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Executive Summary 

…Between 1990 and 2009, hundreds of samples have been collected from areas within the 
area defined as Group 9 at the Santa Susana Field Laboratory (SSFL).  After an extensive 
evaluation of the data and an assessment of the risk to humans and ecological receptors, the 
findings show that elevated risks occur only in localized areas in Group 9.  After the 
Group 9 Remedial Investigation (RI) Report is reviewed and approved by the California 
Department of Toxic Substances Control (DTSC), the Feasibility Study [FS (that addresses 
the possible cleanup actions to be taken)] will be developed.  

 

SSFL is located approximately 29 miles northwest of downtown Los Angeles, California, in 
the southeastern corner of Ventura County.  SSFL occupies approximately 2,850 acres of 
hilly terrain and is owned in part by The Boeing Company (Boeing) and in part by the 
United States (U.S.) government and administered by the National Aeronautics and Space 
Administration (NASA).  The land management is designated by Administrative Areas–
Area II and part of Area I are administered by NASA.  The remaining part of Area I, along 
with Areas III and IV and the Undeveloped Land, are owned and administered by Boeing.   

Cleanup of the site is governed by DTSC pursuant to the cleanup provisions of the 
California State Superfund Program (Superfund).  For investigation and reporting purposes, 
the SSFL sites are considered by geographic locale and similar historical use rather than by 
managerial responsibility.  These areas of similarity are referred to as Groups.  A Group 
may have sites that are managed and operated by NASA and Boeing.  This RI Report 
presents the results and recommendations for the investigation conducted within Group 9.  
Group 9 contains three distinct sites, and of those, two are operated by NASA:  the 
Coca/Delta Fuel Farm (CDFF) and the R-2A and R-2B Ponds and Drainage (R-2 Ponds).  
The third site in Group 9 is owned by Boeing:  the Silvernale Reservoir and Drainage, which 
is located in a similar geographic area.  After the Group 9 RI Report is reviewed and 
approved by DTSC, the FS (which will address the possible cleanup actions to be taken) will 
be developed. 

Initially, the land at SSFL was used for ranching.  Most of the land at SSFL was acquired 
with the purchase of the Silvernale property in 1954.  Area II (currently administered by 
NASA) was not used for industrial activities before 1954, when most of the land was 
purchased by North American Aviation (NAA).  NAA owned the land from 1954 to 1958; it 
was then deeded to the U.S. Air Force (USAF).  In the 1970s, the property was transferred 
from the USAF to NASA, which currently manages the property.    

Primary NASA activities at SSFL since 1948 have included research, development, and 
testing of liquid-fueled rocket engines and associated components (pumps, valves, etc.).  
Rocket engine testing frequency decreased during the 1980s and 1990s and ceased in 2005.  
Engine testing at SSFL primarily used petroleum-based compounds as the fuel and liquid 
oxygen (LOX) as the oxidizer.  Trichloroethene (also known as trichloroethylene) (TCE) was 
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the primary solvent used for cleaning rocket engine components and other cleaning 
purposes.   

Extensive sampling of the soil, sediment, surface water, soil gas, and groundwater at the 
three Group 9 sites (the CDFF, R-2 Ponds, and Silvernale Reservoir Areas) has been 
conducted and is described in this report, along with an assessment of the risks posed to 
both human and ecological receptors.  The chemicals at the sites are known, and for the 
most part, the extent of these chemicals has been evaluated sufficiently.  There are a few 
areas where additional sampling to identify the bounds of the chemical locations is still 
needed.  Most of this sampling is recommended for the surface soils in downgradient 
directions, although some additional subsurface soil and soil gas sampling si recommended.  

At DTSC’s request, the building features within Group 9 have been identified and 
described.  A gridded walkover for debris areas has been completed.  An ecological survey 
also was conducted within and around the Group 9 area.  The results from these efforts are 
included with this RI Report.  The RI characterization results are summarized below. 

Silvernale Reservoir.  The nature and extent evaluation within the Silvernale Reservoir 
Area has been characterized sufficiently, with the exception of metals upgradient of the 
investigated areas.  Additional investigation, including the incorporation of downgradient 
samples from the Storable Propellant Area (SPA) and Building 204 Area of Group 3, is 
warranted for further evaluation of metals at this site. 

The human health risk assessment (HHRA) results identified human health risks for 
polychlorinated biphenyls (PCBs) in soil in the absence of remediation.  It is recommended 
that the localized extent of PCBs in soil be further evaluated.  After the further evaluation of 
the extent of contamination, removal of localized soil with elevated concentrations is 
recommended to reduce human health risks.  No human health risks were estimated for the 
plant consumption pathway for soil.  It is recommended that the plant consumption 
pathway be further evaluated using an agricultural residential exposure scenario once the 
protocol for evaluating this exposure has been established in consultation with DTSC. 

The ecological risk assessment (ERA) identified metals, perchlorate, and PCBs as 
contaminants of ecological concern (COECs) in soil.  Dioxin/furan PCB_toxicity equivalent 
quotients (TEQs) and PCB_TEQs were retained as COECs in sediment on a limited basis.  
Removal of soils and sediment with elevated concentrations is recommended within the 
Silvernale Reservoir, for the drainage leading to Silvernale, and at the potential dredge area 
to reduce the potential for ecological risks. 

CDFF.  Additional samples are needed to evaluate the extent of dioxins, PCBs, and total 
petroleum hydrocarbons (TPHs) in surface soil after the existing background data set is 
revised by DTSC for dioxins and polycyclic aromatic hydrocarbons.  In the subsurface soil 
media, the existing data show that the extent of subsurface soil contamination has been 
addressed adequately; therefore, additional investigation is recommended only in the event 
that future surface soil investigation yields elevated concentrations of targeted compounds.  
Currently, subsurface soil samples were collected to the bedrock interface, the vertical point 
of refusal.  Additional soil gas samples are warranted to further characterize the extent of 
volatile organic compounds (VOCs). 
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The primary contaminants of concern (COCs) in the soil for the CDFF area are Aroclor-1254, 
arsenic, antimony, benzo(a)pyrene (BaP), cobalt, dioxins/furans (based on 2,3,7,8-
tetrachloro-dibenzo-p-dioxin [TCDD]_TEQ concentrations), and methylene chloride. 

Potential human health risks were identified for 2,3,7,8-TCDD_TEQ in soil.  After 
confirmation of the extent of contamination, removal of soils with elevated concentrations of 
2,3,7,8-TCDD_TEQ (dioxins and furans) is recommended at this location to reduce human 
health risks, after the existing background data set is revised by DTSC.  Potential human 
health risks were identified for arsenic, antimony, cobalt, and TCE exposure via the near-
surface groundwater (NSGW) (domestic use) direct exposure pathways.  It is recommended 
that the presence of arsenic, antimony, and cobalt in groundwater at the CDFF be further 
evaluated after the existing background data set is revised by DTSC.  

Potential human health risks were identified for acetone, Arcolor-1254, BaP, methylene 
chloride, and acetone for the plant consumption pathway for a potential future residential 
scenario.   

On the basis of the ERA results, unacceptable risks in soil from dioxin/furans and PCB 
congeners to the hermit thrush and deer mouse were identified at the CDFF, and additional 
investigation at the CDFF is recommended after the existing background data set is revised 
by DTSC. 

R-2 Ponds Area.  To complete the nature and extent evaluation, additional surface soil 
samples for PCBs and VOCs are recommended.  Additional metals sampling may be 
required to further evaluate the migration of metals downgradient via surface water.  In the 
subsurface soil media, additional investigation is recommended only in the event that future 
surface soil investigation yields elevated concentrations of targeted compounds. 

On the basis of the results of the HHRA, the R-2 Ponds Area requires further evaluation.  
The primary COCs for the R-2 Ponds Area are arsenic, antimony, BaP, cobalt, 
dioxins/furans (based on 2,3,7,8-TCDD_TEQ concentrations), formaldehyde, PCBs, and 
methylene chloride.  After confirmation of the extent of contamination and once the revised 
background data set has been established, removal of soils with elevated concentrations of 
2,3,7,8-TCDD_TEQ (dioxins and furans) is recommended at this location to reduce human 
health risks.  Potential human health risks were identified for arsenic, antimony, cobalt, and 
TCE in NSGW (domestic use) direct exposure pathways, and it is recommended that the 
presence of select metals in groundwater at the R-2 Ponds Area be further evaluated after 
the existing background data set is revised by DTSC.   Potential human health risks were 
identified for TCE in NSGW (migration to indoor air) exposure pathways, and additional 
soil gas sampling for VOCs is recommended at the R-2 Ponds Area. 

Potential human health risks were identified for 2,3,7,8-TCDD_TEQ and BaP in sediment 
and surface water for each of the three exposure scenarios evaluated.  It is recommended 
that an additional investigation be performed to assess 2,3,7,8-TCDD_TEQ and BaP in 
surface water and sediment.  

Potential human health risks were identified for 2,3,7,8-TCDD_TEQ, PCB_TEQ, BaP, 
methylene chloride, and formaldehyde for the plant consumption pathway for a potential 
future residential scenario.   



EXECUTIVE SUMMARY 

ES-4 DRAFT MGM09-SSFL/GROUP 9 RI/EXECUTIVESUMMARY.DOC 

On the basis of the ERA results, similar to the CDFF, unacceptable risks from dioxin/furans 
and PCB congeners in soil to the hermit thrush and deer mouse were identified at the 
R-2 Ponds Area.  Dioxin/furan congeners present a risk to benthic invertebrates in sediment 
and aquatic organisms in surface water at the R-2 Ponds.  Dissolved boron and manganese 
in surface water also were identified as posing potential risk to aquatic organisms at the 
R-2 Ponds.  These risk drivers should be carried forward after the existing background data 
set is revised by DTSC. 

For the Surficial Media Operable Unit (SMOU) groundwater, NSGW migrating to the 
deeper Chatsworth Formation Operable Unit (CFOU) groundwater in the Group 9 area has 
been investigated.  Halogenated ethenes have been detected in the near-surface and 
Chatsworth Formation groundwater samples at the Silvernale Area, with TCE,  
cis-1,2-dichloroethene (DCE), and trans-1,2-DCE being the most commonly detected 
halogenated VOCs.  Both lead and manganese were detected at elevated concentrations in 
CFOU groundwater in 1984, but neither was detected in samples collected in 1985.  

Twenty wells and piezometers located within or in areas adjacent to Group 9 near the 
R-2 Ponds and the CDFF were used to evaluate southerly Group 9 site conditions.  Of the 
VOCs detected in the NSGW, TCE, cis-1,2-DCE, and vinyl chloride were detected at 
concentrations exceeding the applicable screening criteria.  Two of these VOCs (TCE and 
cis-1,2-DCE) were detected in the CFOU groundwater as exceedances.  Several metals also 
were detected at elevated concentrations in the NSGW, with only copper, iron, and 
manganese being detected at elevated concentrations in the deeper CFOU groundwater. 

Additionally, eight seeps (springs) were identified within or south of the Group 9 RI site, 
which were sampled for a target list of parameters.  Seven VOCs have been detected at these 
sampling stations, with TCE, cis-1,2-DCE, and trans-1,2-DCE being detected at the highest 
concentrations and frequencies.  Only t metals (magnesium and sodium) have been detected 
at concentrations exceeding the screening levels in samples from the seeps.  
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0B1. Introduction and Methodology  

This Remedial Investigation (RI) Report presents the results and recommendations for the 
investigation conducted within the Group 9 Reporting Area in the southern portion of 
Area II at the Santa Susana Field Laboratory (SSFL).  The Remedial Action Program is being 
conducted at SSFL under the oversight of the California Environmental Protection Agency 
(Cal/EPA), Department of Toxic Substances Control (DTSC).  As discussed in Section 1.1.2, 
remedial actions at SSFL started under the Resource Conservation and Recovery Act 
(RCRA) Corrective Action program, but recently have transitioned to the State Superfund 
program.  The RI is being conducted at former operational areas called “RI Sites” (formerly 
called RCRA Facility Investigation [RFI] sites under the RCRA Corrective Action program).  
The Group 9 Reporting Area includes three RI sites:  the Silvernale Reservoir and Drainage 
(Silvernale Reservoir Area), the Coca/Delta Fuel Farm (CDFF), and the R-2A and R-2B 
Ponds and Drainage (R-2 Ponds). 

For consistency of presentation, general information concerning SSFL and the RFI program 
has been taken directly from the Group 4 RFI report prepared by MWH Americas, Inc. 
(MWH) (2007a). 

1B1.1 SSFL Description and Background 

8B1.1.1 SSFL Facility Information 

SSFL is located approximately 29 miles northwest of downtown Los Angeles, California, in 
the southeastern corner of Ventura County.  SSFL occupies approximately 2,850 acres of 
hilly terrain, with approximately 1,100 feet (ft) of topographic relief near the crest of the Simi 
Hills.  Figure 1.1-1 shows the geographic location and property boundaries of the site, as 
well as surrounding communities.  The following subsections describe the site use, history, 
land ownership, surrounding land use, and environmental programs at SSFL.  Additional 
SSFL facility information is provided in the RFI Program Report (MWH, 2004). 

27B1.1.1.1 SSFL Ownership and History 

SSFL is owned in part by The Boeing Company (Boeing) and in part by the United States 
(U.S.) government and administered by National Aeronautics and Space Administration 
(NASA).  The site is divided into four administrative areas (Areas I, II, III, and IV) and 
undeveloped land areas to both the north and south (Figure 1.1-2).  Areas I, III, and IV are 
owned by Boeing.  Area II is administered by NASA.  Ninety acres of Area IV were leased to 
the U.S. Department of Energy (DOE).  The northern and southern undeveloped lands of 
SSFL were not used for industrial activities and are owned by Boeing.  The Group 9 
Reporting Area primarily is located in the southern portion of administrative Area II, with 
investigations mostly having been conducted in the northern half of this subsection. 

Before development, the land at SSFL was used for ranching.  In 1948, North American 
Aviation (NAA), a predecessor company to Boeing, began using (by lease) what is now 
known as the northeastern portion, or administrative Area I, of SSFL.  Most of SSFL was 
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acquired with the purchase of the Silvernale property in 1954, and development of the 
western portion of SSFL began soon after.  Area II was inactive before 1954, when the land 
was purchased by NAA.  NAA owned the land from 1954 to 1958.  In December 1958, the 
property was deeded from Rocketdyne to the U.S. Air Force (USAF) and was operated as 
USAF Plant 57.  In 1973, the property transferred administration from the USAF to NASA, 
which currently manages the property.  Undeveloped land parcels to the south of SSFL 
were acquired by Boeing during 1968 and 1976 and to the north during 1998.  No site-
related operations were conducted in these undeveloped portions of SSFL. 

The primary site activities at SSFL since 1948 have included research, development, and 
testing of liquid-fueled rocket engines and associated components (pumps, valves, etc.) 
(Science Applications International Corporation [SAIC], 1994).  Since 1996, operations at 
SSFL have been conducted by Boeing.  Predecessor companies to Boeing have included the 
Rocketdyne Propulsion and Power Division (Rocketdyne) of NAA and of the Rockwell 
Corporation.  The vast majority of rocket engine testing and ancillary support operations 
occurred from the 1950s through the early 1970s; these operations were conducted by 
Rocketdyne in Areas I and III in support of various government space programs and in 
Area II on behalf of NASA.  Rocket engine testing frequency decreased during the 1980s and 
1990s and ceased in 2005.  Currently, no rocket engine test areas are in operation.  Engine 
testing at SSFL primarily used petroleum-based compounds as the “fuel” and liquid oxygen 
(LOX) as the “oxidizer.”  Trichloroethene (TCE) was the primary solvent used for cleaning 
rocket engine components and for other cleaning purposes.  Solid propellant testing was not 
conducted at the large rocket engine test stands, but was used in small rocket motor testing 
and various research and development (R&D) programs.  Primarily solid propellants, 
including perchlorate compounds, were used, stored, and tested in Area I. 

In addition to the primary facility operation of rocket engine testing, SSFL was used for 
research, development, and testing of water jet pumps, lasers, liquid metal heat exchanger 
components, nuclear energy research, and related technologies.  Nuclear energy research, 
testing, and support facilities were located within the 90-acre portion of Area IV that was 
leased to the DOE and designated as the Energy Technology and Engineering Center 
(ETEC).  Operations were conducted by Atomics International (AI), a division of NAA, and 
Rocketdyne on behalf of the DOE, with operations primarily occurring from the 1950s 
through the early 1980s. 

28B1.1.1.2 Surrounding Land Use 

Land surrounding SSFL generally is open space or rural residential, although other uses are 
present.  The current land uses of each of the offsite adjacent properties are described briefly 
below (MWH, 2004).  Adjacent land use is shown in Figure 1.1-1.   

Northern Adjacent Properties–The adjacent property to the northwest is occupied by the 
Brandeis-Bardin Institute (BBI) and the adjacent property to the northeast is occupied by the 
Mountains Recreation Conservancy Authority (MRCA).  The BBI is zoned as rural 
agricultural on Ventura County zoning maps.  This designation permits a wide range of 
agricultural uses.  The specific land use permit conditions for the BBI indicate that this 
property contains religious, teaching, and camping facilities.  The MCRA property, which is 
zoned as open space, currently operates as Sage Ranch Park, a County of Ventura Park, and 
has a house where the park ranger resides. 
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Eastern Adjacent Properties–The properties situated immediately adjacent to the east of 
SSFL are zoned light agricultural, with variances that permit higher-density use (such as 
mobile home parks).  There is a residential community approximately ¼-mile east of SSFL’s 
boundary in Woolsey Canyon.  A new residential community is under development ½-mile 
southeast of SSFL’s boundary near Dayton Canyon. 

Southern Adjacent Properties–The properties situated adjacent to the south of SSFL are used 
for residential purposes (Bell Canyon).  Residential development begins just south of SSFL’s 
boundary and carries into the San Fernando Valley about 5 miles southeast of SSFL.   

Western Adjacent Properties–Most of the properties situated adjacent to the west of SSFL 
are designated by Ventura County as open space.  This land has been and currently is used 
for cattle grazing.  Recently, a portion of Runkle Canyon in this area has been proposed for 
development. 

9B1.1.2 SSFL Environmental Programs 

29B1.1.2.1 Remedial Action 

Remedial actions at SSFL began under the RCRA Corrective Action program, implemented 
by DTSC pursuant to the corrective action provisions of the California Hazardous Waste 
Control Law (California Health and Safety Code [CHSC], Division 20, Chapter 6.5).  The 
RCRA Corrective Action program is used at sites that hold a RCRA permit for onsite 
treatment, storage, or disposal of hazardous waste.  A response action taken or approved at 
SSFL will be carried out in accordance with the provisions of CHSC Division 20, Chapter 
6.8, the Carpenter-Presley-Tanner Hazardous Substance Account Act, commonly referred to 
as the State Superfund program.  This requirement is being incorporated into the revised 
Consent Order for Remedial Action governing the remedial action program at SSFL, which 
is in process. 

State Superfund actions must be based on the requirements of the federal Comprehensive 
Environmental Response, Compensation and Liability Act’s (CERCLA’s) National 
Contingency Plan (NCP), and on other requirements.  The RCRA Corrective Action and 
State Superfund processes generally are similar, but use different terminology for similar 
activities.  Both processes use a five-phase approach that includes an initial site assessment, 
detailed site investigation, evaluation of remedial alternatives, selection of the final remedy, 
and implementation of the remedy.  The terminology used to describe each phase is listed 
below: 

RCRA CORRECTIVE ACTION AND STATE SUPERFUND TERMINOLOGY 

Activity RCRA Corrective Action State Superfund 

Initial Site Assessment RCRA Facility Assessment (RFA) Preliminary Endangerment 
Assessment (PEA) 

Site Investigation RCRA Facility Investigation (RFI) Remedial Investigation (RI) 

Remedial Alternative Evaluation Corrective Measures Study (CMS) Feasibility Study (FS) 
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RCRA CORRECTIVE ACTION AND STATE SUPERFUND TERMINOLOGY 

Activity RCRA Corrective Action State Superfund 

Remedy Selection  Statement of Basis Remedial Action Plan (RAP) 

Remedy Implementation Corrective Measures 
Implementation (CMI) 

Remedial Design/Remedial Action 
(RD/RA) 

 

State Superfund terminology is used to describe the activities performed for Group 9 that 
are described in this report.  Because the technical requirements for performing an RFI and 
an RI are the same, changing from the RCRA Corrective Action to the State Superfund 
process does not affect work performed previously.  RCRA Corrective Action terminology 
will still be used to describe activities performed prior to the Group 9 RI because that was 
the program in place at that time.  In addition, the remedial action site designations used 
under the RCRA Corrective Action program (for example, solid waste management unit 
[SWMU] and area of concern [AOC]) will be retained to avoid confusion. 

The first phase of the remedial action process was performed to identify SWMUs and AOCs, 
which are units that have used, stored, or handled hazardous materials or hazardous 
wastes.  The RFA for SSFL was completed in 1994 (SAIC, 1994). 

The remedial action program is currently in the RI (formerly RFI) phase.  During the RI, 
additional AOCs (beyond those listed in the RFA) have been identified and investigated at 
SSFL (MWH, 2004).  A total of 135 SWMUs and AOCs have been identified at SSFL, and 
those undergoing closure as part of the RI Program have been grouped by location for 
purposes of investigation and are called “RI sites” (formerly called “RFI sites”).  RI sites 
have been grouped for reporting as described in Section 1.1.2.3.  The RFI Program Report 
(MWH, 2004) listed 51 RFI sites (now called RI sites).  Further evaluation has resulted in a 
new total of 57 RI sites.  Four sites were added to include land surrounding the permitted 
facilities (Area I Burn Pit, Radioactive Materials Handling Facility [RMHF], Building 133, 
and Building 029).  Two sites were added when leach fields were regrouped to allow for 
planned reporting.  The 57 RI sites identified for investigation at SSFL are shown in 
Figure 1.1-3.  For ease of presentation in Figure 1.1-3, and as reported in previous 
documents (MWH, 2004), the Boeing and DOE leach fields not associated with an existing 
RI site have been grouped together (a DOE group and a Boeing group) and listed as 
additional RI sites. 

The RI includes characterization of relevant environmental media present at SSFL.  
Investigations of environmental media have been conducted following DTSC-approved 
work plans (ICF Kaiser Engineers [ICF], 1993; Groundwater Resources Consultants, Inc. 
[GRC], 1995a, 1995b; Ogden Environmental and Energy Services Company, Inc. [Ogden], 
1996, 2000a, 2000b; Montgomery Watson, 2000b; MWH, 2001, 2003e, 2003f, 2005c).  The 
scope and extent of previous sampling at SSFL are described in the RFI Program Report 
(MWH, 2004). 

The objectives of the RI are to characterize the nature and extent of chemical contamination 
in environmental media, to evaluate risks to potential receptors, to gather data for the 
Feasibility Study (FS), and to identify areas for additional work (DTSC, 1995).  Site action 
recommendations resulting from the RI are categorized into:  1) further evaluation in the FS; 
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2) no further action (NFA); 3) interim source area stabilization measures to control 
contaminant migration (Stabilization Areas) while cleanup plans are prepared; and 4) data 
gap (DG) areas for further evaluation.  Stabilization Areas may be included within FS Areas. 

The FS (formerly Corrective Measures Study [CMS]) phase of the remedial action program 
is an evaluation of remedial alternatives for areas identified for further evaluation during 
the RI.  The FS also may include further evaluation of uncertainties identified in the RI 
related to risk assessment, delineation of chemicals requiring cleanup, or characterization of 
new chemical source areas identified during the preparation of the Group 9 RI Report.  FS 
plans are prepared for DTSC review and the findings are published in a final FS report for 
DTSC approval.  During the Remedial Design/Remedial Action (RD/RA) (formerly the 
Corrective Measures Implementation [CMI]), the remedial action program moves from 
cleanup planning to cleanup implementation and confirmation and monitoring sampling.  
The complete SSFL cleanup plan will be evaluated in an environmental impact report (EIR) 
before implementation.  Public review and comment will be included during several steps 
in this process before the selection and implementation of cleanup activities. 

30B1.1.2.2 RCRA Programs 

Following transition of the remedial action program from RCRA Corrective Action to State 
Superfund, the following RCRA-related activities continue under the oversight and 
jurisdiction of the DTSC: closure of inactive RCRA units, and compliance and permitting of 
operating RCRA units.  In some instances, these programs overlap with the remedial action 
program (for example, closed RCRA units within RI sites that are investigated as part of a 
corrective action).  These programs are described in more detail in the RFI Program Report 
(MWH, 2004). 

31B1.1.2.3 Other Environmental Programs 

In addition to the remedial action and RCRA programs, other federal, state, and county 
environmental programs are being conducted at SSFL, including permitting for air 
emissions, surface water discharges, and other site investigation and closure activities.  
Information regarding environmental programs conducted at SSFL is provided in the RFI 
Program Report (MWH, 2004).  Because these other environmental programs overlap and 
occur within some of the RI sites, they are described briefly below: 

 Waste discharge permits (WDPs) have been issued to SSFL by the Regional Water 
Quality Control Board (RWQCB) since 1958.  Currently, surface water discharges from 
SSFL are regulated under a National Pollutant Discharge Elimination System (NPDES) 
permit issued by the RWQCB, beginning in 1984.  Surface water discharges are 
monitored regularly at 18 NPDES locations, as shown in Figure 1.1-2.   

 Fuel storage tanks at the site are now included in the remedial action program under 
DTSC oversight.  Historically, underground storage tanks (USTs) were regulated by the 
Ventura County Environmental Health Division (VCEHD).  Aboveground storage tanks 
(ASTs) were regulated by the RWQCB. 

 Closure of nuclear testing and research facilities in Area IV is being performed under the 
DOE’s jurisdiction.  The California Department of Health Services–Radiologic Health 
Branch (DHS-RHB) oversees the Boeing-owned Radioactive Materials License, conducts 
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facility verification surveys, evaluates the radioactive facility cleanup, and conducts 
environmental monitoring. 

32B1.1.2.4 Operable Units at SSFL 

Since the early 1980s, SSFL site characterization has proceeded along two parallel paths:  
one for groundwater and the other for soil and related surficial media.  In 1999, DTSC 
formalized this approach by identifying two operable units (OUs) (DTSC, 1999).  As defined 
by the U.S. Environmental Protection Agency (EPA), an OU is a discrete entity that may be 
composed of various attributes, including the characteristics of the affected media, 
geographical location, vertical and aerial considerations, specific site problems, and 
potential exposure pathways.  The OUs identified at SSFL are consistent with this definition 
and incorporate different geographical portions of the site, project phases, and exposure 
pathways.  Two OUs have been identified at SSFL through discussion with the DTSC based 
on an understanding of where chemicals are present today, where they may migrate in the 
future, and how either human or ecological receptors may be exposed to those chemicals 
(DTSC, 1999).  The OUs at SSFL are as follows: 

 The Surficial Media OU (SMOU), composed of saturated and unsaturated soil, sediment, 
surface water, near-surface groundwater (NSGW), air, biota, and weathered bedrock.  
NSGW occurs within alluvium or weathered bedrock 

 The Chatsworth Formation OU (CFOU), composed of the Chatsworth formation 
groundwater and both saturated and unsaturated unweathered (competent) bedrock 

The Surficial OU consists primarily of soil, sediment, and surface water, which potentially 
are affected by spills.  Also included in this OU are NSGW, air, biota, and the upper 
weathered portion of the bedrock.  These additional media have been included in the 
Surficial OU because chemicals released into soil, sediment, or surface water could directly 
contact, or potentially be transferred to, NSGW, surface seeps or springs, air, biota, and 
weathered bedrock.  Direct exposure to surficial media by receptors is possible, although the 
type of exposure may vary based on location (steep drainage terrain versus flat upland 
terrain). 

The CFOU consists of groundwater and associated unweathered, competent bedrock of the 
Chatsworth formation, which is made up of thickly bedded sandstone with interbeds of 
siltstone and shale.  This unit has been affected by the downward migration of chlorinated 
solvents (primarily TCE) from surficial spills and/or by dissolved phase contaminants 
transported to and within Chatsworth formation groundwater.  In contrast to surficial 
media, because of its nature and depth (typically more than 70 ft below ground surface 
[bgs]), it is that unlikely human or ecological receptors would be exposed directly to 
chemicals in the unweathered, deeper bedrock.  Direct exposures to Chatsworth formation 
groundwater only could occur through the installation of a drinking water well, or at a 
surface seep or spring supplied by Chatsworth formation groundwater.  Indirect exposures 
to chemicals in Chatsworth formation media (bedrock or groundwater) also are considered 
as part of the RI site risk assessments.  These potential direct and indirect groundwater 
exposures in Group 9 are evaluated in the risk assessments completed for the RI sites within 
this group.  As stated above, a goal of the RI Program is to characterize chemical impacts in 
all of the relevant environmental media at SSFL.  This goal is achieved by combining and 
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integrating site data from the characterization programs for both OUs.  Similarly, the goal of 
the RI risk assessment is to evaluate risks from all relevant environmental media.  This goal 
is accomplished by combining the estimated risk associated with exposure pathways for 
both OUs.  Several possible pathways of chemical migration across or between OUs have 
been identified.  Each of these potential pathways is included in the risk evaluations of the 
Surficial OU and the CFOU, as described further in Section 1.5. 

33B1.1.2.5 RI Program and Reporting Approach 

As described in the RFI Program Report (MWH, 2004), the data quality objective (DQO) 
process (EPA, 1994, 2000) was used to guide the SSFL RI.  The problem statement developed 
for the Surficial OU RI (termed RFI in that document) is as follows: 

“Comply with regulatory requirements by characterizing the nature and extent of 
contamination in surficial media (soil matrix, soil vapor, sediment, surface water, near 
surface groundwater, air, biota, and weathered bedrock).” 

Five decision questions were identified during the DQO development and have been used 
to guide the data collection and evaluation process for the Surficial OU RI, as listed below: 

1. Has historical information regarding chemical use areas and chemical releases been used 
to identify potential source areas? 

2. Have source area sampling and analysis plans been developed to characterize the nature 
and extent of contamination? 

3. Is the nature and extent of contamination at potential source areas in RI sites 
characterized sufficiently for risk assessment? 

4. Have potential human health and ecological impacts been assessed? 

5. Have characterization and risk assessment results been used to make site action 
recommendations for the FS? 

Although developed for the Surficial OU, these five questions are relevant for the overall RI 
Program at SSFL.  The RI reporting approach has been designed to answer these questions 
in a comprehensive, integrated manner for large areas of the site.  On the basis of input from 
the DTSC, SSFL has been divided into 10 Group Reporting Areas, as shown in Figure 1.1-4.  
The Group Reporting Areas have been established to accomplish the goal of providing a 
comprehensive, integrated description of site data from all media across large, interrelated 
areas of the site.  As such, the Group RI Reports include the evaluation of data from both 
OUs to evaluate characterization completeness, transport and fate of contaminants, and 
assessment of potential risks to receptors.  As necessary, offsite areas will be included in the 
RI evaluation of SSFL-related impacts.  Group Reporting Areas generally were identified 
based on natural topographic constraints at SSFL, but groundwater plume extents, RI site 
responsibility, and operational boundaries also were considered.  The Group Reporting 
Areas shown in Figure 1.1-4 serve to facilitate the evaluation of all migration pathways, and 
therefore, capture the appropriate site data for risk assessment.   

The focus and objective of the Group Reports is to provide DTSC with sufficient information 
so that site action decisions regarding Surficial Media can be made and FS evaluation areas 
identified.  Because the CFOU investigation is ongoing while the Group Reports are being 
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prepared, FS recommendations regarding groundwater will be provided in a final Sitewide 
Groundwater Report, which will be submitted at the completion of the CFOU investigation.  
However, the nature and extent of groundwater-related potential contaminants are 
considered with the Surficial OU risks in making FS recommendations.  

Two aspects of the Surficial Media RI will be addressed after all Group RI Reports are 
prepared.  In both of these cases, some Surficial Media recommendations will be in addition 
to those presented in the Group Reports.  The first involves the completion of the CFOU 
investigation described above.  Because all media are being assessed for potential risks to 
receptors in the current Group RI Reports, new data resulting from the ongoing CFOU 
investigation must be reassessed for contribution to Surficial Media risks and, if necessary, 
additional areas recommended for FS evaluation.  This assessment of subsequent CFOU 
data will be included in the Sitewide Groundwater Report. 

The second aspect that affects the Surficial Media site action recommendations for the FS is a 
sitewide evaluation for large-home-range receptors (mule deer and hawk).  An assessment 
of potential risks to these receptors will be performed once sufficiently large areas of SSFL 
have been evaluated and presented in the Group RI Reports.  Estimated large-home-range 
receptor risks will be reported in a Sitewide Large-Home-Range Risk Assessment Report, 
which also will identify any additional areas that should be considered for FS evaluation 
resulting from that assessment. 

These two additional aspects of RI reporting will serve to confirm and finalize the areas to 
be evaluated in the FS as described in this (and other) Group RI Reports.  The areas 
recommended for further evaluation in this report confidently can be carried forward into 
the FS, because it is believed that additional, not fewer, areas will be identified by 
subsequent sitewide RI evaluations. 

Previous RFI reports submitted to the DTSC for review include Groups 2, 3, 4, 6, and 8. 

10B1.1.3 Scope and Objectives of the Group 9 RI Report 

The Group 9 RI Report presents the RI findings and FS recommendations for the southern 
portion of Area II.  The scope and objectives of the Group 9 Report are described below, 
along with the content and format of this report. 

34B1.1.3.1 Scope 

The Group 9 Reporting Area consists of approximately 16 acres within the southern portion 
and expanding into the central portion of Area II (Figure 1.1-4), where most investigative 
activities were conducted.  Adjacent areas to the Group 9 Reporting Area include the 
Boeing-controlled Group 6 to the north, offsite areas to the south, Group 4 and undeveloped 
Boeing land to the east, and Boeing-controlled Group 5 and offsite areas to the west.  
Reporting Group 9 consists of one Boeing RI site and two NASA RI sites; brief descriptions 
are below.   
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The following three RI sites are included in the Group 9 Reporting Area: 

 Silvernale Reservoir and Drainage includes the Silvernale Reservoir (SWMU 6.8), the 
potential dredge area, Engineering Chemistry Laboratory (ECL) storage magazine, and 
the associated inlet and outlet surface drainage pathways.   

 CDFF AOC includes the fuel AST farm and a former X-ray operational area southwest 
of the fuel farm. 

 R-2 Ponds Area includes the R-2A and R-2B Ponds (SWMU 5.26) and their associated 
inlet and outlet surface drainage pathways. 

It should be noted that the RI site boundaries shown in the maps and figures in this report 
are not meant as administrative boundaries, but rather serve as outlines that encompass the 
primary operational activities at a site.  As described in Sections 2 through 4, RI sampling 
extended outside of these boundaries, as necessary, to evaluate the nature and extent of 
potential contamination and to assess potential migration pathways. 

35B1.1.3.2 Objectives 

This report has the following objectives: 

 To present characterization results in the Group 9 Reporting Area and to identify the 
nature and extent of chemical contamination in environmental media. 

 To present characterization-based recommendations for site actions (including NFA 
areas), for further evaluation in the FS, or for source stabilization. 

As stated above, the Surficial Media areas recommended for further FS evaluation are 
considered to be defined sufficiently for FS planning, although supplemental areas or 
volumes may be added following the completion of the Sitewide Groundwater Report 
and/or the Sitewide Large-Home-Range Risk Assessment Report. 

36B1.1.3.3 Content and Format 

This report is organized as follows: 

Section 1 presents an overview of SSFL site as a whole, the methodology for the Group 9 RI, 
and the organization of this report. 

Sections 2 through 4 present the RI results for the Silvernale Reservoir and Drainage, CDFF, 
and R-2 Ponds Areas, respectively.  Each section presents the following information: 

 Background and history 

 RI characterization activities 

 RI characterization results 

 Nature and extent of contamination 

 Conceptual site exposure model 

 Fate and transport analysis for chemicals detected in surface media 

 Human health risk assessment (HHRA) 

 Ecological risk assessment (ERA) 

 Summary of findings and recommendations 
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Section 5 presents recommendations for consideration during the FS, including a summary 
of nature and extent findings for Group 9 and recommendations for areas to be carried 
forward into the FS. 

Section 6 provides the references used in preparing this report. 

The appendixes are as follows: 

 Appendix A–Ecological Surveys Conducted in May 2009, Santa Susana Field 
Laboratory, Ventura County, California 

 Appendix B–Silvernale Reservoir and Drainage Area 

 Appendix C–Coca/Delta Fuel Farm Area 

 Appendix D–R-2 Ponds Area 

 Appendix E–Groundwater Laboratory Data 

 Appendix F–Building Feature Documentation Logs 

 Appendix G–Debris Survey Conducted in June 2009, Santa Susana Field Laboratory, 
Ventura County, California 

 Appendix H–Sampling Rationale; Data Quality Objectives Data 

 Appendix I–Agency Correspondence 

2B1.2 Physical Setting of the Reporting Area 

11B1.2.1 Climate and Meteorology 

For consistency of presentation, general information concerning climate and meteorology at 
SSFL was taken directly from the Group 4 RFI report prepared by MWH (MWH, 2007a). 

Climate and meteorological data have been collected for SSFL since the 1960s.  The climate 
falls within the Mediterranean sub-classification, and monthly mean temperatures range 
from 50 degrees Fahrenheit (ºF) during the winter months to 70ºF during the summer 
months (SAIC, 1994).  During the summer months (April through October), an onshore 
wind pattern occurs because of the proximity of the adjacent Pacific Ocean; during the 
winter months, this wind pattern is interrupted by weather fronts (SAIC, 1994).  Wind 
measurements have been collected at SSFL in Area IV west of the Group 4 Reporting Area.  
A wind rose diagram from January to December 2001 is presented in Figure 1.2-1 and 
indicates that the prevailing wind pattern is northwest-southeast (Sonoma Technology, Inc. 
[STI], 2003).  This wind rose pattern is consistent with the historical data collected both in 
the 1960s and in the 1990s. 

Precipitation at SSFL is normally in the form of rain, although snow occasionally has fallen 
during the winter months.  Precipitation at the site has averaged approximately 18 inches 
per year between 1960 and 2007, as shown in Figure 1.2-2.  The annual precipitation has 
ranged from a low of 5.7 inches in 2002 to a maximum of 41.2 inches in 1998.  Precipitation 
has been measured at SSFL daily during rainstorms at two onsite stations.  The monthly 
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precipitation for the 6-year period from October 2000 through June 2008 is presented in 
Figure 1.2-3.  Most of the annual precipitation at SSFL occurs between November and 
March, consistent with the regional precipitation pattern of southern California. 

12B1.2.2 Physiography 

SSFL is located within the Pacific Mountain System, Pacific Border Province, Los Angeles 
Ranges (also know as the Transverse Ranges) physiographic region.  Generally, the 
Transverse Ranges represent a complex of tectonic forces resulting from the interaction of 
the Pacific and the North American plates along the San Andreas Fault.  The Transverse 
ranges are oriented predominantly east-west.  The Transverse Ranges include the Santa 
Ynez Mountains, the San Rafael Mountains, the Sierra Madre Mountains, the Topatopa 
Mountains, the Santa Susana Mountains, the Simi Hills, the Santa Monica Mountains, the 
San Gabriel Mountains, the Puente Hills, the Chino Hills, and the San Bernardino 
Mountains. 

The Transverse Ranges are characterized by extreme differences in geologic age and 
composition, varying from sedimentary rocks in the western Santa Ynez and Santa Monica 
mountains to primarily granitic and metamorphic rock in the eastern regions, where they 
terminate abruptly in the San Gabriel and San Bernardino mountains. 

Located in the Simi Hills, SSFL occupies approximately 2,850 acres of hilly terrain that 
expresses approximately 1,100 ft of topographic relief (Figure 1.2-4).  The highest surface 
elevation at SSFL occurs near the center of the site at an approximate elevation of 2,245 ft 
above mean sea level (msl).  The highest surface elevations at SSFL occur in two general 
bands that strike along a northeast-southwest trend, consistent with the geology of area.  
The lowest elevation occurs at the eastern property boundary and has an elevation of 
approximately 1,1,75 ft above msl.  The lower elevations at SSFL occur primarily along the 
eastern, southern, and north-central to northwestern perimeters of the property.  A broad, 
relatively flat area of topography exists in the northwestern portion of SSFL that is referred 
to as the Burro Flats area (MWH, 2003d). 

Group 9 RI sites range in elevation from approximately 1,700 ft above msl in the southern 
area (R-2 Ponds Area) of the group to approximately 2,040 ft above msl at the eastern 
margin.  The area is dissected by several perennial drainages. 

13B1.2.3 General Geology and Hydrogeology at the Santa Susana Field Laboratory 

The regional geology and hydrogeology have been reported extensively in previous 
documents submitted to the DTSC.  Brief summaries are provided below.  Detailed 
information regarding the geology and hydrogeology is provided in the site-specific 
sections (Sections 2 through 4). 

37B1.2.3.1 Summary of Geology  

SSFL is located in the Transverse Ranges of southern California, characterized by north-
south compression that has produced geologic structures such as faults, synclines, and 
anticlines that are elongated in an east-west direction.  Primary geologic units present at 
SSFL are the Quaternary Alluvium and the Cretaceous Chatsworth formation.  The 
Chatsworth is overlain by the Simi Conglomerate Member of the Paleocene Santa Susana 
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formation in the northern part of the site, and is faulted against the Santa Susana formation 
in the western part of the site.  To the south, the Chatsworth is overlain by southward 
dipping late Tertiary formations.  Structurally, SSFL is located on the southern flank of an 
east-west striking and westward plunging syncline that passes through the central part of 
the Simi Valley (MWH, 2003d).  The attitude of the stratigraphic sequence at SSFL reflects 
the local structural setting, with bedding exhibiting a northeast/southwest strike and dips 
ranging from 25º to 40º to the northwest.  The regional geology is depicted in Figure 1.2-5.  
A geologic map of the SSFL area is presented in Figure 1.2-6.  These geologic formations are 
described below: 

 Quaternary Alluvium/Colluvium–Alluvial soils are generally thin and typically 5 to 
15 ft thick at SSFL.  The extent of alluvial soils at the SSFL is presented in Figure 1.2-7.  
Alluvial soils usually occur in topographic lows and along stream drainages.  Stream 
drainage generally corresponds to troughs and depressions on the top of the Chatsworth 
formation, which are thought to be related to zones of bedrock weakness characterized 
as areas of greater fracture density, intensity, and enhanced weathering.  A thin alluvial 
veneer covers a broad expanse in the Burro Flats area.  Disturbed soils also have been 
used as fill material in developed portions of SSFL.  Thick fill soils (up to 35 to 40 ft) 
have been identified in the northeast and north-central sections of SSFL.  The alluvium 
generally consists of weathered Chatsworth formation sediments and is usually a fine-
grained silty sand (MHW, 2003e).  Colluvium, consisting of sediment deposited or built 
up by gravity at the foot of steep slopes, sometimes will be found in association with 
alluvial deposits.   

 Chatsworth Formation–Most of SSFL is underlain by the Cretaceous Chatsworth 
formation, which consists of interbedded sandstone and shale deep-sea turbidite 
deposits.  The Chatsworth formation has been divided into the lower Chatsworth 
formation and the upper Chatsworth formation.  The upper Chatsworth formation has 
been further subdivided into the Sandstone 1 and Sandstone 2 units (Figure 1.2-8).  
Further subdivision of these sandstone units has resulted in the naming of multiple 
members.  A series of thin shale, siltstone, and sandstone beds, known collectively as 
Shale 2, separate the older Sandstone 1 deposits from the overlying Sandstone 2 
deposits.  The Chatsworth formation is subject to weathering (chemical and physical), 
both at the surface and within the subsurface.  Weathered Chatsworth formation rocks 
generally exhibit fracture traces that have been oxidized and overall colors of various 
shades of yellow, brown and grey.  Depths to weathered Chatsworth formation rocks 
vary across the Group 9 study area.  Weathered bedrock thickness can be on the order of 
tens of feet thick and, in some areas, greater than 100 ft thick.  Higher fracture density, 
both laterally and vertically, can contribute to wider and deeper weathered bedrock 
sections.   

56BStratigraphy.  The SSFL Group 9 RI study area is underlain by the Sandstone 1 unit (MWH, 
2007a).  The thickness of the Sandstone 1 unit at SSFL can reach 1,900 ft.  The Sage member 
consists of coarse- to medium-grained sandstones that typically show graded bedding, as 
well as thin conglomerates and rip-up clasts near the base.  Turbidite sandstone beds within 
the Sage member typically are amalgamated, creating almost pure sandstone beds that are 
tens of feet thick (MWH, 2007a).  
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57BStructure.  Structural features and rock discontinuities are integral components of the 
geologic setting at SSFL, both of which are numerous at SSFL and the surrounding area 
(MWH, 2007a).  Geologic structures at SSFL have been defined as three different categories–
faults and fault zones, deformation bands, and structures.  With respect to groundwater, 
rock discontinuities are the most significant structural features at the facility.  Rock 
discontinuities generally are defined as zones of weakness in a rock mass and also are 
characterized as fractures, which include faults, partings along bedding planes, and near-
vertical joint sets.  Collectively, these structural features make up the systematic 
interconnected fracture network in the Chatsworth formation.   

Three faults–the Coca Fault, the Skyline Fault, and the Burro Flats Fault–traverse the 
Group 9 study area.  A fourth structure, the Delta Structure, also is present within the 
boundaries of the Group 9 study area.   

The Coca Fault occurs in the northern section of the Group 9 study area.  The fault extends 
east to west across nearly the entire SSFL boundary and is believed to merge with another 
major fault (the Burro Flats fault) to the west.  Displacement across the fault is difficult to 
ascertain, but has been measured at more than 10 ft along some of its trace.  Deformation 
bands are present in an approximately 30-ft-wide zone along the southern side of the fault.  
Some fault gouge, up to 4 inches thick, has been observed at some locations.  Fracture 
density has ranged from “not closely spaced within the zone of deformation” to “closely 
spaced…approximately parallel to strike” at other locations (MWH, 2007a).  The fault’s dip 
has been measured to be N760W with an approximately vertical dip (MWH, 2007a).    

The Skyline Fault traverses the Group 9 study area in the eastern section.  The fault trends 
southwest-northeast and is steeply dipping.  Some separation into two traces occurs and 
fault gouge up to ½-inch has been observed.  This fault terminates into the Burro Flats Fault 
located to the southwest and cuts across the Coca Fault to the northeast.   

The Burro Flats Fault extends through the central section of the Group 9 study area and 
strikes northwest-southeast.  The fault displays almost 2 miles of apparent left lateral 
displacement of the contact between the Simi and Santa Susana formations (MWH, 2007a).  
Outcrops of the fault have not been observed; however, where the fault is inferred, outcrops 
have exhibited closely spaced deformation bands.   

The Delta Structure traverses the northernmost section of the Group 9 study area.  It is 
situated between the Coca and Burro Flats faults and strikes northwest-southeast.  The 
structure terminates into the Skyline fault to the southeast and in the Upper Bravo Bed, 
which lies just to the south of the Coca Fault.  This structure is inferred on the basis of photo 
lineament data.  Deformation bands have been associated with this feature.  The total 
displacement has been interpreted to be less than 6 ft.  Because it has not been observed in 
exposures in critical areas within the aerial photographs, the structure has not been 
classified as a fault (MWH, 2007a).   
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A variety of ways to identify fractures and their characteristics has been used at SSFL, 
including aerial photographs, outcrop inspections, rock cores, and borehole geophysics.  
The major findings are summarized as follows: 

1. Aerial photograph studies indicate that the fracture spacing north of the Shale 2 unit 
(northern section of SSFL) is on the order of 100 ft and commonly exceeds 200 ft, while 
the fracture density in the southern section of SSFL typically is less than 50 ft. 

2. Fractures identified from 11 core logs show the average fracture spacing ranging from 
every 1 to2 ft, although fracture spacing is highly variable with depth and unfractured 
intervals of 20 ft or more are common.  The orientations of the fractures are independent 
of the bedding and jointing features. 

3. Borehole geophysical logging at 26 locations indicates that the downhole fracture 
spacing ranges between 1 and 2 ft, on average.  Data evaluation has not revealed any 
specific patterns in the spatial distribution of fractures in the subsurface.   

4. Stereonets, rose diagrams, and fracture dip diagrams do not reveal any particular 
pattern in the fracture orientation; however, it can be generalized that most of the 
fractures dip more than 40 degrees and the majority of fractures are oriented northeast-
southwest (parallel to the strike of the Chatsworth formation) (MWH, October 2005).   

1.2.3.2 38BSummary of Hydrogeology 

Since mid-2001, groundwater has been classified either as NSGW (that water which is 
present in alluvium, colluvium, and/or weathered bedrock) or as Chatsworth formation 
groundwater (that water which is found in unweathered bedrock beneath SSFL) (Haley and 
Aldrich [H&A], 2007).  This approach was approved by the DTSC (DTSC, 2007a) and is 
consistent with the DTSC-approved OU approach, and is adopted herein.  The DTSC has 
requested that groundwater definitions be revised to reflect continuity between 
groundwater that may be perched versus that which is vertically continuous (DTSC, 2007b).  
In each Group 9 RI site-specific section, groundwater occurrence is evaluated to assess 
whether perched water exists above the local water table or is interconnected to the 
unweathered bedrock flow system of the Chatsworth formation. 

First encountered groundwater typically exists under water table conditions and may be 
encountered in alluvial and colluvial deposits, weathered bedrock, or unweathered 
Chatsworth formation rocks.  First-encountered groundwater can be found at depths as 
shallow as approximately 4 ft bgs to depths greater than 500 ft bgs.  Aquifer tests have 
demonstrated that a well-interconnected fracture network (both vertically and horizontally) 
extends throughout the subsurface.   

The areal extent of NSGW (which was extensively mapped in February 2002) is shown in 
Figure 1.2-8 (MWH, 2003b) and closely reflects the areal distribution of alluvial and colluvial 
deposits, as shown in Figure 1.2-7.  The occurrence of NSGW is variable–ephemeral in some 
areas and perennial at others, particularly in weathered bedrock.  Groundwater monitoring 
wells completed in both alluvial and weathered bedrock will, on occasion, be dry.  The 
direction of NSGW flow varies spatially and generally depends on the orientation of valleys 
and their slope.  NSGW in Group 9, which occurs primarily at the CDFF Area, generally 
flows southwesterly (MWH, 2003d).  Groundwater flow in the unweathered bedrock flow 
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system of the Chatsworth formation is variable and difficult to define due to the complex 
flow paths that develop because of the interconnected fracture network.  

A conceptual model of NSGW occurrence and flow paths is provided in Figure 1.2-9.  Linear 
areas of low topographic expression that are aligned with stream drainage patterns typically 
correspond to zones of bedrock weakness resulting from areas of high fracture density in 
the Chatsworth formation.  Bedrock weakness is characterized by troughs and depressions 
that form wedges where relatively thick weathered bedrock sections are formed by 
enhanced weathering.  Subsequent deposition of colluvium and alluvium in the stream 
drainage completes the NSGW hydrostratigraphic unit, where converging lines of flow from 
infiltration, shallow groundwater flow, and bedrock flow concentrate pore water and create 
preferential flow paths.   

Groundwater springs and/or seeps have been found both in ephemeral drainages in the 
southern section of SSFL and offsite to the north and east of SSFL (MWH, 2003d), but none 
has been found within the boundary of the Group 9 study area.   

The fractured Chatsworth formation is the principal water-bearing system at SSFL.  
Chatsworth formation groundwater occurs regionally, rather than being localized in extent, 
as with NSGW.  Depths to water measured in Chatsworth formation wells (where 
groundwater is not vertically continuous with NSGW) range between 60 and 300 ft bgs and 
can vary over short distances (MWH, 2004).  Chatsworth groundwater occurs in secondary 
porosity features (fractures, bedding planes, and joints) where most groundwater 
movement occurs.  Groundwater also occurs within the matrix of the sandstone (in between 
fractures and bedding planes), but little to no movement of this water occurs within the rock 
matrix.  The matrix hydraulic conductivity is approximately an order-of-magnitude lower 
than the bulk hydraulic conductivity of the Chatsworth formation, indicating that the 
hydraulic conductivity of the formation is dominated by the fractures within the bedrock 
(Montgomery Watson, 2000). 

In this conceptual model, the rock matrix provides the storage volume, while the 
interconnected fracture network dominates the bulk rock mass hydraulic conductivity.  The 
heterogeneity exhibited by the Chatsworth formation is more pronounced in areas adjacent 
to faults and deformation bands. 

An analysis of the hydrogeologic data indicates that five groundwater units have been 
established at SSFL (Montgomery Watson, 2000).  The Group 9 study area is contained 
within Groundwater Unit 4.  Groundwater flow historically has been influenced by 
extraction from well WS-9A, which appeared to have captured groundwater in the western 
portion of the unit.  Groundwater flow has been to the south from the Coca Fault. 

39B1.2.3.3 Hydrogeologic Properties 

As in other areas of SSFL, no hydraulic conductivities have been estimated from short-
duration, single-well pumping tests at any Chatsworth formation wells located near or in 
the Group 9 study area (Montgomery Watson, 2000a).   
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The magnitude and direction of horizontal gradient near the Delta/Propellant Load Facility 
(PLF) and R-2 Pond Area have been summarized as follows: 

“Direction and magnitude variable depending upon the hydrologic cycle at R-2.  
Flow direction in this area varies as groundwater elevations and water levels in the 
pond rise and fall.  Water flows westerly (toward the pond) during periods of water 
level highs and easterly (toward PLF) during periods of water level lows.” (MWH, 
2003b) 

The magnitude of vertical head difference or gradient measured in wells near the Group 9 
study area was reported as follows: 

“Approximately 67 feet of head difference between NSGW well PZ-004 and CFGW 
well HAR-07.” 

“Approximate downward vertical gradient of 0.037 ft/ft between NSGW well HAR-29 
and CFGS well HAR-08.” (MWH, 2003b).  

40B1.2.3.4 Recharge 

A detailed analysis of groundwater recharge was conducted by MWH and reported in 
December 2003 (MWH, December 2003e).  Two quantitative techniques (water balance 
method and chloride balance method) and one qualitative method (characterizing the 
occurrence, relative concentration, and distribution of stable hydrogen and oxygen isotopes) 
were used to estimate recharge at the SSFL.  Quantitative estimates based on data beginning 
in 1997 through 1999 show infiltration ranging from 23 to 26 percent of precipitation, or 
from 14 to 20 percent of total inflow to the SSFL drainage area, using the water balance 
method.  These values should be regarded as upper limits to estimates because of 
uncertainties surrounding measuring surface water runoff and evapotranspiration.  Varying 
evapotranspiration scenarios result in infiltration ranging from 11  to 44 percent of 
precipitation, based on vegetative cover.  The qualitative chloride mass balance method 
provided an estimate of recharge of 6 percent of precipitation, and when uncertainties were 
factored in, an estimate ranging from 1 to 12 percent of precipitation resulted.  Using an 
annual average of 20 inches of precipitation, recharge estimates vary from an average of 
0.2 inch to 8.8 inches annually.   

The qualitative methods using stable hydrogen and oxygen isotopes were not used to 
quantify recharge, but to provide information regarding the nature of recharge.  Some 
previous investigators thought recharge might be rapid and occur in focused areas of SSFL.  
The MWH study did not support that contention, and instead indicated that Chatsworth 
formation groundwater has a narrow range and consistent ratio of hydrogen and oxygen 
isotopes, thus indicating well-mixed groundwater. 

The estimated recharge to the Chatsworth formation groundwater (using the chloride mass 
balance technique) was refined in 2007 with the collection of site-specific data collected over 
a 14-month period in 2006 and 2007 (MWH, 2007b).  Two bulk deposition collectors were 
installed at SSFL from which precipitation was collected and analyzed for chloride, 
phosphate, conductivity, and density.  Chloride concentrations in precipitation water were 
compared with those in groundwater, and resulted in an estimate of recharge ranging from 
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2 to 7.2 percent of annual rainfall (0.4 to 1.3 inches per year based on an average of 
18.6 inches rainfall per year) (MWH, 2007c). 

14B1.2.4 SSFL Surface Water Features 

The occurrence of surface water at SSFL is intermittent.  Surface water that does not seep 
into the ground is collected in one of four major drainages and conveyed offsite 
(Figure 1.2-10).  Most of the surface water from SSFL runs off the southern property 
boundary through Bell Canyon and into Bell Creek, which subsequently discharges into the 
Los Angeles River.  The eastern portion of the facility drains through Dayton Canyon into 
Dayton Creek and joins with Bell Creek to form the Los Angeles River.  The northwestern 
perimeter drains northward into Meier Canyon, which discharges into Arroyo Simi.  The 
northeastern and north-central portions of SSFL drain into the Northern Drainage, which 
connects to the Meier Canyon drainage offsite to the north of SSFL on property owned by 
the BBI.  NPDES outfalls monitor discharges from these drainages.  Other drainages where 
no operations occur include the Runkle Canyon, Woolsey Canyon, and Eastern drainages 
(MWH, 2003d).   

The Group 9 RI sites are located in the northern drainage and southern Bell Canyon 
drainage.  Several ephemeral streams are in the Group 9 study area.  Groundwater flows in 
the surficial media within the Group 9 RI sites in a southwesterly direction, along the 
topographic lows associated with the stream drainage.   

There are four perennial ponds or surface water bodies in SSFL.  The ponds have been used 
to collect storm water runoff, treated groundwater, and operational water.  There are three 
retention ponds (SWMU 5.26 and 6.8) in the Group 9 study area.  The retention ponds 
received and stored waste generated from activities conducted at the associated RI sites. 

Numerous ephemeral and perennial springs and seeps, most of which occur in the area 
surrounding SSFL, have been identified (Figure 1.2-11).  Seeps are defined as any location 
where water is observed discharging from the subsurface; this includes locations with 
flowing water, ponded water, and wetness, but no observed ponding or active flow.  The 
definition includes features normally referred to as “springs.”  Springs or seeps have been 
identified within and just south of the boundaries of the Group 9 RI sites.  Several also have 
been identified in the drainage basin north of the Group 2 RI site and in the southern 
undeveloped area of SSFL.   

15B1.2.5  Habitat 

A broad-scale evaluation of habitats present at SSFL was conducted, as reported in the 
Biological Conditions Report (MWH, 2005e [Appendix I]).  This survey documented the 
occurrence of 16 different habitat types within SSFL–freshwater marsh, open water, 
unvegetated drainage channels, coast live oak woodland, southern coast live oak riparian 
forest, southern willow scrub, mulefat scrub, baccharis scrub, Venturan coastal sage scrub, 
chaparral, native grassland, nonnative grassland, ruderal, rock outcrop, eucalyptus 
woodland, and developed.  Habitat surveys specific to Group 9 were not reported in MWH 
(2005e). 

To characterize the presence and condition of the habitats in Group 9, site-specific field 
surveys were conducted at each of the three Group 9 RI sites in May 2009.  These surveys 
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identified the nature and spatial extent of the habitat and land cover types present at each 
site, and reported whether there was evidence of stress among resident plantsF.  Incidental 
observations of animals or animal signs also were recorded.  Habitat and land cover types in 
each of the RI sites are shown in Figure 1.2-12 and listed in Table 1.2-1.  Habitats at each RI 
site are described briefly below.  The complete details of the field surveys, including a 
checklist, photographs, and site-specific habitat maps for each RI site, are presented in 
Appendix A.  The habitats are summarized below:   

 Silvernale Reservoir Area–The Silvernale Area is approximately 11.8 acres and includes 
the Silvernale Reservoir (approximately 500 ft by 125 ft).  An ecological survey was 
conducted in May 2009 to evaluate the current habitat in the Group 9 Area.  The 
Silvernale Area is primarily oak savannah, shrub/scrub, and ruderal vegetation with 
interspersed rock outcrops.  In the course of the survey, it was noted that sprouting was 
apparent and that many of the perennial, woody plants in portions of the northern, 
eastern, southern, and western areas of the developed CDFF site had been burned in 
2005.  The native species that appeared to be sprouting after the fire damage included 
tree species such as coast live oak (Quercus agrifolia) and shrub/subshrub species such as 
laurel sumac (Malosma laurina), California sagebrush (Artemisia californica); thickleaf 
yerba santa (Eriodictyon crassifolium), and chamise (Adenostoma fasciculatum).  A total of 
51 plant species and 28 bird species were identified at this site. 

 Coca/Delta Fuel Farm Area–The CDFF Area is approximately 5.3 acres, and the broader 
habitat survey covered approximately 8.4 acres; of that acreage, 19.2 percent is 
developed (pavement, roads, or buildings).  Dense shrub/scrub (laurel sumac, thickleaf 
yerba santa, deer weed, coyote bush, and mulefat) covers 40.7 percent of the site and 
rock covers 18.3 percent of the site.  Oak woodland and ruderal vegetation are the next 
most dominant habitat types, covering 14.3 and 7.5 percent of the site, respectively.  
Multiple bird and mammal species (house finch, American crow, spotted towhee, 
hooded oriole, California towhee, song sparrow, Anna’s hummingbird, bushtit, blue 
grosbeak, Cooper’s hawk, American goldfinch, ground squirrel, and coyote [scat]) were 
observed to use the site.  Additionally, the whiptail lizard was observed.  Sprouting and 
charring of the perennial, woody vegetation in portions of the northern, eastern, 
southern, and western areas of the CDFF site (about 3.3 acres or 38.7 percent of the site) 
provide evidence that this site also burned in the 2005 Topanga Fire.  From a review of 
the pre-fire aerial photographs, it appears that the woodland crown canopies in the 
burned areas have been opened considerably, but the areas are almost fully recovered. 

 R-2Ponds Area–The R-2 Ponds Area is approximately 2.98 acres.  The habitat survey of 
the R-2 Ponds Area covered approximately 5.86 acres; of this acreage, only about 
5.2 percent is developed (paved, roadways, or buildings).  Approximately 50.5 percent 
of the site is dense shrub/scrub (thickleaf yerba santa, coast live oak, deerweed, coyote 
bush, mule fat, shortpod mustard, and laurel sumac), with oak woodland covering 
approximately 18.2 percent of the site.  Rock covers 12.8 percent of the site, and ruderal 
cover is limited to approximately 4.9 percent.  Additionally, the R-2 Ponds and spillway 
make up about 0.5 acre or 8.5 percent of the site.  Multiple bird and mammal species 
(ash-throated flycatcher, song sparrow, red-tailed hawk (adult), house finch, American 
kestrel (male), American crow, marsh wren, California towhee, American goldfinch, 
mourning dove, turkey vulture, cliff swallow, black phoebe, Anna’s hummingbird, 
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green heron, spotted towhee, cottontail rabbit, coyote [scat], gopher [burrows], rodents 
[burrows], and kangaroo rat [tracks]) were observed to use the site.  Additionally, the 
western fence lizard and side-blotched lizard were observed.  As with the other two 
Group 9 sites, evidence that this site was involved in the 2005 Topanga Fire was 
observed in the northern and western portions of the R-2 Ponds Area (about 2 acres or 
33.6 percent of the site).  From a review of the pre-fire aerial photographs, it appears 
that the woodland crown canopies in the burned areas have been opened considerably, 
but the areas are almost fully recovered. 

The aquatic habitat in the R-2 Ponds Area consists of two artificially created ponds used for 
stormwater detention and treatment.  Scrub/shrub and emergent vegetation consisting of 
cattails and willows were observed in and surrounding the ponds.  Mosquitofish and 
dragonflies were observed using the pond. 

3B1.3 Previous Investigations, Interim Actions, and Monitoring 

The primary investigations and actions referenced for the Group 9 RI are summarized 
below.  These investigations and actions were driven by RCRA and state standards and 
regulations, and were approved and overseen by various agencies. 

Interim measures for groundwater contamination were initiated in the late 1980s under 
RWQCB oversight.  Groundwater pump and treatment systems, under a DTSC permit, were 
a portion of this interim measure and were reported as being active through at least 2004 
(MWH, 2004).  Currently, there are no active pump and treat systems within Group 9. 

An RFA conducted for EPA in 1989 by SAIC identified 122 SWMUs and AOCs at SSFL.  
These included units that have used, stored, or handled various hazardous materials.  When 
finalized in 1994, the RFA included 3 additional sites, for a total of 125 SWMUs and AOCs at 
SSFL.  During the subsequent phase of remedial action, 10 additional AOCs were identified 
at SSFL (MWH, 2004). 

A Current Conditions Report (CCR) was completed by ICF in 1993, describing existing site 
conditions, history, operation, and previous sampling results for SWMUs and AOCs 
identified in the RFA.  As part of the CCR sampling event, accelerated cleanup actions were 
conducted at three sites following approval by DTSC.  The CCR included the original RFI 
Work Plan, which proposed to investigate 21 SWMUs and AOCs that were grouped into 13 
RFI sites (now called RI sites) (MWH, 2004). 

Surface soil samples were collected at the Group 9 RI sites from 1997 through 2009.  The 
initial sampling effort was in response to DTSC site reviews.  Samples were analyzed for 
dioxins, energetics, inorganics, total petroleum hydrocarbon (TPH) groups, metals, 
polychlorinated biphenyls (PCBs), propellants, semivolatile organic compounds (SVOCs), 
and volatile organic compounds (VOCs).  Through 1998, metals, dioxins, SVOCs, and VOCs 
were identified as the contaminants of potential concern (COPCs) detected at elevated 
concentrations in the CDFF Area. 

Sediment samples were collected beginning in May 1990 in the R-2 Ponds Area.  This effort 
was to evaluate whether the process water collected at the R-2 Ponds had contributed to 
localized groundwater contamination.  A total of 8 sediment samples were collected to a 
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maximum depth of 1.5 ft bgs.  Hydrocarbons as TPH, polynuclear aromatics, and one VOC 
(TCE) were encountered at elevated concentrations during this effort.  During 1990, aerators 
were installed and operated at the R-2A Pond as an interim remedial effort to potentially 
reduce COPC concentrations. 

From 1999 to the present, RFI (now RI) characterization sampling was conducted to support 
the development of this RI report.  Each stage of the investigative process is outlined in the 
RFI Program Report (MWH, 2004).  To summarize, AOCs were investigated through soil, 
soil gas sampling, and NSGW sampling, which was followed as recently as mid-2009 by 
rounds of step-out sampling to further evaluate the nature and extent of contamination.  
Primary investigation efforts were conducted in 1999, 2000 through 2001, 2003 through 2005, 
and 2007 to date.  Dioxins, PCB-aroclors, inorganics, TPHs, SVOCs, and VOCs were 
detected at concentrations that exceeded the applicable screening criteria in the Group 9 
Area.   

4B1.4 Group 9 Data Evaluation Process 

In this Group 9 RI Report, analytical data were evaluated by comparison against the 
screening criteria developed for SSFL, as outlined in the Standardized Risk Assessment 
Methodology (SRAM) Work Plan (MWH, 2005b).  The SRAM was developed with input 
from DTSC to provide a standardized regulatory-accepted approach to assess human health 
and ecological risks related to assessments of chemicals present in various media.  The 
provisions of the SRAM allow the work to be “evergreen” through time, such that the 
methods and assumptions presented in the document may be modified in the future based 
on scientific advancements or changes in regulatory guidance or policies. 

The data requirements and selection criteria addressed in the SRAM were implemented as 
part of the Group 9 RI data evaluation process, as discussed in Section 1.5.  Methods for 
selecting representative data sets for groundwater, PCBs, and TPH constituent 
concentrations also are provided in the SRAM and were incorporated into the data selection 
and evaluation process.  The data selection criteria and methodologies described in the 
SRAM are common to all risk assessments for SSFL, and have been developed in 
conjunction with DTSC.  

1.4.1 Screening Candidate Compounds 

Samples were collected at each site in Group 9 where releases may have occurred from each 
medium that was present.  Samples were located in biased locations (selected based on a 
knowledge of site conditions) and analyzed for the COPCs identified for that site on the 
basis of the site-specific conceptual site model (CSM).  Samples were collected from the 
Group 9 sites in various phases, with the most recent round of sampling conducted in May 
2009. 

Other indicators were evaluated as part of the data screening process that might indicate a 
release to the environment has occurred.  The frequency of detection of a parameter was 
evaluated by reviewing the parameters that were detected in more than 5 percent of the 
samples when 20 or more data points were collected.  This frequency of detection (in this 
example, 25 percent) could indicate that a release had occurred, and further sampling would 
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then be conducted.  In addition, tentatively identified compounds were evaluated in the 
data quality evaluation (DQE) (Section 1.7) and screened to assess the likelihood they were 
identified and whether they should be carried forward in the data evaluation process. 

16B1.4.2 Data Presentation 

The parameters detected at each site in Group 9 are listed in tables introduced in the 
appropriate subsections of this report in a media-specific manner.  The parameters that 
exceeded the screening criteria are shown in figures, along with the major features of a 
particular site.  Parameters such as VOCs, SVOCs, and metals are shown in the respective 
subsection figures individually.  The parameters were grouped in this fashion to facilitate 
the evaluation of the extent of contamination in the sampled media. 

17B1.4.3 Risk Assessment  

The data evaluation process culminated in risk assessments performed systematically 
following guidelines set forth in the SRAM (MWH, 2005b).  The selection of COPCs 
followed a sequential, multi-step process of screening data from each investigational unit.  
Chemicals of potential ecological concern (CPECs) and exposure point concentrations 
(EPCs) were then identified in the problem formulation stage in accordance with 
methodology established in the SRAM.  These values were incorporated into the exposure 
assessment and risk characterization process, following a consistent technical approach 
described in detail in Section 1.5. 

5B1.5 Remedial Investigation Approach 

18B1.5.1 Presentation of Site Background and History 

The site background and history for RI Group 9 were developed based on historical SSFL 
documents; interviews; information provided by SSFL personnel; and site reconnaissance of 
the buildings, features, and other areas.   

During 2007 and 2008, Boeing compiled historical documents, records, and depositions from 
previous legal actions related to SSFL operations.  These documents were reviewed for 
relevance to the various RI site groups, scanned, and placed into a searchable electronic 
database called the Historical Document Management System (HDMS).  For the historical 
document review, several historical documents applicable to this RI were reviewed using 
the HDMS.   

The process used to review these documents included the following: 

 A review of the historical documents for new processes, operations, or areas not yet 
investigated 

 A review of the historical documents for potential new COPCs or chemical releases or 
use areas 



1.  INTRODUCTION AND METHODOLOGY 

1-22 DRAFT MGM09-SSFL/GROUP9_RI/SECTION1.DOC 

Historical documents pertaining to Group 9 at SSFL were reviewed in more detail to 
summarize the following: 

 Number of documents with new information identified  

 Potential new COPCs identified  

 Potential new release areas  

After a review of the sources described above, any new data gaps that were identified 
relating to chemical use areas, potential release areas, or COPCs were identified and further 
investigated.  The new historical information (data gaps) has been incorporated into the RI 
data gap evaluation and sampling program.  The results of the RI data gap evaluation are 
presented in this RI report under the Site Background and History section for each RI site.   

19B1.5.2 Source, Nature, and Extent of Contamination 

Sections 2 through 4 of this RI report discuss the nature and extent of contamination at each 
site in Group 9.  Figure 1.5-1 is a flow chart showing the data evaluation process for the 
nature and extent evaluation. 

The CSM portion of these sections includes two subsections–the first subsection provides a 
comprehensive evaluation of historical operations at each of the sites.  The second 
subsection provides, on the basis of the site history, the existing analytical data for the 
environmental media, potential sources, migration pathways, exposure routes, and 
receptors, as a conceptual site exposure model for each site.   

In addition, Sections 2 through 4 discuss the contamination migration potential through an 
environmental contaminant fate and transport evaluation.  The factors that influence the fate 
and transport, including the site’s physical features, source characteristics, and extent of 
contamination in site media, were combined to form the basis of the contaminant fate and 
transport evaluation.  The site-specific subsections describe the results of these evaluations. 

20B1.5.3 Human Health Risk Assessment Overview and Methods  

The objective of an HHRA is to assess whether the environmental media at these sites could 
pose unacceptable risks to human health and might require remedial action, or if the media 
are eligible for an NFA designation.  Potential health risks to humans are estimated by 
identifying the contaminants of concern (COCs) present at a site, the toxicity of those 
contaminants, and the potential human exposure to those contaminants.  Sampling and 
analyses provide information regarding the presence of chemicals at a site.  The evaluation 
of health risks is conducted in the risk assessment by incorporating chemical toxicity and 
exposure estimates for each COC.  The risks associated with exposure to surficial media 
(soil, sediment, and surface water), indirect groundwater (vapor migration), and direct 
groundwater (drinking water) are estimated, as are the total risks from these media.  The 
HHRAs include an evaluation of the potential health risks to human receptors associated 
with the current site conditions and proposed future uses of the site. 

