Exposure Factors Handbook Volume 1: General Factors. 

EPA, 2001, Health Effects Assessment Summary Tables  database, “April 16, 2001 Update: Radionuclide Toxicity,” “Radionuclide Table: Radionuclide Carcinogenicity – Slope Factors.” 

Ingestion of Radioactive Constituents in Groundwater
100-KR-4 Groundwater Operable Unit Cw CDI (radiological ingestion) SFo Risk %

Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution
Carbon-14 14762-75-5 1465 2.77E+07 1.55E-12 4.29E-05 51.31
Strontium-90 10098-97-2 7.25 1.37E+05 5.59E-11 7.66E-06 9.16
Tritium 10028-17-8 34500 6.52E+08 5.07E-14 3.31E-05 39.53
Total Radionuclide ELCR 8.36E-05 100
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A): Interim Final. 

COPC-specific

Intake Parameter Values Value

calculated

COPC-specific

350

54
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Terms 

ARPIR Administrative Record and Public Information Repository 

CERCLA 
Comprehensive Environmental Response, Compensation, and Liability Act of 
1980  

CVP Closeout verification package 

DOE Department of Energy 

ECF Environmental calculation file 

EPA US Environmental Protection Agency 

EPC Exposure point concentration 

FS Feasibility study 

HEIS Hanford Environmental Information System 

HGIS Hanford Geographic Information System  

HWIS Hanford Well Information System  

OU  Operable unit 

QC Quality control 

RCRA Resource Conservation and Recovery Act 

RI  Remedial investigation  

ROD Record of Decision 

RSVP Remaining sites verification package 

SME Subject matter expert 

UPR Unplanned release 

WIDS Waste Information Data System  

WSRF Waste site reclassification form 

WIDS Waste Information Data System 
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1 Purpose 

This environmental calculation addresses the completeness of the data set that will be used in the baseline 
risk assessment for DOE/RL-2010-97, Remedial Investigation/Feasibility Study for the 100-KR-1, 100-
KR-2, and 100-KR-4 Operable Units, under the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980 (CERCLA).  It describes the process used to: 

• Confirm that the list of waste sites in the 100-KR-1 and 100-KR-2 Source Operable Units (OUs) 
with a reclassification status of “interim closed” or “no action” is complete as of May 20111.   

• Confirm the verification samples associated with each waste site, along with the decision unit 
grouping that each sample is associated with.  Decision unit groupings define the type of soil 
samples collected during the verification process.  There are four decision unit groupings: 1) 
shallow zone, 2) deep zone, 3) overburden, and 4) staging area footprint.   

• Confirm that all verification sample results are available in the Hanford Environmental 
Information System (HEIS) database. The analytical results associated with the site verification 
sampling will be used to compute exposure point concentrations (EPCs) for detected analytes, 
which will be documented in a separate environmental calculation. 

2 Background 

A list of waste sites in the 100-K Source OU was obtained from Appendix C, Table C-1 of DOE/RL-
2008-46-ADD2, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan for the 100-
KR-1 and 100-KR-2 Operable Units.  Table C-1 serves as the basis for identifying waste sites with 
“interim closed” or “no action” reclassification status.  

Verification samples have been collected from those waste sites within the 100-K Source OU that have 
undergone remediation under an interim action Record of Decision (ROD).  Site verification sampling is 
conducted at the end of excavation to verify that remaining site soils do not contain residual 
contamination above the remedial action goals. The verification and closeout process for the remediated 
waste sites is documented in associated closeout verification packages (CVPs), remaining sites 
verification packages (RSVPs), or Waste Site Reclassification Forms (WSRFs).  The purpose of the 
closeout verification documentation is to verify that the Department of Energy (DOE) and the lead 
regulatory agency agree that the remedial action objectives for the waste site have been met and that the 
waste site reclassification form has been signed by both agencies.   

3 Methodology 

The methodology used to verify the list of waste sites and their associated verification sample numbers is 
described below.   

1. Identify waste sites listed in DOE/RL-2008-46-ADD2, Appendix C, Table C-1 with an “interim 
closed” or “no action” reclassification status. 

a. Obtain the waste site list from DOE/RL-2008-46-ADD2, Appendix C, Table C-1. 

b. Obtain the Waste Site Reclassification Forms (WSRFs) for the 100-K Source OU from QMAP 
located at http://environet.rl.gov/qmap/index.cfm and print a hard copy of each form.   

                                                      
1 Waste sites for which interim action cleanups had been completed under interim action RODS and for which the 
Cleanup Verification Packages (CVPs) were completed through May 2011. 
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c. Compare the reclassification status reported on the WSRF with the reclassification status listed on 

DOE/RL-2008-46-ADD2, Appendix C, Table C-1.   

d. Identify and address any discrepancies in reclassification status.   

e. Prepare a final list of all waste sites with a “no action” or “interim closed” reclassification status.   

2. Obtain an electronic copy of the decision/closeout report for each “no action” or “interim closed” 
waste site.  The references and websites where each decision/closeout report is located are provided 
in Section 8. 

a. From each of the closeout documents, print hard copies of the cover page, the calculation 
sheet that documents the “statistically derived” values, the table that summarizes the 
verification sampling summary statistics, and the tables that summarize the verification 
soil sampling and analytical data. 

b. Assemble the hard copy pages in a separate notebook for each waste site. 

3. Obtain the database that contains the verification sampling results for the 100-K Source OU. 

a. Prepare a list of the waste sites that are included in the database.  Compare the list of 
waste sites from the database to the list of waste sites from Step 1e.   

b. Identify any waste sites from Step 1e that are not included in the database.  From the 
documents obtained in Step 2, document the reason the waste site is not included.  The 
reasons waste sites may not be included are: 1) no soil samples were collected, 2) the 
waste site is associated with the closure of another medium (concrete, structures, 
pipelines), or 3) it is a RCRA site and closure is documented under a different regulatory 
process.   

c. If the closeout documentation indicates that soil data have been collected and should be 
included the database, contact the subject matter expert (SME) to report the discrepancy 
and resolve the issue.   

d. Identify waste sites that are included in the database, but were not found in Step 1e. 
Verify reclassification status as “no action” or “interim closed” and include the waste 
sites on the verified waste sites list, for completeness.  

e. After a final list of verified waste sites is complete, independently prepare a list of sample 
numbers associated with each waste site from the information collected in Step 2a. 
Compare the independent list to the samples identified in the database. Identify any 
differences and contact the SME to report and resolve any discrepancies.   

f. Compare the decision unit grouping (shallow zone, deep zone, overburden, or staging 
area footprint) assigned to each sample number to the hard copy information collected in 
Step 2a.   

g. Prepare a final list of waste sites that have soil verification data, along with sample 
numbers and decision unit groupings.   

4. Determine if the results associated with each sample number identified in Step 3g have been uploaded 
into HEIS.   

a. Provide the final list of sample numbers identified in Step 3g to the SME.   

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-705



ECF-100KR1-11-0007, DRAFT   PAGE 7 OF 21

 

4 Assumptions and Inputs 

Key assumptions and inputs for this environmental calculation include: 

• The WSRFs obtained from QMAP (located at http://environet.rl.gov/qmap/index.cfm) correctly 
document the reclassification status for each waste site.   

• Only soil samples collected for verification purposes are evaluated in this process.  Other media 
(e.g., concrete, structures, and pipeline sediments) are closed out through a different regulatory 
process and are not included.   

• All analytical results for the soil samples collected for verification purposes are stored in the 
HEIS database and are publicly available.   

• Field split samples are accounted for in the verification process but are not included in the 
decision unit groupings.  This process is consistent with the process implemented in the decision 
closeout reports.   

5 Software Applications 

Software used for this analysis were the Hanford Environmental Information System database (HEIS), 
QMAP geospatial map portal, Microsoft Access2 database software, and Microsoft Excel3.   HEIS is a 
central repository for storing and maintaining access to environmental data collected for the Hanford Site.  
QMAP is a centralized geospatial data portal that can be used to obtain environmental and other pertinent 
data from HEIS, the Hanford Geographic Information System (HGIS), the Hanford Well Information 
System (HWIS), and the Waste Information Data System (WIDS).  Microsoft Access was used to query 
and sort the data downloaded from HEIS.  Microsoft Excel was used to present the waste sites, sample 
numbers, closeout documentation, and decision groupings in tabular format.   

6 Calculation 

This section documents the results of the methodology described in Section 3.   

6.1 Verification of Reclassification Status 

The WSRFs for all waste sites were individually compared to DOE/RL-2008-46-ADD2, Appendix C, 
Table C-1, to confirm that their reclassification status in Table C-1 was correct.  A total of 153 waste sites 
associated with the 100-K Source OU are listed in DOE/RL-2008-46-ADD2, Appendix C, Table C-1.  
Table 6-1 summarizes the number of waste sites according to reclassification status. 

  

                                                      
2 Access is a trademark of Microsoft Corporation, Redmond, Washington. 
3 Excel is a trademark of Microsoft Corporation, Redmond, Washington. 
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Table 6-1.  100-K Source Operable Unit Waste Sites and Reclassification Status 

Reclassification Status 
Number of Waste Sites per 

Table C-1a 
Number of Waste Sites per Review of 

WSRFs 
Accepted 99 98 

Closed Out 1 1 

Discovery 12 11 

Interim Closed 15 14 

No Action 0 2 

Not Accepted 26 26 

Rejected 0 1 

Total: 153 153 

Notes: 

a. Table C-1 = Appendix C, Table C-1 of DOE/RL-2008-46-ADD2, Integrated 100 Area Remedial 
Investigation/Feasibility Study Work Plan for the 100-KR-1 and 100-KR-2 Operable Units. 

OU = Operable Unit 

WSRF = Waste Site Reclassification Form 

  
The following documents the updates in reclassification status for the 100-K Source OU,since they were 
initially documented in DOE/RL-2008-46-ADD2, Appendix C, Table C-1.     

• Waste site 100-K-78 was reported with an “accepted” reclassification status in DOE/RL-2008-46-
ADD2, Appendix C, Table C-1 but the WSRF indicated that the site is “no action.” 

• Wase site 100-K-85 was reported with an “discovery” reclassification status in DOE/RL-2008-
46-ADD2, Appendix C, Table C-1 but the WSRF indicated that the site is “no action.” 

• Waste site 126-K-1 was reported with an “interim closed” reclassification status in DOE/RL-
2008-46-ADD2, Appendix C, Table C-1 but the WSRF indicated that the site is “rejected.” 

An updated summary of the waste sites with a reclassification status of no action or interim closed is 
provided in Tables 6-2 for the 100-K Source OU.   

6.2 Verification of Waste Site Information, Sample Type, Sampling Design, Sample 
Numbers, and Decision Groups 

Sampling and analytical data for waste sites with the appropriate reclassification status were provided in a 
Microsoft Excel spreadsheet format.    

An electronic copy of each decision close-out report (e.g., CVP or RSVP) as listed in Table 6-2 was 
obtained to verify the following information: 

• Collection purpose – confirmatory or verification sampling 

• Sample type – composite or grab 

• Sampling design – statistical or focused 
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• Waste site name based on the Waste Information Data System (WIDS) database 

• Sample number 

• Quality Control (QC) type – parent, duplicate, field split, or equipment blank 

• Decision unit – shallow, deep, overburden, or staging area footprint 

A list of the decision close-out reports obtained is provided in Section 8.  The information is 
independently verified by comparison to the hard copies of the closeout documentation.  Any 
inconsistencies identified as a result of the review process are documented and resolved via email 
correspondence.   

The output from this verification process is a replicate of the information presented in the decision close-
out-reports that can be used to produce a replicate data set for use in data analyses for the RI/FS process.  
A final list of decision unit groupings is provided in Table 6-3 for the 100-K Source OU. Note that field 
splits and equipment blank samples were not included in the final list of decision unit groupings, and will 
not be used for further data analyses in the RI/FS process. 
 

7 Results/Conclusions 

This environmental calculation confirms that the waste sites, sample collection purposes, sample numbers 
and sample types, and decision unit groupings are consistent with the original documentation of the 
analytical data in the closeout reports.  The analytical data will be used to calculate EPCs for detected 
analytes in each of the decision unit groupings; calculation of EPCs will be documented in a separate 
environmental calculation.  A summary of the waste sites, sample numbers, and decision unit groupings is 
provided in Table 6-3 for the 100-K Source OU.   
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WSRF 2011-013, 2011, Waste Site Reclassification Form, Operable Unit 100-KR-2, Waste Site ID 
100-K-85,  with attachment, “Remaining Sites Verification Package for the 100-K-85, 100-K 
Temporary Construction Pit” U.S. Environmental Protection Agency and U.S. Department of Energy, 
Richland Operations Office, Richland, Washington. Available at: 
http://www5.hanford.gov/arpir/?content=findpage&AKey=0093932=0093932 

 

. 
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Table 6-2. Summary of 100-K Source Operable Unit Waste Sites with No Action or Interim Closed Reclassification Status 
Site Code Site Type Operable Unit Reclassification Status Decision Close-Out Report Comment Include in RI/FS Evaluation? 
100-K-29 Dumping Area 100-KR-2 Interim Closed WSRF 2004-040 -- Yes Soil data available 

100-K-30 Storage Tank 100-KR-2 Interim Closed WSRF 2003-036 -- Yes Soil data available 

100-K-31 Storage Tank 100-KR-2 Interim Closed WSRF 2004-038 -- Yes Soil data available 

100-K-32 Storage Tank 100-KR-2 Interim Closed WSRF 2004-039 -- Yes Soil data available 

100-K-33 Storage Tank 100-KR-2 Interim Closed WSRF 2004-041 -- Yes Soil data available 

100-K-55:1 Radioactive Process Sewer 100-KR-2 Interim Closed CVP-2005-00006 -- Yes Soil data available 

100-K-56:1 Radioactive Process Sewer 100-KR-2 Interim Closed CVP-2005-00006 -- Yes Soil data available 

100-K-78 Unplanned Release 100-KR-1 No Action WSRF 2011-004 1 Yes Soil data available 

100-K-85 Trench 100-KR-2 No Action WSRF 2011-013 2 Yes Soil data available 

116-K-1 Crib 100-KR-1 Interim Closed CVP-2003-00024 -- Yes Soil data available 

116-K-2 Trench  100-KR-1 Interim Closed CVP-2006-00001 -- Yes Soil data available 

116-KE-4 Retention Basin 100-KR-1 Interim Closed CVP-2005-00002 -- Yes 
Soil data available.  Some samples associated with 100-K-
56:1 (CVP-2005-00006) 

116-KE-5  Process Unit Plant 100-KR-2 Interim Closed CVP-2005-00006 -- Yes Soil data available 

116-KW-3 Retention Basin 100-KR-1 Interim Closed CVP-2004-00001 -- Yes 
Soil data available.  Some samples associated with 100-K-
55:1 (CVP-2005-00006) 

116-KW-4  Process Unit Plant 100-KR-2 Interim Closed CVP-2005-00006 -- Yes Soil data available 

128-K-1 Burn Pit 100-KR-2 Interim Closed WSRF 2004-042 -- Yes Soil data available 

Comments: 
1. Reclassification status changed from accepted to no action based on the review of associated Waste Site Reclassification Form. 
2. Reclassification status changed from discovery to no action based on the review of associated Waste Site Reclassification Form. 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
100-K-29 Shallow Composite Focused J00LB4 4/15/03 8:40 569332.9 146325.9 

100-K-29 Shallow Composite Focused J00LB5 4/15/03 9:05 569332.9 146325.9 

100-K-29 Shallow Composite Focused J015N8 12/12/03 12:00 569352.596 146317.921 

100-K-29 Shallow Composite Focused J015N9 12/12/03 12:20 569319.426 146308.062 

100-K-29 Shallow Composite Focused J015P0 12/12/03 12:30 569322.143 146302.259 

100-K-29 Shallow Composite Focused J00LB9 R 4/15/03 9:35 569332.9 146325.9 

100-K-30 Shallow Composite Focused J00M29 4/18/03 8:15 569425.833 146364.333 

100-K-30 Shallow Composite Focused J00M30 4/18/03 8:20 569426.056 146364.312 

100-K-30 Shallow Composite Focused J00M31 4/18/03 8:30 569424.03 146367.2 

100-K-30 Shallow Composite Focused J00M32 4/18/03 8:40 569427.6 146362.95 

100-K-30 Shallow Composite Focused J00M33 R 4/18/03 8:40 569427.6 146362.95 

100-K-31 Shallow Composite Focused J00LY0 4/16/03 10:20 569429.951 146370.613 

100-K-31 Shallow Composite Focused J015W2 12/16/03 10:30 569430.772 146363.364 

100-K-31 Shallow Composite Focused J01757 1/20/04 9:50 569431.23 146367.197 

100-K-31 Shallow Composite Focused J01758 1/20/04 10:00 569432.43 146368.065 

100-K-31 Shallow Composite Focused J01759 R 1/20/04 9:50 569431.23 146367.197 

100-K-32 Shallow Composite Focused J015W0 12/16/03 10:00 568889.29 146084.27 

100-K-32 Shallow Composite Focused J01761 1/20/04 10:20 568889.04 146088.76 

100-K-32 Shallow Composite Focused J01762 1/20/04 10:30 568887.4 146088.72 

100-K-32 Shallow Composite Focused J01763 R 1/20/04 10:20 568889.04 146088.76 

100-K-33 Shallow Composite Focused J00M46 4/18/03 13:55 568882.409 146087.768 

100-K-33 Shallow Composite Focused J00M47 4/18/03 14:05 568886.027 146082.323 

100-K-33 Shallow Grab Focused J015V8 12/16/03 9:40 568884.28 146084.63 

100-K-33 Shallow Grab Focused J015V9 12/16/03 9:50 568885.51 146085.21 

100-K-33 Shallow Grab Focused J01732 1/13/04 9:20 568884.28 146084.63 

100-K-33 Shallow Grab Focused J01733 1/13/04 9:33 568884.28 146084.63 

100-K-33 Shallow Composite Focused J01734 1/13/2004 9:39  568884.28 146084.63 

100-K-33 Shallow Composite Focused J01737 1/13/04 8:15 568884.293 146084.643 

100-K-33 Shallow Composite Focused J01738 1/13/04 8:25 568884.291 146084.628 

100-K-33 Shallow Composite Focused J01739 R 1/13/04 8:15 568884.293 146084.643 

100-K-55:1 Deep Composite Statistical J02H07 1/26/05 11:15 568874.86 146679.865 

100-K-55:1 Deep Composite Statistical J02H08 1/26/05 11:25 568880.607 146698.365 

100-K-55:1 Deep Composite Statistical J02H09 1/26/05 11:40 568888.725 146706.935 

100-K-55:1 Deep Composite Statistical J02H10 1/26/05 11:55 568894.985 146722.587 

100-K-55:1 Deep Composite Statistical J02H11 1/26/05 0:15 568901.292 146738.15 

100-K-55:1 Deep Composite Statistical J02H12 1/26/05 0:25 568907.172 146759.36 

100-K-55:1 Deep Composite Statistical J02H13 1/26/05 0:40 568912.737 146775.715 

100-K-55:1 Deep Composite Statistical J02H14 1/26/05 0:55 568915.92 146797.827 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
100-K-55:1 Deep Composite Statistical J02H17 2/15/05 10:00 568670.59 146585.76 

100-K-55:1 Deep Composite Statistical J02H18 2/15/05 10:08 568777.047 146807.042 

100-K-55:1 Deep Composite Statistical J02H19 2/15/05 10:15 568797.43 146817.59 

100-K-55:1 Deep Composite Statistical J02H20 2/15/05 10:40 568837.23 146837.005 

100-K-55:1 Deep Composite Statistical J02H15 R 1/26/05 13:05 568915.92 146797.827 

100-K-55:1 Deep Composite Statistical J02HW9 R 2/15/05 10:40 568837.23 146837.005 

100-K-55:1 Overburden Composite Statistical J02HN4 2/18/05 8:39 568457.187 146566.32 

100-K-55:1 Overburden Composite Statistical J02HN5 2/18/05 8:52 568469.29 146543.267 

100-K-55:1 Overburden Composite Statistical J02HN6 2/18/05 9:00 568483.527 146525.652 

100-K-55:1 Overburden Composite Statistical J02HN7 2/18/05 9:15 568506.575 146511.062 

100-K-55:1 Overburden Composite Statistical J02HN9 3/3/05 7:50 568541.007 146558.672 

100-K-55:1 Overburden Composite Statistical J02HP0 3/3/05 8:00 568704.965 146779.25 

100-K-55:1 Overburden Composite Statistical J02HP1 3/3/05 8:10 568733.728 146754.212 

100-K-55:1 Overburden Composite Statistical J02HP2 2/22/05 8:20 568747.997 146710.942 

100-K-55:1 Overburden Composite Statistical J02HP3 2/22/05 8:30 568754.35 146721.247 

100-K-55:1 Overburden Composite Statistical J02HP4 2/22/05 8:45 568768.71 146715.18 

100-K-55:1 Overburden Composite Statistical J02HP5 2/22/05 8:58 568768.68 146735.487 

100-K-55:1 Overburden Composite Statistical J02HP6 2/22/05 9:11 568774.395 146745.225 

100-K-55:1 Overburden Composite Statistical J02HP7 2/22/05 9:18 568775.022 146764.952 

100-K-55:1 Overburden Composite Statistical J02HP8 2/22/05 9:28 568789.757 146757.605 

100-K-55:1 Overburden Composite Statistical J02HP9 2/22/05 9:41 568800.37 146758.165 

100-K-55:1 Overburden Composite Statistical J02HR0 2/22/05 9:53 568816.537 146748.315 

100-K-55:1 Overburden Composite Statistical J02HR1 3/1/05 7:50 568813.91 146774.29 

100-K-55:1 Overburden Composite Statistical J02HR2 3/1/05 8:00 568826.522 146771.035 

100-K-55:1 Overburden Composite Statistical J02HR3 3/1/05 8:11 568838.617 146767.592 

100-K-55:1 Overburden Composite Statistical J02HR4 3/1/05 8:18 568854.985 146758.222 

100-K-55:1 Overburden Composite Statistical J02HR5 3/1/05 8:22 568856.397 146777.735 

100-K-55:1 Overburden Composite Statistical J02HR6 3/1/05 8:34 568864.907 146786.205 

100-K-55:1 Overburden Composite Statistical J02HR7 3/1/05 8:45 568864.195 146810.02 

100-K-55:1 Overburden Composite Statistical J02HR8 3/1/05 8:59 568881.335 146808.885 

100-K-55:1 Overburden Composite Statistical J02HT0 3/2/05 7:38 568858.885 146779.905 

100-K-55:1 Overburden Composite Statistical J02HT1 3/2/05 8:05 568790.787 146637.802 

100-K-55:1 Overburden Composite Statistical J02HT2 3/2/05 7:53 568810.61 146634.59 

100-K-55:1 Overburden Composite Statistical J02HT3 3/2/05 8:14 569134.384 146966.26 

100-K-55:1 Overburden Composite Statistical J02HT4 3/2/05 8:20 569199.907 146844.245 

100-K-55:1 Overburden Composite Statistical J02HT5 3/2/05 8:33 569236.81 146866.235 

100-K-55:1 Overburden Composite Statistical J02HT6 3/2/05 8:46 569299.105 146936.447 

100-K-55:1 Overburden Composite Statistical J02HT7 3/2/05 8:59 569447.61 147127.647 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
100-K-55:1 Overburden Composite Statistical J02HT8 2/18/05 10:10 569464.887 147149.827 

100-K-55:1 Overburden Composite Statistical J02HT9 2/18/05 10:00 569488.412 147144.347 

100-K-55:1 Overburden Composite Statistical J02HV0 2/18/05 9:46 569504.937 147147.685 

100-K-55:1 Overburden Composite Statistical J02HV1 2/18/05 9:36 569514.865 147165.337 

100-K-55:1 Overburden Composite Statistical J02HV2 2/17/05 11:00 569520.62 147174.352 

100-K-55:1 Overburden Composite Statistical J02HV3 2/17/05 10:53 569538.735 147174.335 

100-K-55:1 Overburden Composite Statistical J02HV4 2/17/05 10:43 569546.73 147189.55 

100-K-55:1 Overburden Composite Statistical J02HV5 2/17/05 10:34 569562.512 147193.295 

100-K-55:1 Overburden Composite Statistical J02HV6 2/17/05 9:58 569565.047 147207.897 

100-K-55:1 Overburden Composite Statistical J02HV7 2/17/05 9:46 569582.847 147202.217 

100-K-55:1 Overburden Composite Statistical J02HV8 2/17/05 9:33 569571.455 147236.337 

100-K-55:1 Overburden Composite Statistical J02HV9 2/17/05 9:15 569592.572 147227.245 

100-K-55:1 Overburden Composite Statistical J02HW1 2/17/05 8:56 569605.33 147229.505 

100-K-55:1 Overburden Composite Statistical J02HW2 2/17/05 8:44 569606.52 147251.172 

100-K-55:1 Overburden Composite Statistical J02HW3 2/17/05 8:32 569613.065 147256.992 

100-K-55:1 Overburden Composite Statistical J02HW4 2/17/05 8:22 569631.28 147253.902 

100-K-55:1 Overburden Composite Statistical J02HN8 R 2/18/05 9:15 568506.575 146511.062 

100-K-55:1 Overburden Composite Statistical J02HR9 R 3/1/05 8:59 568881.335 146808.885 

100-K-55:1 Overburden Composite Statistical J02HW0 R 2/17/05 9:15 569592.572 147227.245 

100-K-55:1 Shallow Composite Statistical J02HK6 2/23/05 8:00 568859.032 146841.937 

100-K-55:1 Shallow Composite Statistical J02HK7 2/23/05 8:53 568865.842 146869.397 

100-K-55:1 Shallow Composite Statistical J02HK8 2/23/05 8:50 568845.335 146859.27 

100-K-55:1 Shallow Composite Statistical J02HK9 2/23/05 8:38 568822.33 146841.762 

100-K-55:1 Shallow Composite Statistical J02HL1 2/23/05 9:06 568776.175 146823.11 

100-K-55:1 Shallow Composite Statistical J02HL2 2/23/05 9:10 568761.27 146807.725 

100-K-55:1 Shallow Composite Statistical J02HL3 2/23/05 9:15 568725.962 146784.405 

100-K-55:1 Shallow Composite Statistical J02HL4 2/23/05 9:20 568693.63 146765.862 

100-K-55:1 Shallow Composite Statistical J02HL5 2/23/05 9:40 568674.15 146724.985 

100-K-55:1 Shallow Composite Statistical J02HL6 2/23/05 9:35 568650.525 146749.267 

100-K-55:1 Shallow Composite Statistical J02HL7 2/23/05 9:54 568627.777 146730.785 

100-K-55:1 Shallow Composite Statistical J02HL8 2/23/05 9:50 568607.407 146711.27 

100-K-55:1 Shallow Composite Statistical J02HL9 2/24/05 9:10 568599.18 146667.255 

100-K-55:1 Shallow Composite Statistical J02HM0 2/24/05 9:14 568576.865 146710.137 

100-K-55:1 Shallow Composite Statistical J02HM1 2/24/05 9:25 568539.682 146690.775 

100-K-55:1 Shallow Composite Statistical J02HM2 2/24/05 9:39 568528.38 146648.985 

100-K-55:1 Shallow Composite Statistical J02HM3 2/24/05 8:45 568596.482 146549.662 

100-K-55:1 Shallow Composite Statistical J02HM4 2/24/05 8:50 568622.175 146580.717 

100-K-55:1 Shallow Composite Statistical J02HM5 2/24/05 8:55 568639.335 146596.02 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
100-K-55:1 Shallow Composite Statistical J02HM6 2/24/05 10:24 568864.915 146653.247 

100-K-55:1 Shallow Composite Statistical J02HM7 2/28/05 8:01 568869.792 146702.127 

100-K-55:1 Shallow Composite Statistical J02HM8 2/28/05 7:45 568910.072 146796.845 

100-K-55:1 Shallow Composite Statistical J02HM9 2/28/05 8:32 568924.805 146790.13 

100-K-55:1 Shallow Composite Statistical J02HN0 2/28/05 8:16 568892.665 146686.475 

100-K-55:1 Shallow Composite Statistical J02HL0 R 2/23/05 8:38 568822.33 146841.762 

100-K-55:1 Shallow Composite Statistical J02HN1 R 2/28/05 8:16 568892.665 146686.475 

100-K-55:1 Shallow Composite Focused J02HX1 2/15/05 9:00 568668.84 146703.81 

100-K-55:1 Shallow Composite Focused J02HX2 2/15/05 9:20 568594.27 146661.47 

100-K-55:1 Shallow Composite Focused J02HX3 2/15/05 9:40 568521.15 146623.7 

100-K-56:1 Deep Composite Statistical J037K9 6/15/05 9:50 568994.652 146933.167 

100-K-56:1 Deep Composite Statistical J037L0 6/15/05 10:05 569053.192 146970.752 

100-K-56:1 Deep Composite Statistical J037L1 6/15/05 10:20 569074.12 146999.31 

100-K-56:1 Deep Composite Statistical J037L2 6/15/05 10:35 569135.68 147021.3 

100-K-56:1 Deep Composite Statistical J037L3 6/15/05 10:50 569154.662 147064.382 

100-K-56:1 Deep Composite Statistical J037L4 6/16/05 8:15 569205.137 147065.847 

100-K-56:1 Deep Composite Statistical J037L5 6/16/05 8:30 569263.657 147088.81 

100-K-56:1 Deep Composite Statistical J037L6 6/16/05 8:45 569335.125 147155.525 

100-K-56:1 Deep Composite Statistical J037L7 6/16/05 9:15 569263.385 147050.41 

100-K-56:1 Deep Composite Statistical J037L8 R 6/16/05 9:15 569263.385 147050.41 

100-K-56:1 Shallow Composite Statistical J03D45 6/23/05 6:50 568994.102 146917.897 

100-K-56:1 Shallow Composite Statistical J03D47 6/23/05 6:43 568974.195 146956.977 

100-K-56:1 Shallow Composite Statistical J03D48 6/23/05 6:55 568998.645 146971.407 

100-K-56:1 Shallow Composite Statistical J03D49 6/23/05 7:03 569052.897 147003.81 

100-K-56:1 Shallow Composite Statistical J03D50 6/23/05 7:25 569108.81 147040.115 

100-K-56:1 Shallow Composite Statistical J03D51 6/23/05 7:22 569173.685 147081.76 

100-K-56:1 Shallow Composite Statistical J03D52 6/23/05 7:26 569183.652 147132.03 

100-K-56:1 Shallow Composite Statistical J03D53 6/23/05 7:32 569209.007 147178.552 

100-K-56:1 Shallow Composite Statistical J03D54 6/23/05 7:42 569236.105 147095.4 

100-K-56:1 Shallow Composite Statistical J03D55 6/23/05 7:38 569304.31 147138.917 

100-K-56:1 Shallow Composite Statistical J03D56 6/23/05 8:04 569341.912 147181.657 

100-K-56:1 Shallow Composite Statistical J03D57 6/23/05 7:53 569393.517 147229.175 

100-K-56:1 Shallow Composite Statistical J03D58 6/23/05 8:09 569402.9 147208.702 

100-K-56:1 Shallow Composite Statistical J03D59 6/23/05 8:22 569327.86 147130.497 

100-K-56:1 Shallow Composite Statistical J03D60 6/23/05 8:40 569275.382 147078.425 

100-K-56:1 Shallow Composite Statistical J03D61 6/23/05 8:31 569167.277 147029.605 

100-K-56:1 Shallow Composite Statistical J03D62 6/23/05 8:42 569093.05 146996.962 

100-K-56:1 Shallow Composite Statistical J03D63 6/23/05 8:49 569064.358 146963.158 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
100-K-56:1 Shallow Composite Statistical J03D64 6/23/05 8:53 569132.982 146870.635 

100-K-56:1 Shallow Composite Statistical J03D65 6/23/05 8:56 569129.282 146825.07 

100-K-56:1 Shallow Composite Statistical J03D46 R 6/23/05 6:50 568994.102 146917.897 

100-K-56:1 Shallow Composite Focused J030D3 4/6/05 9:30 569030.25 146909.28 

100-K-56:1 Shallow Composite Focused J030D4 4/6/05 9:15 569103.21 146953.08 

100-K-56:1 Shallow Composite Focused J030D5 4/6/05 9:05 569171.88 146998.28 

100-K-78 Shallow Composite Focused J19WF8 4/19/2010 13:30:00  

100-K-78 Shallow Composite Focused J19WF9 R 4/19/2010 13:35:00  

100-K-78 Shallow Grab Focused J19WF7 4/19/2010 13:15:00  

100-K-78 Shallow Grab Focused J1CDR4 11/5/2010 9:55:00  569254.2 147389.6 

100-K-78 Shallow Grab Focused J1CDR5 11/5/2010 10:10:00  569254.2 147389.6 

100-K-78 Shallow Grab Focused J1CDR6 R 11/5/2010 10:15:00  569254.2 147389.6 

100-K-78 Shallow Grab Focused J1CN20 11/5/2010 9:15:00  569254.2 147389.6 

100-K-78 Shallow Grab Focused J1CN21 11/5/2010 9:35:00  569254.2 147389.6 

100-K-85 Shallow Grab Focused J1B4P6 11/9/2010 13:45:00  569386 145991 

100-K-85 Shallow Grab Focused J1B4P7 R 11/9/2010 13:45:00  569386 145991 

116-K-1 Deep Composite Statistical J01541 11/25/03 8:15 569226.235 147249.185 

116-K-1 Deep Composite Statistical J01542 11/26/03 8:10 569245.713 147254.145 

116-K-1 Deep Composite Statistical J01543 11/25/03 8:45 569229.738 147218.17 

116-K-1 Deep Composite Statistical J01544 11/25/03 9:00 569261.645 147237.218 

116-K-1 Deep Composite Statistical J01545 11/25/03 9:15 569280.315 147245.368 

116-K-1 Deep Composite Statistical J01546 11/25/03 9:30 569264.928 147212.295 

116-K-1 Deep Composite Statistical J01547 11/25/03 9:40 569270.003 147206.358 

116-K-1 Deep Composite Statistical J01548 11/25/03 9:50 569287.453 147209.788 

116-K-1 Deep Composite Statistical J01549 11/25/03 10:00 569291.863 147196.585 

116-K-1 Deep Composite Statistical J01550 R 11/25/03 8:15 569226.235 147249.185 

116-K-1 Overburden Composite Statistical J01552 12/2/03 9:40 569214.95 147303.175 

116-K-1 Overburden Composite Statistical J01553 12/2/03 9:50 569222.88 147315.977 

116-K-1 Overburden Composite Statistical J01554 12/2/03 10:10 569230.875 147322.192 

116-K-1 Overburden Composite Statistical J01555 12/2/03 8:00 569242.835 147322.032 

116-K-1 Overburden Composite Statistical J01556 12/2/03 8:10 569256.33 147328.497 

116-K-1 Overburden Composite Statistical J01557 12/2/03 8:20 569271.892 147323.235 

116-K-1 Overburden Composite Statistical J01558 12/2/03 8:30 569278.27 147315.122 

116-K-1 Overburden Composite Statistical J01559 12/2/03 8:40 569289.7 147306.53 

116-K-1 Overburden Composite Statistical J01560 12/2/03 8:50 569299.82 147296.912 

116-K-1 Overburden Composite Statistical J01561 12/2/03 9:20 569333.72 147268.112 

116-K-1 Overburden Composite Statistical J01562 12/2/03 9:30 569349.512 147254.195 

116-K-1 Overburden Composite Statistical J01563 12/2/03 9:40 569338.94 147221.787 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
116-K-1 Overburden Composite Statistical J01564 R 12/2/03 9:40 569214.95 147303.175 

116-K-1 Shallow Composite Statistical J01565 11/24/03 9:00 569196.46 147212.202 

116-K-1 Shallow Composite Statistical J01566 11/24/03 9:15 569196.802 147243.355 

116-K-1 Shallow Composite Statistical J01567 11/24/03 9:30 569214.572 147265.53 

116-K-1 Shallow Composite Statistical J01568 11/24/03 9:45 569234.332 147283.542 

116-K-1 Shallow Composite Statistical J01569 11/24/03 10:00 569262.422 147295.285 

116-K-1 Shallow Composite Statistical J01570 11/24/03 10:15 569285.85 147279.695 

116-K-1 Shallow Composite Statistical J01571 11/24/03 10:30 569322.677 147242.077 

116-K-1 Shallow Composite Statistical J01572 11/24/03 11:00 569263.675 147169.59 

116-K-1 Shallow Composite Statistical J01573 R 11/24/03 9:00 569196.46 147212.202 

116-K-2 Deep Composite Statistical J03CY7 7/7/05 8:45 569918.985 147826.535 

116-K-2 Deep Composite Statistical J03CY8 7/25/05 8:20 569968.545 147915.182 

116-K-2 Deep Composite Statistical J03CY9 7/7/05 7:45 569997.11 147962.645 

116-K-2 Deep Composite Statistical J03D00 7/25/05 8:40 570074.42 148052.172 

116-K-2 Deep Composite Statistical J03D01 7/7/05 7:25 570118.262 148109.907 

116-K-2 Deep Composite Statistical J03D02 7/26/05 8:30 570159.852 148163.535 

116-K-2 Deep Composite Statistical J10CV8 10/11/05 7:45 569413.218 147228.628 

116-K-2 Deep Composite Statistical J10CV9 10/11/05 8:15 569445.31 147266.3 

116-K-2 Deep Composite Statistical J10CW0 10/11/05 8:50 569468.335 147291.385 

116-K-2 Deep Composite Statistical J10CW1 10/12/05 8:20 569508.508 147317.345 

116-K-2 Deep Composite Statistical J10CW2 10/12/05 8:40 569524.62 147354.083 

116-K-2 Deep Composite Statistical J10CW3 10/12/05 9:00 569554.15 147381.393 

116-K-2 Deep Composite Statistical J10CW4 10/17/05 8:10 569582.508 147393.21 

116-K-2 Deep Composite Statistical J10CW5 10/17/05 8:10 569602.123 147417.998 

116-K-2 Deep Composite Statistical J10CW6 10/17/05 8:45 569625.28 147442.235 

116-K-2 Deep Composite Statistical J10CW7 10/18/05 8:00 569644.898 147477.135 

116-K-2 Deep Composite Statistical J10CW8 10/18/05 8:30 569659.705 147501.068 

116-K-2 Deep Composite Statistical J10CW9 10/18/05 8:50 569677.32 147543.333 

116-K-2 Deep Composite Statistical J10CX0 10/18/05 9:10 569697.818 147576.908 

116-K-2 Deep Composite Statistical J10CX1 10/18/05 9:30 569732.12 147614.055 

116-K-2 Deep Composite Statistical J10CX2 10/24/05 8:00 569754.878 147664.443 

116-K-2 Deep Composite Statistical J10CX3 10/24/05 8:30 569798.875 147708.81 

116-K-2 Deep Composite Statistical J10CX4 10/24/05 9:00 569826.303 147728.565 

116-K-2 Deep Composite Statistical J10CX5 10/24/05 9:30 569868.2 147765.885 

116-K-2 Deep Composite Statistical J03D03 R 7/26/05 8:30 570159.852 148163.535 

116-K-2 Deep Composite Statistical J10CX6 R 10/18/05 8:00 569644.898 147477.135 

116-K-2 Overburden Composite Statistical J10M00 11/14/05 9:10 569520.417 147263.465 

116-K-2 Overburden Composite Statistical J10M01 11/14/05 9:20 569543.755 147284.475 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
116-K-2 Overburden Composite Statistical J10M02 11/14/05 9:30 569564.925 147316.07 

116-K-2 Overburden Composite Statistical J10M03 11/14/05 9:40 569618.182 147329.682 

116-K-2 Overburden Composite Statistical J10M04 11/14/05 9:05 569663.217 147323.485 

116-K-2 Overburden Composite Statistical J10M05 11/14/05 10:00 569685.282 147312.977 

116-K-2 Overburden Composite Statistical J10M06 11/15/05 8:50 569693.485 147302.837 

116-K-2 Overburden Composite Statistical J10M07 11/15/05 9:00 569697.287 147282.665 

116-K-2 Overburden Composite Statistical J10M08 R 11/15/05 9:00 569697.287 147282.665 

116-K-2 Shallow Composite Statistical J03JW3 8/18/05 8:40 569984.64 147964.99 

116-K-2 Shallow Composite Statistical J03JW5 8/18/05 9:10 570109.79 148117.775 

116-K-2 Shallow Composite Statistical J03JW6 7/6/05 9:45 570167.46 148184.862 

116-K-2 Shallow Composite Statistical J03JW7 8/18/05 9:30 570115.09 148077.892 

116-K-2 Shallow Composite Statistical J03JW8 8/18/05 9:55 570016.717 147966.792 

116-K-2 Shallow Composite Statistical J03JX0 7/7/05 9:36 569934.657 147831.205 

116-K-2 Shallow Composite Statistical J03W34 8/18/05 8:50 570032.295 148022.172 

116-K-2 Shallow Composite Statistical J103C0 9/6/05 9:40 569918.102 147851.725 

116-K-2 Shallow Composite Statistical J10DK8 11/2/05 7:15 569409.847 147265.577 

116-K-2 Shallow Composite Statistical J10DK9 11/2/05 7:30 569461.837 147315.34 

116-K-2 Shallow Composite Statistical J10DL0 11/2/05 7:45 569508.695 147367.702 

116-K-2 Shallow Composite Statistical J10DL1 11/2/05 8:15 569572.045 147424.607 

116-K-2 Shallow Composite Statistical J10DL2 10/27/05 8:30 569622.562 147492.997 

116-K-2 Shallow Composite Statistical J10DL3 10/27/05 8:45 569692.815 147604.572 

116-K-2 Shallow Composite Statistical J10DL4 10/27/05 9:00 569737.962 147664.497 

116-K-2 Shallow Composite Statistical J10DL5 10/27/05 9:15 569822.142 147752.467 

116-K-2 Shallow Composite Statistical J10DL6 11/2/05 8:45 569869.81 147771.175 

116-K-2 Shallow Composite Statistical J10DL7 10/26/05 8:30 569812.398 147689.265 

116-K-2 Shallow Composite Statistical J10DL8 10/26/05 8:45 569756.163 147634.838 

116-K-2 Shallow Composite Statistical J10DL9 10/26/05 9:00 569702.33 147552.47 

116-K-2 Shallow Composite Statistical J10DM0 10/25/05 11:45 569674.14 147502.988 

116-K-2 Shallow Composite Statistical J10DM1 10/25/05 11:30 569580.243 147369.538 

116-K-2 Shallow Composite Statistical J10DM2 10/25/05 11:15 569493.555 147289.415 

116-K-2 Shallow Composite Statistical J10DM3 10/25/05 11:00 569436.703 147224.83 

116-K-2 Shallow Composite Statistical J03JW9 R 8/18/05 9:55 570016.717 147966.792 

116-K-2 Shallow Composite Statistical J10DM4 R 11/2/05 7:45 569508.695 147367.702 

116-KE-4 Shallow Composite Statistical J026T5 1/24/05 12:05 569009.035 146887.672 

116-KE-4 Shallow Composite Statistical J026T9 1/24/05 12:50 569052.74 146901.135 

116-KE-4 Shallow Composite Statistical J026V0 1/24/05 12:01 569023.902 146924.502 

116-KE-4 Shallow Composite Statistical J026V1 1/24/05 12:04 569039.765 146942.145 

116-KE-4 Shallow Composite Statistical J026V2 1/24/05 12:12 569084.987 146938.6 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
116-KE-4 Shallow Composite Statistical J026V3 1/24/05 12:18 569110.7 146919.112 

116-KE-4 Shallow Composite Statistical J026V4 1/24/05 12:30 569129.86 146942.19 

116-KE-4 Shallow Composite Statistical J026V5 1/26/05 8:10 569091.272 146974.405 

116-KE-4 Shallow Composite Statistical J026V6 1/26/05 8:20 569127.367 146976.045 

116-KE-4 Shallow Composite Statistical J026V7 1/26/05 8:35 569150.392 146963.225 

116-KE-4 Shallow Composite Statistical J026V8 1/26/05 8:50 569170.907 146953.962 

116-KE-4 Shallow Composite Statistical J026V9 1/26/05 8:05 569190.832 146962.827 

116-KE-4 Shallow Composite Statistical J026W0 1/26/05 8:38 569207.455 146993.437 

116-KE-4 Shallow Composite Statistical J026W1 1/26/05 8:25 569186.8 147018.917 

116-KE-4 Shallow Composite Statistical J02MF9 3/15/05 7:45 569158.67 147024.317 

116-KE-4 Shallow Composite Statistical J026T6 R 1/24/05 12:10 569009.035 146887.672 

116-KE-4 Shallow Composite Statistical J026T8 1/24/05 12:25 569036.587 146878.887 

116-KE-5 Shallow Grab Focused J030D6 4/6/05 8:45 569165.12 146871.67 

116-KW-3 Shallow Composite Statistical J010N3 10/20/03 8:25 568498.125 146646.457 

116-KW-3 Shallow Composite Statistical J010N4 10/20/03 8:35 568492.217 146625.137 

116-KW-3 Shallow Composite Statistical J010N5 10/20/03 8:45 568506.252 146613.235 

116-KW-3 Shallow Composite Statistical J010N6 10/20/03 8:55 568525.892 146598.555 

116-KW-3 Shallow Composite Statistical J010N7 10/20/03 11:00 568542.627 146610.787 

116-KW-3 Shallow Composite Statistical J010N8 10/20/03 11:10 568545.767 146643.76 

116-KW-3 Shallow Composite Statistical J010N9 10/21/03 8:30 568558.435 146658.312 

116-KW-3 Shallow Composite Statistical J010P0 10/21/03 8:45 568576.17 146686.235 

116-KW-3 Shallow Composite Statistical J010P1 10/21/03 8:55 568576.055 146634.062 

116-KW-3 Shallow Composite Statistical J010P2 10/21/03 9:10 568604.97 146631.782 

116-KW-3 Shallow Composite Statistical J010P3 10/21/03 9:20 568620.235 146642.882 

116-KW-3 Shallow Composite Statistical J010P4 10/21/03 9:30 568631.222 146653.335 

116-KW-3 Shallow Composite Statistical J010P5 10/21/03 9:40 568636.037 146721.397 

116-KW-3 Shallow Composite Statistical J010P6 10/21/03 9:55 568645.79 146710.372 

116-KW-3 Shallow Composite Statistical J010P7 10/21/03 10:00 568640.585 146685.055 

116-KW-3 Shallow Composite Statistical J010P8 10/22/03 8:30 568649.63 146654.667 

116-KW-3 Shallow Composite Statistical J010P9 10/22/03 8:40 568667.07 146665.197 

116-KW-3 Shallow Composite Statistical J010R0 10/22/03 8:50 568684.847 146666.102 

116-KW-3 Shallow Composite Statistical J010R1 10/22/03 9:00 568698.205 146684.035 

116-KW-3 Shallow Composite Statistical J010R2 10/22/03 9:15 568701.68 146714.12 

116-KW-3 Shallow Composite Statistical J010R3 R 10/22/03 9:15 568701.68 146714.12 

116-KW-4 Shallow Grab Focused J02HX4 2/15/05 9:58 568646.88 146574.549 

128-K-1 Shallow Composite Focused J00P77 5/22/03 10:00 569567.7 146675 

128-K-1 Shallow Composite Focused J015N7 12/8/03 10:20 569567.7 146675 

128-K-1 Shallow Composite Focused J00MC6 R 4/24/03 9:45 146627.5 569588 
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Table 6-3.  100-K Source Operable Unit Waste Site Decision Unit Groupings 

Site Code 
Decision Unit 

Grouping Sample Type 
Sampling Design 

(Statistical or Focused) Sample Number QC Type 
Sample Date and 

Time 
WSP Easting 

(m) WSP Northing (m) 
128-K-1 Shallow Composite Focused J00P78 R 5/23/03 10:00 569567.7 146675 

128-K-1 Shallow Composite Focused J00M98 4/22/03 10:45 146676.75 569591.25 

128-K-1 Shallow Composite Focused J00M99 4/22/03 14:05 146653 569591.25 

128-K-1 Shallow Composite Focused J00MB0 4/24/03 9:45 146627.5 569588 

128-K-1 Shallow Composite Focused J00MB1 4/24/03 11:20 146598.5 569577.5 

128-K-1 Shallow Composite Focused J00MB2 4/24/03 13:24 146613 569536 

128-K-1 Shallow Composite Focused J00MB3 4/24/03 14:30 146637 569554 

128-K-1 Shallow Composite Focused J00MB4 4/25/03 8:52 146697.5 569542.5 

128-K-1 Shallow Composite Focused J00MB5 4/25/03 10:01 146735 569570 

128-K-1 Shallow Composite Focused J00MB6 4/25/03 10:45 146700.75 569609.5 

Notes: 
WSP – Washington State Plane 
R = Field duplicate 
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Terms 

bgs Below ground surface 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 

CLT Central Limit Theorem 

DOE U.S. Department of Energy 

DQO Data quality objective 

ECF Environmental Calculation File 

ENRE Environmental Remediation database 

EPC Exposure point concentration 

FS Feasibility study 

HEIS Hanford Environmental Information System 

MVUE minimum-variance unbiased estimator 

OSWER Office of Solid Waste and Emergency Response (US EPA) 

OU Operable unit 

ProUCL Software used to calculate upper confidence limits 

RI Remedial investigation 

ROD Record of decision 

UCL upper confidence limit of the arithmetic mean 

95% UCL 95% upper confidence limit 
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1 Purpose 

This environmental calculation:  

• Documents the data processing and data reduction steps taken to prepare the 100-K Source 
Operable Unit (OU) data set that will be used for calculation of upper confidence limits of the 
arithmetic mean (UCLs) for soil analytes detected in the 100-K Source OU,   

• Describes the methodology used to calculate values for the 95%UCL, and 

• Presents the logic for computing exposure point concentrations (EPCs) in soil for each of the 
decision units within the individual waste sites located in the 100-K Source OU.   

