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TCE was the most prevalent VOC in the soil gas samples collected.  Although TCE does not 
have a high Koc, it may sorb to soil, sediment, or organic matter and persist in the 
environment for a long time.  It also may persist in groundwater.  TCE does not accumulate 
in plants or animal tissue and undergoes biotic and abiotic degradation via natural 
attenuation processes.   

5.6.4  Contaminant Migration 
The primary source for contaminant migration is from historical leaching and potential 
leaks and spills from the STP associated with the Incinerator Ash Pile and STP area.   

The primary source for contamination at the STP is attributed to historic releases to the leach 
field and potential leaks and spills from the STP and USEFF operations.  Source 
contamination exists to the west of Buildings 2515 and 2776.  The dioxins are not expected to 
have migrated through the soil to groundwater. 

5.6.5  Surface Soil Contaminants 
Dioxins, metals, PCBs, and SVOCs have been identified in surface soil at levels above the 
background and/or health-based risk criteria.  The following observations were made for 
contaminants in surface soil: 

• Dioxins were detected in all 31 of the surface soil samples collected.  Eighteen of the 
sample locations reported 2,3,7,8-TCDD TEQ values at levels exceeding the human-
health screening criterion.  Eight of those also exceeded the ecological screening 
criterion.   

• Of the metals detected in the surface soil at the Ash Pile Area, 11 metals were reported at 
concentrations exceeding 1 or more of the criteria.   

• Of the 13 sample locations collected for PCBs in the surface soil at the Ash Pile Area, 1 
PCB (Aroclor-1254) was reported at 1 location at a concentration exceeding the 
comparison criterion in the surface soil at the site.  At APBS0058, Aroclor-1254 was 
reported at 100 μg/kg, compared to the human health screening criterion of 70 μg/kg. 

• Of the 61 surface soil samples analyzed for SVOCs, 3 had reported exceedances of a 
combined 2 SVOC parameters (BaP and BEHP) detected in surface soil.   

• Of the 18 surface soil locations collected for SVOCs in the surface soil samples at the Ash 
Pile Area, SVOCs exceeded the ecological screening criteria at 2 locations.  BaP exceeded 
the screening criterion at APBS0017 (21 μg/kg) and APBS0058 (22 μg/kg), compared to 
the ecological screening criterion of 10 μg/kg.   

Only dioxins were identified in surface soil at levels exceeding the screening criteria at the 
STP site.  The dioxins probably are attributed to the activities at the nearby Ash Pile 
Incinerator. 
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5.6.6  Subsurface Soil Migration 
The following observations were made for the contaminants in subsurface soil: 

• Eleven subsurface soil samples collected from 9 locations to a depth of 10 ft bgs were 
analyzed for both CDDs and CDFs.  The 2,3,7,8-TCDD TEQ values exceeded the human 
health (8.7E, 4 μg/kg) and ecological (4.3E, 3 μg/kg) comparison criteria at APBS0019 
(4.5 to 5 ft bgs) and BTBS1008 (5 to 6 ft bgs).  These sample locations are immediately 
adjacent to other sampling stations where dioxins were undetected down to 9.5 to 10 ft 
bgs.   

• Twenty-six metals were detected in the subsurface soil samples analyzed at the 
Incinerator Ash Pile and STP area for metals.  Of these detected metals, cadmium, 
copper, chromium, hexavalent chromium, mercury, nickel, thallium, and zinc each 
exceeded their respective screening criteria at one location only (BTTS02, in the 6.5- to 
7-foot-bgs sample interval).   

The following observations were made for the contaminants in subsurface soil at the STP: 

• Dioxins were detected at lower concentrations in the subsurface than in the surface soil 
samples; these detections could be the result of construction activities in the area and 
might not be related to migration from the surface soil. 

• The metals exceedances were primarily in the leach field and probably were associated 
with subsurface discharges of metals-containing wastes, rather than being associated 
with the surface operations.   

• Silver was the most prevalent metal in the subsurface soil and was detected at levels 
above the screening criteria in the leach pit area from a depth interval of 3 to 10 ft bgs.  
In sample locations that had multiple depth intervals sampled, the silver concentrations 
decreased with depth.  Additionally, silver was not detected in the soil at depths greater 
than 11 ft bgs.   

5.6.7  Soil-to-Groundwater Migration  
Chemical effects on groundwater at the contiguous B-515 STP, Ash Pile, and RD-09 Areas 
generally are characterized by TCE and its daughter products in the both the CFOU and 
SMOU, mirroring site conditions at other SWMUs at the facility.  The distribution of TCE 
and other VOCs typically is shown within a north-south trending footprint that extends to 
the ELV site.  Historical monitoring and characterization results indicate that groundwater 
is not affected by constituents other than VOCs.  Historical investigations and the current 
Group 2 RFI characterization effort did not detect VOCs in either surface or subsurface soils.  
Soil vapor results from the current and past investigations detected limited distributions of 
TCE and its daughter products, with the detections attributed to affected shallow 
groundwater.   

Affected groundwater at the STP 515, Ash Pile, and RD-09 areas probably is the result of 
TCE released from site operations at the ELV migrating from the soil surrounding the 
Catchment Pond and ultimately migrating within the hydraulically connected CFOU and 
SMOU in the study area (Figures 4.3.2-2 and 4.3.2.5).  In this scenario, affected groundwater 
probably is a result of the entry of immiscible-phase liquid into and below the water table at 
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the ELV, which then flowed into the STP 515, Ash Pile, and RD-09 Areas along upward 
gradients along the interconnected fracture network within the shallow Chatsworth 
formation into weathered bedrock present in the bedrock trough.  Wells RD-09 and WS-SP 
historically have had TCE concentrations in the CFOU ranging from 1,000 to 10,000 μg/L.  
Shallow well RS-22 has exhibited TCE concentrations ranging from 1,000 to 10,000 μg/L, 
while other wells and piezometers monitoring the SMOU, including PZ-001, PZ-010, and 
ES-22, have exhibited TCE concentrations ranging from 100 to 1,000 μg/L.  The proximity of 
the subsurface TCE accumulation beneath the ELV probably is responsible for the elevated 
concentrations of TCE and its daughter products in the CFOU and SMOU, as well as for the 
ineffectiveness of the RD-09 UV groundwater remediation system operations at mitigating 
the affected groundwater in both OUs.   

5.7 Human Health Risk Assessment for Former Ash Pile and 
STP 
The objective of this HHRA is to assess whether the environmental media at the Ash Pile 
and STP could pose risks to human health that might require remedial action, or that are 
eligible for an NFA designation.  This HHRA assesses the potential current and future 
exposures to chemicals in soil, soil vapor, and groundwater at the Ash Pile and STP.  The 
methods and guidance documents used in the preparation of this HHRA are presented in 
Section 1.5.3 of this report.  The HHRA results for the Ash Pile and STP are discussed below.  
The results are summarized in Section 5.9.2. 

The concentration data, input parameters, and results of the HHRA for the Ash Pile and STP 
are presented in Appendix E.  An index of the tables (Appendix E human health RA Tables 
Index) is provided that can be used to locate tables that contain information regarding the 
HHRA data set, EPCs, exposure parameters, toxicity factors, estimated chemical intakes, 
estimated ELCRs, and estimated non-cancer HIs. 

5.7.1  Identification of Chemicals of Potential Concern 
Chemicals were selected as COPCs at the Ash Pile and STP based on the protocol presented 
in Sections 1.5.3.1 and 1.5.3.2.   

5.7.1.1 Data Evaluation 
The soil, soil vapor, and groundwater sampling analytical data at the Ash Pile and STP were 
evaluated to determine their suitability for use in the risk assessment following the 
procedures presented in Section 1.5.3.1.  Sediment and surface water data were not collected 
as part of the RFI site characterization activities.  The locations of the soil, soil vapor, and 
groundwater samples used in this HHRA are shown in Figure 5.4-1.  The samples used in 
this HHRA are listed in Table E.7.1-1 by medium, sample ID, sampling depth interval, and 
date of collection.  Table E.7.1-2 provides the target receptor populations by medium.  
Descriptive summary statistics of this data are provided in Table E.7.1-3.   

5.7.1.2 Identification of COPCs in Soil 
The results of the COPC screening process for soil at 0 to 2 ft bgs and 0 to 10 ft bgs are listed 
in Table E.7.1-3.  Detected analytes in soil at the Ash Pile and STP were compared to 
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background levels.  COPCs identified in soil (0 to 2 ft bgs) included 2 inorganics (barium 
and silver) and 26 organics.  COPCs identified in subsurface soil (0 to 10 ft bgs) included 1 
inorganic (barium) and 31 organics.   

5.7.1.3 Identification of COPCs in Groundwater 
The results of the COPC screening process for groundwater are listed in Table E.7.1-3.  
Detected analytes in groundwater at the Ash Pile and STP were screened using 
groundwater comparison concentrations.  The COPCs identified in groundwater included 
18 inorganics and 10 organics.   

5.7.1.4 Identification of COPCs in Soil Vapor 
The results of the COPC screening process for soil vapor at 3 to 10 ft bgs are listed in 
Table E.7.1-3.  The COPCs identified in soil vapor included TCE, isopropanol, PCE, VC, 
cis-1,2-DCE, and trans-1,2-DCE. 

5.7.2  Exposure Assessment 
The exposure assessment component of the HHRA identifies the means by which 
individuals at or near the Ash Pile and STP may come into contact with constituents in 
exposure media.  It addresses current exposures and those that may result in the future 
under reasonably anticipated potential uses of the site and the surrounding areas.  The 
exposure assessment also identifies the populations that may be exposed; the routes by 
which individuals may become exposed; and the magnitude, frequency, and duration of 
potential exposures.  Figure 1.5.3-1 depicts the conceptual exposure model for the Ash Pile 
and STP.  The exposure scenarios are summarized in Table E.7.1-2.  The methods and 
assumptions used in the exposure assessment are discussed in Section 1.5.3.3. 

5.7.2.1 Identification of Receptors 
The Ash Pile and STP area formerly was used for industrial purposes and is most likely to 
have a future industrial or recreational land use; however, a hypothetical future residential 
scenario also was included in the exposure assessment.  Future residents are expected to 
have the greatest level of exposure.  Therefore, the hypothetical future residential scenario, 
assuming adult and child receptors, was the most conservative scenario in the HHRA.  In 
addition to the residential scenario, the industrial worker and recreationist exposure 
scenarios were evaluated. 

As stated in Section 1.5.3.3, an agricultural-based residential exposure scenario will be 
evaluated to meet the requirements of Senate Bill 990. 

5.7.2.2 Identification of Exposure Pathways 
Future residents and industrial workers were assumed to be exposed to groundwater, soil 
vapor (modeled for migration to indoor air and ambient air), and soil at two depth intervals 
(0 to 2 ft bgs and 0 to 10 ft bgs).  Future recreationists were assumed to be exposed to 
groundwater, soil vapor (modeled for migration to ambient air), and soil at two depth 
intervals (0 to 2 ft bgs and 0 to 10 ft bgs).  Exposure pathways for groundwater and soil 
included direct exposures (ingestion and dermal) and indirect exposures.  Inhalation 
exposures were quantified for the migration of groundwater and soil vapor to ambient air 
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and indoor air.  Additionally, exposures were quantified for residential receptors for the 
inhalation of VOCs in bathroom air while showering or bathing for groundwater.  
Residential receptors also were assumed to ingest edible plants and home-grown produce.  
The exposure assumptions included in the HHRA for the Ash Pile and STP are provided in 
Table E.7.1-6. 

5.7.2.3 Exposure Point Concentrations 
EPCs for surface soil at 0 to 2 ft bgs, subsurface soil at 0 to 10 ft bgs, soil vapor, and 
groundwater at the Ash Pile and STP are listed in Table E.7.1-3.  EPCs were estimated for 
indirect exposures for the following media:  airborne fugitive dusts, ambient air, indoor air, 
and edible plants (home-grown consumption).  Airborne particulate COPC concentrations 
were estimated for non-volatile COPCs.  The derivation of the PEF for soil is detailed in 
Table E.7.1-7.   

Ambient air COPC concentrations were estimated for volatile COPCs by modeling 
migration from soil vapor at 0 to 10 ft bgs to ambient air and migration from groundwater 
to ambient air.  Parameter values used for soil vapor-to-air migration and for estimating the 
ambient air EPCs related to soils are listed in Table E.7.1-9.  The parameter values used for 
estimating the ambient air EPCs related to groundwater also are listed in Table E.7.1-9.  The 
estimated ambient air concentrations from the migration of volatile COPCs in soil and 
groundwater are provided in Tables E.7.1-10, E.7.1-11, and E.7.1-12, respectively. 

Indoor air COPC concentrations were estimated for volatile COPCs by modeling migration 
from soil vapor at 0 to 10 ft bgs and from NSGW using the J-E Model (EPA, 2004).  The 
parameter values used in the J-E Model (EPA, 2004) are listed in Table E.7.1-9.  Soil vapor 
data, where available, preferentially were used for indoor air modeling.  The estimation of 
indoor air concentrations from soil vapor and groundwater migration is detailed in 
Tables E.7.1-13 through E.7.1-18.   

The derivation of edible plant concentrations is calculated using soil-to-plant uptake factors, 
as described in the SRAM (MWH, 2005b).  COPC concentrations in edible plant tissues from 
soil at 0 to 2 ft bgs are listed in Table E.7.1-19. 

5.7.2.4  Intake Estimates 
EPCs were applied to human intake equations, as presented in the SRAM (MWH, 2005b), to 
calculate the chemical intakes for potential adult and child residential, adult and child 
recreationist, and industrial worker receptors at the Ash Pile and STP.  The chemical-specific 
intakes were estimated based on an RME scenario and a CTE scenario.  The exposure 
assumptions and the chemical intakes for soil are presented in Appendix E.  The 
Appendix E human health RA Tables Index provides for the exposure parameters and 
chemical intakes for each exposure scenario.   

5.7.3  Risk Characterization 
In the risk characterization component of the HHRA process, quantification of risk is 
accomplished by combining the results of the exposure assessment (estimated chemical 
intakes) with the results of the dose-response assessment (toxicity values identified in the 
toxicity assessment [Section 1.5.3.4]) to provide numerical estimates of potential health risks.  
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The quantification approach differs for potential noncancer and cancer effects.  The methods 
used in the risk characterization are discussed in Section 1.5.3.5. 

The exposure assumptions, EPCs, toxicity factors, and risk characterization result tables for 
this HHRA are presented in Appendix E (Appendix E human health RA Tables Index).  The 
risk calculation tables present the estimated ELCRs and noncancer HIs for potentially 
exposed receptors and individual exposure routes for soil, indoor air, ambient air, and 
groundwater at the Ash Pile and STP, as well as the cumulative risks and HIs across all 
exposure routes for the RME and CTE scenarios.   