The HHRA results for each site are summarized in Sections 2.7, 3.7, and 4.7 of this report. 
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The HHRA was performed following the guidelines in the SRAM [MWH, 2005b].  The 
approaches outlined in the SRAM were derived, in part, following the HHRA guidance in 
the following documents: 

 Supplemental Guidance for Human Health Multimedia Risk Assessments of Hazardous Waste 
Sites and Permitted Facilities (Cal/EPA, 1996) 

 Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to Indoor Air 
(Cal/EPA, 2004) 

 Risk Assessment Guidance for Superfund (RAGS)–Volume I:  Human Health Evaluation 
Manual, Part A (Interim Final) (EPA, 1989) 

 RAGS, Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance for 
Dermal Risk Assessment) (EPA, 2004) 

 Software for Calculating UCLs, ProUCL Version 4.0 (EPA, 2008a [Online])  

 Exposure Factors Handbook, Volume I:  General Factors (EPA, 1997a) 

Finally, risk assessment guidance from the California Office of Environmental Health 
Hazard Assessment (OEHHA) was used, where appropriate. 

The objective of the SRAM (MWH, 2005b) is to provide a consistent approach for risk 
assessment at the investigational units at SSFL.  Although each investigational unit is 
unique, many have similar potential contaminants, exposure pathways, and receptors.   

Therefore, a consistent technical approach for all investigational units at SSFL has been 
proposed.  The SRAM provides the following HHRA methods: 

 Data Evaluation.  The requirements and selection criteria for the data collected in each 
media to be used for the risk assessment. 

 Identification of COPCs.  The criteria for the selection of COPCs in soil, groundwater, 
soil gas, sediment, and surface water that will be quantitatively evaluated in the HHRA. 

 Exposure Assessment.  The human health receptors, exposure pathways, exposure 
points, derivation of EPCs, and intake estimates. 

 Toxicity Assessment.  A description of the toxicity criteria used in the HHRA. 

 Risk Characterization.  The procedures for calculating cancer risk estimates and non-
cancer hazard indexes (HIs), as well as a summary of the risk estimates for each Group 9 
RI site. 

 Uncertainty Assessment.  A general description of the uncertainties, limitations, and 
assumptions associated with each step of the HHRA process. 

Each of these methods is described in more detail in the following subsections.   

41B1.5.3.1 Data Evaluation  

Sample analytical results were evaluated to evaluate their suitability for use in the risk 
assessment.  The data quality assessment performed on the sampling results followed the 
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criteria provided by EPA in the Guidance for Data Usability in Risk Assessment (Part A), Final 
(EPA, 1992d).  The data assessment was based on five criteria–data source review, 
documentation, analytical methods and detection limits, data review and validation, and 
data quality indicators (representativeness and completeness).  In addition to these data 
requirements, specific methods for selecting representative data sets for groundwater, PCBs, 
and TPH constituent concentrations were followed for each risk assessment.   

The five criteria of the data assessment are discussed in detail in the following subsections. 

Data Source Review.  The objective of the data source review  was to provide the appropriate 
analytical and non-analytical data for use in the HHRA.  Data collected during the Group 9 
RI are considered current, while data collected before the Group 9 RI activities are 
considered historical.  Historical data sources were used to identify sampling locations and 
analytical approaches for the RI.  Historical data were used to indicate industry-specific 
analytes and general levels of contamination and trends, to identify exposure pathways of 
concern, to develop sampling design, and to select appropriate analytical methods.  The 
quality of the historical data, including the sampling and analytical techniques, detection 
limits, and data quality, was reviewed before the data were used in the HHRA.  The use of 
historical data in the quantitative risk assessments is discussed in the presentation of the 
site-specific risk assessment results in Sections 2.7, 3.7, and 4.7. 

Documentation.  The purpose of the documentation review is to provide analytical results 
that can be associated with a sampling location and that the sample was collected according 
to the appropriate procedures.  This objective was achieved by evaluating the manner in 
which samples were managed by the field sampling teams and laboratories.  Three types of 
documentation were used to track samples and analytical methods:  1) chain-of-custody 
forms; 2) standard operating procedures (SOPs); and 3) field sampling and analytical 
records. 

In addition to documentation from the current sampling activities, historical data obtained 
from previous reports were reviewed, as appropriate.  The criteria used to evaluate 
information contained in the previous reports included the following: 

 Map(s) of sampling locations 

 Rationales for sampling design and procedures 

 Identification of sample collection and preparation methods 

 Identification of analytical methods 

 Analytical results 

 Sample-specific detection limits 

 Sample-specific qualification of the analytical results 

 Description of the data review 

 Description of the field conditions and physical parameters 
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58BAnalytical Methods and Detection Limits.  For an analytical result to be usable for the risk 
assessment process, the sample collection, preparation, and analytical methods should 
appropriately identify the chemical form or species, and the specified sample detection limit 
should be at or below a concentration that is associated with toxicologically relevant levels 
(benchmarks).  The significance of detection limits greater than benchmark levels were 
evaluated on a case-by-case basis in the uncertainty section for each investigational unit.  
Data reduction includes resolving multiple results for a single constituent reported using 
different analytical methods (for example, naphthalene reported using both SW8260 and 
SW8270) to produce a single value for each constituent per sample. 

59BData Review and Validation.  The sample data collected and used in the HHRA were 
reviewed and validated.  The data were validated following the guidelines outlined in 
EPA’s Contract Laboratory Program National Functional Guidelines for Organic Data Review 
(1994e), and EPA’s Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review (1994f). 

Soil, soil gas, and water sample data were validated based on the following criteria:  sample 
management (appropriate containers, preservatives, documented chain-of-custody, and 
holding times), method blank sample results, blank spikes and laboratory control sample 
(LCS) results, surrogate recoveries, matrix spike/matrix spike duplicate (MS/MSD) 
recoveries and precision, reporting limits (RLs), and field quality control (QC) sample 
results (equipment blanks, field blanks, and field duplicates). 

Data that were collocated duplicates, laboratory confirmation samples, or agency split 
samples were only used for DQE and were not quantitatively included in the HHRA.   

The data validation procedures met the overall project DQOs.  Data qualifiers were assigned 
to data with associated qualification codes, which denote the specific reason for the 
qualification.   

Laboratory confirmation or agency split sample data were used to assess data quality, but 
were not used quantitatively in the risk assessment.  Estimated values flagged with a “J” 
qualifier were treated as detected concentrations.  Data qualified as rejected (flagged “R”) 
were not used in the risk assessment.   

60BData Quality Indicators–Representativeness and Completeness.  Data representativeness was 
identified by evaluating how well the samples described the investigation unit conditions 
(that is, were samples appropriately placed to reveal potential releases and were all of the 
compounds potentially related to activities at the investigational unit analyzed).  To assess 
data completeness, sample results were evaluated to verify whether enough sample results 
were retained after validation to adequately characterize the investigational unit.  
Additionally, data were reviewed to evaluate if the variability of chemical concentrations in 
time and space were characterized adequately. 

61BSoil Data Selection Criteria.  For the purposes of this HHRA, soil samples were grouped into 
two data groups for evaluation of the specific exposure scenarios associated with each soil 
depth interval, as follows: 

 Surface Soil :  0 to 2 ft bgs 

 Subsurface Soil:  0 to 10 ft bgs 
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Soil data were used to quantify both indirect exposures (inhalation of ambient and indoor 
air and ingestion of edible plants) and direct exposures (dermal contact and ingestion) for 
potential human receptors.   

98BSoil Gas Data Selection Criteria.  Soil gas data were used to estimate indirect exposures, 
including the inhalation of indoor air and ambient air.  In accordance with the Cal/EPA 
vapor intrusion guidance (DTSC, 2004) soil gas data collected from 5 ft bgs or deeper are 
preferred for use in risk assessments. 

99BGroundwater Data Selection Criteria.  Groundwater that occurs within the alluvium or 
weathered bedrock is identified as NSGW, while groundwater in unweathered, competent 
bedrock of the Chatsworth formation is identified as Chatsworth formation groundwater.  
At SSFL, NSGW primarily is monitored by wells and piezometers constructed with open 
intervals within the alluvium and/or weathered bedrock.  However, some NSGW at the site 
also is monitored by deeper wells constructed with screened or open intervals within both 
the overlying weathered bedrock and deeper unweathered (competent) bedrock.   

Because of the complexity of the data available for the SSFL HHRA, selection criteria were 
used to select the groundwater data used.  These criteria include the definition of and 
identification of CFOU and NSGW monitoring wells, and the selection of the water quality 
data set, as described below: 

1. Definition of NSGW Monitoring Wells: 

a) Monitoring wells completed within the alluvium and/or weathered bedrock; or 

b) Monitoring wells completed within the deeper, competent bedrock that have a 
screened or open interval exposed to the alluvium and weathered bedrock, and 
historical water levels that have risen to that alluvium and weathered bedrock 
interface. 

2. Definition of CFOU Groundwater Monitoring Wells: 

a) Monitoring wells completed within the deeper unweathered, competent bedrock of 
the Chatsworth formation. 

3. Selection of Water Quality Data Set: 

a) Groundwater monitoring data from the most recent 3-year period were evaluated to 
evaluate whether the data adequately reflected the water concentrations to which 
potential receptors would be exposed.  Historical groundwater data were evaluated 
so that the data set will represent the 3-year period used.  In addition, groundwater 
data from upgradient monitoring wells were evaluated to evaluate what chemicals 
might migrate and result in future exposures. 

b) If a compound previously was detected in groundwater and not represented in the 
analytical suite for the most recent consecutive 3-year period, then the most recent 
data over a consecutive 3-year period when that compound was analyzed were 
used. 

c) The analytes represented in the CFOU or NSGW data set were compared with those 
mobile compounds (VOCs and perchlorate) selected as COPCs in soil and soil gas, 
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and the need for the inclusion of certain mobile soil or soil gas COPCs as CFOU or 
NSGW COPCs was determined. 

If discrete depth water quality monitoring data within the alluvium or weathered bedrock 
were available for a well, those data were used instead of standard water quality data 
collected from deep, open boreholes. 

100BPCB Extrapolation Methodology.  As described in Section 2.7 of the SRAM (MWH, 2005b), 
potential risks associated with PCBs were assessed using two different methods:  1) risks 
associated with the 12 “dioxin-like” PCB congeners using the toxicity equivalency approach 
(Van den Berg et al., 2006); and 2) risks associated with a total aroclor mixture (EPA, 1996a).  
Potential risks associated with the 12 PCB congeners and potential risks associated with 
aroclor mixtures are presented separately in the HHRA.  The PCB extrapolation methods 
described in Section 2.7 of the SRAM (MWH, 2005b) were used to estimate the 
concentrations of each of the 12 PCB congeners in samples for which only aroclors 
historically have been detected and analytical results for the 12 PCB congeners are not 
available. 

The extrapolation factors used in the HHRA at SSFL are summarized in Table 2-5 of the 
SRAM (MWH, 2005b).  Aroclor-to-PCB extrapolation factors were developed to predict PCB 
congener concentrations, as described in the following equation: 

Aroclorcongener CEFC  

Where, 

congenerC  =  Predicted PCB congener concentration in soil (nanograms per kilogram 

[ng/kg]) 

AroclorC   =  Measured aroclor concentration in soil (micrograms per kilogram 

[µg/kg]) 

EF   =  Aroclor-to-PCB congener extrapolation factor ([ng/kg]/[µg/kg]) 

42B1.5.3.2 Identification of Contaminants of Potential Concern 

So that the focus of the HHRA was on site-related chemicals, COPCs were selected using 
several criteria.  COPCs are those constituents that are carried through the human health 
risk quantification process.  During the course of the HHRA, the COPCs are evaluated to 
identify and prioritize which constituents, if any, are estimated to pose unacceptable risks.  
COPCs are identified separately for each exposure medium (soil, soil gas, and 
groundwater), based on the exposure scenarios described in Section 1.5.3.3. 

The criteria used to select COPCs identified site-related chemicals that might pose a human 
health risk were included in the evaluation and, if risks were above the acceptable levels, 
subsequently would be included in remedial response actions.  The selection of COPCs 
relies on a sequential, multi-step process of screening data from each investigational unit, as 
described in the following text. 

62BScreening Criteria.  The criteria used to select COPCs identified site-related chemicals that 
might pose a human health risk were included in the evaluation and, if risks were above the 
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acceptable levels, subsequently would be addressed in remedial response actions.  The 
following criteria were used to select COPCs for the HHRA: 

1. Chemicals were detected at an investigational unit using validated laboratory analyses. 

2. Chemicals occurred above a 5-percent detection frequency and/or historical use at the 
investigational unit. 

3. Chemicals were present in excess of the concentrations observed in laboratory or field 
blanks. 

4. For metals and for chlorinated dibenzo-p-dioxins and dibenzofurans (collectively 
referred to as dioxins), the measured concentrations were in excess of soil background or 
groundwater comparison concentrations. 

Further details regarding the COPC selection process are provided in Section 3.1 of the 
SRAM (MWH, 2005b). 

Excluded data are documented in the HHRA subsection for each site, including the 
rationale for the removal. 

63BComparison of Site Data to Soil Background and Groundwater Comparison Concentration Data.  
DTSC’s risk assessment policy indicates that metals and dioxins should be included as 
COPCs if the site-specific analytical data indicate conditions are in excess of “background” 
(DTSC, 1997  This subsection discusses two screening approaches–a simple comparison of 
investigational unit data with comparison data (comparison method) and the use of the 
Wilcoxon Rank Sum (WRS) test.   

For groundwater, the maximum concentration in the groundwater comparison data set was 
the groundwater comparison concentration.  If the maximum unit concentration did not 
exceed the groundwater comparison concentration, then the chemical was excluded as a 
COPC.  If the maximum unit concentration exceeded the groundwater comparison 
concentration, then the data sets were evaluated further by performing the WRS test. 

As discussed in Appendix D of the SRAM (MWH, 2005b), the comparison method was not 
used for selecting COPCs in soil. 

Further details about the WRS test are provided in Section 3.3 of the SRAM (MWH, 2005b). 

64BBackground Comparison Methods for Dioxins.  Only the seventeen 2,3,7,8-dioxin congeners 
were evaluated in the HHRA (EPA, 1989b).  An extensive database of background 
concentrations in various environmental media has been compiled by EPA for use in risk 
assessment and other scientific applications (EPA, 1994c).  Therefore, the HHRA applies a 
soil background delineation similar to the procedures described for metals to dioxin data, 
except that a modification was required to account for the fact that dioxins often occur as 
mixtures. 

In cases where a congener was detected a least once in a given media at an investigational 
unit, it was assumed to be present in other samples of the same media at that unit.  When a 
congener was thus assumed to be present at an investigational unit, but was not detected in 
a sample, then the concentration in that sample was estimated as one-half the sample 
quantitation limit (SQL).  In cases where a specific congener was never detected in a given 
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media at an investigational unit, then that congener was assumed to not be present in that 
media at that unit, and was not included in the summation of congeners within its 
respective congener group at that unit. 

The same approach used to evaluate metals was used to evaluate investigational unit and 
soil background chlorinated dibenzo-p-dioxin (CDD) and chlorinated dibenzofuran (CDF) 
data sets.  The data sets were evaluated by application of the WRS test (or as applicable, the 
Gehan Test) to evaluate consistency with soil background concentrations.  In the case of 
CDDs and CDFs, the WRS test (or as applicable, the Gehan Test) evaluation was performed 
on the five congener groups, as described in the SRAM (MWH, 2005b).  If the WRS test (or 
as applicable, the Gehan Test) was implemented, a Bonferroni correction to the statistical 

significance threshold, α , was applied.  Because the critical significance level applied to 

single inorganic compounds is 0.05, the corrected term for comparison of the five CDD and 
CDF groups was 0.01 (0.05/5). 

Because CDD and CDF compounds frequently appear as mixtures, an additional 
requirement for the evaluation of investigational unit data was that all “groups” of CDD 
and CDF classes must be shown to be consistent with soil background concentrations.  If 
such a demonstration could not be made, all CDD and CDF compounds should be 
considered in the risk assessment.  Because a groundwater comparison concentration data 
set was not developed for the potential presence of dioxins in groundwater, the approach 
described above for soil also was applied for groundwater. 

43B1.5.3.3 Exposure Assessment 

The exposure assessment component of the HHRA identifies the means by which 
individuals at or near the investigational unit may come into contact with constituents in 
exposure media.  It addresses exposures 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. 

65BConceptual Site Model.  A generalized CSM for SSFL was developed based on field 
observations, current and future site use scenarios, and data collected to date during 
environmental programs at SSFL (Figure 1.5-2).   

66BPotential Human Receptors.  Potential human receptors are populations potentially exposed 
to chemicals, either onsite or as a result of chemical migration to offsite areas.  The current 
potential human receptors are current site workers and trespassers.  Onsite workers, 
residents, and visitors (for example, recreationists who might occupy the site in the future in 
the event of a change in property use) are future potential human receptors.  The exposure 
scenarios listed in the SRAM (MWH, 2005b) for evaluation in the HHRA are current site 
workers and trespassers, as well as future onsite residents and visitors.  A more likely future 
use of SSFL is for recreational purposes, and recreationists are the most plausible future 
human receptors.  California SB 990 states that response actions at SSFL also should 
consider hypothetical future agricultural and residential land uses.   
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Given the potential future land use, the following receptors will be addressed in the HHRA 
for each site: 

 Future onsite adult industrial workers 

 Hypothetical future onsite adult and child recreationists 

 Hypothetical future onsite adult and child residents 

67BPotentially Complete Exposure Pathways.  Potential exposure pathways were considered to 
assess whether they might be “complete” (receptors can come into contact with compounds 
from the site), “incomplete” (no exposure is possible), or “potentially complete” (exposure 
may occur if site conditions change).  The generalized CSM includes complete or potentially 
complete exposure pathways for receptors that may occur, either at certain locations or 
throughout SSFL.  Complete or potentially complete exposure pathways include direct 
contact with soil, sediment, weathered bedrock, surface water, air, and groundwater 
(including seeps and springs), as well as indirect exposure to chemicals in soil via uptake 
into plants.  There are no seeps and springs located within the seven Group 9 sites; 
therefore, the seeps and springs exposure pathway was not evaluated.  

Also, in accordance with California SB 990, a hypothetical future agricultural exposure 
scenario will be evaluated.  This scenario will include the consumption of beef, eggs, milk, 
swine, fruits, and vegetables.  However, pending final agreement of the input assumptions 
considered in the scenario, an assessment of the subsistence agricultural exposure scenario 
will be included in a supplemental risk assessment report separate from this RI Report. 

Additional information about the selection of exposure pathways is discussed in the SRAM 
(MWH, 2005b). 

68BHuman Exposure Models.  Human exposure models provide the basis for quantifying 
potential exposure to COPCs.  The exposure models are based on the calculation of an 
internal dosage for each COPC.  For noncarcinogenic effects, the dosage is averaged over the 
period of exposure and is referred to as the average daily dosage (ADD).  For carcinogenic 
effects, the dosage is averaged over a lifetime and is referred to as the lifetime average daily 
dosage (LADD). 

Consistent with current DTSC (1992) and EPA (1989a) guidance, the following general 
equation was applied to assess the chemical dosage for each complete or potentially 
complete exposure pathway considered in the HHRA: 

ATBW

BEDEFIRC
Dosage  

where: 

Dosage = ADD (milligrams per kilogram per day [mg/kg-day]) for noncarcinogens 

LADD (mg/kg-day) for carcinogens 

C = chemical concentration in environmental medium (milligrams per kilogram 
[mg/kg] soil; milligrams per liter [mg/L] water; or, milligrams per cubic meter 
[mg/m3] air) 
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IR = intake rate (mg soil/day; liter [L] water/day; or, m3 air/day) 

EF = exposure frequency (days/year) 

ED = exposure duration (years) 

B = bioavailability (fraction) 

BW = body weight (kg) 

AT = averaging time (days) 

Additional details regarding each specific exposure pathway are discussed in Section 5 of 
the SRAM (MWH, 2005b). 

69BEstimation of Exposure Point Concentrations.  EPCs are estimated constituent concentrations 
with which a receptor may come into contact, and are specific to each exposure medium.  
For direct contact routes of exposure to soil and groundwater (incidental ingestion and 
dermal contact), EPCs are represented by concentrations directly measured in soil or 
groundwater samples collected from the Group 9 sites.  EPCs also can be estimated through 
prediction (modeling).  In the HHRAs for the Group 9 sites, measured concentrations were 
used whenever available and appropriate. 

EPCs were estimated for several chemical classes (inorganics, volatiles, and high- and low-
molecular weight SVOCs, as defined in DTSC [1994]) for the following media–soil, air, 
sediment, surface water, groundwater, and produce. 

Data collected from the 0- to 2-ft-bgs and 0- to 10-ft-bgs depth intervals during field 
investigations at the site formed the basis for soil/surface sediment (hereafter collectively 
referred to as soil) EPCs used to estimate chemical-specific dosages for the ingestion of and 
dermal absorption from soil pathways.  Deterministic estimates of soil EPCs were calculated 
for all investigations. 

Groundwater EPCs for the Surficial OU were developed on an investigational unit basis.  
EPCs were the maximum concentrations measured from NSGW wells from within a 
particular investigational unit and from areas that were upgradient from the investigational 
unit.  For the CFOU, EPCs were the maximum concentrations measured from the 
Chatsworth formation groundwater at an investigational unit, in a Reporting Area, or 
upgradient from these areas.  Groundwater monitoring data from the most recent 3-year 
period were evaluated to assess whether this process adequately reflects water 
concentrations to which potential receptors will be exposed.  All historical groundwater 
data from this 3-year period were used.  If adequate groundwater data for metals were not 
available, the potential groundwater concentration was estimated by using a soil-to-
groundwater leachate model. 

For the inhalation route, EPCs were estimated using modeling approaches consistent with 
the risk assessment guidance.  Soil-derived vapor and dust concentrations in ambient air 
were estimated using volatilization factors (VFs) and particulate emission factors (PEFs), 
derived as described in Section 1.5.3.3.  Data, including soil gas measurements, collected 
during the field investigations of areas overlying groundwater were the basis for modeling 
the volatilization of COPCs from groundwater to indoor and ambient air.  In cases where 
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soil gas data were not available, groundwater and bulk soil concentrations were used.  
Indoor air concentrations were estimated for each VOC detected in soil gas using the Johnson 
and Ettinger (1991) Model for Subsurface Vapor Intrusion into Buildings, Updated 2003 (SG-ADV 
Version 3.1; 02/04) (EPA, 2003).  This model was adjusted to use DTSC-specific values in 
lieu of EPA default values for the toxicity factors, building ventilation rates, crack-to-total-
area ratios, and soil-building pressure differential.  Additional details regarding the Johnson 
and Ettinger (J-E) input parameters and equations are described in Section 6.4 of the SRAM 
(MWH, 2005b). 

In cases where it was determined that existing groundwater data, either near-surface or 
Chatsworth formation groundwater (depending on the groundwater source), were 
representative of specific seeps or springs, then existing groundwater data were used as 
EPCs for seeps and springs.  If the groundwater source was not representative of specific 
seeps, then those seeps and springs were sampled and those data were used as EPCs.   

Surface water sampling and analysis were used for EPCs for surface water pathways. 

EPCs in home-grown produce were estimated in accordance with Section 5.5 of the SRAM 
(MWH, 2005b), using bio uptake models to estimate the transfer of COPCs from the top 2 ft 
of soil to both root-zone and aboveground (leaf and fruit) portions of edible plants. 

70BEPC Calculation Approach.  The EPCs for exposure pathways associated with soil, soil gas, 
and groundwater at the Group 9 sites were estimated by aggregating concentration data 
from samples collected for each medium (and in the case of soil, for each depth interval of 0 
to 2 ft bgs or 0 to 10 ft bgs).   

For the reasonable maximum exposure (RME) case, the EPCs for risk estimation were 
calculated by using the best statistical estimate of an upper bound on the average exposure 
concentrations, in accordance with EPA guidance for statistical analysis of monitoring data 
(EPA, 1989; 1992e; 2002).  The 95% upper confidence limit (UCL) on the mean concentration 
is considered by these guidance documents as a conservative upper bound estimate that is 
not likely to underestimate the mean concentration and probably overestimates that 
concentration.  EPCs were calculated for each analyte using EPA’s statistical program 
ProUCL, Version 4.0 (EPA, 2008a).  This procedure identifies the statistical distribution type 
(that is, normal, lognormal, or non-parametric) for each constituent within the defined 
exposure area and computes the corresponding 95% UCL for the identified distribution 
type.  The maximum detected concentration is used in place of the 95% UCL when the 
calculated 95% UCL is greater than the maximum detected value. 

For the central tendency exposure (CTE) case, the EPCs for risk estimation were calculated 
as the arithmetic mean concentration of the sample data for each medium and data group, 
in accordance with Section 6 of the SRAM (MWH, 2005b). 

EPCs for COPCs in soil, soil gas, and groundwater are summarized in Appendixes B 
through H for both the RME and CTE cases.  As indicated, the EPCs for some constituents 
are based on the maximum detected value rather than the 95% UCL.  Factors affecting the 
distribution of the data (resulting in the selection of the maximum detected value rather 
than the 95% UCL) include small sample size, low frequency of detection, and/or wide 
variability.  Using maximum detected values for EPCs may contribute to overestimation of 
risk (this and other uncertainties are discussed in Section 1.5.3.6).   
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71BEPC Approach for Dioxins/Furans.  EPCs for “dioxin-like” congeners of polychlorinated 
dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) were adjusted in 
accordance with the 2005 World Health Organization (WHO) toxic equivalency factor (TEF) 
approach (Van den Berg et al., 2006).  The purpose of using the WHO TEF adjustment is to 
account for the relative carcinogenic potency of dioxin-like PCDDs and PCDFs relative to 
2,3,7,8-tetrach-lorodibenzo-p-dioxin (TCDD).   

72BHuman Exposure Assumptions.  The estimation of exposure requires numerous assumptions 
to describe potential exposure situations.  Upper-bound exposure assumptions are used to 
estimate RME conditions to provide a bounding estimate on exposure.  The RME case is 
defined as the highest exposure that is reasonably expected to occur at a site.  The intent of 
the RME scenario is to estimate a conservative exposure case that is still within the range of 
possibilities.  In addition to RME assumptions, average exposure assumptions are used to 
estimate CTE conditions to represent the typical case.  The exposure assumptions used are 
specific to a hypothetical residential exposure scenario, consistent with assumed 
unrestricted future land use.  The range of risk estimates bounded by the CTE and RME 
cases provides an indication of the most plausible range over which residential risks may 
occur under most conditions at the site. 

73BCalculation of Chemical Intake.  Exposure that is normalized over time and body weight 
(BW) is termed intake (expressed as milligrams of chemical per kilogram of BW per day 
[mg/kg-day]).  The method for the computation of intake for the Group 9 site exposure 
scenarios is described in the following subsections; the intake results are provided in the 
risk calculation tables in Appendixes B through H.   

The exposure assumptions for estimating chemical intake from the ingestion of constituents 
in soil are listed in Table 1.5-1 for the adult resident, Table 1.5-2 for the child resident, 
Table 1.5-3 for the adult recreational user, Table 1.5-4 for the child recreational user, and 
Table 1.5-5 for the industrial worker.  The exposure assumptions for ingestion, dermal 
contact, and inhalation are in accordance with Tables 5-2 and 5-3 of the SRAM (MWH, 
2005b) and generally are based on values provided in Cal/EPA and EPA guidance 
documents. 

102BIncidental Ingestion of Soil.  The following equation is used to calculate the intake associated 
with the incidental ingestion of constituents in soil for the hypothetical adult and child 
resident, adult and child recreational user, and industrial worker scenarios: 

ATBW

mgkgEDEFIRSC
Intake s

610
 

Where: 

CS = Constituent concentration in soil (mg/kg) 
IRS = Soil ingestion rate (mg/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 
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103BDermal Contact with Soil.  Chemical intake from dermal contact with soil for the hypothetical 
adult and child resident, adult and child recreational user, and industrial worker scenarios 
is estimated using the following equation:  

ATBW

mgkgEDEFAFABSSAC
Intake S

610
 

Where: 

CS = Constituent concentration in soil (mg/kg) 
SA = Exposed skin surface area (square centimeter [cm2]) 
ABS = Fraction of constituent absorbed from soil to skin (unitless) 
AF = Soil to skin adherence factor (mg/cm2) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Dermal absorption fraction (ABS) values are derived from the EPA’s Supplemental Guidance 
for Dermal Risk Assessment (EPA, 2004b) and listed in Table 1.5-6.   

104BInhalation of Ambient Dust and Vapors from Soil.  Chemical intake from the inhalation of dust 
and vapors from ambient air for the hypothetical adult and child resident, adult and child 
recreational user, and industrial worker scenarios is estimated using the following equation:  

ATBW

EDEF
VFPEF

INHC

Intake

s

11

 

Where: 

CS = Constituent concentration in soil (mg/kg) 
INH = Inhalation rate (m3/day) 
PEF = Particulate emissions factor (m3/kg) 
VF = Volatilization factor (m3/kg) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW  =  Adult body weight (kg) 
AT = Averaging time (days) 

The VFs for the VOCs identified as COPCs in soil were calculated using the Jury Model 
described in EPA’s Soil Screening Guidance:  Users Guide (EPA, 1996d) and are provided in 
Table 1.5-7.  The PEF used was the default value recommended by EPA Region 9 (1996d).  

105BIngestion of Groundwater.  The following equation is used to calculate the intake associated 
with ingestion of constituents in groundwater for the hypothetical adult and child resident, 
adult and child recreational user, and industrial worker scenarios: 

ATBW

EDEFIRWC
Intake w  
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Where: 

Cw = Constituent concentration in groundwater (mg/L) 
IRS = Water ingestion rate (L/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

In accordance with the SRAM (MWH, 2005b), the intake of VOCs from the dermal and 
inhalation routes of exposure is assumed to be equivalent to the intake from the ingestion 
route. 

106BIngestion of Homegrown Produce.  The following equation is used to calculate the intake 
associated with the ingestion of constituents in homegrown produce for the hypothetical 

adult and child resident scenarios:  
ATBW

EDEFIRPC
Intake

p
 

Where: 

Cp = Constituent concentration in produce (mg/kg, wet weight basis) 
IRS = Produce ingestion rate (kg/day, wet weight basis) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (days) 

The concentration term Cp reflects COPC uptake from soil (0 to 2 ft bgs) to both 
aboveground (leaf and fruit) produce concentrations and to belowground (root) produce.  
The consumption rate data listed in Tables 1.5-1 and 1.5-2 for fruits and vegetables are not 
specific to aboveground and belowground produce.  Therefore, it is conservatively assumed 
that one-half an individual’s total produce consumption is associated with aboveground 
produce and one-half is associated with belowground plants.  This assumption is 
considered conservative because it is highly unlikely that most individuals consume a 
higher amount of belowground produce than aboveground produce, yet the biotransfer 
factors (used to estimate EPCs) for belowground produce are 35 times greater than those for 
aboveground produce.  The biotransfer factors used to estimate uptake into produce are 
listed in Table 1.5-8.   

44B1.5.3.4 Toxicity Assessment 

The relationship between the dosage of a chemical and the probability of an adverse health 
effect in the exposed population is characterized in the toxicity assessment portion of the 
HHRA.  The dosage-response assessment for the COPCs identified for each investigational 
unit is discussed in this subsection.  Chemicals were identified as having carcinogenic 
and/or noncarcinogenic toxicity criteria and were evaluated in accordance with OEHHA  
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and DTSC guidelines (DTSC, 1992, 1994; OEHHA, 2003).  The hierarchy of sources for 
toxicological criteria is as follows: 

1. OEHHA (HUhttp://www.oehha.ca.gov/risk/chemicalDB/index.aspUH) 
2. Integrated Risk Information System (IRIS) (EPA, 2009) 
3. Health Effects Assessment Summary Table (HEAST) (EPA, 1997)  
4. EPA criteria documents 
5. Agency for Toxic Substances and Disease Registry (ATSDR) toxicological profiles 
6. Environmental Criteria and Assessment Office (ECAO) 
7. Other sources 

The toxicity criteria used in the HHRA are provided in Table 1.5-9.   

The toxicity criteria used to assess dioxin and coplanar PCB congeners are based on TEFs 
developed by WHO and published by Van den Berg et al. (2006).  TEFs are measures of the 
relative toxicity of a dioxin or coplanar PCB congener to the toxicity of 2,3,7,8-TCDD.  For 
risk assessments conducted at SSFL, dioxin and PCB congener-specific TEFs were applied to 
toxicity criteria (that is, the cancer slope factor [CSF] for 2,3,7,8-TCDD) to generate congener-
specific toxicity values that were then applied to congener-specific exposure levels to 
estimate risk. 

45B1.5.3.5 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) to provide numerical estimates of potential health risks.  The 
quantification approach differs for potential non-cancer and cancer effects, as described in 
the subsections below.   

Although this HHRA produces numerical estimates of risk, it should be recognized that 
these numbers might not predict actual health outcomes because they are based largely on 
hypothetical assumptions.  Their purpose is to provide a frame of reference for risk 
management decision making.  Any actual risks are likely to be lower than these estimates.  
Interpretation of the risk estimates provided should consider the nature and weight of 
evidence supporting these estimates, as well as the magnitude of uncertainty surrounding 
them, as described in Section 1.5.3.6. 

74BEstimation of Carcinogenic Risks.  The potential for cancer effects is evaluated by estimating 
the excess lifetime cancer risk (ELCR).  This risk is the incremental increase in the 
probability of developing cancer during one’s lifetime in addition to the background 
probability of developing cancer (that is, if no exposure to site constituents occurs).  For 
example, a 2 x 10-6 ELCR means that, for every 1 million people exposed to the carcinogen 
throughout their lifetimes, the average incidence of cancer may increase by two cases of 
cancer.  In the United States, the background probability of developing cancer for men is a 
little less than one in two, and for women a little more than one in three (American Cancer 
Society, 2003).  

Potential carcinogenic health risks were characterized for each COPC identified as a 
potential human carcinogen.  Potential carcinogenic health risks were characterized as the 

http://www.oehha.ca.gov/risk/chemicalDB/index.asp
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upper-bound probability of an individual developing cancer over a lifetime as a result of 
exposure to a site-related chemical under specific exposure scenarios.  The incremental 
probability of developing cancer (the theoretical excess [above background] carcinogenic 
risk) is the risk attributed to exposure to the COPCs at the site (EPA, 1989a) and is 
independent of chemical exposures in our daily lives that are not related to SSFL. 

For each COPC identified as a potential human carcinogen, the theoretical upper-bound 
excess cancer risk was based on the LADD and a factor relating dosage to cancer risk (the 
CSF).  CSFs were used to characterize carcinogenic risk.  These values are, in general, upper-
bound estimates on the slope of the cancer-response and exposure relationship rather than 
accurate representations of true cancer risk.  The true cancer risk is likely to be less than that 
predicted (EPA, 1989).  The following equation (EPA, 1989a; DTSC, 1992) was applied to 
estimate the cancer risk for each relevant exposure pathway: 

Risk = Intake × CSF 

Where: 

Risk = Excess lifetime cancer risk (unitless probability) 
Intake = Chronic daily intake averaged over a lifetime (mg/kg-day) 
CSF = Cancer slope factor (mg/kg-day)-1 

Although synergistic or antagonistic interactions might occur between cancer-causing 
constituents and other constituents, information generally is lacking in the toxicological 
literature to predict quantitatively the effects of these potential interactions.  Therefore, 
cancer risks are treated as additive within an exposure route in this assessment.  This is 
consistent with the EPA guidance regarding risk assessment of chemical mixtures (EPA, 
1986).  For estimating the cancer risks from exposure to multiple carcinogens from a single 
exposure route, the following equation is used:   

N

iT RiskRisk
1

 

Where: 

RiskT = Total cancer risk from route of exposure 
Riski = Cancer risk for the ith constituent 
N = Number of constituent 

Additional details regarding the estimation of carcinogenic health effects are discussed in 
Section 8.1 of the SRAM (MWH, 2005b). 

75BEstimation of Noncarcinogenic Health Effects.  For non-cancer effects, the likelihood that a 
receptor will develop an adverse effect is estimated by comparing the predicted level of 
exposure for a particular constituent with the highest level of exposure that is considered 
protective (that is, its reference dose [RfD]).  Potential noncarcinogenic adverse health effects 
were characterized for each COPC exhibiting noncarcinogenic health effects.  The ratio of the 
intake divided by the RfD is termed the hazard quotient (HQ):   

HQ = Intake / RfD 

Where: 
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HQ = Non-cancer hazard quotient from route of exposure 
Intake = Chronic daily intake averaged over the exposure duration (mg/kg-day) 
RfD = Non-cancer reference dose (mg/kg-day) 

When the HQ for a constituent exceeds 1 (that is, exposure exceeds the RfD), there is a 
concern for potential non-cancer health effects.  To assess the potential for non-cancer effects 
posed by exposure to multiple constituents, an HI approach was used according to EPA 
guidance (EPA, 1989a).  This approach assumes that the non-cancer hazard associated with 
exposure to more than one constituent is additive; therefore, synergistic or antagonistic 
interactions between constituents are not accounted for.  The HI may exceed 1 even if all of 
the individual HQs are less than 1.  In this case, the constituents may be segregated by 
similar mechanisms of toxicity and toxicological effects.  Separate HIs may then be derived 
based on mechanism and effect.  The HI is calculated as follows: 

i

N

i

RfD

Intake
HI 1  

Where: 

HI = Non-cancer hazard index 
Intakei = Chronic daily intake of the ith constituent (mg/kg-day) 
RfDi = Reference dose of the ith constituent (mg/kg-day) 
N = Number of constituents 

Additional details regarding the estimation of noncarcinogenic health effects are discussed 
in Section 8.2 of the SRAM (MWH, 2005b). 

76BCharacterizing Risks from Lead, Dioxins, PCBs, and PAHs.  If lead was selected as a COPC, 
potential risks from lead concentrations were evaluated using methods different from those 
conventionally used for other carcinogens and noncarcinogens.  The risks resulting from the 
uptake of lead were evaluated using the DTSC LeadSpread 7 calculation spreadsheet from 
the Cal/EPA Web site (DTSC, 2009).  The model calculates blood lead levels from exposure 
to soil lead concentrations, in addition to other routes.  A default blood lead level of 
10 micrograms per deciliter (µg/dL) of blood is considered a level of concern that triggers 
intervention to reduce exposure.  As recommended by DTSC, the 90th, 95th, 98th, and 99th 

percentile blood lead concentrations predicted by the model were evaluated for both 
children and adults.  If the lead concentrations in site media resulted in a calculated blood 

lead level below 10 g/dL in 95 to 99 percent of the potentially exposed population, no 
unacceptable risk exists.  Additional details about characterizing risks from lead are 
discussed in Section 8.5.1 of the SRAM (MWH, 2005b). 

The specific dioxin and coplanar PCB congeners that were considered in the HHRAs at SSFL 
are the 17 2,3,7,8-substituted dioxin congeners and 12 non-ortho- and mono-ortho-
substituted coplanar congeners for which TEFs were developed by WHO and published by 
Van den Berg et al. (2006).  The congeners and TEFs are summarized in Table 1.5-10.   

Risk estimates for dioxins and coplanar PCBs were based on the assumption that all 17 of 
the 2,3,7,8-substituted dioxin congeners and 12 coplanar PCB congeners are present in all 
samples at some level when at least one congener is detected in a single sample in a given 
media at an investigational unit.  The concentrations for those congeners not detected in 
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sample media were estimated at one-half the SQL.  In cases where a congener was never 
detected in a given media at an investigational unit, that congener was assumed not present. 

For each of the 12 PCB congeners and 17 dioxin congeners, one of two approaches was 
taken for estimating risks.  PCB congener and dioxin TEFs were applied to the CSF for 
2,3,7,8-TCDD, and risks were estimated by multiplying the estimated congener-specific 
CSFs (based on 2,3,7,8-TCDD) by the respective congener-specific LADDs. 

It is not appropriate to include both estimated aroclor risks and PCB congener risks in the 
cumulative risk estimate, because this would essentially be “double-counting.”  Therefore, 
DTSC has requested that only aroclor risks be included in the cumulative risk estimates, and 
that PCB congeners risks be presented with the risk estimates for other chemicals but not 
included in the cumulative risk estimate.  Additional details regarding characterizing risks 
from PCBs and dioxins are discussed in Section 8.5.2 of the SRAM (MWH, 2005b). 

For the purpose of evaluation in SSFL RI HHRAs, petroleum chemical constituents include 
benzene, toluene, ethyl benzene, and xylene (BTEX) and polynuclear aromatic hydrocarbons 
(PAHs).  To adequately assess the potential risks associated with TPH in environmental 
media, a site-specific extrapolation methodology has been developed to allow correlation 
between the TPH fraction concentration and petroleum constituent concentrations 
(Section 1.5.3.1).  When TPH was detected in the gasoline range, then BTEX compounds 
were added as COPCs.  When TPH was detected in the diesel range, then PAHs were added 
as COPCs.  Concentrations of BTEX or PAHs were determined by using the site-specific 
extrapolation factors.  Additional details regarding the characterization of risks from PAHs 
are discussed in Section 8.5.3 of the SRAM (MWH, 2005b). 

Risk estimates related to the soil gas pathway are presented separately in the HHRA and 
discussed in the uncertainty section (Section 1.5.3.6), as requested by DTSC. 

The risk estimates for the plant uptake exposure pathway are presented separately from 
other estimated risks to facilitate evaluation by risk managers. 

77BSummary and Conclusions.  The HHRA results will be used to help identify areas within 
Group 9 that require further action (additional site characterization or remediation).  The 
results of the risk assessment are presented in a format that allows the risk manager to 
integrate and weigh decision factors appropriately and optimally (MWH, 2005b).  An 
important risk management consideration is that new data may become available 
subsequent to the completion of the risk assessment.  Risk managers should consider newly 
published information (site-specific or chemical-specific) as it becomes available so that the 
final site decisions are protective of human health. 

46B1.5.3.6 Uncertainty Discussion 

The risk assessment results are based on conservative risk assessment methods and 
assumptions (MWH, 2005b).  Therefore, it is important that uncertainties associated with the 
risk assessment process be addressed to place the numerical risk estimates in proper 
perspective.  The discussions of uncertainties are largely qualitative and are presented for 
each of the investigational units within Group 9.  The uncertainty discussion focuses on 
those COPCs with the greatest contribution to the cumulative risk. 
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Uncertainties associated with the results of the HHRA are a function of both the “state of the 
practice” of risk assessment in general and UFs specific to the investigational unit.  The 
HHRA is subject to uncertainty with regard to a variety of factors, including the following: 

 Environmental sampling and analysis 

 Fate and transport estimation 

 Exposure assessment 

 Toxicity assessment 

 Risk characterization 

78BEnvironmental Sampling and Analysis.  Uncertainties associated with sampling and analysis 
include the inherent variability (standard error) in the analysis, the representativeness of the 
samples, sampling errors, and heterogeneity of the sample matrix.  The quality assurance 
(QA) and QC program used in the investigation serves to reduce these errors, but it cannot 
eliminate all errors associated with sampling and analysis.  The degree to which sample 
collection and analyses reflect real EPCs partly determines the reliability of the risk 
estimates.   

79BFate and Transport Estimation.  This HHRA makes simplifying assumptions about the 
environmental fate and transport of COPCs.  Specifically, it is assumed that no constituent 
loss or transformation occurs in the future, and that the constituent concentrations detected 
in soil and shallow groundwater remain constant during the assessed exposure duration.  In 
cases where natural attenuation or other degradation processes are significant, the analytical 
data chosen to represent EPCs may overstate actual long-term exposure levels.   

80BExposure Assessment.  The estimation of exposure requires many assumptions to describe 
potential exposure situations.  There are uncertainties regarding the likelihood of exposure, 
the frequency of contact with contaminated media, the concentrations of constituents at 
exposure points, and the time period of exposure.  The assumptions used tend to simplify 
and approximate actual site conditions and may overestimate or underestimate the actual 
risks.  In general, these assumptions are intended to be conservative and yield an 
overestimate of the true risk or hazard.  This HHRA evaluates an assumed unrestricted 
residential land use.  To the extent that future uses are actually more limited than assumed 
here for residential use (for example, a more plausible recreational use), exposures and risks 
would be proportionately lower than reported here. 

81BToxicity Assessment.  Uncertainties in toxicological data can influence the reliability of risk 
management decisions.  The toxicity values used for quantifying risk in this assessment 
have varying levels of confidence that affect the usefulness of the resulting risk estimates.   

Sources of uncertainty associated with the toxicity values used in the toxicity assessment 
include the following: 

 Extrapolation of dose-response data derived from high dose exposures to adverse health 
effects that may occur at the low levels seen in the environment 

 Extrapolation of dose-response data derived from short-term tests to predict effects of 
chronic exposures 
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 Extrapolation of dose-response data derived from animal studies to predict effects on 
humans 

 Extrapolation of dose-response data from homogeneous populations to predict effects on 
the general population 

The levels of uncertainty associated with the RfDs for the COPCs (as judged by EPA) are 
expressed as uncertainty factors (UFs) and modifying factors and are provided in IRIS or 
HEAST.  For those chemicals suspected of resulting in cancer effects, uncertainty, in part, is 
expressed in terms of EPA’s weight of evidence (WoE) classification system, as listed in 
Table 1.5-9.   

Dermal exposures are different from oral exposures because not all of a constituent that 
comes into contact with a person’s skin travels across the various layers of epidermal tissue, 
as indicated by a skin permeability factor, and because the toxic effects produced from this 
route of exposure may not be the same as when the constituent is ingested.  In lieu of 
available toxicity values for the dermal route, this HHRA uses oral toxicity values to 
estimate the effects of dermally available constituents.  This approach may result in an 
underestimate or an overestimate of risks, depending on whether a constituent is more or 
less toxic by the dermal route versus by ingestion. 

82BRisk Characterization.  In the risk characterization phase, the assumption is made that the 
total risk of developing an adverse effect from aggregate exposure to site constituents is the 
sum of the HQs or cancer risks estimated for exposure to each individual constituent.  This 
approach does not account for the possibility that chemicals act synergistically or 
antagonistically. 

47B1.5.3.7 Use of Risk Assessment Results in the RI and FS Process 

The HHRA results will be used to help identify areas in Group 9 that require further action 
(additional site characterization or remediation).  Generally, estimated cancer risks within 
the range 10-6 to 10-4, and HIs less than 1, are considered to be acceptable for the purpose of 
making remedial decisions (EPA, 1989a).  Although this HHRA produces numerical 
estimates of risk, it should be recognized that these numbers might not predict actual health 
outcomes because they are based largely on hypothetical assumptions.  Their purpose is to 
provide a frame of reference for risk management decision making.  Actual risks are likely 
to be lower than these estimates.  Interpretation of the risk estimates provided should 
consider the nature and weight of evidence supporting these estimates, as well as the 
magnitude of uncertainty surrounding them, as described in Section 1.5.3.6. 

The results of the risk assessment will be presented in a format that allows the risk manager 
to integrate and weigh decision factors appropriately and optimally (MWH, 2005b).  An 
important risk management consideration is that new data may become available 
subsequent to the completion of the risk assessment.  Risk managers will consider newly 
published information (site-specific or chemical-specific) as it becomes available so that the 
final site decisions are protective of human health. 



1.  INTRODUCTION AND METHODOLOGY 

1-42 DRAFT MGM09-SSFL/GROUP9_RI/SECTION1.DOC 

21B1.5.4 Ecological Risk Assessment 

This subsection presents the general approach used for conducting ERAs at RI sites within 
Group 9 at SSFL.  ERAs specific for each of the three sites in Group 9 (R-2 Ponds Area, CDFF 
Area, and Silvernale Reservoir Area) are presented as part of the RI discussions specific to 
each site (Sections 2 through 8).  These ERAs, prepared to support the Group 9 RI, describe 
potential exposures and effects to resident biota from chemical stressors associated with 
past activities within each site.  The results of these ERAs are intended to assist risk 
managers in deciding whether remedial actions are needed and, if so, what scale is required.   

Because the ERAs for all three areas will be conducted in the same manner, using many of 
the same assumptions and supporting data, the approach for and information common to 
all of these ERAs is presented in this initial section to reduce repetition.  The common data 
and supporting information will be referenced in each of the RI site-specific risk assessments 
as appropriate.   

48B1.5.4.1 Approach 

ERAs for Group 9 are conducted in phases, as recommended by the SRAM (MWH, 2005b; 
DTSC, 1996a; and EPA, 1997).  Each phase is more detailed and focused than the one preceding 
it, and data from one phase are used to determine whether further studies are needed to meet 
the objectives of the assessment.  It includes both a scoping and a predictive assessment, as 
defined by DTSC (1996a).    

The scoping assessment uses the most conservative exposure assumptions.  The results of 
the scoping assessment are used to determine the chemicals, receptors, and exposure 
pathways to be carried forward to the predictive assessment. 

The predictive assessment uses more realistic assumptions for estimating exposure and 
effects.  In some instances, the procedures outlined in the SRAM (MWH, 2005b) have been 
updated to reflect current state-of-the-practice for ERAs that have been agreed to by 
representatives of NASA, Boeing, and DOE.  These changes result in a more robust risk 
assessment and provide more information for risk managers to use in making remedial 
decisions.  Deviations and/or updated methods from the SRAM (MWH, 2005b) are 
identified and explained in Section 1.5.5.2 with respect to the nature of the deviation and the 
overall impacts to the ERA. 

The results of the ERA will be used to make recommendations, as follows: 

 “NFA with respect to ecological risk” will be recommended for sites where de minimus 
risk (most conservative HQs or HIs are less than 1) to ecological receptors is identified 
for small home range species (representative species that spend most of their life spans 
within the investigational unit).  This NFA finding is tentative pending the completion 
of the risk assessment for species with large home ranges (representative species that 
spend most of their life spans outside of the site or that forage across multiple sitesF

1
F).  

Sites will not be definitively recommended for NFA until cumulative risks to large home 
range representative species are evaluated across multiple sites. 

                                                      
1 Note that the evaluation of cumulative risks to receptors with large home ranges will be the focus of a subsequent risk 
assessment report and is beyond the scope of this report. 



1.  INTRODUCTION AND METHODOLOGY 

MGM09-SSFL/GROUP9_RI/SECTION1.DOC DRAFT 1-43 

 Further evaluation by risk managers will be recommended as part of the FS process for 
individual sites or site combinations where the WoE indicates potential adverse effects 
to ecological receptors.  This evaluation will include the selection of an appropriate 
remedial alternative (including no action).  As appropriate, natural resource trustees, 
including the California Department of Fish and Game (CDFG) and the U.S. Fish and 
Wildlife Service (USFWS), must be consulted in the selection of a remedial alternative. 

 A Phase III Impact Assessment may be recommended as part of the FS process for sites 
at which significant uncertainties exist in the WoE risk estimate or where it is 
determined that remediation may cause adverse effects to ecological receptors or their 
habitats. 

49B1.5.4.2 Guidance 

The ERAs for Group 9 were performed in general accordance with the following guidance: 

 SRAM Work Plan (MWH, 2005b) 

 Guidance for Ecological Risk Assessment at Hazardous Waste Sites and Permitted Facilities 
(DTSC, 1996a) 

 Ecological Risk Assessment Guidance for Superfund:  Process for Designing and Conducting 
Ecological Risk Assessment, Interim Final (EPA, 1997) 

 ECO Updates, Volume 1, Numbers 1 through 5 (EPA, 1991a, 1991b, 1992a, 1992b, 1992c) 

 ECO Updates, Volume 2, Numbers 1 through 4 (EPA, 1994a, 1994b, 1994c, 1994d) 

 ECO Updates, Volume 3, Numbers 1 and 2 (EPA, 1996a, 1996b) 

 Final Guidelines for Ecological Risk Assessment (EPA, 1998) 

 Ecological Risk Assessment and Risk Management Principles for Superfund Sites (EPA, 1999) 

 The Role of Screening-level Risk Assessments and Refining Contaminants of Concern in Baseline 
Ecological Risk Assessments (EPA, 2001b) 

50B1.5.4.3 Organization 

Each of the ERAs is organized following the framework recommended by EPA (1998), 
which consists of three main components:  Problem Formulation, Analysis, and Risk 
Characterization (shown conceptually in Figure 1.5-3).  The evaluations conducted as part of 
this ERA are described and discussed in the following subsections:   

 Problem Formulation.  Contains the information necessary to focus the remainder of the 
ERA.  It describes the location and ecological setting of the site; discusses selection of 
assessment endpoints and measures; identifies sources of contaminants, CPECs, 
potential ecological receptors, and exposure pathways; and develops the ecological 
CSM.  The general components of the Problem Formulation are included in this 
subsection.  Information specific to each RI site is located in the site-specific Problem 
Formulation. 
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 Analysis.  Presents the technical evaluation of potential exposures and adverse effects 
through the Exposure Characterization and the Ecological Effects Characterization: 

 Exposure Characterization–Describes exposure assumptions and models and 
presents the exposure estimates for selected representative species. 

 Ecological Effects Characterization–Presents an overview of the toxicity information 
available for each representative species.   

The approach to exposure characterization, which is consistent across all sites, is 
described later in this section.  EPCs and modeled exposure results specific for each RI 
site are presented in each site-specific ERA.  The ecological effects characterization, 
which is consistent across all sites, is presented later in this section and referenced in 
each site-specific ERA.   

 Risk Characterization.  Integrates the Problem Formulation and the Analysis to estimate 
the likelihood of impacts to ecological receptors from exposure to CPECs.  It also 
presents uncertainties and limitations associated with the risk assessment data and 
methodology.  The approach to risk characterization and many uncertainties are 
consistent across all sites and are described later in this section.  Risk characterization 
results and uncertainties specific for each RI site are presented in each site-specific ERA. 

 Conclusions and Recommendations.  Summarizes the overall conclusions and 
recommendations that can be drawn about potential ecological risks associated with 
CPECs. 

51B1.5.4.4 Problem Formulation 

The Problem Formulation integrates available information (sources, contaminants, effects, 
and environmental setting) and serves to provide focus to the ERA.  It includes a description 
of the site setting, identification of the ecological management goals and the important 
aspects of the site to be protected (referred to as “assessment endpoints”), the means by 
which the assessment endpoints will be evaluated (measures of exposure and effects), and 
the identification of CPECs.  The end product of the problem formulation is a CSM that 
describes the contaminant sources and transport mechanisms, evaluates potential exposure 
pathways, and identifies the representative species that were used to assess potential 
ecological risk to those and other similar species.  Whereas the general components of the 
Problem Formulation are presented and described here, site-specific variations to the 
Problem Formulation are presented in the section for each RI site.   

83BSite Background.  This subsection briefly describes the physical location and ecological 
setting of the RI site, and the historical activities that may have resulted in releases of 
hazardous substances.  This is a site-specific component of the Problem Formulation and is 
presented separately for each RI site. 

84BEcological Management Goals, Assessment Endpoints, and Measures.  The identification of 
ecological management goals, assessment endpoints, and measures provide the focus of the 
ERA, link the ERA with the site characterization and the nature and extent portions of the RI 
Report, and provides ERA methodologies and results that are technically sound.   
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Ecological Management Goals are statements of the desired ecological conditions for the 
site.  They must be established according to a realistic assessment of the current status of the 
ecological community and potential current and future land uses at the site.  The ecological 
management goal for all Group 9 RI sites is stated 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. 

Assessment Endpoints are an expression of the important ecological values that should be 
protected at a site (Suter, 1990, 1993; Suter et al., 2000; EPA, 1998).  The assessment 
endpoints are developed according to known information concerning the contaminants 
present, the ecological setting of the site (current and potential future conditions), and the 
ecological management goals.   

The assessment endpoints for SSFL are listed in Table 1.5-11 and are applicable to all 
terrestrial and aquatic and wetlands habitats.  Assessment endpoints specific to each RI site 
in Group 9 are identified in the section for each RI site.   

Measures used in this ERA are predictive of the assessment endpoints (EPA, 1998).  The 
three categories of measures include the following:   

 Measures of Exposure–Used to evaluate how exposures could be occurring 

 Measures of Effects–Used to evaluate the response of the assessment endpoints when 
exposed to contaminants 

 Measures of Ecosystem and Receptor Characteristics–Used to evaluate the ecosystem 
characteristics that could affect exposure or response to contaminants 

Measures identified for an ERA can be from one or more of the above categories, depending 
on the complexity of the ERA.  Criteria considered in the selection of measures are as 
follows: 

 Corresponds to or is predictive of an assessment endpoint 

 Readily measured or evaluated 

 Appropriate to the scale of the site 

 Appropriate to the temporal dynamics 

 Appropriate to the exposure pathway 

 Associated with low natural variability 

 Disruptive (minimally) to ecological community and species variability 

Measures of exposure and effects associated with assessment endpoints for SSFL are listed 
in Table 1.5-11.  These measures are applicable to all terrestrial and aquatic and wetlands 
habitats.  Measures specific to each RI site in Group 9 are identified in the section for each RI 
site. 

85BEcological Conceptual Site Model.  The CSM is a written and visual presentation of predicted 
relationships among stressors, exposure pathways, and assessment endpoints.  It includes a 
description of the complete exposure pathways and outlines the potential routes of 
exposure for each assessment endpoint.  A CSM diagram for ecological exposures was 
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developed for SSFL in general (Figure 1.5-4).  CSMs specific to the receptors and pathways 
unique to each RI site within Group 9 are presented in each appropriate section.   

The primary contaminant sources at SSFL include chemical use and storage, accidental spills 
and releases, ASTs and USTs, drainage channels and impoundments associated with rocket 
testing, and waste disposal areas.  Primary release mechanisms include spills, leakage, and 
prior waste disposal practices.  Secondary sources of potential contaminants are soils, 
sediment, and surface water.  Secondary release mechanisms include volatilization and 
wind erosion, bioaccumulation from soil, soil and sediment erosion, leaching from soil and 
surface water into groundwater, and surface discharge from groundwater.   

Complete or potentially complete exposure pathways from contaminated soil, sediment, 
surface water, groundwater, and biota to ecological receptors exist at the sites.  Burrowing 
mammals (deer mice) may be exposed to soil gases via inhalation.  Contaminants in soil 
may be directly bioaccumulated by terrestrial plants, soil invertebrates, and small mammals 
resident in or associated with site soils.  Additionally, terrestrial plants potentially may be 
exposed to contaminated groundwater via uptake.  Although benthic invertebrates, fish, 
and amphibians may be exposed to contaminants via surface water or sediment, benthic 
invertebrates primarily are exposed through sediment, and fish and amphibians primarily 
are exposed through surface water.  Terrestrial and aquatic wildlife (herbivores, omnivores, 
invertivores, and carnivores), including reptiles, may be exposed directly to contaminants in 
surface water through ingestion and to contaminants in soil or sediment by incidental soil or 
sediment ingestion, by dermal contact, or by the inhalation of wind-borne particles.  
Terrestrial and aquatic invertebrates, fish, and wildlife (amphibians, 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.).  
The potential exposure pathways for ecological receptors at SSFL are summarized in 
Table 1.5-12, along with the rationale for inclusion or exclusion in the quantitative and 
qualitative evaluations.   

86BIdentification of Representative Species.  Representative species are selected from those 
species that are either known to occur or may occur at the site.  They are chosen to reflect 
the assessment endpoints for the ERA because their exposures are expected to be 
“representative” of other species in their functional group or trophic level.  In general, 
representative species are selected using the following criteria: 

 Receptor is considered essential to, or indicative of, healthy functioning ecosystems. 

 Receptor is vital to the structure and function of the food web. 

 Receptor is representative of an ecological guild or niche. 

 Receptor has a small home range. 

 Receptor is susceptible to bioaccumulation or biomagnification of CPECs (higher 
trophic-level predators). 

 Receptor is likely to be exposed to CPECs or to serve as a link between viable exposure 
pathways and CPECs. 

 Receptor occurs at the site, or habitat is available to support the selected receptor. 
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 Toxicological data are readily available in the literature for the receptor. 

 Receptor is known or suspected to be sensitive to contaminants, thus providing a 
protective estimate of exposure and risk to other members of the guild. 

Representative species were identified in the SRAM (MWH, 2005b) from each trophic level 
to fulfill as many of the criteria listed above as possible.  Species assessed at the populationF

2
F 

level include all other birds and mammals for which protection of populations is important.  
Receptors assessed at the community level consist of terrestrial and/or aquatic plants and 
invertebrates that provide forage or prey for higher trophic levels or support habitat quality 
and require protection at a communityF

3
F level.  The representative species that are evaluated 

in the ERAs at SSFL are listed in Table 1.5-13.  Representative species specific to each RI site 
are identified in each appropriate section of this report. 

A brief profile for each selected receptor is presented below. 

Terrestrial Habitats.  The following representative species are evaluated for terrestrial 
habitats at SSFL. 

Terrestrial Plants.  Terrestrial plants are a primary producer and are evaluated at the 
community level.  They include a wide variety of grasses and forbs.  Terrestrial plants are a 
vital part of the food chain, serving as a main food source for both herbivorous and 
omnivorous species.  Terrestrial plants also are directly exposed to CPECs in the soil, may 
bioaccumulate CPECs, and can be used to assess the status of the habitat.   

Soil Invertebrates.  Soil invertebrates are primary consumers and are assessed at the 
community level.  They comprise a wide range of species, including earthworms, ground 
and flying insects, and spiders.  Soil invertebrates primarily serve as food sources for 
omnivorous and insectivorous birds and mammals and may bioaccumulate CPECs. 

Hermit Thrush.  The hermit thrush is considered representative of primary and secondary 
consumers and is evaluated at the population level.  The hermit thrush is found in mixed 
woods, forests, parks, and thickets.  Its breeding range extends from Alaska east across 
Canada and south to California, and it winters mainly in the United States.  The hermit 
thrush has been observed frequently at SSFL.  It is primarily insectivorous during the 
breeding season and becomes more omnivorous during the winter.  The hermit thrush 
builds a cup nest of moss, twigs, or grasses on or near the ground (Jones and Donovan, 1996; 
Ransom, 1981). 

Red-tailed Hawk.  The red-tailed hawk is a tertiary consumer and is evaluated at the 
population level.  The red-tailed hawk is found in a variety of habitats including woodlands, 
farm country, prairies, marshes, mountains, and deserts.  Its range extends from Alaska to 
south Central America; wintering is primarily south of British Columbia.  Red-tailed hawks 
are primarily carnivorous, feeding on rodents and other small mammals, but will prey on 
other birds, lizards, snakes, and large insects, depending on availability.  Platform nests are 
built close to the tops of trees or other tall structures where trees are scarce (EPA, 1993; 
Ransom, 1981).   

                                                      
2 A population is defined as a group if inter-breeding individuals of the same species occupy a given area. 
3 A community is a collection of individuals of different species that occupy a given area. 
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Deer Mouse.  The deer mouse represents primary and secondary consumers and is 
evaluated at the population level.  It also was selected to represent burrowing mammals and 
because it serves as prey for other representative species (red-tailed hawk and bobcat).  It 
has the widest distribution of any Peromyscus species and resides in dry-land habitat 
including alpine tundra, coniferous and deciduous forests, grasslands, and deserts.  Deer 
mice are omnivorous and opportunistic, feeding mainly on seeds, arthropods, some green 
vegetation, roots, fruits, and fungi.  The deer mouse gets a high proportion of its water 
requirements from the nonseed plant materials in its diet (EPA, 1993). 

Mule Deer.  The mule deer is a primary consumer and is evaluated at the population level.  
These herbivores are found in coastal forests, brushy areas, rocky uplands, desert shrubs, 
and chaparral habitats.  Their range extends from southern Alaska to Mexico and 
throughout the western United States.  The Pacific coast black-tailed deer are considered a 
subspecies of the mule deer.  They feed on grass heads, grass leaves, stems and roots, and 
forb leaves (Ransom, 1981). 

Bobcat.  The bobcat is representative of secondary and tertiary consumers and is evaluated 
at the population level.  Bobcats are found in forests, swamps, deserts, and mountains, 
although they prefer scrub, thickets, and broken country.  Their range extends from 
southern Canada to Mexico and throughout most of the continental United States.  The 
bobcat preys primarily on rabbits and hares, but will hunt anything from insects and small 
rodents to deer, depending on location and habitat, season, and abundance.  The bobcat is 
territorial and largely solitary, although there is some overlap in home ranges. 

107BAquatic/Wetland Habitats.  Aquatic and wetland habitats as identified for SSFL include 
seasonal wetlands and ephemeral ponds.  Seasonal drainage ditches are evaluated as 
terrestrial exposures rather than aquatic.  The following representative aquatic organisms 
are evaluated in one or more of the aquatic habitats.   

Aquatic Plants.  Aquatic plants represent primary producers and are evaluated only as a 
food source for other representative receptors.  Aquatic plants serve as major food items for 
several species in the food chain and provide refuge and nesting habitats for various 
species.   

Aquatic Invertebrates/Benthic Macroinvertebrates.  For the purposes of this ERA, the term 
“aquatic invertebrates” refers to water-column organisms and “benthic macroinvertebrates” 
refers to sediment-associated organisms.  They both represent primary consumers and are 
evaluated at the community level.  Aquatic invertebrates and benthic macroinvertebrates 
may bioaccumulate CPECs through the food chain.   

Fish.  Fish represent primary and secondary consumers and are evaluated at the population 
level.  Fish primarily serve as prey for piscivorous birds and can bioaccumulate CPECs.   

Great Blue Heron.  Great blue herons were assessed at the population level.  They feed 
primarily on fish, but also feed on amphibians, crustaceans, aquatic insects, and plants.  
They are widespread throughout the United States and are found in ponds, marshes, and 
lakes wherever fish are plentiful.  Great blue herons nest in or near wetlands where tall trees 
provide safe sites for heronries.  They lay three to seven bluish-green eggs in a stick nest, 
and several nests may be in the same tree (Udvardy, 1993).   
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108BSelection of Chemicals of Potential Ecological Concern.  The CPECs for all Group 9 sites were 
identified through several data evaluation procedures and selection criteria.  These criteria 
generally were as outlined in the SRAM (MWH, 2005b), with some additional discussion in 
Section 1.4 of this report; however, some deviations and modifications were made.  The 
CPECs were selected as follows: 

1. A chemical is detected at the site using validated laboratory analyses.  Data validation 
was completed for all aspects of the RI and validated data are reported in the RI 
Characterization Results section of each RI site section. 

2. A chemical is present in excess of concentrations observed in laboratory field blanks.  
This step was completed as part of the data evaluation and reduction steps completed 
for all aspects of the RI and the results are reported in Section 1.4 of the main text.   

3. A chemical occurs above a 5-percent detection frequency.  This step was applied only 
when there were at least 20 data points for the chemical.   

4. A chemical historically was used at the site.  This step was not followed, so this is a 
deviation from the SRAM (MWH, 2005b).  All chemicals meeting other criteria were 
retained for risk assessment regardless of potential historical use.   

5. Metals and dioxins and furans are present in excess of soil and groundwater comparison 
concentrations.  Soils were compared to the background data set using the WRS Test, as 
described in the SRAM (MWH, 2005b).  Groundwater data were compared to a 
background comparison concentration and then evaluated using the WRS Test, as 
described in the SRAM.  A chemical determined to be consistent with background 
concentrations using the WRS Test may still be retained as a CPEC if the maximum 
detected concentration is significantly greater than the maximum background 
concentration, the sample was located in an area that potentially could have been 
affected by metals, and the SQLs were elevated above the ecological screening levels 
(ESLs). 

6. The SQL for a chemical exceeds the ESL.  ESLs will be used in the CPEC selection 
process so that SQLs for chemicals in soil, sediment, and water samples are sufficiently 
low to identify chemicals that may present risks.  For the purpose of CPEC selection, if 
there are a sufficient number of the SQLs in a data set below the ESL to conclude that the 
chemical is not present at concentrations that could pose an ecological risk, and all other 
criteria are met, then the chemical will be excluded as a CPEC.  Justification (sample 
size, frequency of detection, and number of SQLs below the ESL) will be presented in 
the risk assessment in cases where a chemical with one or more SQLs at levels exceeding 
the ESL is excluded as a CPEC. 

7. Extrapolation of TPH and PCB data.  Data for TPH or PCBs will be extrapolated to 
estimate TPH- or PCB-constituent concentrations (PAHs, BTEX, and arolors) at sites 
where these data are not already available.  If constituent data are available at a given 
site, this extrapolation will not be conducted.  This is a deviation of the SRAM (MWH, 
2005b), which states that all TPH and PCB results will be extrapolated, regardless of the 
availability of constituent data. 
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8. If a VOC analyte was detected in soil and also was analyzed for in soil gas, inhalation 
exposure for the VOC was based on the soil gas measurement, regardless of whether the 
VOC was detected in soil gas or not.  If a VOC was detected in soil but not analyzed for 
in soil gas, it was retained and a concentration in soil gas was modeled from the soil 
concentration.  This modeled concentration was then evaluated in the soil gas screening.   

Chemical data that met the CPEC selection criteria were identified separately for each RI site 
in Group 9 and are presented in the analyses for each RI site.   

52B1.5.4.5 Analysis 

The analysis phase links the problem formulation (Section 1.5.4.4) with the risk 
characterization (Section 1.5.4.6) and consists of the technical evaluation of ecological and 
chemical data to evaluate the potential for ecological exposure and effects, as shown in 
Figure 1.5-3.  The analysis phase includes the exposure characterization and the ecological 
effects characterization.  These two components are used to evaluate the relationships 
among receptors, potential exposures, and potential effects.  The results provide the 
information necessary to estimate potential risks to the representative species under the 
conditions identified for Group 9. 

87BExposure Characterization.  The exposure characterization is used to evaluate the 
relationship between receptors at the site and potential stressors (CPECs).  Exposure is 
defined as the co-occurrence of a stressor (chemical) and a receptor in both space and time.  
For risk to be present, there must be exposure.  The methods used to estimate exposure 
including receptor-specific exposure models, exposure factors, and assumptions; exposure 
areas; and calculation of EPCs are described in this subsection. 

109BExposure Models.  The exposure model describes the relationships and equations used to 
estimate how much of a given chemical in a given medium is being taken up by the receptor 
via a given exposure route.  These relationships may be simple or complex depending on 
the receptor involved and the number of exposure routes being evaluated.  Two exposure 
models are used in this ERA–the concentration-based model and a dosage-based model. 

118BConcentration-based Exposure Models 

The exposure model for several of the groups of ecological receptors is simple, and is 
expressed as the concentration of each chemical in the medium to which the receptor is most 
likely exposed.  The ecological groups for which this exposure model is used are as follows: 

 Terrestrial plants (soil; only when qualitative evaluation indicates potential stress) 

 Soil invertebrates (soil) 

 Aquatic plants (sediment and surface water) 

 Aquatic invertebrates (surface water) 

 Benthic macroinvertebrates (sediment) 

 Burrowing mammals (soil gas inhalation only) 

119BDosage-based Exposure Models 

The exposure model for birds and mammals is much more complex.  Birds and mammals 
experience exposure through multiple pathways, including the ingestion of abiotic media 
(soil and surface water), biotic media (food), and inhalation of or dermal contact with abiotic 
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media.  To address these multiple pathways, modeling is required.  Exposure via ingestion 
pathways is described below.  Inhalation exposure is evaluated using the concentration-
based model.  Dermal exposure was not quantitatively evaluated in this ERA. 