Computation of EPCs was initially performed with the original closeout documentation (e.g., Closeout 
Verification Reports, Remaining Sites Verification Reports) associated with each waste site.  This 
closeout documentation incorporated recommendations from now superseded guidance, which considered 
statistical methods for normal and lognormal data distributions only.  Because the relevant guidance has 
been updated, this environmental calculation calculates revised EPCs for each waste site, incorporating 
statistical methods for parametric and nonparametric data distributions as well.   

This environmental calculation supports DOE/RL-2010-97, Remedial Investigation/Feasibility Study for 
the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units, under the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA).  The EPCs that are computed in this 
environmental calculation will be presented in the RI/FS report, where they will be compared to health-
based soil screening levels, including preliminary remediation goals.     

2 Background  

This environmental calculation addresses a key element of the risk assessment process for hazardous 
waste sites: estimation of the concentration of a chemical in the environment.  The following provides a 
brief definition of the EPC and the definition of the term decision unit as used in this ECF. 

2.1 Exposure Point Concentration 

OSWER 9285.6-10, Calculating Upper Confidence Limits for Exposure Point Concentrations at 
Hazardous Waste Sites, states that an “exposure point concentration (EPC) is a conservative estimate of 
the average chemical concentration in an environmental medium.” OSWER Publication 9285.7-081, 
Supplemental Guidance to RAGS: Calculating the Concentration Term, states that, “because of the 
uncertainty associated with estimating the true average concentration at a site, the 95 percent upper 
confidence limit (UCL) of the arithmetic mean should be used for this variable.”  (OSWER 9285.6-10 is 
the update to OSWER Publication 9285.7-081.)   

OSWER 9285.6-10 also states: “The EPC is determined for each individual exposure unit within a site.  
An exposure unit is the area throughout which a receptor moves and encounters an environmental 
medium for the duration of the exposure.  Unless there is site-specific evidence to the contrary, an 
individual receptor is assumed to be equally exposed to media within all portions of the exposure unit 
over the time frame of the risk assessment.”  For this baseline risk assessment, the terms “exposure unit” 
and the “decision unit” are operationally defined as being the same. 
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2.2 Waste Site Decision Units 

The verification sampling and analysis data evaluated in this environmental calculation are from different 
sampling locations within a waste site.  The sample results are grouped by decision unit, as defined in 
Section 2.1 above.   The floor and sidewalls of an excavated waste site are divided into one or more 
decision units, which include shallow zone soil, deep zone soil, overburden soil, and staging pile footprint 
soil, and a sample design is developed for each decision unit.  Sample design requirements for the 
decision units are described in DOE/RL-96-22, 100 Area Remedial Action Sampling and Analysis Plan.    

In practice, the shallow zone decision unit is typically represented by soils from the excavation floor (if at 
or above 4.6 m [15 ft]) and any sidewalls from grade level (0 m [0 ft]) to a depth of 4.6 m (15 ft). The 
deep zone decision unit includes soil from the excavation floor (if below 4.6 m [15 ft]) and by any 
sidewall soils below 4.6 m (15 ft). As needed, decision units and an associated sampling design are also 
established for suspect clean overburden stockpiles (i.e., to verify suitability for backfill material) and the 
footprint of the staging pile area. The layout and orientation of the sampling designs are based on the size, 
shape, and depth of the waste site.   

Sampling to confirm attainment of remedial action objectives was performed according to one of three 
types of sampling designs:  a focused sampling design or a statistical (random) sampling design, or a 
combination of both.  

The decision unit naming convention used in this environmental calculation reflects the type of decision 
unit, as well as the sampling design used to collect the samples.  The decision unit name is suffixed to a 
waste site name as applicable.  The decision unit naming convention is summarized in Table 2-1. 

Table 2-1. Summary of Decision Unit Names 

Decision Unit Name Depth Sampling Design Description 

Shallow 0 to 4.6 m (15 ft) bgs 

Samples collected using a statistical sampling 
design 

Deep Greater than 4.6 m (15 ft) bgs 

Overburden Not applicable 

Shallow_Focused 0 to 4.6 m (15 ft) bgs 

Samples collected using a focused sampling 
design 

Deep_Focused Greater than 4.6 m (15 ft) bgs 

Overburden_Focused Not applicable 

 

3 Methodology 

The following provides an overview of the methodology used to process and reduce the data set, the tools 
used to calculate the 95%UCL for each analyte detected in each decision unit, and the logic used to 
compute the EPC values for each analyte and each decision unit in the 100-K Source OU.  

1. Obtain the data set from the Environmental Remediation (ENRE) database containing the waste site 
verification soil sampling results for each waste site in the source OU that has a reclassification status 
of “no action” or “interim closed.”   

2. Identify the unique sample numbers associated with each decision unit, for each waste site. 
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3. Verify that the nomenclature and analytical units are consistent with that used in the Hanford 

Environmental Information System (HEIS) database. 

4. Process the data set to remove results associated with redundant analytical methods 

5. Process parent and duplicate results to a single set of results per location. 

6. Process the data set to remove results meeting exclusion criteria.  

7. Process the data set to remove those analytes that were not detected in any of the soil samples from 
the 100-K Source OU. 

8. Process each waste site decision unit data set through ProUCL 4.00.05 and obtain the UCL and raw 
statistics output files.    

9. Summarize the ProUCL 4.00.05 statistical results for detected analytes in each waste site decision 
unit (as available); 

10. Compute the EPC for each detected analyte in each waste site decision unit. 

3.1 Analytical Data Processing and Reduction 

Data processing and data reduction steps are completed to address the following issues.  The details of the 
steps are described in this section include: 

• Conversion of units and naming conventions, for consistency with HEIS nomenclature 

• Data qualification and data validation flags  

• Results reported by more than one analytical method 

• Parent and field duplicate samples 

The data processing and data reduction steps, and the number of records associated with each of the steps, 
are presented in Figure 3-1 for the 100-K Source OU. 

3.1.1 Data Set Consistency with HEIS  
The original source of the analytical data set resides in the ENRE database system.  The ENRE database 
structure and naming conventions are not generally consistent with the structure and naming conventions 
in the HEIS database.  As a result, the ENRE data set requires certain fields and naming conventions to be 
modified so that it is compatible with HEIS fields and nomenclature.  The following steps were taken:   

• Database fields were mapped to HEIS-compatible fields. 

• Analyte names were mapped to HEIS-compatible analyte names. 

• Analytical method names were mapped to HEIS-compatible analytical method names. 

• All results were converted to units of µg/kg and pCi/g. 

3.1.2 Laboratory and Data Validation Flags 
Analytical data are received from a laboratory with data qualification flags; validation qualifiers are 
assigned during the data validation process.  The following rules are applied to determine how flagged 
and qualified sample results are used in computing EPCs.   
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• All sample results flagged with a “U” qualifier, or combination of qualifiers that include a “U,” 

such as a “UJ,” are considered nondetected concentrations. 

• All sample results without a “U” qualifier are considered detected concentrations, including 
results without a qualifier or with an “E” or a “J” qualifier. 

• All samples that are rejected and flagged with an “R” validation qualifier are not used for 
calculating UCLs. 

3.1.3 Analytes Reported by Numerous Analytical Methods 
Often, a sample is analyzed for an analyte using more than one analytical method, resulting in multiple 
results for the analyte from the same location and sample date.  Because multiple sets of analytical results 
cannot be used to quantify risk (i.e., this would result in multiple-counting of a chemical), the set of data 
that best represents the actual concentrations will be retained. When analytes are reported by more than 
one analytical method for a sample, the results are processed to select the method that provides the most 
reliable results. Considerations for determining data to be retained include method-associated sample size, 
detection frequency, and detection limits. The most conservative (i.e., health-protective) use of these 
types of data will be the goal. Larger sample size, higher detection frequencies, and lower detection limits 
are given higher priority for method selection.   

For example, lead may be analyzed using EPA Method 200.8 with an EQL of 500 µg/kg or EPA Method 
6010 with an EQL of 5,000 µg/kg.  For a sample with lead concentrations reported using both methods, 
the results reported by EPA Method 200.8 are chosen over EPA Method 6010 because of the more 
sensitive detection limit.  

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

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

• If one detection and one or more nondetections are reported, the detected concentration is used. 

• If two or more nondetections are reported, the lowest detection limit is used. 

3.2 Identify Analytes for 95% UCL Calculation 

After extracting and processing the data set, it is further reduced to identify a subset of analytes that 
require computation of a UCL.  Analytes that meet exclusion criteria or were not detected in any of the 
soil samples analyzed with the 100-K Source OU are not carried forward for the statistical calculations 
and EPC selection. The analyte identification steps and the number of records associated with each of the 
steps are presented in Figure 3-2 for the 100-K Source OU. 
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3.2.1 Apply Exclusion Criteria 
The first step used to identify analytes that require a 95% UCL calculation is to apply exclusion criteria.  
Analytes that meet exclusion criteria are eliminated from further consideration.  Analytes that do not meet 
the exclusion criteria are carried forward into the next step of the process.  The following defines the 
exclusion criteria that were applied: 

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

• Background radionuclides that are not directly related to Hanford Site operations or processes. 

• Essential nutrients (minerals) 

• Analytes without known toxicity information. 

3.2.2 Identify Nondetected Analytes 
The next step used to identify analytes that require a 95% UCL calculation is to identify nondetected 
analytes.  Analytes that have been collected from appropriate locations, have adequate detection limits, 
and have not been detected in any of the soil samples are eliminated from further consideration.  Any 
analyte that is detected at least once in the 100-K Source OU is carried forward to the next step of the 
process.   

For example, silver was not detected in any of the waste sites in the 100-K Source OU so it was 
eliminated as an analyte.  

3.2.3 Identify Waste Site Decision Unit-Specific Data Set and Develop ProUCL Input Files 
The analytical data for the remaining analytes are extracted from the (processed and reduced) data set into 
an Excel file, to create a ProUCL input file.  A ProUCL input file is produced for each unique waste site 
decision unit.  This file contains a results column for each analyte and a corresponding column that 
denotes the detection status of the result (1 = detect and 0 = non-detect). For samples reported as 
nondetected, the method detection limit is taken as the concentration (i.e., the result) and used in 
calculating UCLs.  

3.3 95%UCL Calculation Methodology 

In the closeout documentation for the waste sites, 95% UCL values were calculated using OSWER 
Publication 9285.7-081, which only addresses data distributions that are either normal or lognormal.  
OSWER 9285.6-10 provides alternative methods for calculating the UCLs; these methods can be used, 
subject to the discretion of the regulatory agencies and programs involved.  OSWER 9285.6-10 is the 
most recent EPA guidance for UCL calculation, and ProUCL 4.00.05 serves as the companion software 
package for this guidance.  ProUCL 4.00.05 contains rigorous parametric and nonparametric  statistical 
methods (including bootstrap methods) that can be used on data sets without non-detect results and on 
data sets with non-detect results (results reported below detection limits).  Both ProUCL and OSWER 
9285.6-10 were used to calculate UCLs for the 100-K Source OU.   

3.3.1 ProUCL 4.00.05 Batch Processing 
The waste site decision unit-specific datasets contained in the Excel files (described in Section 3.2.3) are 
subsequently converted from a *.xlsx format to a *.xls format and then imported directly into ProUCL for 
the calculation of UCLs and summary statistics.  Batch processing was implemented to facilitate this 
process, due to the large number of waste site decision units in the 100-K Source OU.  The batch 
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processing steps performed for file conversion, ProUCL processing, and data extraction are listed below 
and summarized in Figure 3-3.   

1. Batch conversion of the *.xlsx files to *.xls files for compatibility with ProUCL version 4.00.05. 

2. Batch processing of the *.xls files through ProUCL to generate a raw statistics output file and a 
UCL output file for each waste site decision unit. 

3. Batch processing of the raw statistics and UCL output files to extract the following information 
(if available)  into an *.xlsx file: 

• Waste site decision unit name; 

• Analyte name and CAS Registry number; 

• Total number of sample results, total number of detects, and total number of nondetects; 

• Minimum and maximum detection limits for each detected analyte (when available)1; 

• Minimum and maximum detected concentrations for each analyte; 

• Coefficient of variation for each analyte; 

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

3.3.2 Selection of EPCs 
Depending upon the decision unit, select the EPC for each detected analyte as follows: 

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

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

o If a valid UCL can be calculated, the highest potential UCL value (if more than one 
potential UCL value is recommended) is selected.  

o If the recommended UCL is greater than the maximum detected concentration, then the 
maximum detected concentration reported is selected.  

o If a valid UCL cannot be calculated, then the maximum detected concentration is 
selected. 

Selection of the EPC value using the above decision logic is presented in Figure 3-4. 

4 Assumptions and Inputs 

The following provides the source of the inputs for the UCL calculations and supporting information for 
the assumptions made regarding calculation of 95% UCLs and the computation of EPCs. 

                                                      
1 Minimum and maximum detection limits are summarized in the ProUCL output only when a valid UCL can be 
calculated.   
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4.1 Source of the Analytical Data Set  

Remediation of waste sites began in 2002 for the 100-K Source OU.  Verification sampling and analysis 
data evaluated in this environmental calculation are for waste sites with a “no action” or “interim closed” 
reclassification status.  A total of 16 waste sites in the 100-K Source OU have been remediated through 
May 2011 under the interim action Records of Decision and are addressed in this environmental 
caluclation.  The following sources of analytical data were used: 

• All verification sampling and analysis soil data reside in the ENRE database. 

• All verification sampling and analysis soil data will also reside in the Hanford Environmental 
Information System (HEIS) database. 

• Analytical results for each of waste site were originally presented in the associated closeout 
documentation, which is listed in Appendix C, Table C-1 of DOE/RL-2008-46-ADD2, Integrated 
100 Area Remedial Investigation/Feasibility Study Work Plan Addendum 2:  100-KR-1, 100-KR-
2, 100-KR-4 Operable Units. 

4.2 Data Validation and Data Quality Assessment 

All closeout verification sampling data have undergone validation and data quality assessment to 
determine that data meet data quality objectives (DQOs) stated in DOE/RL-96-17, Remedial Design 
Report/Remedial Action Work Plan for the 100 Area.  The results of the data validation and data quality 
assessment activities are documented in each of the individual closeout verification documents for each 
waste site.   

4.3 Sample Size and Sampling Design 

Sample size and sampling design are both important considerations when performing the statistical tests 
described in OSWER 9285.6-10.  The number of samples that were collected and analyzed for each 
decision unit is described in DOE/RL-96-17.   DOE/RL-96-17 describes how to identify the decision 
unit(s) within a site for cleanup verification, how to calculate the summary statistics for a statistical 
sampling design, and how to determine the maximum value for the focused sampling design.   

Sample design requirements and minimum number of samples to collect for each waste site decision unit 
(as defined in Section 2.0) are described in DOE/RL-96-22.  Statistical sampling design uses composite 
samples, which provide information about average contaminant concentrations, and summary statistics to 
estimate mean concentrations within a decision unit, and is most often used at radioactive liquid effluent 
sites and remaining sites that require remedial action.  A focused sampling design uses discrete samples in 
locations of suspected contamination and is more appropriate for confirmatory sampling at remaining 
candidate sites, which are candidates for clean site confirmation without remedial action.   

Both DOE/RL-96-17 and DOE/RL-96-22 have undergone numerous revisions and are approved by the 
Tri-Party agencies.   

4.4 Non-detect Results  

Data sets that contain non-detect results are referred to as censored data sets.  Usually, a substitution is 
made, using an estimate of the concentration in samples that were reported as non-detect.  OSWER 
9285.6-10 indicates that, because of the complicated formulas used to compute UCLs, there is no general 
rule about which substitution rule (half the detection limit or the full detection limit for non-detect results) 
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will yield an appropriate UCL.  OSWER 9285.6-10 further indicates that the appropriate method for 
calculating UCLs depends on the severity of the censoring, the size of the data set, and which 
assumptions are reasonable regarding the distribution of the data (e.g., normal, log-normal, etc.).  
OSWER 9285.6-10 also warns that if the proportion of non-detects is high (>75%), or the number of 
samples is small (n<5), no UCL calculation method will work well.   

In the UCL calculations presented in this environmental calculation, the (full) method detection limit is 
taken as the concentration of an analyte (i.e., the result) in non-detect samples.   

4.5 Summary of Waste Site Decision Units  

Analytical data associated with each of the unique waste site decision units are used to calculate UCLs 
and compute EPCs.  A summary of the waste sites, along with their decision unit, sample type, sampling 
plan design, sample numbers, QC type, sample date and time, and sample location is provided in 
Table 4-1 (tables not inserted are located at the end of this document) for the 100-K Source OU. 

In some cases, closeout verification data are used to determine if remedial action goals are met for more 
than one waste site.  This generally occurs when a smaller waste site is located within the remediation 
footprint of a larger waste site.  Closeout verification data for the larger waste site then apply to all of the 
waste sites located within its remediation footprint.  There were no waste sites in the 100-K Source OU 
that were located within the remediation footprint of a larger waste site. 

4.6 ProUCL Input Files 

As described in Section 3.2.3, a ProUCL input file is generated for each waste site decision unit.  The soil 
sampling results in the final data set are extracted into an Excel file for each waste site decision unit. 
These files are included as Attachment A to this ECF and a list of file names for the 100-K Source OU is 
provided in Table 4-2.  

4.7 95% Upper Confidence Limits 

As mentioned previously, OSWER 9285.6-10 is the most recent EPA guidance for UCL calculation and 
ProUCL 4.00.05 serves as the companion software package for this guidance  ProUCL 4.00.05 contains 
rigorous parametric and nonparametric statistical methods (including bootstrap methods) that can be used 
on data sets without nondetects and on data sets with non-detect results.  Both ProUCL and OSWER 
9285.6-10 were used to calculate UCLs for the 100-K Source OU. 

There are two common methodologies used to calculate UCLs and include: 1) distributional methods and 
2) distribution-free or nonparametric methods.   OSWER 9285.6-10 recommends using a distributional 
method for computing UCLs if the data can be shown to reasonably fit a specific distribution.  
Distribution-free or nonparametric methods are applied if reasonable assumptions about the data 
distribution cannot be made.  For the purposes of this environmental calculation, ProUCL 4.00.05 is used 
to determine the recommendations regarding reasonableness of the fit of data sets to various distributions. 

4.7.1 Distributional Methods 
Normal and lognormal are the most common data distributions for calculating UCLs.  The following are 
brief descriptions of recommended UCL calculation methods for these distribution types, as described in 
OSWER 9285.6-10. 

Normal Distribution.  If the data are normally distributed, then the one-sided (1-α) UCL of the 
arithmetic mean should be computed using the Student’s t-statistic.   
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Lognormal Distribution.  EPA had recommended the Land method to compute the UCL of the 
arithmetic mean for lognormally distributed data.  This method uses the H-statistic, tables for which were 
published by Land.  Land’s approach is known to be sensitive to deviations from lognormality, and to 
commonly yield estimated UCLs substantially larger than appropriate when distributions are not truly 
lognormal (i.e., if variance or skewness is large).   

EPA also suggests the use of the Chebyshev inequality method to estimate UCLs which should be 
appropriate for a variety of distributions so long as the skewness is not very large.  The one-sided version 
of the Chebyshev inequality is appropriate in this context. It can be applied to the sample mean to obtain a 
distribution-free estimate of the UCL for the population mean when the population variance or standard 
deviation are known. In practice, however, these values are not known and must be estimated from data.  

For lognormally distributed data sets, use of the minimum-variance unbiased estimators (MVUE) for the 
mean and variance is suggested to obtain a UCL of the arithmetic mean. This approach may yield an 
estimated UCL that is more useful than that obtained from the Land method (when the underlying 
distribution of concentrations is lognormal).  EPA points out that for highly skewed lognormal data with 
small sample size and large standard deviation, the Chebyshev 99% UCL may be more appropriate than 
the 95% UCL, because the Chebyshev 95% UCL may not provide adequate coverage of the mean. As 
skewness increases further, the Chebyshev method is not recommended.   

4.7.2 Non-Parametric or Distribution-Free Methods 
There are distribution-free approaches to computing UCLs that do not make specific assumptions about 
the shape of the underlying distribution of concentrations.  The following are brief descriptions of 
recommended methods that are described in OSWER 9285.6-10.    

Central Limit Theorem (Adjusted).  If the sample size is sufficiently large, the Central Limit Theorem 
(CLT) implies that the mean will be normally distributed, no matter how complex the underlying 
distribution of concentrations might be. This is the case even if the underlying distribution is strongly 
skewed, has outliers, or is a mixture of different populations, so long as it is stationary (not changing over 
time), has finite variance, and the samples are collected independently and randomly. However, the 
theorem does not say how many samples are sufficient for normality to hold. When sample size is 
moderate or small, the mean generally will not be normally distributed, and this non-normality is 
intensified by the skewness of the underlying distribution. Chen (1995) suggested an approach that 
accounts for positive skewness. Singh et al. (1997) and EPA (2000c) call this approach the “adjusted 
CLT” method. They suggest that it is an appropriate alternative to the distribution-specific Land’s 
method, even if the distribution is lognormal, when the standard deviation is less than one and sample size 
is larger than 100.  

Bootstrap Resampling.  Bootstrap procedures are robust, nonparametric statistical methods that can be 
used to construct approximate confidence limits for the population mean. In these procedures, repeated 
samples of size n are drawn with replacement from a given set of observations. The process is repeated a 
large number of times (e.g., thousands), and each time an estimate of the desired unknown parameter 
(e.g., the sample mean) is computed. There are different variations of the bootstrap procedure available.  

Jackknife Procedure.  Like bootstrap, the jackknife technique is a robust procedure based on 
resampling. In this procedure repeated samples are drawn from a given set of observations by omitting 
each observation in turn, yielding n data sets of size n-1. An estimate of the desired unknown parameter 
(e.g., sample mean) is then computed for each sample. When the standard estimators are used for the 
mean and standard deviation, this procedure reduces to the UCL based on the Student's t statistic. 
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However, when other estimators (such as MVUE) are used, this jackknife procedure does not reduce to 
the UCL based on Student's t statistic.  

Chebyshev Inequality Method.  As described previously, EPA suggests the use of the Chebyshev 
inequality to estimate UCLs, which should be appropriate for a variety of distributions, as long as the 
skewness is not very large. The one-sided version of the Chebyshev inequality is appropriate in this 
context. It can be applied to the sample mean to obtain a distribution-free estimate of the UCL for the 
population mean, when the population variance or standard deviation are known. In practice, however, 
these values are not known and must be estimated from the data.  

4.8 Minimum Data Set Size Requirements 

Some decision statistics computed by ProUCL 4.00.05 require a minimum sample size.  The following 
limitations of ProUCL apply to data sets with non-detects (i.e., censored data sets): 

• A UCL is not calculated for datasets with less than five results. 

• For data sets of at least five results, a UCL is not calculated when there is only one detected result 
in the data set;   

• For data sets of at least five results, only Kaplan-Meier method-based UCLs are generated when 
there are only two detected results; 

• For data sets of at least five results, most parametric and nonparametric (except for gamma 
distribution-based) UCLs are generated when there are at least three detected values; 

• For data sets of at least five results, all parametric and nonparametric UCLs are generated when 
there are four or more detected values.   

ProUCL generates warning messages for all small (sample size <8-10) data sets processed, informing the 
user about potential deficiencies in the data set.     

4.9 Use of Maximum Detected Concentrations to Compute the EPC 

As described in Section 3.3.2, the EPC defaults to the maximum detected concentration when the 
following conditions are met: 

• When samples are collected using a focused sampling design; 

• When a UCL cannot be calculated due to small sample size; 

• When the UCL is greater than the maximum detected concentration. 

ProUCL notes that the EPC term represents the average exposure contracted by a receptor over a long 
exposure duration and this term should be estimated by an average value (such as the 95% UCL) and not 
by the maximum observed concentration.  Use of maximum observed concentrations results in risk 
estimates that correspond to maximum possible exposures; such estimates effectively make the unlikely 
assumption that a receptor will visit the location of the maximum detected concentration all of the time. 
The following provides additional information regarding when a maximum detected concentration is 
selected as the EPC in this environmental calculation. 
 
The statistical methods used for calculating UCLs are based on the assumption of random sampling 
(OSWER 9285.6-10). The sampling plan for a focused decision unit was designed to sample the areas of 
suspected contamination; the results from this type of sampling design can introduce bias into statistical 
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analyses to estimate means, such as calculations of UCLs.  Guidance provided by OSWER Publication 
9285.7-081states “a value other than the 95 percent UCL can be used, provided the risk assessor can 
document that high coverage of the true population mean occurs (i.e., the value equals or exceeds the true 
population mean with high probability).”  Because the sampling design for these decision units focused 
areas of suspected contamination, the conclusion that maximum detected concentration exceeds the true 
population mean in a focused decision unit can be made with certainty, Additionally, the closeout 
documentation for the focused decision units used the maximum detected concentration to determine if 
the remedial action goal has been attained (see Section 3.6.3 of DOE/RL-96-17).  Because of the potential 
for statistical bias and to maintain consistency with DOE/RL-96-17, the maximum detected concentration 
is selected as a conservative estimate of the EPC for the focused decision units.    
 
OSWER 9285.7-081 states that for exposure units with limited amounts of data or extreme variability in 
measured or modeled data, the calculated UCL can be greater than the highest measured or modeled 
concentration. In these cases, if additional data cannot practicably be obtained, the highest measured or 
modeled value can be used as the concentration term.  It further states that sampling data have shown that 
data sets with fewer than 10 samples per exposure area provide poor estimates of the mean concentration 
(i.e., there is a large difference between the sample mean and the UCL). As described above, ProUCL has 
minimum size requirements to compute decision statistics.  For data sets of at least five results, a UCL is 
not calculated when there is only one detected result in the data set.  ProUCL notes that in cases where the 
number of available detected samples is small (< 5), the estimation of the EPC term is decided upon on a 
site-specific basis. For small data sets, where a valid UCL cannot be calculated, the EPC defaults to the 
maximum detected concentration for the 100-K Source OU.   ProUCL generates warning messages 
regarding the potential deficiencies associated with a small data set.   

Some of the methods described in Section 4.7 can produce very high estimates of the UCL (particularly 
the Land method).  OSWER 9285.6-10 acknowledges that the Land method can produce extremely high 
values for the UCL, when data exhibit high variance and the sample size is small.  OSWER 9285.7-081 
recognizes the problem of extremely high UCLs, and recommends defaulting to the maximum detected 
concentration when the calculated UCL exceeds this value.  When the recommended UCL exceeds the 
maximum detected concentration, ProUCL, however, advises that an alternative UCL (i.e. Chebyshev 
inequality) to be selected instead of the maximum detected concentration for an EPC.  For conservatism,  
the maximum detected value is selected as the EPC for the 100-K Source OU when the recommended 
UCL is greater than the maximum. If subsequent risk characterization indicates over-estimation of risk 
based on this EPC, the appropriateness of the maximum detected concentration as the EPC will be re-
evaluated.  ProUCL generates a warning message when the recommended UCL exceeds the maximum 
observed concentration.    

4.10 Multiple Recommended UCLs 

For most data sets, ProUCL recommends a single UCL.  However, for some data sets, ProUCL will 
recommend more than one UCL.  When more than one UCL is identified, the following logic is used to 
select the decision statistic. The most conservative (i.e. health-protective) result is the goal. 

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

• If more than one UCL is recommended and both are greater than the maximum observed 
concentration, then the maximum observed concentration is selected as the decision statistic.   
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• If more than one UCL is recommended and at least one is less than the maximum observed 

concentration and at least one is greater than the maximum observed concentration, then the 
maximum observed concentration is selected as the decision statistic.   

There were five analytes reported in the 100-K Source OU where more than one UCL was recommended 
and at least one of the UCLs was greater than the maximum observed concentration.  Table 4-3 lists those 
analytes and their associated statistical values. 

 

Table 4-3.  100-K Source Operable Unit Analytes with More than One Recommended UCL and at Least 
One Recommended UCL Greater than the Maximum Detected Concentration 

Analyte 

Number 
of  

Detects 

Number 
of Non-
Detects 

Minimum 
Detected 

Concentration 

Maximum 
Detected 

Concentration UCL UCL Basis 

Antimony 3 3 334 391 
396 95% KM (t) UCL 

391 
95% KM (Percentile 

Bootstrap) UCL 

Chrysene 2 8 64 148 
183 95% KM (t) UCL 

148 
95% KM (Percentile 

Bootstrap) UCL 

Benzo(a)pyrene 2 8 44 51 
54 95% KM (t) UCL 

51 
95% KM (% 

Bootstrap) UCL 

Benzo(b)fluoranthene 2 8 37 75 
91 95% KM (t) UCL 

75 
95% KM (% 

Bootstrap) UCL 

Benzo(k)fluoranthene 2 8 43 78 
93 95% KM (t) UCL 

78 
95% KM (% 

Bootstrap) UCL 

 

5 Software Applications 

Software used for this analysis includes the Microsoft Access2 database software, ProUCL version 
4.00.05  statistical software3, and Microsoft Excel4.   The following information is provided for ProUCL 
as an approved software package.  

5.1 Description  

The following presents the description of ProUCL used for this Environmental Calculation.  See CHPRC-
01270, Rev. 0, ProUCL Software Management Plan for further details regarding the use of this software:   

• ProUCL,  

• Version 4.00.05 
                                                      
2 Access is a trademark of Microsoft Corporation, Redmond, Washington. 
3 ProUCL is a statistical software package developed by the U.S. Environmental Protection Agency, distributed free of charge, and 

made available for download at http://www.epa.gov/nerlesd1/tsc/TSC_form.htm. 
4 Excel is a trademark of Microsoft Corporation, Redmond, Washington. 
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• HISI Identification Number: 2831 

• Workstation type and property number: WF23245. 

5.2 Software Installation and Checkout 

The software installation and checkout form for ProUCL is attached to this Environmental Calculation. 

5.3 Statement of Valid Software Application 

The following presents the statement that ProUCL is a valid software application.   

• ProUCL was developed by EPA to provide statistical calculations in support of risk assessment 
activities. 

• ProUCL as it has been used in this Environmental Calculation has been implemented within the range 
of its limitations.  The input files used with and the output files generated by ProUCL are attached to 
this Environmental Calculation. 

6 Calculation 

EPCs are computed using the methodology presented in Section 3 and the inputs and assumptions  
described in Section 4.  Results for each step of the process are summarized in the text and tables 
presented in Section 7. 

7 Results/Conclusions 

This section documents the data processing and EPC computation steps associated with the 100-K Source 
OU soil sample results. 

7.1 Identify Analytes for UCL Calculation 

This section summarizes the process of selecting analytes to process through ProUCL for the UCL and 
raw statistics calculations.  

A total of 6,886 records were reported for the 100-K Source OU.  Following the data processing and 
reduction steps described in Section 3.1, the data set for the 100-K Source OU was comprised of 3,083  
records including 45  analytes. 

7.1.1 Apply Exclusion Criteria 
Thirty-one analytes for the 100-K Source OU meet the exclusion criteria and are listed in Table 7-1.  
These analytes were excluded from further consideration, as noted in the table.  Sampling dates, minimum 
and maximum detected concentrations, minimum and maximum method detection limits, and the bases 
for the exclusions are provided in the table. 

7.1.1.1 Essential Nutrients 
Essential nutrients are those analytes considered essential for human nutrition.  Essential nutrients 
(calcium, magnesium, potassium, and sodium) were detected in the soil samples taken in the 100-K 
Source OU waste sites and are eliminated from further consideration for UCL calculations. 

7.1.1.2 Background Radionuclides 
Background radionuclides are those radionuclides considered to be naturally occurring and not directly 
related to Hanford operations or processes.  Background radionuclides (potassium-40, radium-226, 
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radium-228, thorium-228, and thorium232) were detected in the soil samples taken in the 100-K Source 
OU waste sites and are eliminated from further consideration for UCL calculations. 

7.1.1.3 Radionuclides with Half-lives of Less than 3 years  
Radionuclides that have half-lives of less than 3 years and that are not significant daughter products are 
eliminated from further consideration for UCL calculation.  Lead-212 with a half-life less than three years 
was reported for the 100-K Source OU.   

7.1.1.4 Analytes Without Known Toxicity Information 
Analytes without known toxicity information are eliminated from further consideration for UCL 
calculations.   

Twenty-one analytes from the 100-K Source OU  were excluded and included one herbicide, four 
pesticides, two radionuclides, nine SVOCs, one VOCs, one metal, one general chemistry parameter, and 
two anions.  

7.1.2 Identify Nondetected Analytes 
Eighty-three analytes were not detected in the 100-K Source OU soil samples; these are listed in Table 7-
2. The table also provides sampling dates, total number of samples, and minimum and maximum MDLs. 
Nondetected analytes in the 100-K Source OU included six herbicides, one metal, six PCB aroclors, 17 
pesticides, six radionuclides, 42 SVOCs, four VOCs, and one cation.  

7.2 ProUCL Output Files 

7.2.1 ProUCL Processing 
Excel input files for each waste site decision unit were imported into ProUCL and corresponding raw 
statistic and UCL output files were generated as described in Section 3.3.1.  The resulting raw statistics 
and UCL output files were converted to Excel for viewing purposes and are provided as Attachment B.  
The corresponding file names are listed in Table 7-3 for the raw statistics output files and Table 7-4 for 
the UCL output files. 

7.2.2 ProUCL Extraction 
The selected statistical values listed in Section 3.3.1 are extracted from the ProUCL output files into an 
Excel spreadsheet.  The extracted information is summarized in Attachment C.   

7.3 Exposure Point Concentration Determination 

Exposure point concentration are selected using the logic described in Section 3.3.2 and are summarized 
in Table 7-5 for 100-K Source OU.   
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Figure 3-3.  Batch Processing of Waste Site Decision Unit Excel Files for the 100-K Source Operable Unit 
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Figure 3-4.  Exposure Point Concentration Decision Logic for the 100-K Source Operable Unit 
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Analyte Analyte Class
Begin Sample 

Date
End Sample 

Date
Total 

Samples
Total 

Detects
Frequency of 

Detects

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit

Minimum 
Detected 

Result

Maximum 
Detected 

Result Units Basis for Exclusion
1,3-Dichlorobenzene VOC 4/22/2003 11/9/2010 11 0 0% 12 360 µg/kg No Toxicity Value
2-Nitrophenol SVOC 4/22/2003 11/9/2010 11 0 0% 10 360 µg/kg No Toxicity Value
3+4 Methylphenol (cresol, m+p) SVOC 4/22/2003 11/9/2010 11 0 0% 33 360 µg/kg No Toxicity Value
4-Bromophenylphenyl ether SVOC 4/22/2003 11/9/2010 11 0 0% 19 360 µg/kg No Toxicity Value
4-Chlorophenylphenyl ether SVOC 4/22/2003 11/9/2010 11 0 0% 21 360 µg/kg No Toxicity Value
Acenaphthylene SVOC 4/22/2003 11/9/2010 11 0 0% 17 360 µg/kg No Toxicity Value
Benzo(ghi)perylene SVOC 4/22/2003 11/9/2010 11 2 18% 16 360 33 33 µg/kg No Toxicity Value
Calcium METAL 4/19/2010 11/9/2010 7 7 100% 2360000 5890000 µg/kg Essential Nutrient
Delta-BHC PEST 4/22/2003 5/22/2003 10 0 0% 1.8 34 µg/kg No Toxicity Value
Dichloroprop HERB 5/22/2003 5/22/2003 1 0 0% 3400 3400 µg/kg No Toxicity Value
Dimethyl phthalate SVOC 4/22/2003 11/9/2010 11 0 0% 23 360 µg/kg No Toxicity Value
Di-n-octylphthalate SVOC 4/22/2003 11/9/2010 11 0 0% 14 360 µg/kg No Toxicity Value
Endosulfan sulfate PEST 4/22/2003 5/22/2003 10 0 0% 3.5 68 µg/kg No Toxicity Value
Endrin aldehyde PEST 4/22/2003 5/22/2003 10 0 0% 3.5 68 µg/kg No Toxicity Value
Endrin ketone PEST 4/22/2003 5/22/2003 10 0 0% 3.5 68 µg/kg No Toxicity Value
Gross alpha RAD 4/22/2003 4/19/2010 11 7 64% 2.77 3.73 3.94 10.7 pCi/g No Toxicity Value
Gross beta RAD 4/22/2003 4/19/2010 11 11 100% 11.2 22.2 pCi/g No Toxicity Value
Lead-212 RAD 4/19/2010 4/19/2010 2 2 100% 0.295 0.359 pCi/g Half-Life less than 3 years
Magnesium METAL 4/19/2010 11/9/2010 7 7 100% 3620000 5510000 µg/kg Essential Nutrient
pH Measurement GEN CHEM 4/16/2003 4/18/2003 7 7 100% 6.73 8.44 µg/kg No Toxicity Value
Phenanthrene SVOC 4/22/2003 11/9/2010 11 2 18% 17 360 46 66 µg/kg No Toxicity Value
Potassium METAL 4/19/2010 11/9/2010 7 7 100% 895000 1520000 µg/kg Essential Nutrient
Potassium-40 RAD 4/22/2003 11/5/2010 255 252 99% 0.65 1.3 4.58 35.6 pCi/g Background Radionuclide—not site- related
Radium-226 RAD 4/22/2003 11/5/2010 255 246 96% 0.052 0.75 0.248 1.07 pCi/g Background Radionuclide—not site- related
Radium-228 RAD 4/22/2003 11/5/2010 255 238 93% 0.1 1.2 0.22 1.75 pCi/g Background Radionuclide—not site- related
Silicon METAL 4/19/2010 11/9/2010 7 7 100% 393000 844000 µg/kg No Toxicity Value
Sodium METAL 4/19/2010 11/9/2010 7 7 100% 113000 707000 µg/kg Essential Nutrient
Sulfate ANION 4/16/2003 4/18/2003 7 7 100% 4960 3490000 µg/kg No Toxicity Value
Sulfide ANION 5/23/2003 5/23/2003 1 0 0% 33100 33100 µg/kg No Toxicity Value
Thorium-228 RAD 4/22/2003 11/5/2010 255 243 95% 0.033 0.46 0.191 1.57 pCi/g Background Radionuclide—not site- related
Thorium-232 RAD 4/22/2003 11/5/2010 255 238 93% 0.1 1.2 0.22 1.75 pCi/g Background Radionuclide—not site- related

Table 7-1.  100-K Source Operable Unit Excluded Analytes
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Analyte Analyte Class
Begin Sample 

Date
End Sample 

Date
Total 

Samples
Total 

Detects
Frequency 
of Detects

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit Units
1,2,4-Trichlorobenzene SVOC 4/22/2003 11/9/2010 11 0 0.00% 28 360 ug/kg
1,2-Dichlorobenzene VOC 4/22/2003 11/9/2010 11 0 0.00% 22 360 ug/kg
1,4-Dichlorobenzene SVOC 4/22/2003 11/9/2010 11 0 0.00% 14 360 ug/kg
2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) HERB 5/22/2003 5/22/2003 1 0 0.00% 340 340 ug/kg
2,4,5-TP(2-(2,4,5-Trichlorophenoxy)propionic acid)Silvex HERB 5/22/2003 5/22/2003 1 0 0.00% 340 340 ug/kg
2,4,5-Trichlorophenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 10 910 ug/kg
2,4,6-Trichlorophenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 10 360 ug/kg
2,4-D(2,4-Dichlorophenoxyacetic acid) HERB 5/22/2003 5/22/2003 1 0 0.00% 680 680 ug/kg
2,4-DB(4-(2,4-Dichlorophenoxy)butanoic acid) HERB 5/22/2003 5/22/2003 1 0 0.00% 3400 3400 ug/kg
2,4-Dichlorophenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 10 360 ug/kg
2,4-Dimethylphenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 66 360 ug/kg
2,4-Dinitrophenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 330 910 ug/kg
2,4-Dinitrotoluene SVOC 4/22/2003 11/9/2010 11 0 0.00% 66 360 ug/kg
2,6-Dinitrotoluene SVOC 4/22/2003 11/9/2010 11 0 0.00% 28 360 ug/kg
2-Chloronaphthalene SVOC 4/22/2003 11/9/2010 11 0 0.00% 10 360 ug/kg
2-Chlorophenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 21 360 ug/kg
2-Methylnaphthalene SVOC 4/22/2003 11/9/2010 11 0 0.00% 19 360 ug/kg
2-Methylphenol (cresol, o-) SVOC 4/22/2003 11/9/2010 11 0 0.00% 13 360 ug/kg
2-Nitroaniline SVOC 4/22/2003 11/9/2010 11 0 0.00% 50 910 ug/kg
3,3'-Dichlorobenzidine SVOC 4/22/2003 11/9/2010 11 0 0.00% 90 360 ug/kg
3-Nitroaniline SVOC 4/22/2003 11/9/2010 11 0 0.00% 73 910 ug/kg
4,4'-DDD (Dichlorodiphenyldichloroethane) PEST 4/22/2003 5/22/2003 10 0 0.00% 3.5 68 ug/kg
4,4'-DDE (Dichlorodiphenyldichloroethylene) PEST 4/22/2003 5/22/2003 10 0 0.00% 3.5 68 ug/kg
4,4'-DDT (Dichlorodiphenyltrichloroethane) PEST 4/22/2003 5/22/2003 10 0 0.00% 3.5 68 ug/kg
4,6-Dinitro-2-methylphenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 330 910 ug/kg
4-Chloro-3-methylphenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 66 360 ug/kg
4-Chloroaniline SVOC 4/22/2003 11/9/2010 11 0 0.00% 82 360 ug/kg
4-Nitroaniline SVOC 4/22/2003 11/9/2010 11 0 0.00% 73 910 ug/kg
4-Nitrophenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 97 910 ug/kg
Acenaphthene SVOC 4/22/2003 11/9/2010 11 0 0.00% 10 360 ug/kg
Aldrin PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Alpha-BHC PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Alpha-Chlordane PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Anthracene VOC 4/22/2003 11/9/2010 11 0 0.00% 17 360 ug/kg
Aroclor-1016 PCB 4/15/2003 11/9/2010 17 0 0.00% 2.8 36 ug/kg
Aroclor-1221 PCB 4/15/2003 11/9/2010 17 0 0.00% 8 73 ug/kg
Aroclor-1232 PCB 4/15/2003 11/9/2010 17 0 0.00% 2 36 ug/kg
Aroclor-1242 PCB 4/15/2003 11/9/2010 17 0 0.00% 4.6 36 ug/kg
Aroclor-1248 PCB 4/15/2003 11/9/2010 17 0 0.00% 4.6 36 ug/kg
Aroclor-1260 PCB 4/15/2003 11/9/2010 17 0 0.00% 2.6 36 ug/kg
beta-1,2,3,4,5,6-Hexachlorocyclohexane  (beta-BHC) PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Bis(2-chloro-1-methylethyl)ether SVOC 4/22/2003 11/9/2010 11 0 0.00% 23 360 ug/kg
Bis(2-Chloroethoxy)methane SVOC 4/22/2003 11/9/2010 11 0 0.00% 23 360 ug/kg
Bis(2-chloroethyl) ether SVOC 4/22/2003 11/9/2010 11 0 0.00% 17 360 ug/kg
Butylbenzylphthalate SVOC 4/22/2003 11/9/2010 11 0 0.00% 43 360 ug/kg
Carbazole SVOC 4/22/2003 11/9/2010 11 0 0.00% 36 360 ug/kg
Chlordane PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Curium-243 RAD 4/19/2010 4/19/2010 2 0 0.00% -0.0644 0.0132 pCi/g
Curium-245 RAD 4/19/2010 4/19/2010 2 0 0.00% -0.0439 0.00904 pCi/g
Cyanide CATION 5/23/2003 5/23/2003 1 0 0.00% 0.42 0.42 ug/kg
Dalapon HERB 5/22/2003 5/22/2003 1 0 0.00% 3400 3400 ug/kg

Table 7-2.  100-K Source Operable Unit Nondetected Analytes
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Analyte Analyte Class
Begin Sample 

Date
End Sample 

Date
Total 

Samples
Total 

Detects
Frequency 
of Detects

Minimum 
Detection 

Limit

Maximum 
Detection 

Limit Units

Table 7-2.  100-K Source Operable Unit Nondetected Analytes

Dibenz[a,h]anthracene SVOC 4/22/2003 11/9/2010 11 0 0.00% 19 360 ug/kg
Dibenzofuran SVOC 4/22/2003 11/9/2010 11 0 0.00% 20 360 ug/kg
Dicamba HERB 5/22/2003 5/22/2003 1 0 0.00% 1400 1400 ug/kg
Dieldrin PEST 4/22/2003 5/22/2003 10 0 0.00% 3.5 68 ug/kg
Diethylphthalate SVOC 4/22/2003 11/9/2010 11 0 0.00% 26 360 ug/kg
Di-n-butylphthalate VOC 4/22/2003 11/9/2010 11 0 0.00% 29 360 ug/kg
Dinoseb(2-secButyl-4,6-dinitrophenol) SVOC 5/22/2003 5/22/2003 1 0 0.00% 340 340 ug/kg
Endosulfan I PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Endosulfan II PEST 4/22/2003 5/22/2003 10 0 0.00% 3.5 68 ug/kg
Endrin PEST 4/22/2003 5/22/2003 10 0 0.00% 3.5 68 ug/kg
Europium-155 RAD 4/22/2003 11/5/2010 255 0 0.00% 0.031 2 pCi/g
Fluorene SVOC 4/22/2003 11/9/2010 11 0 0.00% 18 360 ug/kg
Gamma-BHC (Lindane) PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Heptachlor PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Heptachlor epoxide PEST 4/22/2003 5/22/2003 10 0 0.00% 1.8 34 ug/kg
Hexachlorobenzene SVOC 4/22/2003 11/9/2010 11 0 0.00% 29 360 ug/kg
Hexachlorobutadiene SVOC 4/22/2003 11/9/2010 11 0 0.00% 10 360 ug/kg
Hexachlorocyclopentadiene SVOC 4/22/2003 11/9/2010 11 0 0.00% 50 360 ug/kg
Hexachloroethane SVOC 4/22/2003 11/9/2010 11 0 0.00% 21 360 ug/kg
Isophorone VOC 4/22/2003 11/9/2010 11 0 0.00% 17 360 ug/kg
Methoxychlor PEST 4/22/2003 5/22/2003 10 0 0.00% 18 340 ug/kg
Naphthalene SVOC 4/22/2003 11/9/2010 11 0 0.00% 31 360 ug/kg
Niobium-94 RAD 4/19/2010 4/19/2010 2 0 0.00% -0.0117 0.00135 pCi/g
Nitrobenzene SVOC 4/22/2003 11/9/2010 11 0 0.00% 22 360 ug/kg
n-Nitrosodi-n-dipropylamine SVOC 4/22/2003 11/9/2010 11 0 0.00% 31 360 ug/kg
n-Nitrosodiphenylamine SVOC 4/22/2003 11/9/2010 11 0 0.00% 21 360 ug/kg
Pentachlorophenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 330 910 ug/kg
Phenol SVOC 4/22/2003 11/9/2010 11 0 0.00% 18 360 ug/kg
Silver METAL 4/15/2003 11/9/2010 27 0 0.00% 70 173 ug/kg
Silver-108 metastable RAD 4/19/2010 4/19/2010 2 0 0.00% -0.0146 0.00266 pCi/g
Toxaphene PEST 4/22/2003 5/22/2003 10 0 0.00% 180 3400 ug/kg
Tritium RAD 4/19/2010 11/5/2010 6 0 0.00% -3.56 -0.139 pCi/g
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100-K-29_Shallow_Focused_WNDStats.xls 100-K-85_Shallow_Focused_WNDStats.xls
100-K-30_Shallow_Focused_WNDStats.xls 116-K-1_Deep_WNDStats.xls
100-K-31_Shallow_Focused_WNDStats.xls 116-K-1_Overburden_WNDStats.xls
100-K-32_Shallow_Focused_WNDStats.xls 116-K-1_Shallow_WNDStats.xls
100-K-33_Shallow_Focused_WNDStats.xls 116-K-2_Deep_WNDStats.xls
100-K-55-1_Deep_WNDStats.xls 116-K-2_Overburden_WNDStats.xls
100-K-55-1_Overburden_WNDStats.xls 116-K-2_Shallow_WNDStats.xls
100-K-55-1_Shallow_WNDStats.xls 116-KE-4_Shallow_WNDStats.xls
100-K-55-1_Shallow_Focused_WNDStats.xls 116-KE-5_Shallow_Focused_WNDStats.xls
100-K-56-1_Deep_WNDStats.xls 116-KW-3_Shallow_WNDStats.xls
100-K-56-1_Shallow_WNDStats.xls 116-KW-4_Shallow_Focused_WNDStats.xls

100-K-56-1_Shallow_Focused_WNDStats.xls 128-K-1_Shallow_Focused_WNDStats.xls

Table 7-4.  UCL Output Excel Filenames for the 100-K Source Operable Unit
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Waste Site Decision Unit
Analyte 
Group Analyte CAS No. Total Samples

Total  
Detects

Total Non-
Detects

Frequency of 
Detection (%) Units

Minimum 
Detection Limit

Maximum 
Detection Limit

Minimum 
Detected Result

Maximum 
Detected Result

Coefficient of 
Variation

Exposure Point 
Concentration Exposure Point Concentration Basis Comment

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 6 1 5 17 ug/kg 15 47 98 98 0 98 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 3 3 0 100 ug/kg 0 0 430 2,300 0.70 2,300 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 3 3 0 100 ug/kg 0 0 5,000 66,400 0.78 66,400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 3 2 1 67 ug/kg 40 40 110 130 0.12 130 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 6 6 0 100 ug/kg 0 0 2,000 24,700 0.69 24,700 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 6 1 5 17 ug/kg 220 430 3,200 3,200 0 3,200 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 6 6 0 100 ug/kg 0 0 3,200 63,200 1.1 63,200 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 3 2 1 67 ug/kg 20 20 30 50 0.35 50 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-29_Shallow_Focused non-Rad Selenium 7782-49-2 3 0 3 0 ug/kg 320 380 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Selenium was not processed!