5.7.3.1 Hypothetical Future Adult Residential Exposure Scenario 
Potential residential adult exposure to COPCs in soil, soil vapor, and groundwater were 
evaluated under this hypothetical scenario. 

Estimated Risks/Hazard Indexes for COPCs in Soil.  The potential routes of exposure to 
COPCs in soil include incidental ingestion, dermal contact, inhalation of vapors and fugitive 
dust in ambient air, and consumption of home-grown produce that has accumulated COPCs 
from soil.  The ELCR and HI estimates for the future resident adult exposure scenario are 
discussed below: 

• For exposure to 0- to 2-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 6 x 10-8 for the CTE case to 7 x 10-7 for the RME case.  The RME and 
CTE ELCR estimates are less than the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For 
exposure to 0- to 2-foot-bgs soil, the HI estimates for noncancer effects range from 0.005 
for the CTE case to 0.02 for the RME case.  The CTE and RME HI estimates do not exceed 
the regulatory threshold value of 1.  The cumulative ELCR and HI do not include the 
ELCR and HI estimates from the plant consumption exposure route.  The ELCR 
estimates for carcinogenic COPCs for exposure to 0- to 2-foot-bgs soil from the plant 
consumption exposure route ranges from 4 x 10-6 for the CTE case to 1 x 10-4 for the RME 
case.  The RME and CTE ELCR estimates exceed the lower end of the regulatory risk 
range of 1 x 10-6 to 1 x 10-4.  BaP and 2,3,7,8-TCDD TEQ are the main carcinogenic risk 
drivers for the plant consumption exposure route for the RME and CTE cases.  For 
exposure to 0- to 2-foot-bgs soil, the HI estimates for noncancer effects from the plant 
consumption exposure route range from 0.4 for the CTE case to 4 for the RME case.  The 
RME HI estimate exceeds the regulatory threshold value of 1.  Barium and 2,3,7,8-TCDD 
TEQ are the main risk drivers for the RME HI estimate. 

• For exposure to 0- to 10-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 7 x 10-8 for the CTE case to 8 x 10-7 for the RME case.  The RME and 
CTE ELCR estimates are less than the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For 
exposure to 0- to 10-foot-bgs soil, the HI estimates for noncancer effects are less than the 
regulatory threshold value of 1 for the CTE and RME cases.   

Estimated Risks/Hazard Indexes for COPCs in Indoor Air.  For the indoor air pathway, the 
potential route of exposure to COPCs detected in soil gas and groundwater is the inhalation  
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of vapors that have migrated inside a future residence.  The ELCR and HI estimates for the 
future resident adult exposure scenario are discussed below: 

• For indoor air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 2 x 10-6 for the CTE case to 4 x 10-5 for the RME case.  
The CTE and RME ELCR estimate exceeds the lower end of the regulatory risk range of 
1 x 10-6 to 1 x 10-4.  PCE is the main risk driver (99 percent) for the RME case, and TCE is 
the main risk driver (51 percent) for the CTE scenario.  For indoor air exposure via soil 
vapor intrusion, the HI estimates for noncancer effects range from 0.02 for the CTE case 
to 0.1 for the RME case.  The CTE and RME HI estimates do not exceed the regulatory 
threshold value of 1.   

• For indoor air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 8 x 10-7 for the CTE case to 4 x 10-6 for the 
RME case.  The RME ELCR estimate exceeds the lower end of the regulatory risk range 
of 1 x 10-6 to 1 x 10-4.  TCE is the main risk driver (79 percent) for the RME case.  For 
indoor air exposure via vapor intrusion from groundwater, the HI estimates for 
noncancer effects range from 0.003 for the CTE case to 0.01 for the RME case.  The CTE 
and RME HI estimates do not exceed the regulatory threshold value of 1. 

Estimated Risks/Hazard Indexes for COPCs in Ambient Air.  For the ambient air pathway, the 
potential route of exposure to COPCs detected in soil gas and groundwater is the inhalation 
of vapors that have migrated to ambient air.  The ELCR and HI estimates for the future 
resident adult exposure scenario are discussed below: 

• For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 2 x 10-8 for the CTE case to 4 x 10-7 for the RME case.  
The CTE and RME ELCR estimates are less than the regulatory risk range of 1 x 10-6 to 
1 x 10-4.  For ambient air exposure via soil vapor intrusion, the HI estimates for 
noncancer effects range from 0.0002 for the CTE case to 0.001 for the RME case.  The CTE 
and RME HI estimate do not exceed the regulatory threshold value of 1.   

• For ambient air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 6 x 10-9 for the CTE case to 3 x 10-8 for the 
RME case.  The CTE and RME ELCR estimates are less than the regulatory risk range of 
1 x 10-6 to 1 x 10-4.  For ambient air exposure via vapor intrusion from groundwater, the 
HI estimates for noncancer effects range from 4 x 10-5 for the CTE case to 8 x 10-5 for the 
RME case.  The CTE and RME HI estimates do not exceed the regulatory threshold value 
of 1.   

Estimated Risks/Hazard Indexes for COPCs in Groundwater.  Potential routes of exposure to 
COPCs in groundwater include ingestion, dermal contact, and the inhalation of vapors 
during assumed hypothetical domestic use.  The ELCR and HI estimates for the future 
resident adult exposure scenario are discussed below: 

• For exposure to COPCs in NSGW, the cumulative ELCR estimates for carcinogenic 
COPCs range from 4 x 10-4 for the CTE case to 1 x 10-3 for the RME case.  The CTE and 
RME ELCR estimates exceed the upper end of the regulatory risk range of 1 x 10-6 to 
1 x 10-4.  For both the CTE and RME cases, the main risk driver is arsenic (87 percent).  
The CTE and RME ELCR estimates without arsenic do not exceed the upper end of the 
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regulatory risk range; however, the RME ELCR estimate without arsenic still exceeds the 
upper end of the regulatory risk range.  For exposure to COPCs in NSGW, the HI 
estimates for noncancer effects range from 82 for the CTE case to 126 for the RME case.  
The CTE and RME HI estimates exceed the regulatory threshold value of 1.  TCE is the 
main risk driver (92 percent) for the CTE and RME cases.  The HI estimates for the CTE 
and RME cases exceed the regulatory threshold value of 1 without TCE. 

5.7.3.2  Estimated Risks/Hazard Indexes for the Hypothetical Future Child Residential Exposure 
Scenario 
Potential residential child exposures to COPCs in soil, soil vapor, and groundwater were 
evaluated under this hypothetical scenario.   

Estimated Risks/Hazard Indexes for COPCs in Soil.  Potential routes of exposure to COPCs in 
soil include incidental ingestion, dermal contact, inhalation of vapors and fugitive dust in 
ambient air, and consumption of home-grown produce that has accumulated COPCs from 
soil.  The ELCR and HI estimates for the future resident child exposure scenario are 
discussed below: 

• For exposure to 0- to 2-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 4 x 10-7 for the CTE case to 2 x 10-6 for the RME case.  The CTE ELCR 
estimate does not exceed the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The RME ELCR 
is at the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The analyte 
2,3,7,8-TCDD TEQ is the primary risk driver for the RME scenario.   For exposure to 0- to 
2-foot-bgs soil, the HI estimates for noncancer effects range from 0.05 for the CTE case to 
0.2 for the RME case.  The CTE and RME HI estimates for exposure to 0- to 2-foot-bgs 
soil are below the regulatory threshold value of 1.  The cumulative ELCR and HI do not 
include the ELCR and HI estimates from the plant consumption exposure route.  The 
ELCR estimates for carcinogenic COPCs for exposure to 0- to 2-foot-bgs soil from the 
plant consumption exposure route range from 5 x 10-6 for the CTE case to 3 x 10-5 for the 
RME case.  The RME and CTE ELCR estimates are within the regulatory risk range of 
1 x 10-6 to 1 x 10-4.  For exposure to 0- to 2-foot-bgs soil, the HI estimates for noncancer 
effects from the plant consumption exposure route range from 0.6 for the CTE case to 5 
for the RME case.  The RME HI estimate exceeds the regulatory threshold value of 1.  
Barium and 2,3,7,8-TCDD TEQ are the main risk drivers for the RME HI estimate. 

• For exposure to 0- to 10-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 5 x 10-7 for the CTE case to 2 x 10-6 for the RME case.  The RME ELCR 
estimate exceeds the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  
2,3,7,8-TCDD TEQ is the main risk driver (63 percent) for the RME ELCR estimate.  For 
exposure to 0- to 10-foot-bgs soil, the HI estimates for noncancer effects range from 0.04 
for the CTE case to 0.2 for the RME case.  The CTE and RME HI estimates are below the 
regulatory threshold value of 1.   

Estimated Risks/Hazard Indexes for COPCs in Indoor Air.  For the indoor air pathway, the 
potential route of exposure to COPCs detected in soil gas is the inhalation of vapors that  
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have migrated inside a future residence.  The ELCR and HI estimates for the future resident 
child exposure scenario are discussed below: 

• For indoor air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 7x 10-6 for the CTE case to 3 x 10-5 for the RME case.  The 
CTE and RME ELCR estimates exceed the lower end of the regulatory risk range of 
1 x 10-6 to 1 x 10-4.  PCE and TCE are the main risk drivers for the CTE and RME cases.  
For indoor air exposure via soil vapor intrusion, the HI estimates for noncancer effects 
range from 0.1 for the CTE case to 0.3 for the RME case.  The CTE and RME HI estimates 
do not exceed the regulatory threshold value of 1.   

• For indoor air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 3 x 10-6 for the CTE case to 3 x 10-6 for the 
RME case.  The CTE and RME ELCR estimates exceed the lower end of the regulatory 
risk range of 1 x 10-6 to 1 x 10-4.  TCE is the main risk driver (79 percent) for the CTE and 
RME cases.  For indoor air exposure via vapor intrusion from groundwater, the HI 
estimates for noncancer effects range from 0.03 for the CTE case to 0.03 for the RME case.  
The CTE and RME HI estimates do not exceed the regulatory threshold value of 1.   

Estimated Risks/Hazard Indexes for COPCs in Ambient Air.  For the ambient air pathway, the 
potential route of exposure to COPCs detected in soil gas and groundwater is inhalation of 
vapors that have migrated to ambient air.  The ELCR and HI estimates for the future 
resident child exposure scenario are discussed below: 

• For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 8 x 10-8 for the CTE case to 3 x 10-7 for the RME case.  
The CTE and RME ELCR estimates are less than the regulatory risk range of 1 x 10-6 to 
1 x 10-4.  For ambient air exposure via soil vapor intrusion, the HI estimates for 
noncancer effects range from 0.001 for the CTE case to 0.004 for the RME case.  The CTE 
and RME HI estimates do not exceed the regulatory threshold value of 1.   

• For ambient air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 2 x 10-8 for the CTE case to 2 x 10-8 for the 
RME case.  The CTE and RME ELCR estimates do not exceed the lower end of the 
regulatory risk range of 1 x 10-6 to 1 x 10-4.  For ambient air exposure via vapor intrusion 
from groundwater, the HI estimates for noncancer effects range from 0.0002 for the CTE 
case to 0.0002 for the RME case.  The CTE and RME HI estimates do not exceed the 
regulatory threshold value of 1.   

Estimated Risks/Hazard Indexes for COPCs in Groundwater.  Potential routes of exposure to 
COPCs in groundwater include ingestion, dermal contact, and inhalation of vapors during 
assumed hypothetical domestic use.  The ELCR and HI estimates for the future resident 
child exposure scenario are discussed below: 

• For exposure to COPCs in NSGW, the cumulative ELCR estimates for carcinogenic 
COPCs range from 8 x 10-3 for the CTE case to 1 x 10-3 for the RME case.  The CTE and 
RME ELCR estimate exceed the upper end of the regulatory risk range of 1 x 10-6 to 
1 x 10-4.  Arsenic is the main carcinogenic risk driver (87 percent) for the CTE and RME 
cases.  The ELCR estimate for the CTE and RME cases exceeds the upper end of the 
regulatory risk range when arsenic is not included.  For exposure to COPCs in NSGW, 
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the HI estimates for noncancer effects range from 286 for the CTE case to 477 for the 
RME case.  The CTE and RME HI estimates exceed the regulatory threshold value of 1.   
TCE is main risk driver (92 percent) for the CTE and RME cases.  When TCE is not 
included in the HI estimates, the HI estimates exceed the regulatory threshold value of 1. 

5.7.3.3  Hypothetical Future Adult Recreational Exposure Scenario 
Potential adult recreationist exposure to COPCs in soil, soil vapor, and groundwater were 
evaluated under this hypothetical scenario.   

Estimated Risks/Hazard Indexes for COPCs in Soil.  Potential routes of exposure to COPCs in 
soil include incidental ingestion, dermal contact, and inhalation of vapors and fugitive dust 
in ambient air.  The ELCR and HI estimates for the future recreationist adult exposure 
scenario are discussed below: 

• For exposure to 0- to 2-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 5 x 10-9 for the CTE case to 3 x 10-7 for the RME case.  The CTE and 
RME ELCR estimates do not exceed the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For 
exposure to 0- to 2-foot-bgs soil, the HI estimates for noncancer effects range from 0.0004 
for the CTE case to 0.006 for the RME case.  The CTE and RME HI estimates do not 
exceed the regulatory threshold value of 1.   

Estimated Risks/Hazard Indexes for COPCs in Ambient Air.  For the ambient air pathway, the 
potential route of exposure to COPCs detected in soil gas and groundwater is inhalation of 
vapors that have migrated to ambient air.  The ELCR and HI estimates for the future 
recreationist adult exposure scenario are discussed below: 

• For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 1 x 10-9 for the CTE case to 5 x 10-8 for the RME case.  
The CTE and RME ELCR estimates do not exceed the lower end of the regulatory risk 
range of 1 x 10-6 to 1 x 10-4.  For ambient air exposure via soil vapor intrusion, the HI 
estimates for noncancer effects range from 0.00001 for the CTE case to 0.0001 for the 
RME case.  The CTE and RME HI estimates do not exceed the regulatory threshold value 
of 1.   

• For ambient air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 3 x 10-10 for the CTE case to 3 x 10-9 for the 
RME case.  The CTE and RME ELCR estimates do not exceed the lower end of the 
regulatory risk range of 1 x 10-6 to 1 x 10-4.  For ambient air exposure via vapor intrusion 
from groundwater, the HI estimates for noncancer effects range from 2 x 10-6 for the CTE 
case to 0.00001 for the RME case.  The CTE and RME HI estimates do not exceed the 
regulatory threshold value of 1.   

5.7.3.4  Estimated Risks/Hazard Indexes for the Hypothetical Future Child Recreational 
Exposure Scenario 
Potential child recreationist exposure to COPCs in soil, soil vapor, and groundwater were 
evaluated under this hypothetical scenario.   