Ingestion exposure estimates for birds and mammals are generated according to the 
following:   

 Receptor-specific exposure factors (or life-history parameters) 

 Estimated exposure concentrations in food sources and bioaccumulation potential 

 Area use factors (AUFs) 

 EPCs for abiotic media 

The end product of the exposure estimate is a dosage (amount of chemicals per kilogram 
receptor BW per day [mg/kg-day]) rather than a medium concentration, as is the case for 
terrestrial and aquatic plants and invertebrates.  This is a function of both the multiple 
pathway approach and the typical methods used in toxicity testing for birds and mammals.  
Exposure estimates for birds and mammals followed one of the following generalized food 
chain uptake exposure models (modified from Suter et al. [2000] and cited in the SRAM 
[MWH, 2005b]): 

Hermit thrush and deer mouse: 

 N
i jiijsjj WIRWaterFIRPBFIRPSoilE 1 ][][][   

Red-tailed hawk, bobcat, and mule deer: 

 N
i jiijj WIRWaterFIRPBE 1 ][][   

Great blue heron: 

N
i jiijsjj WIRWaterFIRPBFIRPSedimentE 1 ][][][  

Where: 

 Ej  = Total exposure (mg/kg-day) 

 Soilj  = Concentration of chemical in soil (mg/kg) 

 Sedimentj = Concentration of chemical in sediment (mg/kg) 

 Waterj  = Concentration of chemical in water (mg/L) 

 Ps  = Soil/sediment ingestion rate as a proportion of diet  

 FIR  = Total food ingestion rate for the representative species 
(kgdiet/kg  BW/day) 

 WIR  = Total water ingestion rate for the representative species 
(L/kg BW/day) 

 Bij  = Concentration of chemical (j) in biota type (i) (mg/kg) 

 Pi  = Proportion of biota type (i) in diet 
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110BExposure Factors.  Species-specific life history factors are needed to estimate exposure to 
CPECs for each representative species.  These include BW; food, water, and media ingestion 
rates; diet composition; and respective proportion of each diet component.  These 
parameters were used as cited in the SRAM (MWH, 2005b) and are summarized in 
Table 1.5-14.   

111BBioaccumulation Potential.  The measurement and/or estimation of concentrations of CPECs 
in wildlife food is necessary to evaluate how much of a receptor’s exposure is via food 
versus direct uptake of contaminated media.  Although the preferred data are direct 
measurements of concentrations in samples collected from the site, such data were not 
available for any RI site in Group 9.  Site-specific bioaccumulation factors (BAFs) were 
developed in the SRAM (MWH, 2005b).  These values were used if available; if not, other 
literature-reported values or regression models were used.  If literature values or reliable 
models were not available for a given chemical, then a conservative default bioaccumulation 
value of 1 was used.  The AUFs for the Group 9 sites are listed in Table 1.5-15.  
Bioaccumulation factors and uptake models for terrestrial receptors are summarized in 
Tables 1.5-16 and 1.5-17.  Biota and sediment accumulation factors and uptake models for 
aquatic receptors are summarized in Tables 1.5-18 and 1.5-19.    

112BArea Use Factors.  The AUF is used to modify the risk estimates based on how much time 
the receptor may actually spend onsite.  The AUF is a ratio of the size of the site relative to 
an animal’s foraging range.  For animals with a small home range, the AUF defaults to 1.  
The AUFs are estimated using the following equation: 

 
FRx

EA
AUF   

Where: 

AUF = Area use factor 
EA =  Exposure area (hectares) 
FRx =  Foraging range for target species x (hectares) 

An AUF is not used for estimating exposures in the scoping assessment (receptors were 
assumed to spend 100 percent of their time at the site).  Receptor-specific AUFs are used in 
the predictive assessment.  The AUFs for each receptor are provided in each Group 9 RI site 
section. 

113BExposure Point Concentrations.  The concentration of a CPEC in a given medium to which 
potential ecological receptors and representative species would most likely be exposed is 
referred to as the EPC.  This ERA used three different EPCs, including the maximum 
detected concentration, the RME, and the CTE.  The maximum detected concentration was 
taken from all samples collected at a given RI site that met the data quality requirements for 
the CPEC.  The maximum represents a “worst case” exposure.  The CTE concentration was 
the arithmetic mean as specified by the SRAM (MWH, 2005b) and represents an “average” 
exposure.  The RME concentration (generally the 95%UCL) was calculated using the most 
recent version of ProUCL, as specified by the SRAM.  The RME concentration represents a 
conservative estimate of average exposure.  Taken together, these three EPCs describe the 
range of expected exposure, from average to most extreme, for a given CPEC, and will help 
inform subsequent risk management decision-making. 
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The RME EPC was calculated following the most recent parametric (distributional) and 
nonparametric EPA recommendations as offered in ProUCL (EPA, 2006; 2007).  EPA 
released Version 4.0 of ProUCL in 2007 for general usage; it offers new approaches for 
calculating UCLs of the mean, particularly when non-detects are present.  These new 
approaches consider a large variety of inputs including the perceived distribution of the 
detected results (if no perceived distribution is acceptable, nonparametric alternatives are 
offered), sample size, variability, and skewness.   

The ProUCL decision tree for UCLs of the mean is large, with parametric approaches for 
left-censored data sets (those with nondetects) centering on maximum likelihood estimates 
for use as proxy substitutions.  These estimates attempt to complete the censored left tail of 
the data using information available from the available detected data.  The distributions 
available in ProUCL include normal, lognormal, and gamma distributions. 

Nonparametric approaches are available when a discernable distribution cannot be 
identified.  When non-detects are present, the primary nonparametric approach involves the 
Kaplan-Meier approach.  Depending on the data, the Kaplan-Meier approach may be 
applied with aspects of a student t approach or one of various “bootstrap” approaches.  
When all results are detected, other nonparametric approaches (such as the Chebyshev 
approach) are used. 

Calculations using the Chebyshev approach adhere to EPA’s recommendation of sometimes 
using a 97.5% or 99% Chebyshev UCL when sample size, variability, and skewness suggest 
unusually high uncertainty.  These elevated-confidence UCLs are not offered in an attempt 
to alter the overall confidence that the true mean falls below the calculated UCL (95%), but 
to recognize the results of EPA’s Monte Carlo studies, which indicate that under such 
conditions, a 95% Chebyshev UCL tends not to offer sufficient coverage of the true mean.  
Thus, these special Chebyshev UCLs remain attempts to offer the best 95% UCL despite the 
nomenclature describing higher confidence (97.5% or 99%). 

The most appropriate method for calculating the UCL for each CPEC is based on sample 
size, goodness of fit to distributions, variability, and skewness.  Note:  if there are more than 
four data points, but only one is a detected value, ProUCL does not calculate a UCL.  In 
these cases, the UCL was calculated using the Chebyshev method with ½ the reported value 
for non-detects. 

The RME EPC for each CPEC at each RI site was determined based on the following 
decision rules:    

 If there are fewer than four data points (samples), then the EPC defaults to the maximum 
detected concentration. 

 If there are four or more data points, then the UCL recommended by ProUCL is used as 
the EPC. 

 If the UCL is greater than the maximum detected concentration, then the EPC defaults to 
the maximum detected concentration. 

Site-specific EPCs are reported in each RI site section. 
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88BEcological 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.  Stressor-response (effects) data that may be 
used to evaluate ecological risks resulting from chemical exposures make up three general 
categories:  literature-derived or site-specific single-chemical toxicity data, site-specific 
ambient media toxicity tests, and site-specific field surveys (Suter et al., 2000).  Site-specific 
toxicity studies and quantitative field surveys were not conducted for this ERA.  Therefore, 
single-chemical toxicity data found in the literature were the basis for determining toxicity 
reference values (TRVs). 

TRVs were classified into three categories–ESLs, Low TRVs, and High TRVs.  ESLs are 
screening values that integrate conservative exposure assumptions and no observed adverse 
effect levels (NOAELs) into a value expressed as a media-based chemical concentration.  
Low TRVs include NOAELs, no observed effect concentrations (NOECs), low Biological 
Technical Assistance Group (BTAG) values, threshold effect concentrations (TECs), and 
chronic national recommended ambient water quality criteria (NRWQC).  High TRVs reflect 
a mid-range exposure at which adverse effects might occur based on a chronic or sub-
chronic exposure.  High TRVs include the lowest observed adverse effect levels (LOAELs), 
lowest observed effect concentrations (LOECs), 20-percent effective concentrations (EC20s), 
high BTAG values, and probable effect concentrations (PECs).  Toxicity results with other 
endpoints were used in the absence of preferred effect levels and were modified with UFs.   

Tables 1.5-20 and 1.5-21 provide the soil gas modeling parameters and the chemical 
properties for VOCs, respectively.  The ESLs are summarized in Table 1.5-22; the lowest soil 
ESL is listed in Table 1.5-23.  The ESLs for most chemicals are those listed in the SRAM 
(MWH, 2005b); however, some values were revised based on a review of the calculations 
and literature used to derive the values, in agreement with MWH (Personal 
Communication, April 2008).   

The TRVs for soil invertebrates were obtained primarily from sources listed in the SRAM 
(MWH, 2005b), followed by EPA’s ecological soil screening levels (Eco-SSLs), Efroymson et 
al. (1997), and literature searches.  The TRVs for terrestrial plants are listed in Table 1.5-24; 
the TRVs for soil invertebrates are summarized in Table 1.5-25. 

The Low TRVs for birds and mammals were obtained from the studies used to develop the 
ESLs in the SRAM (MWH, 2005b), where available.  High TRVs were obtained from the 
same study and source as the Low TRVs when possible.  TRVs for analytes that were not 
listed in the SRAM, or for which no TRV was identified in the SRAM, were obtained first 
through searches of the SRAM-recommended sources listed below, followed by searches of 
the open literature: 

 EPA IRIS–HUhttp://cfpub.epa.gov/ncea/iris/index.cfmU 

 ATSDR–HUhttp://www.atsdr.cdc.gov/U 

 Toxicological Benchmarks for Wildlife:  1996 (Sample et al., 1996) 

 EPA Region 9 BTAG TRVs developed for the U.S. Navy (Engineering Field Activity 
West [EFA West], 1998) 

http://cfpub.epa.gov/ncea/iris/index.cfm
http://www.atsdr.cdc.gov/
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For this assessment, the Low TRV is considered to be within the range of a NOAEL; the 
High TRV is considered to be within the range of a LOAEL.  The use of both a Low TRV and 
High TRV provides a range of HQs that reflect the range of estimated risk between a no 
effect and a possible effect level.  The TRVs for birds, based on ingestion, are listed in 
Table 1.5-26.  The TRVs for mammals, based on ingestion, are listed in Table 1.5-27 and the 
TRVs for mammals, based on inhalation, are listed in Table 1.5-28. 

The TRVs for benthic macroinvertebrates exposed to sediment were obtained primarily 
from sources listed in the SRAM (MWH, 2005b), but values selected from those sources 
reflected the consensus-based values as opposed to strictly the lowest values.  In addition, 
marine values were used only when freshwater values were not available as opposed to the 
use of either marine or freshwater (depending on which was lower) in the SRAM.  TRVs for 
sediment are listed in Table 1.5-29. 

The TRVs for fish and other aquatic organisms exposed to surface water were obtained 
primarily from the sources listed in the SRAM (MWH, 2005b) and included chronic 
NRWQC, secondary chronic values (Tier II values), and TRVs obtained from other literature 
searches.  The TRVs for surface water are listed in Table 1.5-30. 

The toxicological studies compiled in the TRV tables were evaluated for endpoints and 
assigned UFs, if necessary, to normalize the endpoints to a Low or High TRV equivalent.  
Per the SRAM (MWH, 2005b), the UFs applied were as follows: 

 Lethal dose to 50 percent of test organisms (LD50) to NOAEL:  UF = 100 

 LD50 to LOAEL:  UF = 10 

 LOAEL to NOAEL:  UF = 5 

 Subchronic to chronic:  UF = 2 

The determination of whether a toxicity study was subchronic or chronic was made using 
the following guidelines:   

 A chronic exposure in mammals is equivalent to at least 50 percent of a species’ lifespan, 
based on technical support information for the Great Lakes Water Initiative Wildlife Criteria 
(EPA, 1995a, b; Sample et al., 1996).  For example, exposures of 1 year or greater would 
be considered chronic exposures for studies on laboratory rodents (with life spans of 
about 2 years). 

 Limited information is available concerning the life spans of birds used in toxicity tests.  
Consistent with Sample et al. (1996), avian studies where the exposure duration was 
greater than 10 weeks are considered chronic studies. 

 In addition to duration, the time when contaminant exposure occurs is critical.  
Reproduction and development periods (mating, gestation, and lactation) are 
particularly sensitive life stages due to the stressed condition of the adults and the rapid 
growth and differentiation occurring within the embryo (Sample et al., 1996).  Because 
benchmarks are intended to evaluate the potential for adverse effects on wildlife 
populations consistent with SSFL assessment endpoints) and consistent with Sample et 
al. (1996), exposures that occur during most of a species’ reproduction and development 
period (critical life stage) are considered to represent chronic exposures. 
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 Sources of TRVs such as IRIS, HEAST, ATSDR, EFA West (1998; BTAG values), and 
Sample et al. (1996) occasionally apply different UFs than those used in the SRAM 
(MWH, 2005b) to adjust a study to what is labeled a “Chronic NOAEL.”  For IRIS, 
HEAST, and ATSDR, the details of the study were reviewed and the criteria in the first 
bullet above are used.  If the details of the study are not presented or are not sufficiently 
complete to make a determination, then the interpretation made by the source document 
are used.  In the case of EFA West (1998) and Sample et al. (1996), the final derived 
chronic NOAEL (or Low TRV) values will be used. 

53B1.5.4.6 Risk Characterization 

The risk characterization evaluates the evidence linking exposures to CPECs with their 
potential ecological effects on the representative species identified for Group 9.  This 
evaluation is completed through the integration of information gathered in the problem 
formulation, the results of the analysis, and other lines of evidence.  For the Group 9 ERAs, 
the evidence to be evaluated consisted of measured chemical concentrations in abiotic 
media (soil, sediment, surface water, and/or soil gas as appropriate), modeled 
concentrations in biota (food-chain uptake), exposure estimates for representative species, 
toxicity information obtained from the literature, and quantitative and/or qualitative risk 
evaluations.  The risk characterization is composed of three main components:  the risk 
estimation, risk description, and uncertainty analysis.  These three components are used 
together to identify the final contaminants of ecological concern (COECs) and 
recommendations for Group 9.   

89BRisk Characterization Process.  A sequential process was used to integrate the three 
components of the risk characterization.  The process includes the elements required by the 
SRAM (MWH, 2005b), as well as additional refinements that result in a more robust ERA 
and provide risk managers with more information for making risk management decisions 
for the site.  The risk characterization process includes the risk estimation through the 
calculation of HQs and HIs, and the risk description and uncertainty analysis through the 
interpretation of HQs and HIs via WoE. 

The risk characterization process for each medium is described below.  The procedures for 
calculating HQs and HIs are described in the risk estimation subsection, the interpretation 
of results is presented in the risk description, and the description of uncertainties is 
presented in the uncertainty analysis subsection.   

114BSoil.  The generalized risk characterization process for soil is presented in Figure 1.5-5 and 
includes an evaluation of direct exposures for soil invertebrates and modeled dietary 
exposure risk estimates using two EPCs (CTE and RME) and two TRVs (Low TRV and High 
TRV).  The process for the burrowing small mammal (the deer mouse) accounts for the 
potential for exposures during burrowing at greater depths than those for other wildlife, as 
shown in Figure 1.5-6.  Calculations include HQs and HIs, which are described in 
Section 1.5.4. 

For soil invertebrates, the maximum detected concentration of a CPEC is compared to the 
LOAEL or High TRV for soil invertebrates (Figure 1.5-5).  If the maximum detected 
concentration does not exceed the High TRV, that individual chemical can be concluded to 
present no unacceptable risk to soil invertebrates.  If the maximum detected concentration 
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exceeds the High TRV, sample locations that exceed are identified.  When High TRV-based 
HQs exceed 1, those chemicals are retained for potential remedial decisions (hot spot 
removal) as part of the FS.  The decision to perform a FS will depend on the number of 
chemicals that exceed High TRVs, the clustering of samples with contaminants in excess of 
the High TRVs, and the magnitude of the High TRV exceedances. 

Risks to terrestrial plants initially are evaluated qualitatively, using field observations to 
assess whether resident vegetation displays visible signs of impaired health.  If the field 
observations suggest effects to resident plants, soil concentration data are evaluated using 
literature-derived effects data in a manner comparable to that described above for soil 
invertebrates. 

Birds and mammals experience multi-media exposure, which requires modeling of the 
dietary dose for comparison to TRVs.  Dietary exposure (described in Sections 1.5.4.4 and 
1.5.4.5) is estimated for all bird and mammal receptors based on both RME and CTE surface 
soil (0 to 2 ft), sediment, and surface water concentrations (where available) (Figure 1.5-5).  
The process for evaluating the deer mouse is slightly different, as described below.  Both the 
RME and CTE exposure estimates are compared to Low and High TRVs.  HQs for each 
chemical and HIs for groups of like chemicals are calculated.  The WoE will be used to 
identify chemical and chemical groups for potential remedial decisions in the FS.  The 
decision to perform an FS will depend on the threshold (Low or High TRV) exceeded and 
magnitude of exceedance, the bioavailability of the chemical, and the availability and 
quality of habitat for the receptor at the site. 

Because some small mammals burrow, they may experience exposure over depths ranging 
from the surface to 6 ft bgs.  The general soil risk characterization process (Figure 1.5-5) was 
modified to accommodate the soil depth (Figure 1.5-6).  To identify the soil depth range 
representing the greatest exposure, maximum detected soil concentrations in the 0- to 2-, 0- 
to 4-, and 0- to 6-ft-depth ranges are compared to the small mammal ESLs.  HIs over all 
chemicals are calculated for each depth range.  The depth with the greatest total HI is 
selected for more detailed RME and CTE exposure modeling, which is conducted and 
evaluated as described above for other wildlife receptors. 

Because inorganics are naturally occurring, they are expected to occur in soil samples from 
any given site.  In an effort to determine the incremental risk associated with each inorganic 
(that is, the risk in excess of that attributable exclusively to background concentrations), 
background risks were calculated for inorganics that failed the screen for one or more 
receptors by dividing the background RME soil concentration by the TRV for the 
appropriate receptor.  Background HQs were then subtracted from site HQs to determine 
the incremental risk HQ. 

115BSoil Gas.  The process for evaluating the potential risk that soil gas may present to small 
mammals is outlined in Figure 1.5-7.  The maximum detected soil gas concentration is 
compared to the mammalian inhalation ESL.  If the maximum detected soil gas 
concentration is less than the inhalation ESL, that individual chemical can be concluded to 
present no unacceptable risk to burrowing mammals.  The maximum detected soil gas 
concentration also is compared to alternate NOAEL-based inhalation TRVs presented by 
Gallegos et al. (2007).  Samples that exceed the inhalation ESL or alternate TRVs are 
identified.  The WoE is used to identify chemicals for potential remedial decisions in the FS.  
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The decision to perform an FS will depend on the number of chemicals that exceed the 
TRVs, the clustering of samples with contaminants in excess of Low or High TRVs, and the 
magnitude of exceedances. 

116BSediment.  The screening process for sediment (Figure 1.5-8) is conceptually similar to that 
for soil invertebrates.  The maximum detected concentrations of chemicals are compared to 
sediment ESLs (which are equivalent to Low TRVs or TECs).  Chemicals that fail this screen 
are carried forward and the maximum detected concentration is the compared to the High 
TRV (or PEC) for sediment.  If the maximum detected concentration does not exceed the 
High TRV, that individual chemical can be concluded to present no unacceptable risk to 
benthic macroinvertebrates.  If the maximum detected concentration exceeds the High TRV, 
sample locations that exceed are identified.  When High TRV-based HQs exceed 1, those 
chemicals are retained for potential remedial decisions (hot spot removal) as part of the FS.  
The decision to perform an FS will depend on the number of chemicals that exceed the High 
TRVs, the clustering of samples with contaminants in excess of the High TRVs, and the 
magnitude of the High TRV exceedances.   

117BSurface Water.  The screening process for surface water (Figure 1.5-9) is conceptually similar 
to that for sediment.  The maximum detected concentrations of chemicals are compared to 
Low TRVs (which in this case are chronic ambient water quality criteria [AWQCs]).  If the 
maximum detected concentration does not exceed the Low TRV, that individual chemical 
can be concluded to present no unacceptable risk to aquatic organisms.  If the maximum 
detected concentration exceeds the Low TRV, sample locations that exceed are identified.  
When the Low TRV-based HQs exceed 1, those chemicals are retained for potential remedial 
decisions (hot spot removal) as part of the FS.  The decision to perform an FS will depend on 
the number of chemicals that exceed the High TRVs, the clustering of samples with 
contaminants in excess of the High TRVs, and the magnitude of the High TRV exceedances. 

90BRisk 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 were developed for two types of comparisons using the indicated equations: 

1. Direct comparisons of measured concentrations in soil, soil gas, sediment, or surface 
water to the respective TRVs for each CPEC.  These comparisons were conducted for soil 
invertebrates and terrestrial plants exposed to soil, borrowing mammals exposure to soil 
gas, benthic macroinvertebrates exposed to sediment, and aquatic plants and other 
aquatic organisms exposed to surface water, according to the following equation: 

 
)///(

)///(
3

3

LgormmgorkgmgTRV

LgormmgorkgmgEPC
HQ   

 
2. Comparisons of estimated total exposure dosages via the food-chain uptake model to 

effects dosage TRVs.  These comparisons were conducted for birds and mammals 
exposed to soil or sediment, surface water, and food, according to the following 
equation: 
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HIs, calculated only for dietary exposures to birds and mammals, were developed for 
specific classes of chemicals assuming similar modes of action for chemicals within those 
classes.  HIs were calculated for the following classes, when available: 

 Dioxins/furans (and dioxin-like PCBs) 

 PAHs 

 Aroclors 

 PCBs 

 Phthalates  

 Organochlorine pesticides 

 Organophosphorous pesticides 

 Volatile organics  

 TPHs 

The HI was calculated as follows: 

classinchemicalsHQsHI  

Risk estimates were derived from the combinations of EPCs and TRVs for each 
representative receptor, as described in Section 1.5.4.6.  Chemicals or chemical classes with 
HQs or HIs greater than 1 were retained for further evaluation in the risk description; all 
other CPECs (HQs and HIs less than 1) were not considered to pose an unacceptable risk to 
ecological receptors and were removed from further consideration. 

91BRisk 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 9.  Chemicals with HQs exceeding 1 were further 
evaluated to determine the COECs.  Information considered in the determination of the 
COECs includes receptor groups potentially affected, exceedances of Low and/or High 
TRVs, magnitude of exceedance, bioavailability, and habitat quality at the site. 

To facilitate the interpretation of TRV exceedances, chemicals that exceeded one of the TRVs 
(ESL, Low TRV, or High TRV) were assigned into seven general risk groups (1 through 7, 
described below).  These groups were created specifically for this report 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. 
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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. 

92BUncertainty Analysis.  Uncertainties are inherent in all aspects of an ERA.  The nature and 
magnitude of uncertainties depend on the amount and quality of the data available, the 
degree of knowledge concerning site conditions, and the assumptions made to perform the 
risk assessment.  A qualitative evaluation of the major uncertainties associated with ERAs 
for all RI sites in Group 9 is outlined below.  Uncertainties that are specific to any RI site are 
presented in the each site-specific section, as appropriate. 

93BProblem Formulation.  Representative species were selected to reduce uncertainty and to 
focus on species that are both maximally exposed and representative of the wildlife using 
the site.  However, differences among species, including physiology, reproductive biology, 
or foraging habits, can result in different exposures and sensitivities to different chemicals.   

 No site-specific data regarding CPEC concentrations in wildlife foods at Group 9 sites 
were available for avian and mammalian exposure estimate calculations.  Therefore, 
concentrations in food items were estimated using SSFL site-specific BAFs or literature-
derived bioaccumulation models.  The suitability of the literature-derived 
bioaccumulation models to conditions at the site is unknown.  Therefore, concentrations 
of CPECs in biota present at the site and, consequently, the dietary exposures of birds 
and mammals, may be either higher or lower than values estimated in this ERA that 
were based on literature-derived bioaccumulation models. 

94BExposure Characterization.   
 No avian and mammalian life history data specific to Group 9 were available; therefore, 

exposure parameters either were modeled according to allometric relationships (food 
ingestion rates) or data from the same species in other portions of its range.  Because diet 
composition, including food, water, and soil, may not accurately reflect individuals 
present at the site, potential risks may either be overestimated or underestimated. 

 Several exposure routes were considered minor and were not included in the exposure 
analysis.  Although exposure via these other routes still contributes to the total risk to 
each receptor, potential risks could have been underestimated because these routes were 
not quantified. 

 Dermal contact with soil, sediment, or surface water is considered to be a minor 
secondary route of exposure for birds and mammals.  Dermal contact is of concern 
primarily with organic chemicals that are lipophilic (have an affinity for fats) and can 
cross the epidermis of the exposed organism.  Although some CPECs are highly 
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lipophilic (for example, dichlorodiphenyldichloroethane [DDE]) and can bioaccumulate, 
they are of greater concern in the food-chain pathway as opposed to direct contact.   

95BEcological Effects Characterization.  
 Literature-derived toxicity data from laboratory studies were the only toxicity data used 

to evaluate risks to all receptor groups.  Effects observed in laboratory species were 
assumed to be indicative of effects that would occur in wild species.  The suitability of 
this assumption is unknown.  Therefore, potential risks may either be overestimated or 
underestimated. 

 Toxicity data were not available for all CPECs or media considered in this ERA.  CPECs 
for which toxicity data were unavailable were not evaluated, or surrogate toxicity data 
were used.  The potential risks may be overestimated or underestimated. 

 Bioavailability of CPECs was assumed to be 100 percent.  This is a conservative estimate 
and may overestimate risks to receptors at the site.   

96BRisk Characterization.    
 Potential ecological risks were quantified using the HQ approach.  The magnitude of the 

HQ indicates the potential for ecological risk, but is not an exact estimation of risk.  For 
example, the actual risk from a chemical with an HQ of 70 could be less than that for a 
chemical with an HQ of 20 because of uncertainties involved in estimating exposure, 
selection of effects criteria (TRVs), or other field conditions.   

 Data necessary to estimate potential risks from all pathways for all chemicals in the 
food-chain uptake model were not always available.  For these chemicals and/or areas, 
the food-chain uptake model was completed using the available data.   

97BConclusions and Recommendations.  The overall ERA conclusions and recommendations 
specific to each RI site in Group 9 are presented in each site-specific section.  The 
conclusions will identify chemicals that present risks, the estimated magnitude of that risk, 
the receptors to which they present risk, and if possible, the sample locations (or other 
attributes) that drive risk.  Chemicals that present no risks also will be identified.  
Recommendations for additional data collection and further evaluation or consideration of 
remediation (FS) will be made depending on the nature and magnitude of the risk 
conclusions. 

22B1.5.5 Deviations from SRAM 

The SRAM (MWH, 2005b) provides the primary guidance for conducting and reporting 
HHRAs and ERAs at SSFL.  Although all reasonable efforts have been made to perform risk 
evaluations in accordance with the SRAM, because of progress in the development of risk 
assessment methodologies and tools since the SRAM was prepared, and subsequent 
identification of areas where enhancements were appropriate, deviations from the SRAM-
dictated approaches were necessary in some cases.  Deviations from the SRAM for both the 
HHRAs and ERAs are summarized below. 

54B1.5.5.1 Human Health Risk Assessment Deviations 

As described in Section 1.5.3, the HHRA was performed following the guidelines in the 
SRAM (MWH, 2005b).  Because risk assessment science and regulatory policy change with 
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time, provisions are included in the SRAM (MWH, 2005b) that allow the proposed approach 
to be modified to reflect scientific advancement or changes in regulatory guidance or 
policies.  The deviations in risk assessment methods from those provided in the SRAM 
(MWH, 2005b) are listed below: 

 This HHRA addresses residential exposure scenarios, in addition to adult and child 
recreational user and industrial worker scenarios.  A more likely future use of SSFL is 
for recreational purposes, and recreationists are the most plausible future human 
receptors.  However, in accordance with California SB 990, response actions at SSFL also 
should consider a hypothetical future agricultural residential land use.  This is a 
deviation from the SRAM (MWH, 2005b).  The exposure scenarios listed in the SRAM 
are current site workers and trespassers, as well as future onsite residents and visitors.  
This agricultural residential scenario will include the consumption of beef, eggs, milk, 
swine, fruits, and vegetables.  However, pending final agreement of the input 
assumptions considered in the scenario, the assessment of the subsistence agricultural 
exposure scenario will be included in a supplemental risk assessment report separate 
from this RI Report. 

 The toxicity criteria used to assess dioxin and coplanar PCB congeners were the 2005 
WHO TEFs published by Van den Berg et al. (2006), as opposed to the WHO TEFs 
published by Van den Berg et al. (1998), as stated in the SRAM (MWH, 2005b).  In 
addition, the chemical-specific toxicity criteria that were used in the HHRA have been 
updated since their inclusion in the SRAM. 

55B1.5.5.2 Ecological Risk Assessment Deviations 

Deviations from the SRAM (MWH, 2005b) guidance for performing ERAs are summarized 
below: 

 The TRVs for benthic macroinvertebrates exposed to sediment were obtained primarily 
from sources listed in the SRAM (MWH, 2005b), but values selected from those sources 
reflected the consensus-based values (MacDonald et al., 2000) as opposed to strictly the 
lowest values.  In addition, marine values were used only when freshwater values were 
not available, as opposed to the use of either marine or freshwater (depending on which 
was lower) in the SRAM (MWH, 2005b). 

 ESLs–Several opportunities to enhance the process used to develop the ESLs reported in 
the SRAM (MWH, 2005b) were found.  Several discussions were held between MWH 
and CH2M HILL to address the underlying interpretive issues, as well as to review the 
ESLs for chemicals that were identified as risk drivers.  Items that were agreed to 
between MWH and CH2M HILL include the following:   

 Establishing the criteria for the interpretation of mammalian and avian toxicity 
studies as required for correct application of UFs 

 Hierarchy for the selection of ESLs for sediment and surface water 

 Review and/or correction of mammalian soil ESLs (approximately 100 chemicals), 
bird ESLs (4 chemicals), soil invertebrate ESLs (7 chemicals), surface water ESLs 
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(approximately 38 chemicals), and sediment (approximately 37 chemicals).  
Corrected mammalian ESLs and toxicity values are summarized in Table 1.5-31.   

 Selection process for CPECs.  The selection criteria were generally as outlined in the 
SRAM (MWH, 2005b); however, some deviations were made, as noted below: 

 Chemical is present in excess of the concentrations observed in laboratory field 
blanks.  This step was completed as part of the data evaluation and reduction steps 
completed for all aspects of the RI. 

 Chemical historically was used at the site.  This step was not followed, because it is 
too subjective.  All chemicals meeting other criteria were retained for risk assessment 
regardless of potential historical use.  Site-specific BAFs were developed in the 
SRAM (MWH, 2005b) for many chemicals and were used if available (with the 
exception of perchlorate).  If a site-specific BAF was not available, other literature-
reported values or regression models were used.  If literature values or reliable 
models were not available for a given chemical, then a conservative default 
bioaccumulation value of 1 was used.  Perchlorate was discussed with MWH and 
DTSC and a revised BAF for plants was proposed and accepted.   

 Selection of TRVs.  The SRAM (MWH, 2005b) uses only one set of TRVs to evaluate 
potential risks (Low TRVs).  Three levels (ESLs, Low TRVs, and High TRVs) were used 
in preparing this RI Report to provide a risk range for WoE regarding COECs.   

 Use of allometric scaling.  The SRAM specifies using allometric scaling when receptor 
and test animal BW differs by more than 100 times.  Per recent discussions with DTSC 
and MWH, it is recognized that allometric scaling is no longer in favor with DTSC 
because it is not scientifically supported.  Allometric scaling of toxicity data, therefore, 
has been removed from all analyses. 

 EPCs.  The SRAM (MWH, 2005b) uses the CTE and an RME (which is the 95% UCL) for 
estimating risk.  For this RI Report, the maximum concentration was used, in addition to 
the CTE and RME.  This approach assists in expanding the WoE for COECs by 
delineating maximum exposures.   

 Determination of the RME exposure level.  The SRAM (MWH, 2005b) forces the RME to 
be a 95% UCL even when ProUCL recommends a different value, which can be a 
97% UCL or even a 99% UCL.  In this RI Report, it is proposed that the recommended 
ProUCL output be used for the RME (unless the UCL exceeds the maximum detected 
value, in which case it defaults to the maximum detected value).  Unlike the SRAM, in 
this report, it is proposed that EPA’s recommendations be followed, which sometimes 
results in a 97.5% or 99% Chebyshev UCL when sample size, variability, and skewness 
suggest unusually high uncertainty.  These elevated-confidence UCLs are not offered in 
an attempt to alter the overall confidence that the true mean falls below the calculated 
UCL (95%), but to recognize the results of EPA’s Monte Carlo studies, which indicate 
that under such conditions a 95% Chebyshev UCL tends not to offer sufficient coverage 
of the true mean.  Thus, these special Chebyshev UCLs remain attempts to offer the best 
95% UCL despite the nomenclature describing higher confidence (97.5% or 99%). 
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 Risk characterization processes.  The risk estimation processes include the basic 
comparisons specified in the SRAM (MWH, 2005b), but also include the additional 
calculations using more TRVs and EPCs.   

 HIs.  The SRAM (MWH, 2005b) specified that certain HIs be developed for specific 
classes of chemicals assuming similar modes of action for chemicals within those classes.  
HIs were calculated for these, as well as some additional classes (as requested by DTSC): 

 Dioxins/furans (and dioxin-like PCBs)–specified in the SRAM (MWH, 2005b) 

 PAHs–specified in the SRAM 

 Aroclors–specified in the SRAM 

 PCBs–specified in the SRAM 

 Phthalates-additional 

 Organochlorine pesticides-additional 

 Organophosphorous pesticides-additional 

 Volatile organics-additional 

 TPHs–specified in the SRAM 

6B1.6 Fate and Transport Evaluation Approach Overview 
for Group 9 

This subsection examines contamination migration potentials through an environmental 
contaminant fate and transport evaluation.  The site physical characteristics, source 
characteristics, and extent of contamination are combined to form the basis of the 
contaminant fate and transport.   

23B1.6.1 CSM:  Contaminant Sources, Release Mechanisms, and Migration 
Pathways  

The various CSMs of the contaminant sources, release mechanisms, and migration 
pathways are shown in Sections 2 through 4 for each site.  Waste on the surface or buried in 
the ground may contaminate surface and subsurface soil.  Runoff and erosion may move 
contaminants to surface water and sediment.  Contaminants buried in subsurface soil may 
leach to groundwater.  For areas that have high levels of VOCs, indoor air is also a medium 
of interest for exposure evaluations. 

24B1.6.2 Potential Routes of Migration 

The primary mechanism for contaminant transport from the source areas at a site is 
evaluated in this subsection.  Typically, the migration pathways are likely to be surface 
runoff, particularly when a site is located on an incline.  Other media affected by surface 
runoff include the sediments and surface water if a surface water body is present in the 
vicinity.  Other potential migration pathways include contaminants in soil, buried waste 
materials, and contaminated surface water migrating vertically downward, which may 
leach through the vadose zone and be transported into the groundwater system.  Surface 
soil also may be released to the air by wind erosion. 



1.  INTRODUCTION AND METHODOLOGY 

MGM09-SSFL/GROUP9_RI/SECTION1.DOC DRAFT 1-65 

Another potential contaminant pathway is the migration of contaminants from surface soil 
into the subsurface.  Infiltration of rainfall may leach some contaminants into subsurface soil 
and subsequently into the groundwater. 

25B1.6.3 Contaminant Persistence 

The mobility and persistence of the potential contaminants at the site are characteristics of 
their physical, chemical, and biological interaction with the environment.  Mobility is the 
potential for a chemical to migrate from a site, and persistence is a measure of how long a 
chemical will remain in the environment.   

Various basic physical and chemical properties affect the transport of chemicals in the 
environment at the site.  The fate and transport evaluation of the COCs that are identified 
for each site will be conducted using their respective physical and chemical properties to 
assess the most probable fate at the individual sites.  In general, chemicals that are soluble, 
volatile, or leachable tend to be mobile.  Mobile chemicals are likely to be released and 
transported from the source and are not persistent, whereas persistent chemicals tend to 
remain localized in the SA and are resistant to chemical and biological degradation 
reactions.  The following are considered to be the most important properties: 

 Sorption 

 Volatilization 

 Degradation 

 Transformation 

 Bioaccumulation 

Sorption is the tendency for chemicals to adsorb to and desorb from materials in the media 
through which the contaminants are being transported.  The subsurface materials likely to 
sorb chemicals typically are clays and organic material.  In addition, inorganic chemicals 
adsorb onto iron, manganese, and aluminum oxyhydroxide or oxide coatings on soil and 
sediment grains.  The conventional measure of sorption for a chemical is the soil-water 
distribution coefficient (Kd).  The Kd for organic chemicals is the product of a partition 
coefficient (Koc) and the fraction of organic carbon (foc).  In general, chemicals with a Koc 
greater than 10,000 milliliters per gram (mL/g) (many SVOCs) have high degrees of 
adsorption and consequentially low mobility, whereas chemicals with a Koc lower than 
1,000 mL/g (many VOCs) have lower degrees of adsorption and consequentially higher 
mobility.   

Volatilization is the tendency for some chemicals, particularly VOCs, to change from a 
liquid or adsorbed state to a gas.  A conventional measure of volatility is Henry's Law 
Constant (H).  Compounds with H values higher than 10-3 atmosphere-cubic-meter per mole 
(atm-m3/M) are expected to volatilize readily from water to air, whereas those with 
H values lower than 10-5 atm-m3/M are relatively non-volatile.  Most inorganic chemicals 
are not volatile under normal temperature and pressure conditions. 

Degradation is the transformation of one chemical to another by such processes as 
hydrolysis, photolysis, and biodegradation.  Hydrolysis is the reaction of a chemical with 
water and photolysis is the result of exposing the chemical to light.  Degradation commonly 
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is expressed as a half-life that composites the degradation by whatever processes may be 
operating.   

Transformation occurs when metals are increased or reduced in a valence state by oxidation 
or reduction, respectively.  Transformation may have a significant effect on the mobility of a 
metal, either increasing or decreasing it.  Transformation can be caused by oxidation-
reduction potential (ORP) and pH changes and by microbial or non-microbial (abiotic) 
processes. 

Bioaccumulation is the extent to which a chemical will partition from water into the 
lipophilic parts (fat) of an organism.  Bioaccumulation commonly is estimated by the 
octanol-water partition coefficient (Kow).  Chemicals with high values of Kow tend to avoid 
the aqueous phase and to remain in soil longer or bioaccumulate in the lipid tissue of 
exposed organisms.  The accumulation of a chemical in the tissue of the organism can be 
quantified by a bioconcentration factor (BCF), which is the ratio of the concentration of the 
chemical in the tissue to the concentration in the water.  BCFs are both contaminant-specific 
and species-specific.  Inorganic chemicals and SVOCs tend to have higher Kow values, so 
they bioaccumulate more extensively than do VOCs. 

7B1.7 Data Quality Evaluation Summary 

26B1.7.1 Data Quality Evaluation Summary 

Analytical data from the RI sampling for Group 9 were assessed in accordance with the 
procedures and specifications contained in the Surficial Media Operable Unit Quality 
Assurance Project Plan, Revision 2 (RFI QAPP) (MECx, October 2008).  This subsection and 
Table 1.7-1 briefly summarize the overall results and quality of the data for Group 9.  Data 
flags were assigned according to the QC acceptance limits defined in the QAPP as follows: 

J = Analyte concentration was considered an estimated value because one or more QC 
specifications were not met, or concentration was greater than the method detection 
limit (MDL) but less than the project quantitation limit (low-level detects). 

R = Rejected result; identification and/or quantitation could not be verified because 
critical QC specifications were not met.  

U = Analyte was not detected. 

UJ = Analyte was not detected. The sample quantitation limit was estimated. 

Overall, the data collected from Group 9 during this investigation were of acceptable 
quality.  Out of approximately 8,320 reported results, 303 data points were qualified as not 
detected due to low-level blank contamination (3.6 percent), 754 data points were qualified 
as estimated concentrations due to QC exceedances (9.1 percent), and 1,014 data points were 
qualified as estimated concentrations due to low-level detects (12 percent).  There were 4 
data points rejected due to low matrix spike/matrix spike duplicate recovery and/or low 
blank spike recovery (0.05 percent).  The overall data were 99.95 percent complete, and with 
the exception of the rejected results, the data can be used in the project decision-making 
process as qualified. 
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2. Silvernale Reservoir Area 

2.1 Silvernale Reservoir Background and History 

The Silvernale Reservoir RI site covers approximately 11.8 acres in the central portion of 
Area III at SSFL.   

2.1.1 SWMUs and AOCs 

The Silvernale Area contains one SWMU and no AOCs.  The Silvernale Reservoir has been 
designated as SWMU 6.8 (SAIC, 1994).   

2.1.2 Site History 

The Silvernale Reservoir is a 6-million-gallon unlined reservoir used to collect surface runoff 
since the 1950s (ICF, 1993).  Silvernale does not currently receive any operational discharges 
and all current inflow is not related to facility operations, only storm water runoff.  The 
Silvernale Reservoir received discharge water and surface water from all the RFI sites in 
Group 5 (except for the Systems Test Laboratory [STL IV] and the Pond Dredge RFI sites); 
the Coca, Delta, and PFL RFI sites in Group 4; the Alfa, Bravo, Building 204, and Storage 
Propellant Area (SPA) RFI sites in Group 3; the Building 515 Sewage Treatment Plant (STP) 
RFI site in Group 2; and the Old Conservation Yard (OCY), New Conservation Yard (NCY), 
and Sodium Reactor Experiment (SRE) RFI sites in Group 6.  Storm water from Group 5, 
except for storm water from the Pond Dredge and STL IV RFI sites, generally flows to the 
17th Street Drainage and to the R-2 Discharge Ponds (R-2 Ponds).  For more detailed storm 
water flow for Group 5 refer to the Group 5 RFI report (CH2M HILL, 2008a).  Water from 
the R-2 Ponds is pumped to the Silvernale Reservoir during times when the R-2 Ponds are at 
capacity (Trippeda, 2009). 

The Silvernale Reservoir receives surface water from Group 4 via the R-2 Ponds.  Storm 
water occurs as sheet flow to the west/northwest from the vicinity of the Coca Test Stand to 
the Coca Skim Pond and then to the R-2 Ponds via a surface water drainage that runs north 
of the PLF RFI site.  The Coca Skim Pond was used as a catchment basin and emergency 
spill containment for the Coca test area from 1953 to 1988.  Treated groundwater was 
conveyed from the Delta RFI site to the R-2 Ponds in aboveground pipes and lined channels.  
Storm water occurs as sheet flow to the west/northwest from the vicinity of the Delta Test 
Stand to the Delta Skim Pond and then to the R-2 Ponds.  The Delta Skim Pond received 
cooling water from engine testing at the Delta test stand and received waste from 1953 to 
1988.  Surface water at the PLF RFI site discharges to the west to the Delta Skim Pond and to 
the R-2 Ponds or directly to the R-2 Ponds (MWH, 2007a).  For more detailed storm water 
flow and discharges to the R-2 Ponds refer to the Group 4 RFI report (MWH, 2007a). 

The Silvernale Reservoir historically received operational discharge water and currently 
receives storm water runoff from Group 3.  Runoff and cooling water from the Alfa and 
Bravo Test Areas discharged to the Silvernale Reservoir via the Alfa-Bravo Skim Pond prior 
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to its closure in 1988.  Cooling water was gravity fed to both Alfa and Bravo Test Areas via 
aboveground pipes that tied into the aboveground storage tanks along Skyline Road.  
Silvernale also received runoff and cooling water from the Alfa Skim and Retention Ponds.  
These ponds were unlined and received wastes from test stand and cooling water from 
rocket testing.  Overflow from the retention pond drained to the skim pond.  Once the Alfa-
Bravo Skim Pond was closed, the cooling water from the rocket testing would enter a pipe 
that conveyed it to the Silvernale Reservoir.  The Alfa Skim and Retention Ponds have not 
received wastes or cooling water from the test stands since the Alfa Test Stands were 
deactivated in 2006.   

The Bravo Skim Pond was used for runoff and emergency spill containment from the Bravo 
Test Stands 1 and 2.  The Bravo Skim Pond discharges to an unlined drainage leading to the 
Alfa-Bravo Skim Pond and eventually to the Silvernale Reservoir.   

The Alfa Spray Field was located in the Silvernale drainage basin east of the Alfa and Bravo 
Test Stand Areas and was constructed in 1968.  It was part of the total water management 
system at SSFL.  It was constructed in 1968.  Through this spray field, water was disposed 
by an evaporation, infiltration, and percolation process.  This process, in effect, increased the 
overall total water storage capacity at SSFL, thereby reducing unnecessary water discharges 
during non-storm events.  The associated ponds for the Alfa spray field were comprised of 
the Alfa Skim and Retention Ponds and the Bravo Skim Pond.  The spray field would 
operate intermittently for a maximum of 30 to 60 days annually.  Water that did not 
evaporate during the spraying activities would infiltrate and percolate into the field.  When 
the subsurface was saturated, the runoff would drain toward the drainage basins and flow 
to the associated ponds, where it was sampled on a weekly basis in accordance with the 
in-house sampling program.  Prior to operation of the spray field, the ponds were 
monitored for compliance with the NPDES discharge limits.  If a chemical concentration 
was detected above the NPDES or in-house discharge limits, the water was either 
chemically treated in the pond and then dispersed in the spray field, or it was transported 
offsite for disposal.  In January 1994, Rocketdyne International reportedly ceased operation 
of the Alfa Spray Field.   

Silvernale also received discharges from the SPA Ponds 1 and 2.  Prior to 1985 the SPA 
Ponds were used primarily for the containment and treatment of any emergency hypergolic 
propellant spills and rinsate from drum-and tank-rinsing operations.  Closure activities at 
the SPA Ponds began in 1988.   

At the Alfa Bravo Fuel Farm (ABFF), drainage from a concrete-lined storm water overflow 
basin flowed westerly to an unlined, undeveloped drainage ravine which leads to Silvernale 
Reservoir.  The overflow basin also doubled as a spill containment mechanism for the fuel 
pumping station at ABFF.  In 1998 a release of Rocket Propellant (RP)-1 flowed in a storm 
water channel along the edge of Bravo Road and eventually entered an unlined drainage 
channel that leads towards Silvernale Reservoir, and no RP-1 was reported to have entered 
the Silvernale Reservoir (NASA, 2009).   

Storm water from the Building 204 RFI site flows south/southwest to unlined drainages and 
to the Silvernale Reservoir.  For more detailed storm water flow and discharges to the 
Silvernale Reservoir refer to the Group 3 RI report (NASA, 2009). 
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The Silvernale Reservoir received treated water from the Building 515 STP when it was 
active between 1961 and 1987.  When the plant was operational, it received both sanitary 
sewage and cooling tower water discharges.  The treated water from the STP was pumped 
to a drainage ditch that conveyed the secondary effluent to the Silvernale Reservoir.  For 
more details on storm water flow and discharges to the Silvernale Reservoir refer to the 
Group 2 RFI report (CH2M HILL, 2008b).   

The Silvernale Reservoir received storm or waste water from Group 6.  The SRE Pond water 
was pumped via an aboveground pipe and discharge in the southern portion of the OCY 
RFI site.  The SRE pipeline was likely inactive by the early to mid-1990s (Trippeda, 2006).  
Surface water from the OCY and NCY RFI sites flows generally to the south as sheet flow 
and eventually to the Silvernale Reservoir.  For more details on storm water flow and 
discharges to the Silvernale Reservoir refer to the Group 6 RFI report (MWH, 2006). 

Water released from Silvernale flows into the R-2 Discharge Ponds (R-2 Ponds) (Ogden, 
1996a).  Figure 2.1-1 shows the historical features of the Silvernale Area and Table 2.1-1 lists 
the historical features. 

Groundwater contaminated with VOCs was trucked to RD-9 Area ultraviolet light/ 
hydrogen peroxide (UV/H2O2) treatment system from Areas II and III.  The treated water 
was discharged to the Silvernale Reservoir (CH2M HILL, 2008b).  The system has been on 
―stand by‖ status since 2001 as part of the Post-Closure Permit modification granted by 
DTSC (H&A, 2008c).   

Silvernale is part of the water reclamation system at SSFL.  The Silvernale Reservoir effluent 
may flow by gravity via an open channel to the R-2 Ponds.  Water from the R-2 Ponds may 
be released to Bell Canyon, pumped back to Silvernale, or redirected to the tank reservoirs.  
The water in the Silvernale Reservoir is air agitated to control algal blooms.  A pump fees a 
spray head with pond water and the spray heads disperse the water throughout the pond.  
This process aerates the ponds which keeps the algal blooms down.  If the algal blooms 
could not be controlled by aeration, the Silvernale Reservoir would be treated chemically. 

Dredge material from the Silvernale Reservoir may have been deposited north of the 
reservoir and east of the ECL (Rockwell International, 1991b) and possibly at the Pond 
Dredge RI Site located in Group 5 (CH2M HILL, 2008a).  The dredge area was determined 
based on observed site conditions and site walks with DTSC.   

2.1.3 Site Chemical Use Areas 

Silvernale Reservoir is not a feature where specific chemical uses occurred or are occurring; 
it was a receiving area that occasionally received runoff from chemical spills and 
stormwater flow from upgradient impacted areas.  However, for this report, Silvernale 
Reservoir is designated as a chemical use area based on the history of inflows to the 
reservoir.  There are three chemical use areas identified in the Silvernale Area.  Table 2.1-2 
lists the chemicals use at RI sites within the Silvernale drainage area: 

 The Silvernale Reservoir (Chemical Use Area 1) chemical use area receives surface 
runoff from upgradient areas including Groups 3, 6, and a portion of Group 2.  Water is 
also piped from the R-2 Ponds to Silvernale Reservoir.  Surface water in the R-2 Ponds is 
received from the Coca and Delta RI Sites and Areas III and IV. 
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 A second chemical use area is located north of Silvernale Reservoir where dredged 
sediments from the reservoir were potentially deposited (Chemical Use Area 2).   

 A third chemical use area located north of the potential dredge area contained the ECL 
explosives storage magazine.  This magazine was authorized to store up to 100 pounds 
of Class A explosives (Chemical Use Area 3). 

The PraxAir nitrogen loading facility is not considered a chemical use area because the tanks 
at the facility contain liquid nitrogen and liquid nitrogen is not a chemical of potential 
concern. 

2.1.4 Site Conditions 

The Silvernale Reservoir is currently receiving storm water flow and does not receive any 
operational discharges.  There is a seasonal stream that leads into and out of the reservoir.  
Water levels in Silvernale Reservoir range from dry to approximately 8-10 ft above the 
bottom surface.  The depth to bedrock beneath the Reservoir ranges from less than one ft to 
greater that eight feed near the center.  Refer to Sections 2.1.2 and 2.3.3 for more detailed 
surface water flow description.  There are no structures or tanks at the site.  The site contains 
piping that transmits water to and from the R-2 Ponds.  This transfer of surface water from 
the R-2 Ponds to the Silvernale Reservoir still occurs when the R-2 Ponds reach capacity 
(Trippeda, 2009). 

2.1.5 Site Habitats/Land Cover 

The Silvernale Area includes the Silvernale Reservoir (approximately 500 ft by 125 ft) and a 
diversity of terrestrial and aquatic habitats.  The primary terrestrial habitats include oak 
savannah (about 30 percent of the site), shrub/scrub (20 percent), and ruderal vegetation 
(15 percent) with interspersed rock outcrops; other terrestrial habitats include paved and 
gravel areas, as well as dirt roads.  Dominant plant species in the oak savannah include 
coast live oak, laurel sumac, fiddlehead, red-stemmed filaree, shortpod mustard, and ripgut 
brome.  Those in the shrub/scrub habitat are thickleaf yerba santa, deer weed, coast live 
oak, fiddleneck, ripgut brome, and barley.  Ruderal vegetation occurs in disturbed work 
areas within the site and includes primarily red-stemmed filaree, barley, red brome, ripgut 
brome, and shortpod mustard.  Figure 2.1-2 presents the vegetation features of the 
Silvernale Area.   

Wildlife species (or signs of their presence) observed at the site during the site survey 
included western fence lizard, side-blotched lizard, whiptail lizard, black-crowned night-
heron, mallard, red-tailed hawk, California quail, American coot, killdeer, mourning dove, 
great horned owl, Anna’s hummingbird, acorn woodpecker, ash-throated flycatcher, violet-
green swallow, cliff swallow, canyon wren, marsh wren, bushtit, western scrub jay, 
American crow, common yellowthroat, spotted towhee, California towhee, lark sparrow, 
song sparrow, blue grosbeak, red-winged blackbird, phainopepla, house finch, American 
goldfinch, gopher (burrows), cottontail rabbit, coyote (tracks), ground squirrels, and rodent 
burrows.  In Silvernale Reservoir, fish (for example, mosquitofish) and aquatic insects (for 
example, brine flies and water striders) were observed.  Complete results from the 
ecological survey of the Silvernale Area are presented in Appendix A. 
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2.1.6 Historical Document Reviews 

As presented in Section 2.1.3 there are three chemical use areas in the Silvernale Area.  
Previously, SWMU 6.8 was described to contain the Silvernale Reservoir.  RI 
characterization of previous sampling and documented chemical uses was completed in this 
investigation.  Additional details on the characterization activities are presented in 
Section 2.2.   

2.2 RI Characterization Activities 

This subsection describes the sampling objective, sampling scope, and key decision points 
associated with defining the nature and extent of chemical effects for the surface soil, 
subsurface soil, and groundwater at the Silvernale Area. 

2.2.1 Sampling Objectives 

To characterize the extent of potential chemical effects at the Silvernale Area, sediment, soil, 
soil gas, surface water, biota, and groundwater samples were collected.  The objectives of 
the investigation were as follows: 

 Define the lateral and vertical extent of chemical impacts in the SMOU 

 Define the potential gradients of chemicals 

 Develop a sufficient data set for performing a risk assessment 

These objectives contributed to the selection of sampling locations, analytical methods, and 
depths, while incorporating SSFL-specific information, such as the following: 

 Silvernale Area conditions observed at the location of proposed sampling 

 Historical sampling results 

 Fate and transport characteristics of chemicals  

 SSFL background concentrations of chemicals 

 SSFL SRAM-based screening concentrations for human health and ecological receptors 

2.2.2 Sampling Scope 

Provided in this report are the characterization results for sediment, soil, soil gas, surface 
water, and groundwater investigations.  The total numbers of historical and 2008/2009 RI 
samples collected as part of this report are summarized below (excluding duplicate and split 
samples). 

 Sediment: 36 samples 

 Soil (surface and subsurface): 81 samples 

 Soil gas: 11 samples 

 Chatsworth groundwater: 26 samples 

 NSGW: 8 samples 

 Surface water: 9 samples 

 Biota: 12 samples 
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Samples were collected at the Silvernale Area between 1958 and 2009 to assess potential 
chemical impacts associated with historical activities at the Silvernale Area.  Groundwater 
samples were first collected from an onsite well installed in the Chatsworth Formation in 
1958; however, sampling at this well was ceased and resumed in 1984 with regular well 
sampling continuing from 1984 through 1991.  NSGW was sampled at onsite piezometers 
between 2001 and 2003.  Sample results for the Silvernale Area are described further in 
Sections 2.3 and 2.4.These sample result are described further in Sections 2.3 and 2.4. 

2.2.3 Key Decision Points 

The site-specific decision points identified for the Silvernale Area represent the assumptions 
and/or decisions made during the sampling phase component of this RI.  Sampling of new 
Chemical Use Areas and step-out sampling procedures followed the DTSC-approved work 
plan protocols for the RI (MWH, 2005b). 

2.3 RI Characterization Results 

The characterization results from sediment, soil, soil gas, and groundwater investigations 
that occurred prior to 2008 at the Silvernale Area are summarized below. 

2.3.1 Soil Matrix, Sediment, and Soil Gas Findings 

Between March 1993 and February 2009, soil and sediment samples were collected from 
65 locations.  At 48 of those locations, multiple parameters exceeded background 
concentrations and ecological and/or residential screening levels.  These parameters 
included VOCs, dioxins/furans, metals, PCBs, and TPH.  These samples are discussed in 
more detailed in Section 2.4. 

Between July 1997 and February 2009, soil gas samples were collected from seven locations 
within the potential dredge area.  Two of those locations exceeded human health and/or 
ESLs for TCE. 

2.3.2  Groundwater Findings  

The following discussion regarding the groundwater findings at the Silvernale Area is based 
primarily on findings at three NSGW piezometers (PZ-055, PZ-058, and PZ-072) and one 
CFOU groundwater monitoring well (WS-08).  Locations of the piezometers and the CFOU 
well are shown in Figure 2.3.2-1.  The NSGW piezometers and CFOU groundwater 
monitoring well are upgradient and cross-gradient of the Silvernale Reservoir, respectively.  
The occurrence of NSGW downgradient of Silvernale Reservoir is limited to the drainage 
channel leading from the reservoir (MWH, 2003d).  Steep topography within the drainages 
downgradient (south) of Silvernale Reservoir has limited the ability to install wells or 
piezometers close to the site.  The nearest downgradient piezometer (PZ-034) is location 
approximately 600 ft southwest of the Silvernale Area, within the Compound A Facility 
area.  The nearest CFOU groundwater monitoring well, HAR-17, is located approximately 
800 ft downgradient, to the southwest of the Silvernale Area, within the Compound A 
Facility Area. 
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2.3.2.1 Background  

The Silvernale Area is located in the central portion of Area III.  The area includes the 
Silvernale Reservoir, the drainages to the north and south of Silvernale Reservoir, and the 
potential dredge area north of Silvernale Reservoir.  The elevation varies from 
approximately 1,805 ft above mean sea level (msl) in the northern section of the area to 
1,765 ft msl in the Silvernale Reservoir.   

NSGW is monitored by two shallow piezometers, PZ-055 and PZ-058, which were installed 
in 2000 and 2001, respectively.  The CFOU groundwater is monitored by one groundwater 
monitoring well (WS-08) that was originally installed as a water supply well in 1954.  
Figure 2.3.2-1 shows the groundwater monitoring locations in the Silvernale Area.  PZ-072 
was installed in 2001; however, the casing of the piezometer melted during the 
September/October 2005 Topanga Fire.  Therefore, piezometer PZ-072 can no longer be 
accessed for groundwater elevation measurements and sampling.  The well and piezometer 
construction information for PZ-055, PZ-058, PZ-072, and WS-08 are shown in Table 2.3-1. 

2.3.2.2 Local Geology  

The Silvernale Area is underlain by deposits of the Silvernale Member, Shale 2, and Sage 
Member of the Upper Chatsworth Formation.  The Middle Bravo Deformation Band is also 
present in the Silvernale Area.  Figures 1.2.3.1-2 and 1.2.3.1-3 show the geologic map of the 
Chatsworth Formation and the stratigraphic column of the Chatsworth Formation, 
respectively.  Geologic cross-sectional lines are presented in Figure 2.4-1.  Geologic cross 
sections of the Silvernale Area are presented in Figures 2.3.2-4A and 2.3.2-4B. 

Beds of the Silvernale Member generally strike N70°E and dip 25°NW.  The Silvernale 
Member is predominantly composed of medium-grained sandstone with minor siltstone 
sandstone units.   

Shale 2 is subdivided into an upper and lower finer-grained unit, separated by a sandstone 
unit.  The finer-grained unit consists of interbedded siltstone and shale.  The sandstone unit 
consists of a fine- to medium-grained sandstone bed with a maximum thickness of 
approximately 15 ft. 

The Sage Member consists of coarse- to medium-grained sandstones that typically show 
graded bedding, thin conglomerates, and rip-up clasts.  Turbidite sandstone beds within the 
Sage Member are typically amalgamated, creating almost pure sandstone beds that are tens 
of ft thick (MWH, 2002). 

The Middle Bravo deformation band is inferred from a combination of geomorphic features 
and outcrop data.  Around the Silvernale Area, the deformation band is interpreted to be 
extending to an area just east of the Silvernale Reservoir, although the lack of outcrops 
farther to the northwest prohibits the interpretation that the structure extends farther 
(MWH, 2007b).  The lineament consists of narrow slots visible both on aerial photographs 
and in outcrops.  The deformation bands strike northwesterly and dip more than 70º to the 
southwest and to the northeast.   
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2.3.2.3 Local Hydrogeology  

The occurrence of NSGW at this site is seasonal.  It has been common for some wells to not 
have water, especially during dry seasons.  Figure 2.3.2-2 shows long-term hydrographs of 
the NSGW piezometers (H&A, 2008a, 2008b, 2009a, 2009b).   

Figure 2.3.2-3 shows the NSGW elevations as measured between 2003 and 2009.  The depth 
to the first-occurring water ranged from approximately ground surface at piezometer 
PZ-072 to approximately 32 ft bgs at upgradient location PZ-055.  NSGW flows to the south-
southeast with a horizontal groundwater gradient of 0.045 foot per foot (ft/ft).  Since the 
piezometers were installed in 2001, NSGW flow has been to the south-southeast. 

2.3.2.4 Characterization Results  

Data collected from the monitoring wells and piezometers are used to provide the latest 
available interpretation of the NSGW and CFOU groundwater conditions (GRC, 1995c, 
1995d).  Sampling events have been intermittent throughout the past and have included 
various NSGW piezometers and the CFOU groundwater monitoring well.   

The historical NSGW characterization results for the Silvernale Area are presented in 
Appendix F and in Sections 2.3.2.5 and 2.3.2.6 by two major chemical groups:  

 VOCs  

 SVOCs  

Table 2.3-2 lists the parameters analyzed for NSGW.  Table 2.3-3 presents the detections in 
NSGW in the Silvernale Area, and Table 2.3-4 shows a summary of most recent detects and 
the screening level exceedances in NSGW in the Silvernale Area. 

The historical CFOU groundwater characterization results for the Silvernale Area are 
presented in Appendix F and in Sections 2.3.2.5 through 2.3.2.8 by five chemical groups:  

 VOCs  

 SVOCs  

 Inorganics 

 Metals (total and dissolved) 

 Energetics 

Table 2.3-5 lists the parameters analyzed for in CFOU groundwater.  Table 2.3-6 presents the 
detections in CFOU groundwater, and Table 2.3-7 presents the total and dissolved metals 
detected in the CFOU groundwater well WS-08.  Table 2.3-8 shows a summary of the most 
recent detections and screening level exceedances in the CFOU groundwater at the 
Silvernale Area. 

2.3.2.5 Volatile Organic Compounds  

NSGW samples were collected between 2001 and 2003 in the Silvernale Area.  CFOU 
Groundwater samples have been collected at the Silvernale Area in 1958 and at least 
semiannually from 1984to 1991.  The locations of piezometers PZ-055 and PZ-058 are limited 
to the occurrence of NSGW in the Silvernale Area.  These piezometers are upgradient of 
Silvernale Reservoir, and samples collected from these wells do not reflect downgradient 
impacts of NSGW from Silvernale Reservoir.  The nearest downgradient piezometer 
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(PZ-034) cannot be used to identify the impacts from Silvernale Reservoir as it is also 
downgradient of the ECL and Compound A Facility RI Sites.  Piezometer PZ-072 is located 
at the eastern inlet to Silvernale Reservoir.  Water levels in piezometer PZ-072 are generally 
higher that water levels within Silvernale Reservoir and likely do not show impacts on 
NSGW near the inlet to the reservoir (MWH, 2003d). 

Near-Surface Groundwater.  VOCs in NSGW are characterized by the analysis of samples from 
two upgradient piezometers (PZ-055 and PZ-058) and one onsite piezometer (PZ-072).  The 
most current data reported were collected in June 2003.  The nature and extent of TCE in 
NSGW are presented in Figure 2.3.2-5.  Table 2.3-3 contains a summary of the VOCs 
detected in NSGW at the Silvernale Area. 

Details of distribution of VOC detections in each piezometer are presented below.  The most 
frequently detected VOCs were halogenated ethenes consisting of TCE, cis-1,2-
dichloroethene (DCE), and trans-1,2-DCE.  Other VOCs detected include halogenated 
ethanes, halogenated methanes, and nonhalogenated VOCs.  For characterization purposes, 
if an analyte were detected above its screening level and then detected below its screening 
level in subsequent sampling events, that analyte is no longer considered an exceedance.  
Methylene chloride was detected above its screening level in one sample in 2001 but was not 
detected in subsequent sampling in 2002.  TCE and cis-1,2-DCE, were detected above their 
respective screening levels in 2001 in NSGW but were not detected above their respective 
screening levels in two subsequent sampling events; therefore, these analytes are not 
considered to have exceeded their respective screening levels. 

Lateral and Vertical Distribution of VOCs.  Figure 2.3.2-6 presents the time-trend charts of TCE, 
cis-1,2-DCE, trans-1,2-DCE, and 1,4-dioxane for piezometers PZ-058 and PZ-072.  No VOCs 
have been detected in piezometer PZ-055.   

Halogenated VOCs were detected in piezometers PZ-072 and PZ-058.  VOC concentrations 
have not exceeded screening levels in piezometers PZ-072 and PZ-058, thus defining the 
lateral extent upgradient of Silvernale Reservoir.   

Nonhalogenated VOCs detected in the Silvernale Area are limited to acetone and carbon 
disulfide.  Neither of these VOCs has been detected at concentrations exceeding its 
respective screening levels in the Silvernale Area.   

1,4-Dioxane has been analyzed in groundwater samples from piezometers PZ-058 and 
PZ-072.  The screening level of 3 micrograms per liter (μg/L) has not been exceeded in the 
most recent sampling events.   

Chatsworth Formation Groundwater.  A brief overview of the most frequently detected VOCs is 
provided to relate the impacts in NSGW with those in the Chatsworth Formation 
groundwater.  A time-trend chart of the halogenated ethenes (TCE, cis-1,2-DCE, and trans-
1,2-DCE) detected in samples from well WS-08 is provided in Figure 2.3.2-7.  Vinyl chloride 
(VC) is not included in the vertical profiles because it was not detected.   

Halogenated ethenes have been detected in the Chatsworth Formation groundwater 
samples at the Silvernale Area.  TCE, cis-1,2-DCE, and trans-1,2-DCE are the most 
commonly detected halogenated VOCs.   
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2.3.2.6 Semivolatile Organic Compounds  

Near-Surface Groundwater.  No SVOCs have been detected in NSGW samples collected at the 
three piezometers in the Silvernale Area. 

Chatsworth Formation Groundwater.  Two SVOCs (2-chlorophenol and phenol) have been 
detected in CFOU groundwater well WS-08.  2-Chlorophenol and phenol were detected at 
concentrations of 0.4 μg/L and 8 μg/L, respectively, during the February 1984 sampling 
event.  These concentrations were well below the ESL of 200 μg/L for each compound.  
These compounds were not detected in the August 1985 sampling event.   

2.3.2.7 Energetics, Phthalates, and Polyaromatic Hydrocarbons  

Chatsworth Formation Groundwater.  Groundwater samples collected from CFOU groundwater 
well WS-08 were analyzed for energetics during two sampling events (1984 and 1985), and 
for phthalates and PAHs in the 1985 sampling event.  None of these constituents were 
detected during these sampling events at well WS-08. 

2.3.2.8 Metals 

Chatsworth Formation Groundwater.  Analyses for dissolved metals in CFOU groundwater are 
characterized by the analysis of samples from well WS-08.  Appendix F summarizes the 
dissolved metals analyses at the Silvernale Area.  Dissolved lead and manganese exceeded 
their respective screening criteria:   

 Lead was detected at a concentration of 0.012 mg/L in March 1984.  The human health 
and ESLs for lead are 0.011 mg/L and 0.0025 mg/L, respectively.  Lead was not detected 
in the August 1985 sampling event.   

 Manganese was detected at a concentration of 0.56 mg/L in March 1984 exceeding its 
ESL; background concentration for manganese is 0.15 mg/L.  Manganese was detected 
at a concentration of 0.010 mg/L in August 1985.   

The total metals in CFOU groundwater are characterized by the analysis of samples from 
well WS-08.  The total metals analyses at the site are detailed in Appendix F.  The screening 
criteria for cadmium, iron, lead, and manganese were exceeded in well WS-08 in a sample 
collected in February 1984, but not in a subsequent sampling event in August 1985.  The 
screening criteria also were exceeded for boron in a sample collected from well WS-08 in 
June 1958, but not in subsequent sampling events.   

2.3.3 Surface Water and Biota Findings  

2.3.3.1 Surface Water 
Surface water features at the Silvernale Area consist of the Silvernale Reservoir and the 
ephemeral drainage channels that flow into the Silvernale Reservoir from the northeast and 
flow out of the Silvernale Reservoir to the southwest.  The sources for the drainage leading 
into Silvernale Reservoir include an ephemeral stream that receives stormwater runoff from 
upgradient RFI Group 6 (OCY, NCY, and SRE RFI sites), Group 2 (Building 515 STP RFI 
site) and RI Group 3 (Alfa, Bravo, SPA, Building 204, and ABFF RI sites).  Surface water is 
pumped from the R-2 Ponds to the Silvernale Reservoir when the R-2 Ponds are at capacity 
(Trippeda, 2009).  The R-2 Ponds receive water from Group 5 (all RFI sites excluding STL IV 
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and Pond Dredge RFI sites) and Group 4 (PLF, Coca, and Delta RFI sites).  Water flowing in 
these channels has historically been derived from stormwater, releases, and/or spills.  Flow 
in these channels is brief and intermittent, depending on the amount of surface water 
runoff.  Surface water quality in Silvernale Reservoir is highly variable and depends on the 
source of inflows in a given period.  To date, there has not been any surface water quality 
samples collected in the drainages leading into Silvernale Reservoir.  Flow in these channels 
ultimately is directed to the southwest and exits the operational boundary of the SSFL 
through a NPDES-monitored discharge point (Outfall 18).   

Five surface water samples were collected from the Silvernale Reservoir between May 2000 
and February 2003, and four surface water samples were collected during this RI.   
Table 2.3-9 lists the parameters included in the analyses of surface water at the Silvernale 
Area.  Table 2.3-10 presents a summary of detections in surface water in the Silvernale Area, 
and Table 2.3-11 presents the most recent detections and screening level exceedances in 
surface water at the Silvernale Area. 

Volatile Organic Compounds.  VOCs were detected in the Silvernale Reservoir surface water 
at three locations.  VOCs were detected at concentrations less than their respective screening 
levels. 

Semivolatile Organic Compounds, Energetics, and Pesticides.  No SVOCs (eight samples), 
energetics (six samples), or pesticides (one sample) were detected in surface water samples 
collected at the Silvernale Area.   

Phthalates.  Two phthalates (bis(2-ethylhexyl)phthalate [BEHP] and diethyl phthalate) were 
detected in four of seven surface water samples.  None of the phthalates was detected above 
its respective screening level in surface water samples in the Silvernale Area. 

Polyaromatic Hydrocarbons.  Several PAHs were detected in surface water samples collected 
at the Silvernale Reservoir.  Only one compound (dibenzo(a,h)anthracene) was detected at a 
concentration (0.06 μg/L in SNSW1002) that exceeded the screening level of 0.009 μg/L.  
This compound was not detected in the other four surface water samples. 

Metals.  Six surface water samples were analyzed for dissolved metals.  Table 2.3-10 shows a 
summary of detections of metals in surface water along with the screening levels used.  
Following is a summary of the metals detected at concentrations that exceeded their 
respective screening levels:  

 Cobalt was detected above its human health screening level (0.0019 mg/L) in four 
samples.  The exceedance concentrations for cobalt ranged from 0.0021 J mg/L at 
SNSW1001 to 0.0023 J mg/L at SNSW1000.   

 Manganese was detected above its human health screening level (0.15 mg/L) in four 
samples.  The exceedance concentrations for manganese ranged from 0.482 mg/L at 
SNSW1001 to 0.513 mg/L at SNSW1000.   

 Molybdenum was detected above its human health screening level of 0.0022 mg/L in 
four samples.  The exceedance concentrations for molybdenum ranged from 
0.0052 J mg/L at SNSW1001 to 0.0067 J mg/L at SNSW1003.   
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 Strontium was detected above its human health screening level (0.8 mg/L) in two 
samples (SNSW1002 and SNSW1000) at concentrations of 0.835 mg/L and 0.844 mg/L, 
respectively.   

 Vanadium was detected above its human health screening level of 0.0026 mg/L at 
SNSW1002 at a concentration of 0.0032 J mg/L.   

No other dissolved metals were detected above respective screening levels in the surface 
water samples in the Silvernale Area.  Figure 2.3.3-1 presents the nature and extent of 
dissolved metals in surface water at the Silvernale Area. 

Seven surface water samples were analyzed for total metals.  Following is a summary of the 
metals detected at concentrations that exceeded their respective screening levels: 

 Aluminum exceeded its human health screening level of 0.2 mg/L in three samples.  The 
exceedance concentrations for aluminum ranged from 0.28 mg/L at SNSW1003 to 
0.98 J mg/L at SNSW1002.   

