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KEY TERMS DEFINED

Analyte A substance being identified and measured.

Background Sites Background sites are areas that have similar characteristics as
the area being studied, but are not impacted by the potential
contaminant source. Used for purposes of comparison.

Contaminant The word “contaminant” has a somewhat different connotation
for environmental scientists than it does in common speech. In
an environmental study, “contaminant” generally refers to any
physical, chemical, biological, or radiological substance present
in soil or water. Because the term includes even the most
minute quantity of these substances, the presence of
contaminants does not necessarily indicate a health risk.

Data Gap Analysis A review of previous environmental studies to determine if any
additional testing or improved technologies should be utilized
to enhance the study of the area in question.

Gamma Radiation A type of energy emitted from both natural and artificial
sources. Natural sources include the decay of naturally
occurring radioisotopes, as well as cosmic rays that strike the
Earth’s surface. Artificial sources can include fission from
nuclear reactors, fallout from nuclear weapons tests, or high-
energy physics experiments.

Health Risk Evaluation An analysis that combines environmental data with information
about how the property is used to calculate a single number
representing the risk posed to site users. Risk levels are
presented as a probability that a site user could be affected by
environmental conditions. Where the contaminants of concern
are potential carcinogens, EPA generally considers a site with a
risk level less than 1 in 1,000,000 to be acceptable.

Northern Buffer Zone 170-acre area of remote, undeveloped land at the border
between SSFL and BBC, approximately two miles from the
center of camp. Rough terrain makes this the Northern Buffer
Zone very difficult to access. This property did not belong to
BBC before 1972 and was sold to Boeing in the mid-1990s.

Radiological Study Any study intended to discover the presence of radioactive
substances in the environment.
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EXECUTIVE SUMMARY

This Technical Memorandum presents the results of an environmental and radiological investigation and
health risk evaluation performed by Tetra Tech, Inc. (Tetra Tech) at the Brandeis-Bardin Campus (BBC)
located in the Simi Valley, California. The BBC is situated in close proximity to the Santa Susana Field
Laboratory (SSFL), a former nuclear and rocket testing facility. Operations at the SSFL are known to have
released chemical and radiological contaminants into the environment, and the SSFL has been undergoing
extensive investigation and remediation for several decades under the oversight of both the
Environmental Protection Agency (EPA) and the California Department of Toxic Substances Control
(DTSC). The SSFL investigation has assessed contamination both on and off-site, and investigations to date
have uniformly found that contaminants originating from the SSFL have not migrated to the BBC in a
manner that creates a health risk for campers, residents, or other BBC visitors.

Tetra Tech was retained as a third party consultant to (1) perform a detailed review of existing
environmental, chemical and radiological studies conducted within and outside the BBC property
boundary; (2) determine if any additional testing or improved technologies should be utilized to enhance
the study of the BBC (data gap analysis); (3) develop a strategy for further site testing; (4) execute the
further site testing; and (5) evaluate the risk posed to campers, residents, and visitors of the BBC using
newly-collected data.

Tetra Tech conducted a comprehensive literature review on all available relevant information and
environmental investigations which have been conducted at the SSFL and associated off-site areas,
including those conducted by EPA, Cal EPA, DTSC, Brandeis-Bardin and others at the BBC since 1992. This,
and all other studies consistently concluded that environmental conditions at the BBC posed no risk to
users of the site. Tetra Tech then conducted a critical evaluation of the existing studies to identify any
additional testing protocols that might augment the work that had already done. While these studies
presented no data gaps of concern, as a matter of assurance, Tetra Tech recommended, and subsequently
performed, both a continuous GPS-based gamma radiation survey and soil sampling on the BBC property.

The mobile GPS-based gamma radiation survey, a technology not available when previous investigations
were conducted, was performed over the entirety of the camp area as well as in the drainage areas leading
from the Northern Buffer Zone toward the center of the BBC property. This survey showed no statistically
significant difference in gamma radiation readings compared with background levels (or naturally
occurring levels). Soil samples taken from the primary usage areas and the drainage areas were also tested
for a suite of radiological and chemical analytes. Strontium-90 (Sr-90), a radionuclide that has become
ubiquitous in soil globally due to atmospheric nuclear weapons testing fallout, was detected at an average
concentration of 0.0817 pCi/g, with a range from non-detect (<0.075 pCi/g) to 0.182 pCi/g. Tetra Tech
evaluated the risk to campers and other site users based on a series of highly conservative assumptions,
including that the highest detected concentration of Sr-90 represented all soil on the property. This
analysis concluded that the risk to human health caused by Sr-90 (.043 in 1,000,000 excess cancer risk) is
less than one-twentieth the risk level that DTSC and EPA consider acceptable (1 in 1,000,000 excess cancer
risk). All other analytes tested were found to be below background levels.

Tetra Tech’s risk evaluation is consistent with prior risk assessments for off-site areas that found no
appreciable risks at the BBC through soil exposure pathways. It demonstrates that human health risks
associated with BBC soils are well below levels of concern and are consistent with background levels. Tetra
Tech’s risk evaluation, literature review, and background comparison analysis of all available site data
indicate that the environmental and radiological conditions at the BBC pose no unacceptable human
health risk to campers, camp counselors, visitors, or residents at the site.

Radiological and Soil Sampling Investigation ES-1 103P4383
American Jewish University



1.0 INTRODUCTION

This Technical Memorandum presents the results of a critical document review, data gap analysis, and site
testing performed by Tetra Tech Inc. (Tetra Tech) as a third-party professional consulting firm on behalf of
the American Jewish University (AJU). Tetra Tech was tasked with analyzing and evaluating available
information collected to date at the Brandeis-Bardin Campus (BBC) located in Ventura County, California,
then recommending and performing further site testing to characterize any environmental health risks
associated with the use of the BBC facility. Tetra Tech also conducted a radiological and soil investigation.

The BBC s in close proximity to the Santa Susana Field Laboratory (SSFL), a former nuclear and rocket science
research facility that has been the subject of multiple environmental investigations under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the Resource
Conservation and Recovery Act (RCRA). The objective of this investigation was to identify whether the BBC
property is impacted by contaminants originating from the SSFL at levels that pose an unacceptable risk to
the campers, residents, and visitors of the BBC property. As described in this Technical Memorandum, Tetra
Tech conducted a literature review and data gap analysis, radiological and soil sampling investigation, and
risk evaluation using published risk-based screening values. As set forth in Section 8.0 below, the results of
this investigation indicate that the environmental and radiological conditions at the BBC pose no
unacceptable human health risk to campers, camp counselors, visitors, or residents at the site.

1.1 SITE LOCATION AND BACKGROUND

Originally founded by Dr. Shlomo Bardin in 1941, the Brandeis Camp Institute (BCl) was named to honor
the first Jewish United States Supreme Court Justice, Louis D. Brandeis, and was originally located in
various states, including New Hampshire, Pennsylvania, and North Carolina. In 1947, the BCI purchased
land in the foothills of the Santa Susana Mountains in Ventura County, California. In 1953, Dr. Bardin
established Camp Alonim as residential summer camp for children. The camp witnessed expansion of
youth programs and unprecedented growth of its adult retreat and Shabbat afternoon programming in
the 1970s and 1980s. In the 2000s, the campus began to focus on experiential and environmental
programming in partnerships with a variety of institutions in Southern California and throughout North
America.

In 2007, the Brandeis-Bardin Institute (BBI) merged with the University of Judaism to become the AJU.
The Ventura County property is known today as the BBC of the AJU (referred to as the BBC throughout
the rest of this Technical Memorandum). The AJU acquired the campus in 2007 after internal due diligence
had been conducted on the environmental conditions of the property.

The BBC is situated to the south of Simi Valley located in Ventura County, California. The BBC currently
encompasses 2,878 acres and is zoned as rural agricultural; however, the property is also used for camping
and hiking. Figure 1 provides a regional location map showing the BBC with respect to the Simi Valley and
the State of California.

Radiological and Soil Sampling Investigation 1 103P4383
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The SSFL, a former nuclear and rocket testing facility, is located directly adjacent and to the south of the
BBC. The SSFL was built many years prior to the significant urban sprawl that currently surrounds it. Before
it was developed, the SSFL was used for ranching. Development of the land started in 1948 by North
American Aviation, a predecessor of Boeing (Environmental Protection Agency [EPA] 2007). The main
operations at the SSFL included research, development, and testing of liquid fueled rocket engines. Prior
to 1996, Rocketdyne and the Rockwell International Corporation operated at the site. Post-1996, the site
was operated by Boeing, the National Aeronautics and Space Administration (NASA), and the Department
of Energy (DOE).

The SSFL is divided into four administrative areas (Area |, Area Il, Area lll, and Area IV) and a buffer zone.
Nuclear-related operations were conducted at the SSFL Area IV from 1953 until 1988, with non-nuclear
operations continuing through 1998. During and after the period of Area IV operations, buildings and land
in the radiological areas were decommissioned, and, if necessary, remediated, surveyed, verified, and
released by the appropriate regulatory agencies including the Energy Research and Development
Administration, the DOE, the Nuclear Regulatory Commission (NRC), and the California Department of
Health Services (DHS). The buildings and soil have been decommissioned and released using applicable
regulatory standards as authorized by Congress and the State of California (Sapere 2005). Table 1 provides
the surface area and current ownership for the SSFL (EPA 2007).

Table 1 Summary of SSFL Administrative Areas Current Ownership

SSFL Administrative Area Surface Area (acres) Ownership
Area | 670 Boeing/NASA
Area ll 409 NASA
Area lll 114 Boeing
Area IV 290 Boeing/DOE

Multiple operations at the SSFL over the last six decades have resulted in contamination of surface and
subsurface environmental media by various hazardous substances (EPA 2007) with the areas of the SSFL.
Numerous investigations have been conducted throughout all four areas at the SSFL site over the past
three decades (EPA 2007; MWH 2007).

The SSFL was identified as a potential hazardous waste site and entered into the Comprehensive
Environmental Response, Compensation, and Liability Information System in 1980. The SSFL is listed in
the Resource Conservation and Recovery Information System database as a Treatment, Storage and
Disposal Facility. Since 1980, EPA has conducted investigations at various locations throughout the SSFL.
EPA completed the preliminary assessment and visual site inspection portions of the RCRA Facility
Assessment in 1994. Under the authority of CERCLA and the Superfund Amendments and Reauthorization
Act of 1986, a contractor (Weston Solutions Inc. [Weston]) was tasked to conduct a site inspection (SI) of
Area IV (also referred to as the Energy Technology Engineering Center). The Sl report on Area IV was
completed in 2003 (Weston 2003). In 2007, all of the SSFL locations (Area 1 through Area IV) were
combined into a parent site to allow EPA to evaluate the entire site as a single entity. Weston conducted
a preliminary assessment/site inspection (PA/SI) of the SSFL, which was completed in November 2007. A
number of other PA/SI investigations and reports have been conducted for selected areas within Area IV
as early as 1989.

Radiological and Soil Sampling Investigation 3 103P4383
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All properties located adjacent to the SSFL are referred to as “off-site” properties in this Technical
Memorandum. There are six off-site areas adjacent to the SSFL, including the BBC, summarized in Table 2.
The primary area of focus for this investigation is the BBC; however, careful consideration has also been
given to the available regional data from the SSFL itself and within the other off-site areas.

Table 2 Summary of Off-Site Areas Adjacent to the Santa Susana Field Laboratory

Offsite Property Name Property Size (acres) GeographicSI;iILation ot
Brandeis-Bardin Campus 2,354 North/Northwest
Runkle Canyon 1,523 West/Northwest
Bell Canyon 1,673 South
Sage Ranch 512 Northeast
Ahmanson Ranch 5,449 South/Southwest
Dayton Canyon 358 East

The BBC is located to the north and is hydrologically and hydraulically downgradient of the SSFL. In
addition to the BBC, there are a number of off-site areas adjacent to or near the SSFL that have been the
subject of one or more off-site environmental investigations (MWH 2007). Other off-site areas include:
Santa Monica Mountains Conservancy’s Sage Ranch, Black Canyon, Woolsey Canyon, Dayton Canyon,
Chatsworth Reservoir, Bell Canyon, Ahmanson Ranch, and Runkle Canyon. Many of these properties have
undergone a number of changes in ownership and name since environmental investigations have begun
around the SSFL.