Estimated Risks/Hazard Indexes for COPCs in Soil.  Potential routes of exposure to COPCs in 
soil include incidental ingestion, dermal contact, and inhalation of vapors and fugitive dust 
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in ambient air.  A hypothetical future recreationist child (15-kg body weight) was assumed 
to be exposed for 350 days per year over 6 years for the RME case and 6 years for the CTE 
case.  The ELCR and HI estimates for the future recreationist child exposure scenario are 
discussed below: 

• For exposure to 0- to 2-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 6 x 10-8 for the CTE case to 4 x 10-7 for the RME case.  The CTE and 
RME ELCR estimates do not exceed the lower end of the regulatory risk range of 1 x 10-6 
to 1 x 10-4.  For exposure to 0- to 2-foot-bgs soil, the HI estimates for noncancer effects 
range from 0.007 for the CTE case to 0.06 for the RME case.  The CTE and RME HI 
estimates do not exceed the regulatory threshold value of 1.   

Estimated Risks/Hazard Indexes for COPCs in Ambient Air.  For the ambient air pathway, the 
potential route of exposure to COPCs detected in soil gas and groundwater is inhalation of 
vapors that have migrated to ambient air.  The ELCR and HI estimates for the future 
recreationist child exposure scenario are discussed below: 

• For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 6 x 10-9 for the CTE case to 9 x 10-8 for the RME case.  
The CTE and RME ELCR estimates do not exceed the lower end of the regulatory risk 
range of 1 x 10-6 to 1 x 10-4.  For ambient air exposure via soil vapor intrusion, the HI 
estimates for noncancer effects range from 0.0001 for the CTE case to 0.001 for the RME 
case.  The CTE and RME HI estimates do not exceed the regulatory threshold value of 1.   

• For ambient air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 2 x 10-9 for the CTE case to 6 x 10-9 for the 
RME case.  The CTE and RME ELCR estimates do not exceed the lower end of the 
regulatory risk range of 1 x 10-6 to 1 x 10-4.  For ambient air exposure via vapor intrusion 
from groundwater, the HI estimates for noncancer effects range from 2 x 10-5 for the CTE 
case to 7 x 10-5 for the RME case.  The CTE and RME HI estimates do not exceed the 
regulatory threshold value of 1.   

5.7.3.5  Hypothetical Future Industrial Worker Exposure Scenario 
Potential industrial worker exposure to COPCs in soil, soil vapor, and groundwater were 
evaluated under this hypothetical scenario.   

Estimated Risks/Hazard Indexes for COPCs in Soil.  Potential routes of exposure to COPCs in 
soil include incidental ingestion, dermal contact, and inhalation of vapors and fugitive dust 
in ambient air.  The ELCR and HI estimates for the future industrial worker exposure 
scenario are discussed below: 

• For exposure to 0- to 2-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 4 x 10-8 for the CTE case to 9 x 10-7 for the RME case.  The CTE and 
RME ELCR estimates do not exceed the lower end of the regulatory risk range of 1 x 10-6 
to 1 x 10-4.  For exposure to 0- to 2-foot-bgs soil, the HI estimates for noncancer effects 
range from 0.003 for the CTE case to 0.03 for the RME case.  The CTE and RME HI 
estimates do not exceed the regulatory threshold value of 1.   
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• For exposure to 0- to 10-foot-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 4 x 10-8 for the CTE case to 1 x 10-6 for the RME case.  The RME ELCR 
estimate equals the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The 
parameter 2,3,7,8-TCDD TEQ from the ingestion pathway is the main risk driver for the 
RME case.  For exposure to 0- to 10-foot-bgs soil, the HI estimates for noncancer effects 
range from 0.002 for the CTE case to 0.02 for the RME case.  The CTE and RME HI 
estimates do not exceed the regulatory threshold value of 1.   

Estimated Risks/Hazard Indexes for COPCs in Indoor Air.  For the indoor air pathway, the 
potential route of exposure to COPCs detected in soil gas and groundwater is the inhalation 
of vapors that have migrated inside a future industrial building.  The ELCR and HI 
estimates for the future industrial worker exposure scenario are discussed below: 

• For indoor air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 6 x 10-7 for the CTE case to 1 x 10-5 for the RME case.  
The RME ELCR estimate exceeds the lower end of the regulatory risk range of 1 x 10-6 to 
1 x 10-4.  PCE is the main risk driver for the RME case.  For indoor air exposure via soil 
vapor intrusion, the HI estimates for noncancer effects range from 0.006 for the CTE case 
to 0.03 for the RME case.  The CTE and RME HI estimates do not exceed the regulatory 
threshold value of 1.   

• For indoor air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 2 x 10-7 for the CTE case to 1 x 10-6 for the 
RME case.  The RME ELCR estimate equals the lower end of the regulatory risk range of 
1 x 10-6 to 1 x 10-4.  TCE is the main risk driver for the RME case.  For indoor air exposure 
via vapor intrusion from groundwater, the HI estimates for noncancer effects range from 
0.002 for the CTE case to 0.003 for the RME case.  The CTE and RME HI estimates do not 
exceed the regulatory threshold value of 1.   

Estimated Risks/Hazard Indexes for COPCs in Ambient Air.  For the ambient air pathway, the 
potential route of exposure to COPCs detected in soil gas and groundwater is the inhalation 
of vapors that have migrated to ambient air.  The ELCR and HI estimates for the future 
industrial worker exposure scenario are discussed below: 

• For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 2 x 10-8 for the CTE case to 4 x 10-7 for the RME case.  
The CTE and RME ELCR estimates do not exceed the lower end of the regulatory risk 
range of 1 x 10-6 to 1 x 10-4.  For ambient air exposure via soil vapor intrusion, the HI 
estimates for noncancer effects range from 0.0002 for the CTE case to 0.001 for the RME 
case.  The CTE and RME HI estimates do not exceed the regulatory threshold value of 1.   

• For ambient air exposure via vapor intrusion from groundwater, the cumulative ELCR 
estimates for carcinogenic COPCs range from 5 x 10-9 for the CTE case to 3 x 10-8 for the 
RME case.  The CTE and RME ELCR estimates do not exceed the lower end of the 
regulatory risk range of 1 x 10-6 to 1 x 10-4.  For ambient air exposure via vapor intrusion 
from groundwater, the HI estimates for noncancer effects range from 4 x 10-5 for the CTE 
case to 7 x 10-5 for the RME case.  The CTE and RME HI estimates do not exceed the 
regulatory threshold value of 1.   
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5.7.4  Uncertainty Discussion 
Uncertainties associated with the results of this HHRA are a function of both the “state of 
the practice” of performing HHRAs in general and UFs specific to the Ash Pile and STP.  
The general HHRA uncertainty is discussed in Section 1.5.3.   

5.8 Ecological Risk Assessment for Former Incinerator Ash 
Pile and Building 515 STP 
5.8.1 Problem Formulation 
The problem formulation describes the site to be assessed, establishes the assumptions and 
data to be employed, and is generally the foundation of the ERA.  Generalized components 
of the problem formulation, applicable to all RFI sites in Group 2, are described in 
Section 1.5.4.1.  Problem formulation components specific to the former Incinerator Ash Pile 
and STP are described below. 

5.8.1.1 Site Background 
The Incinerator was used to burn nonhazardous wastes, primarily trash, photographs, and 
paper (MWH, 2005d).  Waste from the Incinerator was deposited in an ash pile located in an 
unpaved area to the south of the Incinerator.  A more detailed discussion of site conditions 
and history is presented in Sections 5.1.2, 5.1.3, and 5.1.4.   

The Incinerator and former Ash Pile Area contain a paved road running east-west that is 
considered developed.  The habitat at the site was determined based on a site survey 
conducted by CH2M HILL staff in April 2008 (Appendix A).  This survey indicated that the 
Ash Pile Area is made up of three habitat types, including woodland, scrub-shrub, and 
ruderal habitat.  Most of the site (about 50 percent) is made up of woodland habitat 
consisting mainly of coastal live oak.  Approximately 17 percent of the site is made up of 
scrub-shrub habitat consisting of yerba santa, elderberry, and California sage.  The scrub-
shrub habitat is located in the northeastern portion of the site.  Ruderal habitat makes up 
about 33 percent of the site and is dispersed evenly across the site.  It is dominated by red 
brome, yellow sweetclover and rip-gut brome (Figure 5.8-1).  Evidence or actual observation 
of the following species was noted during the site visit:  dark-eyed junco, Anna’s 
hummingbird, Nutall’s woodpecker, woodrat (scat and dens), cottontail, kangaroo rat 
(burrows, tracks), and gopher (burrows).  It also was noted that this area was burned in 2005 
and standing burned woody vegetation is present.  No evidence of stressed vegetation 
(except for the burned areas) was observed during the site visit.   

When the STP was in operation, it received both sanitary sewage and cooling water 
discharges from small air conditioning and heat exchanger units in Area II (De Leuw, 
Cather & Company, 1987).  Cooling water may have contained traces of solvents and/or 
fuels.  The STP consists of a comminutor (a device used to cut up solids in wastewater), 
source aeration unit, and clarifier (OEES, 1996).  In addition, the Service Area Building 211 
Leach Field is located to the east of the STP.  The USEFF also is addressed in conjunction 
with the STP because of its proximity.  A more detailed discussion of site conditions and 
history is presented in Sections 5.1.1, 5.1.2, 5.1.3, and 5.1.4.   
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The habitat at the STP site was determined based on a site survey conducted by 
CH2M HILL staff in April 2008 (Appendix A).  This survey indicated that the STP is made 
up of three habitat types, including woodland, scrub-shrub, and ruderal habitat 
(Figure 5.8-1).  Most of the site (76 percent) is composed of dense shrub/scrub habitat, 
consisting mostly of yerba santa, coyote brush, mustard, and California dodder.  
Approximately 15 percent of the site is composed of patchy ruderal habitat, consisting 
mostly of red brome and red-stemmed filaree.  The ruderal habitat is located in the 
southwestern portion of the site.  A small portion of the site (approximately 3 percent), 
located along the site boundaries, is composed of woodland habitat.  It dominated by an 
overstory of coast live oak and an understory of elderberry.  Evidence or actual observation 
of the following species was noted during the site visit:  dark-eyed junco, black phoebe, 
Anna’s hummingbird, spotted towhee, western scrub-jay, yellow-rumped warbler, orange-
crowned warbler, cottontail, kangaroo rat (burrows), gopher (burrows), coyote (scat), and 
western fence lizard.  It also was noted that this area was burned in 2005 and standing 
burned woody vegetation is present.  Stressed vegetation and spray areas are located 
southwest of the Building 515 STP portion of the site (Figure 5.8-1).  Although the Service 
Area Building 211 Leach Field and USEFF were not surveyed, these areas are likely to 
contain comparable habitat, because of their proximity to the STP. 

5.8.1.2 Ecological Management Goals, Assessment Endpoints, and Measures 
The ecological management goal for the former Incinerator Ash Pile and STP is the same as 
that for all Group 2 RFI sites, as follows: 

Maintenance of soil, sediment, water quality, food source, and habitat conditions 
capable of supporting ecological receptors, including special-status species, likely to 
be found in the area. 

The habitats present at the former Incinerator Ash Pile site are exclusively terrestrial.  
Consequently, only terrestrial assessment endpoints and measures were identified for this 
site (Table 5.8-1).   

Representative species and receptor groups considered for the former Incinerator Ash Pile 
site include the terrestrial plant community (primary producers), soil invertebrate 
community (primary consumers), hermit thrush (primary and secondary consumer), 
red-tailed hawk (tertiary consumer), deer mouse (primary and secondary consumer), mule 
deer (primary consumer), and bobcat (secondary and tertiary consumer).  It should be noted 
that because no evidence of stressed vegetation was indicated, the plants were not evaluated 
quantitatively.   

5.8.1.3 Ecological Conceptual Site Model 
The generalized ecological CSM for Group 2 is presented in Section 1.5.4.4.  Because the 
former Incinerator Ash Pile and STP is strictly a terrestrial location, only the terrestrial 
pathways are relevant.  The CSM specific to the former Incinerator Ash Pile is described in 
Section 5.5 and presented in Figure 5.8-2. 

The primary contaminant sources at the former Incinerator Ash Pile portion of the site 
include the ash pile south of the incinerator.  Primary release mechanisms include disposal 
to the ground of contaminated ash.  Secondary sources of potential contaminants are soils 
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and soil vapors.  Secondary release mechanisms include volatilization and wind erosion, 
and bioaccumulation from soil.   

The CSM specific to the former Incinerator Ash Pile and the Building 515 STP is described 
below and presented in Figure 5.8-2. 

The primary contaminant sources at the Building 515 STP include the STP and the leach 
field associated with Building 211 and the adjacent buildings.  Primary release mechanisms 
include leaks or spills from the STP and disposal of potentially contaminated water to the 
leach field.  Secondary sources of potential contaminants are soils and soil vapors.  
Secondary release mechanisms include volatilization and wind erosion, and 
bioaccumulation from soil.   

Complete or potentially complete exposure pathways from contaminated soil, soil vapor, 
and biota to ecological receptors exist at the sites.  Burrowing mammals (deer mice) may be 
exposed to soil vapors via inhalation.  Contaminants in soil may be directly bioaccumulated 
by terrestrial plants, soil invertebrates, and small mammals resident in and associated with 
the site soils.  Terrestrial wildlife (herbivores, omnivores, invertivores, and carnivores), 
including reptiles, may be exposed directly to contaminants in soil by incidental ingestion, 
by dermal contact, or by the inhalation of wind-borne particles.  Terrestrial invertebrates 
and wildlife (reptiles, birds, and mammals) also may receive contaminant exposure through 
food-web transfer of chemicals from lower trophic levels (plants to herbivores, plants and 
prey animals to omnivores, etc.).  Additional descriptions of the potential exposure 
pathways for ecological receptors at the former Incinerator Ash Pile and at Building 515 STP 
are summarized in Table 5.8-2, along with the rationale for inclusion or exclusion in the 
quantitative and qualitative evaluations. 

5.8.1.4  Selection of Chemicals of Potential Ecological Concern 
The process for the selection of CPECs is described in Sections 1.5.4.4 and 1.5.4.5.  Detected 
analytes in soil and soil vapor are presented in Table 5.8-3.  Summary statistics for those 
detected analytes are presented in Table 5.8-4.  TEQ values for dioxin/furans were 
calculated and are listed in Table 5.8-5.  A central tendency background comparison for 
metals and dioxins/furans in soils was conducted to determine whether or not analytes 
were consistent with background (Table 5.8-6).  Volatile organics in soil and soil vapor are 
compared in Table 5.8-7.  Non-detect analytes were evaluated by comparing the maximum 
SQLs against the minimum ESL and determining the exceedance frequency of the SQLs 
(Table 5.8-8).  The CPECs identified for the former Incinerator Ash Pile and STP are 
summarized in Table 5.8-9.  EPCs for each depth interval (0 to 2 ft, 0 to 4 ft, and 0 to 6 ft bgs) 
are listed in Tables 5.8-10, 5.8-11, and 5.8-12, respectively.  EPCs for soil vapor from 0 to 6 ft 
bgs are provided in Table 5.8-13.  The calculations for extrapolating soil vapor 
concentrations from soil concentrations are listed in Table 5.8-14.  