 Cadmium exceeded its human health screening level of 0.0002 mg/L in four samples.  
The exceedance concentrations for cadmium ranged from 0.00023 J mg/L at SNSW1003 
to 0.0004 mg/L at SNSW1002.   

 Cobalt exceeded its human health screening level of 0.0019 mg/L in four samples.  The 
exceedance concentrations for cobalt ranged from 0.0022 J mg/L at SNSW1003 to 
0.003 mg/L at SNSW1002.   

 Iron exceeded its ESL of 1 mg/L at SNSW1002 at a concentration of 1.7 mg/L.   

 Manganese exceeded its human health screening level of 0.15 mg/L in four samples.  
The exceedance concentrations for manganese ranged from 0.519 mg/L at SNSW1003 to 
0.655 mg/L at SNSW1002.   

 Molybdenum exceeded its human health screening level of 0.0022 mg/L in four 
samples.  The exceedance concentrations for molybdenum ranged from 0.0053 J mg/L at 
SNSW1000 and SNSW1001 to 0.006 J mg/L at SNSW1003.   

 Silver exceeded its human health screening level of 0.00017 mg/L at SNSW1002 
(0.00025 J mg/L) and SNSW1003 (0.00018 J mg/L).   

 Strontium exceeded its human health screening level of 0.8 mg/L at SNSW1001 
(0.827 mg/L) and SNSW1002 (0.918 mg/L).   

 Vanadium exceeded its human health screening level of 0.0026 mg/L at SNSW1002 at a 
concentration of 0.0037 mg/L.   

No other total metals were detected above their respective screening levels in the surface 
water samples in the Silvernale Area.  Figure 2.3.3-2 presents the nature and extent of total 
metals in surface water at the Silvernale Area. 

Dioxins.  Seven surface water samples were analyzed for dioxins/furans.  Thirteen 
dioxins/furans were detected in five samples in surface water in the Silvernale Reservoir.  
Screening levels for dioxins/furans in surface water were not presented in the SRAM 
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(MWH 2005).  However, toxicity reference values for dioxins/furans were identified and 
used in the risk assessments (see Section 2.8). 

Total Petroleum Hydrocarbons.  Five surface water samples were analyzed for TPHs in the 
Silvernale Reservoir.  All TPH concentrations were less than the screening levels. 

2.3.3.2 Biota 
From May 2000 through July 2000, 12 biota (tissue) samples were collected from the 
Silvernale Reservoir.  The biota samples were collected for a baseline for bioaccumulation in 
preparation of the SRAM (MWH, 2005b).  Four plant (for example, cattails and bulrush) 
samples were collected as composites of the plant roots, steams, and leaves from vegetation 
near the sediment samples.  Four invertebrates (for example, worms and mollusks) were 
collected using a funnel trap consisting of a wide-mouth jar attached to a stake and 
suspended in the water column.  The invertebrate samples were also collected by dredging 
sediment and sieving the material to retain the invertebrates.  Four fish samples were 
collected using a trout line with several hooks, bated, and suspended in the water column or 
just off the bottom of the reservoir.  All tissue samples were placed in new, resealable plastic 
bags, labeled, and frozen prior to shipment to the laboratory (MWH, 2004).  All biota 
samples were analyzed for PCBs.  PCB congeners were reported, but only PCB_TEQ data is 
presented below.  Currently there are no screening levels for biota samples.  Sediment 
samples were also collected collocated with the aquatic plant, invertebrate, and fish tissue 
samples and are described in Section 2.4. 

Four aquatic invertebrate samples (SNAI01 through SNAI04) were collected from the 
Silvernale Reservoir.  Following is a summary of the PCB-TEQ concentrations detected in 
the aquatic invertebrate samples: 

 PCB_Toxicity Equivalency Quotient (TEQ)_mammal ranged in concentration from  
1.34 x 10-5 milligrams per kilogram (mg/kg) at SNAI03 to 7.9 x 10-5 mg/kg at SNAI01. 

 PCB_TEQ_bird ranged in concentration from 1.05 x 10-6 mg/kg at SNAI04 to 
3.15 x 10-6 mg/kg at SNAI01. 

 PCB_TEQ_fish ranged in concentration from 3.06 x 10-5 mg/kg at SNAI03 to 
0.000126 mg/kg at SNAI01. 

Four aquatic plant samples (SNAP01 through SNAP04) were collected from the Silvernale 
Reservoir.  Following is a summary of the PCB-TEQ concentrations detected in the aquatic 
plant samples: 

 PCB_TEQ_mammal ranged in concentration from 1.02 x 10-7 mg/kg at SNAP01 to 
5.35 x 10-7 mg/kg at SNAP03. 

 PCB_TEQ_bird ranged in concentration from 1.7 x 10-9 mg/kg at SNAP01 to 
8.92 x 10-9 mg/kg at SNAP03. 

 PCB_TEQ_fish ranged in concentration from 3.39 x 10-9 mg/kg at SNAP01 to 
7.93 x 10-8 mg/kg at SNAP03. 
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Four fish tissue samples (SNFI01 through SNFI04) were collected from the Silvernale 
Reservoir.  Following is a summary of the PCB-TEQ concentrations detected in the fish 
tissue samples: 

 PCB_TEQ_mammal ranged in concentration from 0.00015 mg/kg at SNFI02 to 
0.000484 mg/kg at SNFI04. 

 PCB_TEQ_bird ranged in concentration from 5.78 x 10-6 mg/kg at SNFI02 to 
1.89 x 10e5 mg/kg at SNFI04. 

 PCB_TEQ_fish ranged in concentration from 0.000223 mg/kg at SNFI02 to 
0.000745 mg/kg at SNFI04. 

2.3.4 Completeness of Characterization 

NSGW has been adequately characterized upgradient of the Silvernale Reservoir.  PZ-072 is 
located near the eastern edge of Silvernale, and analytical results from the piezometer do 
not show any exceedances of VOCs.  No piezometers are within 600 ft of the downgradient 
portion of the Silvernale Area.  Any need for additional monitoring points for NSGW will be 
evaluated on a SSFL-wide basis in the CFOU groundwater RI report.  As discussed in 
Section 2.3.2, steep topography within the drainages downgradient (south) of Silvernale 
Reservoir has limited the ability to install wells or piezometers close to the site. 

One cross-gradient CFOU monitoring well, WS-08, is present near Silvernale Area.  
Additional details on the characterization of CFOU groundwater and impacts downgradient 
from Silvernale Reservoir will be discussed further in the CFOU RFI Report. 

Surface water quality in Silvernale Reservoir is highly variable and depends on the source of 
inflows in a given period.  Potential surface water sources include storm water runoff from 
Groups 3 and 6 or storm water from Group 5 via the R-2 pipeline.  The results shown in this 
report represent two independent sampling events.  The water quality associated with the 
Silvernale Reservoir drainage should continue to be monitored for regulatory compliance at 
Outfall 018 to with current SSFL stormwater management practices.   

2.4 Silvernale Area Nature and Extent 

During the RI field activities, sediment, surface soil (0 to 2 ft bgs), subsurface soil (2 to 12 ft 
bgs), and soil gas samples were collected at the Silvernale Area per the scope described in 
Section 2.2 and the data are provided in Appendix F.  Figure 2.4-1 shows the locations of 
historical samples and the 2008/2009 sediment and soil samples collected.  Table 2.4-1 lists 
the parameters analyzed for the sediment, surface soil, subsurface soil, and soil gas at the 
Silvernale Area.  The nature and extent of chemicals that exceeded the comparison criteria 
values in the media sampled are described in this section.  A summary of sampling 
performed is provided in Table 2.4-1, and the sample locations are presented in Figure 2.4-1.  
Table 2.4-7 presents the detections and screening levels for sediment samples at the 
Silvernale Area.   
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2.4.1 Sediment Nature and Extent 

To evaluate the nature and extent of potential chemical constituents in the Silvernale Area, 
36 sediment samples were collected from 0 to 2 ft bgs within the Silvernale Reservoir and 
analyzed for one or more of the following: VOCs, metals, PCBs (aroclor), SVOCs, 
dioxins/furans, energetics, pesticides, and TPHs.  Samples collected below 2 ft bgs were 
consider subsurface soil samples.   

2.4.1.1 Chemical Parameters in Sediment 

The text below discusses the chemical parameters with detected concentrations that 
exceeded one or more comparison criteria.  All sediment samples were collected within the 
Silvernale Reservoir. 

VOCs.  Twenty-one sediment samples were collected and analyzed for VOCs.  One VOC, 
benzene, exceeded its human health screening level of 0.12 μg/kg at four locations.  The 
exceedance concentrations of benzene ranged from 7 J μg/kg at SNBS21 and SNBS1011 to 
8.3 μg/kg at D-2-01.  Figure 2.4-12 presents the nature and extent of benzene in sediment.  
Benzene was not detected in surface or subsurface soil samples; therefore, the horizontal 
and vertical extents of benzene in sediment and soil have been characterized adequately for 
the Silvernale Area. 

Metals.  Seventeen of the nineteen sediment samples collected and analyzed for metals 
exceeded screening levels.  Eight metals exceeded their respective screening levels in 
sediment samples.  Figure 2.4-13 presents the nature and extent of metals in sediment: 

 Cadmium was detected above its ESL of 0.99 mg/kg and background concentration of 
1 mg/kg at nine locations.  The exceedance concentrations for cadmium ranged from 
1.06 mg/kg at SNBS1004 to 2.3 mg/kg at SNBS1007.  Cadmium was detected above 
screening levels in subsurface soil samples.  Further discussion on exceedance of 
cadmium in the subsurface soil is in Section 2.4.3.1. 

 Chromium was detected above its ESL of 43.7 mg/kg and background concentration of 
37 mg/kg at 11 locations.  The exceedance concentrations for chromium ranged from 
43.8 mg/kg at SNBS1002 to 61.1 mg/kg at SNBS1001.  There were no exceedances of 
screening levels for chromium in subsurface soil; therefore, the vertical extent of 
chromium in soil has been characterized adequately for the Silvernale Area. 

 Copper was detected above its ESL of 31.6 mg/kg, and background concentration of 
29 mg/kg at 10 locations.  The exceedance concentrations for copper ranged from 
32.5 mg/kg at SNBS1004 to 48.9 mg/kg at SNBS1007.  Copper was detected above 
screening levels in subsurface soil samples.  Further discussion on exceedance of copper 
in the subsurface soil is in Section 2.4.3.1. 

 Lead was detected above its ESL of 35.8 mg/kg and background concentration of 
34 mg/kg at four locations.  The exceedance concentrations for lead ranged from 
37.2 mg/kg at SNBS1011 to 46.3 mg/kg at SNBS1007.  Lead was detected above 
screening levels in subsurface soil samples.  Further discussion of exceedance of lead in 
the subsurface soil is in Section 2.4.3.1. 
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 Mercury was detected above its ESL of 0.18 mg/kg and background concentration of 
0.09 mg/kg at three locations.  The exceedance concentrations for mercury ranged from 
0.192 mg/kg at SNBS1010 to 0.371 mg/kg at SNBS1011.  Mercury was detected above 
screening levels in subsurface soil samples.  Further discussion of exceedance of 
mercury in the subsurface soil is in Section 2.4.3.1. 

 Nickel was detected above its ESL of 22.7 mg/kg and background concentration of 
29 mg/kg at 11 locations.  The exceedance concentrations for nickel ranged from 
30.3 mg/kg at SNBS1006 to 64.6 J mg/kg at SNBS1000.  Nickel was detected above 
screening levels in subsurface soil samples.  Further discussion of exceedance of nickel 
in the subsurface soil is in Section 2.4.3.1. 

 Silver was detected above its ESL of 4.5 mg/kg and background concentration of 
0.79 mg/kg at 14 locations.  The exceedance concentrations for silver ranged from 
4.62 mg/kg at SNBS1003 to 27.3 mg/kg at SNBS1010.  Silver was detected above 
screening levels in subsurface soil samples.  Further discussion of exceedance of silver in 
the subsurface soil is in Section 2.4.3.1. 

 Zinc was detected above its ESL of 121 mg/kg and background concentration of 
110 mg/kg at 10 locations.  The exceedance concentrations for zinc ranged from 
136 mg/kg at SNBS1001 to 248 mg/kg at SNBS1007.  Zinc was detected above screening 
levels in subsurface soil samples.  Further discussion of exceedance of zinc in the 
subsurface soil is in Section 2.4.3.1. 

PCBs.  Fifteen sediment samples were collected and analyzed for PCBs.  One aroclor 
(Aroclor-1254) exceeded its ESL of 59.8 mg/kg in five samples and its ecological and human 
health (140 mg/kg) screening levels in seven samples.  The exceedance concentrations of 
Aroclor-1254 ranged from 70 μg/kg at SNFS01 to 350 μg/kg at SNBS1007 and SNBS1010.  
Figure 2.4-14 presents the nature and extent of Aroclor-1254 in sediment.  Aroclor-1254 was 
detected above screening levels in subsurface soil samples.  Further discussion of the 
subsurface soil Aroclor-1254 exceedance is in Section 2.4.3.1. 

Dioxins/Furans.  Fourteen samples were collected and analyzed for dioxins/furans, including 
CDDs and CDFs.  Two dioxins/furans exceeded screening levels at five sample locations.  
The current approach to assessing the toxicity of these mixtures is to use information about 
the toxic potency of the different congeners to convert the congener concentrations to a 
toxicologically equivalent concentration of the most potent congener—2,3,7,8- TCDD.  The 
2,3,7,8-TCDD TEQs also were reported by the laboratory for the Silvernale Area sediment 
dioxin samples, if there was an exceedance of individual congener.  The samples were 
evaluated for nature and extent by comparing the frequency of the different CDDs and the 
CDFs that exceeded the screening criteria at each location.  The CDD and CDF exceedances 
were added together according to the chlorine designation (tetra-, penta-, hexa-, hepta-, and 
octa-), and the 2,3,7,8-TCDD TEQ values were compared to the ecological screening criteria 
(4.3 picograms per gram [pg/g]) and the human health screening criteria (6.9 pg/g).  
Table 2.4-8 presents a summary of the dioxin/furans exceedance in sediment in the 
Silvernale Area.  The nature and extent of the 2,3,7,8-TCDD TEQ values are discussed 
below. 
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2,3,7,8-TCDD TEQ value exceeded the human health and ecological screening criteria in ten 
sediment samples.  The exceedance values ranged from 13.14 pg/g at SNBS1003 to 
48.98 pg/g at SNBS1008.  Figure 2.4-15 presents the nature and extent of 2,3,7,8-TCDD TEQ 
in sediment in the Silvernale Area.  2,3,7,8-TCDD TEQ was detected above screening levels 
in subsurface soil samples.  Further discussion of the subsurface soil 2,3,7,8-TCDD TEQ 
exceedance is in Section 2.4.3.1. 

TPH.  Twenty-one sediment samples were collected and analyzed for TPH.  Three TPHs 
were detected above screening levels within the Silvernale Reservoir in five samples.  
Diesel-range alkanes (C11, C13, and C15) were detected above the human health screening 
level of 1,400 mg/kg at SNBS1010 at a concentration of 1,600 mg/kg.  Gasoline-range 
(C8-C11) TPH was detected above its human health screening level of 1.1 mg/kg at five 
sample locations; concentrations ranged from 11 J mg/kg at SNBS1003 to 460 J mg/kg at 
SNBS1001.  Diesel-range (C14-C20) TPH was detected above its human health screening 
level of 1,400 mg/kg at SNBS1010 at a concentration of 1,500 mg/kg.  Figure 2.4-16 presents 
the nature and extent of TPH in sediment.  As described below, no elevated SVOCs were 
observed in sediment within the Silvernale Reservoir.  Furthermore, there are no individual 
constituent risk drivers for TPH, as discussed in Sections 2.7 and 2.8 of this report.  
Therefore, the lateral extent of TPH has been characterized adequately for the Silvernale 
Area.  TPH was detected above screening levels in subsurface soil samples.  Further 
discussion of the subsurface soil TPH exceedance is in Section 2.4.3.1. 

Semivolatile Organic Compounds, Energetics, and Pesticides.  No SVOCs (15 samples), energetics 
(12 samples), or pesticides (12 samples) were detected above the screening levels in 
sediment samples collected at the Silvernale Area.  SVOCs were detected in sediment 
samples.  The lateral extent for SVOCs has been adequately characterized in sediment 
within the Silvernale Area.  Energetics and pesticides have been adequately characterized in 
sediment within the Silvernale Area.  No exceedances for these chemical classes were in 
subsurface soil; therefore, the vertical extent for these chemical classes has been adequately 
characterized. 

2.4.2 Surface Soil Nature and Extent 

To evaluate the nature and extent of potential contaminants in the Silvernale Area, 
53 surface soil samples were collected at the Silvernale Area and analyzed for one or more of 
the following: VOCs, metals, PCBs (aroclor), SVOCs (including PAHs and phthalates), 
dioxins/furans, energetics, pesticides, and TPH.  A summary of the sampling performed is 
provided in Table 2.4-1, and the sample locations are presented in Figure 2.4-1.  Table 2.4-2 
presents the detections and screening levels in surface soil samples in the Silvernale area. 

2.4.2.1 Parameters above Comparison Criteria 
This section describes the chemical parameters with detected concentrations that exceeded 
one or more comparison criterion.  Surface soil detections at the Silvernale Area are 
presented in Table 2.4-2. 

Metals.  Thirty-five surface soil samples were collected at 33 locations and analyzed for 
metals.  Most of those parameters were encountered at concentrations similar to their 
respective background values and are likely indicative of natural occurrence.  Those metals 
with concentrations exceeding their respective background level, and their ecological 
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and/or human health screening levels, are described below.  Figures 2.4-2A and 2.4-2B 
present the nature and extent of metals in surface soil. 

Eight surface soil samples exceeded the background concentration (20,000 mg/kg) and the 
ESL (12 mg/kg) for aluminum.  The exceedance concentration for aluminum ranged from 
20,900 mg/kg at SNBS1031 to 32,200 mg/kg at SNBS1032.  Surface samples collected from 
the potential dredge area (Chemical Use Area 2) and in the northern portion of the 
Silvernale Area (Chemical Use Area 3) had concentrations of aluminum that exceeded the 
background and ESLs.  No samples exceeded the human health screening levels 
(75,000 mg/kg).  The lateral extent of aluminum needs to be further investigated north of 
the northern portion of the Silvernale Area due to exceedances of aluminum in surface soil 
at SNBS1018 and SNBS1027.  Aluminum was detected above screening levels in subsurface 
soil samples.  Further discussion on the subsurface soil aluminum exceedance is in 
Section 2.4.3.1. 

Three surface soil samples exceeded the background concentration (140 mg/kg) and the ESL 
(15 mg/kg) for barium.  The exceedance concentration of barium ranged from 150 mg/kg at 
SNBS09 and SNBS10 to 166 mg/kg at SNBS1032.  These samples were collected from the 
potential dredge area.  No surface soil samples in the Silvernale Area exceeded the human 
health screening level (15,000 mg/kg) for barium.  The lateral extent of barium has been 
adequately characterized in surface soil at the Silvernale Area.  Barium was detected above 
screening levels in subsurface soil samples.  Further discussion of the subsurface soil barium 
exceedance is in Section 2.4.3.1. 

Nine surface soil samples exceeded the background concentration (1 mg/kg) and the ESL 
(0.021 mg/kg) for cadmium.  The exceedance concentration for cadmium ranged from 
1.12 mg/kg at SNBS1014 to 5 mg/kg at SNBS09.  Cadmium was detected above the 
background concentration and ESL for cadmium in samples collected from the drainage 
leading into the reservoir from the northeast side and from the potential dredge area.  No 
surface soil samples collected in the Silvernale Area exceeded the human health screening 
level (78 mg/kg).  The lateral extent of cadmium exceedances in the drainage to the 
northeast of the Silvernale Reservoir needs to be investigated further due to exceedances of 
cadmium in the surface soil.  Cadmium was detected above screening levels in subsurface 
soil samples.  Further discussion of the subsurface soil cadmium exceedance is in 
Section 2.4.3.1. 

Two surface soil samples exceeded the ESL of 0.2 mg/kg for hexavalent chromium.  
Hexavalent chromium was detected at SNBS1032 and SNBS1015 at a concentration of 
6.2 J mg/kg and 0.58 J mg/kg, respectively.  SNBS1032 is located in the potential dredge 
area and NSBS1015 is located in the drainage leading into the reservoir from the northeast 
side.  No surface soil samples exceeded the human health screening level (110 mg/kg) for 
hexavalent chromium, and, at this time, no background concentration is established for 
hexavalent chromium.  The lateral extent of hexavalent chromium in surface soil has been 
adequately characterized at the Silvernale Area.  There were no subsurface soil exceedances 
of hexavalent chromium; therefore, hexavalent chromium has been adequately 
characterized vertically at the Silvernale Area. 

Cobalt was detected at a concentration of 32 mg/kg, which is above its background 
concentration (21 mg/kg), ESL (8.90 mg/kg), and human health screening level (23 mg/kg), 
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in one surface soil sample (SNBS13) located in the drainage just south of the Silvernale 
Reservoir.  The lateral extent of cobalt in surface soil has been adequately characterized at 
the Silvernale Area.  There were no subsurface soil exceedances of cobalt; therefore, cobalt 
has been adequately characterized vertically at the Silvernale Area. 

Copper was detected above its background concentration (29 mg/kg) and ESL (1.10 mg/kg) 
in four surface soil samples.  Two samples (ECBS1020 and ECBS1406) associated with the 
ECL, but located within the Group 9 boundary, are not included in the number of 
exceedances or the discussion because they were included in the discussion of the ECL RFI 
Site samples in the Group 5 RFI report (CH2M HILL, 2008a).  The exceedance concentration 
for copper ranged from 39.6 mg/kg at SNBS1025 to 140 mg/kg at SNBS10.  The locations, in 
which copper exceeded its background concentration and ESL, are located in the potential 
dredge area.  No surface samples at the Silvernale Area exceeded the human health 
screening level of 3,000 mg/kg.  The lateral extent of copper has been adequately 
characterized in surface soil at the Silvernale Area.  Copper was detected above screening 
levels in subsurface soil samples.  Further discussion of the subsurface soil copper 
exceedance is in Section 2.4.3.1. 

Lithium was detected above its ESL of 10 mg/kg in two surface soil samples.  Lithium 
exceeded screening levels at ECBS1020 but is not included in this discussion because the 
sample was discussed in the ECL RFI Site section of the Group 5 RFI Report (CH2M HILL, 
2008a).  Lithium was detected at 32 J mg/kg and 31 J mg/kg at BGSS03 at 0.5 ft bgs and 1 ft 
bgs, respectively.  BGSS03 is a background sample located east of the Silvernale Reservoir.  
No surface soil samples from the Silvernale Area exceeded the human health screening level 
for lithium of 152 mg/kg.  At this time, no background concentration is established for 
lithium.  The lateral extent of lithium is considered adequately characterized for lithium in 
surface soil since the only exceedances of lithium were in the background samples.  The 
background samples are not near a chemical use area; therefore, they are not likely to have 
been affected by activities at SSFL.  Lithium was detected above screening levels in 
subsurface soil samples.  Further discussion of the subsurface soil lithium exceedance is in 
Section 2.4.3.1. 

Manganese was detected above its background concentration (495 mg/kg) and ESL 
(72 mg/kg) in four samples collected in the Silvernale Area.  The exceedance concentration 
of manganese ranged from 500 mg/kg at BGSS03 to 632 mg/kg at SNBS1013.  The 
exceedances were detected in a location in the northeastern drainage of the Silvernale 
Reservoir and in a background sample collected to the east of the Silvernale Reservoir.  No 
samples exceeded the human health screening level (9,500 mg/kg) for manganese in the 
Silvernale Area.  The lateral extent of manganese has been adequately characterized in 
surface soil at the Silvernale Area.  Manganese was detected above screening levels in 
subsurface soil samples.  Further discussion of the subsurface soil manganese exceedance is 
in Section 2.4.3.1. 

Mercury was detected above its background concentration (0.09 mg/kg) and ESL 
(0.10 mg/kg) in two surface soil samples collected in the Silvernale Area.  Mercury was 
detected at a concentration of 0.109 J mg/kg and 0.229 mg/kg at SNBS1032 and SNBS1025, 
respectively.  Both of these sample locations are within the potential dredge area.  No 
surface soil samples in the Silvernale Area exceeded the human health screening level 
(23 mg/kg) for mercury.  The lateral extent of mercury has been adequately characterized in 
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surface soil at the Silvernale Area.  Mercury was detected above screening levels in 
subsurface soil samples.  Further discussion of the subsurface soil mercury exceedance is in 
Section 2.4.3.1. 

Nickel was detected above its background concentration (29 mg/kg) and ESL (0.10 mg/kg) 
at SNBS09 at a concentration of 31 mg/kg.  SNBS09 is located in the potential dredge area.  
Two samples (ECBS1020 and ECBS1406) associated with ECL but located within the 
Group 9 boundary are not included in the number of exceedances or in the discussion 
because they were included in the discussion of the ECL RFI Site samples in the Group 5 RFI 
report (CH2M HILL, 2008a).  No surface soil samples in the Silvernale Area exceeded the 
human health screening level (1,500 mg/kg) for nickel.  The lateral extent of nickel has been 
adequately characterized in surface soil at the Silvernale Area.  Nickel was detected above 
screening levels in subsurface soil samples.  Further discussion of the subsurface soil nickel 
exceedance is in Section 2.4.3.1. 

Selenium was detected above its background concentration and ESL of 0.655 mg/kg and 
0.17 mg/kg, respectively, at four locations.  The exceedance concentration for selenium 
ranged from 0.72 J mg/kg at BGSS03 (background sample to the east of the Silvernale 
Reservoir) to 1.2 mg/kg at SNBS1026 (north of the potential dredge area).  No surface soil 
samples in the Silvernale Area exceeded the human health screening level (380 mg/kg) for 
selenium.  The lateral extent of selenium needs to be further investigated north of the 
northern portion of the Silvernale Area due to exceedances of selenium in surface soil at 
SNBS1019, SNBS1026, and SNBS1027.  Selenium was detected above screening levels in 
subsurface soil samples.  Further discussion of the subsurface soil selenium exceedance is in 
Section 2.4.3.1. 

Silver was detected above its background concentration (0.79 mg/kg) and ecological 
(0.54 mg/kg) screening level in 22 surface soil samples at 21 sample locations.  The 
exceedance concentration for silver ranged from 1.16 J mg/kg at SNBS1017 to 223 J mg/kg 
at SNBS1025.  The exceedance locations are within the potential dredge area, north of the 
potential dredge area, and the northeastern drainage of the Silvernale Reservoir.  No surface 
soil samples in the Silvernale Area exceeded the human health screening level (380 mg/kg) 
for silver.  The lateral extent of silver exceedances in the drainage to the northeast of the 
Silvernale Reservoir needs to be investigated further due to exceedances of silver in the 
surface soil.  Silver was detected above screening levels in subsurface soil samples.  Further 
discussion of the subsurface soil silver exceedance is in Section 2.4.3.1. 

Vanadium was detected above its background concentration (62 mg/kg) and ecological 
(1.5 mg/kg) screening level at SNBS1032 at a concentration of 68.6 mg/kg.  SNBS1032 is 
located within the potential dredge area.  ECBS1020 and ECBS1406 exceeded screening 
levels for vanadium but are not included in this discussion because they are discussed in the 
ECL RFI Site of the Group 5 RFI report (CH2M HILL, 2008a).  No surface soil samples in the 
Silvernale Area exceeded the human health screening level (369 mg/kg) for vanadium.  The 
lateral extent of vanadium has been adequately characterized in surface soil at the Silvernale 
Area.  Vanadium was detected above screening levels in subsurface soil samples.  Further 
discussion of the subsurface soil vanadium exceedance is in Section 2.4.3.1. 

Zinc was detected above its background concentration (110 mg/kg) and ESL (21 mg/kg) in 
five surface soil samples.  ECBS1020 exceeded screening levels for zinc but is not included in 
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this discussion because it is included in the ECL RFI Site of the Group 5 RFI report 
(CH2M HILL, 2008a).  The exceedance concentration for zinc ranged from 121 mg/kg at 
SNBS1015 to 190 mg/kg at SNBS09.  The exceedance locations are within the potential 
dredge area and the drainage to the northeast of Silvernale Reservoir.  No surface soil 
samples in the Silvernale Area exceeded the human health screening level (23,000 mg/kg) 
for zinc.  The lateral extent of zinc has been adequately characterized in surface soil at the 
Silvernale Area.  Zinc was detected above screening levels in subsurface soil samples.  
Further discussion of the subsurface soil zinc exceedance is in Section 2.4.3.1. 

Calcium, iron, magnesium, phosphorous, potassium, sodium, and titanium were detected in 
surface soil in the Silvernale Area, but these metals do not have background concentrations 
and/or screening levels at this time.  Antimony, arsenic, beryllium, chromium, boron, lead, 
molybdenum, strontium, thallium, tin, and zirconium were detected in the surface soil in 
the Silvernale Area but did not exceed the screening criteria.   

Dioxins/Furans.  Twenty-five samples were collected and analyzed for dioxins/furans, 
including CDDs and CDFs, at 24 sample locations.  Five dioxins/furans exceeded screening 
levels in 12 samples at 11 sample locations.  The current approach to assessing the toxicity of 
these mixtures is to use information about the toxic potency of the different congeners to 
convert the congener concentrations to a toxicologically equivalent concentration of the 
most potent congener—2,3,7,8-TCDD.  The TEQs of 2,3,7,8-TCDD also were reported by the 
laboratory for the Silvernale Area surface soil dioxin samples, if there was an exceedance of 
individual congener.  The samples were evaluated for nature and extent by comparing the 
frequency of the different CDDs and the CDFs that exceeded the screening criteria at each 
location.  The CDD and CDF exceedances were added together according to the chlorine 
designation (tetra-, penta-, hexa-, hepta-, and octa-) and the 2,3,7,8-TCDD TEQ values were 
compared to the ecological screening criteria (4.3 pg/g) and the human health screening 
criteria (6.9 pg/g).  Table 2.4-3 summarizes the dioxin exceedances in surface soil in the 
Silvernale Area; the nature and extent of the 2,3,7,8-TCDD TEQ values are discussed below.   

Twelve surface soil samples at 11 sample locations exceeded the 2,3,7,8-TCDD TEQ human 
health and ecological screening criteria.  The exceedances ranged from 5.63 pg/g at 
SNBS1039 to 64.16 pg/g at SNBS1032.  The exceedance locations are in the potential dredge 
area and in the drainage to the northeast of Silvernale Reservoir.  The horizontal extent of 
the 2,3,7,8-TCDD TEQ concentrations needs further characterization at the Silvernale Area 
in the drainages leading to and from the Silvernale Reservoir, as shown in Figure 2.4-3.  In 
subsurface soil samples, the 2,3,7,8-TCDD TEQ was detected above screening levels.  
Further discussion of the subsurface soil 2,3,7,8-TCDD TEQ exceedance is in Section 2.4.3.1. 

PCBs.  Twenty-seven surface soil samples in the Silvernale Area were analyzed for aroclors.  
Three PCB Aroclors (Aroclors-1248, 1254, and 1260) were detected that exceeded their 
comparison criteria in four surface soil samples at the Silvernale Area.  One surface soil 
sample (SNBS1032, located in the potential dredge area) exceeded the ESL for Aroclor-1248 
and Aroclor-1260 at a concentration of 180 J μg/kg and 110 J μg/kg, respectively.  The 
ecological and human health screening levels for Aroclor-1248 are 11 µg/kg and 140 µg/kg, 
respectively.  The ecological and human health screening levels for Aroclor-1260 are 
78 µg/kg and 140 μg/kg, respectively.  Four surface soil samples exceeded the ecological 
(78 μg/kg) screening level for Aroclor-1254.  Of those four samples, three samples exceeded 
the human health screening level (140 μg/kg).  The exceedance concentrations for 
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Aroclor-1254 ranged from 130 J μg/kg (SNBS1025) to 660 J μg/kg (SNBS10).  Figure 2.4-4 
presents the nature and extent of PCBs in surface soil.  The lateral extent of PCBs has been 
adequately characterized in surface soil at the Silvernale Area.  PCBs were detected above 
screening levels in subsurface soil samples.  Further discussion of the subsurface soil PCBs 
exceedance is in Section 2.4.3.1. 

Perchlorate.  Perchlorate exceeded the ESL of 0.024 μg/kg at SNBS1032 at a concentration of 
19.2 J μg/kg.  SNBS1032 is located in the potential dredge area.  No surface soil samples 
analyzed for perchlorate in the Silvernale Area exceeded the human health screening level 
of 53,000 μg/kg.  Figure 2.4-5 presents the nature and extent of perchlorate in surface soil.  
The lateral extent of perchlorate has been adequately characterized in surface soil at the 
Silvernale Area.  No perchlorate exceedances were in subsurface soil; therefore, perchlorate 
has been vertically characterized. 

SVOCs, VOCs, TPH, and Pesticides.  No SVOCs (in 28 samples), VOCs (in 26 samples) or TPHs 
(in 30 samples) were detected above screening levels in surface soil samples collected at the 
Silvernale Area.  Pesticides (in 18 samples) were not detected in surface soil samples 
collected at the Silvernale Area.  These chemical classes are considered laterally 
characterized in surface soil at the Silvernale Area.  TPHs and VOCs were detected in 
subsurface soil in the Silvernale Area and are further discussed in Section 2.4.3.1.  There 
were no SVOC or pesticide exceedances; therefore, SVOCs and pesticides are considered 
vertically characterized at the Silvernale Area. 

2.4.3 Subsurface Soil Nature and Extent  

Twenty-eight subsurface soil samples were collected at this site from 22 sample locations to 
a maximum depth of 12 ft bgs.  The subsurface soil at the site was analyzed for one or more 
of the following: dioxins/furans, metals, PCBs (Aroclors), SVOCs (including PAHs and 
phthalates), TPHs, energetics, pesticides, and VOCs.  Table 2.4-4 lists the parameters 
detected and the screening levels for the subsurface soil samples at the Silvernale Area.   

2.4.3.1 Parameters above Comparison Criteria  

The nature and vertical extent of the parameters encountered at concentrations exceeding 
their respective comparison criteria are described below.   

VOCs.  Seventeen subsurface soil samples were collected from 16 sampling locations and 
analyzed for VOCs.  Of those, two samples from two sample locations exhibited elevated 
concentrations of a combined three VOC parameters, including TCE.  Benzene, the only 
VOC detected, in sediment samples in the Silvernale Area was not detected at a 
concentration that exceeded the screening criteria.  Figure 2.4-6 presents the nature and 
extent of VOCs in subsurface soil. 

Formaldehyde was detected above its ESL of 4,000 μg/kg at SNBS1000 at 3.5 ft bgs at a 
concentration of 46,000 J μg/kg.  SNBS1000 is located within the Silvernale Reservoir.   
No subsurface samples were detected above the human health screening level 
(12,000,000 μg/kg) for formaldehyde.  This was the only sample in which formaldehyde 
exceeded the screening levels in the Silvernale Area; therefore, formaldehyde is considered 
adequately characterized horizontally and vertically.   
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Methylene chloride and TCE were detected at concentrations above their respective human 
health screening levels at SNBS20 at 12 ft bgs, which is located within the Silvernale 
Reservoir.  The human health screening levels for methylene chloride and TCE are 4 μg/kg 
and 2.2 μg/kg, respectively.  Methylene chloride and TCE were detected at 7 J μg/kg and 
3 J μg/kg at SNBS20.  No other subsurface samples collected at the Silvernale Area exceeded 
screening levels for methylene chloride and TCE.   

VOCs are considered vertically and horizontally characterized in sediment and soil at the 
Silvernale Area. 

Metals.  Twenty-one subsurface soil samples, collected from 20 sampling locations, were 
analyzed for metals to a maximum depth of 12 ft bgs.  Of those, 11 samples exhibited 
elevated concentrations of 13 metals parameters.  Most of the exceeded parameters were 
detected at concentrations similar to their respective background values, as detailed below.  
Figure 2.4-7 presents the nature and extent of metals in subsurface soil. 

Aluminum was detected above its background concentration (20,000 mg/kg) and ESL 
(12 mg/kg) in eight subsurface soil samples.  The exceedance concentration for aluminum 
ranged from 23,200 mg/kg at SNBS1027 (3 ft bgs) to 34,700 mg/kg at two locations—
SNBS20 (12 ft bgs) and SNBS1007 (2.5 ft bgs).  The exceedance locations are within the 
Silvernale Reservoir, the potential dredge area, and north of the potential dredge area.  No 
subsurface soil samples exceeded the ESL of 75,000 mg/kg for aluminum.  The locations 
where aluminum exceeded the screening levels terminated on bedrock; therefore, those 
locations are considered vertically characterized.  Aluminum is considered laterally and 
vertically characterized in soil in the Silvernale Area.   

Arsenic was detected above its background concentration (15 mg/kg), ESL (1.9 mg/kg), and 
human health screening level (0.095 mg/kg) at one location (SNBS11) at a concentration of 
30 J mg/kg.  SNBS11 is located in the potential dredge area.  The locations where arsenic 
exceeded the screening levels terminated on bedrock; therefore, those locations are 
considered vertically characterized.  Arsenic is considered laterally and vertically 
characterized in soil in the Silvernale Area. 

Barium was detected above its background concentration (140 mg/kg) and ESL (15 mg/kg) 
at three locations.  The exceedance concentrations for barium ranged from 190 mg/kg at 
SNBS1000 at 3.5 ft bgs to 201 mg/kg at SNBS1007 at 2.5 ft bgs.  The exceedances are located 
within the Silvernale Reservoir.  No subsurface soil samples that were analyzed for barium 
exceeded the human health screening level of 15,000 mg/kg.  The locations where barium 
exceeded the screening levels terminated on bedrock; therefore, those locations are 
considered vertically characterized.  Barium is considered laterally and vertically 
characterized in soil in the Silvernale Area. 

Cadmium was detected above its background concentration (1 mg/kg) and ESL 
(0.021 mg/kg) at three subsurface soil locations.  The exceedance concentrations for 
cadmium ranged from 1.47 mg/kg at SNBS20 (12 ft bgs) to 2.83 mg/kg at SNBS1000 (3.5 ft 
bgs).  The exceedances are located within the Silvernale Reservoir.  No subsurface soil 
samples in the Silvernale Area exceeded the human health screening level for cadmium of 
78 mg/kg.  The locations where cadmium exceeded the screening levels terminated on 
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bedrock; therefore, those locations are considered vertically characterized.  Cadmium is 
considered laterally and vertically characterized in soil in the Silvernale Area. 

Copper was detected above its background concentration (29 mg/kg) and ESL (1.1 mg/kg) 
at three subsurface soil samples.  The exceedance concentrations for copper ranged from 
45 mg/kg at SNBS1007 (2.5 ft bgs) to 98.3 mg/kg at SNBS20 (12 ft bgs).  The exceedances are 
located within the Silvernale Reservoir.  No subsurface soil samples in the Silvernale Area 
analyzed for copper exceeded the human health screening level of 3,000 mg/kg for copper.  
The locations where copper exceeded the screening levels terminated on bedrock; therefore, 
those locations are considered vertically characterized.  Copper is considered laterally and 
vertically characterized in soil in the Silvernale Area. 

Lead was detected above its background concentration (34 mg/kg) and ESL (0.063 mg/kg) 
at two subsurface soil locations.  The maximum detected concentration of lead was 
48.6 mg/kg at SNBS1007 ( 2.5 ft bgs), which is located within the Silvernale Reservoir.  The 
other location where lead was detected above its background concentration and ESL was at 
SNBS1000 at 3.5 ft bgs (45.4 mg/kg), which is also located within the Silvernale Reservoir.  
No subsurface soil samples in the Silvernale Area analyzed for lead exceeded the human 
health screening level of 150 mg/kg.  The locations where lead exceeded the screening levels 
terminated on bedrock; therefore, those locations are considered vertically characterized.  
Lead is considered laterally and vertically characterized in soil in the Silvernale Area. 

Manganese was detected above its background concentration (495 mg/kg) and ESL 
(72 mg/kg) at two subsurface soil locations (SNBS1000 at 3.5 ft bgs and SNBS1007 at 2.5 ft 
bgs) located within the Silvernale Reservoir.  Manganese was detected at 505 mg/kg at 
SNBS1000 and 582 mg/kg at SNBS1007.  No subsurface soil samples in the Silvernale Area 
that were analyzed for manganese exceeded the human health screening level of 
9,500 mg/kg.  The locations where manganese exceeded the screening levels terminated on 
bedrock; therefore, those locations are considered vertically characterized.  Manganese is 
considered laterally and vertically characterized in soil in the Silvernale Area. 

Mercury was detected above its background concentration (0.09 mg/kg) and its ESL 
(0.1 mg/kg) at two subsurface soil locations (SNBS1000 at 3.5 ft bgs and SNBS1007 at 2.5 ft 
bgs) located within the Silvernale Reservoir.  Mercury was detected at 0.226 mg/kg at 
SNBS1000 and 0.316 mg/kg at SNBS1007.  No subsurface soil samples in the Silvernale Area 
analyzed for mercury exceeded the human health screening level of 23 mg/kg.  The 
locations where mercury exceeded the screening levels terminated on bedrock; therefore, 
those locations are considered vertically characterized.  Mercury is considered laterally and 
vertically characterized in soil in the Silvernale Area. 

Nickel was detected above its background concentration (29 mg/kg) and ESL (0.1 mg/kg) at 
three subsurface soil samples.  The exceedance concentrations for nickel ranged from 
33.9 mg/kg at SNBS1007 (2.5 ft bgs) to 36.7 mg/kg at SNBS1000 (3.5 ft bgs).  The 
exceedances are located within the Silvernale Reservoir.  No subsurface soil samples in the 
Silvernale Area that were analyzed for nickel exceeded the human health screening level of 
1,500 mg/kg.  The locations where nickel exceeded the screening levels terminated on 
bedrock; therefore, those locations are considered vertically characterized.  Nickel is 
considered laterally and vertically characterized in soil in the Silvernale Area. 



2.  SILVERNALE RESERVOIR  

MGM09-SSFL/GROUP9_RI/SECTION2.DOC DRAFT 2-25 

Selenium was detected above its background concentration (0.655 mg/kg) and ESL 
(0.17 mg/kg) only at SNBS1000 (3.5 ft bgs) at a concentration of 0.722 J mg/kg.  SNBS1000 is 
located within the Silvernale Reservoir.  No other samples were detected above the 
selenium background concentration or ESL, and no subsurface soil samples exceeded the 
human health screening level (380 mg/kg) for selenium.  The locations where selenium 
exceeded the screening levels were terminated on bedrock; therefore, those locations are 
considered vertically characterized.  Selenium is considered laterally and vertically 
characterized in soil in the Silvernale Area. 

Silver was detected above its background concentration (0.79 mg/kg) and ESL (0.54 mg/kg) 
at 11 subsurface soil samples.  The exceedance concentrations for silver ranged from 
0.936 J mg/kg at SNBS1020 (6 ft bgs) to 102 mg/kg at SNBS1000 (3.5 ft).  The exceedances 
are located within in the potential dredge area and the Silvernale Reservoir.  No subsurface 
soil samples in the Silvernale Area that were analyzed for silver exceeded the human health 
screening level of 380 mg/kg.  The locations where silver exceeded the screening levels 
terminated on bedrock; therefore, those locations are considered vertically characterized.  
Silver is considered laterally and vertically characterized in soil in the Silvernale Area. 

Vanadium was detected above its background concentration (62 mg/kg) and ESL 
(1.5 mg/kg) in three subsurface soil samples.  The exceedance concentrations for vanadium 
ranged from 70.2 mg/kg at SNBS1007 (2.5 ft bgs) to 78.9 mg/kg at SNBS1000 (3.5 ft bgs).  
The exceedances are located within the Silvernale Reservoir.  No subsurface soil samples in 
the Silvernale Area analyzed for vanadium exceeded the human health screening level of 
369 mg/kg.  The locations where vanadium exceeded the screening levels terminated on 
bedrock; therefore, those locations are considered vertically characterized.  Vanadium is 
considered laterally and vertically characterized in soil in the Silvernale Area. 

Zinc was detected above its background concentration (110 mg/kg) and ESL (21 mg/kg) in 
three subsurface soil samples, all of which were located within the Silvernale Reservoir.  The 
exceedance concentrations of zinc ranged from 125 mg/kg at SNBS20 (12 ft bgs) to 
235 mg/kg at SNBS1000 (3.5 ft bgs).  No subsurface soil samples in the Silvernale Area that 
were analyzed for zinc exceeded the human health screening level of 23,000 mg/kg.  The 
locations where zinc exceeded the screening levels terminated on bedrock; therefore, those 
locations are considered vertically characterized.  Zinc is considered laterally and vertically 
characterized in soil in the Silvernale Area. 

Four parameters (chromium, hexavalent chromium, cobalt, and lithium) detected at 
concentrations exceeding screening levels in the surface soil were not encountered at 
elevated concentrations in subsurface soil media; thus, the vertical extents of these 
constituents have been addressed sufficiently.   

Dioxins/Furans.  As with the dioxin/furans investigation in the sediment and surface soils, 
15 subsurface soil samples collected to a depth of 5 ft bgs were analyzed for both CDDs and 
CDFs.  Likewise the approach in subsurface soils is to assess the toxicity of these mixtures 
by using the information regarding the toxic potency of the different congeners and 
converting them to 2,3,7,8-TCDD TEQs.  The frequency of the different CDDs and CDFs that 
exceeded their respective screening criteria at each location were added together according 
to chlorine designation (tetra-, penta-, hexa-, hepta-, and octa-), and the 2,3,7,8-TCDD TEQ 
values were compared to the screening criteria, as summarized in Table 2.4-5.   
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The 2,3,7,8-TCDD TEQ values exceeded the human health (6.9 pg/g) and ecological 
(4.3 pg/g) comparison criteria at SNBS1000 (138.4518 pg/g) at 3.5 ft bgs and SNBS1007 
(60.5591 pg/g) at 2.5 ft bgs.  These two locations are within the Silvernale Reservoir.  
Figure 2.4-8 presents the nature and extent of 2,3,7,8-TCDD TEQ in subsurface soil.  The 
locations where 2,3,7,8-TCDD TEQ exceeded the screening levels were terminated on 
bedrock; therefore, those locations are considered vertically characterized.  The 
2,3,7,8-TCDD TEQ is considered laterally and vertically characterized in soil in the 
Silvernale Area. 

PCBs.  Seventeen samples were collected from 16 locations in the Silvernale Area and 
analyzed for Aroclors.  Two PCBs—Aroclor-1248 and Aroclor-1254—were detected at 
concentrations that exceeded their respective human health and/or ESL.  The ESLs for 
Aroclor-1248 and Aroclor-1254 are 11 μg/kg and 78 μg/kg, respectively.  The human health 
screening level for Aroclor-1248 and Aroclor-1254 is 140 μg/kg, but the human health 
screening level was not exceeded.  A sample from SNBS1032 at 4.5 ft bgs (located in the 
potential dredge area) exceeded the ESL for Aroclor-1248 at a concentration of 22 μg/kg.  A 
sample from SNBS20 at 12 ft bgs (located within the Silvernale Reservoir) exceeded the ESL 
for Aroclor-1254 at a concentration of 120 J μg/kg.  Samples from SNBS1000 at 3.5 ft, 
SNBS10007 at 2.5 ft bgs, and SNBS17 at 3 ft bgs exceeded the human health and ESLs for 
Aroclor-1254 with concentrations ranging from 192 μg/kg at SNBS17 to 970 J μg/kg at 
SNBS1000.  SNBS1000 and SNBS1007 are located within the Silvernale Reservoir, and 
SNBS17 is located in the potential dredge area.  None of the locations, except SNBS1000, 
were sampled at deeper intervals than reported here; however, there are multiple locations 
in the vicinity of the samples that were analyzed for PCBs in similar or deeper sampling 
intervals.  SNBS1000 was sampled at 6 ft bgs, and there were no exceedances for PCBs at 
that depth.  All locations, except SNBS20, discussed here had an exceedance of PCB aroclors 
reported in the surface soil.  The vertical and lateral extents of PCB aroclors in the Silvernale 
Area have been evaluated adequately.  Figure 2.4-9 presents the nature and extent of PCBs 
in subsurface soil. 

TPH.  Eighteen subsurface soil samples were collected from 17 sampling locations and 
analyzed for TPH.  Of those, four samples had reported elevated concentrations of a 
combined three TPH parameters, each exceeding its respective human health criteria.  
Gasoline-range (C8-C11), diesel-range alkanes (C11, C13, and C15), and diesel-range 
(C14-C20) were detected at concentrations exceeding their respective comparison criteria.  
Figure 2.4-10 presents the nature and extent of TPH in subsurface soil. 

Two samples (SNBS1000 at 3.5 ft bgs and SNBS1007 at 2.5 ft bgs) exceeded the human health 
screening level of 1,400 mg/kg at a concentration of 3,900 J mg/kg and 2,900 mg/kg, 
respectively, for the diesel-range alkanes.  Three samples (SNBS1000 at 3.5 ft bgs, SNBS1007 
at 2.5 ft bgs, and SNBS1011 at 4 ft bgs) exceeded the human health screening level of 
1.1 mg/kg at concentrations of 1,100 J mg/kg, 810 mg/kg, and 24 mg/kg, respectively, for 
gasoline range.  Three samples (SNBS20 at 12 ft bgs, SNBS1000 at 3.5 ft bgs, and SNBS1007 
at 2.5 ft bgs) exceeded the human health screening level of 1,400 mg/kg at concentrations of 
3,480 mg/kg, 4,700 J mg/kg, and 2,800 mg/kg, respectively, for diesel range.  The locations 
where TPH exceeded its screening levels terminated on bedrock; therefore, those locations 
are considered vertically characterized.  TPH is considered laterally and vertically 
characterized in soil in the Silvernale Area. 
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SVOCs, Energetics, and Pesticides.  No SVOCs (18 samples), energetics (17 samples), and 
pesticides (14 samples) exceeded their respective screening levels in subsurface soil in the 
Silvernale Area; therefore, the lateral extent for these chemical classes has been adequately 
characterized.  There were no exceedances for these chemical classes in sediment and 
surface soil; therefore, the vertical extent for these chemical classes has been evaluated 
adequately. 

2.4.4 Soil Gas Nature and Extent  

Eleven soil gas samples were collected at the Silvernale Area.  Table 2.4-6 lists the 
parameters detected  and screening levels for soil gas samples at the Silvernale Area.  TCE 
was the only detected VOC that exceeded screening levels in soil gas in the Silvernale Area 
at SNSV01 (4 ft bgs and 8 ft bgs) and at SNSV02 (3 ft bgs).  Both of these are located in the 
potential dredge area.  The maximum concentration of TCE (8,400 micrograms per cubic 
meter [μg/m3

]) was detected at SNSV01 (8 ft bgs).  The human health screening level of 
1,400 μg/m3 was exceeded at SNSV01 (4 and 8 ft bgs) and at SNSV02 (3 ft bgs), and the ESL of 
6,400 μg/m3 

was exceeded at SNSV01 (8 ft bgs).  Figure 2.4-11 presents the nature and extent 
of TCE in soil gas.  Soil gas in the Silvernale Area is considered laterally characterized due to 
surrounding sample results at concentrations below screening levels.  Soil gas in the 
Silvernale Area is considered vertically characterized due to either deeper sample results at 
concentrations below screening levels or shallow bedrock encountered. 

2.5 Conceptual Site Exposure Model 

The generalized human health conceptual site model (CSM) for Group 9 is presented in 
Section 1.5.3.3.  The human health CSM specific to the Silvernale Area is presented in 
Section 2.7.2.  The generalized ecological CSM for Group 9 is presented in Section 1.5.4.4.  
The ecological CSM specific to the Silvernale Area is described in Section 2.8.1.4.   

2.6 Fate and Transport Analysis for Chemicals Detected in 
Groundwater in Surficial Media at the Silvernale Area 

2.6.1 Contaminant Sources and Release Mechanisms  

The primary contaminant sources for the Silvernale Reservoir are surface water from 
upgradient drainages and surface water pumped from the R-2 Ponds.  Historically, chemical 
spills and releases have been recorded in upgradient chemical use areas in Groups 2, 3, and 
6 RI sites and have had impacts to the sediment, surface soil, groundwater, and surface 
water within Silvernale Area.  Dredging and hauling of sediments from Silvernale Reservoir 
might also have been a source of contaminants to areas where those sediments were 
deposited.   
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2.6.2 Potential Routes of Migration 

Multiple potential pathways exist for contaminant transport in the Silvernale Area.  The 
primary pathways for contaminant transport from this site include the following: 

 Vertical migration of contaminants from the sediment and/or surface soil to subsurface 
soil 

 Horizontal migration of contaminants along the surface via stormwater or wind 

 Vertical migration of contaminants from surface water through the vadose zone to 
NSGW 

Contaminant transportation could also occur via the release of surface soil to the air by wind 
erosion or volatilization.  In addition, contaminant migration could occur with the pumping 
of surface water using the pipeline from the R-2 Ponds to Silvernale Reservoir.   

Sediment and surface soil from within Silvernale Reservoir could have been deposited at the 
potential dredge area.  Material is no longer dredged from Silvernale.   

2.6.3 Contaminant Persistence 

Dioxins, metals, inorganics, VOCs, PCBs, petroleum hydrocarbons, and SVOCs were 
detected in the soil at the Silvernale Area at levels exceeding one or more screening criteria.  
VOCs were detected in the soil gas at concentrations above one or more screening criteria.  
Additionally, VOCs were detected in NSGW, SVOCs and metals were detected in surface 
water, and metals and inorganics were detected in Chatsworth Formation groundwater at 
levels exceeding one or more screening criteria.  This subsection describes the chemicals 
applicable to this area.   

2.6.3.1 Parameters Exceeding Criteria  

Dioxins, metals, inorganics, VOCs, PCBs, petroleum hydrocarbons, and SVOCs are 
described below.  Parameters detected in soil, soil gas, surface water, and groundwater 
exceeded their respective screening criteria are discussed below. 

Dioxins.  Dioxins are characterized by extremely low vapor pressures, high log Kow, high Koc, 
and extremely low water solubilities.  Their strong adsorption to soil, low water solubilities, 
and high Koc values indicate that the rate of transport from unsaturated zone soils to the 
water table via rain infiltration would be extremely low.   

Dioxins were detected at levels above the screening criteria in surface soil.  Because dioxins 
have low vapor pressure, they have low volatility and tend to stay bound to particles.  
Dioxins also have low solubility; thus, any aerially deposited dioxins tend to stay adsorbed 
to soils in the top few millimeters of surface soil.  This theory is consistent with the collected 
Silvernale Area data, which did not have dioxins detected at levels above the screening 
criteria in the subsurface soils. 

Metals.  Several total and dissolved metals were detected at the site at levels above the 
screening criteria.  Many metals are naturally occurring, and their reported presence might 
or might not indicate a past chemical release.  The mobility of metals is complex and 
depends on several factors, such as the overall groundwater composition, pH, metal 
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complex formation, valence state of the metal, and cation-ion exchange capacity.  Metals 
typically are not volatile.  In the water phase, the total metal concentration includes the 
dissolved metal concentration and the suspended metal concentration, which is sorbed to 
colloidal particles.  Therefore, elevated metal concentrations in groundwater could be due to 
the suspended load and not simply to the dissolved aqueous chemistry.   

VOCs.  VOCs are characterized by relatively high vapor pressures, Henry’s Law constants, 
and generally high solubility in water.  VOCs have a tendency to partition to the vapor 
phase from either soil or surface water and could be released through volatilization from 
contaminated soil.  The sorption potential of VOCs is variable; some might persist in soil or 
sediment, while some are highly mobile in soil.  VOCs will leach to groundwater and might 
persist, depending on their ability to degrade or transform in the environment.   

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

PCBs.  PCBs are persistent in the environment.  Aroclor-1248 and Aroclor-1254 are 
characterized by low solubility in water, moderate volatility, high affinity for organic 
matter, and high resistance to chemical or biological degradation.  They will strongly sorb to 
soil and do not tend to leach into groundwater.  In surface water, they will partition to 
sediment and sorb to organic matter.  PCBs will bioaccumulate in aquatic organisms. 

TPH.  TPHs are defined as the measurable amount of petroleum-based hydrocarbon in 
environmental media.  The lighter petroleum products such as gasoline contain constituents 
with higher potentials of water solubility and volatility, and lower potential of sorption than 
heavier petroleum products such as fuel oil.  Data compiled from gasoline spills and 
laboratory studies indicate that these light-fraction hydrocarbons tend to migrate readily 
through soil, potentially threatening or affecting groundwater supplies.  In contrast, 
petroleum products with heavier molecular weight constituents, such as fuel oil, generally 
are more persistent in soils because of their relatively low water solubility and volatility and 
high sorption capacity (Stelljes and Watkin, 1991). 

SVOCs.  PAHs are a group of chemicals that are formed during the incomplete burning of 
coal, oil and gas, garbage, or other organic substances.  High-molecular-weight (HMW) 
PAHs are more likely to be transported via particulate emissions, while low-molecular-
weight (LMW) PAHs have a greater tendency to volatilize (ATSDR, 1995).  In general, PAHs 
are more likely to sorb to soil or organic matter than to partition significantly to water.  
Photolysis and biodegradation are two common attenuation mechanisms for PAH 
compounds (Howard, 1991).  Animals and microorganisms can metabolize PAHs to 
products that ultimately reach complete degradation. 

2.6.4 Contaminant Migration 

The primary sources for contaminant migration are spills or releases into upgradient areas 
that feed surface water drainages leading to Silvernale and surface water transported via 
pipeline from the R-2 Ponds.  It appears that contaminants might have also been transported 
from Silvernale Reservoir to the potential dredge area. 
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2.6.5 Surface Soil/Sediment Contaminants 

Dioxins and organic and inorganic compounds 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 sediment: 

 Dioxins/furans were detected in five sediment samples that exceeded their respective 
screening criteria.  Ten samples exceeded the human health and ecological screening 
criteria for 2,3,7,8-TCDD TEQ. 

 Of the six sediment samples analyzed for metals, three metals were detected in sediment 
at levels exceeding the screening levels and background concentration.   

 Of the four sediment samples collected and analyzed for PCBs/aroclor, one sample 
exceeded the applicable comparison criteria.   

 Of the 21 sediment samples analyzed for VOCs, 1 sample exhibited concentrations of 
one parameter (benzene) at levels that exceeded the human health comparison criterion.   

 Of the 21 sediment samples analyzed for TPH, 5 samples exceeded the screening criteria 
for three TPH groups. 

 Of the 15 sediment samples analyzed for SVOCs, no samples had concentrations that 
exceeded the screening criteria for SVOCs in the sediment in the Silvernale Area. 

 Of the 12 sediment samples analyzed for energetics, no samples had concentrations that 
exceeded the screening criteria for energetics in the sediment in the Silvernale Area. 

 Of the 12 sediment samples analyzed for pesticides, no samples had concentrations that 
exceeded the screening criteria for pesticides in the sediment in the Silvernale Area. 

The following observations were made for contaminants in surface soil:  

 Dioxin/furan constituents were detected in 12 surface soil samples at concentrations 
that exceeded their respective screening criteria.  All of those locations exceeded the 
ecological or human health screening levels for 2,3,7,8 TCDD TEQ. 

 Fourteen metals were detected in surface soil at levels exceeding the applicable 
comparison criteria.  Most of those parameters were encountered at concentrations 
mostly similar to their respective background values, and probably are indicative of 
natural occurrence.   

 Of the 28 surface soil samples analyzed for SVOCs, no samples detected at 
concentrations that exceeded the screening criteria for SVOCs in surface soil in the 
Silvernale Area.   

 Of the 30 surface soil samples analyzed for TPHs, no samples detected at concentrations 
that exceeded the screening criteria for TPHs in surface soil in the Silvernale Area.   

 Of the 27 surface soil samples analyzed for PCBs/aroclors, 4 samples exhibited 
concentrations of 3 aroclors (Aroclors-1248, 1254, and 1260) at levels that exceeded the 
human health and/or ecological comparison criteria. 
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 Of the 30 samples analyzed for VOCs at the Silvernale Area, no samples detected at 
concentrations that exceeded the screening criteria for VOCs in surface soil in the 
Silvernale Area.   

 Perchlorate exceeded the ESL in one surface soil sample collected in the Silvernale Area. 

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

 The highest concentrations of contaminants typically were found at the subsurface soil 
sample location SNBS1000 in the Silvernale Reservoir. 

 A total of two dioxin/furan congeners exceeded their respective screening criteria in 
subsurface soil.  All exceedances were encountered at SNBS1000 (3.5 ft bgs) and 
SNBS1007 (2.5 ft bgs).   

 Eleven subsurface sample locations exhibited elevated concentrations of a combination 
of 13 metal parameters.  Arsenic was detected at elevated concentrations in subsurface 
soil but was not encountered at exceeding concentrations in the surface soil samples 
analyzed.   

 Of the 17 subsurface soil samples that were collected and analyzed for PCBs/aroclors, 
5 samples exhibited elevated concentrations of two aroclors (Aroclor-1248 and 1254).   

 Of the 18 samples that were collected from 17 stations and analyzed for SVOCs in the 
Silvernale Area, no samples exceeded their respective screening levels.   

 Of the 18 subsurface soil samples collected from 17 sampling locations for TPHs at the 
Silvernale Area, 4 samples reported elevated concentrations of three TPH groups.   

 Of the 17 subsurface soil samples collected from 16 sampling stations for VOCs, 
2 samples exhibited elevated concentrations of combined parameters for three VOCs 
(formaldehyde, methylene chloride, and TCE).  None of these were detected in sediment 
and surface soil at concentrations that exceeded their respective screening criteria. 

 Of the 18 subsurface soil samples analyzed for SVOCs, no samples had concentrations 
that exceeded the screening criteria for SVOCs in the subsurface soil in the Silvernale 
Area. 

 Of the 17 subsurface soil samples analyzed for energetics, no samples had 
concentrations that exceeded the screening criteria for energetics in the subsurface soil in 
the Silvernale Area. 

 Of the 14 subsurface soil samples analyzed for pesticides, no samples had concentrations 
that exceeded the screening criteria for pesticides in the subsurface soil in the Silvernale 
Area. 

2.6.6 Soil-to-Groundwater Migration  

Chemical impacts in groundwater in the Silvernale Area generally are characterized by TCE 
and its daughter products, much like site conditions at other SWMUs at SSFL.   

No VOC exceedances have been identified in Chatsworth Formation groundwater well 
WS-08.   
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Localized occurrences of TCE and other VOCs are found in NSGW wells in the Silvernale 
Area.  These piezometers are located upgradient of Silvernale Reservoir, and any 
exceedances are likely the result of upstream releases and processes.  However, more recent 
sampling events at these locations have not resulted in detection of these analytes.  
Downgradient impacts to groundwater from Silvernale Reservoir have not been well 
characterized because of a lack of piezometers in the Silvernale Area. 

The area of chemical impacts north of Silvernale Reservoir (potential dredge area) includes 
two samples with elevated levels of TCE, as shown in Figure 2.4.11.  The presence of TCE 
within this area is likely the result of contaminated sediments removed from Silvernale 
Reservoir and deposited in the potential dredge area.  Isolated exceedances of TCE at only 
two locations indicate that VOCs in soil gas are not likely to migrate in soil gas or soil from 
these locations.   

Exceedances of gasoline-range and diesel-range hydrocarbons were identified in the 
sediment and subsurface soil within Silvernale Reservoir.  Diesel-range hydrocarbons 
generally are more persistent in soils.  Because of their relatively low solubility in water, 
they are likely to remain in the sediment and soils within the reservoir and not migrate to 
NSGW or CFOU groundwater.  Although gasoline-range hydrocarbons are generally more 
soluble in water, there were no exceedances of hydrocarbons in surface water.   

2.6.7 Surface Water-to-Sediment/Surface Soil Migration  

The following observations were made for contaminants in surface water: 

 Four surface water sample locations exhibited elevated concentrations of combined 
parameters for four metals.  Arsenic (total and dissolved) was detected at elevated 
concentrations in four samples each.  Total cadmium was detected at concentrations 
exceeding screening levels in three samples, and total iron exceeded screening levels in 
one sample. 

 One surface water sample exhibited elevated concentrations of dibenzo(a,h)anthracene.   

2.7 Human Health Risk Assessment for the Silvernale Site 

The objective of this HHRA is to assess whether the environmental media at the Silvernale 
Area could pose risks to human health at levels that might require remedial action, or risks 
at levels that are eligible for a designation of NFA.  This HHRA assesses the potential 
current and future exposures to chemicals in soil, sediment, soil vapor, groundwater, and 
surface water.  The methods and guidance documents used in the preparation of this HHRA 
are discussed in Section 1.5.3 of this report.  A discussion of the HHRA results for the 
Silvernale Area is presented below.  The results are summarized in Section 2.9.2. 

The concentration data, input parameters, and results of the HHRA for the Silvernale Area 
are presented in Appendix B.  The tables contain information regarding the HHRA data set, 
EPCEPCs, exposure parameters, toxicity factors, estimated chemical intakes, estimated 
ELCRs, and estimated noncancer hazard indexes (HIs). 
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2.7.1 Identification of Chemicals of Potential Concern  

Chemicals were selected as COPCs at the Silvernale Area, based on the protocol presented 
in Sections 1.5.3.1 and 1.5.3.2.   

2.7.1.1 Data Evaluation 

The soil, sediment, soil vapor, groundwater, and surface water sampling analytical data at 
the Silvernale Area were evaluated to assess their suitability for use in the risk assessment 
following the procedures presented in Section 1.5.3.1.  The locations of the different 
environmental media samples used in this HHRA are shown in Figure 2.4.1.  The samples 
used in this HHRA are listed in Table B2.7-1 by medium, sample ID, sampling depth 
interval, and date of collection.  Table B2.7-1 lists the target receptor populations by 
medium.  Descriptive summary statistics of these data are provided in Table B2.7-3.   

2.7.1.2 Identification of COPCs 

The process for the selection of COPCs is described in Section 1.5.4.4.  Constituents that 
were included in analyses but not detected in a particular exposure medium were not 
selected as COPCs for that medium.  Detected metals and dioxins were compared with soil 
background concentrations, and results are provided in Table B2.7-2.  Although maximum 
levels of some metals and dioxins could exceed background or comparison values, more 
rigorous statistical evaluations were conducted to determine if the population of site data is 
statistically different than the background population, as described in Section 3.3 of the 
SRAM (MWH, 2005b).  Table B2.7-3 lists the human health COPCs identified for each 
environmental medium at the Silvernale Area.  The table also provides summary statistics 
for soil collected from 0 to 2 ft bgs and from 0 to 10 ft bgs, soil vapor, shallow groundwater, 
sediment, and surface water.  The process for selection of COPCs for Chatsworth 
groundwater is described in Appendix B. 

2.7.2 Exposure Assessment 

The exposure assessment component of the HHRA identifies the means by which 
individuals at or near the Silvernale Area could come into contact with constituents in 
exposure media.  The assessment addresses current exposures and those that could result in 
the future under reasonably anticipated potential uses of the site and the surrounding areas.  
The exposure assessment identifies the populations that could be exposed and the routes by 
which individuals could become exposed.  Finally, the exposure assessment identifies the 
magnitude, frequency, and duration of potential exposures.  Figure B2.7-1 depicts the 
conceptual exposure model for the Silvernale Area.  Table B2.7-1 presents a summary of the 
exposure scenarios.  The methods and assumptions used in the exposure assessment are 
discussed in Section 1.5.3.3. 

2.7.2.1 Identification of Receptors 

The Silvernale Area recently 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, of the scenarios considered in this HHRA, 
the hypothetical future residential scenario, assuming adult and child receptors, represents 
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the most conservative scenario evaluated.  In addition to the residential scenario, the 
recreationist exposure scenario was evaluated. 

As stated in Section 1.5.3.3, an agricultural-based residential exposure scenario will be 
evaluated once the protocol to evaluate this exposure has been developed in consultation 
with DTSC. 

2.7.2.2 Identification of Exposure Pathways 

Future residents were assumed to be exposed to soil at two depth intervals (0 to 2 ft bgs and 
0 to 10 ft bgs), to soil vapor, and to groundwater.  Future recreationists were assumed to be 
exposed to soil (0 to 2 ft bgs), sediment (0 to 2 ft bgs), soil vapor, and surface water.  Each of 
these exposure scenarios was evaluated using both reasonable maximum exposure (RME) 
and CTE assumptions.  In accordance with SRAM (MWH, 2005b), the 0 to 2 ft bgs or 0 to 
10 ft bgs soil interval resulting in the highest risk estimates was used and reported here.  
Potential routes of exposure to COPCs in soil and sediment include incidental ingestion, 
dermal contact, inhalation of fugitive dust in ambient air, and consumption of homegrown 
produce that has accumulated COPCs from soil.  For the indoor and ambient air pathways, 
the potential route of exposure to volatile COPCs detected in soil gas and/or subsurface soil 
or shallow groundwater is inhalation of vapors that could migrate to ambient air or to the 
inside of a future residence.  Potential routes of exposure to COPCs in groundwater include 
ingestion, dermal contact, and inhalation of vapors during assumed hypothetical domestic 
use.  Residential receptors also were assumed to ingest edible plants and homegrown 
produce.  The exposure pathways and exposure assumptions included in the HHRA for the 
Silvernale Area are provided in Appendix B. 

2.7.2.3 EPCs 

EPCs, calculated as described in Appendix B are provided in Table B2.7-3.   

EPCs were estimated for indirect exposures for airborne fugitive dusts and edible plants 
(homegrown consumption).  Airborne particulate COPC concentrations were estimated for 
nonvolatile COPCs.   

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 Appendix B. 

PCB congener concentrations in soil were estimated based on detected Aroclor-1254 and 
Aroclor-1260 concentrations, using the extrapolation factor approach as described in the 
SRAM (MWH, 2005b).  From this, the total 2,3,7,8-TCDD toxicity equivalents and risks were 
estimated.  The results of the extrapolation calculations are provided in Table B2.7-4 and the 
risk calculations are included in the worksheets provided in Attachment 1 to Appendix B. 

2.7.2.4 Intake Estimates 

EPCs were applied to human intake equations, as presented in the SRAM, to calculate 
chemical intakes for potential adult and child residents, and adult and child recreationist at 
the Silvernale Area.  The chemical-specific intakes were estimated based on both a RME 
scenario and a CTE scenario.  The exposure assumptions and the chemical intakes for soil 
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are presented in Appendix B.  See the Appendix B, HHRA Tables Index, for the exposure 
parameters and chemical intakes for each exposure scenario.   

2.7.3 Risk Characterization 

In the risk characterization component of the HHRA process, the 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, see Section 1.5.3.4) to provide numerical estimates of potential health 
risks.  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 results tables for 
this HHRA are presented in Appendix B (BHHRA Tables Index).  The risk calculation tables 
present the estimated ELCRs and noncancer HIs for potentially exposed receptors and 
individual exposure routes for soil at the Silvernale Area, as well as the cumulative risks 
and HIs across all exposure routes for the RME and CTE scenarios.   

The results of this HHRA are intended to support remedial decisions at the Silvernale Area 
of RI Group 9.  Generally, estimated cancer risks within the range of 1 x 10-6 to 1 x 10-4 and 
HIs less than or equal to 1 are considered to be acceptable by the United States 
Environmental Protection Agency (EPA) for the purpose of making remedial decisions 
(EPA, 1991c).  DTSC’s regulatory points of departure are 1 x 10-6 for cancer risk and HIs of 
less than or equal to 1 for noncancer effects.  Tables 2.7-5 and 2.7-6 present summaries of the 
ELCRs and HIs for the hypothetical future residents and hypothetical future recreational 
user scenarios, respectively.  The chemicals that are the primary contributors to the 
estimated ELCRs are also listed in Tables B2.7-5 and B2.7-6. 

2.7.3.1 Hypothetical Future Residential Exposure Scenario 

Potential residential exposures to COPCs in soil, soil vapor, and groundwater were 
evaluated under this scenario using assumptions as defined in the SRAM (MWH, 2005b).  A 
hypothetical future resident adult (70- kg BW) was assumed to be exposed for 350 days per 
year for 24 years for the RME case, and for 350 days per year for 9 years for the CTE case.  A 
hypothetical future resident child (15-kg BW) was assumed to be exposed for 350 days per 
year for 6 years for the RME case and the same for the CTE case.  The results are described 
by exposure medium in the following subsections. 