100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 4 4 0 100 ug/kg 0 0 1,500 2,600 0.22 2,600 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 4 4 0 100 ug/kg 0 0 50,900 69,700 0.13 69,700 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 4 4 0 100 ug/kg 0 0 50 640 0.85 640 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 4 4 0 100 ug/kg 0 0 12,500 15,200 0.086 15,200 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 4 2 2 50 ug/kg 424 430 647 702 0.058 702 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 4 4 0 100 ug/kg 0 0 14,400 36,000 0.40 36,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 4 4 0 100 ug/kg 0 0 4,300 17,500 0.47 17,500 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-30_Shallow_Focused non-Rad Selenium 7782-49-2 4 0 4 0 ug/kg 350 380 0 0 0 -- --
Warning: This data set only has 4 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Selenium was not processed!

100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 4 4 0 100 ug/kg 0 0 2,000 2,800 0.17 2,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 4 4 0 100 ug/kg 0 0 54,300 169,000 0.53 169,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 4 3 1 75 ug/kg 30 30 40 750 1.2 750 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 4 4 0 100 ug/kg 0 0 3,900 10,300 0.40 10,300 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 4 1 3 25 ug/kg 220 430 220 220 0 220 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 4 4 0 100 ug/kg 0 0 3,900 43,400 1.1 43,400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 4 4 0 100 ug/kg 0 0 170 5,200 1.0 5,200 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 1 1 0 100 ug/kg 0 0 400 400 0 400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 3 3 0 100 ug/kg 0 0 1,000 3,000 0.51 3,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 3 3 0 100 ug/kg 0 0 57,200 97,400 0.27 97,400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 3 1 2 33 ug/kg 40 40 200 200 0 200 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 3 3 0 100 ug/kg 0 0 4,500 16,900 0.58 16,900 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 3 1 2 33 ug/kg 230 240 230 230 0 230 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary
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Waste Site Decision Unit
Analyte 
Group Analyte CAS No. Total Samples

Total  
Detects

Total Non-
Detects

Frequency of 
Detection (%) Units

Minimum 
Detection Limit

Maximum 
Detection Limit

Minimum 
Detected Result

Maximum 
Detected Result

Coefficient of 
Variation

Exposure Point 
Concentration Exposure Point Concentration Basis Comment

Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 3 3 0 100 ug/kg 0 0 3,300 7,100 0.36 7,100 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 3 3 0 100 ug/kg 0 0 2,200 2,400 0.043 2,400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 9 9 0 100 ug/kg 0 0 1,900 6,700 0.45 6,700 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 9 9 0 100 ug/kg 0 0 40,100 105,000 0.33 105,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 9 4 5 44 ug/kg 30 40 60 1,000 1.6 1,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 9 9 0 100 ug/kg 0 0 3,800 22,900 0.51 22,900 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 9 2 7 22 ug/kg 210 440 810 1,400 0.38 1,400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 9 9 0 100 ug/kg 0 0 2,500 27,800 0.90 27,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 9 6 3 67 ug/kg 20 20 60 6,800 1.1 6,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-33_Shallow_Focused non-Rad Selenium 7782-49-2 2 0 2 0 ug/kg 380 400 0 0 0 -- --
Warning: This data set only has 2 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Selenium was not processed!

100-K-55:1_Deep Rad Americium-241 14596-10-2 12 0 12 0 pCi/g 0.048 0.28 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Deep Rad Cesium-137 10045-97-3 12 6 6 50 pCi/g 0.030 0.045 0.065 3.9 1.9 1.0    95% KM (t) UCL

Warning:  There are only 6 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

100-K-55:1_Deep Rad Cobalt-60 10198-40-0 12 2 10 17 pCi/g 0.029 0.051 0.065 0.74 1.2 0.60  97.5% KM (Chebyshev) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Deep Rad Europium-152 14683-23-9 12 7 5 58 pCi/g 0.074 0.10 0.12 1.9 0.83 0.86    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 7 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

100-K-55:1_Deep Rad Europium-154 15585-10-1 12 1 11 8 pCi/g 0.085 0.29 0.29 0.29 0 0.29 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Europium-154 was not processed!

100-K-55:1_Deep Rad Uranium-235 15117-96-1 12 0 12 0 pCi/g 0.076 0.17 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Deep Rad Uranium-238 U-238 12 0 12 0 pCi/g 2.7 5.6 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-55:1_Overburden Rad Americium-241 14596-10-2 48 0 48 0 pCi/g 0.032 0.32 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 48 38 10 79 pCi/g 0.032 0.053 0.031 1.8 1.3 0.31    95% KM (BCA) UCL --

100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 48 2 46 4 pCi/g 0.023 0.070 0.055 0.070 0.17 0.056    95% KM (t) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Overburden Rad Europium-152 14683-23-9 48 21 27 44 pCi/g 0.043 0.15 0.12 1.4 0.84 0.34    95% KM (t) UCL --

100-K-55:1_Overburden Rad Europium-154 15585-10-1 48 2 46 4 pCi/g 0.078 0.23 0.18 0.33 0.40 0.33    95% KM (% Bootstrap) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Overburden Rad Uranium-235 15117-96-1 48 0 48 0 pCi/g 0.10 0.21 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Overburden Rad Uranium-238 U-238 48 0 48 0 pCi/g 2.7 6.4 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Shallow Rad Americium-241 14596-10-2 24 0 24 0 pCi/g 0.045 0.31 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Shallow Rad Cesium-137 10045-97-3 24 14 10 58 pCi/g 0.029 0.063 0.037 0.84 0.75 0.29    95% KM (Percentile Bootstrap) UCL --

100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 24 1 23 4 pCi/g 0.031 0.058 0.19 0.19 0 0.19 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Cobalt-60 was not processed!

100-K-55:1_Shallow Rad Europium-152 14683-23-9 24 15 9 63 pCi/g 0.066 0.14 0.081 3.9 1.4 0.81    95% KM (BCA) UCL --

100-K-55:1_Shallow Rad Europium-154 15585-10-1 24 2 22 8 pCi/g 0.095 0.19 0.25 0.52 0.50 0.52    95% KM (% Bootstrap) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Shallow Rad Uranium-235 15117-96-1 24 0 24 0 pCi/g 0.11 0.26 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-55:1_Shallow Rad Uranium-238 U-238 24 0 24 0 pCi/g 3.6 9.5 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-55:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 3 0 3 0 ug/kg 200 200 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Hexavalent Chromium was not processed!

100-K-55:1_Shallow_Focused Rad Americium-241 14596-10-2 3 0 3 0 pCi/g 0.049 0.37 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Americium-241 was not processed!

100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 3 2 1 67 pCi/g 0.042 0.042 0.13 0.61 0.91 0.61 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 3 1 2 33 pCi/g 0.052 0.060 0.11 0.11 0 0.11 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 3 2 1 67 pCi/g 0.13 0.13 0.45 1.3 0.68 1.3 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 3 1 2 33 pCi/g 0.18 0.20 0.19 0.19 0 0.19 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-55:1_Shallow_Focused Rad Plutonium-238 13981-16-3 3 0 3 0 pCi/g -2.20E-02 0 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Plutonium-238 was not processed!

100-K-55:1_Shallow_Focused Rad Plutonium-239/240 PU-239/240 3 0 3 0 pCi/g 0.061 0.12 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Plutonium-239/240 was not processed!

100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD 3 1 2 33 pCi/g 0.12 0.16 0.37 0.37 0 0.37 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 3 3 0 100 pCi/g 0 0 0.51 0.70 0.16 0.70 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-55:1_Shallow_Focused Rad Uranium-235 15117-96-1 3 0 3 0 pCi/g 0.044 0.094 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Uranium-235 was not processed!

100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 3 3 0 100 pCi/g 0 0 0.52 0.78 0.20 0.78 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-56:1_Deep Rad Americium-241 14596-10-2 9 0 9 0 pCi/g 0.047 0.85 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-56:1_Deep Rad Cesium-137 10045-97-3 9 9 0 100 pCi/g 0 0 0.12 29 1.4 21 95% Approximate Gamma UCL

Warning:  There are only 9 Values in this data Note:  It should be 
noted that even though bootstrap methods may be performed on 
this data set, the resulting calculations may not be reliable enough to 
draw conclusions

100-K-56:1_Deep Rad Cobalt-60 10198-40-0 9 6 3 67 pCi/g 0.036 0.075 0.22 2.0 0.70 1.1    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 6 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

100-K-56:1_Deep Rad Europium-152 14683-23-9 9 8 1 89 pCi/g 0.10 0.10 0.51 31 1.0 22    95% KM (Chebyshev) UCL

Warning:  There are only 8 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

100-K-56:1_Deep Rad Europium-154 15585-10-1 9 6 3 67 pCi/g 0.13 0.16 0.57 4.1 0.71 2.1    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 6 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

100-K-56:1_Deep Rad Uranium-235 15117-96-1 9 0 9 0 pCi/g 0.13 0.41 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-56:1_Deep Rad Uranium-238 U-238 9 0 9 0 pCi/g 4.8 14 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-56:1_Shallow Rad Americium-241 14596-10-2 20 0 20 0 pCi/g 0.039 0.47 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 20 15 5 75 pCi/g 0.028 0.040 0.073 2.4 1.4 1.3  97.5% KM (Chebyshev) UCL --

100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 20 2 18 10 pCi/g 0.030 0.10 0.14 0.32 0.56 0.32    95% KM (% Bootstrap) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-56:1_Shallow Rad Europium-152 14683-23-9 20 8 12 40 pCi/g 0.070 0.16 0.24 10 1.6 1.9    95% KM (t) UCL

Warning:  There are only 8 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

100-K-56:1_Shallow Rad Europium-154 15585-10-1 20 0 20 0 pCi/g 0.096 1.1 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-56:1_Shallow Rad Uranium-235 15117-96-1 20 0 20 0 pCi/g 0.11 0.27 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-56:1_Shallow Rad Uranium-238 U-238 20 0 20 0 pCi/g 3.4 10 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 3 2 1 67 ug/kg 222 222 243 937 0.83 937 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-56:1_Shallow_Focused Rad Americium-241 14596-10-2 3 0 3 0 pCi/g 0.14 0.38 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Americium-241 was not processed!

100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 3 3 0 100 pCi/g 0 0 0.061 0.31 0.63 0.31 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 3 3 0 100 pCi/g 0 0 0.056 0.15 0.44 0.15 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 3 3 0 100 pCi/g 0 0 0.61 3.1 0.66 3.1 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 3 2 1 67 pCi/g 0.15 0.15 0.33 0.33 0.0022 0.33 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-56:1_Shallow_Focused Rad Plutonium-238 13981-16-3 3 0 3 0 pCi/g 0 0.036 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Plutonium-238 was not processed!

100-K-56:1_Shallow_Focused Rad Plutonium-239/240 PU-239/240 3 0 3 0 pCi/g 0.036 0.24 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Plutonium-239/240 was not processed!

100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD 3 3 0 100 pCi/g 0 0 0.24 0.50 0.35 0.50 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-767



Waste Site Decision Unit
Analyte 
Group Analyte CAS No. Total Samples

Total  
Detects

Total Non-
Detects

Frequency of 
Detection (%) Units

Minimum 
Detection Limit

Maximum 
Detection Limit

Minimum 
Detected Result

Maximum 
Detected Result

Coefficient of 
Variation

Exposure Point 
Concentration Exposure Point Concentration Basis Comment

Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 3 3 0 100 pCi/g 0 0 0.38 0.45 0.096 0.45 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-56:1_Shallow_Focused Rad Uranium-235 15117-96-1 3 0 3 0 pCi/g 0.027 0.027 0 0 0 -- --
Warning: This data set only has 3 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Uranium-235 was not processed!

100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 3 3 0 100 pCi/g 0 0 0.40 0.49 0.10 0.49 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 6 6 0 100 ug/kg 0 0 5.76E+06 1.08E+07 0.22 1.08E+07 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 6 3 3 50 ug/kg 383 518 334 391 0.086 391 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 6 6 0 100 ug/kg 0 0 1,530 4,330 0.40 4,330 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 6 6 0 100 ug/kg 0 0 51,700 85,300 0.16 85,300 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 6 6 0 100 ug/kg 0 0 197 357 0.23 357 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 6 6 0 100 ug/kg 0 0 409 1,570 0.62 1,570 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 6 6 0 100 ug/kg 0 0 46 136 0.47 136 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 6 6 0 100 ug/kg 0 0 11,000 30,000 0.42 30,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 6 6 0 100 ug/kg 0 0 2,990 6,110 0.30 6,110 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 6 6 0 100 ug/kg 0 0 11,600 19,500 0.21 19,500 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 6 0 6 0 ug/kg 200 510 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 6 6 0 100 ug/kg 0 0 1.14E+07 1.96E+07 0.21 1.96E+07 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 6 6 0 100 ug/kg 0 0 2,700 6,380 0.38 6,380 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 6 6 0 100 ug/kg 0 0 162,000 288,000 0.22 288,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Mercury 7439-97-6 6 0 6 0 ug/kg 23 30 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 6 4 2 67 ug/kg 1,280 1,730 162 452 0.41 452 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 6 6 0 100 ug/kg 0 0 7,770 14,800 0.28 14,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Selenium 7782-49-2 6 0 6 0 ug/kg 191 259 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 6 6 0 100 ug/kg 0 0 23,400 42,900 0.24 42,900 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 6 6 0 100 ug/kg 0 0 29,200 47,000 0.19 47,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-78_Shallow_Focused Rad Americium-241 14596-10-2 6 0 6 0 pCi/g 0.037 0.27 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 6 4 2 67 pCi/g -2.66E+00 -2.35E+00 1.3 1.7 0.095 1.7 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 6 1 5 17 pCi/g 0.024 0.063 0.32 0.32 0 0.32 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 6 1 5 17 pCi/g 0.023 0.053 0.073 0.073 0 0.073 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 6 1 5 17 pCi/g 0.056 0.16 0.27 0.27 0 0.27 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused Rad Europium-154 15585-10-1 6 0 6 0 pCi/g 0.034 0.18 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 6 1 5 17 pCi/g -8.33E-01 1.6 7.2 7.2 0 7.2 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused Rad Plutonium-238 13981-16-3 6 0 6 0 pCi/g -3.40E-02 0.048 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused Rad Plutonium-239/240 PU-239/240 6 0 6 0 pCi/g -2.20E-02 0.039 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused Rad Total beta radiostrontium SR-RAD 6 0 6 0 pCi/g -8.60E-02 0.12 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 6 6 0 100 pCi/g 0 0 0.42 0.84 0.22 0.84 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 6 1 5 17 pCi/g 0.032 0.24 0.048 0.048 0 0.048 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-78_Shallow_Focused Rad Uranium-238 U-238 6 6 0 100 pCi/g 0 0 0.56 0.93 0.18 0.93 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 1 1 0 100 ug/kg 0 0 7.65E+06 7.65E+06 0 7.65E+06 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Antimony 7440-36-0 1 0 1 0 ug/kg 350 350 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Antimony was not processed!

100-K-85_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 1 0 1 0 ug/kg 2.6 2.6 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Aroclor-1254 was not processed!

100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 1 1 0 100 ug/kg 0 0 2,800 2,800 0 2,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 1 1 0 100 ug/kg 0 0 56,700 56,700 0 56,700 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 1 0 1 0 ug/kg 20 20 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Benzo(a)anthracene was not processed!
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-85_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 1 0 1 0 ug/kg 20 20 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Benzo(a)pyrene was not processed!

100-K-85_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 1 0 1 0 ug/kg 26 26 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Benzo(b)fluoranthene was not processed!

100-K-85_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 1 0 1 0 ug/kg 40 40 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Benzo(k)fluoranthene was not processed!

100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 1 1 0 100 ug/kg 0 0 230 230 0 230 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 1 0 1 0 ug/kg 46 46 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Bis(2-ethylhexyl) phthalate was not processed!

100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 1 1 0 100 ug/kg 0 0 1,100 1,100 0 1,100 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 1 1 0 100 ug/kg 0 0 62 62 0 62 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 1 1 0 100 ug/kg 0 0 7,800 7,800 0 7,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Chrysene 218-01-9 1 0 1 0 ug/kg 27 27 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Chrysene was not processed!

100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 1 1 0 100 ug/kg 0 0 8,400 8,400 0 8,400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 1 1 0 100 ug/kg 0 0 18,100 18,100 0 18,100 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Fluoranthene 206-44-0 1 0 1 0 ug/kg 36 36 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Fluoranthene was not processed!

100-K-85_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 1 0 1 0 ug/kg 145 145 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Hexavalent Chromium was not processed!

100-K-85_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 1 0 1 0 ug/kg 22 22 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Indeno(1,2,3-cd)pyrene was not processed!

100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 1 1 0 100 ug/kg 0 0 2.27E+07 2.27E+07 0 2.27E+07 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 1 1 0 100 ug/kg 0 0 4,800 4,800 0 4,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 1 1 0 100 ug/kg 0 0 327,000 327,000 0 327,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 1 1 0 100 ug/kg 0 0 9.9 9.9 0 9.9 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 1 1 0 100 ug/kg 0 0 360 360 0 360 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 1 1 0 100 ug/kg 0 0 9,900 9,900 0 9,900 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Pyrene 129-00-0 1 0 1 0 ug/kg 12 12 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Pyrene was not processed!

100-K-85_Shallow_Focused non-Rad Selenium 7782-49-2 1 0 1 0 ug/kg 790 790 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Selenium was not processed!
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 1 1 0 100 ug/kg 0 0 52,800 52,800 0 52,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 1 1 0 100 ug/kg 0 0 46,500 46,500 0 46,500 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-K-1_Deep non-Rad Chromium 7440-47-3 9 9 0 100 ug/kg 0 0 9,600 18,000 0.22 14,607 95% Student's-t UCL

Warning:  There are only 9 Values in this data Note:  It should be 
noted that even though bootstrap methods may be performed on 
this data set, the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 9 1 8 11 ug/kg 200 210 560 560 0 560 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Hexavalent Chromium was not processed!

116-K-1_Deep Rad Americium-241 14596-10-2 9 0 9 0 pCi/g 0.040 0.56 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Deep Rad Cesium-137 10045-97-3 9 8 1 89 pCi/g 0.026 0.026 0.21 15 1.1 11    95% KM (Chebyshev) UCL

Warning:  There are only 8 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Deep Rad Cobalt-60 10198-40-0 9 7 2 78 pCi/g 0.028 0.039 0.051 4.0 1.9 3.3  97.5% KM (Chebyshev) UCL

Warning:  There are only 7 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Deep Rad Europium-152 14683-23-9 9 8 1 89 pCi/g 0.061 0.061 0.13 13 1.3 9.0    95% KM (Chebyshev) UCL

Warning:  There are only 8 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Deep Rad Europium-154 15585-10-1 9 3 6 33 pCi/g 0.092 0.20 0.50 2.5 0.92 2.5    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 3 Distinct Detected Values in this data set 
The number of detected data may not be adequate enough to 
perform GOF tests, bootstrap, and ROS methods. Those methods will 
return a 'N/A' value on your output display!

116-K-1_Deep Rad Total beta radiostrontium SR-RAD 9 9 0 100 pCi/g 0 0 3.6 12 0.42 8.6 95% Student's-t UCL

Warning:  There are only 9 Values in this data Note:  It should be 
noted that even though bootstrap methods may be performed on 
this data set, the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Deep Rad Uranium-235 15117-96-1 9 0 9 0 pCi/g 0.11 0.43 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Deep Rad Uranium-238 U-238 9 0 9 0 pCi/g 3.3 18 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Overburden non-Rad Chromium 7440-47-3 12 12 0 100 ug/kg 0 0 9,500 14,000 0.099 12,619 95% Student's-t UCL --

116-K-1_Overburden non-Rad Hexavalent Chromium 18540-29-9 12 0 12 0 ug/kg 210 240 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

116-K-1_Overburden Rad Americium-241 14596-10-2 12 0 12 0 pCi/g 0.064 0.25 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Overburden Rad Cesium-137 10045-97-3 12 11 1 92 pCi/g 0.025 0.025 0.045 0.59 0.80 0.28    95% KM (t) UCL --

116-K-1_Overburden Rad Cobalt-60 10198-40-0 12 0 12 0 pCi/g 0.017 0.069 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Overburden Rad Europium-152 14683-23-9 12 8 4 67 pCi/g 0.060 0.078 0.083 0.48 0.59 0.26    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 8 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Overburden Rad Europium-154 15585-10-1 12 0 12 0 pCi/g 0.065 0.21 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Overburden Rad Total beta radiostrontium SR-RAD 12 7 5 58 pCi/g -4.60E-02 0.29 0.29 1.8 0.56 0.92    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 7 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Overburden Rad Uranium-235 15117-96-1 12 0 12 0 pCi/g 0.069 0.18 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Overburden Rad Uranium-238 U-238 12 0 12 0 pCi/g 2.2 7.1 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Shallow non-Rad Chromium 7440-47-3 8 8 0 100 ug/kg 0 0 8,500 15,600 0.19 13,705 95% Student's-t UCL

Warning:  There are only 8 Values in this data Note:  It should be 
noted that even though bootstrap methods may be performed on 
this data set, the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 8 1 7 13 ug/kg 200 210 260 260 0 260 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Hexavalent Chromium was not processed!

116-K-1_Shallow Rad Americium-241 14596-10-2 8 0 8 0 pCi/g 0.037 0.28 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Shallow Rad Cesium-137 10045-97-3 8 6 2 75 pCi/g 0.025 0.035 0.051 1.2 1.2 0.91    95% KM (Chebyshev) UCL

Warning:  There are only 6 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

116-K-1_Shallow Rad Cobalt-60 10198-40-0 8 1 7 13 pCi/g 0.026 0.039 0.038 0.038 0 0.038 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Cobalt-60 was not processed!

116-K-1_Shallow Rad Europium-152 14683-23-9 8 7 1 88 pCi/g 0.062 0.062 0.062 0.41 0.72 0.22    95% KM (BCA) UCL

Warning:  There are only 7 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Shallow Rad Europium-154 15585-10-1 8 0 8 0 pCi/g 0.083 0.12 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Shallow Rad Total beta radiostrontium SR-RAD 8 5 3 63 pCi/g 0.19 0.28 0.90 2.7 0.43 1.9    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 5 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-1_Shallow Rad Uranium-235 15117-96-1 8 0 8 0 pCi/g 0.091 0.15 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-1_Shallow Rad Uranium-238 U-238 8 0 8 0 pCi/g 2.8 4.3 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 24 23 1 96 ug/kg 204 204 930 8,660 0.65 3,153    95% KM (BCA) UCL --
116-K-2_Deep Rad Americium-241 14596-10-2 24 20 4 83 pCi/g -5.70E-02 0.73 0.39 7.7 0.90 3.2    95% KM (BCA) UCL --

116-K-2_Deep Rad Carbon-14 14762-75-5 24 2 22 8 pCi/g -2.19E+00 3.7 2.0 4.6 0.56 3.6    99% KM (Chebyshev) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Deep Rad Cesium-137 10045-97-3 24 23 1 96 pCi/g 0.022 0.022 0.95 261 0.81 119    95% KM (t) UCL --
116-K-2_Deep Rad Cobalt-60 10198-40-0 24 21 3 88 pCi/g 0.036 0.077 0.044 9.6 0.86 5.3    95% KM (Chebyshev) UCL --
116-K-2_Deep Rad Europium-152 14683-23-9 24 23 1 96 pCi/g 0.060 0.060 0.92 194 0.99 103    95% KM (Chebyshev) UCL --
116-K-2_Deep Rad Europium-154 15585-10-1 24 20 4 83 pCi/g 0.073 0.14 0.77 18 0.85 7.0    95% KM (BCA) UCL --
116-K-2_Deep Rad Nickel-63 13981-37-8 24 24 0 100 pCi/g 0 0 6.9 1,570 0.87 763 95% Approximate Gamma UCL --

116-K-2_Deep Rad Plutonium-238 13981-16-3 24 6 18 25 pCi/g 0.048 0.30 0.28 0.82 0.38 0.53    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 6 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-2_Deep Rad Plutonium-239/240 PU-239/240 24 21 3 88 pCi/g 0.088 0.17 0.46 13 0.87 5.1    95% KM (BCA) UCL --
116-K-2_Deep Rad Total beta radiostrontium SR-RAD 24 24 0 100 pCi/g 0 0 0.82 20 0.82 6.3 95% Approximate Gamma UCL --
116-K-2_Deep Rad Uranium-233/234 U-233/234 24 24 0 100 pCi/g 0 0 0.30 1.1 0.31 0.74 95% Student's-t UCL --

116-K-2_Deep Rad Uranium-235 15117-96-1 24 3 21 13 pCi/g 0.077 0.11 0.038 0.045 0.086 0.045    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 3 Distinct Detected Values in this data set 
The number of detected data may not be adequate enough to 
perform GOF tests, bootstrap, and ROS methods. Those methods will 
return a 'N/A' value on your output display!

116-K-2_Deep Rad Uranium-238 U-238 24 24 0 100 pCi/g 0 0 0.22 1.0 0.27 0.71 95% Student's-t UCL --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 8 5 3 63 ug/kg 210 220 260 340 0.11 300    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 4 Distinct Detected Values in this data Note: 
It should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-773



Waste Site Decision Unit
Analyte 
Group Analyte CAS No. Total Samples
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Total Non-
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Frequency of 
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Detected Result
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Coefficient of 
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Concentration Exposure Point Concentration Basis Comment

Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

116-K-2_Overburden Rad Americium-241 14596-10-2 8 0 8 0 pCi/g 0 0.17 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Carbon-14 14762-75-5 8 0 8 0 pCi/g -1.37E+00 2.1 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Cesium-137 10045-97-3 8 3 5 38 pCi/g 0.026 0.044 0.10 0.13 0.13 0.13    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 3 Distinct Detected Values in this data set 
The number of detected data may not be adequate enough to 
perform GOF tests, bootstrap, and ROS methods. Those methods will 
return a 'N/A' value on your output display!

116-K-2_Overburden Rad Cobalt-60 10198-40-0 8 0 8 0 pCi/g 0.026 0.047 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Europium-152 14683-23-9 8 3 5 38 pCi/g 0.081 0.13 0.16 0.26 0.22 0.21    95% KM (t) UCL

Warning:  There are only 3 Distinct Detected Values in this data set 
The number of detected data may not be adequate enough to 
perform GOF tests, bootstrap, and ROS methods. Those methods will 
return a 'N/A' value on your output display!

116-K-2_Overburden Rad Europium-154 15585-10-1 8 0 8 0 pCi/g 0.083 0.15 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Nickel-63 13981-37-8 8 0 8 0 pCi/g -5.94E-01 0.98 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Plutonium-238 13981-16-3 8 0 8 0 pCi/g 0 0.044 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Plutonium-239/240 PU-239/240 8 0 8 0 pCi/g 0 0.044 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Total beta radiostrontium SR-RAD 8 0 8 0 pCi/g -6.80E-02 0.17 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Uranium-233/234 U-233/234 8 8 0 100 pCi/g 0 0 0.41 0.78 0.23 0.66 95% Student's-t UCL

Warning:  There are only 8 Values in this data Note:  It should be 
noted that even though bootstrap methods may be performed on 
this data set, the resulting calculations may not be reliable enough to 
draw conclusions
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

116-K-2_Overburden Rad Uranium-235 15117-96-1 8 0 8 0 pCi/g 0.035 0.067 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Overburden Rad Uranium-238 U-238 8 8 0 100 pCi/g 0 0 0.39 0.77 0.23 0.68 95% Student's-t UCL

Warning:  There are only 8 Values in this data Note:  It should be 
noted that even though bootstrap methods may be performed on 
this data set, the resulting calculations may not be reliable enough to 
draw conclusions

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 24 13 11 54 ug/kg 201 214 216 852 0.57 308    95% KM (% Bootstrap) UCL --

116-K-2_Shallow Rad Americium-241 14596-10-2 24 0 24 0 pCi/g -7.30E-02 0.21 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Shallow Rad Carbon-14 14762-75-5 24 1 23 4 pCi/g -2.87E+00 1.8 3.0 3.0 0 3.0 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Carbon-14 was not processed!

116-K-2_Shallow Rad Cesium-137 10045-97-3 24 13 11 54 pCi/g 0.032 0.051 0.044 4.7 1.5 0.93    95% KM (BCA) UCL --

116-K-2_Shallow Rad Cobalt-60 10198-40-0 24 0 24 0 pCi/g 0.028 0.068 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Shallow Rad Europium-152 14683-23-9 24 6 18 25 pCi/g 0.075 0.17 0.24 2.6 1.0 0.59    95% KM (t) UCL

Warning:  There are only 6 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-2_Shallow Rad Europium-154 15585-10-1 24 2 22 8 pCi/g 0.097 0.17 0.30 0.30 0.0095 0.30    95% KM (t) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Shallow Rad Nickel-63 13981-37-8 24 3 21 13 pCi/g -1.25E+01 2.2 4.2 7.8 0.33 7.8    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 3 Distinct Detected Values in this data set 
The number of detected data may not be adequate enough to 
perform GOF tests, bootstrap, and ROS methods. Those methods will 
return a 'N/A' value on your output display!

116-K-2_Shallow Rad Plutonium-238 13981-16-3 24 0 24 0 pCi/g -3.10E-02 0.071 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Shallow Rad Plutonium-239/240 PU-239/240 24 0 24 0 pCi/g 0 0.11 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Shallow Rad Total beta radiostrontium SR-RAD 24 7 17 29 pCi/g -6.30E-02 0.21 0.18 0.37 0.26 0.26    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 7 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-K-2_Shallow Rad Uranium-233/234 U-233/234 24 24 0 100 pCi/g 0 0 0.36 0.97 0.22 0.69 95% Student's-t UCL --
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

116-K-2_Shallow Rad Uranium-235 15117-96-1 24 0 24 0 pCi/g 0.042 0.14 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-K-2_Shallow Rad Uranium-238 U-238 24 24 0 100 pCi/g 0 0 0.33 0.96 0.26 0.63 95% Student's-t UCL --
116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 16 11 5 69 ug/kg 210 220 260 1,300 0.61 583    95% KM (Percentile Bootstrap) UCL --

116-KE-4_Shallow Rad Americium-241 14596-10-2 16 0 16 0 pCi/g -4.40E-02 0.098 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KE-4_Shallow Rad Carbon-14 14762-75-5 16 0 16 0 pCi/g -4.26E-01 1.8 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KE-4_Shallow Rad Cesium-137 10045-97-3 16 14 2 88 pCi/g 0.032 0.056 0.042 0.87 1.3 0.37    95% KM (Chebyshev) UCL --

116-KE-4_Shallow Rad Cobalt-60 10198-40-0 16 1 15 6 pCi/g 0.030 0.11 0.086 0.086 0 0.086 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Cobalt-60 was not processed!

116-KE-4_Shallow Rad Europium-152 14683-23-9 16 12 4 75 pCi/g 0.080 0.16 0.10 2.1 0.93 0.70    95% KM (Percentile Bootstrap) UCL --

116-KE-4_Shallow Rad Europium-154 15585-10-1 16 2 14 13 pCi/g 0.096 0.33 0.14 0.28 0.50 0.28    95% KM (% Bootstrap) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KE-4_Shallow Rad Nickel-63 13981-37-8 16 7 9 44 pCi/g -8.71E-01 2.5 4.9 12 0.32 7.5    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 7 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-KE-4_Shallow Rad Plutonium-238 13981-16-3 16 0 16 0 pCi/g 0 0.038 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KE-4_Shallow Rad Plutonium-239/240 PU-239/240 16 0 16 0 pCi/g 0 0.070 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD 16 5 11 31 pCi/g 0.022 0.33 0.26 0.55 0.35 0.32    95% KM (t) UCL

Warning:  There are only 5 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-KE-4_Shallow Rad Uranium-233/234 U-233/234 16 16 0 100 pCi/g 0 0 0.39 0.84 0.22 0.61 95% Student's-t UCL --

116-KE-4_Shallow Rad Uranium-235 15117-96-1 16 3 13 19 pCi/g 0.029 0.072 0.032 0.041 0.15 0.041    99% KM (Chebyshev) UCL

Warning: Data set has only 2 Distinct Detected Values. This may not 
be adequate enough to compute meaningful and reliable test 
statistics and estimates. The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KE-4_Shallow Rad Uranium-238 U-238 16 16 0 100 pCi/g 0 0 0.32 0.69 0.20 0.56 95% Student's-t UCL --

116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 1 1 0 100 ug/kg 0 0 3,700 3,700 0 3,700 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 1 1 0 100 ug/kg 0 0 100,000 100,000 0 100,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 1 1 0 100 ug/kg 0 0 195 195 0 195 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 1 1 0 100 ug/kg 0 0 30,000 30,000 0 30,000 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 1 1 0 100 ug/kg 0 0 59 59 0 59 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 1 1 0 100 ug/kg 0 0 330 330 0 330 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 1 1 0 100 ug/kg 0 0 11,300 11,300 0 11,300 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 1 1 0 100 ug/kg 0 0 102 102 0 102 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 20 5 15 25 ug/kg 400 416 549 850 0.18 749    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 5 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-KW-3_Shallow Rad Americium-241 14596-10-2 20 1 19 5 pCi/g -6.00E-02 0.086 0.53 0.53 0 0.53 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Americium-241 was not processed!

116-KW-3_Shallow Rad Cesium-137 10045-97-3 20 18 2 90 pCi/g 0.031 0.038 0.022 0.45 0.89 0.22    95% KM (Chebyshev) UCL --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 20 11 9 55 pCi/g 0.026 0.092 0.038 0.25 0.68 0.10    95% KM (t) UCL --
116-KW-3_Shallow Rad Europium-152 14683-23-9 20 20 0 100 pCi/g 0 0 0.11 3.8 0.90 1.5 95% Approximate Gamma UCL --

116-KW-3_Shallow Rad Europium-154 15585-10-1 20 8 12 40 pCi/g 0.089 0.24 0.11 0.79 0.69 0.29    95% KM (Percentile Bootstrap) UCL

Warning:  There are only 8 Detected Values in this data Note:  It 
should be noted that even though bootstrap may be performed on 
this data set the resulting calculations may not be reliable enough to 
draw conclusions

116-KW-3_Shallow Rad Plutonium-238 13981-16-3 20 0 20 0 pCi/g -3.10E-02 0.12 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 20 1 19 5 pCi/g -5.30E-02 0.14 0.92 0.92 0 0.92 Maximum Detect

Warning: Only one distinct data value was detected! ProUCL (or any 
other software) should not be used on such a data set! It is 
suggested to use alternative site specific values determined by the 
Project Team to estimate environmental parameters (e.g., EPC, BTV). 
The data set for variable Plutonium-239/240 was not processed!

116-KW-3_Shallow Rad Total beta radiostrontium SR-RAD 20 0 20 0 pCi/g -6.00E-02 0.25 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

116-KW-3_Shallow Rad Uranium-233/234 U-233/234 20 20 0 100 pCi/g 0 0 0.26 1.6 0.55 0.66 95% Modified-t UCL --

116-KW-3_Shallow Rad Uranium-235 15117-96-1 20 2 18 10 pCi/g 0.0090 0.076 0.037 0.039 0.037 0.039 Maximum Detect
Recommended UCL Exceeds Maximum Concentration: EPC defaults 
to Maximum Concentration.

116-KW-3_Shallow Rad Uranium-238 U-238 20 20 0 100 pCi/g 0 0 0.34 1.4 0.46 0.65 95% Modified-t UCL --

116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 1 1 0 100 ug/kg 0 0 2,600 2,600 0 2,600 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 1 1 0 100 ug/kg 0 0 59,300 59,300 0 59,300 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KW-4_Shallow_Focused non-Rad Cadmium 7440-43-9 1 0 1 0 ug/kg 160 160 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Cadmium was not processed!

116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 1 1 0 100 ug/kg 0 0 12,100 12,100 0 12,100 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.
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Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

116-KW-4_Shallow_Focused non-Rad Ethylene glycol 107-21-1 1 0 1 0 ug/kg 10 10 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Ethylene glycol was not processed!

116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 1 1 0 100 ug/kg 0 0 240 240 0 240 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 1 1 0 100 ug/kg 0 0 4,500 4,500 0 4,500 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

116-KW-4_Shallow_Focused non-Rad Mercury 7439-97-6 1 0 1 0 ug/kg 20 20 0 0 0 -- --
Warning: This data set only has 1 observations! Data set is too small 
to compute reliable and meaningful statistics and estimates! The 
data set for variable Mercury was not processed!

128-K-1_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 10 0 10 0 ug/kg 15 36 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 10 10 0 100 ug/kg 0 0 1,800 3,700 0.18 3,700 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 10 10 0 100 ug/kg 0 0 53,900 71,500 0.099 71,500 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 10 2 8 20 ug/kg 350 360 61 103 0.36 103 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 10 2 8 20 ug/kg 350 360 44 51 0.10 51 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 10 2 8 20 ug/kg 350 360 37 75 0.48 75 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 10 2 8 20 ug/kg 350 360 43 78 0.41 78 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 10 8 2 80 ug/kg 350 350 18 870 1.7 870 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 10 6 4 60 ug/kg 40 40 80 350 0.69 350 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 10 10 0 100 ug/kg 0 0 5,900 13,500 0.23 13,500 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 10 2 8 20 ug/kg 350 360 64 148 0.56 148 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 10 2 8 20 ug/kg 350 360 140 220 0.31 220 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 9 1 8 11 ug/kg 420 440 480 480 0 480 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 10 1 9 10 ug/kg 350 360 29 29 0 29 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 10 10 0 100 ug/kg 0 0 3,500 10,800 0.39 10,800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 10 10 0 100 ug/kg 0 0 20 30 0.15 30 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 10 2 8 20 ug/kg 350 360 120 150 0.16 150 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 10 5 5 50 ug/kg 360 390 540 800 0.15 800 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH 10 7 3 70 ug/kg 3,500 3,600 3,500 14,400 0.60 14,400 Maximum Detect Focused Sampling Design: EPC defaults to Maximum Concentration.

128-K-1_Shallow_Focused Rad Americium-241 14596-10-2 9 0 9 0 pCi/g 0.045 0.29 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).
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Waste Site Decision Unit
Analyte 
Group Analyte CAS No. Total Samples

Total  
Detects

Total Non-
Detects

Frequency of 
Detection (%) Units

Minimum 
Detection Limit

Maximum 
Detection Limit

Minimum 
Detected Result

Maximum 
Detected Result

Coefficient of 
Variation

Exposure Point 
Concentration Exposure Point Concentration Basis Comment

Table 7-5.   100-K Source Operable Unit Exposure Point Concentration Summary

128-K-1_Shallow_Focused Rad Cesium-137 10045-97-3 9 0 9 0 pCi/g 0.024 0.093 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

128-K-1_Shallow_Focused Rad Cobalt-60 10198-40-0 9 0 9 0 pCi/g 0.024 0.091 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

128-K-1_Shallow_Focused Rad Europium-152 14683-23-9 9 0 9 0 pCi/g 0.056 0.22 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

128-K-1_Shallow_Focused Rad Europium-154 15585-10-1 9 0 9 0 pCi/g 0.076 0.28 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

128-K-1_Shallow_Focused Rad Uranium-235 15117-96-1 9 0 9 0 pCi/g 0.084 0.31 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).

128-K-1_Shallow_Focused Rad Uranium-238 U-238 9 0 9 0 pCi/g 2.8 11 0 0 0 -- --

Warning: All observations are Non-Detects (NDs), therefore all 
statistics and estimates should also be NDs! Specifically, sample 
mean, UCLs, UPLs, and other statistics are also NDs lying below the 
largest detection limit! The Project Team may decide to use 
alternative site specific values to estimate environmental parameters 
(e.g., EPC, BTV).
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Terms 

ARAR Applicable or relevant and appropriate requirements 

bgs Below ground surface 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 

COPC Contaminant of potential concern 

DOE U.S. Department of Energy 

ECF Environmental Calculation File 

ELCR Excess lifetime cancer risk 

EPA Environmental Protection Agency 

EPC Exposure point concentration 

FS Feasibility study 

HI Hazard index 

HQ Hazard quotient 

IEUBK Integrated Exposure Uptake Biokinetic 

OU Operable unit 

RBSL Risk-based screening level 

RfD Reference dose 

RI Remedial investigation 

WAC (State of) Washington Administrative Code 
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1 Purpose 

This environmental calculation documents the methodology used to develop the human health risk and 
hazard estimates for the 100-K Source Operable Unit (OU) based on post-remediation soil sample results 
and calculates and presents the risk and hazard estimates based on this methodology.  The exposure point 
concentrations (EPCs) for each waste site decision unit in the 100-K Source OU are compared to 
exposure scenario-specific risk-based screening levels (RBSLs) to determine whether the post-
remediation soil concentrations are protective of human health. 