The California Department of Toxic Substances Control (DTSC) is the lead regulatory agency overseeing
the investigation and cleanup of contaminated soil and groundwater at the SSFL. Multiple state, federal,
and local government agencies also play a role in the cleanup under way at the SSFL site. Independent
sampling of the off-site areas has been conducted in the past by a number of organizations, including but
not limited to the following (DTSC 2016):

o Allwest Remediation for Dayton Canyon

e Argonne National Laboratory

e (California DHS Environmental Management Branch

e (California DHS Radiologic Health Branch

e EPA Office of Radiation and Indoor Air

e Essential Management Services for L.A. Department of Water and Power

e Foster Wheeler Environmental Corporation for Runkle Canyon

e  Groundwater Resources Corporation. Later became Haley & Aldrich

e Joel Cehn as a consultant to the BBI

e Kleinfelder Corporation for Ahmanson Ranch Development

e Lawrence Livermore National Laboratory for the Rocketdyne Recreation Center

e Mclaren - Hart Environmental Engineering Corporation (McLaren-Hart) for the Brandeis-Bardin
and Santa Monica Mountains Conservancy

Radiological and Soil Sampling Investigation 4 103P4383
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e Miller Brooks Environmental Incorporated for Runkle Canyon

e MHW

e (Oak Ridge Associated Universities

e (Oak Ridge Institute of Science and Education for radiological release verification sampling
e Ogden Environmental and Energy Services for Bell Canyon

e QST Environmental Incorporate for Runkle Canyon

e Regional Water Quality Control Board (RWQCB)

Rocketdyne began its off-site study at the BBC in 1992. Two multi-media studies were conducted at BBC
and at Sage Ranch in 1992 and 1994, as discussed in Section 4.2 and Section 5.1. In addition to
Rocketdyne’s quality assurance (QA) program, EPA and DHS and BBI analyzed more than 40 split samples
that Rocketdyne also analyzed. Soil and sediment monitoring studies were conducted in four main areas
off the SSFL site. These areas include the BBI (MclLaren-Hart 1993; 1995), the Santa Monica Mountains
Conservancy (MclLaren-Hart 1993; 1995), Ahmanson Ranch (Kleinfelder 2000), and the Bell Canyon areas
(Ogden 1998). The focus of this investigation is specifically with the BBC; however, the reports from the
other off-site areas were evaluated to identify information pertinent to the condition of the BBC. During
the 1992 and 1994 studies, contamination was discovered in the region of the BBC referred to now as the
Northern Buffer Zone (NBZ), a strip of land immediately adjacent to the SSFL and approximately
1.5-2 miles from BBC’s main camp areas. EPA reported the results of this study confirmed the presence of
radionuclides on the BBC, Boeing subsequently purchased the parcel of land containing these areas with
observed contamination from the BBl in 1997. EPA determined that the radionuclides found in the NBZ of
the BBC do not pose a threat to human health or the environment (EPA 1995).

The primary human activity centers for the BBC were identified through risk evaluation surveys by AJU
field personnel during a site visit in February 2016 (Tetra Tech 2016). The SSFL is on a topographic high
within the Simi Valley and is hydrologically upgradient of the BBC. A portion of the natural ephemeral
drainage channels from the SSFL flow onto and through the BBC. In 2013, Boeing completed its Interim
Source Removal Action to improve water quality in two drainage locations in the northern (leading to the
BBC) and the southeastern portions of the SSFL. Additionally, Boeing utilizes both active and passive
treatment technologies as part of their water management strategy aimed at improving water quality that
exits the SSFL.

Figure 2 provides a map showing the primary off-site areas in relation to the SSFL, Area IV, and the NBZ.
Figure 3 provides a detailed map showing the primary human activity centers within the BBC main area
and the primary drainages identified by Tetra Tech that flow through the BBC. The hydrologic and geologic
conditions of the BBC, SSFL, and surrounding areas are described in the following Section 1.2

Radiological and Soil Sampling Investigation 5 103P4383
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1.2 HYDROLOGIC AND GEOLOGIC SETTING

The BBC is located in a semiarid region of California where precipitation averages approximately 18 inches
per year. Available regional data shows few perennial surface water features within the regional study
area. In less arid environments, perennial stream flow is often sustained by groundwater discharge during
the drier seasons (summer) and contributes to the total stream flow during wetter seasons (AquaResource
2007). The BBC is located hydrologically downgradient of a portion of the SSFL to the northwest. A map
showing the primary drainages identified by Tetra Tech that flow through the BBC property are shown in
Figure 4. Additionally, the regional drainages are shown in blue using information from the National
Hydrography Dataset.

Most surface water that collects and drains at the SSFL is intermittent and is conveyed off site via one of
four drainages; Northwestern Drainage, the Northern Drainage, the Happy Valley Drainage, and the Bell
Creek Drainage. The majority of the surface water (estimated at greater than 60 percent) from the SSFL
runs off the southern property boundary through Bell Canyon and into Bell Creek, which subsequently
discharges into the Los Angeles River (MWH 2007). Historically, the remaining 40 percent of the runoff
from the SSFL drains toward the BBC. As described in Section 1.1, Boeing has implemented stormwater
management strategies since 2012 including removal action and both active and passive treatment
technologies that improves the water quality of stormwater exiting the SSFL prior to draining to off-site
areas, including the BBC. The SSFL is located on a local topographic high 800 to 900 feet above the
surrounding valleys, and the groundwater from the SSFL migrates from the site downhill to the Simi Valley
and the San Fernando Valley (EPA 2007).

There are two primary geologic formations within the BBC: the Chatsworth formation, and the Santa
Susana formation. The Chatsworth formation consists of three unnamed members deposited in the late
Cretaceous by turbidity currents in deep ocean at depths ranging from 4,000 feet to 5,000 feet. The
Chatsworth formation is a fractured and faulted sandstone with interbeds of siltstones, mudstones, and
shales (AquaResource 2007). This formation is the primary water-bearing formation underlying the SSFL
(Cherry and others 2007). The Chatsworth formation underlies approximately 80 percent of Area IV and
is composed primarily of sandstone interbedded with siltstone and shale (CDM Smith [CDM] 2015).
Surface runoff may be stored and transmitted from the shallow groundwater system to the underlying
Chatsworth Formation. Depth to water ranges from 2 feet to 35 feet below ground surface. Groundwater
elevations are season and location dependent.

The Santa Susana formation underlies the southwestern-most portion of the Area IV study area and the
majority of the BBC. The Santa Susana formation is composed of interbedded claystone, siltstone, and
thin sandstone layers, underlying approximately 20 percent of Area IV. A map showing the regional
geologic formations is provided in Figure 5.

Radiological and Soil Sampling Investigation 8 103P4383
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1.3 DATA QUALITY OBJECTIVES

Tetra Tech used the Data Quality Objectives (DQO) process to develop a sampling strategy to satisfy the
BBC radiological and soil investigation program objectives. The DQO process involves seven formalized
steps discussed in EPA Guidance for the Data Quality Objectives Process (EPA 1994). Figure 6 provides a
flowchart of the DQO process. The DQO process provides a useful framework for planning and
implementation of the monitoring and data collection program. The DQO process is a systematic data
collection planning process developed by EPA to ensure the right type, quality, and quantity of data are
collected to support decision making (EPA 1994). DQOs are qualitative and quantitative statements to
fulfill the following objectives:

e C(Clarify the study objectives.
o Define the most appropriate data to collect.
e Determine the most appropriate conditions for collecting the data.

e Specify acceptable levels of decision errors to be used as the basis for establishing the quantity
and quality of data needed to support the decision.

[1] State the Problem

v

[2] Identify the Decision

v

[3] Identify inputs to the
decision

v

[4] Define the study boundaries

v

[5] Develop a decision rule

v

[6] Specify limits on decision errors

v 1

[7] Optimize the design for obtaining data

Figure 6 DQO Process Flow Chart
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Application of the DQO process to this investigation involved the following six steps:

e STEP 1: State the problem — The public is concerned that SSFL operations may have resulted
in residual radiation and soil contamination at the BBC property. The property is currently in
use by the public, including camping in some open areas.

e STEP 2: I/dentify the decision — Determine whether levels of residual contamination meet the
criteria for human health based on current site use and background levels.

e STEP 3: /dentify inputs to the decision — Conduct literature review, data gap analysis and
further site investigation to both address any identified data gaps and verify current
environmental and radiological conditions. Conduct a screening level human health risk
evaluation by assessing previously collected data and, if applicable, new data collected based
on the data gap analysis.

o STEP 4: Define the study boundaries — Study boundaries included the BBC property, with focus
on the most sensitive and critical areas within the BBC including high use areas identified
through risk and exposure evaluation surveys and drainage areas flowing through the BBC
property boundary.

e STEP 5: Develop a decision rule — If concentrations of applicable radionuclides and other
contaminants associated with the SSFL in soil and sediment meet human health risk
evaluation criteria based on current site uses or are within background levels, there is no
unacceptable risk to human health.

e STEP 6: Specify the limits on decision errors — Conduct data quality review of existing data
available for the site and perform a risk evaluation on any data collected at the human activity
centers and/or drainages that exceed regional background concentrations.

The DQO process is iterative. A seventh step in the process is to evaluate the information from the
previous steps and optimize the study design for obtaining the data.

Radiological and Soil Sampling Investigation 12 103P4383
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1.4 PURPOSE AND SCcOPE OF WORK

The objective of this investigation was to evaluate the environmental condition of the BBC property to
determine whether contaminants originating from the SSFL pose unacceptable risk to the campers and
personnel on the property. This investigation was performed by (1) performing a detailed review of
existing environmental, chemical, and radiological studies conducted within and outside the BBC property
boundary; (2) identifying any gaps in existing studies, based on past practices or current technologies;
(3) developing a strategy for further site testing, both to fill in identified data gaps and to verify current
site conditions; (4) executing the further site testing; and (5) assessing the risk posed to campers,
residents, and visitors of the BBC on the basis of both existing and newly-collected data. Tetra Tech’s
conclusions and recommendations about the environmental and radiological conditions at the site with
regard to regulatory standards and human health risk are presented in Section 9.0 and Section 10.0.

Tetra Tech conducted a literature review of site assessments, historical sampling data, and available
critical studies related to the characterization of the BBC. Data quality was reviewed to verify that the
appropriate sampling methodologies, laboratory analysis, sampling locations, and sampling type were
utilized. Sampling locations were evaluated to determine whether the appropriate data density and
sampling strategies were used and to identify whether potential outfall or exposure areas had been
characterized. Additionally, statistical evaluations from past studies were reviewed to determine whether
more recent guidance for statistical analysis of environmental monitoring data was available. Conclusions
and data interpretations were also evaluated to verify that the data support the conclusions made by the
authors of previous studies.

Based on the detailed review of the studies related to the BBC, data gaps are identified in this Technical
Memorandum. Recommendations and options to fill data gaps have been provided as needed. The results
of the review and data gap analysis are presented in this Technical Memorandum.

In summary, the primary objectives of this Technical Memorandum include the following:
e Perform a critical review of existing environmental, chemical, and radiological studies conducted

within and outside the BBC property boundary.

e Provide a summary of contaminants of potential concern (COPC) identified within environmental
media at the BBC, including soil/sediment, groundwater, surface water, indoor and outdoor air
quality, and food as identified by an exposure pathway assessment.

e Determine if any additional testing or improved technologies should be utilized to enhance the
study of the BBC (data gap analysis).

e Develop a strategy for further site testing.
e Execute the further site testing.

e Assess the risk posed to campers, residents, and visitors of the BBC on the basis of both existing
and newly-collected data.