Risk Estimates for COPCs in Soil.  Potential routes of exposure to COPCs in soil include 
incidental ingestion, dermal contact, inhalation of fugitive dust in ambient air, and 
consumption of homegrown produce that has accumulated COPCs from soil.  Inhalation of 
soil-derived vapors in ambient and indoor air is addressed in the next subsection.  The 
ELCR and HI estimates for the future resident adult exposure scenario are discussed below: 

 For exposure to 0- to 10-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 5 x 10-6 for the adult CTE case to 8 x 10-5 for the child RME case.  Both 
adult and child RME ELCR estimates are within the regulatory risk range of 1 x 10-6 to 
1 x 10-4; the RME and CTE ELCR estimates exceed the DTSC regulatory point of 
departure of 1 x 10-6.  The primary contributors to the child RME ELCR are arsenic 
(97 percent contribution; ELCR=8 x 10-5) and Aroclor-1254 (2 percent contribution; 
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ELCR=2 x 10-6).  A statistical comparison of arsenic levels (RME EPC=7.7 mg/kg) with 
background concentrations indicates that onsite arsenic levels are statistically 
distinguishable from background.  However, only 1 of 63 soil sample results had an 
arsenic level above the maximum background concentration of 15 mg/kg.  The 
maximum detection of arsenic in subsurface soil was 30 J mg/kg at 4 ft bgs.  Given that 
only one deeper sample exceeded the range of background by only two-fold, the arsenic 
levels at the site are considered consistent with naturally-occurring levels.  Therefore, 
arsenic is not considered a chemical of concern (COC) based on this human health 
scenario.  However, Aroclor-1254 is considered a COC based on this human health 
scenario. 

 For exposure to 0- to 10-ft-bgs soil, the HI estimates for non-cancer effects range from 0.1 
for the adult CTE case to 2 for the child RME case.  The child RME HI estimate exceeds 
the regulatory threshold value of 1; however, no individual contributor exceeds 1.  No 
COCs were identified based on this human health scenario. 

 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 soil from the plant consumption exposure route range from 5 x 10-5 for both the adult 
and child CTE case to 8 x 10-4 for the adult RME case.  The RME estimates for both adult 
and child scenarios exceed the regulatory risk range of 1 x 10-6 to 1 x 10-4 and DTSC’s 
regulatory point of departure of 1 x 10-6.  The primary contributors to the adult RME 
ELCR are arsenic (85 percent contribution; ELCR=7 x 10-4), Aroclor-1254 (12 percent 
contribution; ELCR=1 x 10-4), Aroclor-1248 (2 percent contribution; ELCR=2 x 10-5), and 
benzo(a)pyrene (BaP) (0.6 percent contribution; ELCR=5 x 10-6).  Although the risks 
associated with the plant consumption pathway were above the regulatory risk range of 
1 x 10-6 to 1 x 10-4, no COCs are identified for this pathway because of the high 
uncertainties associated with plant uptake modeling (MWH, 2005b).   

 The HI estimates for non-cancer effects from the plant consumption exposure route 
range from 5 for the adult CTE case to 38 for the child RME case.  The CTE and RME HI 
estimates for both adult and child scenarios exceed the regulatory threshold value of 1.  
The primary contributors to the child RME HI estimates are formaldehyde (72 percent 
contribution; HQ=27), Aroclor-1254 (9 percent contribution; HQ=3), and silver (7 percent 
contribution; HQ=2).  Although the risks associated with the plant consumption 
pathway were above an HI of 1, no COCs are identified for this pathway because of the 
high uncertainties associated with plant uptake modeling (MWH, 2005b).   

Risk Estimates for COPCs in Indoor and Ambient Air.  For the indoor and ambient air 
pathways, the potential route of exposure to volatile COPCs detected in soil gas and/or 
subsurface soil or shallow groundwater is inhalation of vapors that could migrate to 
ambient air or to the inside of a future residence: 

 For the indoor air pathway, the cumulative ELCR estimates for all carcinogenic COPCs 
range from 1 x 10-7 for the adult CTE case to 1 x 10-6 for the adult and child RME cases.  
The ELCR estimates for both adult and child RME cases do not exceed the regulatory 
risk range of 1 x 10-6 to 1 x 10-4 or DTSC’s regulatory point of departure of 1 x 10-6. 
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 The HI estimates for noncancer effects range from 0.0007 for the adult CTE case to 0.01 
for the child RME case.  These HI estimates are well below the regulatory threshold 
value of 1. 

 For the ambient air pathway, the cumulative ELCR estimates (maximum ELCR is 
1 x 10-8) are all well below the regulatory risk range of 1 x 10-6 to 1 x 10-4 and DTSC’s 
regulatory point of departure of 1 x 10-6.   

 The HI estimates (maximum HI is 0.0001) for noncancer effects are well below the 
regulatory threshold value of 1. 

Risk Estimates for COPCs in Groundwater.  Potential routes of exposure to COPCs in 
groundwater include ingestion, dermal contact, and inhalation of vapors during assumed 
hypothetical future domestic use: 

 Risk estimates for shallow groundwater are based on the maximum concentration for 
each COPC.  The cumulative ELCR estimates for all carcinogenic COPCs range from 
1 x 10-6 for the adult CTE case to 5 x 10-6 for the adult RME case.  The ELCR estimates for 
the adult and child RME cases are within the regulatory risk range of 1 x 10-6 to 1 x 10-4, 
and exceed DTSC’s regulatory point of departure of 1 x 10-6.  The CTE ELCR estimates 
are below the regulatory risk range and DTSC’s regulatory point of departure.  The 
primary contributors to the RME ELCR estimates are trichloroethene (49 percent 
contribution, ELCR=2 x 10-6) and methylene chloride (32 percent contribution, 
ELCR=2 x 10-6).   

 The HI estimates for noncancer effects range from 0.03 for the adult CTE case to 0.2 for 
the child RME case.  The HI estimates for both the child and adult CTE and RME are 
below the regulatory threshold value of 1. 

 Risk estimates for Chatsworth Formation groundwater are conservatively based on the 
maximum risk well, using the maximum concentrations detected over the last 3 years of 
available data.  The maximum cancer risk well point is at WS-08.  The cumulative ELCR 
estimates range from 2 x 10-7 for the adult CTE case to 7 x 10-7 for both the adult and 
child RME cases.  Both the child and adult CTE and RME ELCR estimates are below the 
regulatory risk range of 1 x 10-6 to 1 x 10-4 and do not exceed DTSC’s regulatory point of 
departure of 1 x 10-6. 

 The HI estimates for noncancer effects for Chatsworth well WS-08 range from 0.03 for 
the adult CTE case to 0.2 for the child RME case.  Both the adult and child CTE and RME 
HI estimates are below the regulatory threshold value of 1. 

2.7.3.2 Hypothetical Future Recreational Exposure Scenario 

Potential recreational exposure to COPCs in soil, sediment, soil vapor, and surface water 
were evaluated under this scenario using assumptions as defined in the SRAM (MWH, 
2005b).  A future adult (70-kg BW) in the recreational scenario was assumed to be exposed 
for 50 days per year over 24 years for the RME case and 25 days per year for 9 years for the 
CTE case.  A future child (15-kg BW) in the recreational scenario was assumed to be exposed 
for 100 days per year over 6 years for the RME case and 50 days per year for 6 years for the 
CTE case.  The results are described by exposure medium in the following subsections. 
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Risk Estimates for COPCs in Soil. Potential routes of exposure to COPCs in soil include 
incidental ingestion, dermal contact, and inhalation of fugitive dust in ambient air.  
Inhalation of soil-derived vapors in ambient air is addressed in the next subsection.  The 
ELCR and HI estimates for the future recreationist exposure scenario are discussed below: 

 For exposure to 0- to 2-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 3 x 10-7 for the adult CTE case to 2 x 10-5 for the child RME case.  The 
adult CTE estimate is below the regulatory risk range of 1 x 10-6 to 1 x 10-4, while the 
child CTE and both RME estimates are within this risk range and exceed DTSC’s 
regulatory point of departure of 1 x 10-6.  The primary contributor to the RME ELCR 
estimates is arsenic (97 percent contribution; ELCR=2 x 10-5).  A statistical comparison of 
arsenic levels (RME EPC=6.4 mg/kg) with background concentrations indicates that 
onsite arsenic levels are statistically distinguishable from background.  However, none 
of the 41 surface soil sample results had an arsenic level above the maximum 
background concentration of 15 mg/kg.  The maximum detection of arsenic in surface 
soil was 12.4 mg/kg.  Given this, the arsenic levels at the site are considered consistent 
with naturally-occurring levels.  Therefore, arsenic is not considered a COC based on 
this human health scenario. 

 For exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer effects range from 
0.000001 for the adult CTE case to 0.0001 for the child RME case.  The CTE and RME HI 
estimates are well below the regulatory threshold value of 1.   

Risk Estimates for COPCs in Sediment.  Potential routes of exposure to COPCs in sediment 
include incidental ingestion, dermal contact, and inhalation of fugitive dust in ambient air.  
The ELCR and HI estimates for the future recreationist exposure scenario are discussed 
below: 

 For sediment contact pathways, the cumulative ELCR estimates range from 8 x 10-7 for 
the adult CTE case to 1 x 10-5 for the adult and child RME case.  The adult CTE estimate 
is below the regulatory risk range of 1 x 10-6 to 1 x 10-4, while the child CTE and both 
RME estimates are within this risk range and exceed DTSC’s regulatory point of 
departure of 1 x 10-6.  The primary contributor to the RME ELCR estimates is arsenic 
(97 percent contribution; ELCR=1 x 10-5).  Arsenic background data were not available 
for sediment, so no statistical comparison was made.  None of the 24 sediment sample 
results had an arsenic level above the maximum soil background concentration of 
15 mg/kg.  The RME EPC and maximum detected concentrations for arsenic in 
sediment were 8.7 and 14 mg/kg, respectively.  Given this, the arsenic levels at the site 
are considered consistent with naturally-occurring levels.  Therefore, arsenic is not 
considered a COC based on this human health scenario. 

 The HI estimates for non-cancer effects range from 0.0002 for the adult CTE case to 0.006 
for the child RME case.  The HI estimates for noncancer effects are well below the 
regulatory threshold value of 1. 
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Risk Estimates for COPCs in Ambient Air For the ambient air pathway, the potential route of 
exposure to volatile COPCs detected in soil gas and/or subsurface soil is inhalation of 
vapors that could migrate to ambient air.  The ELCR and HI estimates for the future 
recreationist exposure scenario are discussed below: 

 For the ambient air pathway, the cumulative ELCR estimates (maximum ELCR is 
3 x 10-9) are well below the regulatory risk range of 1 x 10-6 to 1 x 10-4 and DTSC’s 
regulatory point of departure of 1 x 10-6.  No carcinogens were identified as COPCs. 

 The HI estimates (maximum HI is 0.00003) for noncancer effects are well below the 
regulatory threshold value of 1. 

Risk Estimates for COPCs in Surface Water.  The potential route of exposure to COPCs 
detected in seasonal surface water is dermal contact.  The ELCR and HI estimates for the 
future recreationist exposure scenario are discussed below: 

 For the surface water pathway, the ELCR estimates do not exceed the regulatory risk 
range of 1 x 10-6 to 1 x 10-4 (maximum ELCR is 2 x 10-7). 

 The HI estimates (maximum HI is 0.004) for noncancer effects are well below the 
regulatory threshold value of 1. 

2.7.4 Uncertainty Discussion 

Uncertainties associated with the results of the HHRA are a function of both the ―state of the 
practice‖ of risk assessment in general and uncertainty factors specific to an RFI Site.  The 
nature and magnitude of uncertainties depend on the amount and quality of the data 
available, the degree of knowledge concerning site conditions, and the assumptions made to 
perform the HHRA.  A summary of HHRA uncertainties specific to the Silvernale Site is 
presented in Table B2.7-7. 

2.8 Ecological Risk Assessment for Silvernale Reservoir 

2.8.1 Problem Formulation 

The problem formulation describes the site to be assessed, specifies the assumptions and 
data to be used, and is generally the foundation of the ERA.  Generalized components of the 
problem formulation, applicable to all RI sites in Group 9, are described in Section 1.5.4.1.  
Problem formulation components specific to the Silvernale Area are described below. 

2.8.1.1 Site Background 

Silvernale Reservoir is a surface water impoundment located in the western portion of the 
SSFL, within a small valley between large sandstone outcroppings in the northern and 
southern portions of the site.  The Silvernale Area is located in the portion of SSFL that was 
burned in the Topanga Fire of October 2005.  Silvernale Reservoir is used primarily for 
stormwater runoff; surface water is present seasonally, although portions of the reservoir 
can contain water for longer periods of time.  A more detailed discussion of the site 
conditions and history is presented in Section 2.1.   
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Habitat at the site was determined based on a site survey conducted on May 21, 2009 
(Appendix A).  The Silvernale Area includes the Silvernale Reservoir (approximately 500 ft 
by 125 ft) and a diversity of terrestrial and aquatic habitats.  The primary terrestrial habitats 
include oak savannah (about 30 percent of the site), shrub/scrub (20 percent), and ruderal 
(15 percent) vegetation with interspersed rock outcrops.  Other terrestrial habitats include 
paved and gravel areas, as well as dirt roads.  Dominant plant species in the oak savannah 
include coast live oak, laurel sumac, fiddlehead, red-stemmed filaree, shortpod mustard, 
and ripgut brome.  Those in the shrub/scrub habitat are thickleaf yerba santa, deer weed, 
coast live oak, fiddleneck, ripgut brome, and barley.  Ruderal vegetation occurs in disturbed 
work areas within the site and includes primarily red-stemmed filaree, barley, red brome, 
ripgut brome, and shortpod mustard.   

Plant stress was observed in a few areas at this site during the reconnaissance-level survey 
in May 2009, but most of the stress appeared to be related to moisture stress caused by 
coarser soil textures or site microtopography that favored rainfall runoff rather than 
infiltration.  Both of these factors would imply more droughty soil conditions that would 
result in early moisture stress in plants.  In addition, other areas of plant stress appeared 
related to herbicide spraying for weed control along the edges of roadways and paved areas 
in the eastern and southern parts of the site. 

Nonflowing (that is, pond) and seasonally flowing aquatic systems, as well as wetland 
habitats occur within the site.  Emergent vegetation (broad-leaved cattail and tule) occurs in 
shallow areas of the pond, and riparian vegetation (oak woodland with coast live oak, red 
willow, arroyo willow, mulefat, poison oak, chaparral currant, and elderberry) occurs along 
the drainage northeast of the pond. 

Wildlife species (or signs of their presence) observed at the site during the site survey 
included western fence lizard, side-blotched lizard, whiptail lizard, black-crowned night-
heron, mallard, red-tailed hawk, California quail, American coot, killdeer, mourning dove, 
great horned owl, Anna’s hummingbird, acorn woodpecker, ash-throated flycatcher, violet-
green swallow, cliff swallow, canyon wren, marsh wren, bushtit, western scrub-jay, 
American crow, common yellowthroat, spotted towhee, California towhee, lark sparrow.  
song sparrow, blue grosbeak, red-winged blackbird, phainopepla, house finch, American 
goldfinch, gopher (burrows), cottontail rabbit, coyote (tracks), ground squirrels, and rodent 
burrows.  In Silvernale Reservoir, there were fish (for example, mosquitofish) and aquatic 
insects (for example, brine flies and water striders). 

More detailed information about site biology, including site photographs, is presented in 
Appendix A. 

2.8.1.2 Ecological Management Goals, Assessment Endpoints, and Measures 

The following ecological management goal for the Silvernale Area is the same for all 
Group 9 RI sites: 

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. 
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Habitats present at the Silvernale Area include terrestrial and aquatic/wetland, as described 
above.  Assessment and measurement endpoints identified for this site are presented in 
Table 2.8-1.   

Representative species and receptor groups considered for the Silvernale Area include 
terrestrial and aquatic/semi-aquatic receptors.  Terrestrial receptors include 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).  Aquatic/semi-aquatic receptors include aquatic plants (primary 
producers), benthic macroinvertebrates (primary consumers), aquatic invertebrates 
(primary consumers), fish (primary and secondary consumer), and great blue heron 
(primary and secondary consumer). 

2.8.1.3 Ecological Conceptual Site Model 

The generalized ecological CSM for Group 9 is presented in Section 1.5.4.4.  The CSM 
specific to the Silvernale Area is described below and presented in Figure 2.8-2. 

The primary contaminant sources to Silvernale Reservoir are upstream RI sites in Group 3, 
Group 5, and Group 7.  Primary release mechanisms include surface runoff to soil, 
sediment, and surface water.  Secondary release mechanisms include volatilization and 
wind erosion; bioaccumulation from soil, sediment, or surface water; erosion and re-
suspension; and leaching from soil into groundwater.   

Complete or potentially complete exposure pathways from contaminated soil, sediment, 
surface water, and biota to ecological receptors exist at the site.  Contaminants in soil may be 
directly bioaccumulated by terrestrial and aquatic/semi-aquatic plants, invertebrates, birds, 
and small mammals resident in and associated with the site soils, sediments, or surface 
water.  Terrestrial and semi-aquatic birds and other wildlife (herbivores, omnivores, 
invertivores, and carnivores) could be exposed directly to contaminants in soil, sediments, 
or surface water by incidental ingestion, dermal contact, or inhalation of volatiles or wind-
borne particles.  Terrestrial and semi-aquatic wildlife (focusing on birds and mammals) also 
could receive contaminant exposure through food-web transfer of chemicals from lower 
trophic levels (such as from plants to herbivores, and from plants and prey animals to 
omnivores).  Burrowing mammals (deer mice) could be exposed to soil vapors via 
inhalation.  Table 2.8-2 provides a summary of the potential exposure pathways for the 
ecological receptors at the Silvernale Area.   

2.8.1.4 Selection of Chemicals of Potential Ecological Concern 

The process for the selection of chemicals of potential ecological concern (CPECs) is 
described in Section 1.5.4.4.  Detected analytes in soil, soil vapor, sediment, surface water, 
and plant and animal tissue samples from the Silvernale Area are listed in Table 2.8-3.  
Summary statistics for those detected analytes are listed in Table 2.8-4.  A statistical 
comparison of site inorganic and dioxin/furan data to background for soil was conducted 
using the WRS or Gehan test, as appropriate (Table 2.8-5).  A comparison of VOCs that were 
detected in soil versus those that were included in analyses in soil vapor was conducted to 
identify additional VOCs to be evaluated in the risk assessment (Table 2.8-6).  Nondetect 
analytes were evaluated by comparing the maximum SQLs against the minimum ESL and 
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determining the exceedance frequency of the SQLs (Table 2.8-7).  The CPECs identified for 
the Silvernale Reservoir site are summarized in Table 2.8-8.  EPCs for soil for each depth 
interval (0 to 2 ft bgs, 0 to 4 ft bgs, and 0 to 6 ft bgs) are provided in Tables 2.8-9, 2.8-10, and 
2.8-11, respectively.  Extrapolations of PCB_TEQs from Aroclor-1254 and Aroclor-1260 are 
presented in Tables 2.8-12, 2.8-13, and 2.8-14.  EPCs for soil vapor from 0 to 6 ft bgs are listed 
in Table 2.8-15, and soil vapor modeling is presented in Table 2.8-16.  EPCs for sediment and 
surface water are presented in Tables 2.8-17 and 2.8-18, respectively.  Tissue data were 
collected from aquatic plants, aquatic invertebrates, and fish from Silvernale Reservoir.  
These data were used to supplement the risk estimates made using bioaccumulation 
models.  EPCs for biota are presented in Table 2.8-19. 

2.8.2 Analysis 

The analysis phase, which consists of the exposure characterization and the ecological 
effects characterization, links the problem formulation (Section 2.8.1) with the risk 
characterization (Section 2.8.3) 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 
Section 1.5.4.  Exposure and effects information specific to Silvernale Reservoir is presented 
below. 

2.8.2.1 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 are described 
in this section and including the following methods: 

 Receptor-specific exposure models, exposure factors, and assumptions 

 Exposure areas 

 Calculation of EPCs 

The receptor-specific exposure models, exposure factors, and assumptions presented in 
Section 1.5.4.4 were used for receptors at the Silvernale Area.  Exposures were evaluated for 
terrestrial (soil invertebrates, birds, and mammals) and aquatic/semi-aquatic receptors 
(aquatic plants, benthic macroinvertebrates, aquatic invertebrates, fish, and semi-aquatic 
birds).   

The exposure area for the Silvernale Area is 11.8 acres (including both terrestrial and 
aquatic/wetland habitats).   

Summary statistics and EPCs for CPECs in soil at various depths (up to 6 ft bgs), soil vapor, 
sediment, surface water, and tissue were calculated according to the approach outlined in 
Section 1.5.4.4.  These values are presented in Tables 2.8-9 through 2.8-19.  Modeled 
exposure estimates for bird and mammal receptors are presented as part of the risk 
characterization (Section 2.8.3). 

2.8.2.2 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 
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Section 1.5.4.4.  No effects data specific to the Silvernale Area were 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. 

2.8.3 Risk Characterization 

The risk characterization integrates estimated CPEC exposures with their potential 
ecological effects on the assessment endpoints for the Silvernale Area.  The sequential 
processes for performing the risk characterization, described in Section 1.5.4.4, were applied 
to the Silvernale Area.  The results of these comparisons are presented below.   

2.8.3.1 Risk Estimation 

The Risk Estimation focuses primarily on quantitative methods to evaluate the potential for 
risk.  The results of the quantitative risk estimation are presented as HQs and HIs.  HQs and 
HIs for evaluated receptors are provided in Tables 2.8-20 through 2.8-31.  Table 2.8-21 
presents an analysis of the depth intervals for evaluation of burrowing animals (deer 
mouse).  The 0- to 2-ft-bgs depth interval had the greatest HI; therefore, the data from this 
depth were used to evaluate the deer mouse. 

2.8.3.2 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 at the site.  Chemicals with HQs exceeding one were retained for 
weight-of-evidence evaluation to identify COECs.  The identification of COECs was 
conducted using a very conservative evaluation of the weight of evidence.  The lines of 
evidence considered in that evaluation included background considerations (WRS results 
and incremental risks), receptor groups potentially affected, exceedance of Low and/or 
High TRVs, magnitude of exceedance, and habitat quality at the site.  Risk estimates used as 
the basis for selection of COECs were those from the ―Refined Screen‖ in which the EPC 
was based on the RME and an AUF was incorporated for large home range receptors (for 
RFI sites where the foraging range of the receptor exceeded size of the RFI site; this was 
potentially applicable to the red-tailed hawk, bobcat, and mule deer only).  The results of 
the large home range assessment, whereby estimated risks were summed across all 
Group 1B RFI sites, were used to confirm that COECs were not inadvertently excluded by 
use of the Refined Screen risk estimates.   

Refined Screen results using both the Low and High TRV were evaluated, but the 
exceedance of the Low TRV was generally considered the point of departure.  Risk estimates 
based on High TRVs were used to provide additional information in cases where the 
weight-of-evidence support was limited.   

Background comparisons were completed as part of the CPEC selection process; however, it 
was found that in some cases when the WRS results indicated the chemical exceeded 
background, the maximum detected site concentration was less than the maximum 
background concentration or that the CTE or RME concentrations were similar between the 
site and background.  The individual data points for each RFI site were visually compared 
to the background statistics (range of detects, maximum detect, CTE, and RME 
concentrations) to determine if the site concentrations were consistent with background.   
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In addition, incremental risk was calculated to estimate the portion of the risk due to 
background concentrations vs.  site concentrations.  The calculation of incremental risks was 
not specifically included (nor excluded) in the SRAM ERA procedures (MWH, 2005b), but 
has been used in the decision-making for other SSFL groups.  Risks estimated from 
background concentrations (RME) of inorganics in soil were calculated for each terrestrial 
receptor and are presented in Attachment A4.   

Incremental risks were calculated by subtracting background risk from total risk to estimate 
the risk from background concentrations versus site contributions.  Incremental risks were 
not used as a sole determinant for excluding a chemical as a COEC, but were one of the 
several lines of evidence used to provide risk managers with a more complete picture of the 
potential risks for a given chemical.   

The receptor groups potentially affected were used as a basis for identifying COECs to the 
extent that chemicals exceeding TRVs only for terrestrial plants or soil invertebrates (no 
exceedances for birds or mammals) were not generally identified as COECs. 

The magnitude of TRV exceedance was further refined into general risk categories.  These 
categories were created as an additional tool to assist risk managers in making remedial 
decisions for each RFI site, and were not included in the ERA procedures from the SRAM.  
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>1,000 for the Low TRV (RME), or HQs>10 for the High TRV (RME), 
and/or chemical class HIs>10 at the High TRV.   

2. Medium-High Risk: 100<HQs<1,000 for the Low TRV (RME), and/or 5<HQs<10 for the 
High TRV (RME).  Chemical classes with HIs>100 at the Low TRV (RME) and/or 
5<HIs<10 for the High TRV (RME).   

3. Medium Risk: 10<HQs<100 for the Low TRV (RME) and/or 1<HQ<5 for the High TRV 
(RME).  Chemical classes with 10<HIs<100 at the Low TRV (RME) and/or 1<HIs<5 for 
the High TRV (RME).   

4. Medium-Low Risk: 5<HQs<10 for the Low TRV (RME) and/or HQs<1 for the High 
TRV (RME).  Chemical classes with 5<HIs<10 at the Low TRV and/or HIs<1 at the High 
TRV (RME).   

5. Low Risk: 1<HQs<5 for the Low TRV (RME) and HQ<1 for the High TRV.  Chemical 
classes with 1<HIs<5 at the Low TRV. 

6. No Risk: All HQs and associated HIs<1 

7. Uncertain: Chemicals or groups for which toxicity information is not available. 

A summary of analytes that had one or more HQs exceeding 1 under any scenario is 
provided for terrestrial receptors in Table 2.8-32 (exposure to soil, surface water, and/or 
food).  A summary of HQs exceeding 1 for aquatic/semi-aquatic receptors is provided in 
Table 2.8-33. 

Soil.  Seventeen soil analytes (aluminum, antimony, arsenic,  chromium, copper, hexavalent 
chromium, iron, lithium, manganese, nickel, silver, vanadium, zinc, perchlorate, 
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Aroclor-1254, Aroclor-1260, and DioxinFuranPCB_TEQs) were found to have 1 or more HQs 
greater than one under any scenario (Table 2.8-32).  All other soil analytes and/or analyte 
groups were found to pose no risk (all HQs and HIs were less than 1) to any receptor under 
any scenario at the Silvernale Reservoir site, or they were identified as uncertainties.   

Estimation of incremental risks (risk in excess of background) for terrestrial receptors is 
presented in Table 2.8-34 (Note: while incremental risks are presented, they are not used as 
the sole basis for exclusion of a chemical as a COEC.  The identification of COECs in soil is 
presented in Table 2.8-35. 

Chromium, copper, silver, perchlorate, Aroclor-1254 and Aroclor-1260 were retained as 
COECs.  Aluminum, antimony, arsenic, hexavalent chromium, iron, lithium, manganese, 
nickel, vanadium, zinc and DioxinFuranPCB_TEQs were not retained as COECs. 

Aluminum was not retained as a COEC because under EPA guidance (EPA, 2003c), 
aluminum is not considered to pose an ecological risk unless soil pH is less than 5.5.  Soil 
pH at the Silvernale Area ranged from 5.7 to 9.03.  Therefore, aluminum is unlikely to be 
toxic to plants or animals at this site. 

Antimony, arsenic, and lithium were not retained as COECs because all detected 
concentrations were below the maximum soil background concentration.   

Iron was not retained at as a COEC.  EPA Eco-SSL guidance (EPA, 2003c) does not consider 
iron to be of concern to ecological receptors.   

Hexavalent chromium was not retained as a COEC.  Estimated risks exceeded 1 for soil 
invertebrates and deer mouse only (Low TRV).  Hexavalent chromium was detected in only 
2 of 6 samples collected from 0 to 2 ft bgs.  There were no detects below the 0 to 2 ft depth 
interval.  Estimated risks were driven by one detect at Location ID SNBS1032.  All other 
detected concentrations resulted in estimated risks less than 1. 

Manganese, nickel, vanadium and zinc were not retained as COECs because there were a 
limited number of detections that exceeded the maximum background concentration. 

DioxinFuranPCB_TEQs were not retained as COECs.  HQs exceeded 1 for hermit thrush and 
deer mouse (Low and High TRV).  However, the risk was driven by the inclusion of the 
dioxin-like PCBs, which were modeled from Aroclors-1254 and 1260.  Estimated risks for 
DioxinFuran_TEQs (based solely on measured data) were less than 1 for all receptors.  The 
modeling of dioxin-like PCBs from Aroclors-1254 and 1260 is a large source of uncertainty.  
Chromium was retained as a COEC.  Estimated risks exceeded 1 for the hermit thrush (Low 
and High TRV) and were in the Medium risk range.  Estimated risks in excess of 
background also exceeded 1 (Low and High TRV).   

Copper was retained as a COEC.  Estimated risks exceeded 1 for the hermit thrush (Low and 
High TRV) and deer mouse (Low TRV).  Estimated risks for both receptors were in the 
Medium risk range.  Estimated risks in excess of background also exceeded 1 for both 
hermit thrush (Low and High TRV) and deer mouse (Low TRV). 

Silver was retained as a COEC.  Estimated risks exceeded 1 for deer mouse only (Low TRV) 
and were in the Medium risk range.  Estimated risks in excess of background also exceeded 
1. 
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Perchlorate was retained as a COEC.  Estimated risks exceeded 1 for deer mouse only (Low 
and High TRV) and were in the Medium risk range 

Aroclors-1254 and 1260 were retained as COECs.  Both exceeded the Low TRV for hermit 
thrush and deer mouse.  Estimated risks were in the Low risk range. 

Soil Vapor.  No analytes were identified as COECs in soil vapor (Table 2.8-36).  None of the 
measured or modeled soil vapor CPECs exceeded TRVs.   

Sediment.  The identification of sediment COECs is presented in Table 2.8-37.  Twenty-four 
sediment analytes (aluminum, barium, cadmium, chromium, copper, lead, nickel, silver, 
vanadium, zinc, Aroclor-1254, DioxinFuranPCB_TEQs, PCB_TEQs, PCB-52, PCB-90/101, 
PCB-128, PCB-138, PCB-153, PCB-170, PCB-180, acenaphthylene, BEHP, dimethyl phthalate, 
and di-n-octyl phthalate) were found to have 1 or more HQs greater than 1 under any 
scenario (Table 2.8-33).  All other sediment analytes and/or analyte groups were found to 
pose no risk (all HQs and HIs were less than 1) to any receptor under any scenario at the 
Silvernale Area.   

DioxinFuranPCB_TEQs and PCB_TEQs were retained as sediment COECs.  All other 
analytes exceeding TRVs were not retained as COECs for reasons discussed below.   

Aluminum was not retained as a COEC because under EPA guidance (EPA 2003c), 
aluminum is not considered to pose an ecological risk unless soil pH is less than 5.5.  Soil 
pH at the Silvernale Area ranged from 7 to 7.9.  Therefore, aluminum is unlikely to be toxic 
to plants or animals at this site. 

Barium, cadmium, chromium, copper, nickel, silver, vanadium, and zinc were not retained 
as COECs.  HQs for each of these analytes exceeded 1 only for benthic macroinvertebrates.  
Background concentrations were not available for sediment; however, comparisons to soil 
background indicated that all less than half of the detections for each chemical exceeded the 
maximum soil background concentration and all were within 1.5 times the soil background 
concentrations. 

Lead was not retained as a COEC.  Estimated risks exceeded 1 for the great blue heron (Low 
TRV only).  Background concentrations were not available for sediment; however, 
comparisons to soil background indicated that only 7 samples exceeded the maximum soil 
background concentration and all were within 1.5 times the soil background concentrations.   

Aroclor-1254, acenaphthylene, BEHP, dimethyl phthalate, and di-n-octylphthalate were not 
retained as COECs.  Estimated risks (HQ) exceeded 1 for benthic macroinvertebrates only 
(Low TRV), but did not exceed 1 for either Low or High TRV for the great blue heron.   

Individual PCBs (52, 90/101, 128, 138, 153, 170, and 180) were not retained as COECs.  
Estimated risks for great blue heron were completed using modeled food values (using 
BAFs and regression models) as well as site-collected tissue data for food items (aquatic 
invertebrates and fish).  Estimated risks exceeded 1 using modeled food values, but did not 
exceed 1 using measured tissue concentrations.  Tissue data were considered adequate for 
purposes of assessing risk and results using measured data have less uncertainty than those 
using modeled data.   
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DioxinFuranPCB_TEQs and PCB_TEQs were retained as COECs.  Risk estimates exceeded 1 
for benthic macroinvertebrates only.  However, due to the magnitude of the hazard 
quotients, it was retained. 

Surface Water.  The identification of surface water COECs is presented in Table 2.8-38.  
Aluminum, barium, boron, iron, manganese, and hexachlorobutadiene had HQs greater 
than 1 for aquatic organisms.  All other surface water analytes were found to pose no risk 
(all HQs were less than 1) to any receptor under any scenario at the Silvernale Area.   

Aluminum, barium, boron, cadmium, and manganese were retained as COECs.  All 
detected concentrations for aluminum, barium, and boron exceeded surface water TRVs.  
All but one or two detections for cadmium and manganese exceeded surface water TRVs.  
Background values were not available for surface water so some risk may be due to 
naturally occurring levels.  Estimated risks were in the Low (cadmium), Medium-Low 
(aluminum and manganese), and Medium (barium and boron) Risk ranges. 

Hexachlorobutadiene was not retained as a COEC.  It was never detected but was carried 
through the risk estimation process because the maximum SQL exceeded the ESL.  Actual 
presence and concentration of hexachlorobutadiene is unknown; however, since no other 
VOCs exceeded TRVs, it is likely that the SQL overestimates its presence. 

2.8.3.3 Uncertainty Analysis 

Uncertainty is an implicit component in all risk assessments.  Generalized uncertainties for 
ERAs in SSFL’s Group 9 are summarized in Section 1.5.4.5 and Table 2.8-39.  Additional 
uncertainties include the following: 

 Background values were not available for sediment or surface water.  Some sediments 
are dry much of the year and might be more similar to local soils than traditional ―wet‖ 
sediments.  A qualitative comparison to soil background values was conducted for 
sediments.  However, risk may be over- or underestimated. 

 One nondetect surface water analyte (hexachlorobutadiene) was included in the surface 
water screening, per the procedure dictated by the SRAM (MWH, 2005b).  Because this 
analyte was not detected in the collected sample, basing the risk on the maximum SQL is 
conservative; this approach probably overestimates risk from exposure to surface water. 

2.8.4 Conclusions and Recommendations 

Data available for the Silvernale Area included soil, soil vapor, sediment, surface water, and 
tissue samples.  Soils were analyzed for metals, general chemistry parameters, 
hydrocarbons, dioxin/furans, PAHs, PCBs, SVOCs, and VOCs.  Soil vapor was analyzed for 
VOCs.  Sediments were analyzed for metals and PCBs.  Surface water was analyzed for 
metals, dioxin/furans, and PCBs.  Biota tissues were analyzed for PCBs.   

Potential risks were estimated for terrestrial and aquatic/semi-aquatic receptors.  Results of 
the Risk Characterization indicated the following: 

 Soil – Chromium, copper, silver, perchlorate, Aroclor-1254, and Aroclor-1260 were 
retained as COECs.  Most of the detections for the metals exceeded background 
concentrations.  Aroclors were retained because estimated risks (HQs) exceeded 1 for 
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one or more receptors.  Estimated risks were in the Low (Aroclor-1254, Aroclor-1260), 
and Medium (chromium, copper, silver, and perchlorate), risk ranges.  Aluminum, 
antimony, arsenic, hexavalent chromium, iron, lithium, manganese, nickel, vanadium, 
zinc, and DioxinFuran_TEQs were not retained as COECs, either because concentrations 
were below the maximum background concentration, the analyte generally is not 
considered of concern to ecological receptors (aluminum, iron), or because risks were 
driven by modeled values rather than measured values. 

 Soil Vapor – No COECs. 

 Sediment –DioxinFuranPCB_TEQs and PCB_TEQs were retained as COECs on a limited 
basis because they exceeded TRVs for benthic macroinvertebrates only.  Estimated risks 
were in the Medium to Medium-High risk range depending on the TEQ basis used.  
Aluminum, barium, cadmium, chromium, copper, lead, nickel, silver, vanadium, and 
zinc were not retained as COECs because only a limited number of detects exceeded soil 
background concentrations.  Aroclor-1254, acenaphthylene, BEHP, dimethyl phthalate, 
and di-n-octyl phthalate were not retained because estimated risks exceeded 1 for 
benthic macroinvertebrates.  PCBs (52, 90/101, 128, 138, 153, 170, and 180) were not 
retained because estimated risks using site-collected tissue data did not exceed 1.   

 Surface Water – Aluminum, barium, boron, cadmium, and manganese were retained 
because most detections exceeded surface water TRVs.  Iron was not retained as a COEC 
because only one detection exceeded the surface water TRV.  Hexachlorobutadiene was 
not retained because it was never detected and the actual presence/concentration is 
unknown. 

2.9 Summary of Findings and Recommendations for the 
Silvernale Area 

2.9.1 Nature and Extent of Contamination Summary 

Based on the review and evaluation of extensive historical records and environmental 
sampling data collected prior to and during the RFI, additional sampling was performed in 
areas where chemicals were potentially used, handled, stored, or released within the 
Silvernale Reservoir Area.  Samples were also collected in areas where the existing chemical 
analytical data were considered to be inadequate for site characterization and/or risk 
assessment (including down-gradient locations).  Similarly, for areas where no historical 
chemical use, storage, or handling was indicated in the historical documents (i.e., for areas 
determined to have very limited or no potential for environmental concern), no samples 
were collected.   

To evaluate the nature and extent of potential contaminants at the Silvernale Area, 
53 surface soil, 28 subsurface soil, 36 sediment, and 11 soil gas samples were collected and 
analyzed for targeted potential contaminants.  Of the surface soil samples collected, 
4 dioxins, 14 metals, 3 PCBs, and Perchlorate exceeded one or more of the screening criteria.  
Of the subsurface soil samples collected, 6 dioxins, 13 metals, 2 PCBs, 3 TPH groups, and 3 
VOCs were reported at concentrations that exceeded one or more of the screening criteria.  
One VOC was detected in soil gas samples at levels exceeding its respective screening 
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criteria.  Of the sediment samples collected, 2 dioxins, 8 metals, one PCB, 3 TPH groups, and 
one VOC were reported at concentrations that exceeded one or more of the screening 
criteria.  Of the surface water samples collected, 10 metals were reported at concentrations 
that exceeded one or more of the screening criteria.  A list of parameters that exceeded the 
applicable comparison criteria is provided in Table 2.9-1.  The extents of the parameters that 
exceeded the screening criteria within the defined chemical use areas at the Silvernale Area 
have been evaluated sufficiently.   

Parameters with elevated concentrations are focused within Silvernale Reservoir, the 
potential dredge area, and the drainage leading into Silvernale.  Sampling within the 
Silvernale Reservoir has delineated the vertical extent of the soil above the Chatsworth 
Formation and the horizontal extent within the Reservoir.  Soil and soil vapor sampling in 
the potential dredge area has sufficiently delineated the vertical and horizontal extents of 
elevated concentrations.  The area is focused between samples collected during Group 5 RI 
sampling for ECL (west), bedrock outcrops (north), and areas of nondetect (east and south).   

Some exceedances of metals, including chromium and silver, were noted in samples located 
in the drainage leading into Silvernale Reservoir from upgradient areas in RI Groups 3 and 
6.  Impacted areas appear to be localized and additional sampling might be required to 
identify the horizontal extent of these areas.  The vertical extent of these areas is delineated 
by shallow soil depths along the drainage. 

2.9.2 Risk Assessment Summary 

Recommendations for areas sampled within the Silvernale Area are based on an integrated 
evaluation of characterization and risk assessment results for the receptors evaluated.  
Information in the historical documents indicating past chemical use practices and areas, 
coupled with site characterization data indicating environmental impacts or lack thereof, 
provide a solid basis for the recommendations for chemicals in surficial media made in this 
report.  The HHRA and the ERA for the Silvernale Area are summarized below.   

2.9.2.1 Summary of Human Health Risks 

This subsection summarizes the HHRA performed for the Silvernale Area.  The HHRA 
assesses the potential current and future exposures to chemicals in soil, soil vapor, 
groundwater, sediment, and surface water.  The methods used to prepare the HHRA are 
described in Section 1.5.3.  The results of the HHRA for the Silvernale Area are presented in 
Section 2.7.  The HHRA data set is listed in Table 2.7-1 in Appendix B.  The COPCs 
identified from the Silvernale Area HHRA data set for each exposure area are listed in 
Table 2.7-5 and 2.7-6. 

The potential future receptors at the Silvernale Area include recreationists, and residents.  
The Silvernale Area and surrounding area are likely to have a future recreational land use; 
however, a hypothetical future residential scenario was assessed in the HHRA, along with 
recreational exposure scenarios.  The residential 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 by 
consuming fruits and vegetables from a garden.  The agricultural residential exposure 
scenario evaluation will be included in a separate report at a later date.   
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Generally, estimated cumulative ELCRs less than 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.  Tables 2.7-5 and  
2.7-6 present summaries of the ELCRs and HIs.   

The ELCR estimates for the hypothetical future adult and child residents exposed to soil 
(0 to 10 ft bgs) from plant consumption exceeded the lower end of the regulatory risk range.  
The HI estimates for the hypothetical future adult and child residents exposed to soil (0 to 
10 ft bgs) from plant consumption exceeded the regulatory threshold value (Table 2.7-3).  
Aroclor-1254 (12 percent contribution) is the most significant contributor to this scenario.  
For the plant consumption pathway, although the ELCR exceeded the lower end of the 
regulatory risk range and the HI exceeded the regulatory threshold value of 1, no COCs are 
identified for this pathway because of the high uncertainties associated with plant uptake 
modeling (MWH, 2005b).   

As described in Section 1.5.3.6, a degree of uncertainty is associated with these risk estimates 
exists and should be considered before risk management decisions are made. 

The following exposure scenarios for the Silvernale Reservoir exceed the regulatory risk 
range for carcinogenic COPCs:  

 Hypothetical future adult resident exposed to soil (0 to 10 ft bgs) through the plant 
consumption exposure route  

 Hypothetical future child resident exposed to soil (0 to 10 ft bgs) through the plant 
consumption exposure route  

 Hypothetical future child resident exposed to NSGW through domestic use 

 Hypothetical future adult resident exposed to NSGW through domestic use 

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

The following exposure scenarios for the Silvernale Reservoir are within the regulatory risk 
range for carcinogenic COPCs:  

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

 Hypothetical future recreational user exposed to soil (0 to 10 ft bgs)  

 Hypothetical future adult resident exposed to Chatsworth Formation Groundwater  

 Hypothetical future child resident exposed to Chatsworth Formation Groundwater 

 Hypothetical future recreational user exposed to surface water  

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

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

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

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

 Hypothetical future recreational user exposed to sediment  

The following exposure scenarios for the Silvernale Reservoir exceed the regulatory 
threshold values for noncarcinogenic COPCs:  

 Hypothetical future adult resident exposed to soil (0 to 10 ft bgs) through the plant 
consumption exposure route  

 Hypothetical future child resident exposed to soil (0 to 10 ft bgs) through the plant 
consumption exposure route  

As described in Sections 1.5.3.6 and 2.7.4, a degree of uncertainty is associated with these 
risk estimates and should be considered when making risk management decisions. 

2.9.2.2 Summary of Ecological Risks 

Of the soil analytes that were evaluated, chromium, copper, silver, perchlorate, 
Aroclor-1254, and Aroclor-1260 were retained as COECs.  Estimated risks were medium for 
each of these analytes with the exception of the Aroclors which were low risk.   

DioxinFuranPCB_TEQs and PCB_TEQs were found to pose a medium to medium-high risk 
to the receptors evaluated in sediment in the Silvernale Area and were retained as a COEC. 

Estimated risks for COECs in surface water at the Silvernale Area were in the low 
(cadmium), medium-low (aluminum and manganese), and medium (barium, boron) risk 
ranges.   

No analytes were identified as COEC in soil vapor. 

2.9.3 Recommendations for the Silvernale Area 

Information in the historical documents indicating past chemical use practices and areas, 
coupled with site characterization data indicating environmental impacts or lack thereof, 
provide a solid basis for the recommendations made in this report for residential, 
recreational, and ecological receptors.   

The HHRA identified PCBs in soil (0 and 10 ft bgs) as having an associated ELCR values for 
the hypothetical future child residential exposure scenario that exceeds DTSC’s regulatory 
point of departure (1 x 10-6) and occurs in the lower end of the regulatory risk range (1 x 10-6 
to 1 x 10-4).  PCBs were encountered at slightly elevated concentrations in the western 
portion of the Silvernale Area, where dredged material from Silvernale might have been 
deposited.  Based on the sampling results, the horizontal and vertical extents of the PCBs 
appear to have been defined in the potential dredge area.   
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For the plant consumption pathway, ELCR values exceed the regulatory risk range of  
1 x 10-6 to 1 x 10-4; HI values were greater than 1.  No action is currently recommended based 
on the results for the plant consumption pathway.  It is recommended that that the plant 
consumption pathway be further evaluated with the agricultural-based residential exposure 
scenario.  As stated in Section 1.5.3.3, an agricultural-based residential exposure scenario 
will be evaluated once the protocol to evaluate this exposure has been developed in 
consultation with DTSC. 

While the HRA identified that the NSGW poses an unacceptable risk to future potential 
residential receptors, COCs in groundwater will be addressed in the forthcoming SSFL-wide 
Groundwater Remedial Investigation Report. 

The ERA identified chromium, copper, silver, perchlorate, Aroclor-1254 and Aroclor-1260 as 
COECs in soil.  DioxinFuranPCB_TEQs and PCB_TEQs were retained as COECs in 
sediment on a limited basis (benthic macroinvertibrates only).  The areas identified as 
having elevated ecological risk include the Silvernale Reservoir (copper, silver, PCBs), 
drainage leading to Silvernale (chromium, silver, PCBs), and the area where dredge 
materials might have been deposited (chromium, copper, silver, PCBs, perchlorate).  Within 
Silvernale Reservoir and the potential dredge area, the vertical and horizontal extent of 
impacts has adequately been investigated.  Additional sampling might be warranted to 
delineate the extent of COECs within the drainage leading into Silvernale Reservoir from 
upgradient areas in Groups 3 and 6.  The chemical use areas recommended for further 
evaluation in the Group RI Reports can be confidently carried forward for future evaluation 
because these additional evaluations will identify areas to be added to, not removed from, 
subsequent decision-making. 

As discussed in Section 2.3.3, PZ-072 can no longer be monitored.  The need for any 
revisions to the current groundwater monitoring plan will be addressed in the CFOU 
groundwater RI report. 

Site action recommendations presented in this RI Report will be reviewed once these 
additional evaluations are completed, and, as needed, updates to this report will be 
prepared.  However, the site action recommendations included herein can be 
confidently carried forward since these two additional evaluations or requirements 
will identify areas that would be added to, not removed from, subsequent corrective 
measures decision-making. 
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3. Coca/Delta Fuel Farm Area  

3.1 CDFF Background and History 

The Area II CDFF, known as Facility 2508, primarily consisted of four ASTs for fuel storage, 
two ASTs for nitrogen storage, the pipelines and pumps associated with the ASTs, a 
secondary containment system, and an X-ray operations facility.  The site was built in the 
1950s to provide a bulk storage capacity for the petroleum-based fuels used in tests 
conducted at the Coca and Delta Test Stand Areas, which are part of the Group 4 Area.  The 
Fuel Farm currently is inactive; most of it is removed and/or demolished and has been 
designated as an Area II AOC.  The potential lead-based coatings on the ASTs at the Fuel 
Farm have been deemed an area of potential concern (AOPC).  The CDFF covers 
approximately 5.3 acres. 

To the southeast of the primary CDFF tank farm, across the Area-I Service Road, two areas 
were identified for investigation.  From the CDFF tank basin, a pipe had been identified as 
leading to an earthen berm.  South of the earthen berm, an area referred to as the 
“hummocky area” received sediments from the R-2A and R-2B Ponds when they initially 
were created as a reservoir for process and cooling water.  The precise dimensions of the 
affected area and the volume of sediments placed in this area are unknown.   

3.1.1  SWMUs and AOCs 

No SWMUs have been designated in the CDFF Area; however, the Fuel Farm as a whole has 
been designated as an AOC.  Additionally, the potential for lead-based coatings on the ASTs 
and the potential for residual soil contamination from the former X-ray operations have 
been deemed an AOPC. 

3.1.2  Site History 

The CDFF was acquired by NASA in 1973, along with the rest of the Area II property (USAF 
Plant 57 under ownership of the USAF).  The fuel farm was active from 1955 until 2006.  The 
CDFF ASTs include four 33,000-gallon RP-1 ASTs and two 10,000-gallon nitrogen ASTs.  Jet 
Propellant (JP)-4 fuel was also stored in Tanks 35 through 38, intermittently, from 1959 
through 1980.  The ASTs are located within an unlined secondary containment structure 
with walls varying in height from 2 to 5 ft.  Adjacent to the CDFF, a fuel pumping station 
pumped fuel from delivery trucks into the ASTs.  The pump station also pumped the fuel 
from the ASTs to the test stands (MWH, 2005d).  

In the 1960s, hydrogen replaced RP-1 as the fuel of choice for testing conducted at the Coca 
Test Stands; thus, the CDFF was deactivated.  The site was inactive until the late 1970s, 
when one remaining AST was used to store fuel oils.  Following the brief period of fuel oil 
storage, the tanks were removed and the CDFF became completely deactivated.  Pumps and 
piping associated with the CDFF also have been removed. 
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The secondary containment structure for the CDFF was a partially lined, concrete-bermed 
area.  Within this area was a valve-controlled drain, which was piped below the main Area 1 
service road to a downgradient earthen berm.  This earthen berm is north of the R-2 Ponds, 
(Section 4), which is upgradient of the R-2B Pond.  During a visual site inspection (VSI) in 
2009, personnel identified a corrugated, mostly buried pipe in the area of where this 
discharge pipe was expected to be based on a historical map.  The discharge pipe appears to 
be in place; however, it is unknown if either end of the pipe has been capped. 

Findings from a historical document review suggest that no reported releases have been 
identified at the CDFF.  However, initial investigations following the deconstruction of the 
area yielded elevated concentrations of TPHs.  Without any reported leaks, the potential for 
releases at this site has been deemed low.  Thus, transfer points with refueling trucks may 
be likely sources of potential contamination. 

3.1.2.1 Site Inventories 

Inventories of the buildings, tanks, transformers, and chemicals used at the CDFF Area were 
compiled during the preparation of this RI Report.  The information was obtained from 
historical document reviews, facility drawings, and VSIs.  These features are shown in 
Figure 3.1-1, as applicable.  The inventories are included in the following tables: 

 Building Inventory–Table 3.1-1 

 Transformer Inventory–Table 3.1-2 

 Tank Inventory–Table 3.1-3 

 Chemical Inventory–Table 3.1-4 

3.1.3  Site Chemical Use Areas 

The CDFF was used to store petroleum-based fuels.  At the CDFF site, four ASTs had the 
capacity to store RP-1 fuel.  As noted, one historical document suggested that JP-4 also was 
stored at the CDFF, and similar to RP-1, would yield elevated concentrations of aromatic 
hydrocarbons in the nearby soils in the event of a release.  Fuel would be transferred from 
trucks at the pumping station, located adjacent to the AST tank farm.  In the late 1960s, the 
CDFF ASTs housed hydrogen instead of RP-1 fuel for the testing conducted at the Coca Test 
Stands.  When the CDFF was deactivated in the late 1970s, one AST continued to be used to 
store fuel oils to increase the onsite storage capacity. 

3.1.4  Site Conditions 

The CDFF Area currently is inactive and the facility has been deconstructed with the 
exception of some concrete berms and concrete tank pillars.  Former Building 226, where 
X-ray operations reportedly took place, also has been demolished; however, a concrete pad 
that probably was the foundation remains.   

3.1.5  Site Habitats/Land Cover 

The CDFF Area is approximately 5.3 acres.  An ecological survey was conducted in May 
2009 to evaluate the current habitat in the Group 9 Area, which covered beyond the CDFF 
Area to an approximate 8.4 acres.  The CDFF Area is 19.2 percent developed (pavement, 
roads, or buildings).  Dense shrub/scrub (laurel sumac, thickleaf yerba santa, deer weed, 
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coyote bush, and mulefat) covers 40.7 percent of the site and rock covers 18.3 percent of the 
site.  Oak woodland and ruderal vegetation are the next most dominant habitat types, 
covering 14.3 and 7.5 percent of the site, respectively.  Multiple bird and mammal species 
(house finch, American crow, spotted towhee, hooded oriole, California towhee, song 
sparrow, Anna’s hummingbird, bushtit, blue grosbeak, Cooper’s hawk, American goldfinch, 
ground squirrel, and coyote [scat]) were observed to use the site.  Additionally, the whiptail 
lizard was observed. Sprouting and charring of the perennial, woody vegetation in portions 
of the north, east, south, and west areas of the CDFF site (about 3.3 acres, or 38.7 percent of 
the site)provide evidence that this site also burned in the 2005 Topanga Fire.  Pre-fire aerial 
photographs indicate that the woodland crown canopies in the burned areas have been 
opened considerably, but the areas are nearly fully recovered.  Little evidence of the 
previous fire was apparent in these areas except where charred perennial, woody vegetation 
was observed.  The habitats and land cover present at the CDFF Area are shown in 
Figure 3.1-2. 

3.1.6  Historical Document Reviews 

As described in Section 1.3.1, a historical document review was completed of documents 
applicable to the Group 9 RI Report.  As a result of this historical document review, no new 
features were identified. 

3.2  RI Characterization Activities 

This subsection describes the sampling objectives, sampling scope, and key decision points 
associated with defining the nature and extent of chemical impacts for the surface soil, 
subsurface soil, surface water, and groundwater at the CDFF Area.   

3.2.1  Sampling Objectives 

To evaluate the extent of potential chemical effects on this site, soil, soil gas, surface water, 
and groundwater samples were collected.  The objectives of the investigation were as 
follows:  

 Evaluate the lateral and vertical extent of chemical impacts. 

 Evaluate the potential gradients of chemicals. 

 Develop a sufficient data set for performing a risk assessment. 

These objectives contributed to the selection of sampling locations, analytical methods, and 
depths, while incorporating site-specific information such as the following: 

 Site conditions observed at the location of proposed sampling 

 Historical sampling results and/or previous remediation activities 

 Fate and transport characteristics of chemicals 

 SSFL background concentrations of parameters 

 SSFL SRAM-based screening concentrations for human health and ecological receptors 

3.2.2  Sampling Scope 

Provided in this report are the characterization results for soil matrix, soil gas, surface water, 
and groundwater information.  The total numbers of historical and recent samples collected 
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as part of this report for soil matrix, soil vapor, surface water, and groundwater samples are 
summarized below: 

 Soil matrix:  110 samples 

 Soil vapor:  8 samples 

 Surface water:  2 samples 

 Groundwater:  4 near-NSGW wells 

These samples were collected between 1997 and 2009 to identify the potential chemical 
impacts associated with the activities at the CDFF Area.  Section 3.3 summarizes 
groundwater sampling results, while Section 3.4 discusses sampling results from the 
surficial media.   

3.2.3  Key Decision Points 

The site-specific decision points identified for the CDFF Area represent the assumptions 
and/or decisions made during the sampling phase component of this RI, as follows: 

 For historical sample points where the sample depth had not been recorded, it was 
assumed that these sample points were collected in the 0- to 2-ft-bgs interval.   

3.3 RI Characterization Results 

The characterization results from the previous soil matrix, soil gas, surface water, and 
groundwater investigations at the CDFF Area are summarized below. 

3.3.1  Soil Matrix and Soil Gas Findings 

Surface soil samples were collected at this site from 1997 through 2009.  The initial sampling 
effort was in response to DTSC site reviews and samples were analyzed for dioxins, 
energetics, inorganics, TPH groups, metals, PCBs, propellants, SVOCs, and VOCs.  Through 
1998, metals, dioxins, SVOCs, and VOCs were identified as the COPCs detected at elevated 
concentrations in the CDFF Area. 

From 1999 to the present, RFI characterization (now RI) sampling was conducted to support 
the development of this RI report.  Each stage of the investigative process is outlined in the 
RFI Program Report (MWH, 2004).  To summarize, AOCs were investigated through soil, 
soil gas sampling, and NSGW sampling, which was followed as recently as May 2009 by 
rounds of step-out sampling to further evaluate the nature and extent of contamination.  
Primary investigation efforts were conducted in 1999, 2000 through 2001, 2003 through 2005, 
and 2007 to date.  Dioxins, PCB-aroclors, inorganics, TPHs, SVOCs, and VOCs were 
detected at concentrations that exceeded the applicable screening criteria in the CDFF Area.  
Additional details regarding the analytes detected at the CDFF Area through the previous 
investigations are described in Section 3.4.   

Historical interim remedial efforts have been documented in the early-1970s and again in 
1992.  Each effort involved the demolition of portions of the CDFF, including the removal of 
some soils.  These activities are detailed in reports prepared by Rocketdyne (1991 and 1992) 
and Rockwell International (1991a).  



3.  COCA/DELTA FUEL FARM AREA (CDFF) 

MGM09-SSFL/GROUP_9 RI/SECTION3.DOC DRAFT 3-5 

3.3.2  Groundwater Findings 

This subsection presents the results of the groundwater investigation at Group 9, including 
both the R-2 Ponds Area (SWMU 5.26) and the Coca/Delta Fuel Farm Area (AOC CDFF). 

3.3.2.1 Background 

Ponds R-2A and R-2B are adjacent unlined reservoirs that serve as the final surface water 
collection ponds from Areas II, III, and part of Area IV.  The R-2 Pond study area 
encompasses approximately 2.98 acres.  The CDFF is approximately 5.3 acres and consisted 
of four large aboveground fuel storage tanks, a sump, and aboveground nitrogen tanks in 
an earthen bermed area.  

The elevation ranges from approximately 2,040 ft above msl in the easternmost portion of 
Group 9 to 1,640 ft above msl in the central portion of Group 9, near the intersection of 
Area II, Area III, and the undeveloped area to the south.  Several perennial drainages dissect 
the study area. 

Twenty wells and piezometers located within or in areas adjacent to Group 9 near the 
R-2 Ponds and the CDFF were used to evaluate site conditions.  Table 3.3-1 provides 
well/piezometer construction summaries.  Locations are shown in Figure 3.3-1.  The 
construction and boring logs for wells or piezometers used to characterize the site 
conditions at Group 9 are provided in Appendix C.   

NSGW conditions have been investigated prior to this RI through the installation of three 
wells (RS-13, HAR-27, and HAR-28) and five piezometers (PZ-033, PZ-034, PZ-035, PZ-053, 
and PZ-054).  HAR-27 and HAR-28 were installed in June 1987 to investigate NSGW 
conditions west of the Delta Skim Pond stream from the R-2 Ponds.  RS-13 was installed 
approximately 1,000 ft southwest of the R-2 Ponds adjacent to the drainage channel leading 
from the ponds in June 1985.  The piezometers were installed in December 2000.  PZ-033 and 
PZ-034 were northwest of the CDFF and PZ-054 was south of the AOC.  PZ-053 was located 
in the drainage between the R-2 Ponds.  Each of these wells and piezometers has contained 
NSGW.  

The RI investigation at Group 9 included the installation of piezometer PZ-149, that was 
installed in May 2009 within the weathered section of the Chatsworth formation.  The 
screened interval was constructed in potential water-bearing zones at the base of the 
weathered rock identified during rock coring  

3.3.2.2 Local Geology 

The SSFL Group 9 RI study area is largely underlain by the Sandstone 1 unit except for the 
southwestern portion in the Undeveloped Land, which is underlain by shales and fine-
grained units of the Santa Susana Formation, as indicated in well RD-67 (MWH, 2007a).  The 
Undifferentiated Lower Chatsworth formation outcrops in the Undeveloped Land south of 
the Burro Flats Fault. 

The Group 9 RI characterization focused on the shallow surficial deposits and weathered 
rocks that make up the SMOU.  Cross sections A-A’, B-B’, C-C’, and D-D’ traverse the 
Group 9 Area (Figures 3.3-2 through 3.3-5).  Where known, the thickness of alluvial/ 
colluvial deposits, weathered bedrock, and depth to unweathered bedrock are shown.  The 
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most recent water level data also are posted to evaluate hydrogeologic conditions in relation 
to subsurface geologic data. 

Alluvium is thin in the Group 9 RI study area near the CDFF and R-2 Ponds, but thickens 
within the Bell Creek drainage to the south.  Geologic logs from piezometers near the CDFF 
and the R-2 Ponds, including PZ-149, show that alluvium is approximately 1 ft thick in this 
portion of the site.  Data in the southern portion of the study area in the vicinity of well pair 
RS-13 and WS-09A indicate nearly 25 ft of unconsolidated sediments within the Bell Creek 
drainage.  The alluvium described exhibits a fining upward sequence representative of 
fluvial deposition with fine-grained clayey, silty sand grading into gravel and cobbles with 
depth. 

The weathered bedrock described in PZ-149 shows a sequence of interbedded sandstone 
and siltstone that probably are associated with the fine-grained unit mapped at outcrops 
near the location (Figure 1.2-7).  Sandstone described in PZ-149 ranges from yellow-brown 
to brown, fine- to medium-grained consolidated sediments with abundant quartz and 
feldspar and some mica.  The siltstone described is grey to olive grey.  Both the sandstone 
and siltstone encountered in PZ-149 display physical weathering and oxidation, which are 
the main characteristics that define the weathered rock section at the facility.  The 
magnesium and ferrous oxide staining described are indications of interaction with oxygen-
rich near-surface water.  

Numerous fractures were described in PZ-149.  Several fractures described in the 7- to 16-ft 
interval cut across bedding at angles ranging from 10 to 80 degrees.  Two fractures that were 
described as partings along bedding planes were identified near the weathered 
rock/unweathered rock interface near 37 ft bgs.  All of the fractures identified had oxidation 
halos; some fractures displayed infilling.  The presence of fractures at PZ-149 is not 
unexpected because of the piezometer’s location near the Coca Fault.  The orientations of 
fractures at both near vertical attitudes and along bedding planes within the 35-ft weathered 
rock interval suggests that a systematic interconnected fracture network might be present in 
the SMOU in the Group 9 RI study area and might affect groundwater flow paths. 

3.3.2.3 Local Hydrogeologic Setting 

NSGW in Group 9 occurs throughout the study area in a predictable pattern along surface 
water drainages and topographic lows (Figure 1.2-8) that correspond to the distribution of 
relative thick intervals of alluvium and weathered rock.  Groundwater seeps have been 
identified in the southern section of the Group 9 RI study area in the Bell Creek Drainage 
and are interpreted to be discharge points related to groundwater flow paths.  Although 
generally predictable in the study area, NSGW occurrence and flow paths at Group 9 are 
complicated by the physical setting, including the impacts from seasonal fluctuations, the 
presence of faults, and the groundwater extraction operations.  

Shallow groundwater flow near the CDFF and the R-2 Ponds is influenced by the east/west 
drainage and topographic low that corresponds to the Coca Fault.  NSGW groundwater 
generally flows east-southeast from the Compound A RI site in Area III and westward from 
the Delta and PLF, then trends down slope in a southwestern direction following the Bell 
Creek drainage.  Figure 3.3-6 illustrates this groundwater flow pattern by the water table 
surface elevation during April 2003, during the NSGW characterization effort (MWH, 
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2003b).  This same overall groundwater flow pattern is confirmed by the April 2009 water 
table surface elevation map developed as part of the Group 9 RI groundwater 
characterization (Figure 3.3-8).  The eastern-southeastern flow reversal noted from newly 
installed piezometer PZ-149 toward HAR-27 and HAR-28, respectively, is similar to the flow 
direction observed in the same area in the NSGW Characterization Report during seasonal 
lows (MWH, 2003b).  In this case, flow direction probably is variable, complicated by the 
interconnected fracture network in the weathered rock section near the Coca Fault.  

NSGW primarily occurs in the weathered rock at Group 9; occasionally the alluvium is 
saturated during rainy months.  The NSGW of the SMOU is connected hydraulically to the 
CFOU at Group 9, as is the case at the Delta and PLF sites in the east at the Group 4 RI Area 
and in Compound A in Area III to the northwest (MWH, 2003b).  A comparison of water 
level measurements in the NSGW (Figure 3.3-8) and the CFOU wells (Figure 3.3-9) in and 
adjacent to the Group 9 RI study area indicates similar water levels and fluctuations when 
groundwater extraction is not being conducted, illustrating the interconnection between the 
two operable units.  A summary of the water level data used to evaluate site conditions at 
Group 9 is provided in Appendix C. 

Groundwater extraction has taken place at wells in both the STL-1V and Delta sites since the 
late 1980s, lowering the water table and disrupting the interconnection of the two 
hydrogeologic units.  Water levels in the Chatsworth formation groundwater monitoring 
wells are significantly deeper compared with water levels in the NSGW as a result of 
pumping. 

Groundwater extraction operations were conducted at HAR-17 to intercept the STL-IV 
plume at its source area from 1990 to November 2002.  Groundwater extraction was 
conducted at WS-09A to intercept the southern boundary of the Coca, Delta, and STL-IV 
Plume.  Pumping at WS-09A took place from 1987 to September 2005, when damages from 
the Topanga fire halted operations.  An interim measure involving pumping groundwater 
from extraction well WS-09A to lower the local water table and maintain seeps FDP-890 and 
FDP-881 in a dewatered state to prevent VOC-affected groundwater from discharging began 
on December 12, 2006.  Operations at WS-09A were suspended in 2007 when the Delta 
Groundwater Treatment System could not treat effluent adequately.  Well WS-09A is slated 
for interim measures to resume dewatering seeps FDP-890 and 881 and to intercept the 
Delta and STL-IV plume front in the fall of 2009 (MWH, 2008a).  Further discussion of the 
hydraulic response to pumping at well WS-09A is provided in the Technical Memorandum, 
WS-09A Hydraulic Communication Study (MWH, 2008b). 

The cross sections shown in Figures 3.3-2 through 3.3-5 allow the evaluation of recent 
hydraulic head data in relation to the geologic setting.  By illustrating site conditions, 
delineation of hydrogeologic units and potential flow paths can be developed. 

Cross section A-A’ (Figure 3.3-2) depicts an essentially north-south perspective of 
stratigraphy and the water table through Group 9, first along the east-west drainage and 
then southwest along the Bell Creek drainage.  The interconnections of the SMOU and 
CFOU are shown, particularly with similar water levels indicated at HAR-17 to nearby 
SMOU piezometers and RS-13/WS-09A.  An interpreted flow path from water levels 
displayed in the RS-13/WS-09A well pair to seep discharge at FDP-890 and FDP-881 is 
shown.  This interpretation shows a possible connection between the water table and the 
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topographic relief in the Bell Canyon drainage under unstressed conditions, combined with 
upward gradients that could develop as a result of a hydraulic barrier created by the Burro 
Flats Fault.   

Cross section B-B’ (Figure 3.3-3) provides a northwest-southeast traverse across the 
R-2 Ponds along the trend with the Delta Structure.  April 2009 water levels in HAR-17 at 
STL-IV are similar to those at HAR-24 and PZ-004B, indicating a hydraulic connection 
across the weathered rock from STL–IV to the CDFF, the R-2 Ponds, and the western 
boundary of the Delta Pond in the Group 4 RI Area.  Deeper water levels measured in 
HAR-07 indicate perched NSGW in the western portion of the Delta Ponds.  Most 
importantly, the NSGW water levels measured are below the RS Ponds, indicating that there 
is no hydraulic connection from the SMOU to the surface water discharge at the R-2 Ponds. 

Cross section C-C’ (Figure 3.3-4) shows a perspective along the east-west drainage pattern 
near the R-2 Ponds.  Similar water levels were measured during April 2009 in the weathered 
rock in HAR-27, HAR-28, and PZ-042, all below the R-2 Ponds.   

Cross section D-D’ (Figure 3.3-5) illustrates a view across the northwest-southeast bedrock 
valley that intersects the Bell Canyon drainage at the RS-13 and extraction well WS-09A well 
pair.  An extensive and thick alluvium and weathered rock section is interpreted along this 
cross-section view.  Similar water levels were measured at RD-05A, the shallow Chatsworth 
formation well, and the RS-13/WS-09A well pair, suggesting a hydraulic connection across 
the shallow CFOU and the weathered bedrock across the bedrock valley.  Other water levels 
measured in the RD-05 well nest suggest possible upward gradients in the bedrock aquifer 
system in this area, while possible downward gradients might exist across the ravine at the 
RD-58 well nest.  Water level data suggest that variable flow paths and hydraulic separation 
in deeper sections of the CFOU may exist along the Burro Flats Fault. 

A comprehensive discussion of the hydrogeologic characteristics of the Chatsworth 
formation is provided in the Technical Memorandum Conceptual Site Model Movement of TCE in 
the Chatsworth Formation SSFL (Montgomery Watson, 2000) and the Geologic Characterization 
of the Central SSFL (MWH, 2007b). 

3.3.2.4 Characterization Results 

Characterization of near-surface and Chatsworth formation groundwater is based on the 
data collected in 2009, as well as on legacy data going back to the 1980s.  Samples have been 
collected for a variety of analytical groups, varying over time and by location.  The 
following discussion of characterization results is divided into NSGW and Chatsworth 
formation groundwater.  Although the Chatsworth formation groundwater is the subject of 
a separate programmatic investigation and has been designated as its own OU (the CFOU), 
the sampling results are summarized herein to provide a comparison with the NSGW 
characterization.   

Near-surface Groundwater Characterization.  NSGW has been sampled at nine locations 
within or adjacent to the Group 9 RI study area (HAR-27, HAR-28, RS-13, PZ-033, PZ-034, 
PZ-035, PZ-053, PZ-054, and PZ-149).  Table 3.3-2 summarizes the samples collected from 
1987 through 2009.   
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One new piezometer, PZ-149, was installed in May 2009 to provide additional information 
regarding the occurrence and quality of NSGW and to confirm hydraulic separation or 
connection of the R-2 Ponds and NSGW. 

NSGW samples have been collected for the following analytical groups:  

 VOCs 

 SVOCs 

 Phthalates 

 Polyaromatic hydrocarbons 

 Metals 

 Energetic parameters (explosives-related compounds) 

 General chemistry analytes 

 Hydrocarbons (fuel-related compounds) 

 Pesticides 

 PCBs 

 Dioxins 

The following subsections discuss the results of each analytical group in further detail.  The 
detections of all available data are summarized in Tables 3.3-3 through 3.3-7.  The 
concentrations are compared with the screening level criteria, where available. 

Volatile Organic Compounds.  VOC detections in NSGW are summarized in Table 3.3-3.  
Sixteen compounds have been detected over the period monitored.  The most frequently 
detected VOCs include 1,1-dichloroethane (1,1-DCA); 1,2-DCE; acetone, TCE, cis-1,2-DCE, 
and trans-1,2-DCE.  In addition, vinyl chloride was detected in one location (HAR-27) in 
2007 and 2008.  Of these detections, only cis-1,2-DCE, TCE, and vinyl chloride have 
exceeded the screening criteria.  There have been no detections of VOCs in NSGW well 
RS-13 located approximately 1,000 ft southwest of the R-2 Ponds Area along the drainage 
channel. 

There were no screening level exceedances in the sample from PZ-149.   

Figure 3.3-10 presents the VOC detections for the Group 9 NSGW.  The most recent data 
available are presented for each location. 

Semivolatile Organic Compounds.  Table 3.3-4 summarizes the SVOC detections in NSGW.  
Two SVOCs have been detected in shallow groundwater (1,4-dioxane and n-
nitrosodimethylamine).  Both compounds have been detected at concentrations exceeding 
the screening levels.  

Phthalates.  No phthalates have been detected.    

Polyaromatic Hydrocarbons.  No polyaromatic hydrocarbons have been detected in near 
surface groundwater.   