This environmental calculation supports DOE/RL-2010-97, Remedial Investigation/Feasibility Study for 
the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units, under the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA).  A risk characterization based upon the 
evaluation of the health risk estimates developed in this environmental calculation will be presented in the 
RI/FS report. 

2 Background  

The following subsections provide brief descriptions of the methodology used for cancer risk and non-
cancer hazard estimations and the cleanup level comparisons for lead and arsenic. 

2.1 Risk and Hazard Estimation Methods 

2.1.1 Cancer Risk Estimation Method  
The potential for cancer effects is evaluated by estimating the excess lifetime cancer risks (ELCRs) posed 
by the contaminants of potential concern (COPCs). This risk is the incremental increase in the probability 
of developing cancer during one’s lifetime in addition to the background probability of developing cancer 
(that is, if no exposure to site chemicals occurs). For example, a 2 × 10-6 ELCR means that for every 1 
million people exposed to the carcinogen throughout their lifetimes, the average incidence of cancer may 
increase by two cases of cancer. Cancer slope factors developed by the Environmental Protection Agency 
(EPA) represent upper bound estimates of potential risk, so the cancer risks estimated in this 
environmental calculation should be regarded as upper bounds on the potential cancer risks, rather than 
estimates of probable risks. The true cancer risk is likely to be less than predicted (EPA/540/1-89/002, 
Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A) Interim 
Final). 

Although synergistic or antagonistic interactions might occur between cancer-causing chemicals or 
between cancer-causing chemicals and other chemicals, information is generally lacking in the 
toxicological literature to predict quantitatively the effects of such potential interactions. Therefore, 
cancer risks are treated as additive within an exposure route for the purposes of this environmental 
calculation. This is consistent with the EPA guidelines on chemical mixtures (EPA/630/R-00/002, 
Supplementary Guidance for Conducting Health Risk Assessment of Chemical Mixtures). 

2.1.2 Noncancer Hazard Estimation Method  
For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by 
comparing the predicted level of exposure (chronic daily intake)  for a particular chemical with the 
highest level of exposure to that chemical that is considered protective (i.e., its reference dose[RfD]). The 
ratio of the chronic daily intake divided by the RfD is termed the hazard quotient (HQ). 

When the HQ for a chemical exceeds 1 (i.e., estimated exposure exceeds RfD), a concern exists for 
potential non-cancer health effects. To assess the potential for non-cancer effects posed by exposure to 
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multiple chemicals, a hazard index (HI) approach was used in this environmental calculation in 
accordance with EPA/540/1-89/002. This approach assumes that the non-cancer hazards associated with 
exposure to more than one chemical are simply additive; therefore, synergistic or antagonistic interactions 
between chemicals are not accounted for. The HI may exceed 1, even if all of the individual HQs are less 
than 1. In this case, the chemicals may be segregated by similar mechanisms of toxicity and toxicological 
effects. Separate HIs may then be derived based on mechanism and effect. 

2.1.3 Comparison of Lead and Arsenic to MTCA Method A Soil Cleanup Levels 
Potential hazards from lead were evaluated using a different method than is conventionally used for other 
noncarcinogens.  For direct contact pathways, the EPCs for lead were compared to the State of 
Washington Administrative Code (WAC), WAC 173-340-704 Method A soil cleanup level of 250 mg/kg.  

The Method A cleanup level for lead is based on EPA’s Integrated Exposure Uptake Biokinetic (IEUBK) 
model, which is available from EPA’s website at ww.epa.gov/superfund/lead/products.htm. The IEUBK 
model is designed to predict probable blood-lead concentrations for children between 6 months and 84 
months (i.e., up to 7 years) of age who have been exposed to lead through various sources (e.g., air, water, 
soil, dust, and in utero contributions from the mother). 

Additionally, arsenic was evaluated against the Washington Administrative Code (WAC), WAC 173-340-
704 Method A soil cleanup level of 20 mg/kg. 

3 Methodology 

This section provides the equations (and their applicable bases) used to calculate the cancer risks and 
noncancer hazards associated with exposure to the 100-K Source OU soils via the exposure routes and 
pathways associated with the exposure scenarios evaluated in this environmental calculation.  Definitions 
of variables and associated input values for the equations are provided in Table 3-1. 
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3.1 Risk and Hazard Estimation Equations 

The bases for the equations used to calculate risk and hazard estimates are summarized in Table 3-2.  
Equations are provided in the following subsections. 

Table 3-2. Calculated Values and Reference Bases Used for the Human Health Risk and Hazard 
Estimates 

Effect Symbol for Calculated Value Reference  

Carcinogenic Riskcarcinogen EPA/540/R-92/003 

Radionuclide Riskradionuclide EPA/540/R-92/003 

Noncarcinogenic HQ EPA/540/R-92/003 

Total Risk Total Risk EPA/540/1-89/002 

Hazard Index HI EPA/540/1-89/002 

Percent Contribution % Contribution Not Applicable 

Notes: 

 HQ= hazard quotient  

 EPA/540/1-89/002,  Risk Assessment Guidance for Superfund Volume I Human Health Evaluation 
Manual (Part A) 

EPA/540/R-92/003, Risk Assessment Guidance for Superfund: Volume I – Human Health Evaluation 
Manual (Part B, Development of Risk-based Preliminary Remediation Goals): Interim. 

  

3.1.1 Cancer Risk Estimate —Carcinogens (nonradionuclides) 
The cancer risk estimate for carcinogens is calculated using the following equation: 

 

 

3.1.2 Total Cancer Risk Estimate — Carcinogens (nonradionuclides) 
The total cancer risk estimate for carcinogens is calculated using the following equation:    

 

3.1.3 Percent Contribution of Cancer Risk — Carcinogens (nonradionuclides) 
The percent contribution of cancer risk for carcinogens is calculated using the following equation: %  100% 
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3.1.4 Cancer Risk Estimate —Radionuclides 
The cancer risk estimate for radionuclides is calculated using the following equation: 

    

 

3.1.5 Total Cancer Risk Estimate —Radionuclides 
The total cancer risk estimate for radionuclides is calculated using the following equation:    

 

3.1.6 Percent Contribution of Cancer Risk —Radionuclides 
The percent contribution to the cancer risk estimate for radionuclides is calculated using the following 
equation: %  100% 

 

3.1.7 Total Cancer Risk Estimate —Radionuclides and Carcinogens 
The total cancer risk estimate for radionuclides and carcinogens is calculated using the following 
equation:     

 

3.1.8 Hazard Quotient—Noncarcinogens 
The hazard quotient estimate for noncarcinogens is calculated using the following equation: 

 

 

3.1.9 Hazard Index —Noncarcinogens 
The hazard index for noncarcinogens is calculated using the following equation:   
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3.1.10 Percent Contribution of Hazard Index—Noncarcinogens 
The percent contribution to the hazard index estimate for noncarcinogens is calculated using the following 
equation: % 100% 

3.2 Risk Estimation without Background Contributions 

Calculations of risk and hazard estimates considering contributions from background concentrations are 
performed using the following approach. 

1. Compare the EPC to the applicable lognormal 90th percentile background value. 

2. If the EPC is less than or equal to the lognormal 90th percentile background value, then a risk 
estimate or a HQ is not calculated. 

3. If EPC is greater than the lognormal 90th percentile value, then a risk estimate or a HQ is 
calculated using the appropriate equations provided in Section 3.1. 

4. If a lognormal 90th percentile value is not available, then a risk estimate or a HQ is calculated 
using the appropriate equations provided in Section 3.1. 

5. Perform total risk and hazard index calculations for COPCs that exceed lognormal 90th percentile 
background values and COPCs without background concentrations available using the 
appropriate equations provided in Section 3.1. 

3.3 Comparison of Lead and Arsenic to MTCA Method A Soil Cleanup Levels 

For direct contact pathways, the EPCs for lead and arsenic were compared to the WAC 173-340-704 
Method A cleanup levels of 250 mg/kg and 20 mg/kg, respectively.  

4 Assumptions and Inputs 

Assumptions and inputs associated with COPCs, EPCs, risk threshold, exposure scenarios, quantification 
of potential exposure, and the consideration of background concentrations are described below. 

4.1 Identification of COPCs 

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

All analytes detected at least once in a waste site decision unit are identified as COPCs because the soil 
sample results represent post-remediation conditions.  In DOE/RL-2007-21, the following steps were 
used to identify COPCs in soil:   

• Eliminate analytes that meet exclusion criteria including radionuclides with a half-life of less than 
three years, essential nutrients, soil physical properties, and naturally occurring radioisotopes 

• Include analytes that are commonly reported in waste site cleanup verification reports  

• Evaluate remaining analytes as candidate COPCs based on comparisons to Hanford site 
background, reference areas, and professional judgment. 
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As a result, more analytes are identified as COPCs for this environmental calculation than were identified 
in DOE/RL-2007-21. 

4.2 Exposure Point Concentrations 
The EPCs used for the risk calculations are the analyte-specific values computed from the post-
remediation soil sample results for each waste site decision unit in the 100-K Source OU, as described in 
ECF-100KR4-11-0008, Computation of Exposure Point Concentrations for the 100-KR-1 and 100-KR-2 
Source Operable Units.  The EPCs are presented in Table 4-1 (tables not inserted is located at the end of 
this document) for the 100-K Source OU.   

4.3 Potentially Complete Human Exposure Pathways and Receptors 

On the basis of the reasonably anticipated future land use conditions at and near the 100-K Source OU, 
the most plausible exposure scenarios considered in characterizing human health risks have been 
identified:  

• Residential scenario 

• Resident national monument worker scenario 

• Casual recreational user scenario 

For the purposes of this environmental calculation, shallow zone soil is defined as 0 to 4.6 m (0 to 15 ft) 
below ground surface (bgs) and deep zone soil is defined as depths greater than 4.6 m (15 ft) bgs. 

Residential Scenario 
The residential exposure scenario is used to represent baseline conditions. The residential scenario for 
radiological and non-radiological analytes in soil is based on two different conceptual exposure models.   

• For radionuclides in soil, the exposure pathways are direct contact, dust and vapor inhalation, 
consumption of homegrown foodstuffs (e.g., produce, beef, and milk), and the leaching pathway 
(includes drinking water ingestion and fish ingestion).   

• For nonradiological analytes in soil, the exposure pathways are direct contact from incidental soil 
ingestion and inhalation of vapors and dust in ambient air.   

Resident National Monument Worker Scenario 
The resident monument worker is selected as the receptor to represent potential exposures from 
occupational use along the River Corridor.  The potentially exposed population for this exposure scenario 
includes adults who live in a residence constructed on a remediated waste site (local-area) within the 
River Corridor and also works outdoors in other portions of the River Corridor (broad area).  Total 
exposures are calculated as the sum of the exposures from local area (residential) activities and broad area 
(occupational) activities. 

Potentially complete exposure routes associated with the direct contact exposure pathway for the resident 
monument worker exposure scenario are as follows: 

• Incidental ingestion of soil 

• Inhalation of dust in soil 

• External exposure to ionizing radiation 
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Casual Recreational User Scenario 
The reasonably anticipated future land use within the River Corridor’s 100 and 600 Areas is 
predominantly conservation/preservation.  The casual recreational user is selected as the receptor to 
represent potential exposures from recreational use along the River Corridor.  The casual recreational user 
scenario is a site-specific scenario that represents occasional recreational use that focuses on activities 
such as walking and picnicking in areas along the Columbia River where paths and benches are likely to 
exist.  These receptors are assumed to be exposed entirely in an outdoor environment.  This scenario also 
assumes that drinking water is obtained from an offsite source.   

The casual recreational user scenario is based on the same conceptual exposure model for radiological 
and non-radiological analytes in soil.  The exposure pathways are direct contact and inhalation of vapors 
and dust in ambient air.  Adults and children could potentially be exposed to site contaminants in shallow 
zone soil along the river through direct external exposure, incidental soil ingestion, dermal absorption, 
and inhalation of vapors and dust in ambient air.    

Table  4-2 provides a summary of the exposure scenarios, applicable exposure pathways, and references 
for the RBSLs used for the human health evaluation. 

 
Table 4-2. Exposure Scenarios and Pathways 

Exposure Scenario Analyte Group Exposure Pathway Applicable RBSL ECF 

Residential 

Radiological 

Direct Contact 

Inhalation of Dust and Vapors 

Consumption of Homegrown Foodstuff 

Leaching Pathway 

ECF-HANFORD-10-0429 

Nonradiological 
Direct contact (incidental soil ingestion) 

Inhalation of Dust and Vapors 

ECF-HANFORD-10-0444 

ECF-HANFORD-11-0033 

Resident Monument 
Worker 

Radiological 
Direct Contact 

Inhalation of Dust and Vapors 
ECF-HANFORD-11-0142 

Casual Recreational 
User 

Radiological 
Direct Contact 

Inhalation of Dust and Vapors 
ECF-HANFORD-10-0446 

Nonradiological 
Direct Contact 

Inhalation of Dust and Vapors 
ECF-HANFORD-10-0445 

Notes: 

RBSL = Risk-Based Screening Level 

ECF = Environmental Calculation File 

ECF-HANFORD-10-0429, Documentation of Preliminary Remediation Goals (PRGs) for Radionuclides Using the 
IAROD Exposure Scenario for the 100 and 300 Area Remedial Investigation/Feasibility Study (RI/FS) Report. 

ECF-HANFORD-10-0444, Calculation of Standard Method B Direct Contact Soil Cleanup Levels for Unrestricted 
Land Use. 

ECF-HANFORD-10-0445, Calculation of Nonradiological Preliminary Remediation Goals in Soil for a Casual User 
Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports. 

ECF-HANFORD-10-0446, Calculation of Radiological Preliminary Remediation Goals in Soil for a Casual User 
Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports. 

ECF-HANFORD-11-0033, Calculation of Inhalation Pathway Preliminary Remediation Goals Using Standard 
Method B Air Cleanup Levels for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study 
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Table 4-2. Exposure Scenarios and Pathways 

Exposure Scenario Analyte Group Exposure Pathway Applicable RBSL ECF 
Reports. 

ECF-HANFORD-11-0142, Calculation of Radiological Preliminary Remediation Goals in Soil for a Resident 
Monument Worker Exposure Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility 
Study Reports. 

  

4.4 Quantification of Potential Exposures 

Quantification of potential exposures is evaluated through the comparison of EPCs to RBSLs.  
EPA/540/R-92/003, Risk Assessment Guidance for Superfund Volume I – Human Health Evaluation 
Manual (Part B, Development of Risk-based Preliminary Remediation Goals) Interim, defines chemical-
specific RBSLs as concentration goals for individual chemicals for specific environmental medium and 
land use combinations at CERCLA sites.  The RBSLs are obtained from two general sources:  (1) 
concentrations based on applicable or relevant and appropriate requirements (ARARs) and (2) 
concentrations based on risk assessment.  Exposure assumptions published by the State of Washington 
and EPA and toxicity values published by EPA are used to derive RBLSs. 

The RBSLs are calculated using methodologies published in EPA/540/R-92/003 and more recent 
guidance published in EPA/540/R-96/018, Soil Screening Guidance: Users Guide and EPA/540-R-00-
007, Soil Screening Guidance for Radionuclides: User’s Guide and use toxicity and exposure values 
published by EPA.  Radionuclide RBSLs for the resident are calculated using the RESRAD code and 
applicable exposure assumptions and factors based on the guidance listed above.  The RESRAD model 
and computer code were developed as a multifunctional tool for developing cleanup criteria and assessing 
the dose or risk associated with residual radioactive material (ANL/EAD 4, User’s Manual for RESRAD, 
Version 6).  

The RBSL values for each exposure scenario are provided in Table 4-3. 

4.5 Risk Thresholds 

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

• ELCR values are compared to the “point of departure” range of 10-6 to 10-4 that is generally used by 
regulatory agencies. WAC 173-340 states that cancer risks resulting from multiple hazardous 
substances should not exceed 1 × 10-5 for unrestricted land use. ELCR values within or exceeding this 
range require a risk management decision that includes evaluating site-specific characteristics and 
exposure scenario factors to assess whether remedial action is warranted. 

• An HI greater than 1 indicates that some potential exists for adverse non-cancer health effects 
associated with exposure to the analytes. 

4.6 Consideration of Background in Risk Assessment 

 EPA 540-R-01-003, Guidance for Comparing Background and Chemical Concentrations in Soil for 
CERCLA Sites, provides national policy for application of background data in risk assessment and remedy 
selection.  This policy recommends a risk characterization approach that addresses site-specific issues 
associated with background concentrations.  EPA 540-R-01-003 states: 
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“COPCs that have both release-related and background-related sources should be 
included in the risk assessment.  When concentrations of naturally occurring elements at 
a site exceed risk-based screening levels, that information should be discussed 
qualitatively in the risk characterization.”   

EPA 540-R-01-003 defines background constituents as either:  (1) anthropogenic - natural and human-
made substances present in the environment as a result of human activities (not specifically related to the 
CERCLA release in question), and (2) naturally occurring - substances present in the environment in 
forms that have not been influenced by human activity. 

4.6.1 Sources of Background Concentrations 
The 90th percentile and maximum background concentrations for the Hanford Site have been developed 
for both inorganic chemicals and radionuclides and are considered to be representative of both naturally 
occurring and anthropogenic substances.  The maximum inorganic background concentrations used in this 
evaluation are identified as the “overall maximum concentrations” in DOE/RL-92-24, Summary Table 1 
and the 90th percentile inorganic background concentrations are identified as the “lognormal distribution 
90th percentiles” in DOE/RL-92-24, Summary Table 2.  The exceptions to this are described in the 
paragraph below.  Two types of sampling were conducted to determine the inorganic background values:  
systematic random sampling and judgment sampling. The overall maximum concentrations were 
determined by considering the analytical results from both systematic random samples and judgmental 
samples.  The 90th percentile values were calculated using the analytical results from the systematic 
random samples only.  
 
The Hanford Site background values for antimony, cadmium, lithium, mercury, molybdenum, selenium, 
silver, thallium, and boron are documented in ECF-HANFORD-11-0038.  Boron was not analyzed for in 
DOE/RL-92-24 and the analytical data associated with the remaining analytes in DOE/RL-92-24 are 
considered unusable for statistical analyses because of elevated method detection limits.  The background 
concentration values documented in ECF-HANFORD-11-0038 reference PNNL-18577, A Review of 
Metal Concentrations Measured in Surface Soil Samples Collected On and Around the Hanford Site for 
antimony, boron, cadmium, lithium, mercury, molybdenum, silver, and thallium.  The ECF documents a 
review of the data sets from DOE/RL-92-24 and PNNL-18577 that indicates that the data are comparable 
and issues associated with elevated detection limits were eliminated as a result of improvements in 
analytical methods used for PNNL-18577.  It is noted that ECF-HANFORD-11-0038 recalculates the 
percentile values based on a nonparametric (Kaplan-Meier) method, consistent with the methodology 
used in DOE/RL-92-24. PNNL-18577 calculated the 90th percentile values based on an assumption of 
normally-distributed data. 
 
The background concentration values documented in ECF-HANFORD-11-0038 for selenium reference 
Publication 94-115, Natural Background Soil Metals Concentrations in Washington State because neither 
DOE/RL-92-24 nor PNNL-18577 had adequate analytical results.   

Radionuclide background values (lognormal 90th percentile and maximum) are identified in Hanford Site 
Background: Part 2, Soil Background for Radionuclides (DOE/RL-96-12), Table 5-1.  The background 
values for naturally occurring radionuclides were determined primarily by analyzing a subset of the 
inorganic systematic random samples from the vadose zone (upper 30 cm of the soil column).  The 
background values for the anthropogenic radionuclides were determined from analytical results from 
surface sampling (upper 2.5 cm of the soil column).   
 
The composition of background samples described in DOE/RL-92-24, DOE/RL-96-12, and PNNL-18577 
is representative of the sedimentary facies in the vadose zone at the 100-K Source OU.  These background 
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data are recommended for use in environmental-restoration activities on the Hanford Site to maintain 
consistency between projects, and they have been peer reviewed for technical credibility.  Table 4-4 lists 
the maximum and 90th percentile background concentration values for inorganic chemicals and 
radionuclides.   

4.6.2 Comparison of Site and Background Risk Contributions 
Understanding the contribution to risk from naturally occurring elements is important because cleanup 
levels are not set at concentrations below natural background levels under CERCLA.  Similarly, WAC 
173-340-700(6)(d), Requirements for setting cleanup levels, Natural background and analytical 
considerations, states:  

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

EPA 540-R-01-003 states: 

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

To assist risk managers in making decisions concerning appropriate remedial actions, a comparison of 
risks and hazards with and without background contributions is presented in the spreadsheets listed in 
Section 7. 

5 Software Applications 

All supporting calculations for this environmental calculation were performed on electronic spreadsheets 
using Microsoft Excel

®

.  These spreadsheets are provided as electronic attachments to this environmental 
calculation. 

6 Calculation 

Human health risk and hazard estimates are calculated using the methodology, EPCs, and RBSLs 
documented in Sections 3 and 4 of this environmental calculation.  The calculation spreadsheets are 
provided as electronic attachments (formatted for on-screen viewing). The calculations were validated by 
comparison with hand calculations, which are presented in Figure 6-1. 

 

7 Results/Conclusions 

A summary of the human health evaluation for each exposure scenario is provided in an Excel workbook 
“ECF-100KR1-11-0009 100K HH Risk Eval Results.xlsx.”  The worksheets in this workbook are listed 
in Table 7-1. 

                                                      
® Microsoft Excel is a registered product of the Microsoft Corporation. 
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Table 7-1.  Worksheets for the 100-K Source Operable Unit Human Health Evaluations  

100-K Source Operable Unit 

A-1.  Comparison of EPCs for Waste Site Decision Units in the 100-K Source OU to Hanford Site Background Values 

A-2.  Residential Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units 

A-3.  MTCA Method B Inhalation Pathway Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site 
Decision Units 

A-4. Summary of Residential Scenario Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk for 
Shallow Zone Decision Units in the 100-K Source OU 

A-5.  Summary of MTCA Method B Inhalation Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk 
For Shallow Zone Decision Units in the 100-K Source OU  

A-6.  Summary of Residential Scenario Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk for 
Overburden Decision Units in the 100-K Source OU  

A-7.  Summary of MTCA Method B Inhalation Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk 
For Overburden Decision Units in the 100-K Source OU  

A-8.  Summary of Residential Scenario Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk for 
Deep Zone Decision Units in the 100-K Source OU 

A-9.  Residential Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units 
Without Background Contribution 

A-10.  MTCA Method B Inhalation Pathway Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site 
Decision Units Without Background Contribution 

A-11.  MTCA Method A Lead and Arsenic Cleanup Level Comparisons for 100-K Source OU Waste Site Decision 
Units 

A-12. Summary of Residential Scenario Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk for 
Shallow Zone Decision Units in the 100-K Source OU Without Background Contribution 

A-13.  Summary of MTCA Method B Inhalation Risk Estimates, Noncancer Hazards, and Primary Contributors to 
Risk For Shallow Zone Decision Units in the 100-K Source OU Without Background Contribution 

A-14.  Summary of Residential Scenario Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk for 
Overburden Decision Units in the 100-K Source OU Without Background Contribution 

A-15.  Summary of MTCA Method B Inhalation Risk Estimates, Noncancer Hazards, and Primary Contributors to 
Risk For Overburden Decision Units in the 100-K Source OU Without Background Contribution 

A-16. Summary of Residential Scenario Risk Estimates, Noncancer Hazards, and Primary Contributors to Risk for 
Deep Zone Decision Units in the 100-K Source OU Without Background Contribution 

A-17.  Resident Monument  Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision 
Units 

A-18. Summary of Resident Monument  Worker Scenario Radiological Risk Estimates and Primary Contributors to 
Risk for Shallow Zone Decision Units in the 100-K Source OU 

A-19. Summary of Resident Monument  Worker Scenario Radiological Risk Estimates and Primary Contributors to 
Risk for Overburden Decision Units in the100-K Source OU 

A-20.  Resident Monument  Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision 
Units Without Background Contribution 

A-21.  Summary of Resident Monument  Worker Scenario Radiological Risk Estimates and Primary Contributors to 
Risk for Shallow Zone Decision Units in the 100-K Source OU Without Background Contribution 
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Table 7-1.  Worksheets for the 100-K Source Operable Unit Human Health Evaluations  

100-K Source Operable Unit 

A-22. Summary of Resident Monument  Worker Scenario Risk Estimates, Noncancer Hazards, and Primary 
Contributors to Risk for Overburden Decision Units in  the100-K Source OU Without Background Contribution 

A-23.  Casual Recreational User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site 
Decision Units 

A-24. Summary of Casual Recreational User Scenario Risk Estimates, Noncancer Hazards, and Primary 
Contributors to Risk for Shallow Zone Decision Units in the 100-K Source OU 

A-25. Summary of Casual Recreational User Scenario Risk Estimates, Noncancer Hazards, and Primary 
Contributors to Risk for Overburden Decision Units in the 100-K Source OU 

A-26.  Casual Recreational User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site 
Decision Units Without Background Contribution 

A-27.  Summary of Casual Recreational User Scenario Risk Estimates, Noncancer Hazards, and Primary 
Contributors to Risk for Shallow Zone Decision Units in the 100-K Source OU Without Background Contribution 

A-28. Summary of Casual Recreational User Scenario Risk Estimates, Noncancer Hazards, and Primary 
Contributors to Risk for Overburden Decision Units in the 100-K Source OU Without Background Contribution 
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Analyte Name
Analyte 

Class Units

Lognormal 90th 
Percentile 

Background Value

Maximum 
Background 

Value Reference
Ammonia ANIONS ug/kg 9230.0 26400 DOE/RL-92-24, V.1, Rev.4 
Chloride ANIONS ug/kg 100000.0 1480000 DOE/RL-92-24, V.1, Rev.4 
Fluoride ANIONS ug/kg 2810.0 73300 DOE/RL-92-24, V.1, Rev.4 
Nitrate ANIONS ug/kg 52000.0 906000 DOE/RL-92-24, V.1, Rev.4 
Phosphate ANIONS ug/kg 785.0 225000 DOE/RL-92-24, V.1, Rev.4 
Sulfate ANIONS ug/kg 237000.0 12600000 DOE/RL-92-24, V.1, Rev.4 
Aluminum METAL ug/kg 11800000.0 28800000 DOE/RL-92-24, V.1, Rev.4 
Antimony METAL ug/kg 130.0 385 ECF-HANFORD-11-0038
Arsenic METAL ug/kg 6470.0 27700 DOE/RL-92-24, V.1, Rev.4 
Barium METAL ug/kg 132000.0 480000 DOE/RL-92-24, V.1, Rev.4 
Beryllium METAL ug/kg 1510.0 10000 DOE/RL-92-24, V.1, Rev.4 
Boron METAL ug/kg 3890.0 5860 ECF-HANFORD-11-0038
Cadmium METAL ug/kg 563.0 2980 ECF-HANFORD-11-0038
Calcium METAL ug/kg 17200000.0 105000000 DOE/RL-92-24, V.1, Rev.4 
Chromium METAL ug/kg 18500.0 320000 DOE/RL-92-24, V.1, Rev.4 
Cobalt METAL ug/kg 15700.0 110000 DOE/RL-92-24, V.1, Rev.4 
Copper METAL ug/kg 22000.0 61000 DOE/RL-92-24, V.1, Rev.4 
Iron METAL ug/kg 32600000.0 68100000 DOE/RL-92-24, V.1, Rev.4 
Lead METAL ug/kg 10200.0 74100 DOE/RL-92-24, V.1, Rev.4 
Lithium METAL ug/kg 13300.0 19200 ECF-HANFORD-11-0038
Magnesium METAL ug/kg 7060000.0 32300000 DOE/RL-92-24, V.1, Rev.4 
Manganese METAL ug/kg 512000.0 1110000 DOE/RL-92-24, V.1, Rev.4 
Mercury METAL ug/kg 13.1 29.2 ECF-HANFORD-11-0038
Molybdenum METAL ug/kg 470.0 3170 ECF-HANFORD-11-0038
Nickel METAL ug/kg 19100.0 200000 DOE/RL-92-24, V.1, Rev.4 
Potassium METAL ug/kg 2150000.0 7900000 DOE/RL-92-24, V.1, Rev.4 
Selenium METAL ug/kg 780.0 840 ECF-HANFORD-11-0038
Silver METAL ug/kg 167.0 273 ECF-HANFORD-11-0038
Sodium METAL ug/kg 690000.0 6060000 DOE/RL-92-24, V.1, Rev.4 
Thallium METAL ug/kg 185.0 523 ECF-HANFORD-11-0038
Uranium METAL ug/kg 3210.0 4042 Isotopic Activity Conversion based on DOE/RL-96-12 values
Vanadium METAL ug/kg 85100.0 140000 DOE/RL-92-24, V.1, Rev.4 
Zinc METAL ug/kg 67800.0 366000 DOE/RL-92-24, V.1, Rev.4 
Cesium-137 RAD pCi/g 1.1 1.64 DOE/RL-96-12, Rev.0 
Cobalt-60 RAD pCi/g 0.0 0.0387 DOE/RL-96-12, Rev.0 
Europium-154 RAD pCi/g 0.0 0.079 DOE/RL-96-12, Rev.0 
Europium-155 RAD pCi/g 0.1 0.0984 DOE/RL-96-12, Rev.0 
Gross beta RAD pCi/g 23.0 25 DOE/RL-96-12, Rev.0 
Plutonium-238 RAD pCi/g 0.0 0.0193 DOE/RL-96-12, Rev.0 
Plutonium-239/240 RAD pCi/g 0.0 0.0331 DOE/RL-96-12, Rev.0 
Potassium-40 RAD pCi/g 16.6 19.7 DOE/RL-96-12, Rev.0 
Radium-226 RAD pCi/g 0.8 1.16 DOE/RL-96-12, Rev.0 
Radium-228 RAD pCi/g 1.8 2.26 DOE/RL-96-12, Rev.0 
Strontium-90 RAD pCi/g 0.2 0.366 DOE/RL-96-12, Rev.0 
Thorium-228 RAD pCi/g 1.4 1.58 DOE/RL-96-12, Rev.0 
Thorium-232 RAD pCi/g 1.3 1.58 DOE/RL-96-12, Rev.0 
Total beta radiostrontium RAD pCi/g 0.2 0.366 DOE/RL-96-12, Rev.0 
Uranium-233/234 RAD pCi/g 1.1 1.51 DOE/RL-96-12, Rev.0 
Uranium-234 RAD pCi/g 1.1 1.51 DOE/RL-96-12, Rev.0 
Uranium-235 RAD pCi/g 0.1 0.386 DOE/RL-96-12, Rev.0 
Uranium-238 RAD pCi/g 1.1 1.21 DOE/RL-96-12, Rev.0 

Table 4-4.  Hanford Site Background Values
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Waste Site/Decision Unit
Analyte 
Group

Analyte Name CAS No. Units
Exposure Point 
Concentration

Lognormal 90th Percentile 
Background Value

Is EPC > 
Background?

Maximum 
Background Value

Is EPC > Maximum 
Background?

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 98 -- -- -- --
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,300 6,470 No 27,700 No
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 66,400 132,000 No 480,000 No
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 130 563 No 2,980 No
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 24,700 18,500 Yes 320,000 No
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3,200 -- -- -- --
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 63,200 10,200 Yes 74,100 No
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 50 13 Yes 29 Yes
100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,600 6,470 No 27,700 No
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 69,700 132,000 No 480,000 No
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 640 563 Yes 2,980 No
100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 15,200 18,500 No 320,000 No
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 702 -- -- -- --
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 36,000 10,200 Yes 74,100 No
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 17,500 13 Yes 29 Yes
100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,800 6,470 No 27,700 No
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 169,000 132,000 Yes 480,000 No
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 750 563 Yes 2,980 No
100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 10,300 18,500 No 320,000 No
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 220 -- -- -- --
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 43,400 10,200 Yes 74,100 No
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5,200 13 Yes 29 Yes
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 400 780 No 840 No
100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3,000 6,470 No 27,700 No
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 97,400 132,000 No 480,000 No
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 200 563 No 2,980 No
100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 16,900 18,500 No 320,000 No
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 230 -- -- -- --
100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 7,100 10,200 No 74,100 No
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2,400 13 Yes 29 Yes
100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6,700 6,470 Yes 27,700 No
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 105,000 132,000 No 480,000 No
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1,000 563 Yes 2,980 No
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 22,900 18,500 Yes 320,000 No
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1,400 -- -- -- --
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 27,800 10,200 Yes 74,100 No
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6,800 13 Yes 29 Yes
100-K-55:1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.0 1.1 No 1.6 No
100-K-55:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 0.60 0.0084 Yes 0.039 Yes
100-K-55:1_Deep Rad Europium-152 14683-23-9 pCi/g 0.86 -- -- -- --
100-K-55:1_Deep Rad Europium-154 15585-10-1 pCi/g 0.29 0.033 Yes 0.079 Yes

Table A-1.  Comparison of EPCs for Waste Site Decision Units in the 100-K Source OU to Hanford Site Background Values
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Waste Site/Decision Unit
Analyte 
Group

Analyte Name CAS No. Units
Exposure Point 
Concentration

Lognormal 90th Percentile 
Background Value

Is EPC > 
Background?
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Background Value

Is EPC > Maximum 
Background?

Table A-1.  Comparison of EPCs for Waste Site Decision Units in the 100-K Source OU to Hanford Site Background Values

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 0.31 1.1 No 1.6 No
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 0.056 0.0084 Yes 0.039 Yes
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 0.34 -- -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 0.33 0.033 Yes 0.079 Yes
100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.29 1.1 No 1.6 No
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.19 0.0084 Yes 0.039 Yes
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 0.81 -- -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 0.52 0.033 Yes 0.079 Yes
100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 0.61 1.1 No 1.6 No
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 0.11 0.0084 Yes 0.039 Yes
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.3 -- -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 0.19 0.033 Yes 0.079 Yes
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 0.37 0.18 Yes 0.37 No
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 0.70 1.1 No 1.5 No
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 0.78 1.1 No 1.2 No
100-K-56:1_Deep Rad Cesium-137 10045-97-3 pCi/g 21 1.1 Yes 1.6 Yes
100-K-56:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 1.1 0.0084 Yes 0.039 Yes
100-K-56:1_Deep Rad Europium-152 14683-23-9 pCi/g 22 -- -- -- --
100-K-56:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.1 0.033 Yes 0.079 Yes
100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.3 1.1 Yes 1.6 No
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.32 0.0084 Yes 0.039 Yes
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.9 -- -- -- --
100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 937 -- -- -- --
100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 0.31 1.1 No 1.6 No
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 0.15 0.0084 Yes 0.039 Yes
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.1 -- -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 0.33 0.033 Yes 0.079 Yes
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 0.50 0.18 Yes 0.37 Yes
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 0.45 1.1 No 1.5 No
100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 0.49 1.1 No 1.2 No
100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 1.18E+07 No 2.88E+07 No
100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 391 130 Yes 385 Yes
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4,330 6,470 No 27,700 No
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 85,300 132,000 No 480,000 No
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 357 1,510 No 10,000 No
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1,570 3,890 No 5,860 No
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 136 563 No 2,980 No
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 30,000 18,500 Yes 320,000 No
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6,110 15,700 No 110,000 No
100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 19,500 22,000 No 61,000 No
100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 1.96E+07 3.26E+07 No 6.81E+07 No
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Analyte Name CAS No. Units
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Concentration
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Table A-1.  Comparison of EPCs for Waste Site Decision Units in the 100-K Source OU to Hanford Site Background Values

100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6,380 10,200 No 74,100 No
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 288,000 512,000 No 1.11E+06 No
100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 452 470 No 3,170 No
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 14,800 19,100 No 200,000 No
100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 42,900 85,100 No 140,000 No
100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 47,000 67,800 No 366,000 No
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.7 -- -- -- --
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 0.32 1.1 No 1.6 No
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 0.073 0.0084 Yes 0.039 Yes
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 0.27 -- -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.2 -- -- -- --
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 0.84 1.1 No 1.5 No
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 0.048 0.11 No 0.39 No
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 0.93 1.1 No 1.2 No
100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 1.18E+07 No 2.88E+07 No
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,800 6,470 No 27,700 No
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 56,700 132,000 No 480,000 No
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 230 1,510 No 10,000 No
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1,100 3,890 No 5,860 No
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 62 563 No 2,980 No
100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 7,800 18,500 No 320,000 No
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8,400 15,700 No 110,000 No
100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 18,100 22,000 No 61,000 No
100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 2.27E+07 3.26E+07 No 6.81E+07 No
100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4,800 10,200 No 74,100 No
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 327,000 512,000 No 1.11E+06 No
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.9 13 No 29 No
100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 360 470 No 3,170 No
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9,900 19,100 No 200,000 No
100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 52,800 85,100 No 140,000 No
100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 46,500 67,800 No 366,000 No
116-K-1_Deep non-Rad Chromium 7440-47-3 ug/kg 14,607 18,500 No 320,000 No
116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 560 -- -- -- --
116-K-1_Deep Rad Cesium-137 10045-97-3 pCi/g 11 1.1 Yes 1.6 Yes
116-K-1_Deep Rad Cobalt-60 10198-40-0 pCi/g 3.3 0.0084 Yes 0.039 Yes
116-K-1_Deep Rad Europium-152 14683-23-9 pCi/g 9.0 -- -- -- --
116-K-1_Deep Rad Europium-154 15585-10-1 pCi/g 2.5 0.033 Yes 0.079 Yes
116-K-1_Deep Rad Total beta radiostrontium SR-RAD pCi/g 8.6 0.18 Yes 0.37 Yes
116-K-1_Overburden non-Rad Chromium 7440-47-3 ug/kg 12,619 18,500 No 320,000 No
116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 0.28 1.1 No 1.6 No
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 0.26 -- -- -- --
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Table A-1.  Comparison of EPCs for Waste Site Decision Units in the 100-K Source OU to Hanford Site Background Values

116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 0.92 0.18 Yes 0.37 Yes
116-K-1_Shallow non-Rad Chromium 7440-47-3 ug/kg 13,705 18,500 No 320,000 No
116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 260 -- -- -- --
116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.91 1.1 No 1.6 No
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.038 0.0084 Yes 0.039 No
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 0.22 -- -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.9 0.18 Yes 0.37 Yes
116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3,153 -- -- -- --
116-K-2_Deep Rad Americium-241 14596-10-2 pCi/g 3.2 -- -- -- --
116-K-2_Deep Rad Carbon-14 14762-75-5 pCi/g 3.6 -- -- -- --
116-K-2_Deep Rad Cesium-137 10045-97-3 pCi/g 119 1.1 Yes 1.6 Yes
116-K-2_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.3 0.0084 Yes 0.039 Yes
116-K-2_Deep Rad Europium-152 14683-23-9 pCi/g 103 -- -- -- --
116-K-2_Deep Rad Europium-154 15585-10-1 pCi/g 7.0 0.033 Yes 0.079 Yes
116-K-2_Deep Rad Nickel-63 13981-37-8 pCi/g 763 -- -- -- --
116-K-2_Deep Rad Plutonium-238 13981-16-3 pCi/g 0.53 0.0038 Yes 0.019 Yes
116-K-2_Deep Rad Plutonium-239/240 PU-239/240 pCi/g 5.1 0.025 Yes 0.033 Yes
116-K-2_Deep Rad Total beta radiostrontium SR-RAD pCi/g 6.3 0.18 Yes 0.37 Yes
116-K-2_Deep Rad Uranium-233/234 U-233/234 pCi/g 0.74 1.1 No 1.5 No
116-K-2_Deep Rad Uranium-235 15117-96-1 pCi/g 0.045 0.11 No 0.39 No
116-K-2_Deep Rad Uranium-238 U-238 pCi/g 0.71 1.1 No 1.2 No
116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 300 -- -- -- --
116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 0.13 1.1 No 1.6 No
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 0.21 -- -- -- --
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 0.66 1.1 No 1.5 No
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 0.68 1.1 No 1.2 No
116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 308 -- -- -- --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 3.0 -- -- -- --
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.93 1.1 No 1.6 No
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 0.59 -- -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 0.30 0.033 Yes 0.079 Yes
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.8 -- -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 0.26 0.18 Yes 0.37 No
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 0.69 1.1 No 1.5 No
116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 0.63 1.1 No 1.2 No
116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 583 -- -- -- --
116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.37 1.1 No 1.6 No
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.086 0.0084 Yes 0.039 Yes
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 0.70 -- -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 0.28 0.033 Yes 0.079 Yes
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.5 -- -- -- --
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Table A-1.  Comparison of EPCs for Waste Site Decision Units in the 100-K Source OU to Hanford Site Background Values

116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 0.32 0.18 Yes 0.37 No
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 0.61 1.1 No 1.5 No
116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 0.041 0.11 No 0.39 No
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 0.56 1.1 No 1.2 No
116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3,700 6,470 No 27,700 No
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 100,000 132,000 No 480,000 No
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 195 563 No 2,980 No
116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 30,000 18,500 Yes 320,000 No
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 59 -- -- -- --
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 330 -- -- -- --
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 11,300 10,200 Yes 74,100 No
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 102 13 Yes 29 Yes
116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 749 -- -- -- --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 0.53 -- -- -- --
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 0.22 1.1 No 1.6 No
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 0.10 0.0084 Yes 0.039 Yes
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.5 -- -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 0.29 0.033 Yes 0.079 Yes
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 0.92 0.025 Yes 0.033 Yes
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 0.66 1.1 No 1.5 No
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 0.039 0.11 No 0.39 No
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 0.65 1.1 No 1.2 No
116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2,600 6,470 No 27,700 No
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 59,300 132,000 No 480,000 No
116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 12,100 18,500 No 320,000 No
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 240 -- -- -- --
116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4,500 10,200 No 74,100 No
128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3,700 6,470 No 27,700 No
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 71,500 132,000 No 480,000 No
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 103 -- -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 51 -- -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 75 -- -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 78 -- -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 870 -- -- -- --
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 350 563 No 2,980 No
128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 13,500 18,500 No 320,000 No
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 148 -- -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 220 -- -- -- --
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 480 -- -- -- --
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 29 -- -- -- --
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 10,800 10,200 Yes 74,100 No
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128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 30 13 Yes 29 Yes
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 150 -- -- -- --
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 800 780 Yes 840 No
128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH ug/kg 14,400 -- -- -- --
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100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 5.00E+02 1.96E-07 5.38% 1.60E+03 6.13E-02 34.01%
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.30E+03 6.67E+02 3.45E-06 94.62% 2.40E+04 9.58E-02 53.21%
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.64E+04 -- -- -- 1.60E+07 4.15E-03 2.30%
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.30E+02 -- -- -- 4.00E+04 3.25E-03 1.80%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.20E+08 2.06E-04 0.11%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 -- -- -- 2.40E+05 1.33E-02 7.40%
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6.32E+04 -- -- -- -- -- --
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.40E+04 2.08E-03 1.16%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.65E-06 -- -- 1.80E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 3.65E-06 -- -- -- --

100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 6.67E+02 3.90E-06 100.00% 2.40E+04 1.08E-01 12.58%
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.97E+04 -- -- -- 1.60E+07 4.36E-03 0.51%
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 -- -- -- 4.00E+04 1.60E-02 1.86%
100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.52E+04 -- -- -- 1.20E+08 1.27E-04 0.01%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 -- -- -- 2.40E+05 2.93E-03 0.34%
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 3.60E+04 -- -- -- -- -- --
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.40E+04 7.29E-01 84.70%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.90E-06 -- -- 8.61E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 3.90E-06 -- -- -- --

100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 6.67E+02 4.20E-06 100.00% 2.40E+04 1.17E-01 31.99%
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.60E+07 1.06E-02 2.90%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 -- -- -- 4.00E+04 1.88E-02 5.14%
100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.03E+04 -- -- -- 1.20E+08 8.58E-05 0.02%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 -- -- -- 2.40E+05 9.17E-04 0.25%
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.34E+04 -- -- -- -- -- --
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.40E+04 2.17E-01 59.42%
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 4.00E+02 -- -- -- 4.00E+05 1.00E-03 0.27%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.20E-06 -- -- 3.65E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 4.20E-06 -- -- -- --

100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.00E+03 6.67E+02 4.50E-06 100.00% 2.40E+04 1.25E-01 52.70%
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 9.74E+04 -- -- -- 1.60E+07 6.09E-03 2.57%
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 2.00E+02 -- -- -- 4.00E+04 5.00E-03 2.11%
100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.69E+04 -- -- -- 1.20E+08 1.41E-04 0.06%
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 -- -- -- 2.40E+05 9.58E-04 0.40%

 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units
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 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 7.10E+03 -- -- -- -- -- --
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.40E+04 1.00E-01 42.16%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.50E-06 -- -- 2.37E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 4.50E-06 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 6.67E+02 1.00E-05 100.00% 2.40E+04 2.79E-01 46.52%
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.05E+05 -- -- -- 1.60E+07 6.56E-03 1.09%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 -- -- -- 4.00E+04 2.50E-02 4.17%
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.20E+08 1.91E-04 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 -- -- -- 2.40E+05 5.83E-03 0.97%
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 2.78E+04 -- -- -- -- -- --
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.40E+04 2.83E-01 47.22%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.00E-05 -- -- 6.00E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 1.00E-05 -- -- -- --

100-K-55:1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.03E+00 4.40E+00 2.33E-05 32.12% -- -- --
100-K-55:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.99E-01 3.10E+00 1.93E-05 26.65% -- -- --
100-K-55:1_Deep Rad Europium-152 14683-23-9 pCi/g 8.55E-01 3.66E+00 2.34E-05 32.21% -- -- --
100-K-55:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.88E-01 4.40E+00 6.55E-06 9.02% -- -- --
Total Radiological Risk Estimate -- 7.25E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 7.25E-05 -- -- -- --

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 3.14E-01 4.40E+00 7.13E-06 27.75% -- -- --
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.10E+00 1.81E-06 7.04% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.66E+00 9.32E-06 36.27% -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 28.94% -- -- --
Total Radiological Risk Estimate -- 2.57E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.57E-05 -- -- -- --

100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.94E-01 4.40E+00 6.68E-06 14.33% -- -- --
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.10E+00 6.00E-06 12.87% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.66E+00 2.21E-05 47.40% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.40E+00 1.18E-05 25.39% -- -- --
Total Radiological Risk Estimate -- 4.66E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.66E-05 -- -- -- --
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 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 6.12E-01 4.40E+00 1.39E-05 18.47% -- -- --
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.10E+00 3.55E-06 4.71% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.66E+00 3.55E-05 47.16% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.40E+00 4.25E-06 5.64% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 2.27E+00 1.61E-05 21.41% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 6.99E-01 1.33E+02 5.26E-07 0.70% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 7.77E-01 5.40E+01 1.44E-06 1.91% -- -- --
Total Radiological Risk Estimate -- 7.53E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 7.53E-05 -- -- -- --