Radiological and Soil Sampling Investigation 13 103P4383
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1.5 TECH MEMORANDUM ORGANIZATION

This memorandum is organized into eleven sections. After this introduction, this memorandum includes
the following sections:

e Section 2.0, Human Exposure Pathways, provides an evaluation of the exposure pathways and
environmental media relevant to the potential for human health risk to campers, visitors, and
residents at the BBC.

e Section 3.0, Literature Review, provides the criteria used in selection of historical documents for
review and provides a summary of the documents reviewed.

e Section 4.0, Previous Background Investigations, summarizes the methodology and results of
previous background studies pertaining the BBC or SSFL.

e Section 5.0, Previous Site Investigations, summarizes selected previous site investigations,
including off-site data evaluation studies that pertain to the BBC.

e Section 6.0, Overview of Potential Contaminants from the SSFL, discusses the COPCs associated
with each environmental medium and human health exposure pathway.

e Section 7.0, Data Gap Analysis, provides an overview and the results of the data gap analysis.

e Section 8.0, 2016 Site Investigation, presents the results of 2016 radiological and soil
investigation and compares these to background levels.

e Section 9.0, Health Risk Evaluation, provides a summary of historical risk assessments for the
BBC, an overview of the screening-level risk evaluation of 2016 data collected at the BBC, results
of an exposure assessment, and results of a quantitative exposure analysis at the BBC.

e Section 10.0, Conclusions, summarizes the overall results of the investigation.

e Section 11.0, References.

Radiological and Soil Sampling Investigation 14 103P4383
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2.0 HUMAN EXPOSURE PATHWAYS

As described in Section 1.4, one purpose of this investigation is to assess whether sufficient information
related to the BBC is available to ascertain the current level of risk related to the existing environmental
and radiological conditions at the site, and to collect more field data if determined necessary by the data
gap analysis. This section presents an overview of the environmental media that could potentially
transport contaminants from the SSFL the BBC, and the potential human exposure pathways to those
media.

This investigation included a literature review focused on the available information related to the BBC.
The literature review focused on documents and historical data based on primary exposure pathways that
pose the greatest risk to campers and residents at the BBC. A health risk evaluation for the BBC is
presented in Section 9.0. Historical risk evaluations conducted at the BBC were reviewed in development
of the conceptual site model (CSM) to determine the human contact media and exposure routes to
identify likely receptors (Figure 7). A summary of the historical risk evaluations is provided in Section 9.0.
The media evaluated to determine the primary exposure pathways included: soil/sediment, groundwater,
surface water, air, and food. The following subsections describe the basis for the exposure pathway
evaluation.

2.1 SOIL AND SEDIMENT

Comprehensive investigations have been conducted at the BBC to evaluate the soil radionuclide and
chemical concentrations. The most comprehensive study was conducted in the 1990s prior to the
establishment of the BBC in 2007. Soil contamination above background levels was determined to be
present at the northern boundary of the SSFL on land subsequently purchased from the BBI by Boeing in
1997. While the other study areas in the BBC were shown to not be statistically different than background,
these study areas did not necessarily focus on the primary human activity centers at the present day
“camp site”. Further discussion on the historical sampling investigations and the respective sampling study
areas on the BBC are presented in Section 4.0 and Section 5.0. Campers, residents, and visitors potentially
contact soil and sediment as part of their normal use of BBC; therefore, soil and sediment media are
considered potential exposure routes and were evaluated as part of this investigation.

Radiological and Soil Sampling Investigation 15 103P4383
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2.2 GROUNDWATER AND SURFACE WATER

Groundwater and surface water at the BBC are not used as potable water source. Water is supplied to the
campus from the Calleguas Municipal Water District, which is strictly monitored as a drinking water
source. The AJU confirmed that no groundwater or surface water from on site is currently being utilized
for any site purpose (Tetra Tech 2016). Because campers and residents at the BBC are not exposed to
either groundwater or surface water, these media were not identified as a potential exposure routes and
were not evaluated in the quantitative exposure analysis performed by Tetra Tech. However, monitoring
wells do exist on the BBC and have been sampled at regular intervals by various organizations.
Additionally, groundwater flow modeling has been conducted in the past as outlined in AquaResource
(2007) and Cherry et al. (2007). In general, the contaminants in groundwater that have been detected at
the SSFL include trichloroethene (TCE), perchlorate, and tritium. All were detected infrequently and at low
levels. TCE and tritium are discussed in the following subsections. Surface water leaving the SSFL area is
regulated by the Los Angeles Regional Water Quality Control Board (LA RWQCB). The SSFL is regulated
under a National Pollutant Discharge Elimination System permit that specifies the levels of contaminants
that may be discharged to surface water as storm water runoff or treated groundwater that is released
from the SSFL. Effective April 1, 2015, the limits are as 5 micrograms per liter (ug/L) for TCE, 6 ug/L for
perchlorate, 20,000 picocuries per liter (pCi/L) for tritium and 8 pCi/L for strontium-90 (Sr-90) (LA RWQCB
2015).

2.3 AIR

In the past, when the SSFL was fully active, burning operations and other processes likely released
contaminants to the air. These airborne constituents, whether particles or organic chemicals, could have
traveled off site in the direction of prevailing winds at the time. However, SSFL practices have not included
direct releases to air since the 1980s. The SSFL and BBC are located within the South Coast Air Quality
Management District. Air pollution controls and permits at SSFL are regulated by the Ventura County Air
Pollution Control District. In the absence of any known sources of nearby air contaminants, air is not a
medium of concern for the BBC at this point in time, and air is accordingly not considered to be a medium
for potential exposure for this investigation.

2.4 FoobD

The BBC campus has fruit orchards, as well as cows, chickens, and goats. The fruit orchards produce
oranges, lemons, avocados, persimmons, and pears that are fed to the farm animals; the fruit is not
harvested for human consumptions. The farm animals are not raised for consumption. The cows may
produce milk, but this is not consumed by humans. Approximately 10 to 20 cows per year are sold to an
off-site vendor (Tetra Tech 2016). The chickens also produce eggs but these are not consumed by campers
or visitors to the BBC. Because residents and campers do not consume food products produced on site,
ingestion of food is not considered an exposure pathway for this investigation. However, fruit and milk
have been sampled for the presence of SSFL-related contaminants since 1993 by a private consultant hired
by Brandeis-Bardin and now the AJU. Overall, more than 10 samples of food products and vegetation have
been collected from the BBC. Most did not contain any SSFL-related contaminants. Crops and milk have
been analyzed for dioxins, perchlorate, metals, cesium, and tritium. Dioxins were not detected.
Perchlorate, metals, cesium, and tritium were found at levels consistent with background and
store-purchased food items.
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3.0 LITERATURE REVIEW

This investigation included a comprehensive literature review of environmental and radiological site
investigations or studies conducted at the BBC, including background investigations. This section presents
a summary of the literature review and selection of primary documents for a more detailed document
review as part of this investigation.

The literature review conducted by Tetra Tech focused on studies related to characterization or
assessment of soil contaminant levels at the BBC or surrounding areas. Generally, the primary pathways
for human exposure are ingestion, inhalation, dermal contact, and external exposure to soil and sediment
(Section 2.0). Therefore, the literature review focused on available information related specifically to soil
and sediment investigations conducted at the BBC. The following criteria were evaluated in selecting
documents for a more detailed review and summary as part of this investigation from the numerous
investigations related to the BBC and SSFL:

1. The investigation involved the assessment or collection of soil and sediment contaminant data at
the BBC or adjacent areas, including chemical and radionuclide laboratory analysis.

2. The investigation followed an approved work plan.

3. Data QA and quality control (QC) procedures were stringent and well documented, including
recordkeeping and documentation, data validation, and laboratory data QC.

In total, 12 primary documents met the above criteria and were evaluated as part of the literature review
and data summary process. Table 3 presents a comprehensive list of the primary documents reviewed as
part of this investigation. A detailed analysis was conducted to evaluate the previous background
investigations including both local and regional background studies related to soil and sediment
concentrations. These studies are summarized in Section 4.0. Tetra Tech reviewed the primary documents
and provides a detailed summary of each investigation and any pertinent conclusions from regulatory
agencies related to human health risk in Section 5.0.

After reviewing the available information from the primary documents, Tetra Tech developed a list of the
primary contaminations of concern (Section 6.0) and conducted a data gap analysis (Section 7.0) to
identify whether any more data were needed to accurately characterize any health risks associated with
present site uses. An overview of the data gap analysis is presented in Section 7.1 and the results of the
data gap analysis are presented in Section 7.2.
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Table 3 Summary of Primary Documents Reviewed

Title of Publication Date Prepared By Prepared For Area Evaluated
Multi-Media Sampling Report for the Brandeis- é\:slljzsr::‘:tratl
Bardin Institute and the Santa Monica Mountains 1993 X . Boeing/Rocketdyne BBC
Engineering
Conservancy .
Corporation
Additional Soil and Water Sampling The Brandeis- xs:f:‘;s:;::gl
Badin Institute and Santa Monica Mountains 1995 Engineerin Boeing/Rocketdyne BBC
Conservancy s . s
Corporation
Bell Canyon Area Soil Sampling Report Ventura . Located adjacent to
County, California, Volume | 1998 Ogden Boeing/Rocketdyne the SSFL to the south
Site Inspection Report Energy Technology
2003 West EPA SSFL and BBC
Engineering Center/Area IV Simi Hills, California eston an
Soil Background Report Santa Susana Field . SSFL and adjacent
Laboratory Ventura County, California 2005 MWH Boeing/Rocketdyne off-site properties
Preliminary Assessment/Site Inspection Report
Santa Susana Field Laboratory Simi Valley, California 2007 Weston EPA SSFL
Offsite Data Evaluation Report Santa Susana Field SSFL and adjacent
P ) . 2007 MWH Boeing/Rocketdyne off-site properties,
Laboratory Ventura County, California . .
including BBC
Final Ra(.jlologlcal Background Study Report §ant§ 2011 HydroGeologic, Inc. EPA SSFL
Susana Field Laboratory Ventura County, California (HGL)
Final Gamma Radiation Scanning Report Area IV
Radiological Study Santa Susana Field Laboratory 2012 HGL EPA SSFL
Ventura County, California
. . - Summary of Results
EPA Radlologlcal (?haracterlzatlon Study Results 2012 EPA public and Notification of
[Public Notice Document] for SSFL . X
Public Meeting
Technical Memorandum Phase 3 Chemical Data Gap
Investigation Sampling Results Subarea 7 and 2014 CDM DOE BBC/SSFL
Northern Buffer Zone in Area IV
Technical Memorandum Phase 3 Chemical Data Gap
Investlgatl?n Sampling F.{esults Go-Backs, Trfenches 2015 DM DOE BBC/SSFL
and Soil Vapor Locations Santa Susana Field
Laboratory Ventura County, California
Brandeis-Bardin Institute and American Jewish 1991-
University Private Consultant (Joel Cehn) Assorted Joel Cehn BBI/AJU BBC
. . Present
Technical Memorandums and Laboratory Reporting
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4.0 PREVIOUS BACKGROUND INVESTIGATIONS

A number of local and regional soil background investigations have been conducted at the SSFL and off-
site areas, including the BBC. This section presents an overview of background studies and summarizes all
of the pertinent soil background environmental and radiological background studies associated with the
BBC and surrounding areas. The investigations reviewed and summarized here met the criteria for
evaluation presented in Section 3.0.

4.1 OVERVIEW OF GUIDANCE RELATED TO BACKGROUND STUDIES

EPA and the Department of Navy describe “background” as substances or locations that are not influenced
by existing site-related sources of contamination and are often specified as either representing the
naturally occurring background or the anthropogenic background (Naval Facilities Engineering Command
2002; EPA 2002a). The following describe both of these background types (EPA 2002a):

1. Naturally occurring- substances present in the environment in forms that have not been
influenced by human activity; and

2. Anthropogenic- natural and human-made substances present in the environment as a result of
human activities (not specifically related to the site in question).