Metals.  Metals detected in NSGW are summarized in Table 3.3-5.  Nineteen metals have 
exceeded the screening levels over time.  The recent sample from PZ-149 was not analyzed 
for metals; there was not enough groundwater volume to submit a sample for analysis.   
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Energetic Parameters (Explosive Compounds).  No energetic parameters have been detected 
in NSGW.  The recent sample from PZ-149 was not analyzed for these parameters. 

General Chemistry Analytes.  General water quality analytes (common anions and cations) 
have been analyzed in NSGW.  Detections are reported in Table 3.3-6.  One detection each of 
fluoride and chloride has exceeded the screening levels in the past.  The recent sample from 
PZ-149 was not analyzed for the general chemistry analytes.   

Hydrocarbons (Fuel-related Hydrocarbons).  Gasoline-related organics have not been detected 
in NSGW.  The recent sample from PZ-149 was not analyzed for these parameters. 

Pesticides.  No organochlorine or organophosphorous pesticides have been detected in 
NSGW.  The recent sample from PZ-149 was not analyzed for these parameters. 

PCBs.  No PCBs have been detected in NSGW.  The recent sample from PZ-149 was not 
analyzed for these parameters. 

Dioxins.  Dioxins have been detected in NSGW in one well (HAR-27) (Table 3.3-7).  The 
recent sample from PZ-149 was not analyzed for dioxins due to a lack of groundwater 
volume.  

Chatsworth Formation Groundwater.  Chatsworth formation groundwater has been sampled 
at two locations beginning in 1984 through 2008.  The Chatsworth formation groundwater is 
under a separate regulatory program within the RCRA corrective action program at SSFL 
and has been designated as its own OU (the CFOU).  No investigations pertaining to 
Chatsworth formation groundwater were conducted during this RI.  However, groundwater 
quality data are summarized below to evaluate the potential for vertical contaminant 
transport from the NSGW.   

Table 3.3-8 summarizes the samples collected from 1987 through 2008.  Chatsworth 
groundwater samples have been collected for the following analytical groups:  

 VOCs 

 SVOCs 

 Phthalates 

 Polyaromatic hydrocarbons 

 Metals 

 Energetic parameters (explosives-related compounds) 

 General chemistry analytes 

 Hydrocarbons (fuel-related compounds) 

 Pesticides 

 PCBs 

 Dioxins 

The following subsections discuss the results of each analytical group in further detail.  
Tables 3.3-9 through 3.3-12 summarize the detections of all available legacy data.  The 
concentrations are compared with the screening level criteria, where available. 

Volatile Organic Compounds.  Eight VOCs have been detected, as listed in Table 3.3-9.  Only 
cis-1,2-DCE and TCE have been detected at concentrations exceeding the screening levels.  



3.  COCA/DELTA FUEL FARM AREA (CDFF) 

MGM09-SSFL/GROUP_9 RI/SECTION3.DOC DRAFT 3-11 

Figure 3.3-11 presents the VOC detections for the Group 9 Chatsworth groundwater.  The 
most recent data available are presented for each location. 

Semivolatile Organic Compounds.  Two SVOCs have been detected in Chatsworth 
groundwater well HAR-17 (1,4-dioxane and n-nitrosodimethylamine) (Table 3.3-10).  Both 
compounds have been detected at concentrations exceeding their respective screening 
levels. 

Phthalates.  No phthalates have been detected in the Chatsworth groundwater.  

Metals.  Detections exceeding the screening criteria in all available legacy data are 
summarized in Table 3.3-11.  Only copper, iron, and manganese have been detected at 
concentrations exceeding the screening levels.   

Polyaromatic Hydrocarbons.  No PAHs have been detected in the Group 9 Chatsworth 
formation groundwater.  

Energetic Parameters (Explosive-related Compounds).  No energetic parameters have been 
detected in the Group 9 Chatsworth formation groundwater.   

General Chemistry.  General water quality analytes (common anions and cations) have been 
analyzed for in the Chatsworth formation groundwater.  Detections are listed in 
Table 3.3-12.  There have been no screening level exceedances of these analytes in the 
Group 9 Chatsworth formation groundwater. 

Hydrocarbons (Fuel-related Compounds).  No hydrocarbons have been detected in the 
Chatsworth groundwater in Group 9.  

Pesticides.  No organochlorine or organophosphorous pesticides have been detected in the 
Chatsworth formation groundwater in Group 9. 

PCBs.  No PCBs have been detected in the Chatsworth formation groundwater in Group 9. 

Dioxins.  No dioxins have been detected in the Chatsworth formation groundwater in 
Group 9.  

Seeps.  Seep samples have been collected at the following locations:  FDP-835, FDP-835A, 
FDP-835B, FDP-991, FDP-882, FDP-882B, FDP-882E, FDP-882J, FDP-890, S-22, and 
S-23/FDP-745.  These seeps (or springs) occur either within or south of the Group 9 area.  
Table 3.3-13 summarizes historical (legacy) analytical sampling events of these springs.  The 
most recent sampling event did not include any seep samples.  Analytical groups that have 
been sampled include the following: 

 VOCs 

 SVOCs 

 Metals 

 Energetic parameters (explosives-related compounds) 

 General chemistry analytes 

The following subsections discuss the results of each analytical group in further detail.  
Tables 3.3-14 through 3.3-16 summarize the detections of the analytes for each group; the 
data include all available legacy data. 
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Volatile Organic Compounds.  Seven VOCs that have been detected are listed in Table 3.3-14.  
TCE, trans-1,2-DCE, and cis-1,2-DCE occur at the highest concentrations and frequencies.  

Figure 3.3-12 presents the VOC detections for the seeps.  The most recent data available are 
presented for each location. 

Semivolatile Organic Compounds.  No SVOCs have been detected in these seeps. 

Metals.  Calcium, magnesium, sodium, and potassium have been detected in these seeps 
(Table 3-15).  Only two metals (magnesium and sodium) have been detected at 
concentrations exceeding the screening levels. 

Energetic Parameters (Explosive-related Compounds).  No energetic parameters have been 
detected.   

General Chemistry.  General water quality analytes (common anions and cations) have been 
analyzed in these seeps.  Table 3-16 lists the detections and exceedances for all available 
legacy data.  Only sulfate has been detected at concentrations exceeding the screening 
levels.  

3.3.3  Surface Water Findings   

Two surface water samples, CFSW01 and CFSW05, were collected in 2003 and analyzed for 
perchlorates.  Neither sample had perchlorate detections reported.  The lack of consistent 
surface water present at this site has prevented the continued analysis of this media, which 
also suggests that continued monitoring of surface water in the CDFF Area is unsustainable.   

Each location was inherited as part of the legacy datum associated with SSFL.  The 
coordinates provided for CFSW05 appear to be incorrect, and plot the station a great 
(several miles) distance away from the facility.   

3.3.4  Completeness of Characterization   

Sample results in both available NSGW and CFOU samples indicate that groundwater has 
been affected by VOCs, mainly TCE and its daughter products. 

3.3.4.1 Near-surface Groundwater Characterization 

The current NSGW monitoring network should provide sufficient sampling locations to 
characterize groundwater in the SMOU. 

Legacy data provide an abundant foundation for evaluating groundwater quality, past and 
present.  The results indicate that NSGW has been affected primarily by a limited number of 
VOCs.  The data also suggest potential impacts from metals.  Chatsworth formation 
groundwater has been affected by a similar suite of VOCs.   

3.3.4.2 Surface Water 

Because of the lack of consistent surface water presence, the characterization of potential 
contaminants in the surface water media has been characterized adequately at this site. 
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3.4  CDFF Nature and Extent 

Surface soil, subsurface soil, and soil gas samples were collected at the CDFF Area, per the 
protocol described in Section 3.2 and the data provided in Appendix E.  Figure 3.4-1 shows 
the historical and most recent surface soil, subsurface soil, and soil gas samples collected as 
part of this RI investigation.  Table 3.4-1 lists the parameters analyzed per sample in the 
surface soil, subsurface soil, and soil gas media at the CDFF Area.  The nature and extent of 
contamination that exceeded the comparison criteria values in the media sampled are 
described below. 

3.4.1 Surface Soil Nature and Extent 

A total of 69 surface soil samples were collected at this site and analyzed for 1 or more of the 
following:  dioxins/furans, target analyte list (TAL) metals (including lithium), PCBs 
(aroclors and congeners), pesticides (organochlorines and organophosphates), SVOCs, 
TPHs, and VOCs.  Table 3.4-2 lists the parameters detected in the surface soil samples in the 
CDFF Area.   

3.4.1.1 Parameters Exceeding Criteria  

The nature and horizontal extent of the parameters encountered at concentrations that 
exceeded their respective comparison criteria are described below. 

Dioxins.  A total of 32 surface soil samples were analyzed for dioxins at this site, including 
both CDD and CDF.  Dioxins were detected in all 32 of the surface soil samples collected.  
The current approach to assessing the toxicity of these mixtures is to use information 
regarding the toxic potency of the different congeners to convert the congener 
concentrations to a toxicologically equivalent concentration of the most potent congener, 
2,3,7,8-TCDD.  The TEQ for mammals is used in comparison to the human health criterion, 
while the TEQ for either birds or fish (whichever is greater) is used in comparison to the 
ecological comparison criterion.  The samples were evaluated for nature and extent by 
comparing the frequency of the different CDDs and CDFs that exceeded the screening 
criteria at each location.  The CDD and CDF exceedances were added together according to 
the chlorine designation (tetra-, penta-, hexa-, hepta-, and octa-), and the 2,3,7,8-TCDD TEQ 
values were compared to the ecological screening criterion (4.3 pg/g) and the more 
conservative human health screening criterion (1.3 pg/g).  The data are summarized in 
Table 3.4-3.   

Thirty surface soil samples had reported 2,3,7,8-TCDD TEQ mammal values exceeding the 
human health screening criterion of 1.3 pg/g, with calculated values ranging from 
1.83 pg/g (CDBS1021) to 110.63 pg/g (CDBS23).  Twenty-three of the 32 samples also 
reported 2,3,7,8-TCDD TEQs for birds that exceeded the ecological screening criterion of 
4.3 pg/g, with calculated values ranging from 4.35 pg/g (CDBS1018) to 62.06 pg/g 
(CDBS23).  The dioxin exceedances are spread throughout the CDFF Area, with the highest 
reported 2,3,7,8-TCDD TEQ values coming from the lower elevation area in the western and 
southwestern portions of this site.  The northwestern-most surface soil sample, CDBS1022, 
did not have TEQ values exceeding the screening criteria, suggesting that dioxin 
concentrations in this area are not being influenced by surface water runoff or wind-blown 
contaminants from that direction.  Additional sampling to the north/northeast, east, and 



3.  COCA/DELTA FUEL FARM AREA (CDFF) 

3-14 DRAFT MGM09-SSFL/GROUP_3 RI/SECTION3.DOC 

west may be required to further characterize the horizontal extent of dioxins at this site.  
South of the CDFF Area is the R-2 Ponds Area; the southern extent of dioxins will be 
evaluated in that subsection.  Figure 3.4-2 shows the horizontal nature and extent of dioxins 
in the surface soil in this area.  Table 3.4-3 summarizes the exceedances of individual dioxin 
parameters detected at this site.  The vertical extent of dioxins at this site is addressed in 
Section 3.4.2. 

Metals.  Twenty-six metals were detected in all 29 surface soil samples analyzed for metals, 
exceeding the applicable screening criteria at 15 of the sample locations.  Of the metals 
detected in the surface soil at this site, 7 metals were reported at concentrations that 
exceeded 1 or more of the criteria.  The metals exceedances are described below. 

Only 1 exceedance was reported for both lead and selenium.  Lead was detected at an 
estimated concentration of 61 J mg/kg (CDBS1000), exceeding its ecological screening value 
of 0.063 mg/kg and its background value of 34 mg/kg.  The lead exceedance is bound 
horizontally through additional sampling except in the northeasterly direction, where a 
vertical rock outcrop provides a natural boundary.  CDBS1000 is located in the former CDFF 
tank farm, where lead-based paints probably were used historically.  Selenium was detected 
at a concentration of 2.54 mg/kg (CDBS1027), exceeding its ecological (0.17 mg/kg) and 
background (0.65 mg/kg) comparison criteria.  Station CDBS1027 is located within a 
drainage swale leading from the former X-ray and storage building area, where additional 
samples both upgradient and downgradient provide horizontal extent.  Several of the 
reported non-detected selenium concentrations had RLs in excess of the screening criteria; 
however, of those, only legacy samples collected in 1999 and 2000 had RLs in excess of the 
background value.  The most recent samples had RLs below the background value of 
0.65 mg/kg, indicating that the non-detected concentrations were below natural conditions.  
The extents of lead and selenium in the surface soil at this site have been evaluated 
adequately. 

Copper and lithium each was detected twice at elevated concentrations in the CDFF Area.  
Copper exceedances were detected at concentrations of 35.4 mg/kg (CDTS01) and 
133 mg/kg (CDBS1027), each exceeding its ecological (1.1 mg/kg) and background 
(29 mg/kg) comparison criteria.  These stations are bound horizontally by additional 
samples that had non-detectable or low-level concentrations of copper reported.  Lithium 
was detected at estimated concentrations of 24.2 J mg/kg (CFBS1022) and 25.5 J mg/kg 
(CFBS1021), each exceeding its ecological screening value of 10 mg/kg.  Lithium was only 
analyzed for in these two samples at this site.  Additional sampling may be required to 
further characterize the extent of lithium, while the horizontal extent of copper has been 
investigated sufficiently. 

Mercury was detected at elevated concentrations in five samples at this site, at 
concentrations ranging from 0.108 mg/kg (CDBS1007) to 0.196 mg/kg (CDBS1031).  These 
values exceed its background value of 0.09 mg/kg and its ecological screening criterion of 
0.10 mg/kg.  One sample (CDBS01) collected in 1999 had a RL in excess of the applicable 
screening criteria; however, since then, multiple samples have been collected to characterize 
mercury beyond station CDBS01 that had RLs below the screening criteria.  Sampling 
stations that had these concentrations reported are mostly localized in the southern portion 
of this area and are bound by additional sampling and the most downgradient sampling 
along the western drainage ditch.  However, the detected concentrations are indicative of 
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natural occurrence, and it is likely that the mercury is not related to historical processes of 
this site.  The horizontal extent of mercury has been evaluated adequately. 

Silver was detected at elevated levels in 12 surface soil samples at concentrations ranging 
from an estimated 0.868 J mg/kg (CDBS1022) to 206 mg/kg (CDBS1027).  Each exceedance 
was above its ecological (0.54 mg/kg) and background (0.79 mg/kg) comparison values.  
Eleven of the 12 exceedances reported were mostly similar to each other, with the highest 
concentration reported being several factors greater than the second highest exceedance.  
The silver exceedances are localized in the western-southwestern, lower elevation area of 
this site.  Upgradient horizontal extent to the north and east is bound by non-detected or 
low-level concentrations of silver; the western extent is bound by the drainage ditch, which 
acts as a physical boundary.  Five of the reported non-detect concentrations, which were 
collected in 1999 and 2000, had RLs that exceeded the applicable screening criteria.  Since 
then, additional samples collected to provide adequate characterization of silver had RLs 
below the background value and/or screening value.  South of this site is the R-2 Ponds 
Area (Section 4), where the nature and extent of silver have been evaluated.  Therefore, the 
horizontal extent of silver in the CDFF Area has been evaluated sufficiently, as shown in 
Figure 3.4-3. 

Zinc was detected in three samples at elevated concentrations ranging from 205 mg/kg 
(CDBS1001) to 246 mg/kg (CDBS1027), with each exceeding its ecological (21 mg/kg) and 
background (110 mg/kg) screening values.  These exceedances have been bound 
horizontally through additional sampling.  The zinc exceedance at CDBS1001 also is bound 
to the northeast by an elevated rock outcrop, and the exceedance at CDBS1027 is bound both 
upgradient and downgradient along the drainage ditch by additional sampling.  The 
horizontal extent of zinc has been evaluated adequately, as shown in Figure 3.4-4. 

PCB Aroclors/Congeners.  PCB congeners were analyzed in four surface soil samples; none 
had a reported exceedance.   

PCB aroclors were analyzed at 22 locations in the surface soil within the CDFF Area.  Of 
those, 3 samples (CDBS1007, CDBS1008, and CDBS1012) had elevated concentrations of 
Aroclor-1254 reported.  These exceedances ranged from 83 µg/kg (CDBS1007) to 190 µg/kg 
(CDBS1012), with each exceeding its ecological screening criterion of 78 µg/kg.  Two 
exceedances also were above its human health criterion of 140 µg/kg.  These exceedances 
have been bound upgradient to the northeast and along the western drainage ditch by 
additional sampling.  Two non-detect concentrations, reported at CDBS1009 and CDBS1016, 
had RLs in excess of the applicable screening criteria.  However, additional samples with 
lower RLs were collected close to these stations, suggesting that Aroclor-1254 is not present 
at elevated concentrations in those areas.  South of this site is the R-2 Ponds Area (Section 4), 
where the nature and extent of PCBs have been evaluated.  Additional sampling to the north 
and southeast, in areas of a higher elevation than the Aroclor-1254 exceedances, is required 
to further characterize the extent of Aroclor-1254 in this area.  Figure 3.4-5 shows the 
horizontal extent of Aroclor-1254 in the CDFF Area. 

Pesticides.  Four samples were analyzed for hexachlorobenzene (organochlorine pesticide); 
no detections were reported.  Two samples were analyzed for thiodiphosphoric acid 
tetraethyl ester (organophosphate pesticide); neither had a detection reported.  These 
stations were located along the western drainage ditch to evaluate the potential that 
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pesticides would affect the CDFF from potential upgradient sources.  The horizontal extent 
of pesticides has been evaluated adequately. 

SVOCs.  One or more SVOCs were analyzed at 30 surface soil sampling stations collected at 
the CDFF Area.  Also, several samples collected in and around the CDFF former AST basin 
were analyzed for PAHs.  No SVOCs were detected exceeding concentrations in the surface 
soil at this site. 

TPHs.  Thirty surface soil samples were analyzed for TPHs.  Because the fuels stored in this 
area contained TPHs, elevated concentrations in the surface soil might suggest that a release 
of fuel to the environment had occurred.  Of those, 4 samples had elevated concentrations 
reported of the gasoline range organics (GROs) (C8-C11), while 1 sample had elevated 
concentrations reported of the diesel range organics (DROs).  GROs were detected at 
estimated concentrations ranging from 4.5 J mg/kg (CDBS1001) to 29 J mg/kg (CDBS06), 
each of which exceeded its human health criterion of 1.1 mg/kg.  DROs were detected at an 
estimated concentration of 1,860 J mg/kg (CDBS1004), exceeding its human health criterion 
of 1,400 mg/kg.  These exceedances are localized to the former AST basin and mostly are 
encompassed by additional samples that did not have reported TPH exceedances.  The 
northwestern extent is provided physically by the elevated rock outcrop.  Each of the non-
detectable concentrations had a RL in excess of the human health screening criterion of 
1.1 mg/kg; the reported concentrations ranged from 4 U mg/kg (CDTS01) to 248 U mg/kg 
(CDBS1004).  Twenty-one of the 26 non-detects had RLs of 12 UJ mg/kg or less.  Additional 
sampling southeast of the CDFF AST basin is required to further characterize GROs at this 
site.  The extent of GROs in the surface soil is shown in Figure 3.4-6. 

VOCs.  Two VOCs were reported at levels exceeding the screening criteria in surface soils at 
the CDFF Area, spanning 3 of the 17 samples analyzed.  Acetone was detected once at an 
estimated concentration of 132,000 J µg/kg (CDBS04), exceeding its ecological screening 
value of 43,000 µg/kg.  This acetone exceedance has been horizontally bound through 
additional sampling and by the rock outcrop to the east-northeast.  Methylene chloride was 
detected twice at estimated concentrations of 4.8 J (CFBS1022) and 5.6 J µg/kg (CDBS1000), 
with each exceeding its human health criterion of 4 µg/kg.  The methylene chloride 
exceedance at CDBS1000 is bound through additional sampling and the rock outcrop to the 
northeast.  Eight of the nine reported non-detect concentrations of methylene chloride had a 
RL in excess of the ecological screening value of 4 µg/kg; however, the most recent samples 
collected in 2009 had RLs (4.7 to 5.6 µg/kg) much lower than those of the legacy sampling 
points.  The exceedances at CFBS1022 are located within the western drainage ditch and are 
bound downgradient by additional sampling (CFBS1021).  North of this station is Group 5, 
which is detailed in Group 5–Central Portion of Areas III and IV RCRA Facility Investigation 
Report (CH2M HILL, 2008a).  The extents of methylene chloride and acetone in the surface 
soil at this site have been characterized sufficiently. 

3.4.2  Subsurface Soil Nature and Extent 

A total of 41 subsurface samples were collected from 38 sampling stations to a maximum 
depth of 9.5 ft bgs at the site.  The subsurface soil at the site was analyzed for 1 or more of 
the following:  dioxins, TAL metals, PCB aroclors, pesticides (organochlorines and 
organophosphates), SVOCs, TPHs, and VOCs.  Table 3.4-4 lists the parameters detected in 
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the subsurface soil samples at the CDFF Area.  The exceedances detected in subsurface soil 
samples are categorized and described below.    

Dioxins.  As with the dioxin investigation in the surface soils, 18 subsurface soil samples 
collected to a maximum depth of 9.5 ft bgs were analyzed for both CDDs and CDFs.  
Dioxins were detected in 17 of the 18 subsurface soil samples collected.  Likewise, the 
approach in subsurface soils was to assess the toxicity of these mixtures by using 
information regarding the toxic potency of the different congeners and converting them to 
2,3,7,8-TCDD TEQs.  The frequency of the different CDDs and CDFs that exceeded their 
respective screening criteria at each location were added according to chlorine designation 
(tetra-, penta-, hexa-, hepta-, and octa-), and the 2,3,7,8-TCDD TEQ values were compared to 
the screening criteria. 

A total of nine mammal 2,3,7,8-TCDD TEQ values exceeded the human health (1.3 pg/g) 
comparison criterion, with calculated values ranging from 1.31 pg/g (CDBS25, 9 to 9.5 ft 
bgs) to 34.65 pg/g (CDBS40, 3.5 to 4 ft bgs).  Two samples had bird 2,3,7,8-TCDD TEQ 
values reported at levels exceeding the ecological (4.3 pg/g) screening criterion; CDBS1012 
(8.7 to 9.2 ft bgs) had a value of 13.81 pg/g and CDBS40 (3.5 to 4 ft bgs) had a value of 
25.74 pg/g.  The samples collected most recently (CDBS1xxx) were collected from the top of 
bedrock at this site, and although the historical depth-to-refusal data are unavailable, it is 
likely that most of these subsurface soil samples were collected at the bedrock surface.  
Because subsurface soil samples were collected at the bedrock surface, the vertical extent 
has been investigated sufficiently.  However, similar to surface soil, the subsurface soil 
exceedances lack horizontal extent in the subsurface; thus, additional subsurface sampling 
for dioxins is required.  Individual dioxin parameters that exceeded the screening criteria 
and TEQ exceedances for each station are summarized in Table 3.4-5.  The vertical extent of 
dioxins represented at 2,3,7,8-TCDD TEQ values is shown in Figure 3.4-7. 

Metals.  Twenty-four metals were detected across the 12 subsurface soil samples collected at 
the CDFF Area and analyzed for metals.  Of those, silver was detected at a concentration of 
3.74 mg/kg (CDBS1027, 3.5 to 4 ft bgs), exceeding its ecological (0.54 mg/kg) and 
background (0.79 mg/kg) comparison values.  Silver was detected at CDBS1027 at its 
highest concentration in this area in the surface soil.  The subsurface soil sample is 
significantly lower in concentration, and vertically, this sample is bound by the bedrock 
surface.  The vertical characterization of silver in the CDFF Area is adequate. 

The vertical extent of copper, lead, lithium, mercury, selenium, and zinc has been 
characterized sufficiently; these parameters were not detected at elevated concentrations in 
the subsurface soil matrix. 

PCBs Aroclors.  Nine subsurface soil samples were analyzed for PCB aroclors at this site, 
and two of these subsurface soil samples were collected from sample locations where 
surface soil exceedances were reported.  No PCBs were detected at elevated concentrations 
in the subsurface soil media; thus, their vertical extent has been investigated sufficiently. 

SVOCs.  Seventeen subsurface soil samples were analyzed for one or more SVOC 
parameters.  Of those, 2 samples each reported exceedances of two PAHs.  Fluorene was 
detected at estimated concentrations of 1,810 J µg/kg (CDBS04, 3 ft bgs) and 2,220 J µg/kg 
(CDBS17, 5 ft bgs), exceeding its ecological screening criterion of 1,600 µg/kg.  
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Phenanthrene was detected at 3,500 µg/kg (CDBS04, 3 ft bgs) and an estimated 
5,990 J µg/kg (CDBS17, 5 ft bgs), exceeding its ecological screening value of 1,300 µg/kg.  
These locations are just off the AST basin’s northwest side.  These subsurface soil samples 
were collected at the bedrock surface, and are mostly bound horizontally through additional 
sampling.  There are no subsurface soil samples in the northerly direction binding these 
exceedances; however, the likely source is the CDFF ASTs and/or transfer points, which are 
south of the exceedances.  One station, CDBS01, reported non-detect concentrations of these 
parameters; however, the RL exceeded the screening criteria.  Several samples were 
collected, surrounding this station, at later dates that had lower RLs, suggesting that these 
parameters were not at levels of concern at CDBS01.  Additionally, the grade slopes to the 
south, making the migration of PAHs to the north highly unlikely.  The vertical extents of 
fluorene and phenanthrene, therefore, have been investigated sufficiently.  

TPHs.  A total of 30 subsurface soil samples from 28 sampling stations were analyzed for 
TPHs in the CDFF Area.  Because fuels containing TPHs were stored at this site, the 
presence of elevated concentrations in the surface and shallow subsurface soil might 
indicate that there had been historical releases.  Three TPH groups were reported at 
concentrations that exceeded applicable screening criteria in the subsurface soils at the site, 
spanning 6 samples from 5 locations.  The vertical extents of these TPHs are described 
below. 

Three estimated exceedances of the GROs (C8-C11) were detected in the CDFF Area.  
Exceedances ranged from 250 J (CDBS01, 7.5 ft bgs) to 570 J mg/kg (CDBS04, 3 ft bgs), 
exceeding its human health criterion of 1.1 mg/kg.  These exceedances probably were 
detected at the bedrock interface, and horizontally, they are bound through additional 
sampling.  However, each of the non-detect concentrations had an RL exceeding the human 
health criterion of 1.1 mg/kg; the reported concentrations ranged from 3.84 U mg/kg 
(CFBS1022) to 370 U mg/kg (CDTS06).  Twenty-four of the 27 reported non-detects had RLs 
of 12 mg/kg or less, which is significantly less than the reporting detections, each an 
exceedance.  The vertical extent of GROs has been evaluated adequately, as shown in 
Figure 3.4-8.  Elevated concentrations of GROs in the surface soil were detected more 
centrally in the AST basin; the vertical extent of those exceedances also has been evaluated 
sufficiently. 

Four kerosene range organics (KROs) (C11-C14) exceedances were reported in the 
subsurface soil at this site, with concentrations ranging from an estimated 2,400 J mg/kg 
(CDBS01, 7.5 ft bgs) to 4,200 mg/kg (CDTS06S04, 7.5 to 8 ft bgs).  These detections all 
exceeded the human health criterion of 1,400 mg/kg.  Three of the exceedances were 
localized to the earthen bermed area southwest of the CDFF ASTs, with the other one off the 
northwestern corner of the AST basin.  The KRO exceedances were from samples collected 
at the bedrock interface, and horizontally, they are bound through additional subsurface soil 
samples that did not have TPH exceedances reported.  The vertical extent of the KROs has 
been evaluated adequately, as shown in Figure 3.4-9.  

Six subsurface soil samples had elevated concentrations of DROs (C14-C20).  Elevated 
concentrations ranged from an estimated 1,800 J mg/kg (CDBS04, 3 ft bgs) to an estimated 
8,500 J mg/kg (CDBS01, 7.5 ft bgs), each exceeding its human health criterion of 
1,400 mg/kg.  These exceedances are bound vertically by the bedrock surface and 
horizontally by additional sampling, except for the exceedances detected at CDBS17.  
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Station CDBS17 had reported exceedances at two depths, with the concentrations increasing 
with depth; no samples were collected at depth in the northerly direction from this 
sampling point.  However, the probable source of TPH contamination is the CDFF ASTs 
and/or transfer points, which are south of CDBS17.  Additionally, the grade slopes to the 
south, making the migration of DROs to the north highly unlikely.  The vertical extent of 
DROs in the CDFF Area has been evaluated sufficiently, and is illustrated in Figure 3.4-10.  

VOCs.  A total of 13 subsurface soil samples were analyzed for VOCs at the CDFF Area.  
Four parameters were detected at elevated concentrations in two samples.   

Three of the four VOC exceedances were detected as estimated concentrations at CDBS04 at 
3 ft bgs.  2-Chloroethyl vinyl ether was detected at 740 J µg/kg, bromodichloromethane at 
7 J µg/kg, and ethylbenzene at 50 J µg/kg, each exceeding its respective human health 
comparison value of 0.0096 µg/kg, 0.31 µg/kg, and 4.6 µg/kg, respectively.  The 
2-chloroethyl vinyl ether exceedance also was above its ecological screening value of 
730 µg/kg.  Although station CDBS04 is not encompassed by additional subsurface soil 
samples that were analyzed for VOCs, it is immediately next to CDBS1006, which had 
samples collected more recently and which exhibits no elevated concentrations of VOCs.  
Additionally, other subsurface soil samples in and near the AST basin that were analyzed 
for VOCs did not have reported VOC exceedances.  The vertical extent of VOCs detected at 
CDBS04, 3 ft bgs, has been investigated sufficiently.  Additionally, because acetone was not 
detected at an elevated concentration at CDBS04, 3 ft bgs, the surface soil exceedance has 
been characterized sufficiently vertically, as well. 

Methylene chloride was detected once at an estimated concentration of 9 J µg/kg 
(CDBS1005, 3.5 to 4 ft bgs), exceeding its human health criterion of 4 µg/kg.  Vertically, this 
exceedance is bound by the bedrock.  Horizontally, it is bound crossgradient and 
downgradient through additional sampling.  No upgradient (northerly) subsurface soil 
samples were collected in the vicinity; however, the probable source of VOC contamination 
is the former CDFF ASTs and transfer points, which is downgradient of station CDBS1005.  
The vertical extent of methylene chloride in the subsurface soil has been evaluated 
adequately.  Additionally, the methylene chloride exceedance in the surface soil at 
CFBS1022 has been bound vertically through additional sampling, and a subsurface soil 
sample could not be collected from CDBS1000 because of shallow bedrock.  The surface soil 
methylene chloride exceedances have been characterized sufficiently vertically, as well. 

Most of the samples with non-detect VOC concentrations had RLs that exceeded the 
screening criteria.  However, the most recent samples (collected in 2008 and 2009) had RLs 
below the detected exceedances, and are located beyond the legacy sampling stations.  
Therefore, it appears that the extent of VOCs has been characterized sufficiently. 

3.4.3  Soil Gas Nature and Extent 

Eight soil gas samples were collected from seven locations to a maximum depth of 10 ft bgs.  
All samples were analyzed for VOCs; three also were analyzed for naphthalene (PAH).  
Two parameters, tetrachloroethene (PCE) and toluene, were detected twice at elevated 
concentrations, spanning four sampling points.  PCE was detected at concentrations of 
740 µg/m3 (CDSV03, 5 ft bgs) and an estimated 1,900 J µg/m3 (CDSV04, 3 ft bgs), exceeding 
its human health criterion of 450 µg/m3.  Toluene was detected at concentrations of 
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120 µg/m3 (CDBS1002, 3 to 3.5 ft bgs) and 200 µg/m3 (CDBS1004, 3 to 3.5 ft bgs), exceeding 
its ecological screening criterion of 84 µg/m3.  These samples are located along the 
northwestern and southwestern edges of the AST basin.  The three soil vapor samples, 
which did not have any soil vapor exceedances, mostly provide a boundary for extent, and 
the rock outcrop to the northeast provides a physical boundary for soil vapor migration.  
Samples collected in 1999 had RLs in excess of the applicable screening criteria; however, 
more recent samples collected have lower RLs that allow for the sufficient characterization 
of soil vapors at this site.  Because the VOC exceedances were detected at the bedrock 
surface, the vertical extent has been evaluated adequately.  Additional sampling, however, 
is warranted to further characterize soil vapors horizontally in the northerly and southerly 
directions.  Table 3.4-6 lists the parameters detected in the soil vapors at the CDFF site. 

Three VOCs have been detected in shallow groundwater samples, but PCE and toluene 
have not been.  Therefore, volatilization of VOCs from the NSGW does not appear to be 
affecting soil vapors in the CDFF Area. 

3.5 Conceptual Site Exposure Model 

The generalized ecological CSM for Group 9 is presented in Section 1.6.   

3.6 Fate and Transport Analysis for Chemicals Detected in 
Surficial Media 

3.6.1  Contaminant Sources and Release Mechanisms  

The primary release mechanisms for contamination at the CDFF Area are releases of fuels 
from the various ASTs, releases of fuels during transfer activities, releases of chemicals 
associated with former S-ray building operations, oils potentially stored in the former 
transformer, and potential leaks and spills from the general, non-specific CDFF operations.   

3.6.2  Potential Routes of Migration 

The primary pathway for contaminant transport from the source areas at this site is the 
horizontal migration of potential contaminants downgradient toward the western drainage 
ditch that leads south to the R-2 Ponds Area.  Secondary transport mechanisms for this site 
include the vertical migration of parameters from the surface soil to the subsurface soil and 
the release of surface soil to the air by wind erosion or volatilization.   

3.6.3  Contaminant Persistence 

Dioxins, inorganics, PCBs, SVOCs, TPHs, and VOCs were detected in the soil at the CDFF 
Area at levels above their screening criteria.  Additionally, VOCs were detected in the soil 
gas at concentrations above their screening criteria.  This subsection describes the chemicals 
applicable to this area.   

3.6.3.1 Parameters Exceeding Criteria  

Dioxins, inorganics, PCBs, SVOCs, TPHs, and VOCs are described below. 



3.  COCA/DELTA FUEL FARM AREA (CDFF) 

MGM09-SSFL/GROUP_9 RI/SECTION3.DOC DRAFT 3-21 

Dioxins.  Dioxins are characterized by extremely low vapor pressures, high log Kow, high Koc, 
and extremely low water solubilities.  Their strong adsorption to soil, low water solubilities, 
and high Koc values indicate that the rate of transport from unsaturated zone soils to the 
water table via rain infiltration would be extremely low.   

Because dioxins have low vapor pressure, they are not very volatile and tend to stay bound 
to particles.  Dioxins also have low solubility; thus, aerially deposited dioxins tend to stay 
adsorbed to soils in the top few millimeters in surface soil.   

Inorganics.  Several metals were detected at this site at levels above the screening criteria.  
Some metals are naturally occurring and their reported presence may or may not indicate a 
contaminant release.  The mobility of metals is complex and depends on several factors such 
as the overall groundwater composition, pH, metal complex formation, valence state of the 
metal, and cation-ion exchange capacity.  Metals typically are not volatile.  In the water 
phase, the total metal concentration includes the dissolved metal concentration and the 
suspended metal concentration, which is sorbed to colloidal particles.  Therefore, elevated 
metals concentrations in groundwater may be due to the suspended load and not just to the 
dissolved aqueous chemistry.   

PCBs.  PCBs are persistent in the environment.  PCB-aroclors are characterized by low water 
solubility, moderate volatility, high affinity for organic matter, and high resistance to 
chemical or biological degradation.  They will strongly sorb to soil and do not tend to leach 
to groundwater.  In surface water, they will partition to sediment and sorb to organic 
matter.  PCBs will bioaccumulate in aquatic organisms.   

SVOCs.  PAHs are a group of chemicals that are formed during the incomplete burning of 
coal, oil and gas, garbage, or other organic substances.  HMW polycyclic aromatic 
hydrocarbons (PAHs) are more likely to be transported via particulate emissions, while 
LMW PAHs have a greater tendency to volatilize (ATSDR, 1995).  In general, PAHs are 
more likely to sorb to soil or organic matter than to partition significantly to water.  
Photolysis and biodegradation are two common attenuation mechanisms for PAH 
compounds (Howard, 1991).  Animals and microorganisms can metabolize PAHs to 
products that ultimately reach complete degradation. 

TPHs.  TPHs are defined as the measurable amount of petroleum-based hydrocarbon in an 
environmental media.  The lighter petroleum products such as gasoline contain constituents 
with higher water solubility and volatility and lower sorption potential than do the heavier 
petroleum products such as fuel oil.  Data compiled from gasoline spills and laboratory 
studies indicate that these light-fraction hydrocarbons tend to migrate readily through soil, 
potentially threatening or affecting groundwater supplies.  In contrast, petroleum products 
with heavier molecular weight constituents, such as fuel oil, generally are more persistent in 
soils because of their relatively low water solubility and volatility and high sorption 
capacity (Stelljes and Watkin, 1991). 

VOCs.  VOCs are characterized by relatively high vapor pressures, Henry’s Law constants, 
and generally high solubility in water.  VOCs have a tendency to partition to the vapor 
phase from either soil or surface water and could be released through volatilization from 
contaminated soil.  The sorption potential of VOCs is variable; some may persist in soil or 
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sediment, while some are highly mobile in soil.  VOCs will leach to groundwater and may 
persist, depending on their ability to degrade or transform in the environment. 

PCE and toluene were the VOCs detected at elevated concentrations in the soil gas samples 
collected.  Although PCE 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.  
PCE does not accumulate in plants or animal tissue and undergoes biotic and abiotic 
degradation via natural attenuation processes.   

3.6.4  Contaminant Migration 

The primary sources for contaminant migration re from horizontal migration and from 
potential leaks and spills from storage units, chemical transfer stations, and operations 
associated with the CDFF Area.   

3.6.5  Surface Soil Contaminants 

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

 Dioxins were detected in all 32 of the surface soil samples collected.  A total of 30 
samples had a mammal 2,3,7,8-TCDD TEQ value at a level exceeding the human-health 
screening criterion.  Additionally, 23 samples had calculated TEQ values for birds that 
exceeded the ecological screening criteria.   

 Of the metals detected in the surface soil at the CDFF Area, 7 metals spanning 15 
samples were reported at concentrations exceeding 1 or more of their respective 
comparison criteria.   

 Of the 22 sample locations collected for PCBs in the surface soil at the CDFF Area, 
Aroclor-1254 was the only parameter reported at 3 sampling stations at concentrations 
exceeding the comparison criteria.  At CDBS1012, Aroclor-1254 was detected at 
190 µg/kg, the highest reported PCB concentration at this site, compared to the human 
health criterion of 78 µg/kg. 

 Of the 30 surface soil samples analyzed for SVOCs, none had exceedances reported in 
the surface soil media at this site.   

 Of the 30 surface soil locations collected for TPHs at the CDFF Area, four had reported 
elevated concentrations of GROs (C8-C11).  Each elevated concentration exceeded its 
ecological and human health criteria of 1.1 mg/kg. 

 Three of the 17 samples analyzed for VOCs at the CDFF Area exhibited concentrations 
of 2 parameters (acetone and methylene chloride) at levels exceeding the human health 
comparison criteria. 
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3.6.6  Subsurface Soil Migration 

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

 Eighteen subsurface soil samples collected from 17 locations to a depth of 9.5 ft bgs were 
analyzed for both CDDs and CDFs.  The mammal 2,3,7,8-TCDD TEQ values exceeded 
the human health (1.3 pg/g) comparison criterion in subsurface soil samples.  Two of 
those samples also had 2,3,7,8-TCDD TEQ values for birds that exceeded the ecological 
screening criterion of 4.3 pg/g.   

 One metal, silver, was detected once at an elevated concentration in the subsurface soil 
samples collected at this site. 

 Of the 17 samples collected and analyzed for SVOCs in the CDFF Area, 2 samples 
exhibited elevated concentrations of fluorene and phenanthrene. 

 Of the 30 subsurface soil samples collected from 28 sampling stations for TPHs at the 
CDFF Area, 6 samples had elevated concentrations of a combined 3TPH groups (GRO, 
KRO, and DRO).  The greatest concentration was encountered at CDBS01, 7.5 ft bgs, at 
an estimated concentration of 8,500 J mg/kg. 

 Of the 13 subsurface soil samples analyzed for VOCs, 4 VOC parameters (2-chloroethyl 
vinyl ether, bromodichloromethane, ethylebenzene, and methylene chloride) were 
detected at levels exceeding their respective screening criteria.  Of these, only methylene 
chloride was detected in the surface soil at concentrations that exceeded its screening 
criteria. 

3.6.7  Soil-to-Groundwater Migration  

The relationship among chemicals detected in soil, soil gas, and groundwater has been 
evaluated to assess whether soil chemical concentrations have affected groundwater quality.  
Soil chemical concentrations were reviewed and compared with the available groundwater 
concentrations within the CDFF Area.  The evaluation was based on the chemicals detected, 
background concentrations, spatial distribution, and hydrogeologic conditions.  The 
evaluation provides conclusions regarding soil sources for the detected chemicals in 
groundwater. 

SVOCs and VOCs detected in the immediate study area may have resulted from site 
operations.  Metals detected in groundwater mostly were near background levels, 
suggesting that there have been no effects on groundwater from the surface operations. 

3.7 Human Health Risk Assessment for CDFF 

The objective of this HHRA is to assess whether the environmental media at the CDFF could 
pose risks to human health at levels that might require remedial action, or risks at levels 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 CDFF.  The methods and 
guidance documents used in the preparation of this HHRA are discussed in Section 1.5.3 of 
this report.  A discussion of the HHRA results for the CDFF is presented below.  The results 
are summarized in Section 3.9.2. 
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The concentration data, input parameters, and results of the HHRA for the CDFF are 
presented in Appendix C.  An index of the tables (Appendix C HHRA Tables Index) is 
provided and 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. 

3.7.1 Identification of Chemicals of Potential Concern 

Chemicals were selected as COPCs at the CDFF, based on the protocol presented in 
Sections 1.5.3.1 and 1.5.3.2.   

3.7.1.1 Data Evaluation 

The soil, soil vapor, and groundwater sampling analytical data at the CDFF were evaluated 
to assess 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 RI site 
characterization activities.  The locations of the soil, soil vapor, and groundwater samples 
used in this HHRA are shown in Figure 3.4-1.  The samples used in this HHRA are listed in 
Table C.3.1-1 by medium, sample ID, sampling depth interval, and date of collection.  
Table C.3.1-2 lists the target receptor populations by medium.  Descriptive summary 
statistics of these data are provided in Table C.3.1-3.   

3.7.1.2 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 C.3.1-3.  Detected analytes in soil at the CDFF were compared to background levels.  
COPCs identified in soil (0 to 2 ft bgs) included 2 inorganics and 33 organics.  COPCs 
identified in soil (0 to 10 ft bgs) included 2 inorganics and 45 organics.   

3.7.1.3 Identification of COPCs in Groundwater 

The results of the COPC screening process for NSGW are listed in Table C.3.1-3.  Detected 
analytes in NSGW at the CDFF were compared to the background comparison criteria.  
COPCs identified in NSGW included 15 inorganics and 14 organics. 

3.7.1.4 Identification of COPCs in Soil Gas 

The results of the COPC screening process for soil vapor at 3 to 10 ft bgs are listed in 
Table C.3.1-3.  Twelve COPCs were identified in soil vapor. 

3.7.2 Exposure Assessment 

The exposure assessment component of the HHRA identifies the means by which 
individuals at or near the CDFF 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 1.5-2 depicts the conceptual exposure model for the CDFF.  Table C.3.1-2 summarizes 
the exposure scenarios.  The methods and assumptions used in the exposure assessment are 
discussed in Section 1.5.3.3. 
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3.7.2.1 Identification of Receptors 

The CDFF recently 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 at a later date. 

3.7.2.2 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 (0 to 2 ft bgs).  
Exposure pathways for groundwater included direct exposures (ingestion and dermal) for 
future residents and indirect exposures for all receptors.  Inhalation exposures were 
quantified for the migration of groundwater and soil vapor to ambient air and indoor air.  
Residential receptors also were assumed to ingest edible plants and homegrown produce.  
The exposure pathways and exposure assumptions included in the HHRA for the CDFF 
Area are provided in Table C.3.1-6. 

3.7.2.3 Exposure Point Concentrations 

EPCs for soil at 0 to 2 ft bgs, soil at 0 to 10 ft bgs, soil vapor, and groundwater at the CDFF 
are listed in Table C.3.1-3.  EPCs were estimated for indirect exposures for the following 
media:  airborne fugitive dusts, ambient air, indoor air, and edible plants (homegrown 
consumption).  Airborne particulate COPC concentrations were estimated for non-volatile 
COPCs.  The derivation of the PEF for soil is listed in Table C.3.1-5.   

Ambient air COPC concentrations were estimated for volatile COPCs by modeling 
migration from soil vapor at 3 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 C.3.1-8.  Parameter values used for 
estimating ambient air EPCs related to groundwater also are listed in Table C.3.1-8.  The 
estimated ambient air concentrations from the migration of volatile COPCs in soil vapor and 
groundwater are listed in Tables C.3.1-9, C.3.1-10, and C.3.1-11, respectively.  

Indoor air COPC concentrations were estimated for volatile COPCs by modeling migration 
from soil vapor at 3 to 10 ft bgs and from NSGW using the J-E Model (EPA, 2003).  The 
parameter values used in the J-E Model (EPA, 2003) are presented in Table C.3.1-8.  Soil 
vapor data, where available, were used preferentially for indoor air modeling.  The 
estimations of indoor air concentrations from soil vapor and groundwater migration are 
presented in Tables C.3.1-12 through C.3.1-17.   
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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 C.3.1-18. 

3.7.2.4 Intake Estimations 

EPCs were applied to human intake equations, as presented in the SRAM (MWH, 2005b), to 
calculate chemical intakes for potential adult and child residential, adult and child 
recreationist, and industrial worker receptors at the CDFF.  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 C.  The Appendix C HHRA 
Tables Index provides a list of the tables that present the exposure parameters and chemical 
intakes for each exposure scenario.   

3.7.3 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.  
The quantification approach differs for potential non-cancer 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 F (Appendix F HHRA Tables Index).  The risk 
calculation tables present the estimated ELCRs and non-cancer HIs for potentially exposed 
receptors and individual exposure routes for soil, indoor air, and groundwater at the CDFF, 
as well as the cumulative risks and HIs across all exposure routes for the RME and CTE 
scenarios.  Table C.3.5-1 summarizes the ELCRs and HIs. The chemicals that are the primary 
contributors to the estimated ELCRs are shown in Table C.3.5-2.  

3.7.3.1 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.  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 homegrown 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 2 x 10-7 for the CTE case to 2 x 10-6 for the RME case.  The RME 
estimate exceeds the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4, but the 
CTE case does not.  For exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer 
effects range from 0.02 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.  The cumulative ELCR and 
HI mentioned above do not include the ELCR and HI estimates from the plant 
consumption exposure route.  The ELCR estimates for carcinogenic COPCs for exposure 
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to 0- to 2-ft-bgs soil from the plant consumption exposure route range from 3 x 10-6 for 
the CTE case to 4 x 10-5 for the RME case.  The CTE ELCR estimate exceeds the lower end 
of the regulatory risk range of 1 x 10-6 to 1 x 10-4 and the RME ELCR estimate exceeds the 
middle of the regulatory risk range.  For exposure to 0- to 2-ft-bgs soil, the HI estimates 
for non-cancer effects from the plant consumption exposure route range from 5 for the 
CTE case to 269 for the RME case.  The CTE and RME HI estimates exceed the regulatory 
threshold value of 1.  Dioxins are the primary contributors to the excess lifetime cancer 
risk (ELCR) for surface soil exposures and contribute to 82 percent of the total ELCR.  
The primary contributors to the ELCR for the plant consumption route are BaP, 
Aroclor-1254, and methylene chloride.  BaP contributes to 36 percent, Aroclor-1254 
contributes to 23 percent, and methylene chloride contributes 21 percent of the total 
ELCR.   

 For exposure to 0- to 10-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 2 x 10-7 for the CTE case to 2 x 10-6 for the RME case.  The RME case 
estimates exceed the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4, but the 
CTE case does not.  For exposure to 0- to 10-ft-bgs soil, the HI estimates for non-cancer 
effects range from 0.01 for the CTE case to 0.05 for the RME case.  The CTE and RME HI 
estimates do not exceed the regulatory threshold value of 1.  The primary contributors to 
the ELCR are dioxins, which contribute to 81 percent of the total ELCR estimate. 

Estimated Risks/Hazard Indexes for COPCs in Indoor Air.  For the indoor air pathway, the 
potential route of exposure to COPCs detected in soil vapor and groundwater is the 
inhalation 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 3 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.  The CTE and RME HI estimates do not exceed the regulatory threshold value of 
1.  The primary contributors to the ELCR estimates are PCE (66 percent of the total 
ELCR), ethylbenzene (17 percent), and benzene (16 percent). 

 For indoor air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 3 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.  The CTE and RME HI estimates do not exceed the regulatory 
threshold value of 1.  The primary contributor to the ELCR estimates is TCE, which 
contributes to 97 percent of the total ELCR.  

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 3 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 regulatory risk range of 1 x 10-6 to 
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1 x 10-4.  For ambient air exposure via soil vapor intrusion, the HI estimates do not 
exceed the regulatory threshold of 1. 

 For ambient air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 2 x 10-9 for the CTE case to 1 x 10-8 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 ambient air exposure via soil vapor intrusion, the HI estimates 
do not exceed the regulatory threshold 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 1 x 10-4 for the CTE case to 5 x 10-4 for the RME case.  The CTE and 
RME ELCR estimates are equal to or exceed the upper end of the regulatory risk range 
of 1 x 10-6 to 1 x 10-4.  The HI estimates for non-cancer effects range from 9 for the CTE 
case to 14 for the RME case.  The CTE and RME HI estimates exceed the regulatory 
threshold value of 1.  The primary contributor to the ELCR estimates is arsenic, which 
contributes 86 percent of the total ELCR.  The primary contributors to the total HI are 
arsenic (22 percent of the total HI), antimony (17 percent), and cobalt (18 percent).  

3.7.3.2 Estimated Risks/Hazard Indexes for the Hypothetical Future Child Residential Exposure 
Scenario 

Potential residential child 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, inhalation of vapors and fugitive dust in 
ambient air, and consumption of homegrown 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 2 x 10-6 for the CTE case to 5 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.  For exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer effects range 
from 0.1 for the CTE case to 0.5 for the RME case.  The CTE and RME HI estimates do 
not exceed the regulatory threshold value of 1.  The cumulative ELCR and HI estimates 
mentioned above 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-ft-
bgs soil from the plant consumption exposure route range from 3 x 10-6 for the CTE case 
to 1 x 10-5 for the RME case.  The CTE ELCR estimate exceeds the lower end of the 
regulatory risk range of 1 x 10-6 to 1 x 10-4 and the RME estimate is equal to the middle of 
the regulatory risk range.  For exposure to 0- to 2-ft-bgs soil, the HI estimates for non-
cancer effects from the plant consumption exposure route range from 8 for the CTE case 
to 297 for the RME case.  The CTE and RME HI estimates exceed the regulatory 
threshold value of 1.  Dioxins are the primary contributors to the ELCR for the surface 



3.  COCA/DELTA FUEL FARM AREA (CDFF) 

MGM09-SSFL/GROUP_9 RI/SECTION3.DOC DRAFT 3-29 

soil exposures and contribute to 76 to 83 percent of the ELCR.  The primary contributors 
to the ELCR for the plant consumption pathway are BaP (36 percent), Aroclor-1254 
(21 percent), and methylene chloride (21 percent). 

 For exposure to 0- to 10-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 1 x 10-6 for the CTE case to 5 x 10-6 for the RME case.  The CTE and 
RME ELCR estimates are within the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For 
exposure to 0- to 10-ft-bgs soil, the HI estimates for non-cancer effects range from 0.1 for 
the CTE case to 0.5 for the RME case.  The CTE and RME HI estimates do not exceed the 
regulatory threshold value of 1.  Dioxins are the primary contributors to the ELCRs and 
contribute 73 to 82 percent of the total ELCR. 

Estimated Risks/Hazard Indexes for COPCs in Indoor Air.  For the indoor air pathway, the 
potential route of exposure to COPCs detected in soil vapor and groundwater is the 
inhalation of vapors that 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 1 x 10-6 for the CTE case to 2 x 10-6 for the RME case.  
The CTE ELCR is equal to the lower end of the regulatory risk range and the RME ELCR 
exceeds the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For indoor air 
exposure via soil vapor intrusion, the HI estimates for non-cancer effects range from 0.01 
for the CTE case to 0.02 for the RME case.  The CTE and RME HI estimates are less than 
the regulatory threshold value of 1.  The primary contributors to the ELCR estimates for 
the indoor air exposure route are PCE, ethylbenzene, and benzene detected in soil vapor.  
PCE contributes to 66 percent of the ELCR estimates, ethylbenzene contributes 
17 percent, and benzene contributes 16 percent.   

 For indoor air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs are 1 x 10-6 for both the CTE and RME.  The CTE and 
RME ELCR estimates are equal to the lower end of the regulatory risk range of 1 x 10-6 to 
1 x 10-4.  The HI estimates for non-cancer effects for the CTE and RME cases do not 
exceed the regulatory threshold value of 1.  TCE is the primary contributor to the 
ELCRs, contributing 97 percent to the total.  

Estimated Risks/Hazard Indexes for COPCs in Ambient Air.  For the ambient air pathway, the 
potential route of exposure to COPCs detected in soil vapor and groundwater is the 
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 1 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 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 non-
cancer effects do not exceed the regulatory threshold of 1. 

 For ambient air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs are 7 x 10-9 for the CTE and RME cases.  The CTE and 
RME ELCR estimates do not exceed the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The 
HI estimates for non-cancer effects do not exceed the regulatory threshold value of 1.  
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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 child exposure scenario are discussed below: 

 For exposure to COPCs in NSGW, the cumulative ELCR estimates for carcinogenic 
COPCs range from 3 x 10-4 for the CTE and 5 x 10-4 for the RME cases.  The CTE and 
RME ELCR estimates exceed the upper end of regulatory risk range of 1 x 10-6 to 1 x 10-4.  
The HI estimates for non-cancer effects range from 32 for the CTE case to 53 for the RME 
case.  The CTE and RME HI estimates exceed the regulatory threshold value of 1.  The 
primary contributor to the ELCR is arsenic, which contributes 86 percent of the total 
ELCR.  The primary contributors to the HI estimates are arsenic (22 percent of the total 
HI), antimony (17 percent), and cobalt (18 percent). 

3.7.3.3 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 the 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 2 x 10-8 for the CTE case to 9 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.  The 
CTE and RME HI estimates are less than the regulatory threshold 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 
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 10-10 for the CTE case to 3 x 10-9 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 RME and CTE HI 
estimates do not exceed the regulatory threshold value of 1.  

 For ambient air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 1 x 10-10 for the CTE case to 1 x 10-9 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.  The RME and CTE HI estimates do not exceed the regulatory 
threshold value of 1. 

3.7.3.4 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. 
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Estimated Risks/Hazard Indexes for COPCs in Soil.  Potential routes of exposure to COPCs in 
soil include incidental ingestion, dermal contact, and the inhalation of vapors and fugitive 
dust in ambient air.  A hypothetical future recreationist child (15-kg BW) was assumed to be 
exposed for 100 days per year over 6 years for the RME case and 50 days per year over 
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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 2 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.  For 
exposure to 0- to 2-ft-bgs soil, CTE and RME HI estimates do not exceed the regulatory 
threshold value of 1.  The primary contributors to the ELCR are dioxins, which 
contribute 83 percent to the total. 

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 8 x 10-10 for the CTE case to 6 x 10-9 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 CTE and RME HI 
estimates do not exceed the regulatory threshold value of 1. 

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

3.7.3.5 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 the 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 1 x 10-7 for the CTE case to 3 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.  For 
exposure to 0- to 2-ft-bgs soil, the CTE and RME HI estimates do not exceed the 
regulatory threshold value of 1.  The primary contributors to the ELCR are dioxins, 
which contribute 83 percent of the total ELCR.   

 For exposure to 0- to 10-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 1 x 10-7 for the CTE case to 3 x 10-6 for the RME case.  The RME ELCR 
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estimate exceeds the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For 
exposure to 0- to 10-ft-bgs soil, the CTE and RME HI estimates do not exceed the 
regulatory threshold value of 1.  The primary contributors to the ELCR are dioxins, 
which contribute 82 percent of the total ELCR.   

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 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 8 x 10-8 for the CTE case to 7 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 indoor air exposure via soil vapor intrusion, the CTE and RME HI estimates 
do not exceed the regulatory threshold value of 1.   

 For indoor air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 9 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 regulatory risk range of 
1 x 10-6 to 1 x 10-4.  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 
industrial worker exposure scenario are discussed below: 

 For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 3 x 10-9 for the CTE case to 2 x 10-8 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 ambient air exposure via soil vapor intrusion, the RME and CTE HI 
estimates do not exceed the regulatory threshold value of 1. 

 For ambient air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 2 x 10-9 for the CTE case to 9 x 10-9 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.  For ambient air exposure via groundwater vapor 
intrusion, the CTE and RME HI estimates are less than the regulatory threshold of 1.  

3.7.4 Uncertainty Discussion 

Uncertainties associated with the results of this HHRA are a function of both the “state of 
the practice” of HHRA in general and of UFs specific to the CDFF Area.  A discussion of the 
general HHRA uncertainty is presented in Section 1.5.3.   
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3.8 Ecological Risk Assessment for CDFF 

3.8.1 Problem Formulation 

The problem formulation describes the site to be assessed, specifies the assumptions and 
data to be used, and is generally the foundation of the ERA.  Generalized components of the 
problem formulation, applicable to all RI sites in Group 9, are described in Section 1.5.4.1.  
Problem formulation components specific to the CDFF area are described below. 

3.8.1.1 Site Background 

The CDFF is a former fuel farm in the western portion of the SSFL, within a small valley 
between large sandstone outcroppings in the northern and southern portions of the site.  It 
is in Area II of SSFL and consisted of four ASTs for fuel storage, two ASTs for nitrogen 
storage, the pipelines and pumps associated with the ASTs, a secondary containment 
system, and an X-ray operations facility.  It was built in the 1950s to provide bulk storage for 
the petroleum-based fuels used in tests conducted at the Coca and Delta Test Stand Areas.  
Most of these features have been or are being removed or demolished.  The CDFF area is 
mostly developed, with asphalt paving and the remaining concrete footings from removed 
structures.  A more detailed discussion of the site conditions and history is presented in 
Section 3.1.   

Habitat at the site was determined based on a site survey conducted on May 20, 2009 
(Appendix A).  The habitats present and their spatial distributions in the CDFF Area are 
included in Appendix A. The CDFF Area investigated is approximately 8.39 acres; of those, 
19.2 percent is developed (pavement, roads, or buildings).  Dense shrub/scrub (laurel 
sumac, thickleaf yerba santa, deer weed, coyote bush, and mulefat) covers 40.7 percent of 
the site and rock covers 18.3 percent of the site.  Oak woodland and ruderal vegetation are 
the next most dominant habitat types, covering 14.3 and 7.5 percent of the site, respectively.  
Sprouting and charring of the perennial, woody vegetation in portions of the northern, 
eastern, southern, and western areas of the CDFF site (about 3.3 acres, or 38.7 percent of the 
site) provide evidence that this site burned in the 2005 Topanga Fire.  A review of the pre-
fire aerial photographs indicates that the woodland crown canopies in the burned areas 
have been opened considerably, but the areas are almost fully recovered.  

Plant stress was observed in a few areas at this site during the reconnaissance-level survey 
in May 2009, but it appeared that most of the stress was related to moisture stress caused by 
coarser soil textures or site microtopography that favored rainfall runoff rather than 
infiltration.  Both of these factors would imply more droughty soil conditions that would 
result in early moisture stress in plants.  In addition, other areas of plant stress appeared to 
be related to herbicide spraying for weed control along the edges of roadways and paved 
areas in the eastern and southern parts of the site. 

Wildlife species (or signs of their presence) observed at the site during the site survey 
included whiptail lizard, house finch, American crow, spotted towhee, hooded oriole, 
California towhee, song sparrow, Anna’s hummingbird, bushtit, blue grosbeak, Cooper’s 
hawk, American goldfinch, coyote (scat), and ground squirrels.  

More detailed information about the site biology, including site photographs, is presented in 
(Appendix A). 
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3.8.1.2 Ecological Management Goals, Assessment Endpoints, and Measures 

The ecological management goal for the CDFF area is the same as that for all Group 9 RI 
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. 

Only terrestrial habitat, as described above, is present at the CDFF area.  Assessment and 
measurement endpoints identified for this site are provided in Appendix A.   

Representative terrestrial species and receptor groups considered for the CDFF area include 
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).  The terrestrial plant community was not 
evaluated because site-related plant stress was not observed during field surveys 
(Table 3.8-2). 

3.8.1.3 Ecological Conceptual Site Model 

The generalized ecological CSM for Group 9 is presented in Section 1.5.4.4.  The CSM 
specific to the CDFF area is described below and presented in Figure 3.8-1.  

The primary contaminant sources to the CDFF area are storage areas (former ASTs and 
secondary containment area), accidental spills and releases (for example, at transfer points 
for refueling vehicles), and drainage areas of the site.  It should be noted that no reported 
releases were identified, which suggests that the transfer points for refueling vehicles may 
be the primary source.  Primary release mechanisms include leakage, spills, and surface 
water runoff and erosion to soil.  Secondary release mechanisms include volatilization and 
wind erosion; bioaccumulation from soil; and leaching from soil into groundwater.    

Complete or potentially complete exposure pathways from contaminated soil and biota to 
ecological receptors exist at the site.  Contaminants in soil may be directly bioaccumulated 
by terrestrial plants, invertebrates, birds, and small mammals resident in and associated 
with the site soils.  Terrestrial wildlife (herbivores, omnivores, invertivores, and carnivores) 
may be exposed directly to contaminants in soil by incidental ingestion, dermal contact, or 
inhalation of volatiles or wind-borne particles.  Terrestrial wildlife (focusing on 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.).  
Burrowing mammals (deer mice) also might be exposed to soil vapors via inhalation.  
Figure 3.8-1 summarizes the potential exposure pathways for the ecological receptors at the 
CDFF area.   

3.8.1.4 Selection of Chemicals of Potential Ecological Concern 

The process for the selection of CPECs is described in Section 1.5.4.4.  Detected analytes in 
soil and soil vapor samples from the CDFF area are listed in Table 3.8-3.  Summary statistics 
for those detected analytes are listed in Table 3.8-4.  A statistical comparison of site 
inorganic and dioxin/furan data to background for soil was conducted using the WRS or 
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Gehan test, as appropriate (Table 3.8-5).  A comparison of VOCs detected in soil versus 
analyzed for in soil vapor was conducted to identify additional VOCs to be evaluated in the 
risk assessment (Table 3.8-6).  Non-detect analytes were evaluated by comparing the 
maximum SQLs against the minimum ESL and determining the exceedance frequency of the 
SQLs (Table 3.8-7).  The CPECs identified for the CDFF site are summarized in Table 3.8-8.  
EPCs for soil for each depth interval (0 to 2 ft, 0 to 4, and 0 to 6 ft bgs) are provided in 
Tables 3.8-9, 3.8-10, and 3.8-11, respectively.  EPCs for soil vapor from 0 to 6 ft bgs are listed 
in Table 3.8-12 and soil vapor modeling is provided in Table 3.8-13. 

3.8.2 Analysis 

The analysis phase, which consists of the exposure characterization and the ecological 
effects characterization, links the problem formulation (Section 3.8.1) with the risk 
characterization (Section 3.8.3) and consists of the technical evaluation of ecological and 
chemical data to evaluate the potential for ecological exposure and effects.  Generalized 
components of the exposure and ecological effects characterizations are presented in 
Section 1.5.4.  Exposure and effects information specific to the CDFF Area is presented 
below. 

3.8.2.1 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 
calculation of EPCs, are described in this section. 

The receptor-specific exposure models, exposure factors, and assumptions presented in 
Section 1.5.4.4 were used for receptors at the CDFF area.  Exposures were evaluated for 
terrestrial receptors (soil invertebrates, birds, and mammals).  The exposure area for the 
CDFF area is 5.3 acres.  This acreage differs from the size of the site determined in the 
habitat surveys because only the area covered by the sampling locations was included in the 
exposure area.  

Summary statistics and EPCs for CPECs in soil at various depths (up to 6 ft bgs) and soil 
vapor were calculated according to the approach outlined in Section 1.5.4.4.  These values 
are presented in Tables 3.8-9 through 3.8-13.  Modeled exposure estimates for bird and 
mammal receptors are presented as part of the risk characterization (Section 3.8.3). 

3.8.2.2 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 CDFF area were 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. 

3.8.3 Risk Characterization 

The risk characterization integrates estimated CPEC exposures with their potential 
ecological effects on the assessment endpoints for the CDFF area.  The sequential processes 
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for performing the risk characterization, described in Section 1.5.4.4, were applied to the 
CDFF area.  The results of these comparisons are discussed below.   

3.8.3.1 Risk Estimation 

The risk estimation focuses primarily on quantitative methods to evaluate the potential for 
risk.  The results of the quantitative risk estimation are presented as HQs and HIs.  HQs and 
HIs for evaluated receptors are provided in Tables 3.8-14 through 3.8-20.  Table 3.8-15 
presents an analysis of the depth intervals for the evaluation of burrowing animals (deer 
mouse).  The 0- to 6-ft-bgs depth interval had the greatest HI; therefore, the data from this 
depth were used to evaluate the deer mouse. 

3.8.3.2 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 at the site.  Chemicals that had HQs exceeding 1 were further evaluated 
to determine the COECs.  Information considered in the determination of COECs includes 
the receptor groups potentially affected, exceedance of Low and/or High TRVs, magnitude 
of exceedance, bioavailability, and habitat quality at the site. 

To facilitate the interpretation of TRV exceedances, chemicals that exceeded one of the TRVs 
(Low TRV or High TRV) were assigned into one of five general risk groups (1 through 5, 
described below); other CPECs were identified as posing no risk or as uncertainties.  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.  The risk 
groups are described as follows: 

1. High Risk: HQs>1,000 for the Low TRV (RME), or HQs>10 for the High TRV (RME), 
and/or chemical class HIs>10 at the High TRV.  

2. Medium-High Risk: 100<HQs<1,000 for the Low TRV (RME), and/or 5<HQs<10 for the 
High TRV (RME). Chemical classes with HIs>100 at the Low TRV (RME) and/or 
5<HIs<10 for the High TRV (RME).  

3. Medium Risk: 10<HQs<100 for the Low TRV (RME) and/or 1<HQ<5 for the High TRV 
(RME). Chemical classes with 10<HIs<100 at the Low TRV (RME) and/or 1<HIs<5 for 
the High TRV (RME).  

4. Medium-Low Risk: 5<HQs<10 for the Low TRV (RME) and/or HQs<1 for the High TRV 
(RME). Chemical classes with 5<HIs<10 at the Low TRV and/or HIs<1 at the High TRV 
(RME).  

5. Low Risk: 1<HQs<5 for the Low TRV (RME) and HQ<1 for the High TRV. Chemical 
classes with 1<HIs<5 at the Low TRV. 

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

7. Uncertain–chemicals or groups for which toxicity information is not available. 
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Table 3.8-21 summarizes the analytes that had one or more HQs exceeding 1 under any 
scenario for terrestrial receptors (exposure to soil, soil vapor, and/or food). 

Soil. Nine soil analytes (antimony, barium, boron, iron, DioxinFuran_TEQ, PCB_TEQ, 
DioxinFuranPCB_TEQs, 2-chloroethyl vinyl ether, and acetone) were found to have one or 
more HQs greater than 1 under any scenario (Table 3.8-21).  All other soil analytes and/or 
analyte groups were found to pose no risk (all HQs and HIs were less than 1) to any 
receptor under any scenario at the CDFF site, or they were identified as uncertainties.   

Estimation of incremental risks (risk in excess of background) for terrestrial receptors is 
presented in Table 3.8-22 (note:  although incremental risks are presented, they are not used 
as the sole basis for exclusion of a chemical as a COEC).  The COECs in soil are identified in 
Table 3.8-23. 

DioxinFuran_TEQs, PCB_TEQs, and DioxinFuranPCB_TEQs were retained as COECs.  
Antimony, barium, boron, iron, 2-chloroethyl vinyl ether, and acetone were not retained as 
COECs. 

Antimony, barium, boron, and iron were not retained as COECs because all detected 
concentrations were below the maximum soil background concentration.  All incremental 
HQs were less than 1, indicating that refined exceedances were wholly due to background 
concentrations.  Additionally, EPA Eco-SSL guidance (EPA, 2003a) does not consider iron to 
be of concern to ecological receptors.  

2-Chloroethyl vinyl ether exceeded the Low TRV for the deer mouse.  However, the 
magnitude of exceedance was low (HQ=1.3) and the High TRV was not exceeded.  
Additionally, there was only 1 detect out of 19 samples, which gives a low detection 
frequency (5.2 percent) and is close to the 5-percent cut-off for the selection of CPECs.  It 
should be noted that there is some uncertainty associated with the detection limit in 2 of the 
18 non-detected samples because the detection limits of these 2 samples exceeded the 
detected concentration.  Because of the low detection frequency, low magnitude of 
exceedance, and non-exceedance of the High TRV, risks to deer mice from exposure to 
2-chloroethyl vinyl ether are not considered unacceptable; therefore, 2-chloroethyl vinyl 
ether was not retained as a COEC.  

Acetone also exceeded the Low TRV for the deer mouse.  However, the magnitude of 
exceedance was low (HQ=1.6) and the High TRV was not exceeded.  Additionally, risk was 
driven by one sample (CDBS04) that had a concentration of 132 mg/kg acetone, compared 
to the next highest concentration of 2.8 mg/kg (CDBS17).  This is a difference of two orders 
of magnitude.  Because of the low magnitude of exceedance, non-exceedance of the High 
TRV, and the fact that risk was driven by one sample, risks to deer mice from exposure to 
acetone are not considered unacceptable; therefore, acetone was not retained as a COEC. 

DioxinFuran_TEQs, PCB_TEQs, and DioxinFuranPCB_TEQs were retained as COECs.  HQs 
for DioxinFuran_TEQs and DioxinFuranPCB_TEQs exceeded 1 for the hermit thrush (Low 
TRV) and deer mouse (Low and High TRV), and the PCB_TEQs exceeded 1 for the deer 
mouse only (Low TRV).  The Low TRV Dioxin_Furan HI for the hermit thrush exceeded 1, 
and the Low and High Dioxin_Furan HIs for deer mouse exceeded 1.  Exceedances of the 
High TRV were driven by the DioxinFuran_TEQ, suggesting that exposure to the co-planer 
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PCBs is of less concern than exposures to dioxins and furans in soil.  Estimated risks for the 
hermit thrush were in the low risk range and the medium risk range for the deer mouse.  

Soil Vapor.  No analytes were identified as COECs in soil vapor (Table 3.8-24), because none 
of the measured or modeled soil vapor CPECs exceeded the TRVs.  

3.8.3.3 Uncertainty Analysis 

Uncertainty is an implicit component in all risk assessments.  Generalized uncertainties for 
ERAs in SSFL’s Group 9 are summarized in Section 1.5.4.5 and Table 3.8-25.  Additional 
uncertainties include the following: 

 One non-detect soil vapor analyte (methylene chloride) was included in the soil vapor 
screening, per the procedure dictated by the SRAM (MWH, 2005b).  Because this analyte 
was not detected in the collected sample, basing risk off the maximum SQL is 
conservative.  Therefore, this approach probably overestimates the risk from exposure to 
soil vapor. 

3.8.4 Conclusions and Recommendations 

The data available for the CDFF Area included soil and soil vapor samples.  Soils were 
analyzed for metals, general chemistry parameters, hydrocarbons, dioxin/furans, pesticides, 
PAHs, PCBs, SVOCs, and VOCs.  Soil vapor was analyzed for VOCs.  