100-K-56:1_Deep Rad Cesium-137 10045-97-3 pCi/g 2.07E+01 4.40E+00 4.69E-04 40.26% -- -- --
100-K-56:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 1.11E+00 3.10E+00 3.57E-05 3.06% -- -- --
100-K-56:1_Deep Rad Europium-152 14683-23-9 pCi/g 2.24E+01 3.66E+00 6.13E-04 52.58% -- -- --
100-K-56:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.10E+00 4.40E+00 4.78E-05 4.10% -- -- --
Total Radiological Risk Estimate -- 1.17E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.17E-03 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 4.40E+00 2.93E-05 31.91% -- -- --
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.10E+00 1.03E-05 11.22% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.66E+00 5.22E-05 56.88% -- -- --
Total Radiological Risk Estimate -- 9.17E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 9.17E-05 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 -- -- -- 2.40E+05 3.90E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.90E-03 --
100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.09E-01 4.40E+00 7.02E-06 5.52% -- -- --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.10E+00 4.81E-06 3.77% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.66E+00 8.50E-05 66.74% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 5.84% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 2.27E+00 2.19E-05 17.16% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 4.54E-01 1.33E+02 3.41E-07 0.27% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 4.85E-01 5.40E+01 8.98E-07 0.71% -- -- --
Total Radiological Risk Estimate -- 1.27E-04 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.27E-04 -- -- -- --
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 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 -- -- -- 8.00E+07 1.35E-01 12.33%
100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.20E+04 1.22E-02 1.12%
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4.33E+03 6.67E+02 6.49E-06 100.00% 2.40E+04 1.80E-01 16.48%
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 8.53E+04 -- -- -- 1.60E+07 5.33E-03 0.49%
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 3.57E+02 -- -- -- 1.60E+05 2.23E-03 0.20%
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.57E+03 -- -- -- 1.60E+07 9.81E-05 0.01%
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.36E+02 -- -- -- 4.00E+04 3.40E-03 0.31%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 0.02%
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6.11E+03 -- -- -- 2.40E+04 2.55E-01 23.25%
100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.95E+04 -- -- -- 3.20E+06 6.09E-03 0.56%
100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 1.96E+07 -- -- -- 5.60E+07 3.50E-01 31.97%
100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6.38E+03 -- -- -- -- -- --
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 2.88E+05 -- -- -- 1.12E+07 2.57E-02 2.35%
100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 4.52E+02 -- -- -- 4.00E+05 1.13E-03 0.10%
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 1.48E+04 -- -- -- 1.60E+06 9.25E-03 0.84%
100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 4.29E+04 -- -- -- 4.00E+05 1.07E-01 9.80%
100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.70E+04 -- -- -- 2.40E+07 1.96E-03 0.18%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.49E-06 -- -- 1.09E+00 --
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 8.10E+01 2.05E-06 8.95% -- -- --
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.20E-01 4.40E+00 7.27E-06 31.76% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.10E+00 2.35E-06 10.28% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.66E+00 7.38E-06 32.22% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 6.08E+02 1.19E-06 5.20% -- -- --
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 8.43E-01 1.33E+02 6.34E-07 2.77% -- -- --
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 4.80E-02 1.63E+01 2.94E-07 1.29% -- -- --
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 9.32E-01 5.40E+01 1.73E-06 7.54% -- -- --
Total Radiological Risk Estimate -- 2.29E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.94E-05 -- -- -- --

100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 -- -- -- 8.00E+07 9.56E-02 8.31%
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 6.67E+02 4.20E-06 100.00% 2.40E+04 1.17E-01 10.14%
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.67E+04 -- -- -- 1.60E+07 3.54E-03 0.31%
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 2.30E+02 -- -- -- 1.60E+05 1.44E-03 0.12%
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.10E+03 -- -- -- 1.60E+07 6.88E-05 0.01%
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.20E+01 -- -- -- 4.00E+04 1.55E-03 0.13%
100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 7.80E+03 -- -- -- 1.20E+08 6.50E-05 0.01%
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8.40E+03 -- -- -- 2.40E+04 3.50E-01 30.42%
100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.81E+04 -- -- -- 3.20E+06 5.66E-03 0.49%
100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 2.27E+07 -- -- -- 5.60E+07 4.05E-01 35.23%
100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.80E+03 -- -- -- -- -- --
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 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 3.27E+05 -- -- -- 1.12E+07 2.92E-02 2.54%
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.90E+00 -- -- -- 2.40E+04 4.13E-04 0.04%
100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 3.60E+02 -- -- -- 4.00E+05 9.00E-04 0.08%
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9.90E+03 -- -- -- 1.60E+06 6.19E-03 0.54%
100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 5.28E+04 -- -- -- 4.00E+05 1.32E-01 11.47%
100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.65E+04 -- -- -- 2.40E+07 1.94E-03 0.17%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.20E-06 -- -- 1.15E+00 --
Total Non-Radiological and Radiological Risk Estimate -- 4.20E-06 -- -- -- --

116-K-1_Deep non-Rad Chromium 7440-47-3 ug/kg 1.46E+04 -- -- -- 1.20E+08 1.22E-04 4.96%
116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 -- -- -- 2.40E+05 2.33E-03 95.04%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.46E-03 --
116-K-1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.10E+01 4.40E+00 2.51E-04 24.15% -- -- --
116-K-1_Deep Rad Cobalt-60 10198-40-0 pCi/g 3.33E+00 3.10E+00 1.07E-04 10.35% -- -- --
116-K-1_Deep Rad Europium-152 14683-23-9 pCi/g 8.99E+00 3.66E+00 2.46E-04 23.65% -- -- --
116-K-1_Deep Rad Europium-154 15585-10-1 pCi/g 2.45E+00 4.40E+00 5.57E-05 5.36% -- -- --
116-K-1_Deep Rad Total beta radiostrontium SR-RAD pCi/g 8.60E+00 2.27E+00 3.79E-04 36.49% -- -- --
Total Radiological Risk Estimate -- 1.04E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.04E-03 -- -- -- --

116-K-1_Overburden non-Rad Chromium 7440-47-3 ug/kg 1.26E+04 -- -- -- 1.20E+08 1.05E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.05E-04 --
116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 2.79E-01 4.40E+00 6.33E-06 11.68% -- -- --
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.66E+00 7.21E-06 13.30% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 2.27E+00 4.07E-05 75.03% -- -- --
Total Radiological Risk Estimate -- 5.42E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.42E-05 -- -- -- --

116-K-1_Shallow non-Rad Chromium 7440-47-3 ug/kg 1.37E+04 -- -- -- 1.20E+08 1.14E-04 9.54%
116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 -- -- -- 2.40E+05 1.08E-03 90.46%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.20E-03 --
116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.15E-01 4.40E+00 2.08E-05 18.43% -- -- --
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.10E+00 1.23E-06 1.09% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.66E+00 6.14E-06 5.44% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 2.27E+00 8.47E-05 75.04% -- -- --
Total Radiological Risk Estimate -- 1.13E-04 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.13E-04 -- -- -- --
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 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 -- -- -- 2.40E+05 1.31E-02 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.31E-02 --
116-K-2_Deep Rad Americium-241 14596-10-2 pCi/g 3.17E+00 1.55E+02 2.04E-06 0.03% -- -- --
116-K-2_Deep Rad Carbon-14 14762-75-5 pCi/g 3.61E+00 8.10E+01 4.46E-06 0.07% -- -- --
116-K-2_Deep Rad Cesium-137 10045-97-3 pCi/g 1.19E+02 4.40E+00 2.71E-03 43.23% -- -- --
116-K-2_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.30E+00 3.10E+00 1.71E-04 2.73% -- -- --
116-K-2_Deep Rad Europium-152 14683-23-9 pCi/g 1.03E+02 3.66E+00 2.81E-03 44.89% -- -- --
116-K-2_Deep Rad Europium-154 15585-10-1 pCi/g 6.99E+00 4.40E+00 1.59E-04 2.54% -- -- --
116-K-2_Deep Rad Nickel-63 13981-37-8 pCi/g 7.63E+02 6.08E+02 1.26E-04 2.01% -- -- --
116-K-2_Deep Rad Plutonium-238 13981-16-3 pCi/g 5.32E-01 2.36E+02 2.25E-07 0.00% -- -- --
116-K-2_Deep Rad Plutonium-239/240 PU-239/240 pCi/g 5.14E+00 2.03E+02 2.53E-06 0.04% -- -- --
116-K-2_Deep Rad Total beta radiostrontium SR-RAD pCi/g 6.29E+00 2.27E+00 2.77E-04 4.43% -- -- --
116-K-2_Deep Rad Uranium-233/234 U-233/234 pCi/g 7.43E-01 1.33E+02 5.59E-07 0.01% -- -- --
116-K-2_Deep Rad Uranium-235 15117-96-1 pCi/g 4.50E-02 1.63E+01 2.76E-07 0.00% -- -- --
116-K-2_Deep Rad Uranium-238 U-238 pCi/g 7.12E-01 5.40E+01 1.32E-06 0.02% -- -- --
Total Radiological Risk Estimate -- 6.26E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.26E-03 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 -- -- -- 2.40E+05 1.25E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.25E-03 --
116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 1.30E-01 4.40E+00 2.95E-06 28.00% -- -- --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.66E+00 5.84E-06 55.35% -- -- --
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 6.59E-01 1.33E+02 4.96E-07 4.70% -- -- --
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 6.81E-01 5.40E+01 1.26E-06 11.95% -- -- --
Total Radiological Risk Estimate -- 1.06E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.06E-05 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 -- -- -- 2.40E+05 1.28E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.28E-03 --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 8.10E+01 3.68E-06 5.92% -- -- --
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.26E-01 4.40E+00 2.11E-05 33.89% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.66E+00 1.61E-05 25.92% -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.40E+00 6.72E-06 10.81% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 6.08E+02 1.29E-06 2.07% -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 2.27E+00 1.16E-05 18.68% -- -- --
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.87E-01 1.33E+02 5.16E-07 0.83% -- -- --
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 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 6.27E-01 5.40E+01 1.16E-06 1.87% -- -- --
Total Radiological Risk Estimate -- 6.21E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.21E-05 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 -- -- -- 2.40E+05 2.43E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.43E-03 --
116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 3.70E-01 4.40E+00 8.41E-06 15.64% -- -- --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.10E+00 2.77E-06 5.16% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.66E+00 1.92E-05 35.61% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.40E+00 6.39E-06 11.87% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 6.08E+02 1.23E-06 2.29% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 2.27E+00 1.41E-05 26.19% -- -- --
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.14E-01 1.33E+02 4.61E-07 0.86% -- -- --
116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 4.08E-02 1.63E+01 2.50E-07 0.47% -- -- --
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 5.57E-01 5.40E+01 1.03E-06 1.92% -- -- --
Total Radiological Risk Estimate -- 5.38E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.38E-05 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 6.67E+02 5.55E-06 100.00% 2.40E+04 1.54E-01 90.07%
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.00E+05 -- -- -- 1.60E+07 6.25E-03 3.65%
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.95E+02 -- -- -- 4.00E+04 4.88E-03 2.85%
116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 0.15%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.60E+08 3.69E-07 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 -- -- -- 2.40E+05 1.38E-03 0.80%
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.13E+04 -- -- -- -- -- --
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.40E+04 4.25E-03 2.48%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.55E-06 -- -- 1.71E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 5.55E-06 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 -- -- -- 2.40E+05 3.12E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.12E-03 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 1.55E+02 3.43E-07 0.59% -- -- --
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.25E-01 4.40E+00 5.11E-06 8.76% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.10E+00 3.38E-06 5.79% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.66E+00 4.04E-05 69.27% -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.40E+00 6.70E-06 11.50% -- -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 2.03E+02 4.52E-07 0.78% -- -- --

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-820



Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

 Table A-2.  Residential  Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.56E-01 1.33E+02 4.93E-07 0.85% -- -- --
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 3.90E-02 1.63E+01 2.39E-07 0.41% -- -- --
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 6.46E-01 5.40E+01 1.20E-06 2.05% -- -- --
Total Radiological Risk Estimate -- 5.83E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.83E-05 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 6.67E+02 3.90E-06 100.00% 2.40E+04 1.08E-01 95.75%
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.93E+04 -- -- -- 1.60E+07 3.71E-03 3.28%
116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.21E+04 -- -- -- 1.20E+08 1.01E-04 0.09%
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 -- -- -- 2.40E+05 1.00E-03 0.88%
116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.50E+03 -- -- -- -- -- --
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.90E-06 -- -- 1.13E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 3.90E-06 -- -- -- --

128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 6.67E+02 5.55E-06 90.20% 2.40E+04 1.54E-01 88.90%
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 7.15E+04 -- -- -- 1.60E+07 4.47E-03 2.58%
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.37E+03 7.49E-08 1.22% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.37E+02 3.72E-07 6.05% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.37E+03 5.47E-08 0.89% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.37E+03 5.69E-08 0.93% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.14E+04 1.22E-08 0.20% 1.60E+06 5.44E-04 0.31%
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 3.50E+02 -- -- -- 4.00E+04 8.75E-03 5.05%
128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.35E+04 -- -- -- 1.20E+08 1.13E-04 0.06%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.37E+04 1.08E-08 0.18% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 3.20E+06 6.88E-05 0.04%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 -- -- -- 2.40E+05 2.00E-03 1.15%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.37E+03 2.12E-08 0.34% -- -- --
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.08E+04 -- -- -- -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.40E+04 1.25E-03 0.72%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.40E+06 6.25E-05 0.04%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.00E+05 2.00E-03 1.15%
128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH ug/kg 1.44E+04 -- -- -- -- -- --
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.15E-06 -- -- 1.73E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 6.15E-06 -- -- -- --
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Table A-3.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer Hazard 
Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 3.20E+08 3.06E-13 0.02% -- -- --
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.30E+03 4.24E+07 5.42E-11 3.55% 5.00E+08 4.60E-06 46.07%
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.64E+04 -- -- -- 1.67E+10 3.98E-06 39.90%
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.30E+02 1.01E+08 1.28E-12 0.08% 3.33E+08 3.90E-07 3.91%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 2.17E+06 1.47E-09 96.35% 3.33E+09 9.60E-07 9.62%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 1.00E+09 5.00E-08 0.50%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.53E-09 -- -- 9.98E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.53E-09 -- -- -- --

100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.24E+07 6.13E-11 15.68% 5.00E+08 5.20E-06 17.92%
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.97E+04 -- -- -- 1.67E+10 4.18E-06 14.41%
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 1.01E+08 6.32E-12 1.62% 3.33E+08 1.92E-06 6.62%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 2.17E+06 3.23E-10 82.70% 3.33E+09 2.10E-07 0.73%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 1.00E+09 1.75E-05 60.32%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.91E-10 -- -- 2.90E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.91E-10 -- -- -- --

100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.24E+07 6.60E-11 37.78% 5.00E+08 5.60E-06 24.08%
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.67E+10 1.01E-05 43.60%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 1.01E+08 7.40E-12 4.24% 3.33E+08 2.25E-06 9.67%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 2.17E+06 1.01E-10 57.99% 3.33E+09 6.60E-08 0.28%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 1.00E+09 5.20E-06 22.36%
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 4.00E+02 -- -- -- 6.67E+11 6.00E-10 0.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.75E-10 -- -- 2.32E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.75E-10 -- -- -- --

100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.00E+03 4.24E+07 7.07E-11 39.59% 5.00E+08 6.00E-06 40.23%
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 9.74E+04 -- -- -- 1.67E+10 5.84E-06 39.19%
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 2.00E+02 1.01E+08 1.97E-12 1.10% 3.33E+08 6.00E-07 4.02%
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 2.17E+06 1.06E-10 59.30% 3.33E+09 6.90E-08 0.46%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 1.00E+09 2.40E-06 16.09%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.79E-10 -- -- 1.49E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.79E-10 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.24E+07 1.58E-10 19.44% 5.00E+08 1.34E-05 44.79%
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.05E+05 -- -- -- 1.67E+10 6.30E-06 21.06%
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Table A-3.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer Hazard 
Quotient

Percent 
Contribution

100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 1.01E+08 9.87E-12 1.21% 3.33E+08 3.00E-06 10.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 2.17E+06 6.45E-10 79.35% 3.33E+09 4.20E-07 1.40%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 1.00E+09 6.80E-06 22.73%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 8.13E-10 -- -- 2.99E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.13E-10 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 2.17E+06 4.32E-10 100.00% 3.33E+09 2.81E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.32E-10 -- -- 2.81E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 4.32E-10 -- -- -- --

100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 -- -- -- 1.67E+11 6.48E-05 22.52%
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4.33E+03 4.24E+07 1.02E-10 23.70% 5.00E+08 8.66E-06 3.01%
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 8.53E+04 -- -- -- 1.67E+10 5.12E-06 1.78%
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 3.57E+02 7.60E+07 4.70E-12 1.09% 6.67E+08 5.35E-07 0.19%
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.57E+03 -- -- -- 6.67E+11 2.35E-09 0.00%
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.36E+02 1.01E+08 1.34E-12 0.31% 3.33E+08 4.08E-07 0.14%
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6.11E+03 2.03E+07 3.02E-10 70.00% 2.00E+08 3.05E-05 10.61%
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 2.88E+05 -- -- -- 1.67E+09 1.73E-04 60.04%
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 1.48E+04 7.01E+08 2.11E-11 4.90% 3.00E+09 4.93E-06 1.71%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.31E-10 -- -- 2.88E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 4.31E-10 -- -- -- --

100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 -- -- -- 1.67E+11 4.59E-05 15.46%
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.24E+07 6.60E-11 13.25% 5.00E+08 5.60E-06 1.89%
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.67E+04 -- -- -- 1.67E+10 3.40E-06 1.15%
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 2.30E+02 7.60E+07 3.03E-12 0.61% 6.67E+08 3.45E-07 0.12%
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.10E+03 -- -- -- 6.67E+11 1.65E-09 0.00%
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.20E+01 1.01E+08 6.12E-13 0.12% 3.33E+08 1.86E-07 0.06%
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8.40E+03 2.03E+07 4.15E-10 83.19% 2.00E+08 4.20E-05 14.14%
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 3.27E+05 -- -- -- 1.67E+09 1.96E-04 66.07%
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.90E+00 -- -- -- 1.00E+09 9.90E-09 0.00%
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9.90E+03 7.01E+08 1.41E-11 2.83% 3.00E+09 3.30E-06 1.11%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.98E-10 -- -- 2.97E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 4.98E-10 -- -- -- --

116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 2.17E+06 2.58E-10 100.00% 3.33E+09 1.68E-07 100.00%
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Table A-3.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer Hazard 
Quotient

Percent 
Contribution

Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.58E-10 -- -- 1.68E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.58E-10 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 2.17E+06 1.20E-10 100.00% 3.33E+09 7.80E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.20E-10 -- -- 7.80E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.20E-10 -- -- -- --

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 2.17E+06 1.45E-09 100.00% 3.33E+09 9.46E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.45E-09 -- -- 9.46E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 1.45E-09 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 2.17E+06 1.38E-10 100.00% 3.33E+09 9.00E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.38E-10 -- -- 9.00E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.38E-10 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 2.17E+06 1.42E-10 100.00% 3.33E+09 9.23E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.42E-10 -- -- 9.23E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.42E-10 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 2.17E+06 2.68E-10 100.00% 3.33E+09 1.75E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.68E-10 -- -- 1.75E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.68E-10 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.24E+07 8.72E-11 36.17% 5.00E+08 7.40E-06 52.16%
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.00E+05 -- -- -- 1.67E+10 6.00E-06 42.30%
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.95E+02 1.01E+08 1.92E-12 0.80% 3.33E+08 5.85E-07 4.12%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.33E+13 4.43E-12 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 2.17E+06 1.52E-10 63.03% 3.33E+09 9.90E-08 0.70%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 1.00E+09 1.02E-07 0.72%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.41E-10 -- -- 1.42E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.41E-10 -- -- -- --
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Table A-3.   MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer Hazard 
Quotient

Percent 
Contribution

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 2.17E+06 3.45E-10 100.00% 3.33E+09 2.25E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.45E-10 -- -- 2.25E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 3.45E-10 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.24E+07 6.13E-11 35.67% 5.00E+08 5.20E-06 58.89%
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.93E+04 -- -- -- 1.67E+10 3.56E-06 40.29%
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 2.17E+06 1.11E-10 64.33% 3.33E+09 7.20E-08 0.82%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.72E-10 -- -- 8.83E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.72E-10 -- -- -- --

128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.24E+07 8.72E-11 27.94% 5.00E+08 7.40E-06 57.30%
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 7.15E+04 -- -- -- 1.67E+10 4.29E-06 33.22%
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.66E+09 6.19E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.66E+08 3.08E-13 0.10% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.66E+09 4.52E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.66E+09 4.70E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.60E+10 1.14E-14 0.00% -- -- --
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 3.50E+02 1.01E+08 3.45E-12 1.11% 3.33E+08 1.05E-06 8.13%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.66E+10 8.94E-15 0.00% -- -- --
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 2.17E+06 2.21E-10 70.80% 3.33E+09 1.44E-07 1.11%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.66E+09 1.75E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 1.00E+09 3.00E-08 0.23%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 6.67E+11 1.20E-09 0.01%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.12E-10 -- -- 1.29E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.12E-10 -- -- -- --
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Waste Site/Decision Unit
Chemical 

Cancer Risk
Chemical Risk Drivers

Radiological 
Cancer Risk

Radiological Risk 
Drivers

Total Non-Rad and Rad Risk
Non-Cancer 

Hazard Index
Hazard Drivers

100-K-29_Shallow_Focused  3.65E-06 Arsenic (3.45e-06) 0.00E+00 -- 3.65E-06 1.80E-01 --
100-K-30_Shallow_Focused  3.90E-06 Arsenic (3.90e-06) 0.00E+00 -- 3.90E-06 8.61E-01 --
100-K-31_Shallow_Focused  4.20E-06 Arsenic (4.20e-06) 0.00E+00 -- 4.20E-06 3.65E-01 --
100-K-32_Shallow_Focused  4.50E-06 Arsenic (4.50e-06) 0.00E+00 -- 4.50E-06 2.37E-01 --
100-K-33_Shallow_Focused  1.00E-05 Arsenic (1.00e-05) 0.00E+00 -- 1.00E-05 6.00E-01 --
100-K-55:1_Shallow  0.00E+00 -- 4.66E-05 -- 4.66E-05 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 7.53E-05 -- 7.53E-05 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 9.17E-05 -- 9.17E-05 0.00E+00 --
100-K-56:1_Shallow_Focused  0.00E+00 -- 1.27E-04 -- 1.27E-04 3.90E-03 --
100-K-78_Shallow_Focused  6.49E-06 Arsenic (6.49e-06) 2.29E-05 -- 2.94E-05 1.09E+00 --
100-K-85_Shallow_Focused  4.20E-06 Arsenic (4.20e-06) 0.00E+00 -- 4.20E-06 1.15E+00 --
116-K-1_Shallow  0.00E+00 -- 1.13E-04 -- 1.13E-04 1.20E-03 --
116-K-2_Shallow  0.00E+00 -- 6.21E-05 -- 6.21E-05 1.28E-03 --
116-KE-4_Shallow  0.00E+00 -- 5.38E-05 -- 5.38E-05 2.43E-03 --
116-KE-5_Shallow_Focused  5.55E-06 Arsenic (5.55e-06) 0.00E+00 -- 5.55E-06 1.71E-01 --
116-KW-3_Shallow  0.00E+00 -- 5.83E-05 -- 5.83E-05 3.12E-03 --
116-KW-4_Shallow_Focused  3.90E-06 Arsenic (3.90e-06) 0.00E+00 -- 3.90E-06 1.13E-01 --
128-K-1_Shallow_Focused  6.15E-06 Arsenic (5.55e-06) 0.00E+00 -- 6.15E-06 1.73E-01 --

Table A-4.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision Units in the 100-K Source OU
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-29_Shallow_Focused  1.53E-09 -- 9.98E-06 --
100-K-30_Shallow_Focused  3.91E-10 -- 2.90E-05 --
100-K-31_Shallow_Focused  1.75E-10 -- 2.32E-05 --
100-K-32_Shallow_Focused  1.79E-10 -- 1.49E-05 --
100-K-33_Shallow_Focused  8.13E-10 -- 2.99E-05 --
100-K-55:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow_Focused  4.32E-10 -- 2.81E-07 --
100-K-78_Shallow_Focused  4.31E-10 -- 2.88E-04 --
100-K-85_Shallow_Focused  4.98E-10 -- 2.97E-04 --
116-K-1_Shallow  1.20E-10 -- 7.80E-08 --
116-K-2_Shallow  1.42E-10 -- 9.23E-08 --
116-KE-4_Shallow  2.68E-10 -- 1.75E-07 --
116-KE-5_Shallow_Focused  2.41E-10 -- 1.42E-05 --
116-KW-3_Shallow  3.45E-10 -- 2.25E-07 --
116-KW-4_Shallow_Focused  1.72E-10 -- 8.83E-06 --
128-K-1_Shallow_Focused  3.12E-10 -- 1.29E-05 --

Table A-5. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone 
Decision Units in the 100-K Source OU
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Waste Site/Decision Unit
Chemical Cancer 

Risk
Chemical Risk 

Drivers
Radiological Cancer Risk

Radiological Risk 
Drivers

Total Non-Rad and 
Rad Risk

Non-Cancer Hazard 
Index

Hazard Drivers

100-K-55:1_Overburden  0.00E+00 -- 2.57E-05 -- 2.57E-05 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 5.42E-05 -- 5.42E-05 1.05E-04 --
116-K-2_Overburden  0.00E+00 -- 1.06E-05 -- 1.06E-05 1.25E-03 --

Table A-6.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden Decision Units in the 100-K Source OU
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-55:1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-2_Overburden  1.38E-10 -- 9.00E-08 --

Table A-7. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden 
Decision Units in the 100-K Source OU
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Waste Site/Decision Unit
Chemical Cancer 

Risk
Chemical Risk Drivers Radiological Cancer Risk Radiological Risk Drivers Total Non-Rad and Rad Risk Non-Cancer Hazard Index Hazard Drivers

100-K-55:1_Deep  0.00E+00 -- 7.25E-05 -- 7.25E-05 0.00E+00 --

100-K-56:1_Deep  0.00E+00 -- 1.17E-03
Cesium-137 (4.69e-04)

Europium-152 (6.13e-04)
1.17E-03 0.00E+00 --

116-K-1_Deep  0.00E+00 -- 1.04E-03

Cesium-137 (2.51e-04)
Cobalt-60 (1.07e-04)

Europium-152 (2.46e-04)
Total beta radiostrontium (3.79e-04)

1.04E-03 2.46E-03 --

116-K-2_Deep  0.00E+00 -- 6.26E-03

Cesium-137 (2.71e-03)
Cobalt-60 (1.71e-04)

Europium-152 (2.81e-03)
Europium-154 (1.59e-04)

Nickel-63 (1.26e-04)
Total beta radiostrontium (2.77e-04)

6.26E-03 1.31E-02 --

Table A-8.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Deep Zone Decision Units in the 100-K Source OU
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Table A-9.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 5.00E+02 1.96E-07 100.00% 1.60E+03 6.13E-02 79.68%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.20E+08 2.06E-04 0.27%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 -- -- -- 2.40E+05 1.33E-02 17.34%
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6.32E+04 -- -- -- -- -- --
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.40E+04 2.08E-03 2.71%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.96E-07 -- -- 7.69E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.96E-07 -- -- -- --

100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 -- -- -- 4.00E+04 1.60E-02 2.14%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 -- -- -- 2.40E+05 2.93E-03 0.39%
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 3.60E+04 -- -- -- -- -- --
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.40E+04 7.29E-01 97.47%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 7.48E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.60E+07 1.06E-02 4.28%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 -- -- -- 4.00E+04 1.88E-02 7.59%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 -- -- -- 2.40E+05 9.17E-04 0.37%
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4.34E+04 -- -- -- -- -- --
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.40E+04 2.17E-01 87.76%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.47E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 -- -- -- 2.40E+05 9.58E-04 0.95%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.40E+04 1.00E-01 99.05%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.01E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 6.67E+02 1.00E-05 100.00% 2.40E+04 2.79E-01 47.04%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 -- -- -- 4.00E+04 2.50E-02 4.21%
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.20E+08 1.91E-04 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 -- -- -- 2.40E+05 5.83E-03 0.98%
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 2.78E+04 -- -- -- -- -- --
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.40E+04 2.83E-01 47.74%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.00E-05 -- -- 5.94E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 1.00E-05 -- -- -- --
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Table A-9.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-55:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.99E-01 3.10E+00 1.93E-05 39.26% -- -- --
100-K-55:1_Deep Rad Europium-152 14683-23-9 pCi/g 8.55E-01 3.66E+00 2.34E-05 47.45% -- -- --
100-K-55:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.88E-01 4.40E+00 6.55E-06 13.29% -- -- --
Total Radiological Risk Estimate -- 4.92E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.92E-05 -- -- -- --

100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.10E+00 1.81E-06 9.74% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.66E+00 9.32E-06 50.21% -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 40.05% -- -- --
Total Radiological Risk Estimate -- 1.86E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.86E-05 -- -- -- --

100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.10E+00 6.00E-06 15.02% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.66E+00 2.21E-05 55.33% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.40E+00 1.18E-05 29.64% -- -- --
Total Radiological Risk Estimate -- 3.99E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.99E-05 -- -- -- --

100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.10E+00 3.55E-06 5.97% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.66E+00 3.55E-05 59.76% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.40E+00 4.25E-06 7.15% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 2.27E+00 1.61E-05 27.13% -- -- --
Total Radiological Risk Estimate -- 5.94E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.94E-05 -- -- -- --

100-K-56:1_Deep Rad Cesium-137 10045-97-3 pCi/g 2.07E+01 4.40E+00 4.69E-04 40.26% -- -- --
100-K-56:1_Deep Rad Cobalt-60 10198-40-0 pCi/g 1.11E+00 3.10E+00 3.57E-05 3.06% -- -- --
100-K-56:1_Deep Rad Europium-152 14683-23-9 pCi/g 2.24E+01 3.66E+00 6.13E-04 52.58% -- -- --
100-K-56:1_Deep Rad Europium-154 15585-10-1 pCi/g 2.10E+00 4.40E+00 4.78E-05 4.10% -- -- --
Total Radiological Risk Estimate -- 1.17E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.17E-03 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 4.40E+00 2.93E-05 31.91% -- -- --
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Table A-9.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.10E+00 1.03E-05 11.22% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.66E+00 5.22E-05 56.88% -- -- --
Total Radiological Risk Estimate -- 9.17E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 9.17E-05 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 -- -- -- 2.40E+05 3.90E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.90E-03 --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.10E+00 4.81E-06 4.04% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.66E+00 8.50E-05 71.37% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.40E+00 7.43E-06 6.24% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 2.27E+00 2.19E-05 18.35% -- -- --
Total Radiological Risk Estimate -- 1.19E-04 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.19E-04 -- -- -- --

100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.20E+04 1.22E-02 97.99%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 2.01%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.25E-02 --
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 8.10E+01 2.05E-06 15.80% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.10E+00 2.35E-06 18.15% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.66E+00 7.38E-06 56.87% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 6.08E+02 1.19E-06 9.18% -- -- --
Total Radiological Risk Estimate -- 1.30E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.30E-05 -- -- -- --

116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 -- -- -- 2.40E+05 2.33E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.33E-03 --
116-K-1_Deep Rad Cesium-137 10045-97-3 pCi/g 1.10E+01 4.40E+00 2.51E-04 24.15% -- -- --
116-K-1_Deep Rad Cobalt-60 10198-40-0 pCi/g 3.33E+00 3.10E+00 1.07E-04 10.35% -- -- --
116-K-1_Deep Rad Europium-152 14683-23-9 pCi/g 8.99E+00 3.66E+00 2.46E-04 23.65% -- -- --
116-K-1_Deep Rad Europium-154 15585-10-1 pCi/g 2.45E+00 4.40E+00 5.57E-05 5.36% -- -- --
116-K-1_Deep Rad Total beta radiostrontium SR-RAD pCi/g 8.60E+00 2.27E+00 3.79E-04 36.49% -- -- --
Total Radiological Risk Estimate -- 1.04E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.04E-03 -- -- -- --

116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.66E+00 7.21E-06 15.06% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 2.27E+00 4.07E-05 84.94% -- -- --
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Table A-9.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Total Radiological Risk Estimate -- 4.79E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.79E-05 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 -- -- -- 2.40E+05 1.08E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.08E-03 --
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.10E+00 1.23E-06 1.33% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.66E+00 6.14E-06 6.67% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 2.27E+00 8.47E-05 91.99% -- -- --
Total Radiological Risk Estimate -- 9.21E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 9.21E-05 -- -- -- --

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 -- -- -- 2.40E+05 1.31E-02 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.31E-02 --
116-K-2_Deep Rad Americium-241 14596-10-2 pCi/g 3.17E+00 1.55E+02 2.04E-06 0.03% -- -- --
116-K-2_Deep Rad Carbon-14 14762-75-5 pCi/g 3.61E+00 8.10E+01 4.46E-06 0.07% -- -- --
116-K-2_Deep Rad Cesium-137 10045-97-3 pCi/g 1.19E+02 4.40E+00 2.71E-03 43.24% -- -- --
116-K-2_Deep Rad Cobalt-60 10198-40-0 pCi/g 5.30E+00 3.10E+00 1.71E-04 2.73% -- -- --
116-K-2_Deep Rad Europium-152 14683-23-9 pCi/g 1.03E+02 3.66E+00 2.81E-03 44.90% -- -- --
116-K-2_Deep Rad Europium-154 15585-10-1 pCi/g 6.99E+00 4.40E+00 1.59E-04 2.54% -- -- --
116-K-2_Deep Rad Nickel-63 13981-37-8 pCi/g 7.63E+02 6.08E+02 1.26E-04 2.01% -- -- --
116-K-2_Deep Rad Plutonium-238 13981-16-3 pCi/g 5.32E-01 2.36E+02 2.25E-07 0.00% -- -- --
116-K-2_Deep Rad Plutonium-239/240 PU-239/240 pCi/g 5.14E+00 2.03E+02 2.53E-06 0.04% -- -- --
116-K-2_Deep Rad Total beta radiostrontium SR-RAD pCi/g 6.29E+00 2.27E+00 2.77E-04 4.43% -- -- --
Total Radiological Risk Estimate -- 6.26E-03 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.26E-03 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 -- -- -- 2.40E+05 1.25E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.25E-03 --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.66E+00 5.84E-06 100.00% -- -- --
Total Radiological Risk Estimate -- 5.84E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.84E-06 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 -- -- -- 2.40E+05 1.28E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.28E-03 --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 8.10E+01 3.68E-06 9.34% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.66E+00 1.61E-05 40.88% -- -- --
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Table A-9.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.40E+00 6.72E-06 17.05% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 6.08E+02 1.29E-06 3.27% -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 2.27E+00 1.16E-05 29.46% -- -- --
Total Radiological Risk Estimate -- 3.94E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.94E-05 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 -- -- -- 2.40E+05 2.43E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 2.43E-03 --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.10E+00 2.77E-06 6.36% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.66E+00 1.92E-05 43.90% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.40E+00 6.39E-06 14.64% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 6.08E+02 1.23E-06 2.82% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 2.27E+00 1.41E-05 32.28% -- -- --
Total Radiological Risk Estimate -- 4.36E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.36E-05 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.20E+08 2.50E-04 4.26%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.60E+08 3.69E-07 0.01%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 -- -- -- 2.40E+05 1.38E-03 23.40%
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.13E+04 -- -- -- -- -- --
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.40E+04 4.25E-03 72.34%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 5.88E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 -- -- -- 2.40E+05 3.12E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 3.12E-03 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 1.55E+02 3.43E-07 0.67% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.10E+00 3.38E-06 6.59% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.66E+00 4.04E-05 78.78% -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.40E+00 6.70E-06 13.07% -- -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 2.03E+02 4.52E-07 0.88% -- -- --
Total Radiological Risk Estimate -- 5.13E-05 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.13E-05 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 -- -- -- 2.40E+05 1.00E-03 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.00E-03 --
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Table A-9.  Residential  Scenario Risk Estimates and Noncancer Hazards  for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

Total Non-Radiological and Radiological Risk Estimate -- 0.00E+00 -- -- -- --

128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.37E+03 7.49E-08 12.43% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.37E+02 3.72E-07 61.73% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.37E+03 5.47E-08 9.08% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.37E+03 5.69E-08 9.44% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.14E+04 1.22E-08 2.02% 1.60E+06 5.44E-04 9.18%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.37E+04 1.08E-08 1.79% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 3.20E+06 6.88E-05 1.16%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 -- -- -- 2.40E+05 2.00E-03 33.76%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.37E+03 2.12E-08 3.51% -- -- --
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 1.08E+04 -- -- -- -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.40E+04 1.25E-03 21.10%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.40E+06 6.25E-05 1.05%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.00E+05 2.00E-03 33.76%
128-K-1_Shallow_Focused non-Rad Total petroleum hydrocarbons TPH ug/kg 1.44E+04 -- -- -- -- -- --
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.03E-07 -- -- 5.93E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 6.03E-07 -- -- -- --
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 Table A-10.  MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer Hazard 
Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 3.20E+08 3.06E-13 0.02% -- -- --
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 2.17E+06 1.47E-09 99.98% 3.33E+09 9.60E-07 95.05%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 1.00E+09 5.00E-08 4.95%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.47E-09 -- -- 1.01E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.47E-09 -- -- -- --

100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 1.01E+08 6.32E-12 1.92% 3.33E+08 1.92E-06 9.78%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 2.17E+06 3.23E-10 98.08% 3.33E+09 2.10E-07 1.07%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 1.00E+09 1.75E-05 89.15%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.30E-10 -- -- 1.96E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.30E-10 -- -- -- --

100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.67E+10 1.01E-05 57.43%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 1.01E+08 7.40E-12 6.81% 3.33E+08 2.25E-06 12.74%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 2.17E+06 1.01E-10 93.19% 3.33E+09 6.60E-08 0.37%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 1.00E+09 5.20E-06 29.45%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.09E-10 -- -- 1.76E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.09E-10 -- -- -- --

100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 2.17E+06 1.06E-10 100.00% 3.33E+09 6.90E-08 2.79%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 1.00E+09 2.40E-06 97.21%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.06E-10 -- -- 2.47E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 1.06E-10 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.24E+07 1.58E-10 19.44% 5.00E+08 1.34E-05 56.73%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 1.01E+08 9.87E-12 1.21% 3.33E+08 3.00E-06 12.70%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 2.17E+06 6.45E-10 79.35% 3.33E+09 4.20E-07 1.78%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 1.00E+09 6.80E-06 28.79%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 8.13E-10 -- -- 2.36E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.13E-10 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 2.17E+06 4.32E-10 100.00% 3.33E+09 2.81E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.32E-10 -- -- 2.81E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 4.32E-10 -- -- -- --
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 Table A-10.  MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer Hazard 
Quotient

Percent 
Contribution

116-K-1_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.60E+02 2.17E+06 2.58E-10 100.00% 3.33E+09 1.68E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.58E-10 -- -- 1.68E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.58E-10 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 2.17E+06 1.20E-10 100.00% 3.33E+09 7.80E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.20E-10 -- -- 7.80E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.20E-10 -- -- -- --

116-K-2_Deep non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.15E+03 2.17E+06 1.45E-09 100.00% 3.33E+09 9.46E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.45E-09 -- -- 9.46E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 1.45E-09 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 2.17E+06 1.38E-10 100.00% 3.33E+09 9.00E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.38E-10 -- -- 9.00E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.38E-10 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 2.17E+06 1.42E-10 100.00% 3.33E+09 9.23E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.42E-10 -- -- 9.23E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.42E-10 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 2.17E+06 2.68E-10 100.00% 3.33E+09 1.75E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.68E-10 -- -- 1.75E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.68E-10 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.33E+13 4.43E-12 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 2.17E+06 1.52E-10 100.00% 3.33E+09 9.90E-08 49.25%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 1.00E+09 1.02E-07 50.75%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.52E-10 -- -- 2.01E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 1.52E-10 -- -- -- --
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 Table A-10.  MTCA Method B Inhalation Pathway  Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer Hazard 
Quotient

Percent 
Contribution

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 2.17E+06 3.45E-10 100.00% 3.33E+09 2.25E-07 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.45E-10 -- -- 2.25E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 3.45E-10 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 2.17E+06 1.11E-10 100.00% 3.33E+09 7.20E-08 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.11E-10 -- -- 7.20E-08 --
Total Non-Radiological and Radiological Risk Estimate -- 1.11E-10 -- -- -- --

128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.66E+09 6.19E-14 0.03% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.66E+08 3.08E-13 0.14% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.66E+09 4.52E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.66E+09 4.70E-14 0.02% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 7.60E+10 1.14E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.66E+10 8.94E-15 0.00% -- -- --
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 2.17E+06 2.21E-10 99.77% 3.33E+09 1.44E-07 82.19%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.66E+09 1.75E-14 0.01% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 1.00E+09 3.00E-08 17.12%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 6.67E+11 1.20E-09 0.68%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.22E-10 -- -- 1.75E-07 --
Total Non-Radiological and Radiological Risk Estimate -- 2.22E-10 -- -- -- --
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Waste Site/Decision Unit
Analyte 
Group

Analyte Name CAS No. Units
Exposure Point 
Concentration

MTCA Method A 
Cleanup Level

EPC Exceeds Cleanup 
Level (Yes/No)?