A number of different background studies have been conducted at the SSFL and off-site areas. For the
BBC, there are substantial available background data. Tetra Tech evaluated three main soil radiological
background studies including McLaren-Hart (1993; 1995), Ogden (1998), and HGL (2011) to gain a better
understanding of the radionuclide background concentrations for cesium-137 (Cs-137) and Sr-90.
Additionally, two main soil chemical background studies including MWH (2005) and DTSC (2012) were
also evaluated and summarized in the following sections.

4.2 MULTI-MEDIA SAMPLING BACKGROUND INVESTIGATION REPORT
(1992 AND 1994)

Tetra Tech identified the first soil background studies performed specifically at the BBC as those
undertaken in 1992 and 1994 by MclLaren-Hart. The results of these sampling effort were presented in
the Mclaren-Hart (1993; 1995) reports and in EPA’s Site Inspection Report (Weston 2003). Six background
reference areas were selected and sampled as part of the 1992 study. During this study, a total of three
soil samples were collected at the six locations and analyzed for a suite of radionuclides including Cs-137,
Sr-90, Plutonium-238 (Pu-238), and tritium. During the 1994 investigation additional background locations
were identified and sampled at a higher frequency. Tetra Tech has summarized the laboratory analytical
results for Cs-137 and Sr-90 for the background samples from the 1992 and 1994 field investigations.
These results are provided in Table 4.
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Table 4 Summary of 1992 and 1994 McLaren-Hart Soil Background Samples

Background Area | Sample ID | Year Collected Cs-_1 37 La.b. S_?O La.b .
(pCi/g)* | Qualifier? | (pCi/g) | Qualifier
BG-01-005 1992 0.092 0.03
BG-01-008 1992 0.04 u 0.01
BG-01-100 1992 0.18 0.05
RP [BG-01] BG-01-016 1994 0.04 u 0.09 u
BG-01-034 1994 0.1 0.1 u
BG-01-082 1994 0.04 u 0.08 u
BG-01-087 1994 0.158 0.07 u
BG-01-090 1994 0.175 0.1 u
BG-02-007 1992 0.17 0.02
BG-02-074 1992 0.04 u 0.01 u
BG-02-076 1992 0.099 0.03
SSP [BG-02] BG-02-007 1994 0.06 u 0.13
BG-02-017 1994 0.213 0.12
BG-02-074 1994 0.05 u 0.08
BG-02-076 1994 0.04 u 0.09
BG-02-085 1994 0.04 u 0.13
BG-03-001 1992 0.07 u 0.01 u
BC [BG-03] BG-03-019 1992 0.07 u 0.02
BG-03-059 1992 0.05 u 0.01
BG-04-025 1992 0.15 0.02
WSS [BG-04] BG-04-029 1992 0.14 0.02
BG-04-090 1992 0.19 0.05
BG-05-016 1992 0.74 0.05
BG-05-026 1992 0.067 0.08
BG-05-074 1992 0.1 0.05
HC [BG-05] BG-05-017 1994 0.147 0.088
BG-05-027 1994 0.099 0.1
BG-05-050 1994 0.101 0.069
BG-05-056 1994 0.148 0.097
BG-05-074 1994 0.153 0.084
BG-06-033 1992 0.097 0.03
SMMNRA [BG-06] BG-06-089 1992 0.06 u 0.03
BG-06-096 1992 0.14 0.02
BG-09-003 1994 0.05 u 0.13
BG-09-005 1994 0.188 0.1 u
WRP [BG-09] BG-09-013 1994 0.198 0.12
BG-09-057 1994 0.06 u 0.11
BG-09-096 1994 0.079 0.12
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Table 4 Summary of 1992 and 1994 McLaren-Hart Soil Background Samples (Continued)

Background Area | Sample ID | Year Collected Cs-_1 37 La.b. S_?O La.b .
(pCi/g)* | Qualifier* | (pCi/g) | Qualifier
BG-10-001 1994 0.245 0.098
BG-10-002 1994 0.276 0.09 u
WRPR [BG-10] BG-10-003 1994 0.257 0.09 u
BG-10-004 1994 0.215 0.04 u
BG-10-005 1994 0.456 0.09 u
BG-11-010 1994 0.158 0.089
BG-11-011 1994 0.109 0.1 u
TCP [BG-11] BG-11-031 1994 0.059 0.09 u
BG-11-036 1994 0.067 0.1 u
BG-11-075 1994 0.113 0.09 u
BG-12-001 1994 0.03 u 0.08 u
BG-12-002 1994 0.031 0.09 u
TCPR [BG-12] BG-12-003 1994 0.042 0.09 u
BG-12-004 1994 0.097 0.09 u
BG-12-005 1994 0.03 u 0.05 u
BG-14-001 1994 0.04 u 0.082
BG-14-002 1994 0.085 0.09 u
RPR [BG-14] BG-14-003 1994 0.080 0.08 u
BG-14-004 1994 0.03 u 0.07 u
BG-14-005 1994 0.04 u 0.05 u

'pCi/g = picocuries per gram
2Lab qualifier = “U” indicates the reported value is less than the minimum detectable concentration (MDC)

The summary statistics for the background samples collected in 1992 and 1994 are presented in McLaren-
Hart (1993; 1995) and Weston (2003). In the 1992 and 1994 Mclaren-Hart background investigation, the
analytes that were not detected above the minimum detectable concentration (MDC), a value of one-half
the detection limit was used to calculate the mean and standard deviation for the background samples
(Weston 2003). These calculations resulted in a mean and standard deviation of the Cs-137 background
concentration of 0.108 pCi/g and 0.096 pCi/g, respectively. Two standard deviations above the mean
Cs-137 background concentration was used for comparison to site levels and resulted in 0.3 pCi/g.
Similarly, these calculations resulted in a mean and standard deviation of the Sr-90 background
concentration of 0.065 pCi/g and 0.034 pCi/g, respectively. Two standard deviations above the mean Sr-90
background concentration was used for comparison to site levels and resulted in 0.13 pCi/g.

Substitution is not recommended for datasets with a high percentage of non-detects — it is not an
unequivocal method of analysis (Helsel 2005). Furthermore, the substitution method is not recommended
by more recent EPA guidance documents (EPA 2002a), which recommend additional statistical methods
for inference of summary statistics other than substitution. The standard method for estimating summary
statistics of censored data is the nonparametric Kaplan-Meier (K-M) method which is an intrinsic function
with ProUCL 5.0 (an EPA designed statistical software package). Therefore, Tetra Tech used ProUCL 5.0 to
evaluate the 1992 and 1994 soil background datasets for Cs-137 and Sr-90, the primary radionuclide
COPCs identified for this site. The mean, standard deviation, and the mean plus two times the standard
deviation were calculated using the K-M statistical method as shown in Table 5. Using the same rationale
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as the Mclaren-Hart (1993; 1995) reports, the mean plus two times the standard deviation for Cs-137 and
Sr-90 are 0.349 pCi/g and 0.127 pCi/g, respectively, both more conservative than previously estimated in

MclLaren-Hart (1993; 1995).

Table 5 Descriptive Statistical Summary of 1993 McLaren-Hart Soil Background Data for Radionuclides

MclLaren-Hart (1993) Soil Background

Descriptive Statistic Cs-137 S-90
Minimum (pCi/g) <0.04 <0.01
Maximum (pCi/g) 0.19 0.08
# of Non-Detects 6 2

Number of Samples 18 18

% of Censored Data

33%

11%

McLaren-Hart (1995) Soil Background

Descriptive Statistic Cs-137 S-90
Minimum (pCi/g) <0.03 <0.04
Maximum (pCi/g) 0.456 0.13
# of Non-Detects 13 25

Number of Samples 40 40
% of Censored Data 33% 63%
Summary Statistics for All Samples
Mean (pCi/g)? 0.117 0.0507
Standard Deviation (pCi/g)? 0.116 0.0381
Mean + 2*SD (pCi/g) 0.349 0.127

pCi/g = picocuries per gram
2Mean was calculated using K-M Statistics in ProUCL 5.0
3Standard Deviation was calculated using K-M Statistics in ProUCL 5.0

4.3 BELL CANYON SOIL BACKGROUND STuDY (1998)

In 1998, the Bell Canyon off-site area was evaluated to provide information about naturally occurring,
background soil conditions. Three background locations were selected in undeveloped portions of Bell
Canyon and three were located in the undeveloped, open-space southern portion of the SSFL (Ogden
1998). The results of this background study are summarized in Ogden (1998) and in Weston (2003). Note:
the Cs-137 value provided in Table 3-4 in Ogden (1998) incorrectly states the measured concentration of
BCBS09S01/RH046 as 0.18 pCi/g and not < 0.18 PCi/g. The background Cs-137 concentrations ranged
between <0.033 pCi/g and 0.15 pCi/g. No summary statistics were provided in either of the reports. Tetra
Tech calculated the mean and 95 percent upper confidence limit (95UCL) using the K-M statistical method
using ProUCL 5.0 statistical software. The Bell Canyon background soil sampling results are provided in
Table 6.

Radiological and Soil Sampling Investigation 23 103P4383

American Jewish University



Table 6 Bell Canyon Soil Background Results for Cesium-137 (Ogden 1998)

Sample ID (f)sc-|1/3g:1 Lab Qualifier?
BCSS09 S01 (RH026) <0.033 U
BCSS11 S01 (RHO33) 0.08
BCSS12 SO1 (RHO36) 0.15
BCSS13 S01 (RHO041) 0.10
BCBS09 S01 (RHO46) <0.18 U
BCSS14 S01 (RH047) 0.036
Mean (pCi/g)? 0.0798
Standard Deviation (pCi/g)* 0.0435
Mean + 2*SD (pCi/g) 0.167

'pCi/g = picocuries per gram

2Lab qualifier = “U” indicates the reported value is less than the MDC
3Mean was calculated using K-M Statistics in ProUCL 5.0

495 UCL = 95% Upper Confidence Limit using K-M Statistics in ProUCL 5.0

4.4 SSFL RADIOLOGICAL BACKGROUND STuDY (2012)

In September 2008, EPA released a public statement indicating their intention to conduct a study (EPA
2008) to determine the level of radioactivity in soils surrounding the SSFL. The study was intended to be
the first phase of work of a full radiological characterization of the SSFL site. In November 2012, EPA
announced in another fact sheet that the field work for the background study was completed (EPA 2012).
This study was one of the most comprehensive and expensive technical investigations ever undertaken
for low-level radioactive contamination (EPA 2012). The objective of the SSFL Radiological Background
Study was to determine background radionuclide concentrations within the surface and subsurface soils
overlying the two geologic formation present at the SSFL: the Chatsworth and Santa Susana formations
(HGL 2011). The study was conducted by HGL on behalf of EPA. EPA’s role was limited to providing
technical assistance to DTSC and DOE by conducting the radiological investigation at Area IV and the NBZ,
an area bounding the former Rocketdyne test facility. EPA utilized the latest technology in analytical tools
and techniques to develop Background Threshold Values (BTV), which are used to identify areas that
exceed background concentrations.