5.8.2  Analysis 
The analysis phase, which consists of the exposure characterization and the ecological 
effects characterization, links the problem formulation (Section 5.8.1) with the risk 
characterization (Section 5.8.3), and consists of the technical evaluation of ecological and 
chemical data to determine the potential for ecological exposure and effects.  Generalized 
components of the exposure and ecological effects characterizations are presented in 

5-36 DRAFT MGM08-SSFL/GROUP_2 RFI/SECTION5.DOC 



5.  FORMER AREA II INCINERATOR ASH PILE, SWMU 5.6, AND BUILDING 515 SEWAGE TREATMENT PLANT (STP) 

Section 1.5.4.  Exposure and effects information specific to the former Incinerator Ash Pile 
and STP are presented below. 

5.8.2.1  Exposure Characterization 
The exposure characterization is used to evaluate the relationship between receptors at the 
site and potential stressors (CPECs).  The methods used to estimate exposure, including 
receptor-specific exposure models, exposure factors, and assumptions; exposure areas; and 
the calculation of EPCs, are described in this section. 

The receptor-specific exposure models, exposure factors, and assumptions presented in 
Section 1.5.4.4 are used for receptors at the former Incinerator Ash Pile and STP.  Because 
the former Incinerator Ash Pile and STP are strictly terrestrial, exposure is based on soil and 
soil vapor and was evaluated only for the terrestrial receptors (plants, soil invertebrates, 
birds, and mammals).   

Although the former Incinerator Ash Pile and STP are about 1.7 acres combined, the spatial 
extent of samples associated with the site is 6.97 acres.  Land cover at the Ash Pile consists 
primarily of woodland and ruderal habitat types, with no buildings or roads present.  As a 
consequence, most of the site represents habitat of moderate or better quality.  Land cover at 
the STP consists primarily of scrub/shrub habitat.  In the eastern portion of the site, all 
buildings have been removed.  The western portion of the STP is developed and consists of 
the control building, the belowgrade concrete-lined unit, and pavement surrounding the 
area.  Consequently, only a portion of the site represents habitat of moderate or better 
quality.  It is assumed that all buildings in the western portion of the site eventually will be 
removed and the site will revert to natural conditions. 

Summary statistics, EPCs for CPECs in soil at various depths (up to 6 ft bgs), and soil vapor 
were calculated for the former Incinerator Ash Pile, according to the approach outlined in 
Section 1.5.4.2.  These values are listed in Tables 5.8-4 through 5.8-14.  Direct exposure 
estimates for terrestrial invertebrates and modeled exposure estimates for bird and mammal 
receptors are presented as part of the risk characterization (Section 5.8.3). 

5.8.2.2  Ecological Effects Characterization 
The ecological effects characterization consists of an evaluation of available toxicity or other 
effects information that can be used to relate the exposure estimates to a level of adverse 
effects.  Generalized effects data for all receptors at the SSFL are summarized in 
Section 1.5.4.4.  No effects data specific to the former Incinerator Ash Pile and STP are 
available.  Consequently, the ESLs, Low TRVs and High TRVs for terrestrial receptors 
described in Section 1.5.4.5 were used to evaluate the effects associated with the estimated 
exposures. 

5.8.3  Risk Characterization 
The risk characterization integrates estimated CPEC exposures with their potential 
ecological effects on the assessment endpoints for the former Incinerator Ash Pile and STP.  
The sequential processes for performing the risk characterization, described in 
Section 1.5.4.4, were applied to the site.  The results of these comparisons are presented 
below.   
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5.8.3.1  Risk Estimation 
The risk estimation focuses primarily on quantitative methods to evaluate the potential for 
risks.  The results of the quantitative risk estimation are presented as HQs and HIs.  HQs 
and HIs for the evaluated receptors are listed in Tables 5.8-15 through 5.8-22.  Table 5.8-18 
presents an analysis of the depth intervals for the evaluation of burrowing animals (deer 
mouse).  The 0- to 2-foot-bgs depth interval had the greatest HI; therefore, the data from this 
depth were used to evaluate the deer mouse.  Tables 5.8-23 through 5.8-26, respectively, 
summarize the risk estimation for terrestrial exposures, estimation of incremental risks for 
terrestrial exposure pathways for the RME, and COECs for soil. 

5.8.3.2  Risk Description 
The risk description incorporates the results of the risk estimates, along with any other 
available and appropriate lines of evidence, to evaluate potential chemical impacts on 
ecological receptors in Group 2.  Chemicals that had HQs exceeding 1 were further 
evaluated to determine the COECs.  Information considered in the determination of COECs 
includes receptor groups potentially affected, exceedance of Low and/or High TRVs, 
frequency of detection, magnitude of exceedance, bioavailability, and habitat quality at the 
site. 

To facilitate the interpretation of TRV exceedances in the refined screen, chemicals that 
exceed one of the TRVs (Low TRV or High TRV) were assigned into seven general risk 
groups (1 through 7, below).  These groups were created as an additional tool to assist risk 
managers in making remedial decisions.  The groupings are subjective, based on 
professional judgment, and the placement of a chemical within a given group is not an 
absolute indicator of the potential risk: 

1) High Risk–HQs>5 for High TRV (RME), or HQs>100 for any EPC/TRV combination.  
Chemical classes with HIs>10 at High TRV (RME).  Four or more receptors showing 
estimated risks. 

2) Medium-High Risk–2<HQs<5 for the High TRV (RME).  Chemical classes with 
2<HIs<10 at the High TRV (RME) or HIs>10 at the Low TRV.  Three or more (of six) 
receptors showing estimated risks. 

3) Medium Risk–1<HQs<2 for High TRV (RME), but HQ>10 for Low TRV (RME).  
Chemical classes with 1<HIs<2 at the High TRV or HIs>10 at the Low TRV.  Three or 
more (of six) receptors showing estimated risks. 

4) Medium-Low Risk–HQs<1 for the High TRV (RME), but 1<HQs<10 for the Low TRV 
(RME).  Chemical classes with HIs<1 at the High TRV or 2<HIs<10 at the Low TRV.  No 
more than two of six receptors showing estimated risks. 

5) Low Risk–HQs<1 for the Low TRV (RME).  Chemical classes with HIs<1 at the Low TRV. 

6) No Risk–all HQs and associated HIs<1. 

7) Uncertain–TRVs unavailable to calculate either HQs or HIs. 

Soil vapor CPECs were identified and evaluated as part of this ERA.  Six analytes were 
detected in soil vapor, 10 soil and 6 soil vapor non-detect analytes were carried forward 
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based on a comparison of SQLs to ESLs, and the concentration of 2 analytes (acetone and 
styrene) were modeled based on soil (Table 5.8-14).  Of these, 5 analytes (2 detects and 3 
non-detects) had HQs greater than 1 (Table 5.8-17).  Cis-1,2-DCE was detected in only 
4 percent of soil vapor samples (1 out of 24 samples) and had an HQ of only 4.4, based on 
the maximum detection. When calculated using the RME for cis-1,2-DCE, the high TRV-
based HQ is only 1.17.   

Because the detection frequency and magnitude of exceedance were low, cis-1,2-DCE is 
considered to pose a low risk.  TCE was detected in 23 percent of samples (6 out of 26) and 
had a maximum HQ of 14.  When calculated using the RME for TCE (30 mg/m3), the high 
TRV is only 1.6.  The maximum detected concentration for TCE (at BTSV11) was based on 
legacy data at an unknown depth.  The other 5 TCE detections that had known depths were 
two orders of magnitude lower than the maximum detection and suggest that TCE is not 
likely to be present in soil gas from 0 to 6 ft bgs at the concentration detected in BTSV11.  
Because TCE was detected in less than half of the samples, the maximum detected 
concentration probably is not representative of exposure in the 0- to 6-foot-bgs depth 
interval, and the magnitude of exceedance, based on the RME, is low.  Therefore, the risks 
posed by TCE are considered to be acceptable.  Three non-detected analytes–1,1,-DCE, 
chloroform, and 1,1,2-TCA–also had HQs above 1, although none of the analytes was 
detected in any of the 23 samples collected (24 samples for 1,1-DCE).  1,1-DCE (HQ = 1.7) 
and chloroform (HQ = 4.2) all had low HQs and were considered to pose a low risk, based 
on the low magnitude of exceedance and the fact that they were all non-detect.  
Additionally, if risks were estimated using ½ the SQL, HQs would be less than 1 for 
1,1-DCE.  1,1,2-TCA had an HQ of 18.  The inhalation TRV/ESL for 1,1,2-TCA was derived 
from an LD50 using an uncertainty factor of 100.  The application of the uncertainty factor 
may over- or underestimate a no-effect level.  However, because this analyte was non-
detect, the confidence in the benchmark is low, and no other VOCs were deemed as posing a 
risk, 1,1,2-TCA is considered to pose a low risk.  Although some analytes showed exposures, 
with HQs above 1, overall, the risk was considered acceptable because, in general, detection 
frequencies were low, magnitude of exceedances were low, risks were based on maximum 
detected concentrations or SQLs, and some analytes were not detected (Table 5.8-25). 

Only five soil analytes (barium, silver, hexavalent chromium, hexachlorobenzene, and 
dioxins/furans [2,3,7,8-TCDD TEQ]) were found to have one or more HQs greater than 1 
under any scenario.  It should be noted that hexavalent chromium and hexachlorobenzene 
were not detected in any samples, but were retained based on the SQL screen (Table 5.8-8).  
All other soil analytes and/or analyte groups were found to pose no risks (all HQs and HIs 
were less than 1) to any receptor under any scenario (maximum concentration for plants, 
invertebrates, and soil vapor exposures; CTE and RME concentrations for birds and 
mammals) at the former Incinerator Ash Pile and STP.   

Two detected inorganics, barium and silver, were identified as significantly elevated relative 
to background, based on the non-parametric central tendency background comparisons for 
soil (Table 5.8-5).  Both metals had one or more HQs above 1 for at least one receptor in the 
refined screen.  On the basis of the risk ranking discussed above, barium was found to pose 
a high risk (four receptors [plants, invertebrates, hermit thrush, and deer mouse] showing 
estimated risk with high TRV-based HQs above 5 in the refined screen) and silver was 
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found to pose a medium risk (two receptors [plant and deer mouse] showing estimated risk 
with low TRV-based HQ above 10, but high TRV-based HQ between 1 and 2).   

Barium showed predicted risks to plants with an HQ of 10 and to terrestrial invertebrates, 
with an HQ of 16.  However, only three sample locations exceeded the invertebrate ESL for 
barium, which represents less than 6 percent of the available samples.  Additionally, all 3 
locations were based on legacy data, with no available depth information, which introduces 
uncertainty as to whether the sample truly represents the soil depths in which terrestrial 
invertebrates would occur.  Consequently, the risks to terrestrial invertebrates are highly 
localized to areas around C-2-01, C-2-03, and RF717.   

Barium showed predicted risks to the hermit thrush, based on the high TRV and RME in the 
refined screen (HQs of 8.2) and to the deer mouse, with a high TRV-based HQ of 12.  High 
TRV-based HQs for the hermit thrush and deer mouse, based on the CTE, also exceeded 1 
(2.8 and 4.2, respectively).  Because the maximum concentration for barium is based on 
legacy data that have unknown depth intervals, the risks associated with this analyte are 
uncertain, but probably are localized to a few hot spot areas.  The areas with locations that 
contained the highest barium concentrations included C-2-01, C-2-03, and APSS01, and all 
are located close to one another within the Ash Pile and STP boundary.  On the basis of a 
back-calculation, a barium concentration of 60 mg/kg in soil for the deer mouse and 
90 mg/kg in soil for the hermit thrush would result in a high TRV-based HQ of 1 in the 
refined screen.  More than 60 percent of samples exceeded the 90-mg/kg level.  On the basis 
of the background data set, the mean concentration for barium is 83 mg/kg, suggesting that 
the current concentrations of barium probably are site-related and that barium is present at 
levels that have the potential to pose risks to wildlife receptors.   

Silver showed predicted risks to terrestrial plants with an HQ of 90.  Of the 65 samples 
analyzed for silver, 3 sample locations exceeded 100 mg/kg (C-2-01, APBS0015, and 
APBS0016).  All other samples had levels less than 35 mg/kg, with 40 of the 65 samples 
(62 percent) containing silver at concentrations less than 10 mg/kg.  Silver also posed risks 
to the deer mouse under both the RME and CTE scenarios; the high TRV-based HQ was less 
than 1.  Risks from silver probably are limited to a few small hot spot areas, similar to those 
for barium.  One location, C-2-01 was elevated for both barium and silver.  The other two 
locations, APBS0015 and APBS0015, are located close to one another to the northeast of the 
site.  On a sitewide basis, silver is not likely to have significant effects on receptors, but 
isolated impacts may occur in two areas.  However, based on the fact that none of the high 
TRV-based HQs exceeded 1 for birds or mammals, the overall risk probably is low.  

Hexavalent chromium was retained based on the SQL screen (Table 5.8-8).  It was analyzed 
for in 5 samples within the 0- to 2-foot-bgs soil interval, with no detected concentrations.  
Hexavalent chromium failed only the invertebrate screen, with a high TRV-based HQ of 5, 
and was found to pose a medium-low risk.  Because hexavalent chromium did not fail for 
any receptor except invertebrates, the magnitude of exceedance was low, and hexavalent 
chromium was not detected in any sample, the risks posed by hexavalent chromium are 
considered to be low. 

In addition to inorganics, hexachlorobenzene and dioxins/furans (based on the 
2,3,7,8-TCDD TEQ) were found to fail one or more screens for one or more receptors.  
Although the low TRV-based HQ for RME exposure to 2,3,7,8-TCDD TEQ exceeded 1 for the 
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hermit thrush (HQ = 1.3) and the deer mouse (HQ = 10), the high TRV-based HQ was less 
than 1 for all of the receptors, suggesting that the risks posed by dioxins/furans (including 
coplanar PCBs) is medium-low.  Additionally, the low-TRV based HQ for CTE exposure was 
less than 1 for the hermit thrush, but was 5.9 for the deer mouse, although both of the high 
TRV-based HQs for the CTE exposure were less than 1.  Although the 2,3,7,8-TCDD TEQ 
concentration includes both dioxins/furans and coplanar PCBs, most of the risks are 
attributed to dioxins/furans (Table 5.8-5).   