100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2300 2.00E+04 No
100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2600 2.00E+04 No
100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2800 2.00E+04 No
100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3000 2.00E+04 No
100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6700 2.00E+04 No
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4330 2.00E+04 No
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2800 2.00E+04 No
116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3700 2.00E+04 No
116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2600 2.00E+04 No
128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3700 2.00E+04 No
100-K-29_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 63200 2.50E+05 No
100-K-30_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 36000 2.50E+05 No
100-K-31_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 43400 2.50E+05 No
100-K-32_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 7100 2.50E+05 No
100-K-33_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 27800 2.50E+05 No
100-K-78_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 6380 2.50E+05 No
100-K-85_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4800 2.50E+05 No
116-KE-5_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 11300 2.50E+05 No
116-KW-4_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 4500 2.50E+05 No
128-K-1_Shallow_Focused non-Rad Lead 7439-92-1 ug/kg 10800 2.50E+05 No

Table A-11.  Comparison of EPCs for the 100-K Waste Site Decision Units to MTCA-A Values for Arsenic and Lead
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Waste Site/Decision Unit Chemical Cancer Risk
Chemical Risk 

Drivers
Radiological Cancer 

Risk
Radiological Risk 

Drivers
Total Non-Rad and 

Rad Risk
Non-Cancer 

Hazard Index
Hazard Drivers

100-K-29_Shallow_Focused  1.96E-07 -- 0.00E+00 -- 1.96E-07 7.69E-02 --
100-K-30_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 7.48E-01 --
100-K-31_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 2.47E-01 --
100-K-32_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 1.01E-01 --
100-K-33_Shallow_Focused  1.00E-05 Arsenic (1.00e-05) 0.00E+00 -- 1.00E-05 5.94E-01 --
100-K-55:1_Shallow  0.00E+00 -- 3.99E-05 -- 3.99E-05 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 5.94E-05 -- 5.94E-05 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 9.17E-05 -- 9.17E-05 0.00E+00 --
100-K-56:1_Shallow_Focused  0.00E+00 -- 1.19E-04 -- 1.19E-04 3.90E-03 --
100-K-78_Shallow_Focused  0.00E+00 -- 1.30E-05 -- 1.30E-05 1.25E-02 --
100-K-85_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 0.00E+00 --
116-K-1_Shallow  0.00E+00 -- 9.21E-05 -- 9.21E-05 1.08E-03 --
116-K-2_Shallow  0.00E+00 -- 3.94E-05 -- 3.94E-05 1.28E-03 --
116-KE-4_Shallow  0.00E+00 -- 4.36E-05 -- 4.36E-05 2.43E-03 --
116-KE-5_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 5.88E-03 --
116-KW-3_Shallow  0.00E+00 -- 5.13E-05 -- 5.13E-05 3.12E-03 --
116-KW-4_Shallow_Focused  0.00E+00 -- 0.00E+00 -- 0.00E+00 1.00E-03 --
128-K-1_Shallow_Focused  6.03E-07 -- 0.00E+00 -- 6.03E-07 5.93E-03 --

Table A-12.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision Units in the 100-K Source OU Without Background 
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-29_Shallow_Focused  1.47E-09 -- 1.01E-06 --
100-K-30_Shallow_Focused  3.30E-10 -- 1.96E-05 --
100-K-31_Shallow_Focused  1.09E-10 -- 1.76E-05 --
100-K-32_Shallow_Focused  1.06E-10 -- 2.47E-06 --
100-K-33_Shallow_Focused  8.13E-10 -- 2.36E-05 --
100-K-55:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 0.00E+00 --
100-K-56:1_Shallow_Focused  4.32E-10 -- 2.81E-07 --
100-K-78_Shallow_Focused  0.00E+00 -- 0.00E+00 --
100-K-85_Shallow_Focused  0.00E+00 -- 0.00E+00 --
116-K-1_Shallow  1.20E-10 -- 7.80E-08 --
116-K-2_Shallow  1.42E-10 -- 9.23E-08 --
116-KE-4_Shallow  2.68E-10 -- 1.75E-07 --
116-KE-5_Shallow_Focused  1.52E-10 -- 2.01E-07 --
116-KW-3_Shallow  3.45E-10 -- 2.25E-07 --
116-KW-4_Shallow_Focused  1.11E-10 -- 7.20E-08 --
128-K-1_Shallow_Focused  2.22E-10 -- 1.75E-07 --

Table A-13. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision 
Units in the 100-K Source OU Without Background Contribution
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Waste Site/Decision Unit
Chemical Cancer 

Risk
Chemical Risk 

Drivers
Radiological Cancer 

Risk
Radiological Risk 

Drivers
Total Non-Rad and Rad 

Risk
Non-Cancer Hazard Index Hazard Drivers

100-K-55:1_Overburden  0.00E+00 -- 1.86E-05 -- 1.86E-05 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 4.79E-05 -- 4.79E-05 0.00E+00 --
116-K-2_Overburden  0.00E+00 -- 5.84E-06 -- 5.84E-06 1.25E-03 --

Table A-14.  Summary of Residential Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden Decision Units in the 100-K Source OU Without Background 
Contribution
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Waste Site/Decision Unit Chemical Cancer Risk Chemical Risk Drivers Non-Cancer Hazard Index Hazard Drivers
100-K-55:1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 0.00E+00 --
116-K-2_Overburden  1.38E-10 -- 9.00E-08 --

Table A-15. Summary of MTCA Method B Inhalation Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden 
Decision Units in the 100-K Source OU Without Background Contribution
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers
100-K-55:1_Deep  4.92E-05

100-K-56:1_Deep  1.17E-03
Cesium-137 (4.69e-04)

Europium-152 (6.13e-04)

116-K-1_Deep  1.04E-03

Cesium-137 (2.51e-04)
Cobalt-60 (1.07e-04)

Europium-152 (2.46e-04)
Total beta radiostrontium (3.79e-04)

116-K-2_Deep  6.26E-03

Cesium-137 (2.71e-03)
Cobalt-60 (1.71e-04)

Europium-152 (2.81e-03)
Europium-154 (1.59e-04)

Nickel-63 (1.26e-04)
Total beta radiostrontium (2.77e-04)

Table A-16. Summary of Residential Scenario Risk Estimates and Primary Contributors to Risk For Deep 
Zone Decision Units in the 100-K Source OU Without Background Contribution
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Table A-17.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 3.14E-01 6.22E+00 5.04E-06 22.45%
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.30E+00 1.70E-06 7.56%
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.83E+00 8.90E-06 39.65%
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 30.34%
Total Radiological Risk Estimate -- 2.25E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.25E-05 --

100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.94E-01 6.22E+00 4.73E-06 11.17%
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.30E+00 5.64E-06 13.31%
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.83E+00 2.11E-05 49.89%
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.80E+00 1.09E-05 25.64%
Total Radiological Risk Estimate -- 4.23E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 4.23E-05 --

100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 6.12E-01 6.22E+00 9.84E-06 18.92%
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.30E+00 3.33E-06 6.41%
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.83E+00 3.39E-05 65.29%
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.80E+00 3.90E-06 7.49%
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.18E+02 7.07E-08 0.14%
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 6.99E-01 9.31E+02 7.51E-08 0.14%
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 7.77E-01 9.31E+01 8.35E-07 1.61%
Total Radiological Risk Estimate -- 5.20E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 5.20E-05 --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 6.22E+00 2.07E-05 25.81%
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.30E+00 9.67E-06 12.05%
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.83E+00 4.98E-05 62.14%
Total Radiological Risk Estimate -- 8.02E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.02E-05 --

100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.09E-01 6.22E+00 4.97E-06 5.06%
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.30E+00 4.52E-06 4.60%
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.83E+00 8.12E-05 82.72%
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 6.94%
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.18E+02 9.58E-08 0.10%
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 4.54E-01 9.31E+02 4.88E-08 0.05%
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Table A-17.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 4.85E-01 9.31E+01 5.21E-07 0.53%
Total Radiological Risk Estimate -- 9.82E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 9.82E-05 --

100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 5.20E+04 3.19E-09 0.02%
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.20E-01 6.22E+00 5.14E-06 32.71%
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.30E+00 2.21E-06 14.07%
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.83E+00 7.05E-06 44.82%
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 9.16E+04 7.90E-09 0.05%
100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 8.43E-01 9.31E+02 9.05E-08 0.58%
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 4.80E-02 2.20E+01 2.18E-07 1.39%
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 9.32E-01 9.31E+01 1.00E-06 6.37%
Total Radiological Risk Estimate -- 1.57E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.57E-05 --

116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 2.79E-01 6.22E+00 4.48E-06 38.78%
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.83E+00 6.89E-06 59.67%
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.18E+02 1.78E-07 1.54%
Total Radiological Risk Estimate -- 1.15E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.15E-05 --

116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.15E-01 6.22E+00 1.47E-05 66.55%
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.30E+00 1.15E-06 5.21%
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.83E+00 5.87E-06 26.56%
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.18E+02 3.71E-07 1.68%
Total Radiological Risk Estimate -- 2.21E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.21E-05 --

116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 1.30E-01 6.22E+00 2.09E-06 24.67%
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.83E+00 5.58E-06 65.86%
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 6.59E-01 9.31E+02 7.08E-08 0.84%
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 6.81E-01 9.31E+01 7.31E-07 8.63%
Total Radiological Risk Estimate -- 8.47E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 8.47E-06 --
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Table A-17.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 5.20E+04 5.73E-09 0.02%
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.26E-01 6.22E+00 1.49E-05 39.98%
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.83E+00 1.54E-05 41.31%
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.80E+00 6.16E-06 16.53%
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 9.16E+04 8.55E-09 0.02%
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.18E+02 5.09E-08 0.14%
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.87E-01 9.31E+02 7.38E-08 0.20%
116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 6.27E-01 9.31E+01 6.73E-07 1.81%
Total Radiological Risk Estimate -- 3.72E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.72E-05 --

116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 3.70E-01 6.22E+00 5.95E-06 17.70%
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.30E+00 2.61E-06 7.75%
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.83E+00 1.83E-05 54.42%
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.80E+00 5.85E-06 17.41%
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 9.16E+04 8.16E-09 0.02%
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.18E+02 6.17E-08 0.18%
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.14E-01 9.31E+02 6.59E-08 0.20%
116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 4.08E-02 2.20E+01 1.85E-07 0.55%
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 5.57E-01 9.31E+01 5.98E-07 1.78%
Total Radiological Risk Estimate -- 3.36E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.36E-05 --

116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.75E+02 1.93E-07 0.37%
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.25E-01 6.22E+00 3.61E-06 6.84%
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.30E+00 3.17E-06 6.01%
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.83E+00 3.86E-05 73.05%
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.80E+00 6.14E-06 11.63%
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 5.39E+02 1.70E-07 0.32%
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.56E-01 9.31E+02 7.05E-08 0.13%
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 3.90E-02 2.20E+01 1.77E-07 0.34%
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 6.46E-01 9.31E+01 6.94E-07 1.31%
Total Radiological Risk Estimate -- 5.28E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 5.28E-05 --
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers Total Non-Rad and Rad Risk
100-K-29_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-30_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-31_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-32_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-33_Shallow_Focused  0.00E+00 -- 0.00E+00
100-K-55:1_Shallow  4.23E-05 -- 4.23E-05
100-K-55:1_Shallow_Focused  5.20E-05 -- 5.20E-05
100-K-56:1_Shallow  8.02E-05 -- 8.02E-05
100-K-56:1_Shallow_Focused  9.82E-05 -- 9.82E-05
100-K-78_Shallow_Focused  1.57E-05 -- 1.57E-05
100-K-85_Shallow_Focused  0.00E+00 -- 0.00E+00
116-K-1_Shallow  2.21E-05 -- 2.21E-05
116-K-2_Shallow  3.72E-05 -- 3.72E-05
116-KE-4_Shallow  3.36E-05 -- 3.36E-05
116-KE-5_Shallow_Focused  0.00E+00 -- 0.00E+00
116-KW-3_Shallow  5.28E-05 -- 5.28E-05
116-KW-4_Shallow_Focused  0.00E+00 -- 0.00E+00
128-K-1_Shallow_Focused  0.00E+00 -- 0.00E+00

Table A-18. Summary of Resident Monument Worker Scenario Radiological Risk Estimates and Primary Contributors to Risk For Shallow Zone Decision Units in the 100-K Source 
OU

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-849



Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers Total Non-Rad and Rad Risk
100-K-55:1_Overburden  2.25E-05 -- 2.25E-05
116-K-1_Overburden  1.15E-05 -- 1.15E-05
116-K-2_Overburden  8.47E-06 -- 8.47E-06

Table A-19.  Summary of Resident Monument Worker Scenario Radiological Risk Estimates and Primary Contributors to Risk For 
Overburden Decision Units in the 100-K Source OU

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-850



Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 3.30E+00 1.70E-06 9.75%
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 3.83E+00 8.90E-06 51.13%
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 39.12%
Total Radiological Risk Estimate -- 1.74E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 1.74E-05 --

100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 3.30E+00 5.64E-06 14.99%
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 3.83E+00 2.11E-05 56.16%
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 4.80E+00 1.09E-05 28.86%
Total Radiological Risk Estimate -- 3.76E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 3.76E-05 --

100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 3.30E+00 3.33E-06 8.08%
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 3.83E+00 3.39E-05 82.30%
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 4.80E+00 3.90E-06 9.45%
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.18E+02 7.07E-08 0.17%
Total Radiological Risk Estimate -- 4.12E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 4.12E-05 --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 6.22E+00 2.07E-05 25.81%
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 3.30E+00 9.67E-06 12.05%
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 3.83E+00 4.98E-05 62.14%
Total Radiological Risk Estimate -- 8.02E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 8.02E-05 --

100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 3.30E+00 4.52E-06 4.87%
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 3.83E+00 8.12E-05 87.67%
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 4.80E+00 6.81E-06 7.35%
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.18E+02 9.58E-08 0.10%
Total Radiological Risk Estimate -- 9.26E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 9.26E-05 --

100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 5.20E+04 3.19E-09 0.03%
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 3.30E+00 2.21E-06 23.86%

Table A-20.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units Without Background Contribution
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Table A-20.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units Without Background Contribution

100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 3.83E+00 7.05E-06 76.02%
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 9.16E+04 7.90E-09 0.09%
Total Radiological Risk Estimate -- 9.27E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 9.27E-06 --

116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 3.83E+00 6.89E-06 97.48%
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.18E+02 1.78E-07 2.52%
Total Radiological Risk Estimate -- 7.07E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 7.07E-06 --

116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 3.30E+00 1.15E-06 15.57%
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 3.83E+00 5.87E-06 79.41%
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.18E+02 3.71E-07 5.02%
Total Radiological Risk Estimate -- 7.39E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 7.39E-06 --

116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 3.83E+00 5.58E-06 100.00%
Total Radiological Risk Estimate -- 5.58E-06 --
Total Non-Radiological and Radiological Risk Estimate -- 5.58E-06 --

116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 5.20E+04 5.73E-09 0.03%
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 3.83E+00 1.54E-05 71.21%
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 4.80E+00 6.16E-06 28.49%
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 9.16E+04 8.55E-09 0.04%
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.18E+02 5.09E-08 0.24%
Total Radiological Risk Estimate -- 2.16E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.16E-05 --

116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 3.30E+00 2.61E-06 9.71%
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 3.83E+00 1.83E-05 68.21%
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 4.80E+00 5.85E-06 21.82%
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 9.16E+04 8.16E-09 0.03%
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.18E+02 6.17E-08 0.23%
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Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Table A-20.  Resident Monument Worker Scenario Radiological Risk Estimates for 100-K Source OU Waste Site Decision Units Without Background Contribution

Total Radiological Risk Estimate -- 2.68E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.68E-05 --

116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.75E+02 1.93E-07 0.40%
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 3.30E+00 3.17E-06 6.57%
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 3.83E+00 3.86E-05 79.95%
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 4.80E+00 6.14E-06 12.73%
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 5.39E+02 1.70E-07 0.35%
Total Radiological Risk Estimate -- 4.83E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 4.83E-05 --
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers
100-K-29_Shallow_Focused  0.00E+00 --
100-K-30_Shallow_Focused  0.00E+00 --
100-K-31_Shallow_Focused  0.00E+00 --
100-K-32_Shallow_Focused  0.00E+00 --
100-K-33_Shallow_Focused  0.00E+00 --
100-K-55:1_Shallow  3.76E-05 --
100-K-55:1_Shallow_Focused  4.12E-05 --
100-K-56:1_Shallow  8.02E-05 --
100-K-56:1_Shallow_Focused  9.26E-05 --
100-K-78_Shallow_Focused  9.27E-06 --
100-K-85_Shallow_Focused  0.00E+00 --
116-K-1_Shallow  7.39E-06 --
116-K-2_Shallow  2.16E-05 --
116-KE-4_Shallow  2.68E-05 --
116-KE-5_Shallow_Focused  0.00E+00 --
116-KW-3_Shallow  4.83E-05 --
116-KW-4_Shallow_Focused  0.00E+00 --
128-K-1_Shallow_Focused  0.00E+00 --

Table  A-21. Summary of Resident Monument Worker Scenario Radiological Risk Estimates and Primary Contributors to Risk 
For Shallow Zone Decision Units in the 100-K Source OU Without Background Contribution 
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Waste Site/Decision Unit Radiological Cancer Risk Radiological Risk Drivers
100-K-55:1_Overburden  1.74E-05 --
116-K-1_Overburden  7.07E-06 --
116-K-2_Overburden  8.47E-06 --

Table A-22. Summary of Resident Monument Worker Scenario Radiological Risk Estimates and 
Primary Contributors to Risk For Overburden Decision Units in the 100-K Source OU Without 
Background Contribution 
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Table A-23. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 2.58E+03 3.79E-08 6.96% 1.31E+04 7.47E-03 40.46%
100-K-29_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.30E+03 4.54E+03 5.07E-07 93.03% 2.53E+05 9.11E-03 49.30%
100-K-29_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.64E+04 -- -- -- 1.82E+08 3.64E-04 1.97%
100-K-29_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.30E+02 4.60E+09 2.82E-14 0.00% 8.21E+05 1.58E-04 0.86%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.37E+09 1.80E-05 0.10%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 9.86E+07 3.24E-11 0.01% 2.74E+06 1.17E-03 6.33%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.74E+05 1.82E-04 0.99%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.45E-07 -- -- 1.85E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 5.45E-07 -- -- -- --

100-K-30_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.54E+03 5.73E-07 100.00% 2.53E+05 1.03E-02 13.62%
100-K-30_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 6.97E+04 -- -- -- 1.82E+08 3.82E-04 0.51%
100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 4.60E+09 1.39E-13 0.00% 8.21E+05 7.80E-04 1.03%
100-K-30_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.52E+04 -- -- -- 1.37E+09 1.11E-05 0.01%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 9.86E+07 7.12E-12 0.00% 2.74E+06 2.56E-04 0.34%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.74E+05 6.39E-02 84.49%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.73E-07 -- -- 7.56E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 5.73E-07 -- -- -- --

100-K-31_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.54E+03 6.17E-07 100.00% 2.53E+05 1.11E-02 34.56%
100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.82E+08 9.26E-04 2.89%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 4.60E+09 1.63E-13 0.00% 8.21E+05 9.14E-04 2.85%
100-K-31_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.03E+04 -- -- -- 1.37E+09 7.53E-06 0.02%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 9.86E+07 2.23E-12 0.00% 2.74E+06 8.04E-05 0.25%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.74E+05 1.90E-02 59.16%
100-K-31_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 4.00E+02 -- -- -- 4.56E+06 8.77E-05 0.27%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.17E-07 -- -- 3.21E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 6.17E-07 -- -- -- --

100-K-32_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.00E+03 4.54E+03 6.61E-07 100.00% 2.53E+05 1.19E-02 55.22%
100-K-32_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 9.74E+04 -- -- -- 1.82E+08 5.34E-04 2.48%
100-K-32_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 2.00E+02 4.60E+09 4.35E-14 0.00% 8.21E+05 2.44E-04 1.13%
100-K-32_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.69E+04 -- -- -- 1.37E+09 1.23E-05 0.06%
100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 9.86E+07 2.33E-12 0.00% 2.74E+06 8.40E-05 0.39%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.74E+05 8.76E-03 40.72%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.61E-07 -- -- 2.15E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 6.61E-07 -- -- -- --
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Table A-23. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.54E+03 1.48E-06 100.00% 2.53E+05 2.65E-02 49.43%
100-K-33_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.05E+05 -- -- -- 1.82E+08 5.75E-04 1.07%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 4.60E+09 2.17E-13 0.00% 8.21E+05 1.22E-03 2.27%
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.37E+09 1.67E-05 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 9.86E+07 1.42E-11 0.00% 2.74E+06 5.11E-04 0.95%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.74E+05 2.48E-02 46.24%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.48E-06 -- -- 5.37E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.48E-06 -- -- -- --

100-K-55:1_Overburden Rad Cesium-137 10045-97-3 pCi/g 3.14E-01 1.00E+02 3.13E-07 23.33% -- -- --
100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 6.31E+01 8.89E-08 6.62% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 6.58E+01 5.18E-07 38.62% -- -- --
100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 31.43% -- -- --
Total Radiological Risk Estimate -- 1.34E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.34E-06 -- -- -- --

100-K-55:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.94E-01 1.00E+02 2.93E-07 11.79% -- -- --
100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 6.31E+01 2.95E-07 11.85% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 6.58E+01 1.23E-06 49.37% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 7.75E+01 6.72E-07 26.99% -- -- --
Total Radiological Risk Estimate -- 2.49E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.49E-06 -- -- -- --

100-K-55:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 6.12E-01 1.00E+02 6.11E-07 19.75% -- -- --
100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 6.31E+01 1.74E-07 5.64% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 6.58E+01 1.98E-06 63.88% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 7.75E+01 2.41E-07 7.80% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.06E+03 7.23E-09 0.23% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 6.99E-01 5.81E+03 1.20E-08 0.39% -- -- --
100-K-55:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 7.77E-01 1.09E+03 7.11E-08 2.30% -- -- --
Total Radiological Risk Estimate -- 3.09E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.09E-06 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 1.00E+02 1.28E-06 27.39% -- -- --
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Table A-23. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 6.31E+01 5.06E-07 10.78% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 6.58E+01 2.90E-06 61.83% -- -- --
Total Radiological Risk Estimate -- 4.69E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.69E-06 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 9.86E+07 9.50E-12 100.00% 2.74E+06 3.42E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 9.50E-12 -- -- 3.42E-04 --
100-K-56:1_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.09E-01 1.00E+02 3.08E-07 5.36% -- -- --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 6.31E+01 2.36E-07 4.11% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 6.58E+01 4.73E-06 82.13% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 7.33% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.06E+03 9.79E-09 0.17% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 4.54E-01 5.81E+03 7.82E-09 0.14% -- -- --
100-K-56:1_Shallow_Focused Rad Uranium-238 U-238 pCi/g 4.85E-01 1.09E+03 4.44E-08 0.77% -- -- --
Total Radiological Risk Estimate -- 5.75E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.75E-06 -- -- -- --

100-K-78_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 1.08E+07 -- -- -- 9.12E+08 1.18E-02 12.18%
100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.65E+05 1.07E-03 1.10%
100-K-78_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 4.33E+03 4.54E+03 9.54E-07 100.00% 2.53E+05 1.71E-02 17.64%
100-K-78_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 8.53E+04 -- -- -- 1.82E+08 4.67E-04 0.48%
100-K-78_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 3.57E+02 3.45E+09 1.03E-13 0.00% 1.82E+06 1.96E-04 0.20%
100-K-78_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.57E+03 -- -- -- 1.82E+08 8.60E-06 0.01%
100-K-78_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.36E+02 4.60E+09 2.96E-14 0.00% 8.21E+05 1.66E-04 0.17%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 0.02%
100-K-78_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 6.11E+03 9.20E+08 6.64E-12 0.00% 2.74E+05 2.23E-02 22.96%
100-K-78_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.95E+04 -- -- -- 3.65E+07 5.34E-04 0.55%
100-K-78_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 1.96E+07 -- -- -- 6.39E+08 3.07E-02 31.57%
100-K-78_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 2.88E+05 -- -- -- 1.28E+08 2.26E-03 2.32%
100-K-78_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 4.52E+02 -- -- -- 4.56E+06 9.91E-05 0.10%
100-K-78_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 1.48E+04 3.19E+10 4.65E-13 0.00% 1.82E+07 8.11E-04 0.83%
100-K-78_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 4.29E+04 -- -- -- 4.56E+06 9.40E-03 9.67%
100-K-78_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.70E+04 -- -- -- 2.74E+08 1.72E-04 0.18%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 9.54E-07 -- -- 9.72E-02 --
100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 3.28E+05 5.07E-10 0.05% -- -- --
100-K-78_Shallow_Focused Rad Cesium-137 10045-97-3 pCi/g 3.20E-01 1.00E+02 3.19E-07 33.16% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 6.31E+01 1.16E-07 12.02% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 6.58E+01 4.10E-07 42.59% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 5.75E+05 1.26E-09 0.13% -- -- --
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Table A-23. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-78_Shallow_Focused Rad Uranium-233/234 U-233/234 pCi/g 8.43E-01 5.81E+03 1.45E-08 1.51% -- -- --
100-K-78_Shallow_Focused Rad Uranium-235 15117-96-1 pCi/g 4.80E-02 2.95E+02 1.63E-08 1.69% -- -- --
100-K-78_Shallow_Focused Rad Uranium-238 U-238 pCi/g 9.32E-01 1.09E+03 8.53E-08 8.85% -- -- --
Total Radiological Risk Estimate -- 9.63E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.92E-06 -- -- -- --

100-K-85_Shallow_Focused non-Rad Aluminum 7429-90-5 ug/kg 7.65E+06 -- -- -- 9.12E+08 8.38E-03 8.25%
100-K-85_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.80E+03 4.54E+03 6.17E-07 100.00% 2.53E+05 1.11E-02 10.90%
100-K-85_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.67E+04 -- -- -- 1.82E+08 3.11E-04 0.31%
100-K-85_Shallow_Focused non-Rad Beryllium 7440-41-7 ug/kg 2.30E+02 3.45E+09 6.66E-14 0.00% 1.82E+06 1.26E-04 0.12%
100-K-85_Shallow_Focused non-Rad Boron 7440-42-8 ug/kg 1.10E+03 -- -- -- 1.82E+08 6.03E-06 0.01%
100-K-85_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.20E+01 4.60E+09 1.35E-14 0.00% 8.21E+05 7.56E-05 0.07%
100-K-85_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 7.80E+03 -- -- -- 1.37E+09 5.70E-06 0.01%
100-K-85_Shallow_Focused non-Rad Cobalt 7440-48-4 ug/kg 8.40E+03 9.20E+08 9.13E-12 0.00% 2.74E+05 3.07E-02 30.18%
100-K-85_Shallow_Focused non-Rad Copper 7440-50-8 ug/kg 1.81E+04 -- -- -- 3.65E+07 4.96E-04 0.49%
100-K-85_Shallow_Focused non-Rad Iron 7439-89-6 ug/kg 2.27E+07 -- -- -- 6.39E+08 3.55E-02 34.95%
100-K-85_Shallow_Focused non-Rad Manganese 7439-96-5 ug/kg 3.27E+05 -- -- -- 1.28E+08 2.56E-03 2.52%
100-K-85_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 9.90E+00 -- -- -- 2.74E+05 3.61E-05 0.04%
100-K-85_Shallow_Focused non-Rad Molybdenum 7439-98-7 ug/kg 3.60E+02 -- -- -- 4.56E+06 7.89E-05 0.08%
100-K-85_Shallow_Focused non-Rad Nickel 7440-02-0 ug/kg 9.90E+03 3.19E+10 3.11E-13 0.00% 1.82E+07 5.42E-04 0.53%
100-K-85_Shallow_Focused non-Rad Vanadium 7440-62-2 ug/kg 5.28E+04 -- -- -- 4.56E+06 1.16E-02 11.38%
100-K-85_Shallow_Focused non-Rad Zinc 7440-66-6 ug/kg 4.65E+04 -- -- -- 2.74E+08 1.70E-04 0.17%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 6.17E-07 -- -- 1.02E-01 --
Total Non-Radiological and Radiological Risk Estimate -- 6.17E-07 -- -- -- --

116-K-1_Overburden non-Rad Chromium 7440-47-3 ug/kg 1.26E+04 -- -- -- 1.37E+09 9.22E-06 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 9.22E-06 --
116-K-1_Overburden Rad Cesium-137 10045-97-3 pCi/g 2.79E-01 1.00E+02 2.78E-07 39.87% -- -- --
116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 6.58E+01 4.01E-07 57.51% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.06E+03 1.82E-08 2.62% -- -- --
Total Radiological Risk Estimate -- 6.97E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 6.97E-07 -- -- -- --

116-K-1_Shallow non-Rad Chromium 7440-47-3 ug/kg 1.37E+04 -- -- -- 1.37E+09 1.00E-05 9.54%
116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 9.86E+07 2.64E-12 100.00% 2.74E+06 9.50E-05 90.46%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.64E-12 -- -- 1.05E-04 --
116-K-1_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.15E-01 1.00E+02 9.13E-07 67.49% -- -- --
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Table A-23. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 6.31E+01 6.03E-08 4.45% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 6.58E+01 3.42E-07 25.25% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.06E+03 3.80E-08 2.81% -- -- --
Total Radiological Risk Estimate -- 1.35E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.35E-06 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 9.86E+07 3.04E-12 100.00% 2.74E+06 1.10E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.04E-12 -- -- 1.10E-04 --
116-K-2_Overburden Rad Cesium-137 10045-97-3 pCi/g 1.30E-01 1.00E+02 1.30E-07 24.57% -- -- --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 6.58E+01 3.25E-07 61.49% -- -- --
116-K-2_Overburden Rad Uranium-233/234 U-233/234 pCi/g 6.59E-01 5.81E+03 1.13E-08 2.15% -- -- --
116-K-2_Overburden Rad Uranium-238 U-238 pCi/g 6.81E-01 1.09E+03 6.23E-08 11.80% -- -- --
Total Radiological Risk Estimate -- 5.28E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.28E-07 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 9.86E+07 3.12E-12 100.00% 2.74E+06 1.12E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.12E-12 -- -- 1.12E-04 --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 3.28E+05 9.10E-10 0.04% -- -- --
116-K-2_Shallow Rad Cesium-137 10045-97-3 pCi/g 9.26E-01 1.00E+02 9.24E-07 40.58% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 6.58E+01 8.95E-07 39.32% -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 7.75E+01 3.81E-07 16.73% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 5.75E+05 1.36E-09 0.06% -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.06E+03 5.20E-09 0.23% -- -- --
116-K-2_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.87E-01 5.81E+03 1.18E-08 0.52% -- -- --
116-K-2_Shallow Rad Uranium-238 U-238 pCi/g 6.27E-01 1.09E+03 5.73E-08 2.52% -- -- --
Total Radiological Risk Estimate -- 2.28E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.28E-06 -- -- -- --

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 9.86E+07 5.91E-12 100.00% 2.74E+06 2.13E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.91E-12 -- -- 2.13E-04 --
116-KE-4_Shallow Rad Cesium-137 10045-97-3 pCi/g 3.70E-01 1.00E+02 3.69E-07 18.32% -- -- --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 6.31E+01 1.36E-07 6.76% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 6.58E+01 1.06E-06 52.82% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 7.75E+01 3.62E-07 17.97% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 5.75E+05 1.30E-09 0.06% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.06E+03 6.31E-09 0.31% -- -- --
116-KE-4_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.14E-01 5.81E+03 1.06E-08 0.52% -- -- --
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Table A-23. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

116-KE-4_Shallow Rad Uranium-235 15117-96-1 pCi/g 4.08E-02 2.95E+02 1.38E-08 0.69% -- -- --
116-KE-4_Shallow Rad Uranium-238 U-238 pCi/g 5.57E-01 1.09E+03 5.09E-08 2.53% -- -- --
Total Radiological Risk Estimate -- 2.02E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.02E-06 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.54E+03 8.15E-07 100.00% 2.53E+05 1.47E-02 91.85%
116-KE-5_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.00E+05 -- -- -- 1.82E+08 5.48E-04 3.44%
116-KE-5_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.95E+02 4.60E+09 4.24E-14 0.00% 8.21E+05 2.38E-04 1.49%
116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 0.14%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.43E+09 4.14E-08 0.00%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 9.86E+07 3.35E-12 0.00% 2.74E+06 1.21E-04 0.76%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.74E+05 3.72E-04 2.33%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 8.15E-07 -- -- 1.60E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 8.15E-07 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 9.86E+07 7.59E-12 100.00% 2.74E+06 2.74E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 7.59E-12 -- -- 2.74E-04 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.57E+03 2.07E-08 0.66% -- -- --
116-KW-3_Shallow Rad Cesium-137 10045-97-3 pCi/g 2.25E-01 1.00E+02 2.24E-07 7.12% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 6.31E+01 1.66E-07 5.28% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 6.58E+01 2.25E-06 71.34% -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 7.75E+01 3.80E-07 12.08% -- -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 3.34E+03 2.75E-08 0.87% -- -- --
116-KW-3_Shallow Rad Uranium-233/234 U-233/234 pCi/g 6.56E-01 5.81E+03 1.13E-08 0.36% -- -- --
116-KW-3_Shallow Rad Uranium-235 15117-96-1 pCi/g 3.90E-02 2.95E+02 1.32E-08 0.42% -- -- --
116-KW-3_Shallow Rad Uranium-238 U-238 pCi/g 6.46E-01 1.09E+03 5.91E-08 1.88% -- -- --
Total Radiological Risk Estimate -- 3.15E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.15E-06 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 2.60E+03 4.54E+03 5.73E-07 100.00% 2.53E+05 1.03E-02 96.07%
116-KW-4_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 5.93E+04 -- -- -- 1.82E+08 3.25E-04 3.03%
116-KW-4_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.21E+04 -- -- -- 1.37E+09 8.84E-06 0.08%
116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 9.86E+07 2.43E-12 0.00% 2.74E+06 8.77E-05 0.82%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.73E-07 -- -- 1.07E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 5.73E-07 -- -- -- --
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Table A-23. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

128-K-1_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 3.70E+03 4.54E+03 8.15E-07 63.32% 2.53E+05 1.47E-02 91.48%
128-K-1_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 7.15E+04 -- -- -- 1.82E+08 3.92E-04 2.45%
128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.72E+03 5.96E-08 4.63% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.72E+02 2.96E-07 23.00% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.72E+03 4.35E-08 3.38% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.72E+03 4.53E-08 3.52% -- -- --
128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 4.05E+05 2.15E-09 0.17% 1.43E+07 6.10E-05 0.38%
128-K-1_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 3.50E+02 4.60E+09 7.60E-14 0.00% 8.21E+05 4.27E-04 2.66%
128-K-1_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 1.35E+04 -- -- -- 1.37E+09 9.86E-06 0.06%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.72E+04 8.60E-09 0.67% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 2.68E+07 8.22E-06 0.05%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 9.86E+07 4.87E-12 0.00% 2.74E+06 1.75E-04 1.09%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.72E+03 1.68E-08 1.31% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.74E+05 1.09E-04 0.68%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.01E+07 7.47E-06 0.05%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.56E+06 1.75E-04 1.09%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.29E-06 -- -- 1.60E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.29E-06 -- -- -- --
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Table A-24.  Summary of Casual User Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Shallow Zone Decision Units in the 100-K Source OU

Waste Site/Decision Unit Chemical Cancer Risk
Chemical Risk 

Drivers
Radiological Cancer Risk

Radiological Risk 
Drivers

Total Non-Rad and Rad Risk Non-Cancer Hazard Index Hazard Drivers

100-K-29_Shallow_Focused  5.45E-07 -- 0.00E+00 -- 5.45E-07 1.85E-02 --
100-K-30_Shallow_Focused  5.73E-07 -- 0.00E+00 -- 5.73E-07 7.56E-02 --
100-K-31_Shallow_Focused  6.17E-07 -- 0.00E+00 -- 6.17E-07 3.21E-02 --
100-K-32_Shallow_Focused  6.61E-07 -- 0.00E+00 -- 6.61E-07 2.15E-02 --

100-K-33_Shallow_Focused  1.48E-06 Arsenic (1.48e-06) 0.00E+00 -- 1.48E-06 5.37E-02 --

100-K-55:1_Shallow  0.00E+00 -- 2.49E-06 -- 2.49E-06 0.00E+00 --
100-K-55:1_Shallow_Focused  0.00E+00 -- 3.09E-06 -- 3.09E-06 0.00E+00 --
100-K-56:1_Shallow  0.00E+00 -- 4.69E-06 -- 4.69E-06 0.00E+00 --
100-K-56:1_Shallow_Focused  9.50E-12 -- 5.75E-06 -- 5.75E-06 3.42E-04 --
100-K-78_Shallow_Focused  9.54E-07 -- 9.63E-07 -- 1.92E-06 9.72E-02 --
100-K-85_Shallow_Focused  6.17E-07 -- 0.00E+00 -- 6.17E-07 1.02E-01 --
116-K-1_Shallow  2.64E-12 -- 1.35E-06 -- 1.35E-06 1.05E-04 --
116-K-2_Shallow  3.12E-12 -- 2.28E-06 -- 2.28E-06 1.12E-04 --
116-KE-4_Shallow  5.91E-12 -- 2.02E-06 -- 2.02E-06 2.13E-04 --
116-KE-5_Shallow_Focused  8.15E-07 -- 0.00E+00 -- 8.15E-07 1.60E-02 --
116-KW-3_Shallow  7.59E-12 -- 3.15E-06 -- 3.15E-06 2.74E-04 --
116-KW-4_Shallow_Focused  5.73E-07 -- 0.00E+00 -- 5.73E-07 1.07E-02 --
128-K-1_Shallow_Focused  1.29E-06 -- 0.00E+00 -- 1.29E-06 1.60E-02 --
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Waste Site/Decision Unit
Chemical 

Cancer Risk
Chemical 

Risk Drivers
Radiological 
Cancer Risk

Radiological 
Risk Drivers

Total Non-Rad 
and Rad Risk

Non-Cancer 
Hazard Index

Hazard 
Drivers

100-K-55:1_Overburden  0.00E+00 -- 1.34E-06 -- 1.34E-06 0.00E+00 --
116-K-1_Overburden  0.00E+00 -- 6.97E-07 -- 6.97E-07 9.22E-06 --
116-K-2_Overburden  3.04E-12 -- 5.28E-07 -- 5.28E-07 1.10E-04 --

Table A-25.  Summary of Casual User Scenario Risk Estimates,  Noncancer Hazards, and Primary Contributors to Risk For Overburden Decision 
Units in the 100-K Source OU
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Table A-26. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-29_Shallow_Focused non-Rad Aroclor-1254 11097-69-1 ug/kg 9.80E+01 2.58E+03 3.79E-08 99.91% 1.31E+04 7.47E-03 84.52%
100-K-29_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.47E+04 -- -- -- 1.37E+09 1.80E-05 0.20%
100-K-29_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.20E+03 9.86E+07 3.24E-11 0.09% 2.74E+06 1.17E-03 13.22%
100-K-29_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.00E+01 -- -- -- 2.74E+05 1.82E-04 2.06%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.80E-08 -- -- 8.84E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 3.80E-08 -- -- -- --

100-K-30_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 6.40E+02 4.60E+09 1.39E-13 1.92% 8.21E+05 7.80E-04 1.20%
100-K-30_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.02E+02 9.86E+07 7.12E-12 98.08% 2.74E+06 2.56E-04 0.40%
100-K-30_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.75E+04 -- -- -- 2.74E+05 6.39E-02 98.40%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 7.26E-12 -- -- 6.49E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 7.26E-12 -- -- -- --

100-K-31_Shallow_Focused non-Rad Barium 7440-39-3 ug/kg 1.69E+05 -- -- -- 1.82E+08 9.26E-04 4.43%
100-K-31_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 7.50E+02 4.60E+09 1.63E-13 6.81% 8.21E+05 9.14E-04 4.37%
100-K-31_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.20E+02 9.86E+07 2.23E-12 93.19% 2.74E+06 8.04E-05 0.38%
100-K-31_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 5.20E+03 -- -- -- 2.74E+05 1.90E-02 90.81%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.39E-12 -- -- 2.09E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 2.39E-12 -- -- -- --

100-K-32_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.30E+02 9.86E+07 2.33E-12 100.00% 2.74E+06 8.40E-05 0.95%
100-K-32_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 2.40E+03 -- -- -- 2.74E+05 8.76E-03 99.05%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.33E-12 -- -- 8.84E-03 --
Total Non-Radiological and Radiological Risk Estimate -- 2.33E-12 -- -- -- --

100-K-33_Shallow_Focused non-Rad Arsenic 7440-38-2 ug/kg 6.70E+03 4.54E+03 1.48E-06 100.00% 2.53E+05 2.65E-02 49.97%
100-K-33_Shallow_Focused non-Rad Cadmium 7440-43-9 ug/kg 1.00E+03 4.60E+09 2.17E-13 0.00% 8.21E+05 1.22E-03 2.30%
100-K-33_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 2.29E+04 -- -- -- 1.37E+09 1.67E-05 0.03%
100-K-33_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 1.40E+03 9.86E+07 1.42E-11 0.00% 2.74E+06 5.11E-04 0.96%
100-K-33_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 6.80E+03 -- -- -- 2.74E+05 2.48E-02 46.74%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 1.48E-06 -- -- 5.31E-02 --
Total Non-Radiological and Radiological Risk Estimate -- 1.48E-06 -- -- -- --

100-K-55:1_Overburden Rad Cobalt-60 10198-40-0 pCi/g 5.60E-02 6.31E+01 8.89E-08 8.64% -- -- --
100-K-55:1_Overburden Rad Europium-152 14683-23-9 pCi/g 3.41E-01 6.58E+01 5.18E-07 50.36% -- -- --
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Table A-26. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-55:1_Overburden Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 41.00% -- -- --
Total Radiological Risk Estimate -- 1.03E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.03E-06 -- -- -- --

100-K-55:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.86E-01 6.31E+01 2.95E-07 13.43% -- -- --
100-K-55:1_Shallow Rad Europium-152 14683-23-9 pCi/g 8.09E-01 6.58E+01 1.23E-06 55.97% -- -- --
100-K-55:1_Shallow Rad Europium-154 15585-10-1 pCi/g 5.21E-01 7.75E+01 6.72E-07 30.60% -- -- --
Total Radiological Risk Estimate -- 2.20E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.20E-06 -- -- -- --

100-K-55:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.10E-01 6.31E+01 1.74E-07 7.27% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 1.30E+00 6.58E+01 1.98E-06 82.37% -- -- --
100-K-55:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 1.87E-01 7.75E+01 2.41E-07 10.06% -- -- --
100-K-55:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 3.66E-01 5.06E+03 7.23E-09 0.30% -- -- --
Total Radiological Risk Estimate -- 2.40E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.40E-06 -- -- -- --

100-K-56:1_Shallow Rad Cesium-137 10045-97-3 pCi/g 1.29E+00 1.00E+02 1.28E-06 27.39% -- -- --
100-K-56:1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.19E-01 6.31E+01 5.06E-07 10.78% -- -- --
100-K-56:1_Shallow Rad Europium-152 14683-23-9 pCi/g 1.91E+00 6.58E+01 2.90E-06 61.83% -- -- --
Total Radiological Risk Estimate -- 4.69E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.69E-06 -- -- -- --

100-K-56:1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 9.37E+02 9.86E+07 9.50E-12 100.00% 2.74E+06 3.42E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 9.50E-12 -- -- 3.42E-04 --
100-K-56:1_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 1.49E-01 6.31E+01 2.36E-07 4.38% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 3.11E+00 6.58E+01 4.73E-06 87.62% -- -- --
100-K-56:1_Shallow_Focused Rad Europium-154 15585-10-1 pCi/g 3.27E-01 7.75E+01 4.22E-07 7.82% -- -- --
100-K-56:1_Shallow_Focused Rad Total beta radiostrontium SR-RAD pCi/g 4.96E-01 5.06E+03 9.79E-09 0.18% -- -- --
Total Radiological Risk Estimate -- 5.39E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.39E-06 -- -- -- --

100-K-78_Shallow_Focused non-Rad Antimony 7440-36-0 ug/kg 3.91E+02 -- -- -- 3.65E+05 1.07E-03 97.99%
100-K-78_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 2.01%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 0.00E+00 -- -- 1.09E-03 --
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Table A-26. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

100-K-78_Shallow_Focused Rad Carbon-14 14762-75-5 pCi/g 1.66E+00 3.28E+05 5.07E-10 0.10% -- -- --
100-K-78_Shallow_Focused Rad Cobalt-60 10198-40-0 pCi/g 7.30E-02 6.31E+01 1.16E-07 21.94% -- -- --
100-K-78_Shallow_Focused Rad Europium-152 14683-23-9 pCi/g 2.70E-01 6.58E+01 4.10E-07 77.73% -- -- --
100-K-78_Shallow_Focused Rad Nickel-63 13981-37-8 pCi/g 7.24E+00 5.75E+05 1.26E-09 0.24% -- -- --
Total Radiological Risk Estimate -- 5.28E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 5.28E-07 -- -- -- --

116-K-1_Overburden Rad Europium-152 14683-23-9 pCi/g 2.64E-01 6.58E+01 4.01E-07 95.65% -- -- --
116-K-1_Overburden Rad Total beta radiostrontium SR-RAD pCi/g 9.24E-01 5.06E+03 1.82E-08 4.35% -- -- --
Total Radiological Risk Estimate -- 4.19E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.19E-07 -- -- -- --

116-K-1_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.60E+02 9.86E+07 2.64E-12 100.00% 2.74E+06 9.50E-05 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.64E-12 -- -- 9.50E-05 --
116-K-1_Shallow Rad Cobalt-60 10198-40-0 pCi/g 3.80E-02 6.31E+01 6.03E-08 13.70% -- -- --
116-K-1_Shallow Rad Europium-152 14683-23-9 pCi/g 2.25E-01 6.58E+01 3.42E-07 77.67% -- -- --
116-K-1_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 1.92E+00 5.06E+03 3.80E-08 8.63% -- -- --
Total Radiological Risk Estimate -- 4.40E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 4.40E-07 -- -- -- --

116-K-2_Overburden non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.00E+02 9.86E+07 3.04E-12 100.00% 2.74E+06 1.10E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.04E-12 -- -- 1.10E-04 --
116-K-2_Overburden Rad Europium-152 14683-23-9 pCi/g 2.14E-01 6.58E+01 3.25E-07 100.00% -- -- --
Total Radiological Risk Estimate -- 3.25E-07 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 3.25E-07 -- -- -- --

116-K-2_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.08E+02 9.86E+07 3.12E-12 100.00% 2.74E+06 1.12E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.12E-12 -- -- 1.12E-04 --
116-K-2_Shallow Rad Carbon-14 14762-75-5 pCi/g 2.98E+00 3.28E+05 9.10E-10 0.07% -- -- --
116-K-2_Shallow Rad Europium-152 14683-23-9 pCi/g 5.89E-01 6.58E+01 8.95E-07 69.74% -- -- --
116-K-2_Shallow Rad Europium-154 15585-10-1 pCi/g 2.96E-01 7.75E+01 3.81E-07 29.68% -- -- --
116-K-2_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.83E+00 5.75E+05 1.36E-09 0.11% -- -- --
116-K-2_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 2.63E-01 5.06E+03 5.20E-09 0.41% -- -- --
Total Radiological Risk Estimate -- 1.28E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.28E-06 -- -- -- --
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Table A-26. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

116-KE-4_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 5.83E+02 9.86E+07 5.91E-12 100.00% 2.74E+06 2.13E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 5.91E-12 -- -- 2.13E-04 --
116-KE-4_Shallow Rad Cobalt-60 10198-40-0 pCi/g 8.60E-02 6.31E+01 1.36E-07 8.68% -- -- --
116-KE-4_Shallow Rad Europium-152 14683-23-9 pCi/g 7.01E-01 6.58E+01 1.06E-06 67.77% -- -- --
116-KE-4_Shallow Rad Europium-154 15585-10-1 pCi/g 2.81E-01 7.75E+01 3.62E-07 23.06% -- -- --
116-KE-4_Shallow Rad Nickel-63 13981-37-8 pCi/g 7.47E+00 5.75E+05 1.30E-09 0.08% -- -- --
116-KE-4_Shallow Rad Total beta radiostrontium SR-RAD pCi/g 3.20E-01 5.06E+03 6.31E-09 0.40% -- -- --
Total Radiological Risk Estimate -- 1.57E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 1.57E-06 -- -- -- --

116-KE-5_Shallow_Focused non-Rad Chromium 7440-47-3 ug/kg 3.00E+04 -- -- -- 1.37E+09 2.19E-05 4.26%
116-KE-5_Shallow_Focused non-Rad Ethylene glycol 107-21-1 ug/kg 5.90E+01 -- -- -- 1.43E+09 4.14E-08 0.01%
116-KE-5_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 3.30E+02 9.86E+07 3.35E-12 100.00% 2.74E+06 1.21E-04 23.42%
116-KE-5_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 1.02E+02 -- -- -- 2.74E+05 3.72E-04 72.32%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 3.35E-12 -- -- 5.15E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 3.35E-12 -- -- -- --

116-KW-3_Shallow non-Rad Hexavalent Chromium 18540-29-9 ug/kg 7.49E+02 9.86E+07 7.59E-12 100.00% 2.74E+06 2.74E-04 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 7.59E-12 -- -- 2.74E-04 --
116-KW-3_Shallow Rad Americium-241 14596-10-2 pCi/g 5.32E-01 2.57E+03 2.07E-08 0.73% -- -- --
116-KW-3_Shallow Rad Cobalt-60 10198-40-0 pCi/g 1.05E-01 6.31E+01 1.66E-07 5.85% -- -- --
116-KW-3_Shallow Rad Europium-152 14683-23-9 pCi/g 1.48E+00 6.58E+01 2.25E-06 79.07% -- -- --
116-KW-3_Shallow Rad Europium-154 15585-10-1 pCi/g 2.95E-01 7.75E+01 3.80E-07 13.39% -- -- --
116-KW-3_Shallow Rad Plutonium-239/240 PU-239/240 pCi/g 9.18E-01 3.34E+03 2.75E-08 0.97% -- -- --
Total Radiological Risk Estimate -- 2.84E-06 -- -- -- --
Total Non-Radiological and Radiological Risk Estimate -- 2.84E-06 -- -- -- --

116-KW-4_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 2.40E+02 9.86E+07 2.43E-12 100.00% 2.74E+06 8.77E-05 100.00%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 2.43E-12 -- -- 8.77E-05 --
Total Non-Radiological and Radiological Risk Estimate -- 2.43E-12 -- -- -- --

128-K-1_Shallow_Focused non-Rad Benzo(a)anthracene 56-55-3 ug/kg 1.03E+02 1.72E+03 5.96E-08 12.63% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(a)pyrene 50-32-8 ug/kg 5.10E+01 1.72E+02 2.96E-07 62.72% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(b)fluoranthene 205-99-2 ug/kg 7.50E+01 1.72E+03 4.35E-08 9.22% -- -- --
128-K-1_Shallow_Focused non-Rad Benzo(k)fluoranthene 207-08-9 ug/kg 7.80E+01 1.72E+03 4.53E-08 9.59% -- -- --
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Table A-26. Casual User Scenario Risk Estimates and Noncancer Hazards for 100-K Source OU Waste Site Decision Units Without Background Contribution

Waste Site/Decision Unit
Analyte 
Group Analyte Name CAS No. Units EPC

Cancer 
Effects RBSL

Cancer Risk 
Estimate

Percent 
Contribution

Noncancer 
Effects RBSL

Noncancer 
Hazard Quotient

Percent 
Contribution

128-K-1_Shallow_Focused non-Rad Bis(2-ethylhexyl) phthalate 117-81-7 ug/kg 8.70E+02 4.05E+05 2.15E-09 0.46% 1.43E+07 6.10E-05 11.37%
128-K-1_Shallow_Focused non-Rad Chrysene 218-01-9 ug/kg 1.48E+02 1.72E+04 8.60E-09 1.82% -- -- --
128-K-1_Shallow_Focused non-Rad Fluoranthene 206-44-0 ug/kg 2.20E+02 -- -- -- 2.68E+07 8.22E-06 1.53%
128-K-1_Shallow_Focused non-Rad Hexavalent Chromium 18540-29-9 ug/kg 4.80E+02 9.86E+07 4.87E-12 0.00% 2.74E+06 1.75E-04 32.66%
128-K-1_Shallow_Focused non-Rad Indeno(1,2,3-cd)pyrene 193-39-5 ug/kg 2.90E+01 1.72E+03 1.68E-08 3.57% -- -- --
128-K-1_Shallow_Focused non-Rad Mercury 7439-97-6 ug/kg 3.00E+01 -- -- -- 2.74E+05 1.09E-04 20.39%
128-K-1_Shallow_Focused non-Rad Pyrene 129-00-0 ug/kg 1.50E+02 -- -- -- 2.01E+07 7.47E-06 1.39%
128-K-1_Shallow_Focused non-Rad Selenium 7782-49-2 ug/kg 8.00E+02 -- -- -- 4.56E+06 1.75E-04 32.66%
Total Non-Radiological Risk Estimate and Hazard Index Estimate -- 4.72E-07 -- -- 5.37E-04 --
Total Non-Radiological and Radiological Risk Estimate -- 4.72E-07 -- -- -- --
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Executive Summary 

Existing Hanford Site soil background (HSB) documents provide site-wide background data for 30 nonradioactive 

analytes, 13 anthropogenic radionuclides, and six (6) naturally occurring vadose zone radionuclides (summarized in 

Appendix A and Appendix B) that continue to be adequate for most risk assessment applications.  However, soil 

background data are needed for nine (9) additional nonradioactive analytes that have little or no data above 

detection in the Hanford Site soil background (HSB) data set to support risk-based screening and assessment of soil 

contamination in environmental restoration and remediation projects at the Hanford Site. These analytes include 

antimony (Sb), cadmium (Cd), lithium (Li), mercury (Hg), molybdenum( Mo), selenium (Se), silver (Ag), and 

thallium (Tl), and Boron, and are collectively referred to here as the “data gap” or gap analytes. These gap analytes 

are especially important in evaluation of ecological risks, and the protection of groundwater and/or surface water, 

because these exposure pathways can potentially drive risk assessments and remedial actions.  The gap analytes are 

also important because the screening levels for these pathways can extend to concentrations in the range of 

background. Provisional background data for these gap analytes are needed to support and facilitate progress in 

environmental restoration and remediation activities until new background data are available in the revision and 

update of the Hanford Site soil background (HSB) data set. 