The potential risks were estimated for terrestrial receptors.  The results of the risk 
characterization indicated the following: 

 Soil–DioxinFuran_TEQs, PCB_TEQs, and DioxinFuranPCB_TEQs were retained as 
COECs.  Estimated risks were in the low (PCB_TEQ) and medium (DioxinFuran_TEQ 
and DioxinFuranPCB_TEQ) ranges.  For this class of chemicals, risk was driven by the 
dioxins/furans at the site rather than by the co-planer PCBs.  Antimony, barium, boron, 
iron, 2-chloroethyl vinyl ether, and acetone were not retained as COECs, because 
concentrations were below the maximum background concentration, because the 
analyte generally is not considered of concern to ecological receptors (iron), or because 
the risks were driven by a single sample or single detected value. 

 Soil vapor–No COECs were identified. 

3.9 Summary of Findings and Recommendations for CDFF 
Area 

3.9.1  Nature and Extent of Contamination Summary 

To evaluate the nature and extent of potential contaminants at the CDFF Area, 69 surface 
soil, 41 subsurface soil, 2 surface water, and 8 soil gas samples were collected.  Table 3.9-1 
categorized the individual parameters that were detected at concentrations exceeding their 
respective screening criteria.  Of the surface soil samples collected, 30 samples had dioxins 
(compared as 2,3,7,8-TCDD TEQ) detected at levels that exceeded the human health 
screening criteria and 23 samples had 2,3,7,8-TCDD TEQ values at levels exceeding the 
ecological screening criteria.  Additionally, 7 locations had samples at levels that exceeded 
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the metals screening criteria; 3 locations had a PCB (Aroclor-1254) exceedance; and 3 
locations had a VOC (methylene chloride) exceedance.  The parameters that exceeded the 
criteria are listed in Table 3.9-1.  The data are indicative of contaminant migration in the 
westerly-southwesterly direction, which is downgradient from the primary CDFF 
operations.  It also suggests that constituents may be migrating along the western drainage 
ditch leading to the R-2 Ponds Area.  Most parameters detected at elevated concentrations 
have been characterized sufficiently, with the few exceptions listed here.  The calculated 
2,3,7,8-TCDD TEQ exceedance does not appear to have been evaluated sufficiently in the 
upgradient, downgradient, and crossgradient directions.  The characterization of 
Aroclor-1254 requires additional information to the north and east to further evaluate the 
nature and extent characterization.  Additional sampling for the GROs (C8-C11) also is 
warranted to the southeast of the CDFF AST basin; however, the likely migration path at the 
surface is to the southwest, where additional sampling provides a horizontal boundary for 
TPHs.   

Of the subsurface soil samples collected, 9 dioxins compared as 2,3,7,8-TCDD TEQ for 
mammals, 2 dioxins compared as 2,3,7,8-TCDD TEQ for birds, 1 metal (silver), 2 SVOCs, 3 
TPH groups, and 4 VOCs were reported at concentrations that exceeded 1 or more of their 
respective screening criteria.  Subsurface soil samples were collected at or near the bedrock 
interface, so the vertical extent sampling has been investigated sufficiently.  Additional 
subsurface soil sampling, if warranted, would be to horizontally bind the subsurface 
exceedances.  The 2,3,7,8-TCDD TEQs exceeded the screening criteria in subsurface soil 
sample at the same locations in which exceedances in the surface soil media were reported.  
Because additional dioxin sampling is warranted in the surface soil media, additional 
subsurface soil sampling may be warranted, as well.  Other subsurface soil exceedances 
have been investigated sufficiently.  Additional sampling for SVOCs, VOCs, and DROs 
(C14-C20) may be warranted to the north; however, the likely source of these exceedances is 
the CDFF AST basin, from which migration would be in a southwesterly direction, and 
characterization in that direction has been evaluated adequately.  Additional sampling to 
the north probably would characterize conditions in the soil upgradient of the primary 
CDFF Area. 

Two VOCs (PCE and toluene) were reported at levels exceeding the screening criteria in soil 
gas collected at the site.  The vertical extent has been addressed sufficiently, because these 
samples were collected at the subsurface bedrock interface.  Horizontal extent sampling is 
warranted in the northerly and southeasterly directions.  However, as noted, migration 
probably is toward the southwest, where soil vapors appear to have been evaluated 
adequately.  Neither PCE nor toluene have been detected in NSGW samples, suggesting that 
volatilization of VOCs from the NSGW has little to no impact at this site.   

3.9.2 Risk Assessment Summary 

The human health and ecological risks at the CDFF are summarized below. 

3.9.2.1 Summary of Human Health Risks 

This subsection summarizes the HHRA performed for the CDFF.  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 
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are described in Section 1.5.3.  The results of the HHRA for the CDFF are presented in 
Section 3.7. 

The surface soil (0 to 2 ft bgs), subsurface soil (0 to 10 ft bgs), soil vapor, and groundwater 
samples collected during the RI sampling activities were evaluated for use in the HHRA.  
Surface water and sediment samples were not evaluated in this HHRA, because they were 
not present during the RI site characterization activities.  The HHRA data set is listed in 
Table C.3.1-3 in Appendix C.  The COPCs identified from the CDFF HHRA data set for each 
exposure area are listed in Table C.3.1-4. 

The potential future receptors at the CDFF include recreationists, workers, and residents.  
The CDFF 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 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 consuming fruits and vegetables from a garden.  The agricultural 
residential exposure scenario evaluation will be included in a separate report at a later date.   

Generally, estimated cumulative cancer risks (ELCRs) less than 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 non-cancer 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.  
Table C.3.5-1 summarizes the ELCRs and HIs.  The chemicals that are the primary 
contributors to the estimated ELCRs are listed in Table C.3.5-2. 

The following exposure scenarios for the CDFF Area exceed or are within the regulatory 
risk range for carcinogenic COPCs:  

 Hypothetical future adult and child residents exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult and child residents–plant consumption 

 Hypothetical future adult and child residents exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult and child residents exposed to NSGW (domestic use) 

 Hypothetical future adult and child residents exposed to indoor air (migration of soil 
vapor and volatile groundwater COPCs)  

The primary contributors to the ELCR for the soil exposure pathways are dioxins (ranging 
from 76 to 83 percent of the ELCR estimate) (Table C.3.5-2).  For the plant consumption 
pathway, BaP (36 percent of the ELCR), Aroclor-1254 (23 percent), and methylene chloride 
(21 percent) are the primary contributors to the ELCR.  The primary contributors to the 
ELCR for NSGW exposure is arsenic, which contributes 86 percent of the ELCR estimate.  
The primary contributors to the ELCR for the indoor air pathways from the migration of 
volatile soil vapor COPCs are PCE (66 percent of the ELCR), ethylbenzene (17 percent), and 
benzene (16 percent of the ELCR estimate).  The primary contributor to the ELCR for the 
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indoor air pathways from the migration of volatile groundwater COPCs is TCE (97 percent 
of the ELCR).  

The following exposure scenarios for the CDFF Area exceed the regulatory threshold values 
for non-cancer COPCs:  

 Hypothetical future adult and child residents–plant consumption 

 Hypothetical future adult and child residents exposed to NSGW (domestic use) 

The primary contributor to the HI for the plant consumption pathway is acetone (ranging 
from 96 to 100 percent).  The primary contributors to the HI for the NSGW pathway are 
arsenic (22 percent of the ELCR estimate), antimony (17 percent), and cobalt (18 percent).  

The following exposure scenarios for the CDFF are less than the regulatory threshold value 
for non-cancer COPCs:  

 Hypothetical future adult and child residents exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult and child residents exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult and child recreationists exposed to soil (0 to 2 ft bgs)  

 Hypothetical future residents, industrial workers, and recreationists exposed to ambient 
air (migration of volatile groundwater COPCs) and indoor air (migration of volatile 
groundwater COPCs) 

 Hypothetical future residents, industrial workers, and recreationists exposed to ambient 
air (migration of soil vapor COPCs) 

As described in Sections 1.5.3.6 and 3.7.4, there is a degree of uncertainty associated with 
these risk estimates that should be considered before risk management decisions are made. 

3.9.2.2 Summary of Ecological Risks 

Of the soil analytes that were evaluated, DioxinFuran_TEQs, PCB_TEQs, and 
DioxinFuranPCB_TEQs were retained as COECs.  Estimated risks were in the Low 
(PCB_TEQ) and Medium (DioxinFuran_TEQ and DioxinFuranPCB_TEQ) ranges.  The 
results indicate that risks are driven by the dioxins and furans, suggesting that exposure to 
the co-planer PCBs is of less concern than exposures to dioxins and furans in soil.   

No analytes were identified as COEC in soil vapor. 

3.9.3 Recommendations for the CDFF 

Potentially significant human health risks were identified for 2, 3, 7, 8-TCDD TEQ in soil (0 
to 2 ft bgs and 0 to 10 ft bgs).  It is recommended that the localized extent of 2, 3, 7, 8-TCDD 
TEQ (dioxins and furans) in soil be confirmed.  After confirmation of the extent of 
contamination, removal of soils with elevated concentrations of 2, 3, 7, 8-TCDD TEQ 
(dioxins and furans) is recommended at this location to reduce human health risks.    
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Potentially significant human health risks were identified for arsenic, antimony, cobalt, and 
TCE exposure via the NSGW (domestic use) direct exposure pathways.  It is recommended 
that the presence of arsenic, antimony, and cobalt in groundwater at the CDFF Area be 
further evaluated following the revision of the SSFL background data set.   

Potentially significant human health risks were identified for acetone, Arcolor-1254, BaP, 
methylene chloride, and acetone in soil (0 to 2 ft bgs) for the plant consumption pathway for 
a potential future residential scenario.  It is recommended that the plant consumption 
pathway be further evaluated with the agricultural-based residential exposure scenario.  
The agricultural-based residential exposure scenario will be evaluated at a later date.   

The ERA identified DioxinFuran_TEQs, PCB_TEQs, and DioxinFuranPCB_TEQs as COECs 
in soil.  The results indicate that risks were driven by the dioxins and furans, suggesting that 
exposure to the co-planer PCBs is of less concern than exposures to dioxins and furans in 
soil.  Elevated concentrations of dioxins are spread throughout the CDFF Area, with the 
highest reported DioxinFuran_TEQ values from samples collected in the lower elevation 
area in the western and southwestern portions of the site.  Although the vertical extent of 
dioxins at the site has been characterized sufficiently (that is, down to the bedrock), 
additional sampling to the north-northeast, east, and west may be required to fully 
characterize the lateral extent of dioxins.  The removal of soils that have elevated 
concentrations of dioxins is recommended within the CDFF Area.  
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4.  R-2 Ponds Area 

4.1  R-2 Ponds Area Background and History 

The Area II R-2 Ponds Area primarily consisted of two ponds (R-2A and R-2B), and their 
associated inlet and outlet drainages.  The ponds have served as the most downgradient 
surface water collection points for drainages associated with Areas II and III, and portions of 
Area IV at SSFL.  Surface water currently collects in these ponds, although operations have 
ceased at SSFL.  The most downgradient pond, R-2A Pond, discharges to an NPDES 
discharge point (Outfall 002) in Bell Creek to the south.  The R-2 Ponds Area covers 
approximately 2.98 acres. 

4.1.1  SWMUs and AOCs 

Ponds R-2A and R-2B have been combined and designated as SWMU 5.26.  These ponds 
receive drainage from several upgradient SWMU sites incorporated in both Boeing- and 
NASA-operated facilities.  These areas are outlined in the NASA RFI Site Summaries 
(MWH, 2005d), and will be summarized in the site history discussed below. 

4.1.2  Site History 

The R-2 Ponds were acquired by NASA in 1973, along with the rest of the Area II property 
(known as USAF Plant 57, under ownership of the USAF).  The ponds have been used since 
approximately 1958 and still collect surface runoff water, although no process water is 
currently received at the R-2 Ponds.  The ponds are adjacent, unlined surface 
impoundments that collected discharges from Areas II, III, and portions of Area IV.  The 
designed capacities of the R-2A and R-2B Ponds are 2.5 million gallons and 200,000 gallons, 
respectively. 

The area received drainage and surface water runoff from, but is not limited to, the Alfa 
Skim and Retention Ponds, Bravo Skim Pond, Alfa-Bravo Skim Pond, and the Storable 
Propellant Area (SPA) surface impoundments by means of the Silvernale Reservoir 
(Section 2).  The R-2 Ponds also received drainage directly from the Coca Skim Pond, Delta 
Skim Pond, STL-IV surface impoundments, ECL Pond, and the Compound A RFI sites.  
They also received treated effluent from the Area III Sewage Treatment Plant, which 
received sewage from Areas II, III, and IV.   

Geographically, R-2B Pond is upgradient of and discharges to the R-2A Pond.  The effluent 
from R-2B Pond was controlled by a gate valve and flowed into the R-2A Pond through a 
subsurface corrugated metal pipeline.  The R-2A Pond then served as a reservoir for cooling 
water used with testing rockets and fire suppression water for onsite emergencies.  The 
R-2A Pond also had a gate-controlled discharge to an unlined pond, leading to NPDES 
Outfall 18 (Bell Creek).  The discharge currently is run through a stepped sediment control 
system that is concrete lined.   
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Findings from a historical document review suggest that VOCs, SVOCs, hydrazines, and 
potentially, trace metals, have been released to and from the R-2 Ponds.  However, surface 
water discharged to the NPDES monitored point is monitored routinely, when active, and 
discharges have generally been in compliance with permitted standards (MWH, 2005d).  

4.1.2.1 Site Inventories 

Inventories of the buildings, tanks, transformers, and chemicals at the R-2 Pond Area were 
compiled during the preparation of this RI report.  This information was obtained from 
historical document reviews, facility drawings, and VSIs.  These features are shown in 
Figure 4.1-1, as applicable.  The inventories are included in the following tables: 

 Building Inventory–Table 4.1-1 

 Transformer Inventory–Table 4.1-2 

 Tank Inventory–Table 4.1-3 

 Chemical Inventory–Table 4.1-4 

4.1.3  Site Chemical Use Areas 

The R-2 Ponds Area primarily served as the final collection point for surface water drainage 
at SSFL.  No facilities were identified within this site as chemical storage or chemical use 
areas; however, a variety of chemicals used at other facilities probably have discharged to 
surface drainage swales, thus potentially contaminating the ponds.  Primary COCs would 
include solvents, TPHs and other fuel-based compounds, hydrazines, and nitrogen- and 
fluorine-based compounds.  Air agitation has been the historical process for algae growth 
control at this site, and chemical addition has been noted as an option if agitation is found to 
be inadequate for algae control.  During the most recent VSI and sampling effort at this site 
(2009), it was noted by field personnel that the air agitator in R-2A Pond was inactive.  

4.1.4  Site Conditions 

The R-2 Ponds Area currently collects surface water drainage from wet weather events at 
SSFL; however, because most processes have been decommissioned, it is unlikely that the 
ponds currently receive any process water.  During a VSI conducted in May 2009, field 
personnel noted that the R-2B Pond was mostly dry and that a surface water flow vein had 
developed.  This vein probably would collect drainage during wet weather events and 
channels the water to the gated outfall leading to the R-2A Pond.  The portion of the R-2A 
Pond that holds surface water is significantly smaller than what was suggested historically; 
most of the eastern portion of this pond is now dry.  

4.1.5  Site Habitats/Land Cover 

The R-2 Ponds Area is approximately 2.98 acres; in May 2009, an ecological survey was 
conducted to evaluate the current habitat in the Group 9 Area, which covered 
approximately 6 acres.  Of this acreage, only about 5.2 percent is developed (paved, 
roadways, or buildings).  Approximately 50.5 percent of the site is dense shrub/scrub 
(thickleaf yerba santa, coast live oak, deerweed, coyote bush, mule fat, shortpod mustard, 
and laurel sumac), with oak woodland covering approximately 18.2 percent of the site.  
Rock covers 12.8 percent of the site, and ruderal cover is limited to approximately 
4.9 percent.  Additionally, the R-2 Ponds and spillway make up about 0.5 acre or 8.5 percent 
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of the site.  Multiple bird and mammal species (ash-throated flycatcher, song sparrow, red-
tailed hawk (adult), house finch, American kestrel (male), American crow, marsh wren, 
California towhee, American goldfinch, mourning dove, turkey vulture, cliff swallow, black 
phoebe, Anna’s hummingbird, green heron, spotted towhee, cottontail rabbit, coyote [scat], 
gopher [burrows], rodents [burrows], and kangaroo rat [tracks]) were observed to use the 
site.  Additionally, the western fence lizard and side-blotched lizard were observed.  As 
with the other two Group 9 sites, evidence that this site was involved in the 2005 Topanga 
Fire was observed in the northern and western portions of the R-2 Ponds Area (about 
2 acres, or 33.6 percent of the site).  A review of the pre-fire aerial photographs indicated 
that the woodland crown canopies in the burned areas have been opened considerably, but 
the areas are almost fully recovered. 

The aquatic habitat in the R-2 Ponds Area consists of two artificially created ponds used for 
stormwater detention and treatment. Scrub/shrub, and emergent vegetation consisting of 
cattails and willows were observed in and surrounding the ponds. Mosquitofish and 
dragonflies were observed using the pond.   

Although it was not possible to compare pre-fire and current ground cover in habitats 
characterized predominantly by annual vegetation (e.g., ruderal and annual grasslands), it 
appears that many of these areas have nearly recovered fully.  Little evidence of the 
previous fire was apparent in these areas except where charred perennial, woody vegetation 
was observed.  The habitats and land cover present at the R-2 Ponds Area are shown in 
Figure 4.1-2. 

4.1.6  Historical Document Reviews 

As described in Section 1.3.1, a historical document review was completed of documents 
applicable to the Group 9 RI Report.  As a result of this historical document review, no new 
features were identified. 

4.2  RI Characterization Activities 

This subsection describes the sampling objectives, sampling scope, and key decision points 
associated with defining the nature and extent of chemical impacts for the surface soil, 
sediment, subsurface soil, surface water, soil vapor, and groundwater at the R-2 Ponds Area.   

4.2.1  Sampling Objectives 

To evaluate the extent of potential chemical effects on this site, soil, soil gas, surface water, 
and groundwater samples were collected.  The objectives of the investigation were as 
follows:  

 Evaluate the lateral and vertical extent of chemical impacts. 

 Evaluate the potential gradients of chemicals. 

 Develop a sufficient data set for performing a risk assessment. 
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These objectives contributed to the selection of sampling locations, analytical methods, and 
depths, while incorporating site-specific information such as the following: 

 Site conditions observed at the location of proposed sampling 

 Historical sampling results and/or previous remediation activities 

 Fate and transport characteristics of chemicals 

 SSFL background concentrations of parameters 

 SSFL SRAM-based screening concentrations for human health and ecological receptors 

4.2.2  Sampling Scope 

Provided in this report are the characterization results for soil matrix, soil gas, surface water, 
and groundwater information.  The total numbers of historical and recent samples collected 
as part of this report for soil matrix, soil vapor, surface water, and groundwater samples are 
summarized below: 

 Soil matrix:  31 samples 

 Sediment: 25 samples 

 Soil vapor:  2 samples 

 Surface water:  13 samples 

 Groundwater:  4 NSGW wells 

These samples were collected between 1997 and 2009 to identify the potential chemical 
effects associated with activities and process water received at the R-2 Ponds Area.  
Section 4.4 summarizes these samples.   

4.2.3  Key Decision Points 

The site-specific decision points identified for the R-2 Ponds Area represent the assumptions 
and/or decisions made during the sampling phase component of this RI, as follows: 

 For historical sample points where the sample depth had not been recorded, it was 
assumed that these sample points were collected in the 0- to 2-ft-bgs interval.   

4.3 RI Characterization Results 

The characterization results from the previous soil matrix, sediment, soil gas, surface water, 
and groundwater investigations at the R-2 Ponds Area are summarized below. 

4.3.1  Soil Matrix and Soil Gas Findings 

Sediment samples initially were collected beginning in May 1990.  This effort was to 
evaluate whether the process water collected in the R-2 Ponds had contributed to localized 
groundwater contamination.  A total of 8 sediment samples collected to a maximum depth 
of 1.5 ft bgs were collected.  Hydrocarbons and one VOC (TCE) were encountered at 
elevated concentrations during this effort.  At the same time, aerators were installed and 
operated at the R-2A Pond as an interim remedial effort to potentially reduce COPC 
concentrations. 
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Since approximately 2005, RI characterization sampling was conducted to support the 
development of this RI report.  Each stage of the investigative process is outlined in the RFI 
Program Report (MWH, 2004).  To summarize, the site was investigated through soil, 
sediment, surface water, soil gas sampling, and NSGW sampling, which was followed as 
recently as June 2009 by rounds of step-out sampling to further evaluate the nature and 
extent of contamination.  Dioxins, PCB-aroclors, inorganics, TPHs, SVOCs, and VOCs were 
detected at concentrations that exceeded the applicable screening criteria in the R-2 Ponds 
Area.  Additional details regarding the analytes detected at the R-2 Ponds Area through the 
previous investigations are described in Section 4.4.   

4.3.2  Groundwater Findings 

Groundwater for both the CDFF and R-2 Ponds Areas is discussed in Section 3.3.2 of this 
report.  

4.3.3  Surface Water Findings  

A total of 13 surface water samples were collected at this site and analyzed for 1 or more of 
the following:  dioxins, TAL metals, PCB aroclors, pesticides (organochlorines), SVOCs, and 
VOCs.  The characterization of the results from this sampling is discussed in Section 4.4.3 of 
this report.  One additional surface water sample, OU018, is associated with Outfall 18 at 
SSFL, and is discussed, along with the groundwater findings, in Section 3 of this report. 

4.4  R-2 Ponds Area Nature and Extent 

Surface soil, sediment, surface water, subsurface soil, and soil gas samples were collected at 
the R-2 Ponds Area, per the protocol described in Section 4.2 and the data provided in 
Appendix E.  Figure 4.4-1 shows the historical and most recent surface soil, sediment, 
surface water, subsurface soil, and soil gas samples collected as part of this RI investigation.  
Table 4.4-1 lists the parameters analyzed per sample in the sampling media at the R-2 Ponds 
Area.  Because this site received process water and surface runoff water from a variety of 
operational sites at SSFL, exceedances from each of the analytical groups may be expected–
dioxins potentially from processes and wildfires, VOCs (namely TCE from test stand 
flushing activities), TPHs from the fuels stored and used at this site, and PCBs from 
transformers and process oils could be more likely to have migrated through surface water 
flow channels to the R-2 Ponds.  The nature and extent of contamination that exceeded the 
comparison criteria values in the media sampled are described below. 

4.4.1 Surface Soil Nature and Extent 

A total of 20 surface soil samples were collected at this site and analyzed for 1 or more of the 
following:  dioxins, target analyte list (TAL) metals, PCBs (aroclors and congeners), 
pesticides (organochlorines and organophosphates), SVOCs, TPHs, and VOCs.  Table 4.4-2 
lists the parameters detected in the surface soil samples in the R-2 Ponds Area.   

4.4.1.1 Parameters Exceeding Criteria  

The nature and horizontal extent of parameters encountered at concentrations that exceeded 
their respective comparison criteria are described below. 
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Dioxins.  A total of 14 surface soil samples were analyzed for dioxins at this site, including 
both CDDs and CDFs.  Dioxins were detected in all 14 of the surface soil samples collected.  
The current approach to assessing the toxicity of these mixtures is to use information 
regarding the toxic potency of the different congeners to convert the congener 
concentrations to a toxicologically equivalent concentration of the most potent congener, 
2,3,7,8-TCDD.  The TEQ for mammals is used in comparison to the human health criterion, 
while the TEQ for either birds or fish (whichever is greater) is used in comparison to the 
ecological comparison criterion.  The samples were evaluated for nature and extent by 
comparing the frequency of the different CDDs and CDFs that exceeded the screening 
criteria at each location.  The CDD and CDF exceedances were added together according to 
the chlorine designation (tetra-, penta-, hexa-, hepta-, and octa-), and the 2,3,7,8-TCDD TEQ 
values were compared to the ecological screening criterion (4.3 pg/g) and the more 
conservative human health screening criterion (1.3 pg/g). 

Nine surface soil samples had a reported 2,3,7,8-TCDD TEQ mammal value exceeding the 
human health screening criterion of 1.3 pg/g, with calculated values ranging from 
1.46 pg/g (R2BS1001) to 22.19 pg/g (R2BS1004).  Five of the 14 samples also had a 
2,3,7,8-TCDD TEQ for birds exceeding the ecological screening criterion of 4.3 pg/g, with 
calculated values ranging from 6.41 pg/g (R2BS1005) to 20.05 pg/g (R2BS1004).  The dioxin 
exceedances are located mostly within the dry pond and drainage ditch areas, with 1 legacy 
exceedance located in the center of the R-2A Pond and 1 recently detected exceedance in the 
northern area of this site.  Non-exceeding TEQs for both human health and ecological 
comparison have been reported in the 3 southernmost samples collected to monitor the most 
downgradient portion at this site.  Additionally, non-exceeding TEQs were reported at the 
inlet leading from the Delta Skim Pond to the R-2A Pond, suggesting that potential 
discharges from the Delta Skim Pond are not affecting the dioxin concentrations in the 
R-2 Ponds Area.  The horizontal extent of dioxins at this site appears to have been 
characterized sufficiently.  This extent would carry over to the TEQ exceedances detected in 
the southernmost samples collected in the CDFF, as well.  Figure 4.4-2 shows the horizontal 
nature and extent of dioxins in the surface soil in this area.  Table 4.4-3 summarizes the 
exceedances of individual dioxin parameters detected at this site.  The vertical extent of 
dioxins at this site is addressed in Section 4.4.4. 

Metals.  Twenty-two metals were detected in all 14 surface soil samples analyzed for metals, 
exceeding the applicable screening criteria at 5 of the sample locations.  Of the metals 
detected in the surface soil at this site, 8 were reported at concentrations that exceeded 1 or 
more of the criteria.  The metals exceedances are described below. 

Cadmium, copper, manganese, nickel, and silver each was detected at elevated 
concentrations mostly similar to their respective background values.  Cadmium was 
detected at an estimated 1.51 J mg/kg (R2BS1009), compared to its background value of 
1 mg/kg.  Copper also was detected at R2BS1009 at an estimated concentration of 
32.4 J mg/kg, which is mostly similar to its background value of 29 mg/kg.  Manganese was 
detected twice at concentrations of 624 mg/kg (R2BS1000) and an estimated 700 J mg/kg 
(R2BS1004), compared to its background value of 495 mg/kg.  Nickel was detected once at a 
concentration of 32.6 mg/kg (R2SS01), compared to its background value of 29 mg/kg.  
Silver also was detected twice at an estimated 0.977 J mg/kg (R2BS1009) and 1.39 mg/kg 
(R2BS1004), compared to its background value of 0.79 mg/kg.  These parameters have been 
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detected at concentrations indicative of natural occurrence, as opposed to processes at this 
site and those upgradient of the ponds.  The horizontal extents of manganese, nickel, and 
silver have been evaluated adequately. 

Boron was detected twice at estimated concentrations of 10.2 J mg/kg (R2BS1000) and 
23.8 J mg/kg (R2BS1009), exceeding its ecological and background comparison criteria of 6.8 
and 9.7 mg/kg, respectively.  These stations are located in the eastern, dry area of the 
R-2A Pond.  The boron exceedances are bound upgradient toward the Delta Skim Pond and 
to the north by additional sampling.  Three sampling stations also had non-detectable or 
non-exceeding concentrations of boron along the outlet of the R-2A Pond, thus providing a 
downgradient extent.  Seven of the reported non-detect concentrations had reporting limits 
exceeding the ecological screening criteria; however, these reporting limits were below the 
background value of 9.7 mg/kg, indicating that these samples may represent natural 
conditions.  The horizontal nature and extent of boron at this site have been evaluated 
adequately, as shown in Figure 4.4-3. 

Mercury was detected twice at elevated concentrations of 0.178 mg/kg (R2BS1004) and 
0.202 mg/kg (R2BS1009), exceeding its background value (0.09 mg/kg) and ecological 
screening criterion (0.10 mg/kg).  These stations are located on the eastern and western 
edges of the current R-2A Pond.  The exceedances are bound upgradient and downgradient 
through additional sampling, and crossgradient by the rock outcrops encompassing the 
pond.  The horizontal extent of mercury has been investigated sufficiently, as shown in 
Figure 4.4-4.  

Zinc was detected in four samples at elevated concentrations ranging from 119 mg/kg 
(R2BS1005) to 278 mg/kg (R2BS1000), each exceeding its ecological (21 mg/kg) and 
background (110 mg/kg) screening values.  Three of these exceedances are within the 
R-2A Pond area, with the other near the center of the now dry R-2B Pond.  These 
exceedances have been bound upgradient through additional sampling along the ditch 
leading from the CDFF Area, the outlet from the Delta Skim Pond, and along the 
northeastern edge of the R-2A Pond.  Crossgradient, the exceedances are bound the areas of 
the ponds, and downgradient there are 3 stations along the R-2A Pond outlet that reported 
non-exceeding concentrations of zinc.  The horizontal extent of zinc has been evaluated 
adequately, and is depicted in Figure 4.4-5. 

PCB Aroclors/Congeners.  PCB congeners were analyzed in three surface soil samples, none 
of which had a reported exceedance.   

PCB aroclors were analyzed at 13 locations in the surface soil within the R-2 Ponds Area.  Of 
those, one station had a PCB exceedance reported.  Aroclor-1254 was detected at R2BS1003 
at a concentration of 120 mg/kg, exceeding its ecological screening criteria of 78 mg/kg.  
This station was collected around the former drainage line coming from the R-2A Pond, 
before the installation of the concrete-lined sediment control outlet.  Additional samples 
have not been collected downgradient of R2BS1003, and such an effort appears warranted.  
Upgradient, several samples from both the R-2A and R-2B Ponds did not have PCB 
exceedances.  This lack of exceedances in the ponds provides a downgradient extent of 
Aroclor-1254 for exceedances reported in the southern area of the CDFF (Section 3).  The 
horizontal extents of PCBs within the ponds and from exceedances in the CDFF Area have 
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been evaluated adequately; however, additional sampling along the outlet ditches from the 
R-2A Pond is warranted to further characterize PCBs, primarily Aroclor-1254, at this site. 

Pesticides.  Nine samples were analyzed for organochlorine pesticides and four were 
analyzed for organophosphate pesticides; none of these samples had concentrations 
exceeding the applicable screening criteria.  The horizontal extent of pesticides in the surface 
soil has been evaluated adequately. 

SVOCs.  One or more SVOC was analyzed at 13 surface soil sampling stations collected at 
the R-2 Ponds Area.  No SVOCs were detected at exceeding concentrations in the surface 
soil at this site.  The horizontal extent of SVOCs in the surface soil has been evaluated 
adequately. 

TPHs.  Three surface soil samples were analyzed for TPHs at this site, mostly within the 
downgradient R-2A Pond and at the outfall of the Delta Skim Pond.  No TPH groups were 
detected in the surface soil at elevated concentrations.  The reported non-detectable 
concentrations of GROs (C8-C11) ranged from 3.52 U mg/kg (DABS0037) to 5.2 U mg/kg 
(R2BS1000), which exceed its ecological screening criterion of 1.1 mg/kg.  However, 
reporting limits are typically in or near the reported range for this parameter.  In addition, 
the MDL exceeds the ecological screening value for GROs. The horizontal extent of TPHs in 
the surface soil has been evaluated adequately. 

VOCs.  Three VOCs were reported in 3 of the 14 surface soil samples at levels exceeding the 
screening criteria in surface soils at the R-2 Ponds Area.  Formaldehyde and PCE each was 
detected once at an elevated concentration.  Formaldehyde was detected at a concentration 
of 69,600 µg/kg (R2BS1009), exceeding its ecological screening value of 40,000 µg/kg.  PCE 
was detected at an estimated 0.455 J µg/kg (DABS0036), exceeding its human health 
criterion of 0.43 µg/kg.  These exceedances, found within the R-2A Pond, are bound 
horizontally through additional sampling and the rock outcrops that form the side walls of 
the pond.  Each of the PCE non-detects had a reporting limit that exceeded the human 
health screening value of 0.43 µg/kg, with 10 of the 12 non-detects having MDLs exceeding 
that same screening value; this includes each of the most recent samples collected in 2009.  
These results suggest that if PCE is present at this site in the surface soil, it would be at 
relatively low-level concentrations near the screening value.  The extents of formaldehyde 
and PCE in the surface soil at this site have been evaluated adequately.   

Two exceedances of methylene chloride were reported at this site, each as an estimated 
value.  Elevated concentrations ranged from 16 J µg/kg (R2BS1003) to 16.8 J µg/kg 
(R2BS1009), each exceeding its human health screening criterion of 4 µg/kg.  These 
exceedances are localized around the currently wet portion of the R-2A Pond, and the 
former effluent drainage ditch leading from this pond to the NPDES outfall.  Upgradient, 
the methylene chloride exceedances are bound through additional sampling.  However, no 
samples were collected downgradient of station R2BS1003.  Although this station reported 
the lowest concentration exceedance in this area, additional sampling to the south along the 
drainage ditch is warranted to further characterize potential VOC contamination in the 
surface soil.  The extent of methylene chloride in the surface soil at this site is illustrated in 
Figure 4.4-6. 
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4.4.2  Sediment Nature and Extent 

A total of 25 sediment samples were collected at the R-2 Ponds Area and were analyzed for 
1 or more of the following:  dioxins, TAL metals, PCB aroclors, pesticides (organochlorines), 
SVOCs, TPHs, and VOCs.  Sample matrix was chosen based of the conditions of the ponds 
at the time of sampling; since portions of the ponds are intermittently dry, there is some co-
existence of surface soil and sediment samples within a relatively small area.  Additionally, 
several locations were sampled at two depths; however, all samples collected shallower that 
2 ft bgs, similar to the surface soil decision point, were considered sediment samples.  
Table 4.4-4 lists the parameters detected in the sediment samples at the R-2 Ponds Area.  
Exceedances detected in sediment are categorized and described below.    

Dioxins.  As with the dioxin investigation in the surface soils, eight sediment samples were 
analyzed for both CDDs and CDFs.  Dioxins were detected in all eight sediment samples 
collected.  Likewise, the approach in sediment was to assess the toxicity of these mixtures by 
using information regarding the toxic potency of the different congeners and converting 
them to 2,3,7,8-TCDD TEQs.  The frequency of the different CDDs and CDFs that exceeded 
their respective screening criteria at each location were added according to the chlorine 
designation (tetra-, penta-, hexa-, hepta-, and octa-), and the 2,3,7,8-TCDD TEQ values were 
compared to the screening criteria. 

All eight calculated mammal 2,3,7,8-TCDD TEQ values exceeded the human health 
(1.3 pg/g) comparison criterion, with values ranging from 6.62 pg/g (DASS04) to 66.7 pg/g 
(R2FS02).  All eight samples had bird 2,3,7,8-TCDD TEQ values exceeding the ecological 
(4.3 pg/g) screening criterion, as well, with calculated values ranging from 5.8 pg/g 
(DASS04) to 62.36 pg/g (R2FS03).  This result suggests that both ponds have been affected 
by dioxins, which are settling within the basins.  However, non-exceeding TEQs for both 
human health and ecological comparison have been reported in the three southernmost 
surface soil samples collected to monitor the most downgradient portion of this site; 
therefore, elevated concentrations of dioxins are not migrating south with the R-2A Pond 
effluent, when enough water is present.  The extent of dioxins in the sediments at this site 
appears to have been evaluated adequately.  Figure 4.4-7 illustrates the extent of dioxins, 
represented as TEQs, in the R-2 Ponds Area sediment, and Table 4.4-5 summarizes the 
exceedances of individual dioxin parameters detected in sediments at this site.    

Metals.  Twenty-three metals were detected across the 15 sediment samples collected at the 
R-2 Ponds Area and analyzed for metals.  Of those, 8 parameters were detected, spanning all 
15 samples, at levels exceeding the applicable comparison criteria.  The metals exceedances 
in the sediment at this site are described below. 

Chromium and lead each was detected once at elevated concentrations, while cadmium was 
detected twice at elevated concentrations.  Chromium was detected at an estimated 
concentration of 45 J mg/kg (R2FS03, 0 to 0.5 ft bgs), compared to its background value of 
37 mg/kg.  Lead was detected at a concentration of 40 mg/kg (DASS04, 0.5 ft bgs), 
compared to its background value of 34 mg/kg.  Cadmium was detected at concentrations 
of an estimated 1.15 J mg/kg (R2BS1008, 0.5 to 1 ft bgs) and 2.6 mg/kg (DASS04, 0.5 ft bgs), 
compared to its background value of 1 mg/kg.  Each of these exceedances is at 
concentrations indicative of natural occurrence and is unlikely to be related to processes that 
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released water to this site.  The extents of cadmium, chromium, and lead have been 
evaluated sufficiently at this site. 

Silver and thallium each was detected twice at concentrations exceeding the applicable 
screening criteria.  Silver was detected at 4.7 mg/kg at both PS-2 (1 to 1.5 ft bgs) and R2FS02 
(0 to 0.5 ft bgs), exceeding its ecological screening criteria of 4.5 mg/kg.  Silver exceedances 
were detected in both the R-2A and R-2B Ponds, and have been bound upgradient (R2BS01) 
and downgradient (PS-3) through additional sampling.  Thallium was detected at 
concentrations of 5.1 mg/kg (R2FS02) and 6.3 mg/kg (R2FS03), both 0 to 0.5 ft bgs, each 
exceeding its human health criterion of 4.9 mg/kg.  Station R2FS02 is located in the southern 
portion of the R-2B Pond and R2FS03 is located in the western portion of R-2A Pond.  These 
exceedances are bound upgradient and downgradient through additional sampling, and by 
rock outcrops encompassing the ponds.  Additionally, surface soil samples collected along 
the outlets’ drainage ditches coming from the R-2A Pond did not have elevated 
concentrations of silver and thallium reported.  The extents of silver and thallium in the 
sediment at this site have been evaluated adequately.   

A total of 12 copper exceedances were reported, spanning 8 sampling stations.  Elevated 
concentrations ranged from 33 mg/kg (DASS04, 0.5 ft bgs) to 110 mg/kg (PS-1, 1 to 1.5 ft 
bgs), each exceeding its background (29 mg/kg) and ecological (31.6 mg/kg) screening 
criteria.  Copper exceedances at this site are within the boundaries of the R-2 Ponds.  Copper 
has been detected below background values upgradient and downgradient of the ponds, 
suggesting that the extent of copper contamination resides in the R-2A and R-2B Ponds.  The 
extent of copper in sediments has been investigated sufficiently, as shown in Figure 4.4-8. 

Mercury was detected in five sediment samples at elevated concentrations ranging from an 
estimated 0.19 J mg/kg (R2FS04, 0 to 0.5 ft bgs) to 0.41 mg/kg (R2FS02, 0 to 0.5 ft bgs), 
exceeding its ecological screening value of 0.18 mg/kg.  These exceedances are mostly 
located in the R-2B Pond, with one mercury exceedance being detected on the eastern edge 
of the R-2A Pond.  Several sediment samples that had non-exceeding levels of mercury are 
within the now wet portion of the R-2A Pond, suggesting that mercury is not migrating to 
the outlet of the pond system.  Additionally, elevated concentrations of mercury were 
detected in surface soil samples within the R-2A Pond area, which were bound 
downgradient by additional sampling.  Eight of the non-detect concentrations of mercury 
had a reporting limit and an MDL (both 0.25 mg/kg) exceeding the screening criteria.  These 
eight samples were collected in 1990 from PS-1, PS-2, PS-3, and PS-4, each at 0 to 0.5 ft bgs 
and 1 to 1.5 ft bgs.  This detection limit is less than the nearby, upgradient sediment 
exceedances, suggesting that if mercury is migrating downgradient through the sediment, 
the concentrations would diminish near the R-2A Pond outlet.  Because the rock outcrops 
encompassing the ponds provide a physical migration barrier, the extent of mercury in the 
sediments at this site appears to have been evaluated adequately.  Figure 4.4-9 illustrates the 
nature and extent of mercury in sediments at the R-2 Ponds Area. 

Zinc exceedances were detected in 13 sediment samples, spanning 11 sampling stations.  
Elevated concentrations ranged from 199 mg/kg (PS-3, 1 to 1.5 ft bgs) to an estimated 
660 J mg/kg (DASS04, 0.5 ft bgs), exceeding its ecological screening value of 121 mg/kg.  
Zinc exceedances in the sediment are encompassed by rock outcrops, and bound along 
upgradient and downgradient drainage paths by surface soil samples that did not have 
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elevated concentrations of zinc.  The extent of zinc in sediment has been evaluated 
adequately, as shown in Figure 4.4-10. 

PCB Aroclors.  Three sediment samples were analyzed for PCB aroclors at this site, two in 
the R-2A Pond and the other in the R-2B Pond.  One PCB, Aroclor-1254, was detected at an 
elevated concentration of 70 µg/kg (R2BS1008, 0.5 to 1), exceeding its ecological screening 
criteria of 59.8 µg/kg.  This station is along the northern rock wall of the R-2A Pond.  
Sediment station R2BS1013 is located between the exceedance and the pond outlet, and 
there are several other surface soil samples collected within the R-2A Pond, none of which 
had PCB exceedances reported.  However, because an Aroclor-1254 exceedance was 
detected along one of the outlet drainage paths, additional PCB investigation in the 
sediment and surface soil of the ponds is required to further characterize the extent of PCBs 
at this site.   

Pesticides.  Ten samples from six stations were analyzed for organochlorine pesticides, none 
of which reported a concentration exceeding the applicable screening criteria.  The 
horizontal extent of pesticides in the sediment has been evaluated adequately, which 
concurs with the extent evaluation of pesticides in surface soil. 

SVOCs.  Sixteen sediment samples collected from 12 stations were analyzed for 1 or more 
SVOC parameter.  Of those, 2 samples had exceedances of 3 PAHs.  Station PS-1, 0 to 0.5 ft 
bgs, had elevated concentrations of BaP (220 µg/kg), chrysene (230 µg/kg), and pyrene 
(320 µg/kg), all exceeding their ecological comparison values of 150 µg/kg, 166 µg/kg, and 
195 µg/kg, respectively.  Station PS-3, 0 to 0.5 ft bgs, also had elevated concentrations of BaP 
(240 µg/kg), chrysene (180 µg/kg), and pyrene (230 µg/kg), all exceeding the same 
screening values.  BaP also exceeded its human health criterion of 60 µg/kg.  These stations 
are within the western portion of the R-2A Pond, and are bound by additional sediment 
samples upgradient, downgradient, and even vertically at the same stations exhibiting 
exceedances in the 0 to 0.5 ft bgs interval.  The other six PS-“X” sediment samples had 
MDLs for BaP and chrysene at levels in excess of applicable screening criteria.  However, 
these MDLs were lower than the reported elevated concentrations, indicating that BaP and 
chrysene concentrations would be decreasing vertically if measurable concentrations did 
exist.  No surface soil samples collected at this site had SVOC exceedances.  The extents of 
these three PAHs in the sediment have been evaluated adequately at this site.    

TPHs.  Two sediment samples were analyzed for TPHs at this site, both within the R-2A 
Pond, one at the western inlet from the R-2B Pond and the other along the drainage swale 
from the Delta Skim Pond.  GROs (C8-C11) were detected at an estimated concentration of 
5.7 J mg/kg (DASS04, 0.5 ft bgs), exceeding its human health criterion of 1.1 mg/kg.  
DASS04 is located along the drainage swale from the Delta Skim Pond, and the location is 
bound upgradient and downgradient by samples in the surface soil media that did not have 
TPH exceedances reported.  The other sediment sample, R2BS01, had a reporting limit and 
an MDL of 6 mg/kg, which exceeded the GRO human health criterion of 1.1 mg/kg.  
However, similar reporting limits have been encountered across the various media for 
GROs in particular.  Downgradient sample R2BS1000 was designated as a surface soil 
sample because that portion of the pond was dry when it was collected in 2009.  The extent 
of TPHs in sediment at this site, although sampling has been limited, appears to have been 
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investigated sufficiently.  The primary inlets to the most downgradient pond (R-2A) have 
been horizontally bound through additional sampling. 

VOCs.  A total of 20 sediment samples collected from 12 stations were analyzed for VOCs at 
the R-2 Ponds Area.  Three parameters were detected at elevated concentrations across 3 
samples.  TCE was detected at a concentration of 80 µg/kg (PS-3, 0 to 0.5 ft bgs), exceeding 
its human health criterion of 2.2 µg/kg.  Benzene was detected at an estimated 3 J µg/kg 
(R2BS01), exceeding its human health criterion of 0.13 µg/kg.  Methylene chloride was 
detected at concentrations of 20 J µg/kg (R2BS01) and 24.8 µg/kg (R2BS1013, 0 to 0.5 ft bgs), 
exceeding its human health criterion of 4 µg/kg.  Methylene chloride also was detected in 
the surface soil at this site, including along the former drainage ditch coming from the R-2A 
Pond.  The reported non-detected concentrations of these parameters each had reporting 
limits in excess of the respective screening criteria.  Benzene, TCE, and methylene chloride 
have been evaluated adequately in the sediment media at this site; however, there is 
evidence indicating that VOCs have migrated downgradient from the R-2 Ponds, so 
additional surface soil sampling along the typically dry outfall drainage paths appears to be 
warranted. 

4.4.3  Surface Water Nature and Extent 

This characterization of potential surface water is confined to surface water that is thought 
to be the result of process and operation water.  Surface seeps and groundwater discharges 
have been discussed in Section 4.4.2, Groundwater Findings, of this report.  As it relates to 
the R-2 Ponds Area, the nature and extent of all surface water samples collected at this site 
will be discussed in this subsection. 

A total of 14 surface water samples were collected at the R-2 Ponds Area and were analyzed 
for 1 or more of the following:  dioxins, TAL metals, PCB aroclors, pesticides 
(organochlorines), SVOCs, and VOCs.  Table 4.4-6 lists the parameters detected in the 
surface water at the R-2 Ponds Area.  Outfall 018 (OF018) is the most downgradient surface 
water sampling station, and of the four times it was sampled since February 2006, only 
vanadium has been detected once (3.9 µg/L on February 24, 2008) at an elevated 
concentration.  Exceedances detected in surface water are categorized and described below.    

Dioxins.  As with the dioxin investigation in the surface soils, 13 surface water samples were 
analyzed for both CDDs and CDFs.  Dioxins were detected in all 13 surface water samples 
collected.  Likewise, the approach in surface water was to assess the toxicity of these 
mixtures by using information regarding the toxic potency of the different congeners and 
converting them to 2,3,7,8-TCDD TEQs.  The frequency of the different CDDs and CDFs that 
exceeded their respective screening criteria at each location were added according to the 
chlorine designation (tetra-, penta-, hexa-, hepta-, and octa-).  Currently, there are no 
comparison criteria available for dioxin concentrations, or calculated TEQ values, in the 
surface water media.  Figure 4.4-11 illustrates the extent of dioxins, represented as TEQs, in 
the R-2 Ponds Area surface water at this site.    

Metals.  Twenty-four metals were detected across the 14 surface water samples collected at 
the R-2 Ponds Area and analyzed for metals, most of which also were detected as 
exceedances in the dissolved phase.  Of those, 19 parameters were detected, spanning 12 
samples, at levels that exceeded the applicable comparison criteria.  Ten of these parameters 
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also were detected at elevated concentrations in the dissolved phase.  The metals 
exceedances in the surface water at this site are described below. 

Twelve metals were detected once at an elevated concentration, each at sampling station 
R2SW1007.  Arsenic, beryllium, boron, cadmium, chromium, cobalt, copper, lead, nickel, 
silver, and thallium all were detected at concentrations exceeding their respective human 
health criterion, and zinc was detected solely exceeding its ecological screening criterion.  
Seven parameters (beryllium, cadmium, chromium, copper, lead, nickel, and silver) were 
reported at concentrations exceeding their ecological screening criteria, in addition to 
exceeding their human health screening criteria.  Station R2SW1007 is located in the 
southern portion of the R-2B Pond; several samples are located downgradient of this station, 
before the NPDES outfall, which did not have elevated concentrations of these parameters 
reported.  Samples collected at Outfall 018 had non-detected concentrations of beryllium, 
cadmium, cobalt, silver, and thallium for which the reporting limits were in excess of the 
screening criteria.  However, as mentioned, several surface water samples collected 
upgradient of Outfall 018 suggest that these parameters are not migrating downgradient 
within the R-2 Ponds Area.  The extents of these 12 metals in the surface water have been 
evaluated adequately. 

One exceedance of iron was reported at a concentration of 1.06  mg/L (R2SW03), exceeding 
its ecological screening criterion of 1 mg/L.  Station R2SW03 is located in a now dry portion 
of the R-2A Pond, and because it was not detected in recent surface water samples collected 
in the R-2A Pond, it is likely that iron has been investigated sufficiently in the surface water 
at this site.  Barium was detected in two samples at concentrations of 0.161 mg/L 
(R2SW1005) and 1.01 mg/L (R2SW1007), exceeding its human health criterion of 0.15 mg/L.  
R2SW1007 is located in the southern portion of the R-2B Pond, and R2SW1005 is located in 
the northern portion of the R-2A Pond.  The extent of barium has been bound by additional 
sampling in the southern portion of the R-2A Pond, which is closer to the final outfall of the 
ponds.  The extents of iron and barium in the surface water at this site have been 
investigated sufficiently. 

All 10 of the surface water samples analyzed for aluminum had reported exceedances at this 
site.  Elevated concentrations of aluminum ranged from 0.27 mg/L (R2SW01) to 22.5 mg/L 
(R2SW1007), each exceeding its human health criterion of 0.2 mg/L.  No aluminum 
exceedances were detected in sediment samples at this site, suggesting that aluminum is not 
being deposited along the bottom of the ponds.  Eight of the 12 samples analyzed for 
manganese had elevated concentrations, ranging from 0.261 mg/L (R2SW01) to 3.58 mg/L 
(R2SW1007), exceeding its human health criterion of 0.15 mg/L.  Additional surface water 
sampling does not appear to be warranted to further characterize aluminum and manganese 
in the surface water; the most recent sampling efforts appear to have spatially evaluated the 
surface water remaining at the R-2 Ponds Area.  Additional sampling downgradient of the 
R-2 Ponds Area might be warranted to evaluate the extents of aluminum and manganese 
transport.  The extents of aluminum and manganese in the surface water in the R-2 Ponds 
Area are shown in Figures 4.4-12 and 4.4-13, respectively. 

Three molybdenum and six selenium exceedances were reported in the surface water at this 
site.  Elevated concentrations of molybdenum ranged from 0.0027 mg/L (R2SW03) to 
0.00784 mg/L (R2SW1006), exceeding its human health criterion of 0.0022 mg/L.  Selenium 
exceedances were reported as estimated concentrations ranging from 0.00167 J mg/L 
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(R2SW1000 and R2SW1008) to 0.00381 J mg/L (R2SW1007), exceeding its human health 
criterion of 0.0016 mg/L.  Molybdenum and selenium exceedances primarily are limited to 
the R-2A Pond, with the exception of one selenium exceedance in the R-2B Pond.  
Additional surface water sampling for these parameters at this site does is not warranted to 
further characterize their extents; however, additional sampling south of this site might be 
required to evaluate the extent of potential molybdenum and selenium contamination when 
surface water is present.  The extents of molybdenum and selenium in the surface water at 
this site are shown in Figures 4.4-14 and 4.4-15, respectively. 

All 11 of the surface water samples analyzed for vanadium had exceedances at this site.  
Elevated concentrations of aluminum ranged from an estimated 0.00282 J mg/L (R2SW1003) 
to 0.309 mg/L (R2SW1007), each exceeding its human health criterion of 0.0026 mg/L.  
Similar to aluminum in surface water, no vanadium exceedances were detected in sediment 
samples at this site, suggesting that vanadium is not being deposited along the bottom of 
the ponds.  The nature of vanadium in the surface water at this site has been characterized 
sufficiently.  Similar to other metals exceedances, however, additional surface water 
sampling downgradient of this site is not warranted to further evaluate the extent of 
vanadium in the surface water; at this time surface water is confined to the boundaries of 
the ponds.  The extent of vanadium in the surface water at this site is shown in Figure 4.4-16.   

PCBs Aroclors.  Eleven surface water samples were analyzed for PCB aroclors at this site, 
none of which had an exceedance reported.  This result seems to correlate with the relatively 
few PCB exceedances in the sediment and surface soil at this site.  

Pesticides.  Nine surface water samples were analyzed for organochlorine pesticides, none 
of which had concentrations exceeding the applicable screening criteria.  This result seems 
to correlate with the surface soil and sediment sampling results. 

SVOCs.  Fourteen surface water sampling stations were analyzed for 1 or more SVOC 
parameter.  Of those, one phthalate, BEHP, was detected at an elevated concentration of 
3.1 J mg/L (R2SW1005), exceeding its ecological screening value of 3 mg/L.  Station 
R2SW1005 is located along the northern rock boundary of the R-2A Pond, where it is 
encompassed by additional surface water samples that did not have SVOC exceedances 
reported.  Additionally, samples R2SW1003 and R2SW1004 lie between the outfall of the 
pond and R2SW1005, suggesting that BEHP is not migrating from this area.  Most of the 
non-detect concentrations were collected at samples where the reporting limit exceeded the 
screening criteria.  However, the sample collected at Outfall 018, the most downgradient 
station, reported an RL below screening criteria, and the parameter was not detected.  It is 
unlikely that BEHP is migrating south of this area.  The extent of SVOCs in the surface water 
at this site has been investigated sufficiently. 

VOCs.  Eleven surface water samples were analyzed for VOCs at the R-2 Ponds Area.  One 
VOC, formaldehyde, was detected at an exceeding concentration of 105 mg/L (R2SW1002), 
compared to its human health PRG of 100 mg/L.  Station R2BS1002 is located just inside the 
inlet to the R-2B Pond, and the surface water sample was collected just below ground level, 
because that pond is mostly dry.  The surface soil formaldehyde exceedance was collected in 
the eastern portion of the R-2A Pond, approximately 400 linear feet away from this surface 
water exceedance.  There have been several surface water samples between R2SW1002 and 
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the area’s primary outfall, suggesting that the extent of formaldehyde in the surface water at 
this site has been evaluated adequately. 

4.4.4  Subsurface Soil Nature and Extent 

A total of 11 subsurface samples were collected from 11 sampling stations to a maximum 
depth of 5 ft bgs at the site.  The subsurface soil samples at this site were collected at refusal 
depths (top-of-rock) and were analyzed for 1 or more of the following:  dioxins, TAL metals, 
PCB aroclors, pesticides (organochlorines and organophosphates), SVOCs, TPHs, and 
VOCs.  Table 4.4-7 lists the parameters detected in the subsurface soil samples at the 
R-2 Ponds Area.  The subsurface soil exceedances are categorized and described below.    

Dioxins.  As with the dioxin investigation in the surface soils, 10 subsurface soil samples 
collected to a maximum depth of 5 ft bgs were analyzed for both CDDs and CDFs.  Dioxins 
were detected in all 10 subsurface soil samples collected.  Likewise, the approach in 
subsurface soils was to assess the toxicity of these mixtures by using information regarding 
the toxic potency of the different congeners and converting them to 2,3,7,8-TCDD TEQs.  
The frequency of the different CDDs and CDFs that exceeded their respective screening 
criteria at each location were added according to the chlorine designation (tetra-, penta-, 
hexa-, hepta-, and octa-), and the 2,3,7,8-TCDD TEQ values were compared to the screening 
criteria. 

A total of six mammal 2,3,7,8-TCDD TEQ values exceeded the human health (1.3 pg/g) 
comparison criterion, with calculated values ranging from 2.69 pg/g (R2BS1001, 3.5 to 4 ft 
bgs) to 49.26 pg/g (R2BS02, 3.5 to 4 ft bgs).  Five of these samples also reported bird 
2,3,7,8-TCDD TEQ values exceeding the ecological (4.3 pg/g) screening criterion, with 
calculated values ranging from 9.46 pg/g (R2BS1000, 2.75 to 3.25 ft bgs) to 35.11 pg/g 
(R2BS02, 3.5 to 4 ft bgs).  These exceedances are localized in the R-2B Pond and its inlet, and 
in the eastern, dry portion of the R-2A Pond.  As noted, these subsurface soil samples were 
collected at the bedrock interface, so vertically, the dioxins have been evaluated sufficiently.  
Additionally, the most downgradient subsurface soil sample (R2BS1005) that was analyzed 
for dioxins did not have a reported exceedance.  The vertical extent of dioxins has been 
investigated sufficiently at this site.  Table 4.4-8 summarizes the exceedances of the 
individual dioxin parameters detected in the subsurface soil at this site.  The vertical extent 
of dioxins represented at 2,3,7,8-TCDD TEQ values is shown in Figure 4.4-17. 

Metals.  Nine subsurface soil samples were analyzed for metals, six of which had elevated 
concentrations of a combined eight parameters.  Most of the elevated concentrations are 
similar to the respective background values, suggesting that most of these parameters are 
likely to be naturally occurring at the reported values. 

Aluminum, boron, cadmium, and molybdenum each was detected once at an exceeding 
concentration.  Aluminum was detected at 22,900 mg/kg (R2BS1010, 3.5 to 4 ft bgs), 
compared to its background value of 20,000 mg/kg.  Boron was detected at an estimated 
13.3 J mg/kg (R2BS1010, 3.5 to 4 ft bgs), compared to its background value of 9.7 mg/kg.  
Cadmium was detected at 1.25 mg/kg (R2BS1000, 2.75 to 3.25 ft bgs), compared to its 
background value of 1 mg/kg.  Molybdenum was detected at 6.63 mg/kg (R2BS1001, 3.5 to 
4 ft bgs), compared to its background value of 5.3 mg/kg.  None of these stations had 
reported exceedances of these parameters in the associated surface soil samples.  
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Additionally, the reported concentrations of aluminum, boron, cadmium, and molybdenum 
are indicative of natural occurrence as opposed to historical processes.  Five of the boron 
non-detect concentrations exceeding its screening criteria; however, only one of those had 
an MDL in excess of its background value(11.5 U mg/kg at R2BS1006, 3.5 to 4 ft bgs).  This 
MDL is mostly similar to the background value of 9.7 mg/kg, and if boron were present 
below this MDL, the concentration would be indicative of natural conditions.  The vertical 
extents of these parameters have been investigated sufficiently. 

Two exceedances each of both selenium and zinc were detected.  Selenium was detected at 
estimated concentrations of 0.66 J mg/kg (R2BS1007, 3.3 to 3.8 ft bgs) and 0.79 J mg/kg 
(DABS0036, 4.5 to 5 ft bgs), compared to its background value of 0.655 mg/kg.  Zinc was 
detected at concentrations of 149 mg/kg (R2BS1006, 3.5 to 4 ft bgs) and 171 mg/kg 
(R2BS1000, 2.75 to 3.25 ft bgs), compared to its background value of 110 mg/kg.  These 
exceedances are found in the R-2B pond and the far eastern dry portion of the R-2A Pond.  
For both parameters, there are subsurface soil samples upgradient and downgradient of the 
exceedances that provide extent boundaries; however, these concentrations probably are 
related to natural concentrations of metals in the soil.  Six of the seven selenium non-detect 
concentrations had reporting limits in excess of the screening criteria; however, only one of 
these samples had an MDL in excess of the selenium background value.  This MDL 
(0.781 mg/kg at R2BS1006, 3.5 to 4 ft bgs) is mostly similar to the selenium background 
value.  The vertical extents of selenium and zinc have been evaluated adequately. 

Silver was detected once at a concentration of 2.01 mg/kg (R2BS1006, 3.5 to 4 ft bgs), 
compared to its background (0.79 mg/kg) and ecological (0.54 mg/kg) screening criterion.  
This exceedance was detected near the inlet for the R-2B Pond, where upgradient and 
downgradient surface soil samples did not have silver exceedances.  Mercury was detected 
twice at concentrations of 0.139 mg/kg (R2BS1006, 3.5 to 4 ft bgs) and 0.202 mg/kg 
(R2BS1001, 3.5 to 4 ft bgs), exceeding its background (0.09 mg/kg) and ecological 
(0.10 mg/kg) screening criteria.  These exceedances were detected near the inlet to the 
R-2B Pond and the northeastern corner of the now dry portion of the R-2A Pond, whereas 
surface soil mercury exceedances were encountered closer to the now wet portion of the 
R-2A Pond.  Both subsurface soil exceedances are bound vertically by the bedrock and 
horizontally through additional sampling, primarily in the downgradient direction.  The 
vertical extents of silver and mercury have been evaluated adequately. 

There were no subsurface soil exceedances reported; therefore, the vertical extents of 
copper, manganese, and nickel in surface soil appear to have been characterized sufficiently. 

PCBs Aroclors.  Eight subsurface soil samples were analyzed for PCB aroclors at this site, 
one of which reported an Aroclor-1254 exceedance.  Aroclor-1254 was detected at a 
concentration of 99 µg/kg (R2BS1010, 3.5 to 4 ft bgs), exceeding its ecological screening 
criteria of 78 µg/kg.  This exceedance, detected upgradient of the R-2B Pond, is bound 
vertically by the bedrock surface.  Horizontally, upgradient is the CDFF Area (Section 3) and 
downgradient are additional subsurface soil samples, at the bedrock surface, that did not 
have reported elevated concentrations of PCBs.  The vertical extent of Aroclor-1254 in this 
area has been evaluated adequately.  However, additional surface soil sampling is 
warranted downgradient of the R-2A Pond, and subsurface soil sampling may accompany 
such an effort, depending on the results. 
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Pesticides.  Five subsurface soil samples were analyzed for organochlorine pesticides and 
three were analyzed for organophophate pesticides, none of which had concentrations 
exceeding the applicable screening criteria.  This result is consistent with the sampling 
results in other media at this site. 

SVOCs.  Nine subsurface soil samples were analyzed for one or more SVOC parameter.  
None of these had SVOC exceedances reported.  This result is consistent with the surface 
soil sampling results.  The extent of SVOCs in this area has been evaluated adequately.  

TPHs.  Five subsurface soil samples were analyzed for TPHs, none of which had 
exceedances reported.  This result is consistent with the surface soil sampling results; the 
extent of TPHs in the R-2 Pond Area has been characterized sufficiently. 

VOCs.  A total of 10 subsurface soil samples were analyzed for VOCs at the R-2 Pond Area.  
One parameter, methylene chloride, was detected in 3 samples at levels exceeding its 
human health criterion of 4 µg/kg.  Elevated concentrations of methylene chloride ranged 
from an estimated 4.6 J µg/kg (R2BS1001, 3.5 to 4 ft bgs) to 14.8 µg/kg (R2BS1006, 3.5 to 4 ft 
bgs).  These exceedances were detected at the bedrock interface.  Two of these exceedances 
are located in the R-2B Pond, where there are upgradient and downgradient subsurface soil 
samples that did not have VOC exceedances.  The other methylene chloride exceedance was 
detected in the northeastern, dry portion of the R-2A Pond, where there were 3 other 
subsurface soil samples that also did not have elevated concentrations of VOCs reported.  
Five of the seven methylene chloride non-detect concentrations had reporting limits in 
excess of the screening criteria; however, each of these had an MDL below the human health 
criterion, indicating that methylene chloride is not present at an elevated concentration in 
these five samples.  The vertical extent of methylene chloride is shown in Figure 4.4-18 and 
appears to have been characterized sufficiently.  However, surface soil methylene chloride 
exceedances might warrant additional sampling along the drainage from the R-2A Pond, 
which potentially could lead to a need for additional subsurface soil sampling. 

4.4.5  Soil Gas Nature and Extent 

Two soil gas samples were collected from two locations, one in the 4- to 4.5-ft-bgs interval 
and the other at 5 ft bgs.  Both samples were located between the Delta Skim Pond and the 
R-2A Pond; neither had elevated concentrations of VOCs, diesel range alkanes, 
naphthalenes, or trimethylbenzenes.  Because this area received process water from process 
areas at SSFL, as opposed to being associated directly with historical operations, further 
investigation of the soil vapor media does not appear to be warranted.  A lack of significant 
concentrations of VOCs in the soil media suggests that potential VOC contamination 
probably would yield nominal soil vapors.  The only NSGW monitoring wells that had VOC 
exceedances reported are in the same area as the collected soil vapor samples, suggesting 
that VOCs are not volatilizing from the NSGW to the soil matrix in this area.  The minimal 
impact of VOCs in the soil media, including sediment; the lack of VOC exceedances in other 
NSGW wells; and the lack of adequate substrate in most of this site to collect soil vapor 
samples led to the nominal number of soil vapor samples collected at this site.  Table 4.4-9 
lists the parameters detected in the soil vapors at the R-2 Ponds Area.  The soil vapors at the 
R-2 Ponds area have been characterized sufficiently. 
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4.5 Conceptual Site Exposure Model 

The generalized ecological CSM for Group 9 is presented in Section 1.6.   

4.6 Fate and Transport Analysis for Chemicals Detected 
in Surficial Media 

 4.6.1  Contaminant Sources and Release Mechanisms  

Primary contaminant sources in this area are the portions of Areas II, III, and IV that 
released process water to the ponds, as well as surface water collection that potentially 
carried contaminants from a source to this site.  The primary release mechanisms for 
contamination at the R-2 Ponds Area are discharges from the R-2 Ponds to the NPDES 
outfall downgradient (south) of the site. 

4.6.2  Potential Routes of Migration 

The primary pathway for contaminant transport from source areas to this site is the 
horizontal migration of potential contaminants downgradient along drainage paths that 
lead to the R-2 Ponds Area.  Secondary transport mechanisms for this site include the 
vertical migration of parameters from the surface soil to the subsurface soil and the release 
of surface soil to the air by wind erosion or volatilization.   

4.6.3  Contaminant Persistence 

Dioxins, metals, PCBs, SVOCs, TPHs, and VOCs were detected in the soil at the R-2 Ponds 
Area at levels above their screening criteria.  Additionally, VOCs were detected in the soil 
gas at concentrations above their screening criteria.  This subsection describes the chemicals 
applicable to this area.   

4.6.3.1 Parameters Exceeding Criteria  

Dioxins, metals, PCBs, SVOCs, TPHs, and VOCs are described below. 

Dioxins.  Dioxins are characterized by extremely low vapor pressures, high log Kow, high Koc, 
and extremely low water solubilities.  Their strong adsorption to soil, low water solubilities, 
and high Koc values indicate that the rate of transport from unsaturated zone soils to the 
water table via rain infiltration would be extremely low.   

Because dioxins have low vapor pressure, they are not very volatile and tend to stay bound 
to particles.  Dioxins also have low solubility; thus, aerially deposited dioxins tend to stay 
adsorbed to soils in the top few millimeters in surface soil.   

Metals.  Several metals were detected at this site at levels above the screening criteria.  Some 
metals are naturally occurring and their reported presence may or may not indicate a 
contaminant release.  The mobility of metals is complex and depends on several factors such 
as the overall groundwater composition, pH, metal complex formation, valence state of the 
metal, and cation-ion exchange capacity.  Metals typically are not volatile.  In the water 
phase, the total metal concentration includes the dissolved metal concentration and the 
suspended metal concentration, which is sorbed to colloidal particles.  Therefore, elevated 
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metals concentrations in groundwater may be due to the suspended load and not just to the 
dissolved aqueous chemistry.   

PCBs.  PCBs are persistent in the environment.  PCB-aroclors are characterized by low water 
solubility, moderate volatility, high affinity for organic matter, and high resistance to 
chemical or biological degradation.  They will strongly sorb to soil and do not tend to leach 
to groundwater.  In surface water, they will partition to sediment and sorb to organic 
matter.  PCBs will bioaccumulate in aquatic organisms.   

SVOCs.  PAHs are a group of chemicals that are formed during the incomplete burning of 
coal, oil and gas, garbage, or other organic substances.  HMW PAHs are more likely to be 
transported via particulate emissions, while LMW PAHs have a greater tendency to 
volatilize (ATSDR, 1995).  In general, PAHs are more likely to sorb to soil or organic matter 
than to partition significantly to water.  Photolysis and biodegradation are two common 
attenuation mechanisms for PAH compounds (Howard, 1991).  Animals and 
microorganisms can metabolize PAHs to products that ultimately reach complete 
degradation. 

TPHs.  TPHs are defined as the measurable amount of petroleum-based hydrocarbon in an 
environmental media.  The lighter petroleum products such as gasoline contain constituents 
with higher water solubility and volatility and lower sorption potential than do heavier 
petroleum products such as fuel oil.  Data compiled from gasoline spills and laboratory 
studies indicate that these light-fraction hydrocarbons tend to migrate readily through soil, 
potentially threatening or affecting groundwater supplies.  In contrast, petroleum products 
with heavier molecular weight constituents, such as fuel oil, generally are more persistent in 
soils, because of their relatively low water solubility and volatility and high sorption 
capacity (Stelljes and Watkin, 1991). 

VOCs.  VOCs are characterized by relatively high vapor pressures, Henry’s Law constants, 
and generally high solubility in water.  VOCs have a tendency to partition to the vapor 
phase from either soil or surface water and could be released through volatilization from 
contaminated soil.  The sorption potential of VOCs is variable; some may persist in soil or 
sediment, while some are highly mobile in soil.  VOCs will leach to groundwater and may 
persist, depending on their ability to degrade or transform in the environment. 

4.6.4  Contaminant Migration 

The primary pathway for contaminant migration from source areas to this site and within 
this site is the horizontal migration of potential contaminants downgradient along drainage 
paths that lead to the R-2 Ponds Area.     

4.6.5  Surface Soil Contaminants 

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

 Dioxins were detected in all 14 of the surface soil samples collected.  A total of nine 
samples had a mammal 2,3,7,8-TCDD TEQ value at a level exceeding the human-health 
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screening criterion.  Additionally, five samples had calculated TEQ values for birds that 
exceeded the ecological screening criterion.   

 Of the metals detected in the surface soil at the R-2 Ponds Area, 6 metals spanning 5 of 
the 14 samples analyzed were reported at concentrations exceeding 1 or more of their 
respective comparison criteria.   

 Of the 13 sample locations collected for PCBs in the surface soil at the R-2 Ponds Area, 
Aroclor-1254 was the only parameter reported at a concentration exceeding the 
comparison criteria.  This exceedance was not bound downgradient through additional 
sampling. 

 Three of the 14 samples analyzed for VOCs at the R-2 Ponds Area exhibited 
concentrations of methylene chloride at levels exceeding the human health comparison 
criteria. 

4.6.6  Sediment Contaminants 

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

 Dioxins were detected in all eight of the sediment samples collected.  All eight samples 
reported a mammal 2,3,7,8-TCDD TEQ value and a bird 2,3,7,8-TCDD TEQ value 
exceeding the human health and ecological screening criteria, respectively.   

 Of the metals detected in the surface soil at this site, 8 metals spanning all 15 samples 
analyzed were reported at concentrations exceeding 1 or more of their respective 
comparison criteria.   

 Of the three sample locations collected for PCBs in the sediment at the R-2 Ponds Area, 
Aroclor-1254 was the only parameter reported at a concentration exceeding the 
comparison criteria.  Aroclor-1254 was detected in surface soil samples downgradient of 
the ponds in the currently dry drainage ditch leading to Outfall 018. 

 Of the 16 sediment samples analyzed for SVOCs, 2 had exceedances of a combined 3 
PAHs.   

 Two sediment samples were analyzed for TPHs.  GROs (C8-C11) were detected in one of 
the samples at an elevated concentration. 

 Two of the 20 samples analyzed for VOCs at the R-2 Ponds Area had sole concentrations 
of TCE and methylene chloride at levels exceeding the human health comparison 
criteria. 
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4.6.7  Surface Water Contaminants 

Metals, SVOCs, and VOCs have been identified in surface soil at levels above the 
background and/or health-based risk screening criteria.  The following observations were 
made for contaminants in surface soil: 

 Twenty-four metals were detected across the 13 samples analyzed for metals.  Of those, 
12 parameters were detected at concentrations exceeding screening criteria. 

 Of the 13 sediment samples analyzed for SVOCs, 1 phthalate, BEHP, was detected at an 
exceeding concentration.   

 Ten samples were analyzed for VOCs at the R-2 Ponds Area; 1 had a concentration of 
formaldehyde at a level exceeding its PRG. 

4.6.8  Subsurface Soil Migration 

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

 Ten subsurface soil samples collected to a maximum depth of 5 ft bgs were analyzed for 
both CDDs and CDFs.  The mammal 2,3,7,8-TCDD TEQ values exceeded the human 
health (1.3 pg/g) comparison criterion in 6 subsurface soil samples.  Five of those 
samples also had 2,3,7,8-TCDD TEQ values for birds at levels exceeding the ecological 
screening criterion of 4.3 pg/g.   