Hexachlorobenzene was retained based on the SQL screen (Table 5.8-8).  It was analyzed for 
in 5 samples, none of which contained detected concentrations.  Four SQLs exceeded the 
minimum ESL (0.34 mg/kg), but only by a small fraction.  SQLs ranged from 0.035 to 
0.348 mg/kg.  On the basis of the maximum SQL, hexachlorobenzene was found to pose 
risks to the deer mouse and an overall medium-low risk.  However, the high TRV-based HQ 
was only 1, with a low TRV-based HQ of 3.7, suggesting that sitewide risks are unlikely.  
Because this analyte was non-detect and only was found to pose risk to one analyte, with a 
low magnitude of exceedance, the overall risk is considered low.  

5.8.3.3  Uncertainty Analysis 
Uncertainty is an implicit component in all risk assessments.  Generalized uncertainties for 
ERAs in Group 2 are summarized in Section 1.5.4.5.  Additional uncertainties are described 
below: 

• Samples were collected outside of the site boundary in an effort to define and fully 
characterize the potential releases from the Ash Pile and STP.  If sample concentrations 
decreased with distance from the site, the inclusion of the additional data might 
underestimate risks in the core portion of the site when these data are integrated into the 
RME and CTE calculations.   

• Depths were unavailable for several historical soil and soil vapor sample locations 
included in the Ash Pile and STP dataset.  The maximum concentrations for many 
analytes (including barium and silver in soil and TCE in soil gas) were associated with 
these “legacy” data.  In an effort to be conservative and to ensure completeness, these 
data were included in the 0- to 2-foot-bgs depth interval for the purposes of risk 
assessment.  There is some uncertainty associated with including these data in this 
depth interval (especially for soil vapor), and the risks may be overestimated.  However, 
it is likely that the maximum soil concentrations would be detected at shallower depths, 
so inclusion with the shallowest depth interval for soil is deemed appropriate.   

• Aroclor data were not evaluated in this assessment because PCB congener data were 
available and were used to calculate a TCDD TEQ.  PCBs and dioxin/furans were 
evaluated based on the 2,3,7,8-TCDD TEQs.  The concentrations of aroclors were low 
and are not expected to be significant COCs.   

• No screening levels were available to evaluate the TPH data; however, PAH data were 
available and no risks from these constituents were predicted.  Additionally, no BTEX 
concentrations (TPH constituents) were detected in soil or soil vapor. 

• Non-detect soil vapor analytes were included in the soil vapor screening, per the 
procedure dictated by the SRAM (MWH, 2005b).  Because these analytes were not 
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detected in any of the 23 to 24 collected samples, it is unlikely that these analytes are 
present at the site at concentrations that would pose ecological risks.  This approach 
probably overestimates the risks from exposure to soil vapor. 

5.8.4  Conclusions and Recommendations 
Of the 29 analytes (dioxins/coplanar PCBs were counted as 1 analyte) in soil that were 
evaluated, barium in soil was the only analyte that posed high risks to the receptors 
evaluated at the former Incinerator Ash Pile and STP.  Silver and dioxins/furans (including 
coplanar PCBs) were found to pose medium risk and medium-low risks, respectively.  In 
addition, two non-detect analytes–hexavalent chromium and hexachorobenzene–were 
found to pose medium-low risks.  Of the remaining soil analytes, 23 posed no risk and 1 
lacked TRVs.  All analytes in soil vapor were considered to pose a low risk, based on further 
qualitative evaluation.  Except for barium, the risks from all analytes were considered 
acceptable and do not warrant additional investigation. 

Barium was the only analyte considered to warrant additional evaluation.  One localized hot 
spot, located in the Ash Pile and STP boundary, was found to exist for barium, although 
concentrations were above background in more than half of the sampled locations, 
suggesting that elevated concentrations are present throughout the area.  The depths of 
some samples, including those at the localized hot spot area, are not known and were 
assumed to be located within the 0- to 2-foot-bgs interval.  Consequently, additional action 
or investigation is recommended to reduce the risks posed by barium to wildlife receptors.   

5.9 Summary of Findings and Recommendations for Former 
Area II Ash Pile and STP 
5.9.1 Nature and Extent of Contamination Summary 
To evaluate the nature and extent of potential contaminants at the former Area II 
Incineration Ash Pile and STP area, 90 surface soil, 132 subsurface soil, and 61 soil gas 
samples were collected.  Of the surface soil samples collected, dioxins (compared as 
2,3,7,8-TCDD TEQ) exceeded the applicable screening criteria; 11 of those exceeded the 
metals screening criteria, and 1 location exceeded a PCB aroclor and a PCB congener 
screening criteria.  The parameters that exceeded the criteria are listed in Table 5.9-1.  
Although the data indicate some migration along the intermittent stream (the only 
migration pathway from the site), most of the exceedance locations are bound downgradient 
by samples that did not have reported exceedances.  The exceptions to this are the reported 
exceedances of PCB-126 and BaP at APBS1010 and APBS0017, respectively.  The reported 
concentration of PCB-126 was only slightly higher than the human health comparison 
criterion; however, the sample point is not bound to the north by any other sample locations 
that were sampled for PCB congeners.  Although BaP only exceeded the screening criterion 
at two locations, APBS0017 is located furthest downstream and is not bound by any other 
locations that were sampled for SVOCs.  Therefore, additional characterization for SVOCs is 
warranted to complete the extent evaluation.   

Of the subsurface soil samples collected, dioxins (compared as 2,3,7,8-TCDD TEQ) and 10 
metals were reported at concentrations that exceeded 1 or more of the screening criteria.  
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The parameter 2,3,7,8-TCDD TEQ exceeded the screening criteria in 2 of the 11 subsurface 
soil samples analyzed for dioxins.  Because only 1 sample depth was collected from these 
locations, nearby sample locations were sampled to deeper depths; the vertical extent of 
dioxins in the subsurface soil has been evaluated sufficiently.   

Of the metals that exceeded the screening criteria, only sodium was reported at the 
maximum depth at concentrations that exceeded the screening criteria.  Sodium is an 
essential nutrient and it is unlikely that this metal is a COC; therefore, the vertical extent of 
sodium in the subsurface has been evaluated sufficiently.   

Three VOCs–cis-1,2-DCE, PCE, and TCE–were reported at levels that exceeded the 
screening criteria in soil gas collected at the site.  The VOCs had reported concentrations 
that generally increased with depth.  The likely source of the soil gas contamination is the 
groundwater; these contaminants should be further evaluated as part of the area 
groundwater investigation.   

5.9.2  Risk Assessment Summary 
Of the 29 analytes (dioxins/coplanar PCBs were counted as 1 analyte) in soil that were 
evaluated in the ERA, barium in soil was the only analyte that posed high risks to the 
receptors evaluated at the former Incinerator Ash Pile/STP.  Silver and dioxins/furans 
(including coplanar PCBs) were found to pose medium risk and medium-low risks, 
respectively.  In addition, two non-detect analytes, hexavalent chromium and 
hexachorobenzene, were found to pose medium-low risks.  Of the remaining soil analytes, 
23 posed no risk and 1 lacked TRVs.  All analytes in soil vapor were considered to pose a 
low risk, based on further qualitative evaluation.  Except for barium, the risks from all 
analytes were considered acceptable and do not warrant additional investigation. 

Barium was the only analyte considered to warrant additional evaluation based on the 
ecological risks.  One localized hot spot, located in the Ash Pile site boundary, was found to 
exist for barium, although concentrations were above background in more than 60 percent 
of the sampled locations, suggesting that elevated concentrations are present throughout the 
area. 

The HHRA assesses the potential current and future exposures to chemicals in surface soil 
(0 to 2 ft bgs), subsurface soil (0 to 10 ft bgs), soil vapor, and groundwater.  The methods 
used to prepare the HHRA are presented in Section 1.5.3.  The results of the HHRA for the 
Ash Pile and STP are presented in Section 5.7. 

The surface soil (0 to 2 ft bgs), subsurface soil (0 to 10 ft bgs), soil vapor, and groundwater 
samples collected during the RFI sampling activities were evaluated for use in the HHRA.  
Surface water and sediment samples are not evaluated in this HHRA because they were not 
collected during the RFI site characterization activities.  The HHRA data set is presented in 
Table E.7.1-3 in Appendix E.  The COPCs identified from the Ash Pile and STP HHRA data 
set for each exposure area are presented in Table E.7.1-5. 

The potential future receptors at the Ash Pile and STP include recreationists, workers, and 
residents.  The Ash Pile, STP, and surrounding area are likely to have a future recreational 
or industrial land use; however, a hypothetical future residential scenario was assessed in 
the HHRA, along with recreational and industrial exposure scenarios.  The residential 
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scenario consists of conservative exposure assumptions, and residents are expected to have 
the greatest level of exposure.  The residential exposure scenario evaluated in this report 
assumes that exposure can occur through the consumption of fruits and vegetables from a 
garden.  The evaluation of an agricultural residential exposure scenario will be included in a 
separate report.  The assumed exposure pathways for future residents, workers, and 
recreationists are shown in Figure 1.5.3-1. 

Generally, the estimated cumulative cancer risks (ELCRs) less the regulatory risk range 
(range of 1 in a million [1 x 10-6] to 1 in 10,000 [1 x 10-4]) and estimated noncancer hazards 
(HIs) less than the regulatory threshold value of 1 are considered acceptable (EPA, 1993).  
Estimated ELCRs within the 1 x 10-6 to 1 x 10- 4 range are managed on a site-specific basis.  
The ELCRs and HIs are listed in Table E.7.5-1. 

The following exposure scenarios for the Ash Pile and STP exceed the regulatory risk range 
for carcinogenic COPCs: 

• Hypothetical future adult resident exposed to NSGW 
• Hypothetical future child resident exposed to NSGW 

The following exposure scenarios for the Ash Pile and STP are within the regulatory risk 
range for carcinogenic COPCs:  

• Hypothetical future adult resident exposed to indoor air from the migration of soil vapor 

• Hypothetical future adult resident exposed to soil (0 to 2 ft bgs) through the plant 
consumption exposure route 

• Hypothetical future adult resident exposed to indoor air from migration of volatile 
groundwater COPCs 

• Hypothetical future child resident exposed to soil (0 to 2 ft bgs) 

• Hypothetical future child resident exposed to soil (0 to 2 ft bgs) through the plant 
consumption exposure route 

• Hypothetical future child resident exposed to soil (0 to 10 ft bgs) 

• Hypothetical future child resident exposed to indoor air from the migration of soil vapor 

• Hypothetical future child resident exposed to indoor air from the migration of volatile 
groundwater COPCs 

• Hypothetical future adult industrial worker exposed to indoor air from the migration of 
soil vapor 

• Hypothetical future adult industrial worker exposed to indoor air from the migration of 
volatile groundwater COPCs 

• Hypothetical future adult industrial worker exposed to soil (0 to 10 ft bgs) 
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The following exposure scenarios for the Ash Pile exceed the regulatory threshold values for 
non-carcinogenic COPCs:  

• Hypothetical future adult resident exposed to groundwater 
• Hypothetical future child resident exposed to groundwater 

As described in Sections 1.5.3.6 and 5.7.4, there is a degree of uncertainty associated with 
these risk estimates that should be considered when making risk management decisions. 

5.9.3  Recommendations for Former Area II Ash Pile and STP 
Additional soil samples may be warranted to more definitely evaluate the extent of metals, 
dioxins/furans, and SVOCs in the surface and subsurface soils.  Additional soil gas samples 
also would be beneficial in characterizing the VOC contamination in the Ash Pile at STP 
area. 

As indicated by the ERA, barium was isdentified as an ecological risk driver.  Risks were 
associated with one localized hot spot, near the Ash Pile site boundary, although 
concentrations were above background in more than half of the sampled locations.  This 
result suggests that elevated concentrations are present throughout the area.  Consequently, 
additional action or investigation is recommended to reduce the risks posed by barium to 
wildlife receptors. 

Potentially significant human health risks were identified for dioxins/furans and barium in 
soil and for PCE in soil vapor.  Human health risk estimates from chemicals generally were 
driven by a localized area with elevated concentrations.  After confirmation of the extent of 
contamination, removal of soils with elevated concentrations and extraction of soil vapors in 
areas with elevated VOC concentrations are recommended at this location to reduce human 
health risks.   

MGM08-SSFL/GROUP_2 RFI/SECTION5.DOC DRAFT 5-45 



5.  FORMER AREA II INCINERATOR ASH PILE, SWMU 5.6, AND BUILDING 515 SEWAGE TREATMENT PLANT (STP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

 

 

5-46 DRAFT MGM08-SSFL/GROUP_2 RFI/SECTION5.DOC 



 

6. Springs and Seeps 

No contamination has been detected as part of the springs and seeps characterization efforts 
in the hill slopes north of the Group 2 RFI study area.  On the basis of these results, no risk 
assessment is warranted at this time.  The direction for characterizing the SMOU near or 
along the hill slopes in relation to potential spring and seep exposures may develop as the 
CFOU investigation progresses. 

6.1 Springs and Seeps Background 
The land immediately north of the Group 2 RFI area consists of undeveloped land owned by 
SSFL and 2,500 acres owned by the BBI (Figure 6.1-1).  Groundwater discharges through 
springs and seeps on the hill slopes adjacent to the Group 2 RFI study area.  The origin and 
flow paths of the groundwater exiting the springs and seeps currently are not known, but 
are being studied as part of the sitewide CFOU RFI.  Because there is a potential for 
hydraulic connection and offsite transport of COPCs from the Group 2 RFI SWMUs, the risk 
associated with springs and seeps discharge is evaluated in a qualitative manner. 

This section discusses the potential migration of COPCs from the Group 2 SMOU to offsite 
areas through groundwater flow.  Several sampling programs have been conducted in these 
areas; the results from the analyses of samples collected from seeps, springs, and wells in 
the northern offsite area is discussed. 

6.1.1  Site Conditions Related to Seeps and Springs 
NSGW is discontinuous in the Group 2 RFI study area, and where it occurs, there is a wide 
variation in the depth to water bgs.  Groundwater in the SMOU typically is found in the 
onsite surface water drainage areas.  There is typically a downward vertical gradient toward 
the Chatsworth formation and a horizontal gradient along the axis of thick alluvium 
deposits.  In the offsite area to the north, wells completed in the Chatsworth formation show 
an upward gradient and produce artesian flow, suggesting a connection with a deep 
groundwater flow path within the bedrock aquifer system. 

Seeps and springs are found primarily in the Chatsworth formation, though they also are 
found in the Simi member north of the site.  Many of the seeps maintain active, visible flow, 
with discharge rates varying over time. 