On November 27,2012, EPA published the Final Technical Memorandum Look-up Table Recommendations
Santa Susana Field Laboratory Area IV Radiological Study (HGL 2012b). This technical memorandum
provided EPA’s recommendations to DTSC regarding the use of BTVs as the basis for development of
Look-up Tables (LUT) for radiological contamination. The BTVs provided in the technical memorandum
are the basis for developing future LUT values used to identify radiological contamination. The BTVs for
the COPCs identified in this Technical Memorandum are 0.193 pCi/g for Cs-137 and 0.075 pCi/g for Sr-90.
EPA recommended to DTSC that BTVs be used in development of LUT values for all future phases of
investigation, remediation, and closure of the Area IV study area (HGL 2012b). For comparison purposes,
Tetra Tech utilized the above mentioned BTVs when comparing the 2016 site data collected, as discussed
in Section 5.6 and Section 8.0.
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4.5 DTSC CoMBINED-DATA CHEMICAL BACKGROUND STUDY

In December 2012, DTSC issued a combined-data Background Threshold Values and Methodology
Narrative Chemical Soil Background Study (DTSC 2012). The study recommended that the use of the Upper
Simultaneous Limit statistic, at 95% confidence (USL95) be used for development of the LUT values to be
used as field action levels in the SSFL remedial cleanup efforts. This document summarized the USL95s for
soil concentrations of metals. This analysis represents the most recent and comprehensive analysis of
chemical background concentrations at the SSFL, to date. Tetra Tech utilized the information from this

study for comparative analysis of data collected during the 2016 soil investigation. Table 7 provides
DTSC-established BTVs for chemical constituents in soils.

Table 7 DTSC Background Threshold Value for Chemical Constituents

Metals BTV (mg/kg)*
Aluminum 50,300
Antimony 0.86

Arsenic 39.7

Barium 318.75
Beryllium 1.87

Boron 29.35
Cadmium 0.58

Calcium 32,000
Chromium 80.85

Cobalt 38

Copper 102

Iron 65,402
Lead 42.15

Magnesium 16387
Manganese 959
Mercury? 0.13
Molybdenum 2.74

Nickel 113
Potassium 12,358
Selenium 0.896

Silver 0.138
Sodium 1,530
Thallium 0.991

Vanadium 150.6

Zinc? 215

1BTV= background threshold value 95% Upper Simultaneous Limit (USL95) determined by DTSC in 2012.
2Lookup Table Value, DTSC (2013)
mg/kg = Milligrams per kilogram
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4.6 SUMMARY OF FINDINGS

The objective of the background evaluation was to identify and summarize the soil background studies
that have been conducted within the region of the BBC. This evaluation involved assessment of previous
background sampling studies conducted at the SSFL, BBC, or other adjacent off-site areas for both
radionuclides and chemical soil background concentrations. In some cases, Tetra Tech utilized more
modern and mathematically relevant statistical approaches than the past approaches. Once the previous
studies were identified and summarized, the secondary objective was to evaluate a number of factors
involved in the conclusions of these studies, namely identification of reference background areas,
statistical methodology used in development of background levels, and data quality assessment and
validation methodology used to qualify the data. Overall, the data quality review process for the historical
soil background investigations showed that the data quality meets the requirements for background
identification and characterization and should be considered of sufficient quality for comparison with the
other investigations.

Tetra Tech concluded that the results of the 2011 EPA Background Evaluation for the SSFL presented in
HGL (2011) was the most comprehensive background evaluation performed to date and should be used
for the assessment of background radionuclide concentrations for comparative analysis purposes at the
BBC. However, for comparative purposes and for conservatism the MclLaren-Hart (1993; 1995) and Ogden
(1998) background radionuclide concentrations were also utilized. Table 8 provides the BTVs identified in
the historical soil radionuclide background studies. The BTV for the McLaren-Hart (1993; 1995) and Ogden
(1998) studies is the 95UCL calculated using a statistical approach for censored data sets as recommended
in EPA (2002a; 2009b) and Helsel (2005; 2012).

Table 8 Summary of Soil Radionuclide Background Threshold Values for Cs-137 and Sr-90

Background Threshold Value
Background Investigation (BTV)
Cs-137 (pCi/g) Sr-90 (pCi/g)
Mclaren-Hart (1993; 1995)! 0.349 0.127
Ogden (1998)2 0.167 -
HGL (2011)3 0.193 0.075

12 Based on the Mean + 2 times the Standard Deviation calculated using K-M Statistics in ProUCL 5.0
3Value obtained from the HGL (2012b) Look-up Table Technical Memorandum
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5.0 PREVIOUS SITE INVESTIGATIONS

This section presents the summary review and results of selected environmental and radiological studies
presented in Section 3.0 pertaining to the BBC. The results of the previous investigations are compared
with background values where applicable and any conclusions by regulatory agencies based on the
information presented in these studies are summarized as well.

5.1  MULTIMEDIA SAMPLING INVESTIGATIONS (1992, 1994)

The most comprehensive environmental and radiological sampling conducted at the BBC to date were the
1992 and 1994 field investigations summarized in Mclaren-Hart (1993) and MclLaren-Hart (1995),
respectively. These assessments were intended by EPA to determine whether properties adjacent to and
north of the SSFL, including the BBC the Sage Ranch Park properties, had been exposed to releases from
SSFL (Figure 2). These studies were performed according to DTSC-approved work plans. In September
2003, Weston published the Site Inspection Report Energy Technology Engineering Center/Area IV Simi
Hills California on behalf of EPA (Weston 2003). The Weston (2003) report summarized the results of the
1992 and 1994 investigative efforts in detail.

Soil and water sampling were conducted on the BBC and at Sage Ranch in 1992 and 1994. Background
evaluations were also conducted as discussed in Section 4.2. During the 1992 study, 118 soil/sediment
and a number of surface water samples were collected from nine human activity and drainage areas at
the BBC and Sage Ranch. During the 1994 study, 124 soil/sediment samples were collected from nine
human activity and drainage areas, and these were analyzed for tritium with additional analytes as defined
by the sampling areas (MclLaren-Hart 1995). Within the BBC there were 20 primary study areas evaluated,
referred to as BB-01 through BB-20. A number of soil or sediment samples were collected using a random
systematic grid within each of the study areas as presented in McLaren-Hart (1993; 1995) and in Weston
(2003). The samples were submitted for radionuclide analysis — primarily for Cs-137, Sr-90, Pu-238, and
tritium. The primary COPCs evaluated for this investigation include Cs-137 and Sr-90, and the maximum
of these COPC results for each study area and the data collected are provided in Table 9. Figure 8 provides
the location of most of the 1992 and 1994 study areas (with the exception of BB-11) in relation to the
primary human activity areas identified in 2016. It is evident that only five study areas from 1992 and 1994
investigations were located within the BBC main area as identified in Figure 8. This was noted in Tetra
Tech’s data gap analysis (Section 7.0) and led to the recommendation for further sampling.

While there were individual samples above BTVs, the 1992 and 1994 studies concluded that none of the
study areas had radionuclides present at concentrations statistically higher than background levels.
Concentrations of Cs-137 and Sr-90 were highest in BB-16 and BB-17, both located in the NBZ which was
subsequently purchased by Boeing and is no longer part of the BBC. The terrain in this region is difficult
to access and likely did not provide an exposure route for users of the BBC property, even prior to its sale
to Boeing in 1997.

In July 1995, EPA announced the results of the SSFL’s Offsite Sampling Program in an EPA Update (EPA
1995). This EPA Update stated that based on EPA calculations, the theoretical cancer probability or risk
to campers or camp counselors was less than EPA’s threshold level for action of 1 x 10 lifetime cancer
risk (one additional case of cancer per 1 million people).

Radiological and Soil Sampling Investigation 27 103P4383
American Jewish University



Table 9 Summary of Maximum Radionuclide Concentrations from 1992/1994 Investigations

Study Area L EESTHETTE Year 14 ST Year
v Study Area Name Cs-137 Sr-90
ID . Collected . Collected
(pCi/g) (pCi/g)

BB-01 Playground 0.10 1992 0.04 1992

BB-02 Dormitory Area 0.10 1992 0.02 1992

BB-03 Campsite | 0.38 1992 0.09 1992

BB-04 Campsite Il 0.15 1992 0.03 1992

BB-05 Picnic Area 0.22 1992 0.06 1992

BB-06 House of Book <0.05U 1992 0.02 1992

BB-07 Counselor In Training 0.13 1992 0.02 1992
Area

BB-08 Potential Development 0.17 1992 0.02 1992
Site |

BB-09 Potential Development 0.11 1992 0.02 1992
Site Il

BB-10 Potential Development 0.16 1992 0.06 1992
Site Il

BB-11 Vegetable Garden 0.20 1992 0.02 1992

BB-12 Main House Orchard 0.15 1992 0.04 1992

BB-13 Avocado Grove 0.10 1992 0.01 1992

BB-14 Old Well Campsite 0.27 1992 0.06 1992

BB-15 RD-51 Watershed 0.052 1992 0.01 1992

BB-16 RMHF Watershed 0.46 1994 0.24 1994

BB-17 Building 59 Watershed 0.385 1994 0.03 1992

BB-18 Sodium Burn Pit 0.085 1992 0.02 1992

Watershed
BB-19 SRE Watershed 0.30 1992 0.12 1994
BB-20 Campsite | Drainage 0.11 1994 0.18 1994

'pCi/g = picocuries per gram
2Lab qualifier = “U” indicates the reported value is less than the minimum detectable concentration (MDC)
Note: BB-11 sampling location not shown on Figure 8

Tetra Tech reviewed the environmental monitoring program designed and implemented by McLaren-Hart
in 1992 and 1994. The program met data quality objectives: sufficient QA/QC procedures, data validation,
and sampling documentation and recordkeeping protocol were followed. The results of the data quality
review indicated that the data collected were sufficient and no data gaps existed with regards to
environmental sampling with the exception of the gamma radiation survey quality procedures as
described in Section 7.0. Additionally, statistical techniques used in MclLaren-Hart (1993; 1995) are
outdated and a more robust analysis was conducted on the 1992 and 1994 background soil samples as
presented in Section 4.2; Tetra Tech’s approach led to higher conservatism for the background analysis.
Overall, the environmental and radiological data collected in both the 1992 and 1994 McLaren-Hart field
investigations should be considered valid and may be used for the purposes of risk evaluation as was done
by multiple regulatory review agencies including EPA, DTSC, and Agency for Toxic Substances and Disease
Registry (ATSDR).
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5.2  OFF-SITE DATA EVALUATION REPORT (2007)

Pursuant to Section 3.4.9 of the Consent Order for Corrective Action signed by DTSC, Boeing, NASA, and
DOE in August 2007 (EPA 2007), MWH conducted an investigative study to present and evaluate off-site
chemical and radiological sampling data from various environmental media compiled from 18 different
field sampling and analysis programs within a 15 mile radius of SSFL over the past nearly 60 years. MWH
submitted an off-site evaluation report (MWH 2007) on behalf of DOE and Boeing. The objectives of this
report were to summarize all off-site media sampling and testing data for chemicals and radionuclides
conducted by Boeing, NASA, or DOE around the SSFL and evaluate the data for completeness to make
conclusions and recommendations for additional sampling if needed (MWH 2007). This evaluation
included data review of off-site properties and areas including the BBC. MWH concluded the off-site
sampling results are sufficient with no data gaps identified except within the ongoing investigation or
cleanup. The off-site sample results, including the data evaluated at the BBC, for dioxins,
polychlorinated biphenyls (PCB), perchlorate, total petroleum hydrocarbons (TPH), and radionuclides
were found to be not significantly different than background.

Groundwater contamination originating from the SSFL has migrated off site as stated in Weston (2003).
The groundwater beneath the SSFL site is contaminated with TCE, with current data indicating
concentrations as high as 110,000 pg/L. The release is likely attributable to the SSFL site because TCE has
been used extensively throughout the SSFL’s operational history (Weston 2003). The 2007 off-site data
evaluation conducted by MWH concluded that available data and ongoing monitoring indicate that
contaminants in groundwater have only migrated off site in the northeast portion of the SSFL area which
is an area of extensive, ongoing investigations (MWH 2007). The other off-site sampling results indicate
that the groundwater flow system has not transported contaminants from beneath the SSFL to off-site
locations, including the BBC (MWH 2007). The AJU confirmed that no groundwater is currently being
utilized at the site (Tetra Tech 2016). The main water source for the BBC is the Calleguas Municipal Water
District- which is strictly monitored on many different regulatory levels. Therefore, it can be concluded
that groundwater contamination is not a human health risk for campers, residents, or visitors of the BBC.
Groundwater was not evaluated in the quantitative exposure analysis performed by Tetra Tech.