 Eight metals were detected at elevated concentrations in six of the nine subsurface soil 
samples collected at this site. 

 Of the eight samples collected and analyzed for PCBs in the R-2 Ponds Area, one had an 
exceedance of Aroclor-1254. 

 Nine samples were analyzed for SVOCs and five were analyzed for TPHs; none had 
exceedances reported. 

 Methylene chloride was detected once, in 1 subsurface soil sample, from the 10 samples 
analyzed at this site. 

4.6.9  Soil-to-Groundwater Migration  

The relationship among chemicals detected in soil, soil gas, and groundwater has been 
evaluated to assess whether soil chemical concentrations have affected groundwater quality.  
Soil chemical concentrations were reviewed and compared with the available groundwater 
concentrations immediately south of the Bravo Area.  The evaluation was based on the 
chemicals detected, background concentrations, spatial distribution, and hydrogeologic 
conditions.  The evaluation provides conclusions regarding soil sources for the detected 
chemicals in groundwater. 

The release of TCE from the SSFL operations at the Bravo Area probably resulted in the 
entry of immiscible-phase liquid into and below the water table by the interconnected 
fracture network within the weathered bedrock and the Chatsworth formation.  SVOCs 
detected in the immediate study area may have resulted from site operations.  Metals 
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detected in groundwater mostly were near background levels, suggesting that there have 
been no effects on groundwater from the surface operations. 

4.7 Human Health Risk Assessment for R-2 Ponds Area 

The objective of this HHRA is to assess whether the environmental media at the R-2 Ponds 
Area could pose risks to human health at levels that might require remedial action, or risks 
at levels 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 R-2 Ponds 
Area.  The methods and guidance documents used in the preparation of this HHRA are 
discussed in Section 1.5.3 of this report.  A discussion of the HHRA results for the R-2 Ponds 
Area is presented below.  The results are summarized in Section 4.9.2. 

The concentration data, input parameters, and results of the HHRA for the R-2 Ponds Area 
are presented in Appendix D.  An index of the tables (Appendix D HHRA Tables Index) is 
provided and 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. 

4.7.1 Identification of Chemicals of Potential Concern 

Chemicals were selected as COPCs at the R-2 Ponds Area, based on the protocol presented 
in Sections 1.5.3.1 and 1.5.3.2.   

4.7.1.1 Data Evaluation 

The soil, soil vapor, groundwater, sediment, and surface water sampling analytical data at 
the R-2 Ponds Area were evaluated to assess their suitability for use in the risk assessment 
following the procedures presented in Section 1.5.3.1.  The locations of the soil, soil vapor, 
surface water, sediment, and groundwater samples used in this HHRA are shown in Figure 
4.4-1.  The samples used in this HHRA are listed in Table D.4.1-1 by medium, sample ID, 
sampling depth interval, and date of collection.  Table D.4.1-2 lists the target receptor 
populations by medium.  Descriptive summary statistics of these data are provided in Table 
D.4.1-3.   

4.7.1.2 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 D.4.1-3.  Detected analytes in soil at the R-2 Ponds Area were compared to 
background levels.  COPCs identified in soil (0 to 2 ft bgs) included 3 inorganics and 35 
organics.  COPCs identified in soil (0 to 10 ft bgs) included 4 inorganics and 46 organics.   

4.7.1.3 Identification of COPCs in Groundwater 

The results of the COPC screening process for NSGW are listed in Table D.4.1-3.  Detected 
analytes in NSGW at the R-2 Ponds Area were compared to the background comparison 
criteria.  COPCs identified in NSGW included 15 inorganics and 14 organics.   
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4.7.1.4 Identification of COPCs in Soil Gas 

The results of the COPC screening process for soil vapor at 3 to 10 ft bgs are listed in 
Table D.4.1-3.  Three organic COPCs were identified in soil vapor. 

4.7.1.5 Identification of COPCs in Sediment 

The results of the COPC screening process for sediment at 0 to 2 ft bgs are listed in 
Table D.4.1-3.  COPCs identified in sediment included 4 inorganic and 33 organic 
constituents. 

4.7.1.6 Identification of COPCs in Surface Water 

The results of the COPC screening process for soil vapor at 3 to 10 ft bgs are listed in 
Table D.4.1-3.  Six organics and 21 inorganics were identified as COPCs in surface water. 

4.7.2 Exposure Assessment 

The exposure assessment component of the HHRA identifies the means by which 
individuals at or near the R-2 Ponds Area 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 R-2 Ponds 
Area.  Table D.4.1-2 summarizes the exposure scenarios.  The methods and assumptions 
used in the exposure assessment are discussed in Section 1.5.3.3. 

4.7.2.1 Identification of Receptors 

The R-2 Ponds Area recently 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 at a later date. 

4.7.2.2 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), soil at two depth intervals (0 to 
2 ft bgs and 0 to 10 ft bgs), sediment at 0 to 2 ft bgs, and surface water.  Future recreationists 
were assumed to be exposed to groundwater, soil vapor (modeled for migration to ambient 
air), soil and sediment (0 to 2 ft bgs), and surface water.  Exposure pathways for 
groundwater included direct exposures (ingestion and dermal) for the future residents and 
indirect exposures for all receptors.  Inhalation exposures were quantified for the migration 
of groundwater and soil vapor to ambient air and indoor air.  Residential receptors also 
were assumed to ingest edible plants and homegrown produce.  The exposure pathways 
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and exposure assumptions included in the HHRA for the R-2 Ponds Area are provided in 
Table D.4.1-6. 

4.7.2.3 Exposure Point Concentrations 

EPCs for soil at 0 to 2 ft bgs, soil at 0 to 10 ft bgs, soil vapor, groundwater, sediment at 0 to 2 
ft bgs, and surface water at the R-2 Ponds Area are listed in Table D.4.1-3.  EPCs were 
estimated for indirect exposures for the following media:  airborne fugitive dusts, ambient 
air, indoor air, and edible plants (homegrown consumption).  Airborne particulate COPC 
concentrations were estimated for non-volatile COPCs.  The derivation of the PEF for soil is 
listed in Table D.4.1-5.   

Ambient air COPC concentrations were estimated for volatile COPCs by modeling 
migration from soil vapor at 3 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 D.4.1-8.  Parameter values used for 
estimating ambient air EPCs related to groundwater also are listed in Table D.4.1-8.  The 
estimated ambient air concentrations from the migration of volatile COPCs in soil vapor and 
groundwater are listed in Tables D.4.1-9, D.4.1-10, and D.4.1-11, respectively.  

Indoor air COPC concentrations were estimated for volatile COPCs by modeling migration 
from soil vapor at 3 to 10 ft bgs and from NSGW using the J-E Model (EPA, 2004e).  The 
parameter values used in the J-E Model (EPA, 2004e) are presented in Table D.4.1-8.  Soil 
vapor data, where available, were used preferentially for indoor air modeling.  The 
estimations of indoor air concentrations from soil vapor and groundwater migration are 
presented in Tables D.4.1-12 through D.4.1-17.   

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 D.4.1-18. 

4.7.2.4 Intake Estimations 

EPCs were applied to human intake equations, as presented in the SRAM (MWH, 2005b), to 
calculate chemical intakes for potential adult and child residential, adult and child 
recreationist, and industrial worker receptors at the R-2 Ponds Area.  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 D.  The 
Appendix D HHRA Tables Index provides a list of the tables that present the exposure 
parameters and chemical intakes for each exposure scenario.   

4.7.3 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, see Section 1.5.3.4) to provide numerical estimates of potential health 
risks.  The quantification approach differs for potential non-cancer and cancer effects.  The 
methods used in the risk characterization are discussed in Section 1.5.3.5. 
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The exposure assumptions, EPCs, toxicity factors, and risk characterization result tables for 
this HHRA are presented in Appendix D (Appendix D HHRA Tables Index).  The risk 
calculation tables present the estimated ELCRs and non-cancer HIs for potentially exposed 
receptors and individual exposure routes for soil, indoor air, groundwater, sediment, and 
surface water at the R-2 Ponds Area, as well as the cumulative risks and HIs across all 
exposure routes for the RME and CTE scenarios.  Table D.4.5-1 summarizes the ELCRs and 
HIs.  The chemicals that are the primary contributors to the estimated ELCRs are shown in 
Table D.4.5-2.  

4.7.3.1 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.  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 homegrown 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 1 x 10-7 for the CTE case to 1 x 10-6 for the RME case.  The RME 
estimate exceeds the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For 
exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer effects range from 0.01 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.  The cumulative ELCR and HI mentioned above 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-ft-bgs soil from the plant 
consumption exposure route range from 6 x 10-6 for the CTE case to 1 x 10-4 for the RME 
case.  The CTE ELCR estimate exceeds the lower end of the regulatory risk range of 
1 x 10-6 to 1 x 10-4 and the RME ELCR estimate is equal to the upper end of the regulatory 
risk range.  For exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer effects 
from the plant consumption exposure route range from 18 for the CTE case to 294 for the 
RME case.  The CTE and RME HI estimates exceed the regulatory threshold value of 1.  
Dioxins are the primary contributors to the ELCR estimates for the surface soil pathway 
and contribute to 57 to 61 percent of the ELCR.  Dioxins, PCBs, BaP, and methylene 
chloride are the primary contributors to the ELCR for the plant consumption route.  
Dioxins contributes to 36 to 47 percent, PCBs contribute 9 to 13 percent, BaP contributes 
11 to 16 percent, and methylene contributes to 13 to 19 percent of the total ELCR.  
Formaldehyde is the primary contributor to the HI estimates for the plant consumption 
route and contributes to 98 to 99 percent of the total HI.     

 For exposure to 0- to 10-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 1 x 10-7 for the CTE case to 1 x 10-6 for the RME case.  The RME 
estimate is equal to the lower end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  
Dioxins are the primary contributor to the ELCR, contributing to 68 percent to the total.  
For exposure to 0- to 10-ft-bgs soil, the HI estimates for non-cancer effects range from 
0.01 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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Estimated Risks/Hazard Indexes for COPCs in Indoor Air.  For the indoor air pathway, the 
potential route of exposure to COPCs detected in soil vapor and groundwater is the 
inhalation 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 5 x 10-8 for the CTE case to 2 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.  The HI estimates for non-cancer effects for the CTE and RME cases do not 
exceed the regulatory threshold value of 1.   

 For indoor air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 3 x 10-7 for the CTE case to 2 x 10-6 for the 
RME case.  The RME estimate exceeds the lower end of the regulatory risk range of 
1 x 10-6 to 1 x 10-4.  The HI estimates for non-cancer effects range from 0.005 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.  TCE is the primary contributor to the ELCR estimates 
and contributes to 97 percent of the cumulative ELCR.   

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 5 x 10-10 for the CTE case to 5 x 10-9 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.  The CTE and RME HI estimates do not exceed the regulatory threshold value of 
1.   

 For ambient air exposure via groundwater vapor intrusion, the ELCR estimates for 
cancer effects range from 2 x 10-9 for the CTE case to 9 x 10-9 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.  
The RME and CTE 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, a cumulative ELCR estimates for cancer effects range 
from 1 x 10-4 for the CTE case to 5 x 10-4 for the RME case.  The CTE and RME ELCR 
estimates exceed the upper range of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The 
HI estimates for non-cancer effects range from 9 for the CTE case 14 for the RME case.  
The CTE and RME HI estimates exceed the regulatory threshold value of 1.  Arsenic is 
the primary contributor to the ELCR for the groundwater route and contributes to 
86 percent of the cumulative risk.  The primary contributors to the HI estimates are 
arsenic, antimony, and cobalt, which contribute to 22 percent, 17 percent, and 18 percent 
of the total HI, respectively.    
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Estimated Risks/Hazard Indexes for COPCs in Sediment.  Potential routes of exposure to 
COPCs in sediments at 0 to 2 ft bgs include ingestion, dermal contact, and inhalation of 
particulates.  The ELCR and HI estimates for the future resident adult exposure scenario are 
discussed below: 

 For exposure to COPCs in sediment, a cumulative ELCR estimate for cancer effects 
ranges from 4 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.  The HI 
estimates for non-cancer effects are well below 1 for the CTE and RME scenarios.  
Dioxins contribute 74 percent to the RME ELCR estimate and BaP contributes 14 percent.  

Estimated Risks/Hazard Indexes for COPCs in Surface Water.  Potential routes of exposure to 
COPCs in surface water include ingestion and dermal contact.  The ELCR and HI estimates 
for the future resident adult exposure scenario are discussed below: 

For exposure to COPCs in surface water, a cumulative ELCR estimate for cancer effects 
ranges from 1 x 10-4 for the CTE case to 2 x 10-3 for the RME case.  The CTE and RME ELCR 
estimates exceed the upper range of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The HI 
estimates for non-cancer effects range from 9 for the CTE case 45 for the RME case.  The CTE 
and RME HI estimates exceed the regulatory threshold value of 1.  Dioxins are the primary 
contributors to the ELCRs and HIs and contribute to 97 to 99 percent of the total risk 
estimates. 

4.7.3.2 Estimated Risks/Hazard Indexes for the Hypothetical Future Child Residential Exposure 
Scenario 

Potential residential child 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, inhalation of vapors and fugitive dust in 
ambient air, and consumption of homegrown 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 7 x 10-7 for the CTE case to 3 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.  For 
exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer effects range from 0.1 for 
the CTE case to 0.3 for the RME case.  The RME and CTE HI estimates do not exceed the 
regulatory threshold value of 1.  The cumulative ELCR and HI estimates mentioned 
above 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-ft-bgs soil 
from the plant consumption exposure route range from 6 x 10-6 for the CTE case to  
3 x 10-5 for the RME case.  The CTE ELCR estimate exceeds the lower end of the 
regulatory risk range of 1 x 10-6 to 1 x 10-4 and the RME estimate exceeds middle of the 
regulatory risk range.  For exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer 
effects from the plant consumption exposure route range from 26 for the CTE case to 325 
for the RME case.  The CTE and RME HI estimates exceed the regulatory threshold value 
of 1.  Dioxins are the primary contributors to the ELCR for the surface soil pathway and 



4.  R-2 PONDS AREA 

4-28 DRAFT MGM09-SSFL/GROUP_9 RI/SECTION4.DOC 

contribute to 56 to 62 percent of the ELCR.  Dioxins, PCBs, BaP, and methylene chloride 
are the primary contributors to the ELCR for the plant consumption route.  Dioxins 
contribute 36 to 47 percent, PCBs contribute 9 to 13 percent, BaP contributes 11 to 16 
percent, and methylene chloride contributes 13 to 19 percent of the total ELCR.  
Formaldehyde is the primary contributor (contributing 98 to 99 percent) to the HI for the 
plant consumption exposure route.   

 For exposure to 0- to 10-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 9 x 10-7 for the CTE case to 3 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.  Dioxins 
are the primary contributor to the ELCR.  For exposure to 0- to 10-ft-bgs soil, the HI 
estimates for non-cancer 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. 

Estimated Risks/Hazard Indexes for COPCs in Indoor Air.  For the indoor air pathway, the 
potential route of exposure to COPCs detected in soil vapor and groundwater is the 
inhalation of vapors that 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 are 2 x 10-7 for the CTE and RME cases.  The CTE and RME ELCR 
do not exceed the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For indoor air exposure via 
soil vapor intrusion, the HI estimates for non-cancer effects do not exceed the regulatory 
threshold value of 1.   

 For indoor air exposure via groundwater vapor intrusion, the cumulative ELCR is  
1 x 10-6 for the CTE and RME cases.  The CTE and RME ELCRs are equal to the lower 
end of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For indoor air exposure via soil 
vapor intrusion, the HI estimates for non-cancer effects do not exceed the regulatory 
threshold value of 1.  TCE is the primary contributor to the ELCR estimates and 
contributes to 97 percent of the cumulative ELCR.    

Estimated Risks/Hazard Indexes for COPCs in Ambient Air.  For the ambient air pathway, the 
potential route of exposure to COPCs detected in soil vapor and groundwater is the 
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 2 x 10-9 for the CTE case to 4 x 10-9 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.  The HI estimates for non-cancer effects do not exceed the regulatory threshold 
value of 1.   

 For ambient air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs are 7 x 10-9 for the CTE and RME cases.  The HI 
estimates for non-cancer effects 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 
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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 3 x 10-4 for the CTE case to 5 x 10-4 and for the RME case.  The HI 
estimates for non-cancer effects range from 32 to 53 for the CTE and RME cases.  The HI 
estimates exceed the regulatory threshold value of 1.  Arsenic is the primary contributor 
to the cumulative ELCR for the groundwater route and contributes 86 percent to the 
ELCR.  The primary contributors to the HI estimate are arsenic, antimony, and iron, 
which contribute 22 percent, 17 percent, and 13 percent to the total HI, respectively. 

Estimated Risks/Hazard Indexes for COPCs in Sediment.  Potential routes of exposure to 
COPCs in sediments from 0 to 2 ft bgs include ingestion, dermal contact, and inhalation of 
particulates.  The ELCR and HI estimates for the future resident child exposure scenario are 
discussed below: 

 For exposure to COPCs in sediment, a cumulative ELCR estimate for cancer effects 
ranges from 2 x 10-6 for the CTE case to 1 x 10-5 for the RME case.  The CTE and RME 
ELCR estimates are within the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The HI 
estimates for non-cancer effects range from 0.2 for the CTE estimate to 2 for the RME 
case.  Dioxins and BaP are the primary contributors to the ELCRs. Dioxins contribute 
58 to 75 percent of the total and BaP contributes 14 to 22 percent.  Iron and dioxins are 
the primary contributors to the RME HI estimate, contributing 49 and 44 percent, 
respectively.  

Estimated Risks/Hazard Indexes for COPCs in Surface Water.  Potential routes of exposure to 
COPCs in surface water include ingestion and dermal contact.  The ELCR and HI estimates 
for the future resident child exposure scenario are discussed below: 

For exposure to COPCs in surface water, a cumulative ELCR estimate for cancer effects 
ranges from 2 x 10-4 for the CTE case to 9 x 10-4 for the RME case.  The CTE and RME ELCR 
estimates exceed the upper range of the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The HI 
estimates for non-cancer effects range from 15 for the CTE case to 154 for the RME case.  The 
CTE and RME HI estimates exceed the regulatory threshold value of 1.  Dioxins are the 
primary contributors to the ELCRs and HIs and contribute to 97 to 99 percent of the total 
risk estimates. 

4.7.3.3 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 the 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 8 x 10-9 for the CTE case to 5 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 
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exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer effects are less than the 
regulatory threshold 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 
recreationist adult exposure scenario are discussed below: 

 For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 3 x 10-11 for the CTE case to 6 x 10-10 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 non-
cancer effects do not exceed the regulatory threshold value of 1.  

 For ambient air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 9 x 10-11 for the CTE case to 1 x 10-9 for the 
RME case.  The CTE and RME ELCR estimates are below the regulatory risk range of 
1 x 10-6 to 1 x 10-4.  The HI estimates for non-cancer do not exceed the regulatory 
threshold value of 1.  

Estimated Risks/Hazard Indexes for COPCs in Sediment.  Potential routes of exposure to 
COPCs in sediments from 0 to 2 ft bgs include ingestion, dermal contact, and inhalation of 
particulates.  The ELCR and HI estimates for the future recreationist adult exposure scenario 
are discussed below: 

 For exposure to COPCs in sediment, a cumulative ELCR estimate for cancer effects 
ranges from 3 x 10-8 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.  The HI 
estimates for non-cancer effects are below 1 for the CTE and RME cases.  Dioxins and 
BaP are the primary contributors to the RME ELCR.  Dioxins contribute 56 percent of the 
total and BaP contributes 24 percent.  

Estimated Risks/Hazard Indexes for COPCs in Surface Water.  Potential routes of exposure to 
COPCs in surface water include ingestion and dermal contact.  The ELCR and HI estimates 
for the future recreationist adult exposure scenario are discussed below: 

For exposure to COPCs in surface water, a cumulative ELCR estimate for cancer effects 
ranges from 1 x 10-5 for the CTE case to 3 x 10-4 for the RME case.  The CTE ELCR estimate is 
within the regulatory risk range and the RME ELCR estimate exceeds the upper range of the 
regulatory risk range of 1 x 10-6 to 1 x 10-4.  The HI estimates for non-cancer effects range 
from 0.6 for the CTE case to 6 for the RME case.  The RME HI estimate exceeds the 
regulatory threshold value of 1.  Dioxins are the primary contributors to the ELCRs and the 
RME HI and contribute to 97 to 99 percent of the total risk estimates.  

4.7.3.4 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. 
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Estimated Risks/Hazard Indexes for COPCs in Soil.  Potential routes of exposure to COPCs in 
soil include incidental ingestion, dermal contact, and the inhalation of vapors and fugitive 
dust in ambient air.  A hypothetical future recreationist child (15-kg body weight) was 
assumed to be exposed for 100 days per year over 6 years for the RME case and 50 days per 
year over 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 1 x 10-7 for the CTE case to 7 x 10-7 for the RME case.  The CTE and 
RME ELCR estimates are below the regulatory risk range of 1 x 10-6 to 1 x 10-4.  For 
exposure to 0- to 2-ft-bgs soil, the HI estimates for non-cancer effects range from 0.01 for 
the CTE case to 0.08 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 1 x 10-10 for the CTE case to 1 x 10-9 for the RME case.  
The CTE and RME ELCR estimates are below 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 non-
cancer effects do not exceed the regulatory threshold value of 1. 

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

Estimated Risks/Hazard Indexes for COPCs in Sediment.  Potential routes of exposure to 
COPCs in sediments from 0 to 2 ft bgs include ingestion, dermal contact, and inhalation of 
particulates.  The ELCR and HI estimates for the future recreationist child exposure scenario 
are discussed below: 

 For exposure to COPCs in sediment, a cumulative ELCR estimate for cancer effects 
ranges from 3 x 10-7 for the CTE case to 3 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.  The HI 
estimates for non-cancer effects are below 1 for the CTE and RME cases.  Dioxins and 
BaP are the primary contributors to the RME ELCR.  Dioxins contribute 75 percent of the 
total and BaP contributes 14 percent.  

Estimated Risks/Hazard Indexes for COPCs in Surface Water.  Potential routes of exposure to 
COPCs in surface water include ingestion and dermal contact.  The ELCR and HI estimates 
for the future recreationist child exposure scenario are discussed below: 

 For exposure to COPCs in surface water, a cumulative ELCR estimate for cancer effects 
ranges from 2 x 10-5 for the CTE case to 2 x 10-4 for the RME case.  The CTE ELCR is 
within the regulatory risk range and the RME ELCR estimate exceeds the upper range of 
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the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The HI estimates for non-cancer effects 
range from 2 for the CTE case to 44 for the RME case.  The CTE and RME HI estimates 
exceed the regulatory threshold value of 1.  Dioxins are the primary contributors to the 
ELCRs and HIs and contribute to 93 to 98 percent of the total risk estimates. 

4.7.3.5 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 the 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-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 7 x 10-8 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, but the 
CTE estimate does not.  For exposure to 0- to 2-ft-bgs soil, the HI estimates for non-
cancer effects do not exceed the regulatory threshold value of 1.  The primary 
contributors to the RME ELCR estimate are dioxins (63 percent of the ELCR) and PCBs 
(17 percent). 

 For exposure to 0- to 10-ft-bgs soil, the cumulative ELCR estimates for carcinogenic 
COPCs range from 9 x 10-8 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, but the 
CTE ELCR does not.  For exposure to 0- to 10-ft-bgs soil, the HI estimates for non-cancer 
effects do not exceed the regulatory threshold value of 1.  The primary contributors to 
the RME ELCR estimate are dioxins (69 percent of the ELCR) and PCBs (14 percent). 

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 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 1 x 10-8 for the CTE case to 7 x 10-8 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 indoor air exposure via soil vapor intrusion, the HI estimates for non-cancer 
effects do not exceed the regulatory threshold value of 1.   

 For indoor air exposure via groundwater vapor intrusion, the cumulative ELCR is  
9 x 10-8 for the CTE case and 4 x 10-7 for the RME case.  The CTE and RME ELCRs are 
below the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The HI estimates do not exceed the 
regulatory threshold value of 1.   
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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 
industrial worker exposure scenario are discussed below: 

 For ambient air exposure via soil vapor intrusion, the cumulative ELCR estimates for 
carcinogenic COPCs range from 4 x 10-10 for the CTE case to 4 x 10-9 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 ambient air exposure via soil vapor intrusion, the HI estimates for non-
cancer effects do not exceed the regulatory threshold value of 1. 

 For ambient air exposure via groundwater vapor intrusion, the cumulative ELCR 
estimates for carcinogenic COPCs range from 2 x 10-9 for the CTE case to 8 x 10-9 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 ambient air exposure via groundwater vapor intrusion, the HI 
estimates for non-cancer effects are less than the regulatory threshold of 1. 

Estimated Risks/Hazard Indexes for COPCs in Sediment.  Potential routes of exposure to 
COPCs in sediments from 0 to 2 ft bgs include ingestion, dermal contact, and inhalation of 
particulates.  The ELCR and HI estimates for the future industrial worker exposure scenario 
are discussed below: 

 For exposure to COPCs in sediment, a cumulative ELCR estimate for cancer effects 
ranges from 2 x 10-7 for the CTE case to 6 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.  The HI 
estimates for non-cancer effects are below 1 for the CTE and RME cases.  Dioxins and 
BaP are the primary contributors to the RME ELCR. Dioxins contribute 75 percent of the 
total and BaP contributes 13 percent.  

Estimated Risks/Hazard Indexes for COPCs in Surface Water.  Potential routes of exposure to 
COPCs in surface water include ingestion and dermal contact.  The ELCR and HI estimates 
for the future industrial worker exposure scenario are discussed below: 

 For exposure to COPCs in surface water, a cumulative ELCR estimate for cancer effects 
ranges from 9 x 10-5 for the CTE case to 1 x 10-3 for the RME case.  The CTE ELCR is 
within the regulatory risk range and the RME ELCR estimate exceed the upper range of 
the regulatory risk range of 1 x 10-6 to 1 x 10-4.  The HI estimates for non-cancer effects 
range from 5 for the CTE case to 32 for the RME case.  The CTE and RME HI estimates 
exceed the regulatory threshold value of 1.  Dioxins are the primary contributors to the 
ELCRs and HIs and contribute to 97 to 99 percent of the total risk estimates. 

4.7.4 Uncertainty Discussion 

Uncertainties associated with the results of this HHRA are a function of both the “state of 
the practice” of HHRA in general and of UFs specific to the R-2 Ponds Area.  A discussion of 
the general HHRA uncertainty is presented in Section 1.5.3.   
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4.8 Ecological Risk Assessment for R-2 Pond 

4.8.1 Problem Formulation 

The problem formulation describes the site to be assessed, specifies the assumptions and 
data to be used, and is generally the foundation of the ERA.  Generalized components of the 
problem formulation, applicable to all RI sites in Group 9, are described in Section 1.5.4.1.  
Problem formulation components specific to the R-2 Ponds area are described below. 

4.8.1.1 Site Background 

The Area II R-2 Ponds Area primarily consisted of two ponds (R-2A and R-2B), and their 
associated inlet and outlet drainages.  The ponds have served as the most downgradient 
surface water collection points for drainages associated with Areas II and III, and portions of 
Area IV at SSFL.  Surface water currently collects in these ponds, although operations have 
ceased at SSFL.  The most downgradient pond, R-2A Pond, discharges to an NPDES 
discharge point (Outfall 002) in Bell Creek to the south.  The R-2 Ponds Area covers 
approximately 2.98 acres. A more detailed discussion of the site conditions and history is 
presented in Section 4.1.   

Habitat at the site was determined based on a site survey conducted on May 20, 2009 
(Appendix A).  The R-2 Pond area includes the R-2A and R-2B ponds (150 feet by 50 feet and 
50 feet by 40 feet, respectively) and a diversity of terrestrial habitats. The primary terrestrial 
habitats include shrub/scrub (70 percent), wooded areas (10 percent), and ruderal 
(5 percent) vegetation; other terrestrial habitats include paved and gravel areas as well as 
dirt roads.  Dominant plant species in the oak savannah include coast live oak, laurel sumac, 
fiddlehead, redstem filaree, shortpod mustard, and ripgut brome.  Those in the shrub/scrub 
habitat are thickleaf yerba santa, deer weed, coast live oak, fiddleneck, ripgut brome, and 
barley.  Ruderal vegetation occurs in disturbed areas within the site and includes primarily 
red-stemmed filaree, barley, red brome, ripgut brome, and shortpod mustard.  

Plant stress was observed in a few areas at this site during the reconnaissance-level survey 
in May 2009, but it appeared that most of the stress was related to moisture stress caused by 
coarser soil textures or site microtopography that favored rainfall runoff rather than 
infiltration.  Both of these factors would imply more droughty soil conditions that would 
result in early moisture stress in plants.  In addition, other areas of plant stress appeared 
related to herbicide spraying for weed control along the edges of roadways and paved areas 
in the eastern and southern parts of the site. 

Non-flowing (pond) and seasonally flowing aquatic systems, as well as wetland habitats, 
occur within the site.  The ponds are artificially created and used for storm water detention 
and treatment.  Emergent vegetation occurs in shallow areas of the pond.  Wetland areas 
consist of scrub/shrub and emergent vegetation including cattails and willows. 

Wildlife species (or signs of their presence) observed at the site during the site survey 
included Ash-throated flycatcher, song sparrow, red-tailed hawk (adult), house finch, 
American kestrel (male), American crow, marsh wren, California towhee, American 
goldfinch, mourning dove, turkey vulture, cliff swallow, black phoebe, Anna’s 
hummingbird, green heron, spotted towhee Cottontail rabbit, coyote (scat), gopher 
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(burrows), rodent burrows, kangaroo rat (tracks) Western fence lizard, side-blotched lizard, 
mosquito fish, and dragonflies.  

More detailed information about site biology, including site photographs, is presented in 
(Appendix A). 

4.8.1.2 Ecological Management Goals, Assessment Endpoints, and Measures 

The ecological management goal for the R-2 Pond area is the same as that for all Group 9 RI 
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. 

Habitats present at the R-2 Pond area include terrestrial and aquatic/wetland, as described 
above.  Assessment and measurement endpoints identified for this site are presented in 
Table 4.8-1.   

Representative species and receptor groups considered for the R-2 Pond area include 
terrestrial and aquatic/semi-aquatic receptors.  Terrestrial receptors include 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).  Aquatic/semi-aquatic receptors include aquatic plants (primary 
producers), benthic macroinvertebrates (primary consumers), aquatic invertebrates 
(primary consumers), fish (primary and secondary consumer), and great blue heron 
(primary and secondary consumer). 

4.8.1.3 Ecological Conceptual Site Model 

The generalized ecological CSM for Group 9 is presented in Section 1.5.4.4.  The CSM 
specific to the R-2 Pond area is described below and presented in Figure 4.8-1.  

The primary contaminant sources to R-2 Ponds are upstream RI sites in Areas II and III, and 
portions of Area IV at SSFL. Primary release mechanisms include surface runoff to soil, 
sediment, and surface water.  Secondary release mechanisms include volatilization and 
wind erosion; bioaccumulation from soil, sediment, or surface water; erosion and re-
suspension; and leaching from soil into groundwater.   

Complete or potentially complete exposure pathways from contaminated soil, sediment, soil 
vapor, and surface water to ecological receptors exist at the site.  Contaminants may be 
directly bioaccumulated by terrestrial and aquatic/semi-aquatic plants, invertebrates, birds, 
and small mammals resident in and associated with the site soils, sediments, or surface 
water.  Terrestrial and semi-aquatic birds and other wildlife (herbivores, omnivores, 
invertivores, and carnivores) may be exposed directly to contaminants in soil, soil vapor, 
sediments, or surface water by incidental ingestion, dermal contact, or inhalation of volatiles 
or wind-borne particles.  Terrestrial and semi-aquatic wildlife (focusing on 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.). 
Burrowing mammals (deer mice) may also be exposed to soil vapors via inhalation.  
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Table 4.8-2 summarizes the potential exposure pathways for the ecological receptors at the 
R-2 Pond area.   

4.8.1.4 Selection of Chemicals of Potential Ecological Concern 

The process for the selection of CPECs is described in Section 1.5.4.4.  Detected analytes in 
soil, soil vapor, sediment, and surface water from the R-2 Pond area are listed in Table 4.8-3.  
Summary statistics for those detected analytes are listed in Table 4.8-4.  A statistical 
comparison of site inorganic and dioxin/furan data to background for soil was conducted 
using the WRS or Gehan test, as appropriate (Table 4.8-5).  A comparison of VOCs detected 
in soil versus those analyzed for in soil vapor was conducted to identify additional VOCs to 
be evaluated in the risk assessment (Table 4.8-6).  Non-detect analytes were evaluated by 
comparing the maximum SQLs against the minimum ESL and determining the exceedance 
frequency of the SQLs (Table 4.8-7).  The CPECs identified for the R-2 Pond site are 
summarized in Table 4.8-8.  EPCs for soil for each depth interval (0 to 2 ft, 0 to 4 ft, and 0 to 
6 ft bgs) are provided in Tables 4.8-9, 4.8-10, and 4.8-11, respectively.  EPCs for soil vapor 
from 0 to 6 ft bgs are listed in Table 4.8-12 and soil vapor modeling is presented in  
Table 4.8-13.  EPCs for sediment and surface water are presented in Tables 4.8-14 and 4.8-15, 
respectively.  Tissue data were collected from aquatic plants, aquatic invertebrates, and fish 
from R-2 Pond Reservoir and analyzed for PCB congeners.  EPCs for biota are presented in 
Table 4.8-15.  However, because R-2 Pond sediments were not analyzed for PCB congener 
data, predictive modeling using measured tissue concentrations could not be conducted.  

4.8.2 Analysis 

The analysis phase, which consists of the exposure characterization and the ecological 
effects characterization, links the problem formulation (Section 4.8.1) with the risk 
characterization (Section 4.8.3) 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 
Section 1.5.4.  Exposure and effects information specific to R-2 Pond Reservoir is discussed 
below. 

4.8.2.1 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 
calculation of EPCs, are described in this section. 

The receptor-specific exposure models, exposure factors, and assumptions presented in 
Section 1.5.4.4 were used for receptors at the R-2 Pond area.  Exposures were evaluated for 
terrestrial (soil invertebrates, birds, and mammals) and aquatic/semi-aquatic (aquatic 
plants, benthic macroinvertebrates, aquatic invertebrates, fish, and semi-aquatic birds) 
receptors.   

The exposure area for the R-2 Pond area is 3 acres and includes all areas that were sampled, 
many of which are located outside the site boundary.  
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Summary statistics and EPCs for CPECs in soil at various depths (up to 6 ft bgs), soil vapor, 
sediment, surface water, and tissue were calculated according to the approach outlined in 
Section 1.5.4.4.  These values are presented in Tables 4.8-9 through 4.8-16.  Modeled 
exposure estimates for bird and mammal receptors are presented as part of the risk 
characterization (Section 4.8.3). 

4.8.2.2 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 R-2 Pond area were 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. 

4.8.3 Risk Characterization 

The risk characterization integrates estimated CPEC exposures with their potential 
ecological effects on the assessment endpoints for the R-2 Pond area.  The sequential 
processes for performing the risk characterization, described in Section 1.5.4.4, were applied 
to the R-2 Pond area.  The results of these comparisons are presented below.   

4.8.3.1 Risk Estimation 

The risk estimation focuses primarily on quantitative methods to evaluate the potential for 
risk.  The results of the quantitative risk estimation are presented as HQs and HIs.  HQs and 
HIs for evaluated receptors are provided in Tables 4.8-17 through 4.8-28. Table 4.8-18 
presents an analysis of the depth intervals for evaluation of burrowing animals (deer 
mouse).  The 0- to 6-ft-bgs depth interval had the greatest HI; therefore, the data from this 
depth were used to evaluate the deer mouse. 

4.8.3.2 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 at the site.  Chemicals that had HQs exceeding one 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, 
magnitude of exceedance, bioavailability, and habitat quality at the site. 

To facilitate the interpretation of TRV exceedances, chemicals that exceeded one of the TRVs 
(Low TRV or High TRV) were assigned into one of five general risk groups (1 through 5, 
described below); other CPECs were identified as posing no risk or as uncertainties.  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  
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of a chemical within a given group is not an absolute indicator of the potential risk. The risk 
groups are described as follows: 

1. High Risk: HQs>1,000 for the Low TRV (RME), or HQs>10 for the High TRV (RME), 
and/or chemical class HIs>10 at the High TRV.  

2. Medium-High Risk: 100<HQs<1,000 for the Low TRV (RME), and/or 5<HQs<10 for the 
High TRV (RME). Chemical classes with HIs>100 at the Low TRV (RME) and/or 
5<HIs<10 for the High TRV (RME).  

3. Medium Risk: 10<HQs<100 for the Low TRV (RME) and/or 1<HQ<5 for the High TRV 
(RME). Chemical classes with 10<HIs<100 at the Low TRV (RME) and/or 1<HIs<5 for 
the High TRV (RME).  

4. Medium-Low Risk: 5<HQs<10 for the Low TRV (RME) and/or HQs<1 for the High TRV 
(RME). Chemical classes with 5<HIs<10 at the Low TRV and/or HIs<1 at the High TRV 
(RME).  

5. Low Risk: 1<HQs<5 for the Low TRV (RME) and HQ<1 for the High TRV. Chemical 
classes with 1<HIs<5 at the Low TRV. 

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

7. Uncertain–chemicals or groups for which toxicity information is not available. 

Table 4.8-29 summarizes the analytes that had one or more HQs exceeding 1 under any 
scenario for terrestrial receptors (exposure to soil, surface water, and/or food).  Table 4.8-30 
summarizes the HQs exceeding 1 for aquatic/semi-aquatic receptors. 

Soil Eight soil analytes (Dioxin/furans, PCBs, barium, cadmium, mercury, zinc, 4,4-DDT, 
and formaldehyde) were found to have one or more HQs greater than 1 under any scenario 
(Table 4.8-29).  All other soil analytes and/or analyte groups were found to pose no risk (all 
HQs and HIs were less than 1) to any receptor under any scenario at the R-2 Ponds site, or 
they were identified as uncertainties.   

Estimation of incremental risks (risk in excess of background) for terrestrial receptors is 
listed in Table 4.8-31 (note:  although incremental risks are presented, they are not used as 
the sole basis for exclusion of a chemical as a COEC).  The identification of COECs in soil is 
provided in Table 4.8-32. 

Only two of the eight analytes were retained as COECs–dioxins/furans and PCBs (based on 
TEQs).  The remaining analytes were not retained for several reasons including low 
incremental risk, risk only predicted for one receptor, and low magnitude of exceedance 
(based on high TRV) or a high TRV-based HQ of less than 1.  

DioxinFuran_TEQs, PCB_TEQs, and DioxinFuranPCB_TEQs were retained as COECs.  HQs 
for DioxinFuran_TEQs, PCB_TEQs, and DioxinFuranPCB_TEQs exceeded 1 for the hermit 
thrush (Low TRV) and deer mouse (Low and High TRV [dioxin/furans only]).  The Low 
TRV-based Dioxin_Furan HI for the hermit thrush exceeded 1, and the Low and High TRV-
based Dioxin_Furan HI for the deer mouse exceeded 1.  Exceedances of the High TRV were 
driven by the DioxinFuran_TEQ, suggesting that exposure to the co-planer PCBs is of less 
concern than exposures to dioxins and furans in soil.  Estimated risks for the hermit thrush 
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were in the Low risk range and were in the Medium risk range for the deer mouse.  Barium 
was only identified as above background in the 0- to 6-ft-bgs-soil interval.  It was not 
considered to be above background in the shallower soil intervals.  The incremental risk 
evaluation indicated that barium was consistent with the background.  Additionally, the 
magnitude of exceedance based on the high TRV was low (HQ = 1.3).  

Cadmium and zinc were not retained as COECs because all high TRV-based HQs were less 
than 1 and incremental risks were less than 1 (based on the high TRV).  

HQs greater than 1 were only observed for soil invertebrates and only under the RME 
exposure scenario for mercury.  Under the CTE exposure scenario, mercury concentrations 
were less than those observed for background (0.049 mg/kg versus 0.07 mg/kg).  Mercury, 
therefore, was not retained as a COEC.  

4,4-DDE and formaldehyde were not retained as COECs because of the low magnitude of 
exceedance based on the low TRV.  Additionally, all high TRV-based HQs were less than 1.   

Soil Vapor No analytes were identified as COECs in soil vapor (Table 4.8-33) because none of 
the measured soil vapor CPECs exceeded the TRVs.  

Sediment The identification of sediment COECs is presented in Table 4.8-34.  Sixteen 
sediment analytes (dioxin/furans, Aroclor-1254, barium, copper, lead, mercury, zinc, 4,4-
DDE, dieldrin, benzo(k)fluoranthene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, butyl 
benzyl phthalate, di-n-butyl phthalate, di-n-octyl phthalate, and dimethyl phthalate) were 
found to have one or more HQs greater than 1 under any scenario (Table 4.8-34).  All other 
sediment analytes and/or analyte groups were found to pose no risk (all HQs and HIs were 
less than 1) to any receptor under any scenario at the R-2 Ponds area.   

Dioxin/furans (based on the TEQ for birds) were retained as sediment COECs.  All other 
analytes exceeding the TRVs were not retained as COECs for the reasons discussed below.  

Barium, copper, mercury, and zinc had HQs that exceeded 1 only for benthic 
macroinvertebrates.  However, the magnitude of exceedance was low, based on the low 
TRVs, and high TRV-based HQs were less than 1 for copper, mercury, and zinc.  Barium 
does not have a high TRV. 

Lead was not retained as a COEC.  The estimated risks exceeded 1 for the great blue heron 
(Low TRV only) only, with an HQ of 4.6.  The high TRV-based HQ was less than 1.  

Two pesticides (4,4-DDE and dieldrin) had HQs greater than one for the benthic 
macroinvertebrates only.  The high TRV-based HQs were less then 1 and no risk was 
predicted for the great blue heron.  Consequently, these pesticides were not retained as 
COECs. 

Aroclor-1254 was not retained as a COEC.  The magnitude of exceedance was low based on 
the low TRV (HQ = 1.2), and the high TRV-based HQs was less than 1.  No risk was 
predicted for the great blue heron. 

Three PAHs and four phthalates had one or more HQs above 1, but they were not retained 
as COECs.  Risk was predicted for benthic macroinvertebrates only, and all high TRV-based 
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HQs were less than 1.  No risk was predicted for the great blue heron; however, bird TRVs 
were unavailable for butyl benzyl phthalate and di-n-octyl phthalate. 

Dioxin/furans (based on bird and fish TEQs) were retained as COECs.  Risk estimates 
exceeded 1 for benthic macroinvertebrates only.  However, because of the magnitude of the 
HQs, it was retained. 

Surface Water The identification of surface water COECs is presented in Table 4.8-35.  
Dioxin/furans, dissolved aluminum, beryllium (total), dissolved boron, dissolved copper, 
dissolved iron, dissolved lead, dissolved manganese, dissolved selenium dissolved, silver, 
endrin, and heptachlor had HQs greater than 1 for aquatic organisms.  All other surface 
water analytes were found to pose no risk (all HQs were less than 1) to any receptor under 
any scenario at the R-2 Ponds Area.  It should be noted that when estimating exposure to 
aquatic organisms, dissolved surface water data were used except when benchmarks were 
based on total concentrations (antimony, beryllium, selenium, and thallium). 

Dioxin/furans, boron, and manganese were retained as COECs.  All detected concentrations 
for these analytes exceeded the surface water TRVs and the magnitude of risk was high 
(based on the RME).  Background values were not available for surface water, so some risk 
may be due to naturally occurring levels.  Estimated risks were in the Medium (manganese) 
and Medium-high (dioxin/furans and boron) risk ranges. 

Estimated risks (RME and CTE) for other inorganics including aluminum, beryllium, 
copper, lead, and silver were considered low, and these analytes were not retained as 
COECs.  Although silver did have an RME-based HQ of 6.7 and a CTE-based HQ of 2.5, 
only 2 of 11 samples contained detected concentrations.  The CTE-based HQs for lead, 
copper, and beryllium were all less than 1. 

Although iron had elevated HQs based on both the RME and CTE, it was not retained as a 
COEC.  Iron is a mineral nutrient and was not identified as a risk driver in sediments or 
soils.  It was also found to be consistent with background in soils.  The risk is primarily 
driven by iron concentrations in one well (121 mg/L), which probably does not represent a 
sitewide risk to aquatic organisms.  The next highest concentration was 3.6 mg/L.  Only 
these two samples out of four sample locations (with total or dissolved iron data) exceeded 
the TRV. 

Endrin and heptachlor were not retained as COECs.  These analytes were never detected, 
but they were carried through the risk estimation process because the maximum SQL 
exceeded the ESL.  The actual presence and concentration of these pesticides is unknown; 
however, because no other pesticides exceeded TRVs, it is likely that the SQL overestimates 
their presence. 

Tissue Tissue data were collected from the R-2 Ponds Area, as presented in Table 4.8-16.  
Samples were analyzed for PCB congeners, but sediments and surface water from this area 
were not analyzed for PCB congeners.  Consequently, tissue data were not used in the 
evaluation of risk under the semi-aquatic receptor.  This process could underestimate or 
overestimate risks.  
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4.8.3.3 Uncertainty Analysis 

Uncertainty is an implicit component in all risk assessments.  Generalized uncertainties for 
ERAs in SSFL’s Group 9 are summarized in Section 1.5.4.5 and Table 4.8-36.  Additional 
uncertainties include the following: 

 Background values were not available for sediment or surface water.  Some sediments 
are dry much of the year and may be more similar to local soils than traditional “wet” 
sediments.  Risk could be over- or under-estimated. 

 Two non-detect surface water analytes (endrin and heptachlor) were included in the 
surface water screening, per the procedure dictated by the SRAM (MWH, 2005b).  
Because these analytes were not detected in the collected samples, basing risk off the 
maximum SQL is conservative; this approach probably overestimates risk from exposure 
to surface water. 

 PCB congener data were not available for sediments or surface water.  Aroclor data were 
available for sediments and were not considered to pose a risk to sediment receptors.  
Consequently, the lack of PCB congener data in sediments may not be significant.  
However, tissue samples from R-2 Ponds were analyzed for PCB congeners and several 
congeners were detected, as listed in Table 4.8-16.  Therefore, this lack of data in 
sediment and surface water may be a data gap.  

4.8.4 Conclusions and Recommendations 

Data available for the R-2 Pond area included soil, soil vapor, sediment, surface water, and 
tissue samples.  Soils were analyzed for inorganics, hydrocarbons, dioxin/furans, PCBs, 
pesticides, SVOCs, and VOCs.  Soil vapor was analyzed for VOCs.  Sediments were 
analyzed for inorganics, hydrocarbons, dioxin/furans, aroclors, SVOCs, and VOCs.  Surface 
water was analyzed for inorganics, hydrocarbons, dioxin/furans, pesticides, SVOCs, 
radionuclides, and VOCs.  Biota tissues were analyzed for PCB congeners.  

Potential risks were estimated for terrestrial and aquatic and semi-aquatic receptors.  The 
results of the risk characterization indicated the following: 

 Soil–Dioxin/furan and PCBs (based on TEQs) were retained as COECs.  Refined HQs 
exceeded the TRVs for the hermit thrush (Low TRV) and deer mouse (Low and High 
TRV), and risks were increased by a dioxin-like PCB component, which was based on 
measured congener data.  

 Soil Vapor–No COECs were identified. 

 Sediment –Dioxin/furans were retained as COECs on a limited basis because they 
exceeded the TRVs for benthic macroinvertebrates only.  Estimated risks were in the 
Medium to Medium-High risk range, depending on the TEQ basis used.  No other 
analytes were retained as COECs because estimated risks were generally low.  

 Surface Water–Dioxin/furans, boron, and manganese were retained as COECs.  The risk 
for these three analytes ranged from medium to medium high.  Although iron had 
elevated HQs, it was not retained because risk was driven by one location and iron is a 
mineral nutrient naturally occurring in surface waters.  Silver had HQs above 1 based on 
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the CTE and RME concentrations, and the overall risk was considered medium low.  
However, because only 2 of 11 samples had detected concentrations and the magnitude 
of exceedance was generally low, silver was not retained as a COEC.  All other analytes 
had low estimated risk.  

4.9 Summary of Findings and Recommendations 
for R-2 Ponds Area 

4.9.1  Nature and Extent of Contamination Summary 

To evaluate the nature and extent of potential contaminants at the R-2 Ponds Area, 20 
surface soil, 11 subsurface soil, 25 sediment, 13 surface water, and 2 soil gas samples were 
collected.  Of the surface soil samples collected, 9 samples had dioxins (compared as 
2,3,7,8-TCDD TEQ) at levels that exceeded the human health screening criteria and 5 
samples had 2,3,7,8-TCDD TEQ values at levels exceeding the ecological screening criteria.  
Also, 15 locations had samples with 8 metals reported at exceeding concentrations; 1 
location had a PCB (Aroclor-1254) exceedance; and 3 locations had 3 VOC (formaldehyde, 
PCE, and methylene chloride) exceedances.  The parameters that exceeded the applicable 
criteria are listed in Table 4.9-1.  The data suggest that most horizontal migration has been 
bound sufficiently by the most downgradient samples collected, south of the R-2A Pond.  
The exceptions would be the Aroclor-1254 and methylene chloride exceedances, which were 
detected in 1 or more of these most downgradient samples.  Additional sampling south of 
the R-2 Ponds Area is warranted to further characterize the extent of PCBs and VOCs in the 
surface soil. 

In 1 or more of the 25 sediment samples collected at this site, all 8 dioxin samples compared 
as 2,3,7,8-TCDD TEQs for mammals and bird, 8 metals, 1 PCB (Aroclor-1254), 3 SVOCs, 1 
TPH, and 23 VOCs were detected at concentrations exceeding the applicable screening 
criteria.  The sediments at this site are bound physically to the ponds in this area.  The extent 
of potential contaminants in the sediment matrix at this site has been evaluated adequately.  
Any potential migration would be evaluated in the surficial soil media outside the confines 
of the ponds. 

A total of 19 metals, 1 SVOC, and 1 VOC were detected in the surface water media at 
concentrations exceeding the applicable screening criteria.  The surface water at this site, 
when present, has been characterized adequately.  However, to evaluate the potential 
downgradient migration of the exceedances detected, additional surface soil and sediment 
(if applicable) sampling is warranted, in particular, to evaluate the potential migration of 
aluminum, manganese, molybdenum, selenium, and vanadium. 

Of the subsurface soil samples collected, 6 dioxins compared as 2,3,7,8-TCDD TEQ for 
mammals, 5 dioxins compared as 2,3,7,8-TCDD TEQ for birds, 8 metals, 1 PCB 
(Aroclor-1254), and 1 VOC (methylene chloride) were reported at concentrations that 
exceeded 1 or more of their respective screening criteria.  Subsurface soil samples were 
collected at or near the bedrock interface, so the vertical extent sampling has been 
investigated sufficiently.  Additional subsurface soil sampling, if warranted, would be to 
horizontally bind the subsurface exceedances or vertically bind any exceedances detected 
during future surface soil sampling.  Because sampling for PCBs, metals, and VOCs might 
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be warranted further downgradient from this site, additional subsurface soil sampling may 
follow.  However, currently, the vertical extent of potential contaminants at the R-2 Ponds 
Area has been evaluated adequately. 

No VOCs were reported at levels exceeding the screening criteria in soil gas collected at the 
site.  Soil vapor sampling is relatively minimal at this site; however, the nominal VOC 
exceedances reported in the other media at this site suggest that volatilization of VOCs 
through the soil matrix is unlikely.  Additional soil gas investigation currently is not 
suggested in the R-2 Ponds Area.   

4.9.2 Risk Assessment Summary 

The HHRA and the ERA for the R-2 Ponds Area are summarized below.  

4.9.2.1 Summary of Human Health Risks 

This subsection summarizes the HHRA performed for the R-2 Ponds 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, groundwater, sediment (0 to 2 ft bgs), and surface 
water.  The methods used to prepare the HHRA are described in Section 1.5.3.  The results 
of the HHRA for the R-2 Ponds Area are presented in Section 4.7. 

The surface soil (0 to 2 ft bgs), subsurface soil (0 to 10 ft bgs), soil vapor, surface water, 
sediment, and groundwater samples collected during the RI sampling activities were 
evaluated for use in the HHRA.  The HHRA data set is listed in Table D.4.1-3.  The COPCs 
identified from the R-2 Ponds Area HHRA data set for each exposure area are listed in 
Table D.4.1-4. 

The potential future receptors at the R-2 Ponds Area include recreationists, workers, and 
residents.  The R-2 Ponds Area 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 
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 consuming fruits and vegetables from a garden.  
The agricultural residential exposure scenario evaluation will be included in a separate 
report at a later date.     

Generally, estimated cumulative cancer risks (ELCRs) less than 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 non-cancer 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.  
Table D.4.5-1 summarizes the ELCRs and HIs.  The chemicals that are the primary 
contributors to the estimated ELCRs are shown in Table D.4.5-2. 

The following exposure scenarios for the R-2 Ponds Area exceed or are within the 
regulatory risk range for carcinogenic COPCs:  

 Hypothetical future adult and child residents exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult and child residents–plant consumption 
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 Hypothetical future adult and child residents exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult and child residents exposed to NSGW (domestic use) 

 Hypothetical future adult and child residents exposed to indoor air (migration of 
volatile groundwater COPCs) 

 Hypothetical future residents, industrial workers, and recreationists exposed to 
sediment and surface water.  

The primary contributors to the ELCR for the soil exposure pathways are dioxins (ranging 
from 61 to 69 percent of the RME ELCR estimates) and PCBs (ranging from 14 to 17 percent) 
[Table D.4.5-2].  For the plant consumption pathway, in addition to dioxins, PCBs (9 to 
13 percent), BaP (15 to 22 percent), and methylene chloride (13 to 19 percent) are primary 
contributors to the ELCRs.  The primary contributors to the ELCRs for NSGW exposure is 
arsenic, contributing 86 percent.  The primary contributor to the ELCRs for the indoor air 
and ambient air exposure pathways from the migration of volatile groundwater COPCs is 
TCE (97 percent of the ELCR estimates).  Dioxins and BaP were the primary contributors to 
the ELCRs for the sediment exposure pathways, contributing 56 to 75 percent and 13 to 
22 percent of the totals, respectively.  Dioxins contributed 93 to 99 percent of the ELCRs for 
the surface water exposure pathways.   

The following exposure scenarios for the R-2 Ponds Area exceed the regulatory threshold 
values for non-cancer COPCs:  

 Hypothetical future adult and child residents–plant consumption 

 Hypothetical future adult and child residents exposed to NSGW (domestic use) 

 Hypothetical future residents, industrial workers, and recreationists exposed to surface 
water.  

The primary contributor to the HI for the plant consumption pathway is formaldehyde 
(ranging from 98 to 99 percent).  The primary contributors to the HI for the NSGW pathway 
are arsenic (22 percent of the ELCR estimates), antimony (17 percent), and cobalt 
(18 percent). Dioxins contributed 93 to 99 percent of the ELCRs for the surface water 
exposure pathways. 
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The following exposure scenarios for the R-2 Ponds Area are less than the regulatory 
threshold value for non-cancer COPCs:  

 Hypothetical future adult and child residents exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult and child residents exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 2 ft bgs) 

 Hypothetical future adult industrial worker exposed to soil (0 to 10 ft bgs) 

 Hypothetical future adult and child recreationists exposed to soil (0 to 2 ft bgs)  

 Hypothetical future residents, industrial workers, and recreationists exposed to ambient 
air (migration of volatile groundwater COPCs) and industrial workers, and 
recreationists exposed to indoor air (migration of volatile groundwater COPCs) 

 Hypothetical future residents, industrial workers, and recreationists exposed to ambient 
air (migration of soil vapor COPCs) 

 Hypothetical future adult and child residents and recreationists and adult industrial 
workers exposed to sediment (0 to 2 ft bgs) 

As described in Sections 1.5.3.6 and 3.7.4, there is a degree of uncertainty associated with 
these risk estimates that should be considered before risk management decisions are made. 

4.9.2.2 Summary of Ecological Risks 

Of the soil analytes that were evaluated, dioxin/furan and co-planar PCBs were retained 
based on having a low to medium risk.  Dioxin/furans are most elevated in R2BS1004, 
located along the western side of the R-2 B Pond, and R2BS1009, located along the eastern 
side of the R-2 B Pond.  

Of the soil vapor analytes that were evaluated, no analytes were retained as COECs.   

Dioxin/furans (based on TEQs for birds and fish) were found to pose medium to medium-
high risks to the receptors evaluated in sediment in the R-2 Ponds Area and were retained as 
COECs.  Dioxin/furans were most elevated in samples collected from the R-2 B Pond and 
the western side of R-2 A Pond (R2FS01 through R2FS03).  

Estimated risks for COECs in surface water at the R-2 Ponds Area were in the Medium 
(manganese) and Medium-high (dioxin/furans and boron) risk ranges.  The most elevated 
concentrations appear to be from samples collected near the R-2 B Pond.  Dioxin/furans 
were highest in R2SW1002, while manganese and boron were most elevated in R2SW1007.  

4.9.3 Recommendations for R-2 Ponds Area 

Potentially significant human health risks were identified for 2,3,7, 8-TCDD in soil (0 to 2 ft 
bgs and 0 to 10 ft bgs).  It is recommended that the localized extent of 2,3,7,8-TCDD TEQ 
(dioxins and furans) in soil be confirmed.  After confirmation of the extent of contamination, 
removal of soils with elevated concentrations of 2,3,7,8-TCDD TEQ (dioxins and furans) are 
recommended at this location to reduce human health risks. 
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Potentially significant human health risks were identified for arsenic, antimony, cobalt, and 
TCE in NSGW (domestic use) direct exposure pathways. It is recommended that the 
presence of arsenic, antimony, and cobalt in groundwater at the R-2 Ponds Area be further 
evaluated following the revision of the SSFL background data set. Potentially significant 
human health risks were identified for TCE in NSGW (migration to indoor air) exposure 
pathways.  Additional soil gas sampling for VOCs is recommended at the R-2 Ponds Area. 

Potentially significant human health risks were identified for 2,3,7,8-TCDD TEQ, PCB TEQ, 
BaP, methylene chloride, and formaldehyde in soil (0 to 2 ft bgs) for the plant consumption 
pathway for a potential future residential scenario.  It is recommended that the plant 
consumption pathway be further evaluated with the agricultural-based residential exposure 
scenario.  The agricultural-based residential exposure scenario will be evaluated at a later 
date.   

The ERA identified dioxin/furans as COECs in sediment and surface water.  Additionally, 
boron and manganese also were retained as COECs in surface water.   

Additional sampling to supplement the current soil, sediment, and surface water data sets 
may be appropriate.  However, removal of soil and/or sediment with elevated 
concentrations in areas with elevated COEC concentrations is recommended within the  
R-2 Ponds Area to reduce ecological risks. 

 

 



 

MGM09-SSFL/GROUP_9 RI/SECTION5.DOC DRAFT 5-1 

5. Group 9 RI Summary  

5.1 Summary of RI Findings for Group 9 

The data presented in this document from the historical review and nature and extent of 
contamination review have provided sufficient information to gather the necessary data to 
support the FS.  Additional data are recommended to further evaluate the extent of 
contamination to support FS evaluations.  Furthermore, additional groundwater sampling 
during the wet season, and surface media sampling within and downgradient of the 
Group 9 Area, are proposed. 

5.2.1  Silvernale Reservoir Area 

To evaluate the nature and extent of potential contaminants at the Silvernale Reservoir Area, 
36 sediment, 53 surface soil, 28 subsurface soil, 9 surface water, and 11 soil gas samples were 
collected.  The surface soil data are indicative of contaminant migration in the drainage 
leading into Silvernale Reservoir.  Additional sampling for chromium, silver, and PCBs may 
be warranted in the surface soil media to further characterize this site.  Additional 
subsurface soil sampling, if warranted, would be to horizontally bind the subsurface 
exceedances to identify any impacts from upgradient RI areas.  Within Silvernale Reservoir 
and the potential dredge area, the vertical and horizontal extent of impacts has been 
investigated adequately.   

5.2.2  Coca/Delta Fuel Farm Area 

To evaluate the nature and extent of potential contaminants at the CDFF Area, 69 surface 
soil, 41 subsurface soil, 2 surface water, and 8 soil gas samples were collected.  The surface 
soil data are indicative of contaminant migration in the westerly-southwesterly direction, 
which is downgradient from the primary CDFF operations.  It also suggests that 
constituents may be migrating along the western drainage ditch leading to the R-2 Ponds 
Area.  Additional sampling for dioxins, PCBs, and TPHs may be warranted in the surface 
soil media to further characterize this site.  Additional subsurface soil sampling, if 
warranted, would be to horizontally bind the subsurface exceedances or potential surface 
soil exceedances reported from forecasted sampling efforts.  Additional sampling for 
SVOCs, VOCs, and DROs (C14-C20) may be warranted to the north; however, the likely 
source of these exceedances is the CDFF AST basin, from which migration would be in a 
southwesterly direction, and characterization in that direction has been evaluated 
adequately.  Horizontal extent sampling may be warranted in the northerly and 
southeasterly directions for VOCs in the soil vapor media.   

5.2.3  R-2 Ponds Area 

To evaluate the nature and extent of potential contaminants at the R-2 Ponds Area, 20 
surface soil, 11 subsurface soil, 25 sediment, 13 surface water, and 2 soil gas samples were 
collected.  Additional surface soil sampling south of the R-2 Ponds Area might be warranted 
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to further characterize the extent of PCBs and VOCs in the surface soil.  Because sediments 
at this site are bound physically to the ponds in this area, the extent of potential 
contaminants in the sediment matrix at this site has been evaluated adequately.  Similarly, 
the surface water at this site, when present, has been characterized adequately.  However, to 
evaluate the potential downgradient migration of the exceedances detected, additional 
surface soil and sediment (if applicable) sampling may be warranted, in particular, to 
evaluate the potential migration of aluminum, manganese, molybdenum, selenium, and 
vanadium.  Subsurface soil samples were collected at or near the bedrock interface, so the 
vertical extent sampling has been investigated sufficiently.  Additional subsurface soil 
sampling, if warranted, would be to horizontally bind the subsurface exceedances or 
vertically bind any exceedances detected during future surface soil sampling.   

5.3 Recommendations for Consideration during FS, Human 
Health Risk Summary and COCs by Media and Receptors 

Several chemicals signficantly contribute to the estimated human health risk and hazards 
for the exposure areas in the Group 9 Reporting Area.  The identified chemial risk drivers 
(also refered as the COCs), and their associated risk and hazard estimates, are used as a 
basis for the FS site action recommendations.  The HHRA COCs for the Group 9 Reporting 
Area are summarized in Table 5.2-1. 

Note that the HHRA included an evaluation of the plant consumption pathway for a 
hypothetical future residential exposure scenario.  Although elevated human health risks 
were estimated for some of the Group 9 sites for this pathway, no site action 
recommendations were identified based on this pathway because of the high uncertainties 
associated with plant uptake modeling.  It is recommended that the plant consumption 
pathway be further evaluated with the agricultural residential exposure scenario once the 
protocol for evaluating this exposure has been established in consultation with DTSC. 

5.3.1  Silvernale Reservoir Area 

On the basis of the results of the HHRA, the Silvernale Reservoir Area requires further 
evaluation in the FS.  The total ELCR is within or exceeds the regulatory risk range (1 x 10-6 
to 1 x 10-4) for one or more exposure scenarios for soil at two depth intervals (0 to 2 and 0 to 
10 ft bgs).  The total HI also exceeds the regulatory threshold of 1 for one or more exposure 
scenarios for soil (0 to 10 ft bgs).  The primary COCs for the Silvernale Reservoir Area are 
Aroclor-1254 and arsenic in soil (0 to 10 ft bgs). 

While the HRA identified that the NSGW poses an unacceptable risk to future potential 
residential receptors, COCs in groundwater (TCE and methylene chloride) will be 
addressed in the forthcoming SSFL-wide Groundwater Remedial Investigation Report.  It is 
recommended that groundwater at the Silvernale Reservoir be further evaluated following 
the revision of the SSFL background data set.   

Potentially significant human health risks were identified for arsenic, Arcolor-1254, 
Aroclor-1248, BaP, formaldehyde, and silver in soil (0 to 10 ft bgs) for the plant consumption 
pathway for a potential future residential scenario.  It is recommended that the plant 
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consumption pathway be further evaluated with the agricultural-based residential exposure 
scenario. 

5.3.2  Coca/Delta Fuel Farm Area 

On the basis of the results of the HHRA, the CDFF area requires further evaluation in the FS.  
The total ELCR is within or exceeds the regulatory risk range (1 x 10-6 to 1 x 10-4) for one or 
more exposure scenarios for soil at two depth intervals (0 to 2 ft bgs and 0 to 10 ft bgs).  The 
total HI also exceeds the regulatory threshold of 1 for one or more exposure scenarios for 
surface soil (0 to 2 ft bgs).  The primary COCs for the CDFF area are Aroclor-1254, arsenic, 
antimony, BaP, cobalt, dioxins/furans (based on 2,3,7,8-TCDD TEQ concentrations), and 
methylene chloride, in soil (0 to 2 ft bgs) and dioxins/furans in soil (0 to 10 ft bgs). 

Potentially significant human health risks were identified for 2, 3, 7, 8-TCDD TEQ in soil (0 
to 2 ft bgs and 0 to 10 ft bgs).  It is recommended that the localized extent of 2, 3, 7, 8-TCDD 
TEQ (dioxins and furans) in soil be confirmed.  After confirmation of the extent of 
contamination, removal of soils with elevated concentrations of 2, 3, 7, 8-TCDD TEQ 
(dioxins and furans) are recommended at this location to reduce human health risks.   

Potentially significant human health risks were identified for arsenic, antimony, cobalt, and 
TCE exposure via the NSGW (domestic use) direct exposure pathways.  It is recommended 
that the presence of arsenic, antimony, and cobalt in groundwater at the CDFF be further 
evaluated following the revision of the SSFL background data set.   

Potentially significant human health risks were identified for acetone, Arcolor-1254, BaP, 
methylene chloride, and acetone in soil (0 to 2 ft bgs) for the plant consumption pathway for 
a potential future residential scenario.  It is recommended that the plant consumption 
pathway be further evaluated with the agricultural-based residential exposure scenario. 

5.3.3  R-2 Ponds Area 

On the basis of the results of the HHRA, the R-2 ponds area requires further evaluation in 
the FS.  The total ELCR is within or exceeds the regulatory risk range (1 x 10-6 to 1 x 10-4) for 
one or more exposure scenarios for soil at two depth intervals (0 to 2 ft bgs and 0 to 10 ft 
bgs).  The total HI also exceeds the regulatory threshold of 1 for one or more exposure 
scenarios for surface soil (0 to 2 ft bgs).  The primary COCs for the R-2 Ponds Area are 
arsenic, antimony, BaP, cobalt, dioxins/furans (based on 2,3,7,8-TCDD TEQ concentrations), 
formaldehyde, PCBs, and methylene chloride, in soil (0 to 2 ft bgs) and dioxins/furans in 
soil (0 to 10 ft bgs). 

Potentially significant human health risks were identified for 2, 3, 7, 8-TCDD in soil (0 to 2 ft 
bgs and 0 to10 ft bgs).  It is recommended that the localized extent of 2, 3, 7, 8-TCDD TEQ 
(dioxins and furans) in soil be confirmed.  After confirmation of the extent of contamination, 
removal of soils with elevated concentrations of 2, 3, 7, 8-TCDD TEQ (dioxins and furans) is 
recommended at this location to reduce human health risks.   

Potentially significant human health risks were identified for arsenic, antimony, cobalt, and 
TCE in NSGW (domestic use) direct exposure pathways.  It is recommended that the 
presence of arsenic, antimony, and cobalt in groundwater at the R-2 Ponds Area be further 
evaluated following the revision of the SSFL background data set. Potentially significant 
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human health risks were identified for TCE in NSGW (migration to indoor air) exposure 
pathways.  Additional soil gas sampling for VOCs is recommended at the R-2 Ponds Area. 

Potentially significant human health risks were identified for 2,3,7,8-TCDD TEQ and BaP in 
sediment and surface water for each of the three exposure scenarios evaluated.  It is 
recommended that an additional investigation be performed to assess 2,3,7,8-TCDD TEQ 
and BaP in surface water and sediment.  

Potentially significant human health risks were identified for 2,3,7,8-TCDD TEQ, PCB TEQ, 
BaP, methylene chloride, and formaldehyde in soil (0 to 2 ft bgs) for the plant consumption 
pathway for a potential future residential scenario.  It is recommended that the plant 
consumption pathway be further evaluated with the agricultural-based residential exposure 
scenario.   

5.4 FS Recommendations for Group 9 

A combination of literature-based and site-specific data were used to evaluate risks to 
ecological receptors at the three sites located in Group 9.  Both aquatic and terrestrial 
habitats were evaluated as appropriate.  Receptor groups included soil invertebrates, 
benthic invertebrates, aquatic organisms, birds (hermit thrush, red-tailed hawks, and great 
blue heron), 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, 
sediment, and/or surface water.  In addition, inhalation exposure of deer mice (as a 
representative burrowing animal) to contaminants in soil vapor was evaluated.  It should be 
noted that aquatic habitat was not present at CDFF and therefore only terrestrial receptors 
were included for that site.  The results of the ecological risk evaluation for Group 9 are 
summarized in Table 5.4-1.   

Initial screens identified 10 inorganics (barium, boron, cadmium, chromium, copper, iron, 
mercury, silver, perchlorate, and zinc), dioxin/furan and PCB congeners, 1 pesticide 
(4,4-DDT), and 3 VOCs (2-chloroethyl vinyl ether, acetone, and formaldehyde) as potential 
risk drivers in soil (Table 5.4-1).  No VOCs were identified as potential risk drivers in soil 
vapor.  In surface water, dioxin/furans, 10 inorganics (aluminum, dissolved; barium, 
dissolved; beryllium; boron, dissolved; cadmium, dissolved; copper, dissolved; iron, 
dissolved; lead, dissolved; manganese, dissolved; and silver, dissolved), 2 pesticides (endrin 
and heptachlor), and 1 VOC (hexachlorobutadiene) were identified as potential risk drivers.  
Potential risk drivers in sediment included 5 inorganics (barium, copper, lead, mercury, and 
zinc), dioxn/furan congeners, Aroclor-1254, DioxinFuranPCB_TEQs and PCB_TEQs, 2 
pesticides (4,4-DDE and dieldrin), 3 PAHs (benzo(k)fluoranthene, dibenzo(a,h)anthracene, 
and indeno(1,2,3-cd)pyrene), and 4 phthalates (butyl benzyl phthalate, di-n-butyl phthalate, 
di-n-octyl phthalate, and dimethyl phthalate).  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 dioxin/furan and PCB 
congeners in soil; dioxin/furans, dissolved boron, and dissolved manganese in surface 
water; and dioxin/furans (DioxinFuranPCB_TEQs and PCB_TEQs) in sediments.  These 



5.  GROUP 9 RI SUMMARY 

MGM09-SSFL/GROUP_9 RI/SECTION5.DOC DRAFT 5-5 

generally were retained based on a high magnitude of exceedance.  These significant risk 
drivers should be carried forward for additional evaluation as part of the FS.   

Each Group 9 RI sites had unacceptable risks identified for at least one receptor from at least 
one COC.  Unacceptable risk from dioxin/furans and PCB congeners in soil to the hermit 
thrush and deer mouse was identified at the CDFF and R-2 Ponds.  Chromium, copper, 
silver, perchlorate, Aroclor-1254, and Aroclor-1260 were retained as COCs in soil for the 
Silvernale Reservoir.  Dioxin/furan congeners present a risk to benthic invertebrates in 
sediment and aquatic organisms in surface water at the R-2 Ponds.  DioxinFuranPCB_TEQs 
and PCB_TEQs were retained as COCs on a limited basis in sediment at the Silvernale 
Reservoir because they exceeded the TRVs for benthic macroinvertebrates only.  Dissolved 
boron and manganese in surface water also were identified as posing potential risk to 
aquatic organisms at the R-2 Ponds.  Aluminum, barium, boron, cadmium, and manganese 
were retained as COCs at the Silvernale Reservoir because most detections exceeded the 
surface water TRVs (Table 5.4-1). 
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