6.1.2  Site Habitats/Land Cover 
The hill slopes surrounding the facility are primarily ruderal habitats.  Mulefat scrub and 
non-native grassland can be found to the north.  Intermittent streams run in ravines and in 
low-lying areas throughout the northern borders of the site.  Mule deer and bobcat habitats 
run along the area north of SSFL. 
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6.2 Springs and Seeps Sampling and Offsite Characterization 
Activities 
Groundwater monitoring wells, seeps, and springs in the northern offsite area have been 
sampled during several monitoring and sampling programs.  These programs and their 
results are described in more detail in the Offsite Data Evaluation Report (MWH, 2007b).  
The programs that included groundwater in the offsite area north of the Group 2 RFI sites 
include the following : 

• Offsite Groundwater Sampling Program (1985 to present).  This program has sampled 
about 400 monitoring points in and around the SSFL, and 35 wells, springs, and seeps 
are located offsite.  The primary purpose of this program is to monitor for perchlorate 
and VOCs.  The sampling efforts and results are presented in quarterly and annual 
monitoring reports (Haley & Aldrich, 2007).  

• Springs and Seeps Sampling Program (1985 to present).  The offsite sampling program 
area includes springs and seeps identified through extensive field observations within 
approximately 2.5 miles of the SSFL boundary.  Spring and seep samples were analyzed 
to determine whether chemicals found in groundwater at the SSFL also were present in 
water emerging from the seeps and springs and to evaluate the relationships and 
hydrogeologic connections between springs and seeps and groundwater.  This 
information was collected to evaluate the potential transport of COPCs in groundwater 
beneath SSFL and for use in the surficial media OU risk assessments. 

• BBI and Santa Monica Mountains Conservancy Project (1992 to 1994).  These sampling 
efforts focused on offsite areas that could have received contamination from SSFL 
through surface water runoff or other transport mechanisms or pathways.  The media 
sampled included soil/sediment, groundwater, surface water, and fruit. 

• Perchlorate Study (Northern Drainage) (2003).  Samples were collected from drainage 
sediment, surface water, and selected bedrock and mineral deposits adjacent to springs 
and seeps to evaluate the potential transport of perchlorate by surface water from SSFL 
into the Northern Drainage.  Samples were collected from springs and seeps to evaluate 
the potential transport of perchlorate in groundwater. 

• OW-9R Multi-Level Groundwater Monitoring System Program (2002 and 2003).  Well 
OS-9R is located adjacent to existing offsite well OS-9 on the BBI property, 
approximately 4,600 ft north of the SSFL and BBI property boundary.  Well OS-9 is an 
artesian well, and perchlorate reportedly was detected in 4 of 6 samples collected by 
DTSC in May and June 2003.  The two May 30, 2003, samples were analyzed at 
American Technologies Laboratory (ATL) and reportedly contained 140 and 150 μg/L 
perchlorate.  DTSC collected four additional samples on June 11, 2003, and analyzed two 
at the DTSC laboratory and sent two to ATL.  The DTSC laboratory samples were 
reported to not contain perchlorate, while the two ATL samples were reported to 
contain 36 and 39 μg /L perchlorate.  The OW-9R multi-level well installation and 
sampling program was initiated by Boeing to evaluate whether perchlorate is present in 
groundwater beneath the BBI.  The analyses also included 1,4-dioxane, VOCs, tritium, 
and radionuclides (MWH, 2003f). 
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6.3 Sampling Results 
The data from these and other sampling programs were evaluated (MWH, 2007b) to 
determine the completeness of the offsite data and the significance of the measured 
concentrations.  The data were compiled from all offsite sampling programs conducted by 
Boeing, NASA, or DOE that collected and analyzed environmental samples.  Some offsite 
data were collected to provide background concentrations and were used to compare 
concentrations from the samples located closer to SSFL or to assess other sources of 
contamination.  The metals sampling data were compared to DTSC’s approved background 
groundwater comparison concentrations (GWCCs).  All of the sampling results were 
compared to risk-based or agency-published screening levels.  Spring and seep analytical 
results are provided in Appendix F.   

The offsite sampling results were evaluated to determine whether the data suggest a spatial 
trend or are indicative of a specific migration and transport pathway from onsite source 
areas.  The offsite dataset, particularly the older data, contained low concentrations of 
typical laboratory or field contaminants, although false positives still occur.  These 
laboratory contaminants include methylene chloride, acetone, methyl ethyl ketone, solvent 
preservatives such as hexane, certain freons, phthalates, and others (EPA, 1999).  
Contamination from field sampling equipment included toluene, benzene, carbon disulfide, 
and others (Haley & Aldrich, 2007).  Although these detections were considered for the 
offsite data analysis, they typically were found at concentrations less than screening levels, 
and there were no observed patterns relative to SSFL operations and onsite results. 

The following summarizes the offsite data evaluation conducted by MWH: 

• VOCs.  There are no consistent offsite VOC detections the above screening levels in 
groundwater or springs and seeps north of the Group 2 RFI area that are related to SSFL 
operations.  Spring and seep data mostly area non-detect for VOCs, although detections 
of common laboratory contaminant occur.  There are no offsite data gaps and 
groundwater and spring and seep sampling is ongoing.  These data should continue to 
be evaluated for significance and patterns when available.  The analytical results for 
VOC compounds detected in the samples collected since 2002 from locations north of the 
Group 2 RFI area are provided in Table 6.3-1. 

• Perchlorate.  There have been no detections of perchlorate in groundwater or spring and 
seep samples collected to date, with the exception of the four samples collected by DTSC 
in May and June 2003 from well OS-9.  Numerous samples collected from this well since 
that time and the multi-level sampling program at OS-9R have been non-detect for 
perchlorate.  The perchlorate sampling results since 2002 are listed in Tables 6.3-2 and 
6.3-3.  The evaluation did not identify any data indicating that offsite transport of 
perchlorate has occurred, and no data gaps were identified. 

• Radionuclides.  Potassium-40 is the most prevalent of all naturally occurring 
radionuclides and is not generally considered a product of nuclear operations.  
However, because some reactors used a sodium-potassium alloy as a coolant, this 
compound was included in sample analyses in onsite and offsite locations.  
Potassium-40 was measured at 234 picocuries per liter (pCi/L) in spring and seep S-14 
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in June 2002 (MWH, 2003g).  There is no drinking water standard established for this 
compound.  The evaluation identified no offsite data gaps. 

• Other Compounds.  No other compounds have been detected at levels above the 
screening levels in groundwater or seeps and springs north of the Group 2 RFI area.  
Additional details are provided in the Offsite Data Evaluation Report (MWH, 2007ba). 

6.4 Nature and Extent of Contamination 
The analyses of available data, including the offsite sampling results presented in the Offsite 
Data Evaluation Report (MWH, 2007b) indicate that the groundwater flow system has not 
transported contaminants from beneath SSFL to offsite locations north of the Group 2 RFI 
area (MWH, 2007ba). 

6.5 Conceptual Site Exposure Model 
The generalized ecological CSM for Group 2 is presented in Section 1.5.4.1.  Because the hill 
slopes adjacent to SSFL are strictly terrestrial locations, only the terrestrial pathways are 
relevant.  The generalized CSM specific to the hill slopes and offsite area is an area with 
undefined flow paths and no specific exposure points, where there is no apparent 
connection to the SMOU in the Group 2 RFI study area.  Because VOCs are not detected in 
the springs and seeps, retardation of plumes may occur within the flow paths that probably 
extend from beneath SSFL to the hill slopes, thus further lessening the potential of transport 
over significant distances and the creation of exposure pathways. 

6.6 Fate and Transport for Chemicals in Surfical Media 
Because no chemicals have been detected in surficial media on the hill slopes and offsite 
areas that would relate to COPCs in the Group 2 RFI SMOU, no fate and transport analysis 
is warranted. 

6.7 Human Health Risk Assessment for Seeps and Springs 
Because no COPCs have been detected in the seeps and springs, no HHRA is warranted.  
The elevated Potassium-40 concentration was not evaluated because it is an essential 
nutrient and discharge through the surficial media is not confirmed. 

6.8 Ecological Health Risk Assessment for Seeps and Springs 
Because no COPCs have been detected in the seeps and springs, an ERA is not warranted.   
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6.9 Summary of Findings and Recommendations for Springs 
and Seeps 
No contamination has been detected as part of the springs and seeps characterization efforts 
in the hill slopes north of the Group 2 RFI study area.  On the basis of these results, no risk 
assessment is warranted at this time.  The direction for characterizing the SMOU near or 
along the hill slopes in relation to potential spring and seep exposures may develop as the 
CFOU investigation progresses. 
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7. Group 2 RFI Summary  

7.1 Summary of RFI Findings for Group 2 
The data presented in this document from the historical review, nature and extent of 
contamination, human health, and risk evaluations have provided sufficient information to 
gather the necessary data to support the CMS.  Additional data are recommended to further 
evaluate the extent of contamination, as well as the human health and ecological risk factors, 
to support CMS evaluations.  Furthermore, additional groundwater sampling during the 
wet season, sampling from within Group 2 buildings, sampling at debris areas, and 
sampling associated with the sewer in Group 2 are planned. 

7.2 Recommendations for Consideration during CMS, Human 
Health Risk Summary, and COCs by Media and Receptors 
Several chemicals significantly contribute to the estimated human health risks and hazards 
for the exposure areas in the Group 2 Reporting Area.  The identified chemical risk drivers 
(COCs), and their associated risks and hazards, are used as the basis for the CMS site action 
recommendations. 

The HHRA COCs for the Group 2 Reporting Area are summarized in Table 7.2-1.   

7.2.1  LOX Plant 
On the basis of the results of the HHRA, the LOX Plant requires further evaluation in the 
CMS.  The total ELCR exceeds the upper end of the regulatory risk range (1 x 10-4) for one or 
more exposure scenarios for the following media:  surface soil (0 to 2 ft bgs), subsurface soil 
(0 to 10 ft bgs), and soil vapor.  The primary COCs for the LOX Plant are benzidine, arsenic, 
and BaP in soil and multiple chlorinated VOCs in soil vapor.  Benzidine in surface soil (0 to 
2 ft bgs) exceeds the upper end of the regulatory risk range (1 x 10-4) for the residential and 
industrial worker exposure scenarios.  Benzidine in surface soil (0 to 2 ft bgs) also exceeds 
the lower end of the regulatory risk range (1 x 10-6) for the recreational scenario.  BaP in 
surface soil (0 to 2 ft bgs) exceeds the lower end of the regulatory risk range (1 x 10-6) for the 
residential, recreational, and industrial worker exposure scenarios.  Benzidine and BaP 
exceed the upper end of the regulatory risk range (1 x 10-4) for the plant consumption 
exposure pathway.  TCE, PCBs, methylene chloride, and 6 PAHs exceed the lower end of 
the regulatory risk range (1 x 10-6) for the plant consumption pathway.  Benzidine, TCE, 
2,4-dimethylphenol, 2-methylphenol, and 3-methylphenol exceed the regulatory HI 
threshold of 1 for the plant consumption pathway.  Benzidine in subsurface soil (0 to 10 ft 
bgs) exceeds the upper end of the regulatory risk range (1 x 10-4) for the residential and 
industrial worker exposure scenarios.  Arsenic and BaP in soil (0 to 10 ft bgs) exceed the 
lower end of the regulatory risk range (1 x 10-6) for the residential and industrial worker 
exposure scenarios.  For the soil vapor pathways, the ELCRs exceed the upper end of the 
regulatory risk range (1 x 10-4) and the HIs exceed 1 for the residential, industrial, and 
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recreational scenarios.  The COCs identified for soil vapor include VC, cis-1,2-DCE, trans-
1,2-DCE, TCE, PCE, and 1,1-DCE. 

7.2.2  Area II Landfill 
On the basis of the results of the HHRA, the Area II Landfill requires further evaluation in 
the CMS.  The total ELCR exceeds the lower end of the regulatory risk range (1 x 10-6) for 
one or more exposure scenarios for the following media:  surface soil (0 to 2 ft bgs), 
subsurface soil (0 to 10 ft bgs), and soil vapor.  The primary COCs for the Area II Landfill 
are BaP, PCBs, and dioxins/furans in soil and benzene in soil vapor.  BaP and PCBs in 
surface soil (0 to 2 ft bgs) exceed the lower end of the regulatory risk range (1 x 10-6) for the 
residential scenario.  BaP in surface soil (0 to 2 ft bgs) exceeds the lower end of the 
regulatory risk range (1 x 10-6) for the recreational and industrial worker scenarios.  The 
ELCR for the residential plant consumption pathway exceeds the upper end of the 
regulatory risk range (1 x 10-4) and the HI for the residential plant consumption pathway 
exceeds the regulatory threshold of 1.  PCBs, BEHP, di-n-butyl phthalate, dioxins/furans, 
and PAHs in soil (0 to 2 ft bgs) are identified as COCs for the residential plant consumption 
exposure scenario.  BaP, dioxins/ furans, and PCBs in soil (0 to 10 ft bgs) exceed the lower 
end of the regulatory risk range for the residential exposure scenario.  BaP in subsurface soil 
(0 to 10 ft bgs) exceeds the lower end of the regulatory risk range (1 x 10-6) for the industrial 
worker exposure scenario.  Benzene in soil vapor exceeds the lower end of the regulatory 
risk range (1 x 10-6) for residential and industrial worker exposure pathways.  

7.2.3  Ash Pile and STP 
On the basis of the results of the HHRA, the Ash Pile and STP require further evaluation in 
the CMS.  The primary COCs for the Ash Pile and STP are dioxins/furans, PAHs, PCBs, and 
barium in soil; PCE and cis-1,2-DCE in soil vapor; and arsenic and TCE in groundwater.  
The total ELCR exceeds the lower end of the regulatory risk range (1 x 10-6) for one or more 
exposure scenarios for the following media:  surface soil (0 to 2 ft bgs), subsurface soil (0 to 
10 ft bgs), and soil vapor.  The total ELCR for groundwater exceeds the upper end of the 
regulatory risk range (1 x 10-4).   The HI for soil (0 to 2 ft bgs) for the plant consumption 
pathway and the HI for groundwater both exceed the regulatory HI threshold of 1.  
Dioxins/furans, PAHs, PCBs, methylene chloride, and 1-methylnaphthalene in surface soil 
(0 to 2 ft bgs) exceed the lower end of the regulatory risk range for the plant consumption 
exposure pathway.  Barium in soil (0 to 2 ft bgs) exceeds the target HI of 1 for the plant 
consumption pathway.  Dioxins/furans in subsurface soil (0 to 10 ft bgs) exceed the lower 
end of the regulatory risk range for the residential exposure scenario.  PCE and TCE in soil 
vapor exceed the lower end of the regulatory risk range (1 x 10-6) for the residential and 
industrial worker exposure scenarios.  