5.3 AREA IV RADIOLOGICAL CHARACTERIZATION STuDY (2012)

HGL was tasked by EPA to conduct an extensive radiological characterization study at the SSFL Area IV and
the NBZ. The HGL study was performed to meet the requirements of the State of California’s Senate Bill
990 and subsequently the Administrative Order on Consent for Remedial Action (DTSC 2010). A
background study was performed as part of the HGL study. EPA’s radiological characterization study
involved collecting a total of 3,375 soil and sediment samples, and 215 groundwater and surface water
samples within Area IV and the NBZ. Each sample was analyzed for one or more of 54 radioactive
contaminants. During this evaluation no information was gathered on the BBC specifically; however, the
results of this study showed very limited radiological contamination remained within the NBZ (HGL
2012a). Only isolated radionuclide detections were found in the NBZ and there was no pattern or grouping
of exceedances above field action levels (HGL 2012a). Because the NBZ is situated between the SSFL and
the BBC, the results of this study tend to suggest that contaminants originating from the SSFL are unlikely
to have significantly impacted the BBC.
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5.4 CDM PHASE 3 NORTHERN BUFFER ZONE SAMPLING (2014)

The “Technical Memorandum Phase 3 Chemical Data Gap Investigation Sampling Results Subarea 7 and
Northern Buffer Zone in Area IV” was prepared by CDM for the DOE and published in June 2014. Figure 2-
2 of CDM (2014) provides the NBZ Phase 3 soil sampling locations, and indicates that a number of samples
(~22 samples) were collected on the BBC to the north of the Northern Buffer Zone boundary which is
located on the BBC. The Subarea 7 and NBZ Phase 3 soil samples, including the samples collected on the
BBC drainages and northern property, were subject to analysis using at least one of the following methods
as part of the 2014 study:

e Metals using EPA Methods 6010C/6020A, 7471B (mercury), and 7199 (chromium VI)

e Soil pH using EPA Method 9045M

e Polycyclic Aromatic Hydrocarbons (PAH) using Method 8270D selective ion monitoring (SIM)

e N-Nitrosodimethylamine using EPA Method 8270D SIM

e Pesticides using EPA Method 8081B

e Herbicides using EPA Method 8151A

e PCBs/PCTs using EPA Method 8082A

e Dioxins/furans using EPA Method 1613B

e Formaldehyde using EPA Method 8315A

e TPH-EFH using EPA Method 8015M

e TPH-GRO using EPA Method 8015M
Samples were collected and submitted for laboratory analysis to Eurofin Lancaster Laboratory. The
analytical results of the 2013 study as well as QA/QC data results from that study are summarized in
Table 3-4 through Table 3-6 of CDM (2014). The 2014 CDM technical memorandum (CDM 2014) also
provides a description of the sampling activities and a discussion of the analytical data review findings for

Phase 3 sampling in Subarea 7 and NBZ. The technical memorandum does not provide an interpretation
of the results.

5.5 CDM Go BAck SolL SAMPLING (2014)

Tetra Tech reviewed the “Technical Memorandum Phase 3 Chemical Data Gap Investigation Sampling
Results Go-Backs, Trenches and Soil Vapor Locations Santa Susana Field Laboratory Ventura County,
California” prepared by CDM for the DOE and published in June 2015. Figure 2-1 of CDM (2015) provides
the go back sampling locations. As shown on Figure 2-1, a number of samples were collected to the north
of the NBZ boundary which is located within the BBC property.

A total of 10 sample locations are shown to be completely located within the BBC property boundary. An
additional four samples are at or near the boundary between the NBZ and the northern portion of the BBI
campus. The technical memorandum does not provide an interpretation of the results.
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5.6 INDEPENDENT TESTING (2004 — PRESENT)

In addition to the studies that met the criteria described in Section 3.0, the BBI (Pre-2007) and the AJU
hired independent consultant Joel Cehn to conduct environmental monitoring of the property. The
environmental media sampled included soil, groundwater, surface water, vegetation, and milk. The
consultant collected numerous samples over the past two decades as summarized in the Table 10. The
testing was done independent of agency approved work plans and was primarily intended to verify that
contaminants had not migrated from SSFL onto the BBC property. The laboratory results of these sampling
events were provided in the form of technical memorandums from the consultant to the AJU (or
Brandeis-Bardin pre-2007) (Cehn 2013). In many cases, the sampling was conducted in conjunction with
outside consultants working with Boeing or NASA under guidance from government regulatory agencies.

Table 10 Frequency of Independent Environmental Monitoring Conducted at BBC from 2004 to

Present
Groundwater
Date Soil or Surface Vegetation | Milk
Water
3/3/2004 16 5 1
3/1/2004 4 - -
4/1/2004 2 - -
7/8/2004 - 14 5 1
6/26/1905
4/25/2006 1 -- -
5/15/2006 16 - 3 2
1/8/2010 5 - - -
8/22/2011 -- 7 6
1/30/2012 -- 8 - -
12/30/2013 -- 10 - -
7/11/2014 - - - -
9/30/2014 -- 3 10 -
12/21/2015 7 6 - -

The soil samples were submitted for non-radionuclide analytes including metals, dioxins, and PCBs. Tetra
Tech evaluated the information from these sampling events and concluded that the mean soil
concentrations of the metals concentrations from the samples were all below the BTVs established by

DTSC in 2012, as discussed in Section 4.5.
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6.0 OVERVIEW OF POTENTIAL CONTAMINANTS
FROM THE SSFL

Tetra Tech’s human exposure pathway assessment determined the primary pathways for human
exposure are ingestion, inhalation, dermal contact, and external exposure to soil and sediment
(Section 2.1). The primary COPCs identified from previous studies for soil and sediment include Cs-137,
Sr-90, metals, and perchlorate. Pu-239, iodine-129, and cobalt-60 were not evaluated because these
analytes were not detected above detection limits in any of the samples collected from the BBC (Weston
2003) in the 1992 Mclaren-Hart study (Mclaren-Hart 1993). Additionally, naturally occurring
radionuclides such as uranium, thorium, and radium were not evaluated for this investigation because
these are not associated with the historical operations at the SSFL. The following subsections present
overview summaries of the primary COPCs for soil and sediment evaluated as part of this investigation.

6.1 CESIumM-137

Cesium is a naturally occurring element found in soil, dust, and rock in its stable form of cesium-133.
Radioactive forms of cesium, such as Cs-137, are associated with nuclear fuel sources and are created
from the fission of uranium in fuel rods during normal operations or from explosion of nuclear weapons.
Radioactive cesium can be released to the environment through normal operations of a nuclear power
facility, explosion of nuclear weapons, or accidents involving nuclear fuel (ATSDR 2004). Cs-137 is one of
the man-made radionuclides which has been identified as a COPC at the SSFL due to the operational
history at the facility. Cs-137 decays to stable barium-137 with a half-life of 30 years. Cs-137 is a
beta/gamma emitter. Cesium tends to bind to soil particles and typically remains in the surface soil. It is
not, therefore, readily available for uptake by vegetation through roots. However, natural cesium is
present in plants and animals at concentrations of 1 nanogram per gram (ng/g) to 300 ng/g, and Cs-137
has been detected worldwide in surface water and food products (ATSDR 2004).

6.2 STRONTIUM-90

Radioactive Sr-90 is produced when uranium and plutonium undergo fission. Large amounts of radioactive
Sr-90 were produced during atmospheric nuclear weapons tests conducted in the 1950s and 1960s. As a
result of atmospheric testing and radioactive fallout, strontium was dispersed globally. Sr-90 has been
identified as a COPC at the SSFL due to the operation history at the facility. Sr-90 decays to yttrium-90
(Y-90) with a half-life of 29 years. Y-90 is also unstable and decays to stable zirconium-90 with a half-life
of 64 hours. Sr-90 and Y-90 are expected to be in equilibrium, a steady-state condition of equal activities.
Sr-90 and Y-90 are beta emitters so are not easily detected by gamma scanning. However, the beta
emission from Y-90 can produce x-rays that may be detected by gamma measurements.

6.3 METALS

Previous SSFL operations resulted in soil and groundwater contamination at the SSFL. Metals in the soils
at the SSFL have been identified as primary COPCs associated with the operational history of at the facility.
Metals naturally exist in all soils at concentrations representative of the local geology. Establishing
background concentrations for the SSFL and surrounding areas was the focus of several investigations,
with the most recent being published in 2012 that established background threshold values for
non-radionuclides (DTSC 2012).
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6.4 PERCHLORATE

Perchlorates are colorless salts that have no odor and dissolve easily in water. Perchlorates are used in
explosives, fireworks, and rocket fuel. Perchlorates can form naturally in the atmosphere and are present
in rainfall. Additionally, high levels can occur naturally in some locations (such as South Texas, New
Mexico, and northern Chile) (ATSDR 2008). Ammonium perchlorate is the type of perchlorate found in

rocket fuel. Perchlorate is a known SSFL-related contaminant and has been detected in groundwater at
the SSFL.

Radiological and Soil Sampling Investigation 34 103P4383
American Jewish University



7.0 DATA GAP ANALYSIS

A data gap analysis was performed after reviewing the historical information and previous investigation
conducted at the BBC as described in Section 4.0 and Section 5.0. This section provides a brief overview
of the data gap analysis and the results of the data gap analysis.

7.1 OVERVIEW OF DATA GAP ANALYSIS

On behalf of the DOE and Boeing, a comprehensive data evaluation was conducted by MWH in 2007 to
determine whether more sampling was required to reliably evaluate health risks associated with the
off-site locations. More detailed discussion of this off-site data evaluation is provided in Section 5.2. The
results of the MWH off-site data evaluation concluded there were no data gaps (MWH 2007).
Nonetheless, Tetra Tech conducted a data gap analysis to review the adequacy of the existing
environmental and radiological data collected solely at the BBC related to various environmental media
with specific reference to use the data in site characterization, background comparisons, and risk—based
screening level assessments. The goal of the data gap analysis was to determine if sufficient data are
available to characterize the current existing environmental and radiological conditions at the BBCin order
to evaluate any risk to campers, residents, and visitors who may be at the site during various times of the
year. The specific technical objective of this effort was to determine whether spatial, temporal, analytical,
or data quality gaps exist.

7.2 RESULTS OF DATA GAP ANALYSIS

Site investigations were conducted at the BBC in 1992 and 1994 by MclLaren-Hart, as summarized in
MclLaren-Hart (1993, 1995). These site investigations involved collection of static gamma exposure rate
measurements. However, these reports lacked substantive information related to geospatial location, QC
techniques and results, and detailed information on the radiation instrumentation used in these studies,
including calibration documentation. The gamma surveys involved only static measurements; no
continuous gamma surveys were conducted and thus presented a data gap based on the availability of
newer technology. The development of global positioning system (GPS)-based gamma radiation surveys
in the past two decades has reduced the spatial and quantitative uncertainties associated with discrete
point and static-grid measurements (Whicker 2015). It was recommended that a comprehensive
continuous gamma radiation survey using mobile GPS-based survey systems be conducted within the BBC
main camp area and the BBC drainages as well as within identified background reference areas. The
purpose of these surveys was to ascertain any statistical and radiological anomalies that may be present
at the BBC to evaluate the potential for radiological contamination from gamma-emitting radionuclides.