The purpose of this Environmental Calculation is to evaluate and recommend provisional background data for the 

gap analytes from existing published background data sources, and to also document issues associated with the use 

of these data. Four sets of soil background data for nonradioactive analytes (e.g., metals) generated after publication 

of the HSB data are evaluated here, as candidates for provisional background on the gap analytes. The four data sets 

include soil background data for Washington State (State), Hanford Site soil data from Multi-Incremental Sampling 

of upland and riparian locations, and two soil background data sets reported by Pacific Northwest National 

Laboratory (PNNL) in conjunction with the Hanford Site environmental surveillance program.  Based on the 

evaluation of these data against the provisional soil background acceptance criteria, one of the PNNL data sets 

(GEL data) is recommended as provisional background for all of the gap analytes except for Se. The Washington 

statewide background data for Se are recommended as the provisional background for this analyte. Table ES-1 is a 

summary of the statistical characteristic concentrations of these data that are recommended as provisional1 

background for the gap analytes. 

Table ES-1. Summary of Recommended Provisional Soil Background Data for the “Gap” Analytesa 

Analyte CAS Number 

Statistical Characteristic Concentrations (mg/kg) 

Mean 50
th

 Percentile 90
th

 Percentile Maximum 

Antimony 7440-36-0 0.113 0.100 0.130 0.385 

Boron 7440-42-8 2.25 2.09 3.89 5.86 

Cadmium 7440-43-9 0.422 0.366 0.563 2.98 

Lithium 7439-93-2 9.29 8.62 13.3 19.2 

Mercury 7439-97-6 0.00608 0.00400 0.0131 0.0292 

Molybdenum 7439-98-7 0.364 0.318 0.470 3.17 

Selenium 7782-49-2 0.57 0.56 0.78 0.840 

Silver 7440-22-4 0.118 0.109 0.167 0.273 

Thallium 7440-28-0 0.129 0.118 0.185 0.523 

a
 Percentiles are calculated nonparametric values (Kaplan-Meier) for all analytes except for Se.  Values for Se are State values 

from San Juan, 1994. 

                                                      
1 “Provisional” data is not to be used for final RODs / site closure activities.  Provisional data will be replaced with final background data 

currently under development. 
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Caveats and issues associated with the use of these data as provisional background at the Hanford Site include the 

following: 

1. The data represent topsoil background compositions, which comprise a small part of the vadose zone soil. 

2. The overall composition of this topsoil tends to be biased toward concentrations lower than those of HSB data 

(vadose zone) population for most analytes. 

3. The concentrations of the gap analytes may also be biased toward lower values compared to those of the HSB 

population. 

These provisional soil background data for the gap analytes have not been approved by the U.S. Department of 

Energy or the regulatory agencies for final regulatory compliance documentation. These data should, therefore, be 

used only to support and facilitate progress in environmental restoration and remediation activities in the interim 

until new data associated with revision and update of the HSB documents are available. 

The main technical issue associated with the use of the provisional soil background data concerns the extent to 

which these data address the needs for the conduct of risk-based screening. Risk-based screening involves 

comparison of soil data to the larger of background or risk-based screening levels (RBSLs).  But data cannot be 

screened if the soil data detection limit is larger than the screening metrics because no data above detection can be 

screened out. 

The potential significance of this issue was evaluated by comparing the relative magnitudes of: (1) the provisional 

background levels, (2) routinely obtainable method detection limits (MDLs), and (3) RBSLs, to determine the 

extent to which the provisional background data on the gap analytes meet risk screening needs. Ecological soil 

screening levels (EcoSSLs) were used as RBSLs in the context of risk-driver values for the purposes of the 

comparison. The results of this comparison are summarized in Table ES-2, with determinant screening values and 

criteria highlighted in green and equivocal values and criteria highlighted in orange. 

 

All of the gap analytes in the provisional background data other than Sb and possibly B should be conducive to 

screening soil data against current ecological screening levels and/or the provisional background data because the 

ecological screening levels are larger than both the background and MDLs for five of the gap analytes (Li, Hg, Mo, 

Ag, and Tl). The provisional background levels appear to be a determinant (largest) screening criterion for only two 

of the gap analytes (Cd and Se) because background data are only effective screening criteria if a majority of the 

data are above the detection limits of the soil samples to which they are compared. The ability for Sb and B to be 

screened is equivocal because the MDLs of the soil data are ≥ provisional background levels and/or ecological soil 

screening levels for these two analytes.  

Most of these conclusions appear to be largely corroborated by preliminary data from the analysis of a subset of the 

original HSB samples. It is also indicated that a majority of soil data on the analyses of uncontaminated soil 

samples (including archived background samples) may not be detectable above detection for as many as five of the 

gap analytes (Sb, Cd, Hg, and Ag, and possibly Tl), with equivocal results for B. Although the detectability of 

background for Cd, Li, Hg, Se, Ag, and Tl in new background data is presently secondary to the magnitude of the 

protectiveness metrics for ecological risk screening, these relationships do not imply that background data (above 

detection) for the gap analytes are not important or needed for characterizing and defining baseline risk. 

Protectiveness and/or screening levels are subject to change, and protectiveness metrics for other 

pathways/receptors (e.g., river and/or groundwater protection) that have yet to be established, and can become the 

risk drivers. Efforts to obtain new background data above detection should be optimized because the intrinsic 

background levels are the only criteria that serve as the fundamental basis for defining baseline risk and 

protectiveness, that are not subject to change. 
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Table ES-2. Comparison of Provisional Background, Ecological Soil Screening Levels,  
and Laboratory Detection Limits (MDLs) for the Gap Analytes 

Gap 

Analyte 

Soil Concentration (mg/kg) 

 Screening Criteria:   Largest of 

EcoSSL, MDL, Background 

Values 

Ecological Soil 

Screening Levels 

(EcoSSLs) 

Routinely 

Achievable 

Detection Limit 

(MDL)
a
 

Provisional Soil 

Background 

Data (P-Bkgr);              

50
th

 Percentile Values 

Sb 0.27 0.3 0.10 None?: EcoSSL ≈ MDL>P-Bkgr 

B 0.50 4.1 2.1 None?: MDL > P-Bkgr ? 

Cd 0.36 0.1 0.37 EcoSSL ≈ P-Bkgr 

Li 35 0.4 8.6 EcoSSL 

Hg 0.10 0.05 0.0040 EcoSSL 

Mo 2.0 0.1 0.32 EcoSSL 

Se 0.30 0.3 0.53 P-Bkgr 

Ag 2.0 0.1 0.11 EcoSSL 

Tl 1.00 0.1 0.12 EcoSSL 

a. Lowest overall MDL value routinely obtainable at the Hanford WSCF laboratory (2010) 

b. Based on preliminary results of analyses of archived background samples from the HSB study (DOE/RL 92-24) 

  

  

 

 

  

Determinant screening values and criteria 

Equivocal screening values and criteria 
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CAS chemical abstract service 

COPC contaminants of potential concern 
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DL detection limit—what is this CRDL?  Something different from MDL? 

DOE U.S. Department of Energy 

EPA U.S. Environmental Protection Agency 

FS feasibility study 
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HSB Hanford Site soil background 
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MIS Multi-Incremental Sampling 

PL protection levels 

PNNL Pacific Northwest National Laboratory 

RI remedial investigation 
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1 Purpose 

The purpose of this environmental calculation is to identify soil background data that can be used in evaluations of 

risk to human health and screening contaminants of potential concern (COPCs) in soils at the Hanford Site. The 

primary focus of this environmental calculation involves the evaluation and recommendation of soil data for use as 

provisional background for nonradioactive analytes not measured or adequately detected in the Hanford Site 

background (HSB) data, referred to here as data “gap” analytes.  Provisional soil background data for the gap 

analytes are needed to provide an improved basis for risk assessment applications and COPC screening to support 

and facilitate progress in environmental restoration and remediation activities in the interim until new data on the 

gap analytes are available in an upcoming revision and update of the Hanford Site soil background (HSB) data set.  

It is emphasized that these recommended provisional background data have not been approved by the U.S. 

Department of Energy (DOE) or the regulatory agencies for final regulatory compliance documentation. Summaries 

of the statistical characteristics of the existing non-radiological and radionuclide data that continue to be appropriate 

for use as Hanford Site soil background data are also provided in Appendix A and Appendix B for completeness. 

2 Technical Background on Hanford Site Soil Background Data 

The HSB data sets for nonradioactive analytes, and for radionuclides, have generally been regarded as adequate for 

human health risk assessment efforts for the past 15 to 20 years since publication of the Hanford Site background 

documents (e.g., DOE/RL-92-24; DOE/RL-96-12). However, useful background data for a number of 

nonradiological analytes have not been available because they were either not detectable in a sufficient number of 

the 104 Hanford Site systematic random soil background samples, or were not measured in the original 

characterization of soil background.  Less than 7% of the data are above detection for antimony (Sb), cadmium 

(Cd), lithium (Li), and thallium (Tl), molybdenum (Mo), selenium (Se), and silver (Ag), and only 18% are above 

detection for mercury (Hg).  These analytes are collectively referred to in this document as the gap analytes.  There 

is also no soil background data for boron (B) because it was not measured in the original characterization of soil 

background, and is included here as a gap analyte. 

The absence of data above detection limits for the gap analytes was not previously problematic because the levels 

protective of human health are generally well above the detection limits (DLs) of these analytes, and risk 

contributions from boron were not considered to be significant. However, many of these analytes have since 

become important in the risk assessment processes at the Hanford Site because protection levels for risk driver 

pathways (e.g., ecological) for these analytes can extend to concentrations below background levels. Thus, there 

has been a renewed interest in re-visiting the determination of the background levels for these analytes, because 

statistical information from data sets are not reliable or conducive to the use of parametric methods when the 

percentage of non-detects is high (e.g., >40%-50%) (EPA/600/R-07/041).  All cationic analytes in the HSB data set 

have ≥ 80% of the data above detection except for these gap analytes, which have 0% to 18% of data above 

detection.  These data gaps are also notable because data for these gap analytes with lower detection limits have 

since been reported for soils that are part of the Hanford Site background population. The issue of how best to 

address these data shortcomings and data gaps is underway, but will not be resolved in the timeframe needed to 

conduct COPC screening and preliminary risk assessment applications for some projects. Thus, other existing data 

on soil background are evaluated in this document to identify data may be acceptable as provisional background 

values for the gap analytes.  

 

3 Methodology  

The following methodology was used in the identification of soil background data appropriate for environmental 

applications at the Hanford Site, and for the evaluation of gap analyte data for use as provisional soil background: 
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1. Utilize the existing Hanford Site soil background data as the primary sources of soil background values for 

radionuclides and most nonradiological analytes.  

2. Evaluate nonradiological soil background data generated after publication of the HSB documents for 

consideration as provisional soil background for the gap analytes based on acceptance criteria described in this 

section. 

3. Also evaluate provisional background data in the context of their ability to meet the objective of providing an 

improved basis for risk assessment screening. 

4 Assumptions and Inputs 

The criteria and assumptions described in this section were used in the evaluation of soil background values to be 

considered as provisional soil background for interim use in environmental restoration and remediation activities at 

the Hanford Site. The assumptions include key aspects of the conceptual model associated with justification for the 

criteria and scale for characterization of soil background for the Hanford Site. Both the evaluation criteria and 

assumptions associated with the conceptual model are excerpted from the HSB documentation identified in Section 

4.3. 

4.1 Evaluation Criteria 

The main criteria for evaluation and acceptance of soil data as background are summarized in Table 1. These 

criteria involve primarily involve components of representativeness, comparability, and completeness of the data 

that are used in the evaluation of the soil data considered for provisional background for the nonradiological gap 

analytes described in Section 6.2.  

Table 1. Evaluation/Acceptance Criteria for Soil Background: Nonradiological Analytes 

1. Sample location (representativeness): 

 

a. Background samples from locations uncontaminated (e.g., by Hanford Site operations) 

b. Locations acknowledged as acceptable background locations by the Tri-Parties 

c. Sampling locations (and coverage) representative of the types and range of soils that occur naturally at the 

Hanford Site 

2. Representativeness and Comparability of Samples and Data: 

 

a. Acceptable sample number 

b. Appropriate sample preparation methods 

 

i. Acceptable sampling methods/procedures 

ii. Sample preparation and analysis conducted in accordance with, or sufficiently comparable to EPA 

methods and protocols prescribed for environmental regulatory applications (e.g., SW-846 methods) 

 

• Physical preparation: Sieve recovery of < 2 mm-diameter sample material 

• Chemical preparation: Sample dissolution (partial) in acids/peroxide (consistent 

with/comparable to SW-846 methods) to produce leachate solution 

c. Appropriate analytical methods (e.g., consistent with SW-846 methods): Compositions determined from 

acid leachate solution (extractable metal/analyte compositions) (vs. bulk compositions) 

d. Acceptable analytes list (includes all gap analytes?) 
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Table 1. Evaluation/Acceptance Criteria for Soil Background: Nonradiological Analytes 

3. Other aspects of data quality: 

 
a. Acceptable sample handling (chain of custody, holding times, etc.) 

 
b. Acceptable levels of detection  

 
c. Acceptable proportion of data above detection limits  

 

4.2 Assumptions/Conceptual Model: Soil Background for Nonradiological Analytes 

The following are the main assumptions and features associated with the conceptual model for nonradiological soil 

background at the Hanford Site: 

1. The compositions of the HSB samples (for the vadose zone) comprise a population of concentrations for each 

analyte. 

2. The population of soil background concentrations are related by the geologic processes associated with the 

origin and deposition of the sediments as cataclysmic flood deposits (Hanford formation). 

3. The composition of the HSB samples is primarily an admixture of basaltic and quartzo-feldspathic components 

in various proportions. 

4. The range of compositions in the soil background population is most appropriately characterized on the scale of 

the phenomenon associated with their origin and associated deposition processes (cataclysmic flood deposits), 

which for the Hanford Site, is on the scale of the Site, and/or the Pasco Basin.  

5. The range of soil background compositions is dominated by the population of the vadose zone sediments, and 

also includes the sub-population of surface and near-surface sediments (e.g., topsoils), and other subordinate 

soil types (e.g., volcanic ashes, floral ecosystem soils, etc.). 

6. The surface and near-surface sediments and topsoils primarily represent reworked vadose zone sediments, 

sorted/fractionated, and/or modified by surficial processes (e.g., eolian process, pedogenesis, bioaccumulation, 

etc.); and the physical and chemical composition of the population of surficial sediment compositions reflect 

the effects of these processes.  

7. Digestate concentrations for many analytes vary inversely with particle (grain) size (i.e., samples with smaller 

grain size yield larger digestate concentrations due to greater effective surface area available for reaction with 

acidic solvents). 

The following are the additional factors associated with evaluation of topsoil data generated since publication of the 

HSB documents as provisional background data for selected gap analytes: 

• Topsoil and near-surface soils represent a population of analyte concentrations that are a subset of, and/ or a 

population related to, the HSB data. 

• The newer topsoil data are comparable to the HSB compositions. 

• The newer topsoil data have significantly lower detection limits for the gap analytes. 

• These newer data have significantly higher proportions of measured values above detection limits for the 

gap analytes. 
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The primary assumptions associated with the potential use of topsoil data as provisional background for the gap 

analytes is that the use of these data is reasonable, provided that the data are not inexplicably biased high compared 

to the HSB values. 

4.3 Inputs 

The data and information from the following sources were used as inputs in the evaluation of provisional soil 

background values for the gap analytes: 

1. Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes (DOE/RL-92-24) 

2. Washington State Department of Ecology, 1994. Natural Background Soil Metals Concentrations in 

Washington State, Publication 94-115. 

3. PNNL, 2009. A Review of Metal Concentrations Measured in Surface Soil Samples Collected On and Around 

the Hanford Site. Fritz, BG., July 2009. PNNL-18577 

4. Multi-Incremental Sampling Data from the 100 Area and 300 Areas of the Hanford Site (WCH 2006; WCH-

2008) 

a. WCH-139, 2006, 100 Area and 300 Area Component of the River Corridor Baseline Risk Assessment 

Spring 2006 Data Compilation, Washington Closure Hanford, Richland, Washington. 

b. WCH-Interoffice Memoradum-139773, 2008, Multi-Incremental Sampling Performance Assessment 

report, Washington Closure Hanford, Richland, Washington. 

 

Data and information from the following reports were used as inputs for the summary tables of existing soil 

background data for the nonradioactive analytes and radionuclides in Appendix A and Appendix B that continue to 

be appropriate for use at the Hanford Site: 

1. Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes (DOE/RL-92-24) 

2. Hanford Site Background: Evaluation of Existing Soil Radionuclides Data (DOE/RL-95-55) 

3. Hanford Site Background: Part 2, Soil Background for Radionuclides (DOE/RL-96-12) 

 

 

5 Software Applications 

JMP
®

 software was used to calculate statistical parameters for the various data sets.   These calculations were 

performed on computer PX18975 using JMP version 8, HISI registration number 2692.  The HISI registration entry 

also provides the IDMS Links to the JMP V&V documentation.  Microsoft Office Excel 2007® software was used 

to construct summary tables and figures of soil background data.  Excel™ is a “Site Licensed Client Software” and 

is exempt from formal control requirements of PRC-PRO-IRM-309 (2009), Controlled Software Management.  

6 Calculation/Methodology Implementation  

Implementation of the methodology described in Section 2 primarily involves qualitative and quantitative 

evaluations of soil background data sets using the criteria identified in Section 4.1. Few calculations are associated 

with these evaluations apart from simplistic comparisons of the data and the calculation of statistical characteristics 

for the provisional background data.  The existing soil background data for the nonradioactive analytes and the 

existing radionuclide background data that should continue to be used for environmental remediation and 

restoration efforts at the Hanford Site are summarized in Appendix A and Appendix B. The evaluation of candidate 
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data for consideration as provisional background for the gap analytes is presented in Section 6.2.  A summary of the 

evaluation of the provisional background data in the context of its ability to provide an improved basis for COPC 

screening is presented in Section 6.4. 

Statistical characteristics calculated for the data sets were performed using JMP statistical software as described in 

Section 5. Percentile values calculated for the provisional background data for the gap analytes in tables presented 

in this environmental calculation used a non-parametric calculation basis (Kaplan-Meier).   

6.1 Soil Background Data for Nonradioactive Analytes Not Measured or Adequately 
Detected in the Hanford Site Background Data Set 

Soil background data for the gap analytes were evaluated from data generated after publication of the Hanford Site 

background documents. This section describes the evaluation of candidate data for consideration as provisional 

background for the gap analytes following the methodology described Section 3.  

The relevant sources of relevant soil background data that have been collected since DOE/RL-92-24 was first 

issued in 1992, include the report on the soil background levels within Washington State (San Juan, 1994), and two 

studies involving the determination of soil background levels in surface and near-surface soil in the vicinity of the 

Hanford Site (PNNL-18577; WCH-139). The evaluation of these data in the context of their potential usefulness as 

supplements to the HSB data, or provisional background levels for the “data gap” analytes, is described in the 

following sections. The evaluation includes a comparison of compositional characteristics of the Hanford Site 

background data, and data on the topsoil samples reported in PNNL-18577 and WCH-139 (MIS data) in the context 

of the criteria and conditions identified in Section 4.1. The evaluation includes comparisons of compositions of up 

to 22 non-radiological analytes in addition to the gap analytes. Tables 2 through 5 summarize the gap analyte data 

in these data sets. The results of this evaluation and calculated summary statistics for the recommended data for the 

gap analytes are presented in the following sections, and are summarized in Table 6 in the form of a checklist for 

the acceptability criteria identified in Table 1 of Section 4.1. 

6.1.1 Washington State Background Values 

The Washington State soil background data are based on the measurement of 490 samples from 166 sample 

locations that include regional soil background values for the entire state, values for the western and eastern sides of 

the state, and data sets for specific regions of the state, including samples from the Yakima and Spokane Basins. 

These data, particularly those from the eastern side of the state, and the Yakima and Spokane Basins have the 

greatest relevance to the HSB. Apart from location considerations, the data are comparable because both the HSB 

data and the state background data were obtained from samples collected, prepared, and analyzed using the same 

EPA protocols and methods. Based on comparison of the 90
th
 percentile values, the soil metal concentrations for 

most analytes from eastern Washington locations are generally somewhat lower than the statewide values and those 

from western Washington locations.  But the data for the eastern part of the state are largely comparable to the 

Hanford Site background data for most analytes. The value of this data set is that it includes some data above 

background for three of the data gap analytes, antimony, cadmium, and selenium. Two of the “data gap” analytes, 

Mo and Tl, were also largely not detected in the Washington State background data. Boron and lithium were not 

included as a measured analytes in this data set. 

Although these data are not strictly site-specific to the region of the Hanford Site, the eastern Washington data are 

representative of adjacent and nearby regions that have soil background levels with greater similarities to each 

other, than to western Washington or overall Washington State background levels. A summary of the Washington 

State soil background data primarily from the Yakima Basin is provided in Table 2 for the gap analytes. The only 

Washington State background data reported for Sb, Se, and Ag, however, are statewide data. Table 6 provides a 

summary of the evaluation of these data against the provisional background acceptance criteria identified in Table 

1. 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-884



ECF-HANFORD-11-0038 Soil Background Data for Interim Use at the Hanford Site Page 15 of 36 

 

Table 2. Washington State Soil Background Data: Summary Statistics for the Gap Analytesa 

Analyte 
CAS 

Number 

No. 

Samples 

> MDL 

Detection 

Limit 

(MDL) 

Mean 
50

th
 

Percentile 

90
th

 

Percentile 

Maximum 

Value 

Concentration 

(mg/kg) 

Antimony
b
 7440-36-0 50 3 4.1 4.02 5.2 7.6 

Boron 7440-42-8 --- --- --- --- ---  

Cadmium 7440-43-9 32 0.2-0.8 0.55 0.49 0.93 1.33 

Lithium 7439-93-2 --- --- --- --- --- --- 

Mercury 7439-97-6 32 0.006 0.03 0.02 0.05 0.117 

Molybdenum 7439-98-7 --- --- --- --- --- --- 

Selenium
b
 7782-49-2 14 5-15 0.57 0.56 0.78 0.84 

Silver
b
 7440-22-4 33 0.3 0.43 0.41 0.61 0.75 

Thallium 7440-28-0 0 5 < MDL --- --- --- 

a. Summary statistics are from San Juan (1994).  Data are for the Yakima Basin, except where otherwise noted 

b. Based on statewide data (no regional data available) 

 

6.1.2 MIS Soil Background Data  

The Multi-Increment Sampling (MIS) data on nonradioactive analytes derives from 98 soil samples collected from 

upland and riparian sample locations at the Hanford Site to provide reference data in support of the River Corridor 

Baseline Risk Assessment (WCH-139). The soil data reported in WCH-139 include nonradioactive analyte 

concentrations for 33 analytes from 17 of the 34 discrete locations sampled. Up to 50 sub-samples were collected at 

each of the 17 locations from a systematic random grid with grid spacing of approximately 10 to 20 m (32 to 66 ft). 

At each of the 17 discrete locations, aliquots of the multiple sub-samples were physically composited and 

homogenized to provide 5 to 10 samples submitted for laboratory analysis from each sampling location. This 

sampling procedure is referred to as MIS. The analysis of the MIS samples was carried out in accordance with 

standard SW-846 methods. 

These data have potential relevance to the evaluation of other sources of soil background information because they 

are site-specific, and include data on the analytes Sb, B, Cd, Mo, Se, and Tl. The main issues associated with the 

potential use of these data as a supplement to the HSB data, or as provisional background include the following: 

1. All samples represent surficial samples (e.g., topsoil) only. 

2. The sample locations were not selected to represent soil background sites, and have not been formally approved 

as background locations 

3. The samples were not collected in accordance with EPA or Washington State guidelines for the determination 

of soil background 

4. There are few data above detection for a third of the gap analytes (silver, thallium, and selenium) 
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The manner in which the MIS samples were collected is a significant issue because the MIS process effectively 

yields only one analysis per sampling area from the composite data. Thus, the 98 soil samples are effectively 

reduced to only 17 independent analyses (one per location) for evaluation and consideration as background.  For 

most of the metal and non-metal analytes, only the calculated average concentrations from each of the 17 composite 

sample locations appear to be comparable to other soil background values discussed in this Section. However, 

sample location is also a significant issue.  Although the selection of the MIS reference locations were approved by 

the Tri-Parties as areas uninfluenced by Hanford operations, the MIS sampling site locations have not undergone 

the same scrutiny and evaluation as the HSB samples, and have not formally been accepted as background locations 

by SMEs or the regulatory community. These sampling sites may ostensibly be background locations, but the 

absence of approval of the sampling sites as representative soil background locations acceptable to the regulatory 

agencies presently precludes this data set from consideration as a supplement to the Hanford Site background data 

set, or as provisional background data for the gap analytes based on the acceptance criteria outlined in Table 1. In 

addition, there are only 1%, 3%, and 6% of the MIS data above detection for silver, thallium, and selenium, 

respectively as shown in Table 3.  These data are not completely adequate as candidates for provisional background 

for the gap analytes due to the lack of data above detection for a third of the gap analytes. Although this data set is 

not considered further here as a candidate for provisional background, the MIS data on the gap analytes (Table 3) 

are used in the evaluation for comparison of the relative magnitudes of these data to the gap analyte levels in the 

other data sets.  

Table 3. MIS Data: Summary Statistics for the Gap Analytes 

Analyte 
CAS 

Number 

Percentage 

of Samples > 

MDL 

Detection 

Limit 

(MDL) 

Mean 
50

th
 

Percentile 

90
th

 

Percentile 

Maximum 

Value 

Concentration 

(mg/kg) 

Antimony 7440-36-0 12% 0.37-0.66 0.593 0.632 0.656 0.83 

Boron 7440-42-8 95% 0.36 1.43 1.26 2.35 3.1 

Cadmium 7440-43-9 63% 0.04-0.11 0.450 0.143 1.55 1.9 

Lithium 7439-93-2 100% < 4 8.81 9.00 11.7 13.8 

Mercury 7439-97-6 46% 0.02 0.035 0.0249 0.075 0.113 

Molybdenum 7439-98-7 63% 0.2-0.43 0.535 0.512 0.90 1.9 

Selenium 7782-49-2 6% 0.2-0.7 0.671 0.698 0.81 1.2 

Silver 7440-22-4 1% 0.07-0.22 ---
*
 ---

*
 ---

*
 --- 

Thallium 7440-28-0 3% 0.34-1.0 0.940 1.0 1.03 1.1 

* Meaningful statistical values cannot be calculated from data with only 1% of measurements above detection  

 

6.1.3 PNNL Soil Background Data 

Another source of newer soil background data are those reported by Fritz in 2009 (PNNL-18577) for up to 30 

analytes from 158 topsoil samples collected in conjunction with the Hanford Site environmental surveillance 

program. These background data are evaluated in this document because they include analytical results on the gap 

analytes with significantly larger proportions of data above detection limits, and have lower detection limits than 

those associated with the DOE/RL-92-24 data, with the exception of selenium. The data are from 41 locations 

collected on and around the Hanford Site in 2008, and samples from 117 locations collected on the Hanford Reach 

National Monument (HRNM). The samples collected for these projects were drawn from locations centered around 

the Hanford Site, but the sampling locations ranged from Sunnyside, Washington, to the west; Walla Walla, 
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Washington, to the east; as far north as George, Washington; and as far south as Umatilla, Oregon (Figure 1). 

Samples were collected in 2008 at established environmental monitoring locations (Bisping

and analysis plan prepared for the HRNM

conduct this soil sampling (Fritz et al., 2004; Fritz and Dirkes

The main issues associated with the acceptability of these data concern the comparability of the data to the 

data, particularly in the context of sample type and sample preparation and analysis factors that include the 

following: 

1. The acceptability of the samples and sampling locations as background 

2. The comparability of samples (topsoil

3. The comparability of data generated from samples prepared and analyz

aspects from those typically used in environmental c

4. The comparability of the two data sets reported in P

Figure 1. Locations of Soil Samples Collected in 2004, 2005, and 2008
and Analyzed for Metals in2008. Shaded region is the Hanford Site
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consideration of soil data as representing background. This criterion is also typically one of the most stringent and 

demanding to demonstrate. But in the case of these PNNL
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The acceptability of the samples and sampling locations as background is a fundamental requirement for the 
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demanding to demonstrate. But in the case of these PNNL data, the sampling sites were established env

monitoring locations that have been sampled repeatedly for many years collected in conjunction with the Hanford 

Site environmental surveillance program (Poston et al., 2005). Moreover, these sampling locations were approved 
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HSB levels for radionuclides (DOE/RL-95-55). Although these are not random or systematic sampling locations, 

they are appropriate for the characterization of soil background in the vicinity of the Hanford Site because they 

meet the necessary criteria for background sites. 

The comparability of the data in terms of sample type is important because the PNNL data are exclusively surficial 

topsoil samples that comprise only a small part of the HSB data. Data from surficial (topsoil) samples are included 

in the systematic random HSB data set that represents all soil/sediment types in the vadose zone. Twelve topsoil 

samples are also included in the Focus (Judgment) sample data reported in DOE/RL-92-24. The composition of 

these topsoils are compared to the composition of the main population of HSB data and the other soil background 

data in Figure 2 and Figure 3 to evaluate the consistency and comparability of the two data sets reported in 

PNNL-18577. 

The sample preparation issue concerns a deviation from the EPA SW-846 methodology typically used in 

environmental cleanup activities. Although the physical preparation of the PNNL samples for digestion and 

analysis included sieving using a 2 mm screen size, and drying in accordance with the SW-846 Methods (as were 

the samples in Hanford Site background report, the Washington State soil background study, and the MIS samples), 

the PNNL samples were also powdered using a ball mill to achieve a maximum particle size of 300 µm. The ball 

mill powdering of the PNNL samples is a potentially significant issue because this aspect of the physical 

preparation of the samples for analysis differs from the EPA SW-846 method which involves no physical size 

reduction of sample material other than sieving. The consequence of this deviation from the SW-846 methods is 

that the powdering of the samples can greatly increase the surface area of the soil material, which can increase the 

concentrations of extractable metals in the acid-based partial digestion leachate. Thus, where this factor is 

significant, the concentrations of most analytes for samples prepared in this manner could be biased in the direction 

of somewhat higher concentration levels than would otherwise result from samples that are not powdered, 

depending on the extent to which the increased surface area affects leachate concentrations. 

The acid (partial) digestion/leaching procedures and analytical methods used are also significant factors. The PNNL 

data were obtained from samples analyzed at two different laboratories; one data set was obtained at the GEL 

Laboratories, LLC, (GEL data set), and the other data set was obtained from the PNNL Sequim, Washington, 

Marine Sciences Laboratory (MSL data set). The samples for the GEL data set were prepared using identified EPA 

methods largely comparable, though not identical to the SW-846 methods,2 and analyzed using methods 

corresponding to those in the SW-846 guidelines. However, the MSL samples are reported as having been prepared 

using “modified” versions of EPA Methods 200.7 and 200.8 without further clarification of what the modifications 

involved. However, systematic differences were observed in the measured concentrations of control samples 

included in both sample subsets. Both the control samples, and the overall concentrations measured in the MSL 

data set are consistently higher than those reported for the GEL data set. The MSL data were eliminated from the 

evaluation as a result of the uncertainty associated with the unspecified “modifications” to the EPA sample 

preparation methods for the MSL samples, which are presumed to the reason for the systematic differences in the 

control sample concentrations. Thus, only the data for the 158 samples in the GEL data set were further evaluated 

as candidates for provisional soil background data for the gap analytes (Table 4).  

                                                      
2 Analytical methods involved EPA Method 6020 inductively coupled plasma-mass spectrometry (ICP-MS) and cold vapor atomic 

absorption (CVAA; EPA Method 7471) for mercury. 
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Table 4. PNNL GEL Data: Summary Statistics for the Gap Analytes* 

Analyte CAS Number 

Percentage 

of Samples 

> MDL 

Detection 

Limit 

(MDL) 

Mean 
50

th
 

Percentile 

90
th

 

Percentile 

Maximum 

Value 

Concentration (mg/kg) 

Antimony 7440-36-0 17% 0.10 0.113 0.100 0.130 0.385 

Boron 7440-42-8 88% 0.8-4.5 2.25 2.09 3.89 5.86 

Cadmium 7440-43-9 100% 0.02 0.422 0.366 0.563 2.98 

Lithium 7439-93-2 100% 0.4-2.0 9.29 8.62 13.3 19.2 

Mercury 7439-97-6 66% 0.004 0.00608 0.00400 0.0131 0.0292 

Molybdenum 7439-98-7 100% 0.02 0.364 0.318 0.470 3.17 

Selenium** 7782-49-2 1% 0.5 --- --- --- --- 

Silver 7440-22-4 100% 0.04 0.118 0.109 0.167 0.273 

Thallium 7440-28-0 99% 0.05 0.129 0.118 0.185 0.523 

* Percentiles are calculated nonparametric values (Kaplan-Meier) 

** Meaningful statistical values cannot be calculated from data with only 1% of measurements above detection 

 

6.1.4 Evaluation of PNNL GEL Data  

The data reported in PNNL-18577 for the GEL data set listed in Attachment 1, and summarized in Table 4, include 

data for all of the gap analytes at levels above detection in most of the 158 analyzed samples, except for Se. A 

summary of gap analyte detection levels and percentages of the data above detection for the Hanford Site 

Background (systematic random) data, the PNNL-GEL data, and the MIS data are shown in Tables 5a, 5b, and 5c.  

Table 5a and Table 5b show the proportions of the data for the gap analytes above detection in the Hanford Site 

background data set and PNNL GEL data set. As shown in Table 5b, most of the gap analytes in the PNNL GEL 

data have 88% to 100% of the measured data values above detection. However, there are essentially no data (1%) 

for Se above detection. Although Sb and Hg were measured above detection in only 17% and 66% of the analyzed 

samples, respectively, these proportions of data above detection are significantly greater than those for both 

analytes in the Hanford Site background data set. It is also notable that the detection limits for the gap analytes in 

the PNNL GEL data set and the MIS data set (Table 5c) are both significantly lower than those achieved for these 

analytes in the Hanford Site background data set, and consequently yield more data above detection. 

A fundamentally important criteria concerning the acceptability of the PNNL GEL data for the gap analytes as 

provisional background, is whether their overall compositions for other analytes are comparable to those of 

Hanford Site background and other background data from the region (e.g., no significant artificial bias toward 

higher concentrations). Twenty-one analytes in the PNNL GEL data set, HSB, Hanford Site topsoil background, 

MIS data, and Washington State background data3 are compared and contrasted in Figures 2 and 3. In Figure 2, the 

average (mean) compositions of 20 to 22 analytes in the five data sets are compared. The analytes concentrations 

are similarly compared in Figure 3, on the basis of the 90
th
 percentile values4.  

                                                      
3 State data are for the Yakima Basin for all analytes except Ag, Sb and Se (statewide averages), and Ba, Ca, Mg, and Ti (Spokane Basin 

data) 
4  Percentile values presented here are calculated nonparametric values (Kaplan-Meier).  The 90th percentile values listed in PNNL-18577 are 

based on the assumption of normally distributed data (i.e., 90th percentile = mean+1.28σ) 
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Table 5a. Hanford Site Background (Systematic Random) Data 

Analyte 
CAS 

Number[1] 
No. Samples 

No. Values > 

MDL 
% Detected 

MDL 
Mean 

Concentration 

mg/kg 

Antimony 7440-36-0 104 4 4% 15.7 ≤ MDL 

Cadmium 7440-43-9 102 1 1% 0.66 ≤ MDL 

Lithium 7439-93-2 55 0 0% 34 ≤ MDL 

Mercury 7439-97-6 103 19 18% 0.16 0.26 

Molybdenum 7439-98-7 68 3 4% 2 2.1 

Selenium 7782-49-2 83 3 4% 5 ≤ MDL 

Silver 7440-22-4 102 7 7% 1.4 1.6 

Thallium 7440-28-0 102 4 4% 3.7 ≤ MDL 

Table 5b. PNNL GEL Soil Background Data 

Analyte 
CAS 

Number[1] 
No. Samples 

No. Values 

> MDL 
% Detected 

MDL 
Mean 

Concentration 

mg/kg 

Antimony 7440-36-0 158 27 17% 0.10 0.113 

Boron 7440-42-8 158 139 88% 0.8 – 4.5 2.25 

Cadmium 7440-43-9 158 158 100% 0.02 0.422 

Lithium 7439-93-2 158 158 100% 0.4 – 2.0 9.29 

Mercury 7439-97-6 41 27 66% 0.004 0.00608 

Molybdenum 7439-98-7 158 158 100% 0.02 0.364 

Selenium 7782-49-2 158 1 1% 0.5 ≤ MDL 

Silver 7440-22-4 158 158 100% 0.04 0.118 

Strontium 7440-24-6 158 158 100% 0.4 – 2.0 39.6 

Thallium 7440-28-0 158 157 99% 0.05 0.129 

Table 5c. Hanford Multi-Incremental Sampling (MIS) Soil Data 

Analyte 
CAS 

Number[1] 
No. Samples 

No. Values 

> MDL 
% Detected 

MDL 
Mean 

Concentration 

mg/kg 

Antimony 7440-36-0 17 (98) 12 of 98 12% 0.3 – 0.66 0.593 

Boron 7440-42-8 17 (98) 93 of 98 95% 0.36 1.43 

Cadmium 7440-43-9 17 (98) 62 of 98 63% 0.04 – 0.11 0.450 

Lithium 7439-93-2 17 (98) 98 of 98 100% < 4 8.814 

Mercury 7439-97-6 17 (98) 43 of 98 46% 0.02 0.0354 

Molybdenum 7439-98-7 17 (98) 62 of 98 63% 0.2 – 0.43 0.535 

Selenium 7782-49-2 17 (98) 6 of 98 6% 0.2 – 0.7 0.671 

Silver 7440-22-4 17 (98) 1 of 98 1% 0.07 – 0.22 ≤ MDL 

Thallium 7440-28-0 17 (98) 3 of 98 3% 0.34 – 1.0 0.940 

Tin 7440-31-5 17 (98) 63 of 98 64% 0.8 – 1.6 1.88 
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The following are the most notable features of the comparison of these data sets: 

• The PNNL GEL data have generally lower concentrations than the HSB data for most analytes. 

• The HSB topsoil has the largest concentrations for many of the analytes of the Hanford Site-specific samples. 

• The analyte concentrations for the soil background data sets from eastern Washington State, and particularly 

those from the vicinity of the Hanford Site, have largely similar overall background compositions, with 

compositional ranges that appear to be largely consistent with the HSB conceptual model. 

• The concentrations of the several specific analytes (Al, K, Ba, Pb, Zn, and Mn) that are somewhat higher in 

PNNL GEL data than those in the HSB data are even higher in the HSB topsoil. 

Figures 2 and 3 show that the mean values for most analytes in the PNNL GEL data set are lower than the 

corresponding values from the HSB data set for 14 of the 20 to 22 metal/non-metal analytes. The mean 

concentrations of Al, K, Na, Ba, Pb, Zn, Mn, and Cr are somewhat higher than those of the HSB data. The 

90
th
 percentile values of the PNNL GEL data set are also lower than those in the HSB data set for 16 of the 20 to 22 

analytes. The analytes Al, K, Ba, Pb, Zn, and Mn have somewhat higher values. The mean and 90
th
 percentile 

values of the PNNL GEL data set for these analytes differ from the HSB values by more than one standard 

deviation for only two analytes—Al and K. 

It is notable that the levels of most analytes in the HSB topsoil subpopulation (HSB-TopS) reported as Judgment 

samples in DOE/RL-92-24 are generally the largest, or nearly the largest of the other background data sets in 

Figures 2 and 3. Although the concentrations of Al, K, Ba, Pb, Zn, and Mn in the PNNL GEL data are somewhat 

larger than those in the HSB systematic random samples, it is particularly notable that the HSB topsoils has the 

same characteristics, and that the HSB topsoil data have even larger concentrations than those of the HSB 

systematic random data set. These relationships indicate that these topsoil samples have some distinct 

compositional characteristics that differ from those of the general population of vadose zone soils/sediments, which 

are consistent with the soil background conceptual model. The somewhat higher concentration of these analytes 

(e.g., Al, K, Ba, Pb, Zn, and Mn) is largely consistent with presence of greater proportions of alkali 

feldspar/clay/smectite components in the topsoil. 

Based on the relationships between chemical composition and the physical composition in the HSB conceptual 

model, these relationships are consistent with the following interpretations and also serve as amendments to the 

conceptual model:  

1. The Hanford Site topsoil subpopulation and the PNNL GEL data set represent topsoil samples (exclusively). 

2. The Hanford Site topsoils are is generally regarded as a subpopulation within the larger population of vadose 

zone soils/sediments represented by the systematic random samples in the HSB data set.  

3. The origin of topsoil in the Pasco Basin tends to be primarily associated with eolian processes involving wind-

blown fractionation of soil/sediment components (i.e., basalt, quartzo-feldspathic material) based on particle 

size and density. 

4. The physical composition of topsoils in the region may be expected to contain somewhat larger proportions of 

quartzo-feldspathic material due to density fractionation 

5. Pedogenic soil-forming processes, which have generally minor effects on immature profiles in arid and semi-

arid environments, can cause deviations in compositional mixing lines associated with varying proportions of 

component materials (basalt, quartzo-feldspathic material), and/or alteration products (clay, smectite).  
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6. The physical compositions and characteristics of the topsoil, which are derived from re-working the vadose 

zone parent material by eolian and pedogenic processes, can have proportions of basaltic and quartzo-

feldspathic components that extend and/or vary from the typical range of component ratios found in vadose 

zone parent material, due to modifications of these processes.  

7. Many of the topsoil samples in this region may be expected to have greater proportions of quartzo-feldspathic 

components than most of the vadose zone soils/sediments, and/or some alteration products of basaltic and 

feldspathic components (e.g., clay/smectite from incipient pedogenic processes, attributable to these 

supplemental processes associated with the origin and evolution of the topsoil. 

8. The somewhat higher concentration of these analytes (e.g., Al, K, Ba, Pb, Zn, and Mn) is largely consistent 

with presence of somewhat higher proportions of alkali feldspar/clay/smectite components in the topsoil. 

6.2 Comparison of Gap Analyte Concentrations in Candidate Data Sets 

The gap analyte concentrations in the PNNL GEL, MIS, and Washington State soil background data sets are 

compared in Figures 4a and Figure 4b to evaluate the relative magnitude of the data for the gap analytes. These 

comparisons indicate that the PNNL GEL data have the lowest concentrations for Sb, Cd, Hg, Mo, Ag, and Tl of 

the three data sets. Only the concentrations of B and Li in the PNNL GEL data are larger than those in the MIS data 

set by factors of approximately 1.6 and 1.1, respectively. It is also notable that the concentrations for all of the gap 

analytes measured above detection limits in the Washington State data (Sb, Cd, Hg, Ag), except for Se, and are 

relatively large. However, the Washington State Se data are somewhat lower than those of the MIS data, which are 

the only other data with a significant amount of Se data measured above detection limits. 

6.3 Recommended Provisional Background Data for the Gap Analytes 

Based on the evaluation of the candidate data sets, the PNNL GEL data are recommended as provisional 

background data for all of the gap analytes except for Se (Table 6), and the Washington State background for Se is 

recommended as provisional background for Se (Table 7). The PNNL GEL data set best satisfy the acceptance 

criteria for consideration as provisional background for the gap analytes, except for Se. Comparisons of these soil 

background data sets also indicate that the concentrations of most metal and non-metal analytes measured in the 

PNNL GEL data set are not elevated compared to the HSB data, and are actually lower for most analytes. There 

also appears to be a rational explanation for somewhat higher concentrations of several analytes in the topsoils that 

is consistent with an amended version of the HSB conceptual model. These results indicate that the data do not 

have leachable multi-analyte concentrations that are systematically biased in the direction of abnormally higher 

concentrations compared to the comparable HSB data set, and not biased in the direction of values systematically 

higher than those of either the HSB systematic random data or the HSB topsoil data due to the previously described 

sample preparation (powdering) concern. Rather, the analyte concentrations (e.g., 90
th
 percentile values) in the 

PNNL GEL data tend to be systematically lower than those in the HSB systematic random data, with the exception 

of major and trace analytes common to alkali feldspar/clay/smectite components, and other selected trace metals 

(e.g., Al, K, Ba, Pb, Zn, and Mn). The concentrations of most gap analytes in the PNNL GEL data set also appear to 

be lower than those in the Washington State and MIS data set. Based on the weight of this evidence, the PNNL 

GEL data is recommended as provisional background for most of the gap analytes with the following caveats: 
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1. The PNNL GEL data represent topsoil background compositions that are a subset of the vadose zone soils. 