The ELCR for groundwater exceeds the upper end of the regulatory risk range (1 x 10-4) for 
the residential exposure scenario.  The carcinogenic COCs in groundwater include arsenic, 
methylene chloride, TCE, and VC.  The total HI for groundwater exceeds the regulatory 
threshold value of 1 for the residential exposure scenario.  The noncarcinogenic COCs 
identified for the groundwater residential exposure scenario include 1,2-DCE, TCE, 
methylene chloride, VC, and seven inorganics (aluminum, antimony, arsenic, iron, 
manganese, vanadium, and cadmium).  
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7.2.4  ELV 
The primary COCs for the ELV are dioxins/furans in soil and TCE in soil vapor. 

On the basis of the results of the HHRA, the ELV requires further evaluation in the CMS.  
The total ELCR exceeds the lower end of the regulatory risk range (1 x 10-6) for one or more 
exposure scenarios for surface soil (0 to 2 ft bgs) and subsurface soil (0 to 10 ft bgs).  The 
total ELCR exceeds the upper end of the regulatory risk range (1 x 10-4) for soil vapor.  The 
total HI exceeds the regulatory threshold value of 1 for one or more exposure scenarios for 
the following media:  surface soil (0 to 2 ft bgs) and subsurface soil (0 to 10 ft bgs) and soil 
vapor.  The primary COCs for the ELV are dioxins/furans in soil and TCE in soil vapor.  
Dioxins/furans in surface soil (0 to 2 ft bgs) exceed the lower end of the regulatory risk 
range (1 x 10-6) for the residential, recreational, and industrial worker exposure scenarios.  
The HI for dioxins/furans in surface soil (0 to 2 ft bgs) exceeds the regulatory threshold of 1.  
The ELCR for dioxins/furans in soil (0 to 2 ft bgs) exceeds the upper end of the regulatory 
risk range (1 x 10-4) for the plant consumption exposure pathway.  The HI for 
dioxins/furans in surface soil (0 to 2 ft bgs) also exceeds the regulatory threshold of 1 for the 
plant consumption pathway.  Dioxins furans in soil (0 to 10 ft bgs) exceed the lower end of 
the regulatory risk range (1 x 10-6) and exceed the regulatory HI threshold of 1.  The ELCR 
for TCE in soil vapor exceeds the upper end of the regulatory risk range (1 x 10-4) for the 
residential and industrial worker scenarios and the lower end of the regulatory risk range 
(1 x 10-6) for the recreational scenario.  TCE in soil vapor also exceeds the regulatory HI 
threshold of 1 for the residential scenario. 

7.3 Ecological Risk Summary and COCs by Media 
A combination of literature-based and site-specific data were used to evaluate risks to 
ecological receptors at the four sites located in Group 2.  Because no aquatic habitat is 
present at any site in Group 2, only terrestrial receptors were evaluated.  Receptor groups 
included terrestrial plants (evaluated quantitatively if field observations indicated the 
presence of stressed plants), soil invertebrates, birds (hermit thrush and red-tailed hawks), 
and mammals (deer mouse, bobcat, and mule deer).  All receptor groups were evaluated 
based on direct or indirect (through food-web transfer) exposure to soil.  In addition, 
inhalation exposure of deer mice (as a representative burrowing animal) to contaminants in 
soil vapor was evaluated.  The results of the ecological risk evaluation for Group 2 are 
summarized in Table 7.3-1. 

Initial screens identified several metals (barium, chromium, mercury, silver, vanadium, and 
zinc), several PAHs (BAA, BaP, benzo(b)fluoranthene, benzo(ghi)perylene, 
benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene), two phthalates (di-n-butyl 
and bis(2-ethylhexyl)), dioxin/furan and PCB congeners, and hexachlorobenzene as 
potential risk drivers in soil (Table 7.3-1).  Eleven VOCs (1,1,2-TCA, CTC, chloroform, 
cis-1,2-DCE, methylene chloride, n-propylbenzene, PCE, toluene, trans-1,2-DCE, TCE, and 
VC) were identified as potential risk drivers in soil vapor.  This initial list of analytes was 
reduced through consideration of detection limits, frequency and magnitude of TRV 
exceedances, refined exposure estimates, and incremental risks relative to background (for 
inorganics only).  At the conclusion of the refinements to the risk evaluations at each site, 
significant risk drivers (those that present unacceptable risks) were reduced to barium, 
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mercury, dioxin/furan and PCB congeners, and phthalates in soil, and 10 VOCs in soil gas.  
These significant risk drivers should be carried forward for additional evaluation as part of 
the CMS. 

All four Group 2 RFI sites had unacceptable risks identified for at least one receptor from at 
least one COC.  Unacceptable risks from barium in soil to hermit thrush and deer mice were 
identified at the LOX and Ash Pile and STP sites.  Dioxin/furan and PCB congeners in soil 
present a risk to hermit thrush at the landfill and ELV sites; dioxin/furan and PCB 
congeners in soil also present a risk to deer mice at the ELV site.  Phthalates (di-n-butyl and 
bis(2-ethylhexyl)) in soil present a risk to hermit thrush at the landfill site.  Plants at the ELV 
site are at risk for mercury in soil.  Only two sites, the LOX and ELV sites, had significant 
risks from VOCs in soil vapor.  Whereas 10 VOCs present risks at the LOX site, only TCE 
presents a significant inhalation risk at the ELV site. 

7.4 Cross Media Transfer 
Cross media transfer in SMOU groundwater in the Group 2 RFI study area probably occurs 
at the Building 515 STP SWMU in the RD-9 area.  At this location, contaminated 
groundwater in the CFOU is connected hydraulically to the SMOU groundwater, present 
mainly in the weathered bedrock interval.  Upward gradients were measured in the upper 
CFOU in Corehole C-7, which is situated near the steeply sloping hillside on the southern 
boundary of the ELV.  The shallow 100-foot-depth interval where nearly all of the TCE mass 
resides in C-7 is proximal to the affected groundwater present in the weathered bedrock 
interval near the Building 515 STP SWMU (Figure 4.3.2-5).  

7.5 CMS Recommendations for Group 2 
On the basis of the evaluations presented in this document and the risk summaries 
presented in Sections 7.2 and 7.3, further sampling is recommended in the CMS evaluations 
for all five locations to further evaluate the extent of contamination, as well as the human 
health and ecological risk factors. 
 

7-4 DRAFT MGM08-SSFL/GROUP2_RFI/SECTION 7.DOC 



 

8.  References 

Agency for Toxic Substances and Disease Registry.  2008.  Online toxicological profiles: 
http://www.atsdr.cdc.gov/.  

Agency for Toxic Substances and Disease Registry.  August 1995.  Toxicological Profiles for 
Polycyclic Aromatic Hydrocarbons (PAHs).  U.S. Dept. of Health and Human Services, Public 
Health Service.  Atlanta, Georgia.  

CH2M HILL.  2008.  Summary of Findings-SSFL Group 2 Historical Documents and Deposition 
Documents.  August 5.   

CH2M HILL. 2006.  Historical Research Project.  Interviews conducted with Boeing 
personnel.  January. 

De Leuw, Cather & Company.  1987.  Santa Susana Field Laboratory Field Audit for NASA.  
February 12.  

Department of Toxic Substances Control.  2005.  Memorandum: Approval of Interim Measure 
Implementation Report, Expendable Launch Vehicle RFI Site (SWMU 5.2), Santa Susana Field 
Laboratory (SSFL), Ventura County, California.  June.  

Department of Toxic Substances Control.  1999.  Letter from Jim Pappas, DTSC, to Dave 
Dassler, Boeing, regarding: Operable Unit Formalization, Standardized Risk Assessment 
Methodology Work Plan, Santa Susana Field Laboratory, Ventura County, California.  
November 2.   

Department of Toxic Substances Control.  1996a.  Guidance for Ecological Risk Assessment at 
Hazardous Waste Sites and Permitted Facilities.  California Environmental Protection Agency, 
DTSC, Human and Ecological Risk Division.  July 4.  

Department of Toxic Substances Control.  1996b.  Notice of Exemption:  Building 203 Drainage 
Interim Measures at the Santa Susana Field Laboratory, Pursuant to RCRA Corrective Action.   

Department of Toxic Substances Control. 2006b. Notice of Exemption: Building 203 Drainage 
Interim Measures at the Santa Susana Field Laboratory, pursuant to RCRA Corrective Action. 

Department of Toxic Substances Control.  1995.  Hazardous Waste Facility Post-Closure 
Permit.  May.  

Efroymson, R. A., M. E, Will, and G. W. Suter II.  1997.  Toxicological Benchmarks for 
Contaminants of Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic 
Processes:  1997 Revision.  Oak Ridge National Laboratory, Oak Ridge TN.  ES/ER/TM-126/R2.   

EMCON.  1996.  Closure Report for Hazardous Waste Container Storage Facility and PCB Storage 
Unit.  EPS ID No. CAI 80009001 0, Santa Susana Field Laboratory, Ventura County, California.  
October 15. 

MGM08-SSFL/GROUP2_RFI/SECTION8.DOC DRAFT 8-1 

http://www.atsdr.cdc.gov/


8.  REFERENCES 

Engineering Field Activity (EFA) West.  1998.  Development of Toxicity Reference Values for 
Conducting Ecological Risk Assessments at Naval Facilities in California, Interim Final.  EFA West, 
Naval Facilities Engineering Command.  U.S. Navy.  San Bruno, California.   

Gallegos, P., J. Lutz, J. Markwiese, R. Ryti, and R. Miranda.  2007.  “Wildlife ecological 
screening values for inhalation of volatile organic chemicals.”  Environ. Toxicol. Chem.   
26: 1299-1303.   

Geosyntec Consultants.  2008.  Preliminary Geotechnical Investigation Proposed ENTS Sites.  
Santa Susana Field Laboratory, Ventura County, California.  May.  

GRC.  1995a.  Sampling and Analysis Plan, Hazardous Waste Facility Post-Closure Permit Post-
Closure-94/95-3-02, Area II, Santa Susana Field Laboratory.  Rockwell International 
Corporation, Rocketdyne Division.  June 5.   

GRC.  1995b.  Sampling and Analysis Plan, Hazardous Waste Facility Post-Closure Permit Post-
Closure-94/95-3-03, Areas I and III, Santa Susana Field Laboratory.  Rockwell International 
Corporation, Rocketdyne Division.  June 5.   

Groundwater Technology.  1996a.  Site Investigation Report, Former Underground Tank UT-51 
(Building 206), Rockwell International Corporation, Rockwell Division, Area II, Santa Susana Field 
Laboratory, Ventura County, California.  March 11.  

Groundwater Technology.  1996b.  Site Investigation Report, Former Underground Tank UT-53 
(Building 207), Rockwell International Corporation, Rockwell Division, Area II, Santa Susana Field 
Laboratory, Ventura County, California.  March 11.  

Haley & Aldrich, Inc.  2008.  Report on Annual Groundwater Monitoring, 2007, Santa 
Susana Field Laboratory, Ventura County, California.  February 28. 

Haley and Aldrich.  2007.  Report on Review of Detected Constituents in Groundwater Collected 
from Offsite Wells, Springs and Seeps.  Santa Susanna Field Laboratory, Ventura County, 
California.  December. 

Howard, P. H.  1991.  Handbook of Environmental Fate and Exposure Data for Organic Chemicals.  
Volume III.  Lewis Publishers.  Chelsea, Michigan. 

ICF Kaiser Engineers.  1993.  Current Conditions Report (CCR) and Draft RCRA Facility 
Investigation Work Plan, Area IV.  October.   

Integrated Risk Information System.  2007.  http://cfpub.epa.gov/ncea/iris/index.cfm.   

Jones, P. W. and T. M. Donovan.  1996.  Hermit thrush (Catharus guttatus).  The Birds of North 
America Online (A.  Poole, Ed.).  Ithaca:  Cornell Lab of Ornithology.  Retrieved from the Birds 
of North America Online:  http://bna.birds.cornell.edu/bna/species/261.   

Kim.  1992.  Notes on Toxic Compounds.  October 1.   

Macfarlane, D.  1989.  Engineering Support to ELV Manufacturing.  April 18.  

MECx, LP.  June 2008.  Quality Assurance Quality Plan:  Santa Susana Field Laboratory (SSFL) 
RCRA Facility Investigation Surficial Media Operable Unit.  Prepared for The Boeing Company.  
Revison 0. 

8-2 DRAFT MGM08-SSFL/GROUP2_RFI/SECTION8.DOC 

http://cfpub.epa.gov/ncea/iris/index.cfm
http://bna.birds.cornell.edu/bna/species/261


8.  REFERENCES  

Montgomery Watson.  2000.  Technical Memorandum, Conceptual Site Model, Movement of TCE 
in the Chatsworth Formation, Santa Susana Field Laboratory, Ventura County.  April.   

MWH Americas, Inc.  2004.  RCRA Facility Investigation Program Report.  Santa Susana Field 
Laboratory, Ventura County.  July.  

MWH.  2007a.  Group 4–Southern Portion of Area II, RCRA Facility Investigation Report, Santa 
Susana Field Laboratory, Ventura County, California.  August.  

MWH.  2007b.  Offsite Data Evaluation Report, Santa Susana Field Laboratory, Ventura County, 
California.   

MWH.  2006.  SSFL Quarterly Progress Report for RFI and CMS Projects, EPA ID 
No. CA1800090010 (NASA) for the period of November 16, 2006 – February 15, 2007.  
November 16.  

MWH.  2005a.  Building 203 Area Interim Measures Implementation Report, Expendable Launch 
Vehicle (ELV) RFI Site (SWMU 5.2), Santa Susana Field Laboratory, Ventura, California.  April.   

MWH.  2005b.  Standardized Risk Assessment Methodology (SRAM) Work Plan, Santa Susana Field 
Laboratory, Ventura County, CA.  Revision 2 – Final.  September.   

MWH.  2005c.  Vapor Migration Modeling Validation Study Work Plan.  Santa Susana Field 
Laboratory, Ventura County.  November.  

MWH.  2005d.  NASA Site Summaries, Santa Susana Field Laboratory, Ventura County, 
California.  Internal Draft. October.  Unpublished document. 

MWH.  2005e.  Building 203 Area Interim Measures Implementation Report, ELV, RFI Site 
(SWMU 5.2), Santa Susana Field Laboratory, Ventura County, California.  April.  

MWH.  2004.  RCRA Facility Investigation Program Report, Surficial Media Operable Unit, Santa 
Susana Field Laboratory, Ventura County, California.  July.  

MWH.  2003a.  RCRA Facility Investigation Work Plan Addendum Amendment Building 056 
Landfill (SWMU 7.1) Investigation.  Santa Susana Field Laboratory, Ventura County.  May.   

MWH.  2003b.  Area I and Area II Landfills Investigation Work Plan, Revised Final, SWMU 4.2 
and SWMU 5.1.  Santa Susana Field Laboratory, Ventura County.  October.   