Soil sampling for radionuclide analysis had not been conducted since the 1992 and 1994 field
investigations (McLaren-Hart 1993, 1995). It was recommended that collection of sediment and soil
samples at the BBC main camp area and the drainages be conducted. It was also recommended that a
comprehensive soil sampling investigation be conducted at high use areas within the BBC and at drainage
areas where the flow paths originated from the Area IV region of the SSFL. Sediment and soil samples
were analyzed for radionuclides, metals, and perchlorate. The results of the soil investigation were
compared with the results of the background reference area samples for both the sediment and soil
samples. The results of this investigation are summarized in the following section and set forth in detail
in Appendix A.
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8.0 2016 SITE INVESTIGATION

Based on the results of the data gap analysis (Section 7.0), Tetra Tech recommended that a comprehensive
continuous gamma radiation survey using mobile GPS-based survey systems within the BBC main camp
area, the BBC drainages, , and identified background reference areas. The purpose of these surveys was
to ascertain any statistical and radiological anomalies that may be present at the BBC to assess the
potential for radiological contamination from gamma-emitting radionuclides (e.g. Cs-137). Tetra Tech also
recommended collection of sediment and soil samples at the BBC main camp area and the drainages.
Tetra Tech’s recommendations were reviewed and approved by the AJU, and Tetra Tech implemented
the proposed radiological and soil investigations in February 2016. This section presents a brief summary
and conclusions of the 2016 radiological and soil investigation. The final Radiological and Soil Investigation
Report is provided in Appendix A.

8.1 OVERVIEW

The purpose of this investigation was to assess the environmental and radiological conditions at the BBC
site relative to background. The investigation was focused on areas where the potential for contaminant
migration from the nearby SSFL may exist (such as drainages leading from the SSFL) and within areas
where campers are most likely to be spend their time. This investigation included the following:

e Mobile GPS-based gamma radiation surveys at areas within the BBC and at identified radiological
background reference areas (RBRA).

o A soil sampling investigation at drainages entering and passing through the BBC, within selected
exposure areas at the BBC, and at background reference locations identified by Tetra Tech.

The goal of the continuous gamma radiation survey was to characterize the spatial distribution of gamma
radiation emanating from surface soils within the BBC, at drainages entering and draining through the
BBC property, and at background reference areas. The purpose of the soil sampling was to collect
information on the existing radiological and chemical conditions within the drainages and primary
exposure areas of the BBC. The gamma radiation survey provides information on gamma emitting
radionuclides in the terrestrial environment but does not identify the specific radionuclides (man-made
or naturally occurring). The surveys also do not detect certain radionuclides, such as Sr-90, that do not
emit gamma radiation. Tetra Tech recommended laboratory analysis of soil samples to investigate not
only the presence of non-gamma emitter radionuclides, but also non-radioactive analytes associated with
the SSFL operations (i.e., certain metals and perchlorate). The following two subsections summarize the
results of the gamma radiation survey and soil investigation at the BBC (Appendix A). A map providing all
of the historical soil and sediment sampling locations in the vicinity of the BBC property (excluding
sampling conducted on the SSFL itself) is provided in Figure 9.
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8.2 GAMMA SURVEY RESULTS

Tetra Tech performed a continuous gamma radiation survey in February 2016 at the BBC property and at
four background areas following the methods outlined in Appendix A. The comprehensive continuous
gamma radiation surveys used in this investigation were intended to ascertain whether radiological
anomalies may be present at the BBC, and if so, to assess the potential for radiological contamination
from gamma-emitting radionuclides. Tetra Tech compared on-site gamma radiation data with background
reference area data that represented background conditions with no potential contamination from the
SSFL. These background reference areas were selected using EPA approved background areas from HGL
(2011, 2012a) referred to as RBRAs. Additional background drainage reference areas were selected based
on strict criteria including geologic characteristics, proximity to existing RBRAs, and flow origination in
order to avoid biases in the comparative analysis. The same measurement techniques and
instrumentation were used on site and off site as recommended in the NRC guidance document NUREG
1501 (NRC 1994).

The gamma radiation survey collected 39,463 gamma exposure rate measurements within the six areas
at the BBC. An additional 4,166 gamma exposure rate measurements were collected within four
background reference areas within the two primary geologic formations covering the BBC and the SSFL
(e.g., Santa Susana and Chatsworth) as shown in Figure 5 to establish four background reference points.
A statistical analysis was performed on the gamma exposure rates collected within the BBC main camp
area and the BBC drainages. The gamma radiation datasets collected within these regions of the BBC
property were compared statistically with the gamma radiation datasets collected at background
reference areas, which included background soil plot areas and background sediment areas. The results
from the gamma radiation surveys within the BBC property showed there is no statistically significant
difference between the mean of the gamma exposure rate distributions within the BBC main camp area
and the gamma exposure rate distributions within EPA-selected RBRAs. Similarly, the results showed no
statistically significant difference between the mean of the gamma exposure rate distributions within the
BBC drainages (North, Main, South, and Eastern Drainages) and the mean of the gamma exposure rate
distributions measured within the background drainage reference areas. A map showing the locations of
the BBC gamma survey areas, including the Old Well and Hidden Valley areas, and the background
reference areas is provided in Figure 10. The gamma exposure rate maps for the Bridle Path and Lang
Ranch background reference areas are provided in Figure 11 and Figure 12, respectively. A gamma
exposure rate map showing the results of the 2016 field investigation gamma radiation surveys are
provided in Figure 13 and Figure 14.

A number of documents and records were generated during the field activities, including instrument
calibration records, field logbooks, sample collection logs, and chain of custodies. These materials are
included in Appendix A.
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8.3 SOIL AND SEDIMENT INVESTIGATION RESULTS

In addition to performing the gamma survey in February 2016, Tetra Tech also collected soil and sediment
samples from various locations on the BBC property. The soil sampling investigation was conducted by
Tetra Tech in February 2016 during the same mobilization as the gamma radiation survey. Soil and
sediment samples were collected within the primary areas of high use within the BBC and at drainage
areas where the flow paths potentially originate from the Area IV region of the SSFL. The purpose of the
soil investigation was to collect information on the existing radiological and chemical conditions. Both the
sediment and soil samples were analyzed for the COPCs identified in Section 6.0, specifically including:
radionuclides, metals, and perchlorate. For validation purposes, individual soil samples were also
collected within the approved RBRAs identified in HGL (2011). The results of the soil investigation from
the site areas were compared with the results of the background reference area samples collected by
Tetra Tech for both the sediment and soil samples as presented in Appendix A. The geospatial coordinates
for the sediment and soil sampling locations are presented in Table 11 and Table 12. A map showing the
locations of the soil and sediment sampling locations is provided in Figure 15.

Table 11 Geospatial Information for Sediment Sample Locations

Sample ID Background Qc Latitude! Longitude
(Y/N)

TT-SD1-01 - Primary 34.24957740 -118.7122916
TT-BPDRAINAGE-01 Y Primary 34.22185176 -118.8113390
TT-SEDBG-01 Y Primary 34.25070834 -118.6931649
TT-ED1-01 - Primary 34.24770261 -118.6966891
TT-ED2-01 - Primary 34.25230858 -118.6971849
TT-ED3-01 - Primary 34.25652561 -118.7093089
TT-SD2-01 - Primary 34.25742761 -118.7113001
TT-BBCSED-01 - Primary 34.26152343 -118.7155219

1The coordinates are provided in WGS84.

Table 12 Geospatial Information for Soil Sample Locations

Sample ID LG Qc Latitude! Longitude
(Y/N)

TT-BP-RBRA-01 Y Primary 34.220501230 -118.808406299
TT-PPG-01 - Primary 34.255498222 -118.704861556
TT-BB1-01 - Primary 34.254806065 -118.704658109
TT-BBF-01 - Primary 34.256729301 -118.707671696
TT-GGP-01 - Primary 34.257103941 -118.708705857
TT-HC-01 - Primary 34.256395463 -118.709662709

TT-GF-01 - Primary 34.255834150 -118.709124137
TT-OSF-01 - Primary 34.257047021 -118.709985644
TT-CAB-01 - Primary 34.259619495 -118.712440820

TT-LR-RBRA-01 Y Primary 34.210758977 -118.770357270

The coordinates are provided in WGS84.
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8.3.1 Sediment Investigation Results

The sediment samples were submitted to a certified laboratory for analysis of Cs-137, Sr-90, metals, and
perchlorate. Appendix A presents the results of the sediment samples compared with the background
drainage reference areas, and are summarized briefly below. The sediment sample locations are provided
in Table 11 and Figure 15 (Note: one background sediment sample location not shown in Figure 10 is
provided on a map in Appendix A). A total of six sediment samples were collected at non-background
locations within drainages entering or flowing through the BBC. An additional two sediment samples were
collected in background reference drainage areas. The sediment samples were submitted for Cs-137,
Sr-90, metals, and perchlorate. All of the perchlorate results were below MDCs and are not presented in
tables. The sediment samples were submitted to a certified laboratory for analysis of Cs-137, Sr-90,
metals, and perchlorate. Appendix A presents the results of the sediment samples compared with the
background drainage reference areas, and are summarized briefly below.

All of the reported Cs-137 concentrations for the sediment samples were below the laboratory reported
MDCs and all of the results were below the background Cs-137 values for the samples collected by Tetra
Tech in February 2016. Table 13 presents the sediment sample Cs-137 results compared with the
background values established from previous background investigations summarized in Section 4.6. All of
the sediment samples are within the limits of the background values for Cs-137.

Table 13 Summary of 2016 Sediment Sample Cs-137 Results Compared with Background Values

Cesium-137
Sample ID Sample Area Result (pCi/g)* Pre:}s_lon MDC? Lab Qualifier®
TT-ED1-01 Non-Background <0.097 - 0.097 u
TT-ED2-01 Non-Background <0.090 - 0.09 U, G
TT-ED3-01 Non-Background <0.091 - 0.091 U, G
TT-SD1-01 Non-Background < 0.095 - 0.095 U, G
TT-SD2-01 Non-Background <0.095 - 0.095 U,G
TT-BBCSED-01 Non-Background <0.087 - 0.087 u
Background Comparison
Sample Area Data Source BTV* (pCi/g) Description
Background McLaren-Hart (1993; 1995) 0.349 Mean +2 times Standard Deviations
Background Ogden (1998) 0.167
Background HGL (2011) 0.193 Look-up Table BTV (HGL 2012b)

1pCi/g = picocuries per gram

2MDC = minimum detectable concentration

3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample
4BTV = background threshold value (value considered to be background for comparison)

5The mean and the standard deviation were calculated using the K-M statistics in ProUCL 5.0
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Five of the six reported Sr-90 concentrations for the sediment samples were below the laboratory
reported MDCs. With the exception of TT-SD2-01, all samples were below the background Sr-90 values
for the samples collected by Tetra Tech in February 2016. Table 14 presents the sediment sample Sr-90
results compared with the background values established from previous background investigations
summarized in Section 4.6. All of the sediment samples, with the exception of TT-SD2-01, are within the
limits of the background values for Sr-90. The Sr-90 value for TT-SD2-01 is 0.182 pCi/g +/- 0.064 pCi/g; the
lower limit of the detection sensitivity is calculated to be 0.118 pCi/g, which is below the background value
calculated for the McLaren-Hart (1993; 1995) dataset but higher than the BTV established in HGL (2012b).
Therefore, a risk evaluation using risk-based screening levels was performed and is summarized in
Section 9.0.

Table 14 Summary of 2016 Sediment Sample Sr-90 Results Compared to Background Values

Strontium-90
Sample ID Sample Area
Result (pCi/g)! | Precision +/- MDC2 Lab Qualifier?
TT-ED1-01 Non-background <0.088 - 0.088 U
TT-ED2-01 Non-background <0.097 - 0.097 u
TT-ED3-01 Non-background <0.089 - 0.089 u
TT-SD1-01 Non-background <0.075 - 0.075 u
TT-SD2-01 Non-background 0.182 0.064 0.081
TT-BBCSED-01 Non-background <0.104 - 0.104 U
Background Comparison
Sample Area Data Source BTV* (pCi/g) Description
Background Mclaren-Hart (1993; 1995) 0.127 Mean +2 times Standard Deviation®
Background HGL (2011) 0.075 Look-up Table BTV
pCi/g = picocuries per gram
2MDC = minimum detectable concentration
3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample
4BTV = background threshold value (value considered to be background for comparison)
5The mean and the standard deviation were calculated using the K-M statistics in ProUCL 5.0
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All of the average metals concentrations measured from the sediment samples collected at the BBC
drainages had reported concentrations below the background values. Detailed summary of tables of all
of the laboratory analytical results are provided in the soils investigation report in Appendix A. For
comparative purposes, Tetra Tech compared the average of the sediment metals concentrations with the
background values presented for these metals by DTSC in 2012, as discussed in Section 4.5. The results of
the sediment sample metals concentrations compared with the background values are presented in
Table 15. All of the average metals concentrations measured from the sediment samples collected at the
BBC drainages had reported concentrations below the background values.