2. The compositions of the PNNL GEL topsoils tend to be biased toward lower, more conservative values, 

compared to those of the vadose zone population. 

3. The concentrations of the gap analytes in the PNNL GEL data may similarly be expected to be biased toward 

lower, more conservative values, compared to those of vadose zone population. 

The only exception to the recommendation of the PNNL GEL data set for provisional soil background for the gap 

analytes is for Se. In the absence of Se data above detection in the PNNL GEL data set, the Washington State soil 

background data were chosen as provisional background for Se because the data for this analyte meet more of the 

acceptance criteria than other data sets, and have no overriding basis for rejection. The PNNL GEL soil background 

data are preferable to the Washington State data, where data exist for both, as summarized in the acceptance criteria 

checklist in Table 6. The Washington State data for Se appear to be comparable to, and somewhat lower than the 

MIS data, which is the only other data set with soil background data above detection. The caveats concerning the 

use of the Washington State data for Se include all of the aforementioned caveats concerning the use of topsoils to 

represent the range of Hanford Site vadose zone sediments, in addition to the following: 

• The Washington State soil background data on Se are from topsoil samples statewide vs. samples from eastern 

Washington or the Yakima Basin. 

• The Washington State soil background data on Se are based on only 14 samples measured above background. 

The implications of these additional factors in terms of bias are unclear because there appear to be components of 

both high and low bias associated with these caveats. The use of statewide background data versus eastern 

Washington State data could be a source of bias, because the western and statewide background levels of most 

analytes in Washington State tend to be higher than those in eastern Washington State (San Juan, 1994). However, 

the use of topsoil data, and only the data from the 14 statewide samples above detection, without also considering 

the 166 data below detection, are two potentially significant sources of bias toward concentrations lower than those 

of vadose zone soil, and lower than those for the statewide samples overall.  

 

 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-893



ECF-HANFORD-11-0038 Soil Background Data for Interim Use at the Hanford Site Page 24 of 36 

 

 
Notes: Figure 2 shows a comparison of the average soil background analyte concentrations5 for the 

PNNL GEL data set (PNNL) to the HSB (systematic random) data (HSB), the Hanford Site topsoil 
background data (HSB-TopS), the MIS data (MIS), and the Washington State soil background 

levels for the Yakima Basin (State/YB).6  

Figure 2. Average Soil Background Analyte Concentrations Comparison  

                                                      
5 The data for Ag and Hg in the HSB data are anomalously high due to censoring at detection limits. 
6 Yakima Basin data plotted for all analytes except for Ag, Sb, and Se (only statewide averages—no regional data), and Ba, Ca, Mg, and Ti 

(Spokane Basin data—no Yakima Basin data) 
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Notes: Figure 3 shows a comparison of 90

th
 percentile values of soil background analyte 

concentrations for the PNNL GEL data set (PNNL) to the Hanford Site background (systematic 
random) data (HSB), the Hanford Site topsoil background data (HSB-TopS), the MIS data (MIS), 

and the Washington State soil background levels for the Yakima Basin (State/YB).7  

Figure 3. 90th Percentile Values of Soil Background Analyte Concentrations Comparison 

                                                      
7 Yakima Basin data plotted for all analytes except for Ag, Sb, and Se (only statewide averages—no regional data), and Ba, Ca, Mg, and Ti 

(Spokane Basin data—no Yakima Basin data) 
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Figure 4a. Comparison of Mean Concentrations of the Gap Analytes  
in the PNNL GEL, MIS, and State Data Sets 

 

Figure 4b. Comparison of 90th Percentile Levels of the Gap Analytes  
in the PNNL GEL, MIS, and State Data Sets 

 
Notes: Figures 4a and 4b show a comparison of soil data on the gap analytes for the PNNL GEL data set to the MIS data (MIS), 
and the Washington State soil background levels (State). Figure 4a is the comparison of mean values. Figure 4b is the 
comparison of 90

th
 percentile values. State background data are for samples from Yakima Basin, except for Sb, Se, and Ag, 

which are for statewide data 
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Table 6. Evaluation and Acceptance Criteria Checklist: Summary of Results for Evaluation of Data Considered for Provisional Background for the Gap Analytes*  

Evaluation/Acceptance Criteria for Provisional Hanford Soil Background 

Criteria Met? 

MIS Data SEL (Sequim) Data GEL Data State Data 

1. Sample location (representativeness):  No Acceptable Acceptable Partial 

 a. Background samples from locations uncontaminated  Presumed Acceptable √ √ √ 

b. Locations acknowledged as acceptable background locations by the Tri-Parties No √ √ √ 

c. Sampling locations (and coverage) representative of the types and range of soil that occurs naturally at the Hanford Site 
Partial (topsoil) Partial (topsoils) Partial (topsoil) 

Partial (topsoil); not 

site-specific 

2. Representativeness and Comparability of Samples and Data: Marginal Not Acceptable Acceptable Partial 

 a. Acceptable sample number  Marginal (17) Acceptable (57 - 124) Acceptable (158) Marginal to/Acceptable 

(∼14 - 50) 

 b. Appropriate sample preparation methods √ No √ √ 

 a. Acceptable sampling methods/procedures √ √ √ √ 

b. Sample preparation and analysis conducted in accordance with, or sufficiently comparable to EPA methods and protocols prescribed for 

environmental regulatory applications (e.g., SW-846 Methods) 

√ Acceptable Acceptable √ 

 • Physical preparation: Sieve recovery of < 2 mm-diameter sample material √ Acceptable Acceptable √ 

• Chemical preparation: Sample dissolution (partial) in acids/peroxide (consistent with/comparable to SW-846 methods) to produce leachate 

solution. 
√ Unknown Acceptable √ 

c. Appropriate analytical methods (e.g., consistent with SW-846 Methods): Compositions determined from acid leachate solution (extractable 

metal/analyte compositions) (vs. bulk compositions) 

√ √ √ √ 

 d. Acceptable analyte list (includes gap analytes?) √ √ √ No; partial 

3. Other aspects of data quality: Incomplete ? √ Incomplete 

 a. Acceptable sample handling (chain of custody, holding times, etc.) √ √ √ √ 

b. Acceptable levels of detection Partial: High % of 

NDs for Sb, Ag, Se, 

Tl 

? 

(all but Se) 

Partial: High % NDs for 

Sb, Ag, Se, Tl 

c. Acceptable proportion of nondetect (ND)data Partial:  >94% NDs 

for Se, Ag, Tl 

? √ Partial: >97% NDs for 

Ag, Tl; 94% NDs for Se 

* Evaluation results include comparisons of compositions of up to 22 non-radiological analytes in addition to the gap analytes 

         Denotes unacceptable criteria or conditions for consideration as Hanford Soil Background  

         Denotes partial or marginally acceptable criteria or conditions for consideration as Hanford Soil Background 
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Table 7. Summary of Data Recommended for Use as Provisional Soil Background for the Gap Analytes* 

Analyte 
CAS 

Number 

No. 

Samples 

Method 

Detection 

Limit 

(MDL) 

Percentage 

of Data 

> Detection
a
 

Statistical Characteristic Concentrations (mg/kg) 

Mean 
50th 

Percentile 

90th 

Percentile 
Maximum 

Antimony 7440-36-0 158 0.1 17% 0.113 0.100 0.130 0.385 

Boron 7440-42-8 158 0.8 – 4.5 88% 2.25 2.09 3.89 5.86 

Cadmium 7440-43-9 158 0.02 100% 0.422 0.366 0.563 2.98 

Lithium 7439-93-2 158 0.4 – 2.0 100% 9.29 8.62 13.3 19.2 

Mercury 7439-97-6 48 0.004 66% 0.00608 0.00400 0.0131 0.0292 

Molybdenum 7439-98-7 158 0.02 100% 0.364 0.318 0.470 3.17 

Selenium** 7782-49-2 14 0.5 ∼1% 0.57 0.56 0.78 0.840 

Silver 7440-22-4 158 0.04 100% 0.118 0.109 0.167 0.273 

Strontium 7440-24-6 158 0.4 – 2.0 100% 39.6 36.9 50.4 110 

Thallium 7440-28-0 157 0.05 99% 0.129 0.118 0.185 0.523 

*   All data except for Se are from PNNL-GEL data (PNNL-18577) 

** Selenium data from Statewide Soil Background (San Juan, 1994) 

 
 

DOE/RL-2010-97, DRAFT A 
              SEPTEMBER 2011

G-898



ECF-HANFORD-11-0038 Soil Background Data for Interim Use at the Hanford Site Page 29 of 36 

 

6.4 Evaluation of Provisional Background Data for Risk Assessment Applications 

Another important aspect of this evaluation concerns the extent to which the use of the provisional soil 

background data on the gap analytes address the data need issues for the conduct of risk assessments. The 

primary issue beyond the need for viable background data on the gap analytes is the extent to which 

these data are useful for risk-based applications, and specifically the assessment of risks associated with 

pathways/receptors such as ecological risk, that can dominate risk assessments and/or risk-based remedial 

actions. The criteria affecting the usability of the provisional and/or updated background data on the gap 

analytes for applications such as COPC screening against ecological protectiveness metrics include 

consideration of the following: 

1. The amount of gap analyte data above detection limits 

2. The detection limits for the gap analytes in soil data that are compared to background and/or 

protectiveness metrics 

3. The relative magnitudes of the provisional background data and detection limits to: 

a) The protectiveness metrics/screening levels 

b) The detection limits routinely achievable for other soil samples that are compared to background 

 

The first factor addresses the issue of whether the provisional background data provide an improved basis 

for risk-based screening compared to the general absence of data above detection for the gap analytes in 

the HSB data set.  This is important to ensure that there are acceptable proportions of the data above 

detection to quantitatively describe the background population for each analyte and support risk-based 

screening. The detection limits and the proportions of the data above detection for the “gap” analytes 

were presented in Section 6.1.4 and are summarized in Tables 5a, Table 5b, and Table 6.  As stated in 

Section 6.1.4, the PNNL GEL data have significantly detection limits for the gap analytes than those 

achieved for these analytes in the Hanford Site background data set, and consequently significant amounts 

of data above detection for the gap analytes.  Thus, the PNNL GEL data do provide an improved basis for 

risk assessment applications in terms of background data above detection.   

The second factor concerns both the comparability of the provisional background data to soil data, and the 

significance of the background data in risk-based screening. The comparability of the data is important in 

instances when the detection limits for the provisional background data differ from those achievable for 

other soil samples. The usefulness of the provisional background as screening criteria, for example, may 

be limited if these background data are below the detection limits of the soil data that are compared to 

background. The implications of this issue are illustrated in a test case summarized in Table 8. In this test 

case, the data recommended as provisional soil background for the gap analytes are compared to the 

MDLs of soil data typically obtained8.  This test case simulates the proportion of the data that would be 

measured above detection if the PNNL GEL samples were analyzed at a laboratory with higher detection 

limits comparable to those presently obtained for Hanford soil samples. The results of this simulation are 

tabulated in Table 8 for MDLs routinely attainable for the EPA 6010 analytical method MCLs, and the 

EPA Method 200.8 ICP-MS
9
. Simulated results with over 50% of the data > MCLs are highlighted in 

green. Results with less than 50% of the data above MDLs are highlighted in red. Equivocal results are 

highlighted in orange. The actual percentages of the PNNL GEL data above detection are also shown for 

comparison. 

                                                      
8  Detection limits used in this example are for the Waste Site Characterization Facility (WSCF) which is the primary analytical 

laboratory for soil samples at the Hanford Site 
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The results of this simulation indicate that soil samples analyzed with detection limits corresponding to 

the lower MDLs (EPA Method 200.8) could yield data with low percentages of data above detection for 

up to three or four of the gap analytes (i.e., Sb, B, Hg, and possibly Se, Ag, and Tl).  The two most 

important implications from this simulation are that: 

• The provisional background data do not improve the ability to conduct risk assessments 

for gap analytes with detection limits larger than most or all of the provisional 

background data 

• Laboratory detection limits routinely obtainable for the gap analytes should preferably be 

within, or below the levels of the background data to improve the ability to conduct risk 

assessments 

Table 8. Results of the Evaluation Simulating the Percentages of Gap Analyte Data Above Detection, 
Resulting from Analyses of Samples with Compositions Corresponding to the PNNL GEL Data  

Gap 

Analyte 

MDLs Routinely Obtainable for 

Hanford Soil Samples (mg/kg) 

Predicted Percentage of  

Provisional Background Data  

> WSCF MDLs Actual Percentage 

of Provisional 

Background Data 

> Detection
a
 

EPA Method EPA Method 

6010 200.8 6010 200.8 

Sb 4.7 0.3 0% 1% 17%
 b
 

B 4.1 4.1 6% 6% 88% 

Cd 0.4 0.1 40%
b
 100% 100% 

Li 0.4 0.4 100% 100% 100% 

Hg 0.05 0.05 0% 0% 66% 

Mo 0.4 0.1 15%
 b
 99.4% 100% 

Se 4.7 0.3 1%
c
 100%

c
 8% 

Ag 0.7 0.1 0% 62%
b
 100% 

Tl 4.9 0.1 0% 64%
b
 99% 

a. Detection limits for the PNNL GEL data are listed in Table 5b. 

b. Acceptable percentages of data above detection have not been established. 

c. Only 1% of the Se data in the PNNL GEL data set were measurable above detection limit of 0.5 mg/kg; predicted 

percentages of values above the WSCF MDLs for this analyte are not meaningful. 

 

 

The third factor is important because it adds consideration of the magnitude of protectiveness metrics to 

that of background data and detection limits in evaluating the relative importance of soil background as 

determinant criteria in ecological risk screening.  Soil samples with analyte concentrations that are either 

below background, or below risk-based protectiveness levels, are regarded as protective, and are 

eliminated from further evaluation in the risk analysis (screening) process.  Conversely, contaminated 

Simulated results with over 50% of the data > MCLs 

Cases with equivocal simulation results 

Simulated results with less than 50% of the data > MCLs 
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samples (exceeding background), that are also above risk-based protectiveness levels are carried forward 

in risk assessments.  However, the detection limits (i.e., MDLs) of the screened soil data, must be less 

than the protection level, or sufficiently less than background, for either of these criteria to be useful as 

risk-based screening criteria. Thus, the relative magnitudes of the provisional background data, the 

protectiveness metric, and the detection limits of data for both background and other soil samples must all 

be considered in evaluating the usability of soil data for risk screening.  The evaluation of relative 

magnitude of these metrics and the implications of various scenarios for risk-based screening are 

described in Appendix C.  An initial check on inferences this aspect of the evaluation was also performed 

by comparing the relative magnitudes of preliminary (new) data on archived background samples to the 

detection limits (MDLs) and ecological screening metrics for the gap analytes is also described in 

Appendix C.  The results of these evaluations are summarized in Section 7. 

 

7 Results/Conclusions/Uncertainties 

The existing soil background data for all of the nonradioactive analytes reported in DOE/RL-92-24 Rev. 

4, other than the gap analytes, and the existing radionuclide background data reported in DOE/RL-95-55 

and DOE/RL-96-12, should continue to be used for environmental remediation and restoration efforts at 

the Hanford Site. The documented statistical characteristics of these data are summarized in Appendix A 

and Appendix B respectively.  

The following are the main results and conclusions of these evaluations concerning the evaluation of 

existing soil data that can be used as provisional soil background for the gap analytes in COPC screening 

and related risk assessment evaluations at the Hanford Site: 

1. The PNNL GEL data are recommended as provisional background for the nonradioactive gap 

analytes (Sb, B, Cd, Li, Hg, Mo, Ag, and Tl), with specific caveats concerning the use of these data. 

2. The Washington State soil background data is recommended as provisional background for Se, as the 

most suitable in the absence of Se data above detection in the PNNL GEL data set. 

The PNNL GEL data set was selected as provisional soil background for most of the gap analytes based 

on evaluation of background data sets that included the Washington State soil background data, the 

Hanford MIS data, and two PNNL soil background data sets against acceptance criteria identified in 

Table 1. The PNNL GEL data set was determined to be the most suitable for consideration as 

supplemental/provisional soil background data to the DOE/RL-92-24 data set, because these data meet 

most of the acceptance criteria for all of the gap analytes other than Se. In the absence of Se data above 

detection in the PNNL GEL data set, the Washington State soil background data were chosen as 

provisional background for Se because the data for this analyte meet more of the acceptance criteria than 

other data sets, and have no overriding basis for rejection.  

The caveats concerning the use of the provisional soil background data in risk assessment applications and 

ecological screening include the following: 

• These provisional soil background data have not been approved by DOE or the regulatory agencies 

for final regulatory compliance documentation. 

• These data should only be used only to support and facilitate progress in environmental restoration 

and remediation activities in the interim until new data associated with revision and update of the 

HSB documents are available. 
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• These data are based on the analyses of topsoils, which may not represent the range of analyte 

concentrations in the vadose zone soils at the Hanford Site. 

• These topsoil concentrations for the gap analytes may be biased low compared to vadose zone 

concentrations, based on comparison of other analytes in the HSB data set and the provisional soil 

background data set. 

The PNNL GEL data on the gap analytes have large proportions of measured values above detection for 

all of the gap analytes except for Sb (17%) and Se (1%) that can provide an improved basis for ecological 

risk screening. However, a majority of the data for some analytes (i.e., Sb, B, and Hg) have measured 

values that are below the detection limits (MDLs) routinely obtained for many Hanford Site soil samples 

(Table 9).   

All of the gap analytes other than Sb and B in soil samples appear to be conducive to ecological risk 

screening because: 

a) The ecological screening levels are larger than both the background and typical MDLs for five of 

the gap analytes (Li, Hg, Mo, Ag, and Tl), and  

b) The provisional background appears to be the determinant (largest) screening criterion for two of 

the other gap analytes (Cd and Se).  

The ability for Sb and B to be screened at all is equivocal if the MDLs of the soil data are ≥ background 

levels and/or ecological screening levels for these two analytes.  

The results of preliminary data from new analyses of some of the original Hanford Site (vadose zone) soil 

background samples appear to corroborate most of the conclusions in this evaluation, with a few notable 

differences (Table 9). It is indicated from the preliminary data that selenium in background samples 

should be detectable at levels that can serve as the determinant criteria in ecological risk screening, 

provided that data above detection are obtained from the new analysis of vadose zone background 

samples. Although the detectability of background for Cd, Li, Hg, Se, Ag, and Tl is presently secondary 

to the magnitude of the protectiveness metrics for ecological risk screening, these preliminary 

data indicate that little or no background data above detection (MDLs) may result for as many as five of 

the gap analytes (Sb, Cd, Hg, Ag, and possibly Tl) based on the results of data representative of 

uncontaminated soil samples and the associated MDLs typical of those routinely obtainable for the 

analyses of many Hanford soil samples. It is still not known whether the boron levels in these data are 

detectable at levels that can serve as the determinant criteria in ecological risk screening because no 

reliable data for boron were obtained in these data. The extent to which soil data can be screened for 

boron is presently equivocal. 

Thus, the provisional background data recommended in this document, together with ecological screening 

criteria should be adequate for ecological risk screening for most of the gap analytes, except for Sb and B. 

This is primarily because the ability to conduct ecological risk screening for most of the gap analytes 

appears to depend more on the magnitude of the screening level, than on background. However, these 

relationships should not be taken to mean that the characterization of background (above detection) for 

the gap analytes is not important or needed for establishing/defining baseline risk. Protectiveness and/or 

screening levels are subject to change, and protectiveness metrics for other pathways/receptors (e.g., river 

and/or groundwater protection) that have yet to be established, and can become the risk drivers. Although 

the range of vadose zone background levels for the gap analytes have not yet been fully characterized, it 

is recommended that efforts to obtain new background data above detection for all analytes be optimized 

within the context of the regulatory protocols for soil analyses, because the intrinsic background levels are 
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the only criteria that serve as the fundamental basis for defining baseline risk and protectiveness, that are 

not subject to change.  
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Table 9. Comparison of Provisional Background, Ecological Screening Levels,  
and Laboratory Detection Limits (MDLs) for the Gap Analytes 

Gap 

Analyte 

Soil Concentration (mg/kg) 

Screening Criteria:   Largest of 

Eco Metric, MDL, Background 

Values 

Ecological Soil 

Screening Level 

(EcoSSL) 

Detection 

Limit 

(MDL)
a
 

Soil Background (50
th

 Percentile) 

Provisional 

Background      

(P-Bkgr)
b
 

Representative Data 

on Uncontaminated 

Soil Samples
c
 

Sb 0.27 0.3 0.10 ≤ MDL None?: EcoSSL ≈ MDL>P-Bkgr 

B 0.50 4.1 2.1 No reliable data? None?: MDL > P-Bkgr ? 

Cd 0.36 0.1 0.37 ≤ MDL EcoSSL ≈ P-Bkgr 

Li 35 0.4 8.6 4.3 EcoSSL 

Hg 0.10 0.05 0.0040 ≤ MDL EcoSSL 

Mo 2.0 0.1 0.32 0.35 EcoSSL 

Se 0.30 0.3 0.53 0.93 P-Bkgr 

Ag 0.52 0.1 0.11 ≤ MDL EcoSSL 

Tl 1.00 0.1 0.12 ≈ MDL (0.1) EcoSSL 
a 

Lowest overall MDL value routinely obtainable at the Hanford WSCF laboratory (2010) 
b 

Data from PNNL GEL data (PNNL-18577) 
c
 Based on preliminary results of analyses of archived background samples from the HSB study (DOE/RL 92-24) 

 

 

 

The main uncertainties in this evaluation are those associated with (1) the soil background data, and 

(2) the uncertainties in the comparisons regarding the detectability and usefulness of the provisional 

background data on the gap analytes for ecological risk screening. The uncertainties associated with the 

existing soil background data mainly involve the extent to which the samples and data represent the range 

of background in the area of interest, as well as accuracy and precision. These uncertainties are described 

in DOE/RL-92-24, DOE/RL-95-55, and DOE/RL-96-12 in the context of the comparability and 

representativeness the data represent.  These uncertainties also apply to the data recommended as 

provisional background for the gap analytes, qualitatively summarized in the acceptability checklist in 

Table 6, and further described in conjunction with the caveats described in Section 6.4. These caveats 

include an acknowledged (low) bias of the provisional background data for the gap analytes expected for 

the compositions of topsoil, compared to those of vadose zone soils. The additional uncertainties in the 

provisional background data recommended for Se include factors related to potential biases in the data 

due to the representativeness and comparability of the sample locations (statewide vs. eastern 

Washington), the number of samples that the data set (14), and the exclusion of all “non-detect” data 

(as many as 152) from the data set. It is indicated from the comparison of the provisional background data 

on Se to the MIS and preliminary data of vadose zone samples that the provisional background data for Se 

is also biased low.  Inherent accuracy and precision uncertainties stem from the acceptability range for 

laboratory control standard allowed by EPA Contract Laboratory Procedures, which is about +/- 20% for 

most inorganic analytes. 

The uncertainties associated with the results of the comparisons between background data, ecological 

screening levels, and MDLs include the collective uncertainties associated with all three criteria. The 

uncertainties associated with the establishment of the soil data MDLs are at least in part associated with 

Determinant screening values and criteria 

Equivocal screening values and criteria 
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the use of non-soil matrices for MDL calibrations, and appear to involve bias in the MDLs toward larger, 

rather than smaller values. The uncertainties in the veracity of the ecological screening levels appear to be 

very large, but to be largely acceptable for the purposes of screening. Overall, the uncertainties in the 

conclusions drawn from this aspect of the evaluation only appear to be significant where the magnitude of 

the determinant screening criterion, either background or ecological screening levels, are similar to MDL 

levels. Based on the relative magnitude of the ratio for the determinant screening criteria (background or 

ecological screening level) to the MDLs from the information in Table APP-C2 and Table APP-C3 in 

Appendix-C, the uncertainties in the conclusions concerning the ability for the gap analytes to be screened 

(i.e., sensitivities for change in the result) are greatest for Sb, Cd, Hg, Se, and possibly B (ratios < 4.0). 

The ratios for Li, Mo, Ag, and Tl are relatively large (5 to 88), indicating that the results are largely 

insensitive to these uncertainties.  
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APPENDIX-A 

EXISTING SOIL BACKGROUND DATA FOR NONRADIOLOGICAL ANALYTES 
 

The Hanford Site background concentrations for most nonradioactive analytes are based on the data 

and calculated summary statistics reported in the Hanford Site soil background (HSB) documentation 

(e.g., DOE/RL-92-24), and are summarized in Table APP-A2. The summary statistics for total nitrogen in 

Table APP-A2 were recalculated from the values reported for nitrate in DOE/RL-92-24, Rev. 4, to 

facilitate comparison with the MCL identified for nitrate by the U.S. Environmental Protection Agency 

(EPA), and also because total nitrogen is a more appropriate way of handing nitrate and nitrite in fate and 

transport modeling. The soil background values listed in Table APP-A2 for nitrate + nitrite as nitrogen 

(N) are based only on nitrate data (i.e., nitrate converted to nitrogen) because nitrite was not detected in 

any of the systematic random samples (detection limit of 21 mg/kg).  

As shown in Table APP-A1, the conversion of nitrate and nitrite concentration levels to total nitrogen (as 

N) involves calculation of the mass fraction of nitrogen (as N) in nitrate (NO3
-
), by dividing the molecular 

weight of nitrogen (14 g/mol) by the molecular weight of nitrate (62 g/mol), which yields a mass fraction 

of nitrogen (N) in nitrate of 0.2258. Similarly, the mass fraction of nitrogen (as N) in nitrite (NO2
-
), is 

calculated by dividing the molecular weight of nitrogen (14 g/mol) by the molecular weight of nitrite (42 

g/mol), which yields a mass fraction of nitrogen (N) in nitrate of 0.3043. The concentration of nitrogen 

(N) in nitrate can then be calculated by multiplying the nitrate concentration by the mass fraction of 

nitrogen (as N) in nitrate; (i.e., for a nitrate concentration of 10 mg/kg, the concentration of nitrogen in 

nitrate is calculated by multiplying 10 mg/kg × 0.2258 = 2.258 mg/kg N in nitrate). The calculation of 

nitrogen in nitrite is similar, but uses the mass fraction of N in nitrite (0.3043) instead of 0.2258. Where 

there are both nitrate and nitrite data, the amount of nitrogen in nitrate and the amount in nitrite are added 

to yield total nitrogen (N) in nitrate and nitrite.  

In Table APP-A1, for example, the 90
th
 percentile for nitrate reported in DOE/RL-92-24 for the 104 

systematic random samples is 52 mg/kg. The value listed in Table 3 for nitrogen in nitrate and nitrite was 

calculated in the manner described by Equation 1 using only the nitrate values because nitrite was not 

detected in any of the systematic random samples: 

 

Table APP-A1  Calculated Statistical Parameters for Nitrogen (N) in Nitrate 

Parameter Equation Used Outcome 

Mean 30.1 mg/kg (nitrate) x 0.2258 (N/nitrate) 6.80 mg/kg 

50
th

 percentile 3.58 mg/kg (nitrate) x 0.2258 (N/nitrate) 0.808 mg/kg 

90
th

 percentile 52 mg/kg (nitrate) x 0.2258 (N/nitrate) 11.7 mg/kg 

Maximum 538 mg/kg (nitrate) x 0.2258 (N/nitrate) 121.5 mg/kg 

Overall 

Maximum 
906 mg/kg (nitrate) x 0.2258 (N/nitrate) 204.6 mg/kg 
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Table APP-A2. Hanford Site Soil Background for Nonradioactive Analytes: 
Summary Statistics for Systematic Random Dataa 

Analyte 

CAS 

Number
b
 

Mean 

50
th

 

Percentile 

90
th

 

Percentile Maximum 

Overall 

Maximum 

Concentration 

(mg/kg) 

Aluminum 7429-90-5 8,080 7,600 11,800 18,100 28,800 

Arsenic 7440-38-2 4.2 3.55 6.47 11.4 27.7 

Barium 7440-39-3 92.7 88.4 132 221 480 

Beryllium 7440-41-7 1.2 1.09 1.51 2.1 10 

Calcium 7440-70-2 11,500 9,450 17,200 86,600 105,000 

Chromium (total) 7440-47-3 10.9 9.57 18.5 30.6 320 

Cobalt 7440-48-4 11.7 11.2 15.7 16.9 110 

Copper 7440-50-8 15.5 14.4 22 36.1 61 

Iron 7439-89-6 24,500 23,600 32,600 35,100 68,100 

Lead 7439-92-1 6.3 5.45 10.2 26.6 74.1 

Magnesium 7439-95-4 5,180 4,980 7,060 10,100 32,300 

Manganese 7439-96-5 384 372 512 704 1,110 

Nickel 7440-02-0 13.0 12.2 19.1 28.2 200 

Potassium 7440-09-7 1,370 1,210 2,150 3,280 7,900 

Silicon 7440-21-3 32.2 15.4 44 583 1,203 

Sodium 7440-23-5 439 231 690 5,620 6,060 

Titanium 7440-32-6 1,600 1,460 2,570 2,940 3,180 

Uranium (metal)
d
 7440-61-1 - - 3.21 - - 

Vanadium 7440-62-2 57.6 54.4 85.1 97.9 140 

Zinc 7440-66-6 53.0 51.1 67.8 119 366 

Zirconium 7440-67-7 23.6 20.6 39.8 84.8 84.8 

Alkalinity NA 3,410 1,100 7,710 37,600 150,000 

Ammonia 7664-41-7 3.6 0.97 9.23 26.4 26.4 

Chloride 16887-00-6 68.3 6.59 100 1,480 1,480 

Fluoride 16984-48-8 2.4 0.8 2.81 73.3 73.3 

Nitrate 14797-55-8 30.1 3.58 52 538 906 

Nitrite 14797-65-0 -- -- -- -- -- 

Total N (in nitrate) 93037-13-9 6.80 0.808 11.7 121.5 204.6 

O-Phosphate 98059-61-1 4.7 0.002 0.785 225 225 

Sulfate 14808-79-8 192 10.4 237 4,340 12,600 

a. Values were taken from the following tables in DOE/RL-92-24, Rev. 4, Hanford Site Background: Part 1, Soil Background for 

Nonradioactive Analytes, US Department of Energy, Richland Washington, January 2001: 

Mean Table 6-1, pg. T6-1    Maximum Summary Table 1, pg. ES viii 

50th  Summary Table 2, pg. ES ix   Overal Max. Summary Table 1, pg. ES viii 

90th Summary Table 2, pg. ES ix 

b. CAS numbers were populated from the Hanford Environmental Information System database 

(http://environet.rl.gov/EDA/index.cfm).  

c. The uranium (metal) background value is calculated from the sum of the activities of the uranium isotopes (listed later in the 

table), converted to soil concentration (mg/kg) using their respective specific activities. 
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APPENDIX-B  

EXISTING SOIL BACKGROUND DATA FOR RADIONUCLIDES 

 
Two general types of background radionuclides occur in the soil at the Hanford Site: (1) naturally 

occurring radionuclides, and (2) non-Hanford-related anthropogenic (i.e., man-made) radionuclides. The 

origin and spatial distribution and natural and anthropogenic background radionuclides in the soil column 

are inherently different. The following are the main aspects and assumptions associated with the 

conceptual model for radiological soil background at the Hanford Site: 

3. Anthropogenic radionuclide background (e.g., non-Hanford Site-related cobalt-60, strontium-90, 

cesium-137, europium, and plutonium isotopes) is derived from global fallout, with the range and 

levels controlled by factors affecting the transport and distribution which includes wind, climate, and 

weather patterns; geography, and topography (DOE/RL-94-98). 

4. The range and levels of naturally occurring radionuclides (e.g., potassium-40, radium-226, 

thorium-232, and uranium isotopes) are primarily attributable to relative proportions of naturally 

occurring constituent rock and minerals (e.g., basalt, quarto-feldspathic, carbonate components, etc.). 

The anthropogenic background radionuclides are primarily restricted to the surface and near-surface soil, 

except where they may have become mixed with subsurface soil in excavations, or have been otherwise 

transported (by water) into the vadose zone. The naturally occurring radionuclides occur throughout the 

vadose zone, which includes both the topsoil and subsurface soils in the vadose zone. The deeper 

subsurface vadose zone sediments/soils, therefore, contains only the naturally occurring radionuclides 

except where anthropogenic background radionuclides have been introduced, as previously described. 

The radionuclide background data summarized here represent the soil background activities for both types 

of background radionuclides.  

Soil background data and summary statistics for anthropogenic radionuclides in surface and near-surface 

soil summarized in Table APP-B1 are cited from Table 5-1 in DOE/RL-96-12 and involved no new 

calculations. Soil background data and summary statistics for naturally occurring radionuclides in 

subsurface vadose zone soil summarized in and APP-B2 are cited from Table 4-1 in DOE/RL-96-12 and 

also involved no new calculations.  
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Table APP-B1. Activity Concentrations and Background Dose for Anthropogenic and Naturally Occurring Radionuclides in Surface and Near-
Surface Soils (from Table 5-1 in DOE/RL-96-12). (Summary statistics are based on log-normal data distributions) 

Radionuclide CAS No. 

(Geometric) 

Background Mean 50
th

 Percentile 90
th

 Percentile 

Maximum 

Concentration 
Background Dose 

from 95% UCL 

(mrem/year) pCi/g 

Potassium-40  13966-00-2 13.1 12.8 16.6 19.7 41.3 

Cobalt-60  10198-40-0 0.00132 0.00131 0.00842 0.0387 - 

Strontium-90  10098-97-2 0.0806 0.0554 0.178 0.366 2.22 

Cesium-137  10045-97-3 0.417 0.281 1.05 1.64 7.09 

Europium-154  15585-10-1 0.000826 0.000516 0.0334 0.0790 - 

Europium-155  14391-16-3 0.0234 0.0188 0.0539 0.0984 - 

Radium-226  13982-63-3 0.561 0.53 0.815 1.16 90.9 

Thorium-232  7440-29-1 0.945 0.909 1.32 1.58 39.9 

Uranium-234  13966-29-5 0.793 0.762 1.10 1.51 0.35 

Uranium-235  15117-96-1 0.0515 0.0327 0.109 0.386 0.22 

Uranium-238  7440-61-1 0.763 0.733 1.06 1.21 0.47 

Plutonium 238  13981-16-3 0.00158 0.000547 0.00378 0.0193 - 

Plutonium-239/240  15117-48-3 0.00935 0.00661 0.0248 0.0331 - 

Gross Beta  12587-47-2 19.78 19.45 22.96 25 - 

 
Table APP-B2. Activity Concentrations and Background Dose for Naturally Occurring Radionuclides in Vadose Zone Soils (from Table 4-1 in 

DOE/RL-96-12). (Summary statistics are based on log-normal data distributions) 

Radionuclide CAS No. 

(Geometric) 

Background Mean 50
th

 Percentile 90
th

 Percentile 

Maximum 

Concentration 

(Measured) 
Background Dose 

from 95% UCL  

(mrem/year)9 pCi/g 

Potassium-40 13966-00-2 12.84 12.8 16.64 19.7 41.5 

Radium-226 13982-63-3 0.530 0.505 0.815 1.16 90.1 

Thorium-232 7440-29-1 0.909 0.949 1.315 1.58 33.8 

Uranium-234 13966-29-5 0.762 0.743 1.098 1.51 0.35 

Uranium-235 15117-96-1 0.0327 0.0328 0.109 0.386 0.22 

Uranium-238 7440-61-1 0.733 0.718 1.059 1.21 0.47 

                                                      
9 Background Dose values taken from Table 5-2 in DOE/RL-96-12 
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APPENDIX-C  

SUPPORTING EVALUATION OF PROVISIONAL BACKGROUND DATA   

FOR RISK ASSESSMENT APPLICATIONS 
 

This section describes the evaluation of relative magnitude of the provisional background data, the 

ecological screening levels, and the detection limits of data for both background and other soil samples, 

and the implications of various scenarios for risk-based screening.  One of the initial steps in the 

assessment of whether or not soil samples are contaminated or pose risk to human health or the 

environment, is to compare the analyte concentrations of samples to background and appropriate risk-

based protectiveness metrics. Soil samples with analyte concentrations that are either below background, 

or below risk-based protectiveness levels, are regarded as protective, and are eliminated from further 

evaluation in the risk analysis process (i.e., screened). Conversely, contaminated samples (exceeding 

background), that are also above risk-based protectiveness levels are carried forward in risk assessments. 

However, the detection limits (i.e., MDLs) of the screened soil data, must be less than the protection 

level, or sufficiently less than background, for either of these criteria to be useful as risk-based screening 

criteria. Thus, the relative magnitudes of the background data, the protectiveness metric, and the detection 

limits of data for both background and other soil samples must all be considered in evaluating the 

usability of soil data for risk screening. The following is a description of example scenarios for the 

relative magnitude of these metrics and the implications of these scenarios for risk-based screening.  

The various combinations of the relative magnitudes of background levels (BL), risk-based protection 

levels (PL), and DLs for soil data are summarized in Table APP-C1. The consequences of the scenarios 

for risk-based assessments of protectiveness (e.g., ecological risk screening) are color coded in Table 

APP-C1. The scenarios highlighted in grey denote cases for which soil data can be effectively screened 

by either PL or BL metrics, because the protection levels or background levels are > data detection limits 

(Scenarios 1 through 6 in Table APP-C1; Figure APP-C1a). The scenarios highlighted in red denote cases 

where the DL of the samples to be screened are greater than both the protection level and BL, and provide 

no basis for screening or evaluation of protectiveness (scenarios 7 through 9 in Table APP-C1; Figure 

APP-C1b). Because background is a range of values, there are also scenarios where the detection limit or 

the protectiveness metric can be within the background range (Figure APP-C1c); these scenarios are 

included in Table APP-C1. The only equivocal scenario is where the DL resides within the range of 

background values, and the protectiveness metric is less than both background and the DL (scenario 10 in 

Table APP-C1). This scenario is color coded orange in Table APP-C1, because the ability to assess 

protectiveness in this scenario depends on what constitutes an acceptable proportion of background data > 

detection.  

An evaluation was then conducted comparing the relative magnitudes of the detection limits, the 

provisional background data, and current ecological risk screening levels for the “gap” analytes. The 

values used in this evaluation are summarized in Table APP-C2. The detection limits (MDLs) listed in 

Table APP-C2 are the lowest of the MDLs assumed to be routinely achievable for each of the analytes at 

the WSCF labs.  
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Table APP-C1. Summary of the possible scenarios of the relative magnitudes of the protectiveness level 
(PL), the background level (BL), and the detection limit (DL) to one another in the context of their 

usefulness to support risk-based decisions concerning protectiveness (i.e., usability) 

1 2 3 4 5 6 7 8 9 10 

PL BL BL PL 

BL 

 PL DL DL DL 

BL 

 

BL PL DL DL 
PL 

BL 

 
BL PL 

BL 

 DL 

 DL PL  

DL DL PL BL DL  PL BL  PL 

PL = Protectiveness/Screening Level 

DL = Detection Limit (of all data) 

BL = Background Level 

 PL and/or BL > DL; acceptable for risk analysis/screening 

 DL > PL and BL; unacceptable/inappropriate for risk analysis/screening  

 DL within the range of BL; BL and DL> PL; Acceptability dependent on the proportion of background data > DL 

 

 

 

The results of this aspect of the evaluation are presented in Table APP-C2 for the various scenarios for the 

combination of protectiveness values, detection limit values, and background values. The results shown in 

Table APP-C2 also identify the cases that are, and are not, conducive to ecological risk screening. The 

various scenario outcomes are color coded in the same manner as Table APP-C1. Scenarios highlighted in 

red denote cases that provide no basis for ecological risk screening because the detection level (MDL) of 

the soil data are above both the protection level and background level. Scenarios highlighted in green 

denote cases for which soil data can be effectively screened by either the ecological risk screening level 

or background, because the protection levels or background levels are > detection limits. The scenarios 

highlighted in orange denote cases where the ability to screen soil data is equivocal because there is little 

difference between the detection limit (MDL) and the protectiveness metric, and/or the MDL is within the 

range of background values. 

It is indicated from the results of this evaluation that all of the “gap” analytes other than Sb, and B may be 

conducive to ecological risk screening, based on the relative magnitudes of the provisional background 

data, the ecological risk screening levels, and the laboratory MDLs for soil sample data. It is also 

indicated that a majority of the data for Cd, Li, Mo, Se, and possibly Ag, and Tl should be measurable 

above detection for uncontaminated soil samples within the range of the provisional background data for 

most soil sample data. However, the provisional background data may serve as determinant screening 

criteria for only two of the gap analytes (Cd and Se) because the ecological screening levels are larger 

than background and/or the MDLs for Li, Hg, Mo, Ag, and Tl. It is also indicated that there may still be 

no basis for ecological risk screening for B or Ca, because the soil sample MDLs appear to be larger, or 

comparable to provisional background levels, and/or the ecological screening levels for these analytes.  
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Figure APP-C1a. Background > MDL > Protection Level 

 

Figure APP-C1b. Background > MDL< Background > Protection Level 

 

Figure APP-C1c. MDL > Protection Level > Background 

Figure APP-C1. Examples of the Relative Magnitudes of Background Data,  
Protectiveness Metrics, and the Method Detection Limit (MDL) of Soil Data 
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Preliminary data from the recent analyses of an archived subset of the original soil background on vadose 

zone samples from the DOE/RL-92-24 study provides an initial check on the inferences from this aspect 

of the evaluation and insight concerning the detectability of the “gap” analytes in routinely measured soil 

data, and on the usefulness of the provisional data as well as new background data on the “gap” analytes 

in ecological risk screening. It is indicated from these preliminary data on the “gap” analytes for these 

vadose zone samples that the conclusions from the evaluation based on the provisional background data 

appear to be largely corroborated, with the following exceptions: 

• Background data on selenium in HSB and other uncontaminated soil samples may be detectable 

and conducive to ecological risk screening 

• The extent to which soil data for boron (B), cadmium (Cd), and thallium (Tl) are conducive to 

ecological risk screening is equivocal because these analytes cannot be screened if they are 

largely undetectable in background and other uncontaminated samples  

Table APP-C2 shows a comparison of the relative magnitudes of provisional background data, detection 

limits (MDLs), and ecological risk screening levels for the gap analytes. The results are color coded in 

terms of capability for ecological risk screening. Green denotes scenarios conducive to screening; red 

denotes scenarios not conducive to screening; orange denotes scenarios that are equivocal for screening. 

The implications of these results for the detectability of the “gap” analytes, and ecological risk screening 

are summarized in Table APP-C3, which shows a comparison of the relative magnitudes of preliminary 

(new) data for vadose zone samples to ecological screening metrics and laboratory detection limits 

(MDLs) for the “gap” analytes. Highlighted cells summarize the percent of preliminary data above 

detection, and ability for the “gap” analytes to be evaluated in ecological risk screening.  The cases 

highlighted in green in Figures APP-C2 and APP-C3 denote those that are conducive to screening, and 

orange denotes equivocal cases.  Cases highlighted in red denote those where MDL>background, and/or 

where there is no determinant screening criteria > MDL.
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Table APP-C2. Comparison of Comparison of the Relative Magnitudes of Provisional Background Data, 
Detection Limits (MDLs), and Ecological Risk Screening Levels for the Gap Analytes 

Gap 

Analyte 

Provisional  

Background Data 
Soil Data 

Detection 

Limit 

(MDL) 

Ecological Soil 

Screening Level 

(EcoSSL) 

Provisional 

Background > 

Soil Data MDL? 

Largest of Background (Bkgr), 

Detection Limits (MDL),  

and Ecological Risk Screening 

(Eco) Values 

50
th

 

Percentile 

90
th

 

Percentile 

Soil Concentration (mg/kg) 

Sb 0.100 0.130 0.3 0.27 No (1%) MDL ≈ EcoSSL > Bkgr 

B 2.09 3.89 4.1 0.50 No (6%) MDL > Bkgr > EcoSSL 

Cd 0.366 0.563 0.1 0.36 Yes (100%) Bkgr ≈ EcoSSL > MDL 

Li 8.62 13.3 0.4 35 Yes (100%) EcoSSL >> Bkgr > MDL 

Hg 0.004 0.0131 0.05 0.10 No (0%) EcoSSL > MDL > Bkgr 

Mo 0.318 0.470 0.1 2.0 Yes (99.4%) EcoSSL > Bkgr > MDL 

Se 0.525 0.805 0.3 0.30 Yes (100%) Bkgr > MDL ≈ EcoSSL 

Ag 0.109 0.167 0.1 0.52 ?? (62%) EcoSSL > Bkgr ≈ MDL 

Tl 0.118 0.185 0.1 1.00 ?? (64%) EcoSSL >> Bkgr ≈ MDL 

Table APP-C3. Comparison of Representative Gap Analyte Soil Data to Provisional Background, Ecological 
Screening Levels, and Laboratory Detection Limits (MDLs) 

Gap 

Analyte 

Representative Data on 

Uncontaminated Soil 

Samples* 
Soil Data 

Detection 

Limit 

(MDL) 

Ecological 

Screening Level 

Background > 

Soil Data MDL? 

Largest of Background (Bkgr), 

Detection Limits (MDL), 

and Ecological Risk Screening 

(Eco) Values 

50
th

 

Percentile 

90
th

 

Percentile 

Soil Concentration (mg/kg) 

Sb ≤ 0.30 ≤ 0.30 0.3 0.27 No (7%) MDL ≈ EcoSSL; ~No Bkgr 

B ? (no reliable data) 4.1 0.50 ??  MDL > EcoSSL; ~No Bkgr 

Cd 0.1 0.15 0.1 0.36 No (17%) EcoSSL > MDL ≈ Bkgr 

Li 4.28 9.66 0.4 35 Yes (93%) EcoSSL >> Bkgr > MDL 

Hg ≤ 0.05 ≤ 0.05 0.05 0.10 No (0%) EcoSSL > MDL; ~ No Bkgr 

Mo 0.352 0.504 0.1 2.0 Yes (93%) EcoSSL > Bkgr > MDL 

Se 0.93 1.64 0.3 0.30 Yes (87%) Bkgr > MDL ≈ EcoSSL 

Ag ≤ 0.1 ≤ 0.10 0.1 0.52 No (0%) EcoSSL > MDL; ~No Bkgr 

Tl 0.1 0.141 0.1 1.00 ?? (47%) EcoSSL >> Bkgr ≈ MDL 

* Based on preliminary results of analyses of archived background samples from the HSB study (DOE/RL 92-24) 

 
Denotes cases conducive to screening 

Denotes cases that are equivocal for screening 

Denotes cases not conducive to screening because MDL>background, and/or where there is no determinant 

screening criteria > MDL 
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