MWH.  2003c.  Spring and Seep Sampling and Analysis Report, Santa Susana Field Laboratory, 
Ventura County, California.  March.  

MWH.  2003d.  Near-Surface Groundwater Characterization Report, Santa Susana Field 
Laboratory, Ventura County, California.   

MWH.  2003e.  RCRA Facility Investigation, Work Plan Amendment, Area I and Area II Landfills 
Investigation Workplan, SWMU 4.2 and SWMU 5.1, Santa Susana Field Laboratory, Ventura 
County California.  October.   

Montgomery Watson Harza.  2003f.  Northern Drainage Perchlorate Sampling Results Technical 
Memorandum.  Santa Susanna Field Laboratory, Ventura County, California.  November. 

MGM08-SSFL/GROUP2_RFI/SECTION8.DOC DRAFT 8-3 



8.  REFERENCES 

Montgomery Watson Harza.  2003g.  Spring and Seep Sampling and Analysis Report.  Santa 
Susanna Field Laboratory, Ventura County, California.  March. 

MWH, Inc.  2001.  Work Plan for Additional Field Investigations – Former Sodium.  Santa Susana 
Field Laboratory, Ventura County.  October.  

Ogden Environmental and Energy Services, Company, Inc.  2000a.  RCRA Facility 
Investigation Work Plan Addendum Amendment.  Santa Susana Field Laboratory, Ventura 
County, California.  June.   

Ogden Environmental and Energy Services, Company, Inc.  2000b.  Shallow Groundwater 
Investigation Work Plan, Final.  Santa Susana Field Laboratory, Ventura County, California.  
December.   

Ogden Environmental and Energy Services, Company, Inc.  1996a.  RCRA Facility 
Investigation Work Plan Addendum.  Santa Susana Field Laboratory, Ventura County, 
California.  September.  

Ogden Environmental and Energy Services, Company, Inc.  1996b.  RCRA Facility 
Investigation Work Plan Addendum, Santa Susana Field Laboratory, Ventura County, California, 
Volume II Appendix C - RFI Field Sampling Plans.  September.  

Ogden Environmental and Energy Services, Company, Inc.  1996c.  RCRA Facility 
Investigation Work Plan Addendum, Santa Susana Field Laboratory, Ventura County, California, 
Volume I, Text and Appendices A, B.  September.  

Ogden Environmental and Energy Services, Company, Inc.  1995.  RCRA Facility 
Investigation Work Plan Addendum, Santa Susana Field Laboratory Ventura County, California, 
DTSC Review Copy - Volume I.  March.   

Pierce, A, J. Wagner, J. Cherry, and B. Parker.  2006.  Draft Comparison of Major Ion and δ18O 
and δ2H Composition of Seeps and Mountain Groundwater at SSFL.  May.   

Ransom, J. E. (ed.).  1981.  Harper & Row’s Complete Guide to North American Wildlife, Western 
Edition.  Harper & Row Publishers, New York, New York.  p. 384.  

Rocketdyne.  1956.  Memorandum: Domestic Sewage Disposal at the Santa Susana Propulsion Field 
Laboratory.  November 9. 

Rockwell International.  1995.  Internal Letter:  Aqueous Clean Alternate to Vapor Degreasing, 
Specification RA0607-037.   

Rockwell International.  1992.  Internal Letter:  Facilities and Plant Operations Weekly Activity 
Report.  January 30. 

Rockwell International.  1998.  Internal Letter:  Environmental Control Weekly Activity Report.  
March 16.  

Rockwell International.  1989.  Internal Letter:  Usage of Chromium Compounds in ELV 
Programs.  September 26.  

8-4 DRAFT MGM08-SSFL/GROUP2_RFI/SECTION8.DOC 



8.  REFERENCES  

Sample, B. E., C. M., Opresko, and G. W. Suter II.  1996.  Toxicological Benchmarks for Wildlife:  
1996 Revision.  Oak Ridge National Laboratory, Oak Ridge, Tennessee.  227 pp.   
ES/ER/TM-86/R3.  

Science Applications International Corporation.  1994.  Final RCRA Facility Assessment (RFA) 
Report.  Prepared for Rockwell International Corporation, Rocketdyne Division.  Santa 
Susana Field Laboratory, Ventura County, California, , Technical Enforcement Support at 
Hazardous Waste Sites.  May.   

Science Applications International Corporation, 1994.  Final RCRA Facility Assessment 
Report for Rockwell International Corporation, Rocketdyne Division, Santa Susana Field 
Laboratory, Ventura County, California, Technical Enforcement Support at Hazardous 
Waste Sites.  May. 

Sonoma Technology, Inc.  2003.  Presentation Regarding:  Historical Air Pollutants (HAP) 
Emissions from SSFL:  Preliminary Analysis.  August 19.   

Stelljes, M.E. and G. E. Watkin.  1991.  “Comparison of environmental impacts posed by 
different hydrocarbon mixtures: a need for site-specific composition analyses.”  Hydrocarbon 
Contam. Soils Groundwater.  3:549-69.   

Suter, G. W., II, R. A. Efroymson, B. E. Sample, and C. S. Jones.  2000.  Ecological Risk Assessment 
for Contaminated Sites.  Lewis Publishers, Boca Raton, Florida.   

Suter, G. W., II.  1993.  Ecological Risk Assessment.  Lewis Publishing Co.  Boca Raton, Florida.  
538 pp.  

Suter, G. W., II.  1990.  “Endpoints for regional risk assessments.”  Environmental Management.  
14:9-23.   

TechLaw, Inc.  1990.  Final Report, Santa Susana Field Laboratory (SSFL), Air Force Plant No.  57, 
Site Operations/Ownership History.  October 4.  

The Boeing Company.  2008.  Project Impact Evaluation Sheet:  ENTS Geotechnical Investigation.  
March 6.  

The Boeing Company.  2008.  Boeing Environmental Database Management System 
(EDMS).  Analytical Results.  August. 

The Boeing Company.  Date Unknown.  Historical Document Management System (HDMS).   
Document Titled:  Scope of Work, Building Demolition Area II Incinerator B2758.  HDMS 
Reference Number: HDMSP002055739). 

The Boeing Company, Rocketdyne Propulsion and Power.  2002.  Technical Meetings and 
Meeting Handouts.  Letter to the state of California, Department of Toxic Substances 
Control from Mr. Art Lenox.  February.   

U.S. Environmental Protection Agency.  2007.  ProUCL Version 4.0 Technical Guide, Office of 
Research and Development.   

U.S. Environmental Protection Agency.  2006.  On the Computation of a 95% Upper Confidence 
Limit of the Unknown Population Mean based upon Data Sets with Below Detection Limit 
Observations.  Office of Research and Development.   

MGM08-SSFL/GROUP2_RFI/SECTION8.DOC DRAFT 8-5 



8.  REFERENCES 

U.S. Environmental Protection Agency.  2004.  Johnson and Ettinger Model for Groundwater 
Contamination (GW-ADV-Feb 04.xls).  Accessed from: 
http://www.epa.gov/oswer/riskassessment/airmodel/johnson_ettinger.htm.  

U.S. Environmental Protection Agency.  June 2001a.  Guidance for Characterizing Background 
Chemicals in Soil at Superfund Sites (External Review Draft).  OSWER 9285.7-41.   
EPA 540-R-01-003.  June.  

U.S. Environmental Protection Agency.  2001b.  The Role of Screening-Level Risk Assessments and 
Refining Contaminants of Concern in Baseline Ecological Risk Assessments.  Office of Solid Waste 
and Emergency Response, Eco Update.  Intermittent Bulletin, Publication 9345.0-14, 
EPA 540/F-01/014.  June.   

U.S. Environmental Protection Agency.  1999a.  Ecological Risk Assessment and Risk Management 
Principles for Superfund Sites.  OSWER Directive 92857.7-28P.  October.   

U.S. Environmental Protection Agency.  1999b.  Contract Laboratory Program National 
Functional Guidelines for AOrganic Data Review.  EPA540/R-94/00X.  February.  

U.S. Environmental Protection Agency.  1998.  “Final Guidelines for Ecological Risk 
Assessment.”  Risk Assessment Forum.  EPA, Washington, D.C.  EPA/630/R-95/002F.  April.   

U.S. Environmental Protection Agency A.  1997.  Ecological Risk Assessment Guidance for 
Superfund:  Process for Designing and Conducting Ecological Risk Assessments, Interim Final.  Office 
of Solid Waste and Emergency Response, Washington, D.C.  EPAA/ 540-R-97-005.  June.   

U.S. Environmental Protection Agency.  1996a.  Ecological Significance and Selection of Candidate 
Assessment Endpoints.  Office of Solid Waste and Emergency Response, Eco Update.  Vol. 3, 
No. 1.  Publication 9345.0-05I, EPA 540/F-95/037.  January.   

U.S. Environmental Protection Agency.  1996b.  Ecotox Thresholds.  Office of Solid Waste and 
Emergency Response, Eco Update.  Vol. 3, No. 2.  Publication 9345.0-05I, EPA 540/F-95/038.  
January.   

U.S. Environmental Protection Agency.  1996c.  Superfund Chemical Data Matrix.   
EPA/540/R-96/028.  July.  

U.S. Environmental Protection Agency (Great Lakes).  1995a.  Great Lakes Water Quality Initiative 
Criteria Documents for the Protection of Wildlife.  Office of Water, Washington, D.C.   
EPA-820\B-95\008.  

U.S. Environmental Protection Agency (Great Lakes).  1995b.  Great Lakes Water Quality 
Initiative Technical Support Document for Wildlife Criteria.  Office of Water, Washington, D.C.  
EPA-820\B-95\009.   

U.S. Environmental Protection Agency.  1994a.  Using Toxicity Tests in Ecological Risk 
Assessment.  Office of Solid Waste and Emergency Response, Eco Update.  Vol. 2, No. 1.  
Publication 9345.0-05I, EPA 540-F-94-012.  September. 

U.S. Environmental Protection Agency.  1994b.  Catalog of Standard Toxicity Tests for Ecological 
Risk Assessment.  Office of Solid Waste and Emergency Response, Eco Update.  Vol. 2, No. 2.  
Publication 9345.0-05I, EPA 540-F-94-013.  September.  

8-6 DRAFT MGM08-SSFL/GROUP2_RFI/SECTION8.DOC 

http://www.epa.gov/oswer/riskassessment/airmodel/johnson_ettinger.htm


8.  REFERENCES  

U.S. Environmental Protection Agency.  1994c.  Field Studies for Ecological Risk Assessment.  
Office of Solid Waste and Emergency Response, Eco Update.  Vol. 2, No. 3.   
Publication 9345.0-05I, EPA 540-F-94-014.  September. 

U.S. Environmental Protection Agency.  1994d.  Selecting and Using Reference Information in 
Superfund Ecological Risk Assessments.  Office of Solid Waste and Emergency Response, | 
Eco Update.  Vol. 2, No. 4.  Publication 9345.0-05I, EPA 540-F-94-050.  September.   

U.S. Environmental Protection Agency.  1994e.  Contract Laboratory Program National 
Functional Guidelines for Organic Data Review. 

U.S. Environmental Protection Agency.  1994f.  Contract Laboratory Program National Functional 
Guidelines for Inorganic Data Review. 

U.S. Environmental Protection Agency.  1993.  Wildlife Exposure Factors Handbook.  Office of 
Research and Development, Washington, D.C.  EPA/600/R-93/187a.  December.   

U.S. Environmental Protection Agency.  1992a.  Briefing the BTAG:  Initial Description of Setting, 
History, and Ecology of a Site.  Office of Solid Waste and Emergency Response, Eco Update.  
Vol. 1, No. 5.  Publication 9345.0-05I.  August.   

U.S. Environmental Protection Agency.  1992b.  The Role of the Natural Resource Trustees in the 
Superfund Process.  Office of Solid Waste and Emergency Response, Eco Update.  Vol. 1, No. 3.  
Publication 9345.0-05I.  March.   

U.S. Environmental Protection Agency.  1992c.  Developing a Work Scope for Ecological 
Assessments.  Office of Solid Waste and Emergency Response, Eco Update.  Vol. 1, No. 4.  
Publication 9345.0-05I.  May.  

U.S. Environmental Protection Agency.  1992d.  Guidance for Data Usability in Risk Assessment 
(Part A), Final. 

U.S. Environmental Protection Agency.  1991a.  Ecological Assessment of Superfund Sites:  An 
Overview.  Office of Solid Waste and Emergency Response, Eco Update.  Vol. 1, No. 2.  
Publication 9345.0-05I.  December.   

U.S. Environmental Protection Agency.  1991b.  The Role of the BTAGs in Ecological Assessment.  
Office of Solid Waste and Emergency Response, Eco Update.  Vol. 1, No. 1,  
Publication 9345.0-05I, September.  

Udvardy, M. D. F.  1993.  The Audubon Society Field Guide to North American Birds, Western 
Edition.  Alfred A. Knopf, Publishers, New York.  852 pp.   

University of Waterloo. 2007.  Revised Source Zone Characterization at the Santa Susana Field 
Laboratory:  Rock Core VOC Results for Coreholes C1 through C7.  Prepared for The Boeing 
Company, Rocketdyne Propulsion and Power and National Aeronautics and Space 
Administration.  July. 

University of Waterloo.  2003.  Source Zone Characterization at the Santa Susana Field 
Laboratory:  Rock Core VOC Results for Core Holes C1 through C7.  Prepared for The Boeing 
Company, Rocketdyne Propulsion and Power and National Aeronautics and Space 
Administration (NASA).  December 22. 

MGM08-SSFL/GROUP2_RFI/SECTION8.DOC DRAFT 8-7 



8.  REFERENCES 

Van den Berg, M., L. Birnbaum, A. T. Bosveld, B. Brunström, P. Cook, M. Feeley, J. P. Giesy, 
A. Hanberg, R. Hasegawa, S. W. Kennedy, T. Kubiak, J. C. Larsen, F. X. van Leeuwen, 
A. K .Liem, C. Nolt, R. E. Peterson, L. Poellinger, S. Safe, D. Schrenk, D. Tillitt, M. Tysklind, 
M. Younes, F. Waern, and T. Zacharewski.  1998.  “Toxic equivalency factors (TEFs) for 
PCBs, PCDDs, PCDFs for humans and wildlife.”  Environ. Health Perspect. 1998 December; 
106(12): 775–792.  Research Institute of Toxicology, Utrecht University, Utrecht, The 
Netherlands.  PMCID: PMC1533232. 

Zenco Engineering, Inc.  2007.  Memorandum:  Boeing SSFL Northern Drainage Clean-up, 
Asbestos Work Plan.   

 
 

 

 

8-8 DRAFT MGM08-SSFL/GROUP2_RFI/SECTION8.DOC 