Table 15 Sediment Metals Concentrations Compared to Background Levels

Non-Background Sediment
Analyte Sample BTV (mg/kg)*
Min Max | Average
Aluminum 2,400 8,700 5,300 50,300
Antimony 0.035 0.15 0.10 0.86
Arsenic 1.3 4.7 2.8 39.7
Barium 16.00 61 40.2 318.75
Beryllium 0.13 0.5 0.29 1.87
Cadmium <0.017 0.13 0.07 0.58
Calcium 840 4,300 2,440 32,000
Chromium 3.7 13.0 8.0 80.85
Cobalt 1.7 8 4.0 38
Copper 2.60 10.0 6.2 102
Iron 5,700 20,000 11,683 65,402
Lead 2.700 8.9 5.8 42.15
Magnesium 1,100 4,600 2,667 16387
Manganese 65.0 340 189 959
Mercury <0.0034 | 0.011 0.007 0.13?
Nickel 2.30 9.2 5.43 113
Potassium 960 3,000 1,943 12,358
Selenium 0.35 0.83 0.532 0.896
Silver 0.022 0.07 0.047 0.138
Sodium 80 160 125 1,530
Thallium 0.077 0.240 0.148 0.991
Vanadium 8.6 34 20 150.6
Zinc 16.00 59 35.8 2152

1BTV= background threshold value USL95 determined by DTSC in 2012.
2LUT Value, DTSC (2013)

mg/kg = Milligram per kilogram

All of the perchlorate results in sediment were below MDCs.
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8.3.2  Soil Investigation Results

A total of eight soil samples were collected at non-background locations within areas of high use
(Figure 3). An additional two soil samples were collected in the RBRAs (i.e. Bridle Path and Lang Ranch).
The soil sample locations are provided in Table 12 and Figure 15 (Note some background soil locations
that are not shown in Figure 10 are provided on maps in Appendix A). Like the sediment samples, the soil
samples were submitted to a certified laboratory for analysis of Cs-137, Sr-90, metals, and perchlorate.
Appendix A presents the results of the soil samples compared with the background drainage reference
areas, and these are summarized briefly below.

All of the reported Cs-137 concentrations for the soil samples were below the laboratory reported MDCs,
with the exception of TT-OSF-01 (0.101 pCi/g). However, all of the results were below the background
Cs-137 values for the samples collected by Tetra Tech in February 2016. Table 16 presents the soil sample
Cs-137 results compared with the background values established from previous background investigations
summarized in Section 4.6. All of the soil samples are within the limits of the background values for Cs-137.

Table 16 Summary of 2016 Soil Sample Cs-137 Results Compared to Background Values

Cesium-137
Sample ID Sample Area
Result (pCi/g)* | Precision+/- | MDC? | Lab Qualifier®
TT-BB1-01 Non-Background <0.097 - 0.097 U,G
TT-BBF-01 Non-Background <0.098 - 0.098 u
TT-CAB-01 Non-Background <0.081 - 0.081 U,G
TT-GF-01 Non-Background <0.098 - 0.098 UG
TT-GGP-01 Non-Background <0.097 - 0.097 u
TT-HC-01 Non-Background <0.092 - 0.092 U,G
TT-OSF-01 Non-Background 0.101 - 0.099 G
TT-PPG-01 Non-Background <0.095 - 0.095 u
Background Comparison
Sample Area Data Source BTV (pCi/g) Description
Background McLaren-Hart (1993; 1995) 0.349 Mean +2 times Standard Deviation
Background Ogden (1998) 0.167
Background HGL (2011) 0.193 Look-up Table BTV (HGL 2012b)

1pCi/g = picocuries per gram

2MDC = minimum detectable concentration

3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample
4BTV = background threshold value (value considered to be background for comparison)

5The mean and the standard deviation were calculated using the K-M statistics in ProUCL 5.0

All of the eight reported Sr-90 concentrations for the soil samples were below the laboratory reported
MDCs and were also below the background Sr-90 values for the samples collected by Tetra Tech in
February 2016. Table 17 presents the soil sample Sr-90 results compared with the background values
established from previous background investigations summarized in Section 4.6. All of the soil samples
are within the limits of the background values for Sr-90.
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Table 17 Summary of 2016 Soil Sample Sr-90 Results Compared to Background Values

Strontium-90
Sample ID Sample Area Result Precision ) Lab
(pCi/g)* +/- mbc Qualifier®
TT-BB1-01 Non-background <0.081 - 0.081 u
TT-BBF-01 Non-background <0.081 - 0.081 u
TT-CAB-01 Non-background <0.092 - 0.092 u
TT-GF-01 Non-background <0.104 - 0.104 u
TT-GGP-01 Non-background <0.074 - 0.074 u
TT-HC-01 Non-background <0.082 - 0.082 u
TT-OSF-01 Non-background <0.096 - 0.096 u
TT-PPG-01 Non-background <0.097 - 0.097 u
Background Comparison
Sample Area Data Source BT.V4 Description
(pCi/g)
Background McLaren-Hart (1993; 1995) 0.127 Mean +2 times Standard Deviation®
Background HGL (2011) 0.075 Look-up Table BTV

'pCi/g = picocuries per gram

2MDC = minimum detectable concentration

3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample
4BTV = background threshold value (value considered to be background for comparison)

5The mean and the standard deviation were calculated using the K-M statistics in ProUCL 5.0

All of the average metals concentrations measured from the soil samples collected at the areas of highest
use within the BBC had reported concentrations below the background values. The sediment samples
were submitted for laboratory analysis of metals. Detailed summary of tables of all of the laboratory
analytical results are provided in the soils investigation report in Appendix A. For comparative purposes,
Tetra Tech compared the average of the sediment metals concentrations with the background values
presented for these metals by DTSC in 2012, as discussed in Section 4.5. The results of the sediment
sample metals concentrations compared with the background values are presented in Table 18. All of the
average metals concentrations measured from the soil samples collected at the areas of highest use within
the BBC had reported concentrations below the background values.
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Table 18 Soil Metals Concentrations Compared to Background Levels

Non-Background Soil

Analyte Sample (mg/kg) BTV (mg/kg)*
Min Max | Average
Aluminum 1,200 13,000 7,025 50,300
Antimony 0.038 0.28 0.16 0.86
Arsenic 0.85 5.8 3.5 39.7
Barium 9.40 170 77.4 318.75
Beryllium 0.11 0.59 0.35 1.87
Cadmium 0.03 0.57 0.23 0.58
Calcium 2,100 14,000 6,150 32,000
Chromium 3.3 22.0 11.6 80.85
Cobalt 0.93 11 5.1 38
Copper 1.50 34.0 12.6 102
Iron 2,800 24,000 13,250 65,402
Lead 0.620 31.0 10.3 42.15
Magnesium 510 6,500 3,364 16387
Manganese 39.0 480 246 959
Mercury 0.038 | 0.043 | 0.0405 0.132
Nickel 1.80 18.0 8.70 113
Potassium 310 5,100 2,933 12,358
Selenium 0.32 1.9 0.819 0.896
Silver 0.0065 0.10 0.051 0.138
Sodium 100 990 353 1,530
Thallium 0.024 0.280 0.153 0.991
Vanadium 6.1 50 28 150.6
Zinc 4.80 150 54.4 2152

1BTV= background threshold value USL95 determined by DTSC in 2012.

2Lookup Table Value, DTSC (2013)

mg/kg = Milligrams per kilogram

All of the perchlorate results were below MDCs.
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9.0 HEALTH RISK EVALUATION

Samples have been collected at the BBC in various media historically, and on-site soil and sediment
samples were collected in February 2016. This section evaluates the current environmental health risks
associated with BBC by synthesizing prior studies with the 2016 BBC data.

9.1 SUMMARY OF HISTORICAL RISK EVALUATIONS FOR BBC

As part of the investigations and remedial actions performed for the SSFL, off-site areas had been
investigated to determine whether, and to what extent, contamination had migrated off-site through air,
runoff, surface water, and groundwater. As described in Section 4.0, off-site background areas had also
been identified.

Data from these prior studies were analyzed using risk-based screening levels (RSBL) identified by
regulatory agencies. The RBSLs included many potentially complete exposure pathways to allow efficient
and conservative risk-based evaluations of sampling results. Note that many investigations have been
performed at the SSFL itself; risk assessments for on-site areas or those to the west, east, and south are
not reviewed here as those assessments and reports do not reflect exposures at the BBC. Published
assessments related to the BBC are summarized below.

9.1.1 1993 and 1995 McLaren-Hart Reports

The sampling results from the 1992 and 1994 investigations at the BBC are presented in MclLaren-Hart
(1993; 1995) and Weston (2003). While the studies involved both the BBC and Sage Mountain Ranch
areas, only the information relating to BBC is discussed here. As summarized in EPA (1995), the off-site
study began in 1992 by collecting 118 soil samples, seven surface water samples, four groundwater
samples and nine fruit samples. Forty samples collected by Rocketdyne were also independently analyzed
by EPA, California DHS, and the BBI. McLaren-Hart (1993) provided results of samples collected in 1992 at
the BBC from the following locations (many are shown on Figure 8):

e Perimeter of Playground (BB-01)

e Dormitory Area (BB-02)

e Campsite Area 1 (BB-03)

e Campsite Area 2 (BB-04)

e Picnic Area (BB-05)

e House of the Book (BB-06)

e Counselor-in-Training Area (BB-07)

e Potential development Sites 1, 2, and 3 (BB-08, BB-09, BB-10)

e Vegetable Garden (BB-11)

e Main House Orchard (BB-12)

e Avocado Grove (BB-13)

e Old Well Campsite (BB-14)
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The 1993 study found two areas on BBI property near the Rocketdyne property boundary where tritium,
cesium, and strontium results could either have been related to SSFL activities or to background.
Therefore, additional on-site sampling at BBC and background sampling for radionuclides were conducted
in 1994 and reported in MclLaren-Hart (1995). MclLaren-Hart (1993) noted one area that had an elevated
mercury result for sediment (location BB-18) near the property boundary of BBC and Rocketdyne. This
area was remediated after the 1993 report and confirmation sampling showed no residual contamination
(McLaren-Hart 1995).

Surface soil samples were collected in 1994 from the same areas as in 1992 with the exception of the
Counsellor-in-training Area (BB-07), Potential Development Sites 1, 2, and 3 (BB-08 through BB-10), and
the Vegetable Garden area (BB-11). The surface soil samples from 10 areas were re-analyzed for tritium,
as samples from the 1993 study could not be validated by the laboratory for those areas. Again, the
samples were collected in cooperation with EPA, California DHS, and Brandeis-Bardin. The 1995 study
identified only two impacted areas — the Building 59 Watershed (BB-17) and the Radioactive Material
Disposal Facility (RMDF) Watershed (BB-16) — that contained tritium, cesium, or strontium at
concentrations above background. No other samples from the BBC contained radionuclides statistically
above background levels (Weston 2003). The Building 59 Watershed and the RMDF Watershed sample
locations are located within the existing NBZ and both are over 1.5 miles to the south from the center of
the BBC Main Area as shown on Figure 8. In addition, EPA determined that the radionuclides in the
watershed sediment samples were at concentrations that “do not pose a threat to human health or the
environment” (EPA 1995). Specifically, EPA calculated a risk to campers and camp counselors of less than
1 in one million from direct daily exposure to those locations for at least one month per year for 4 years;
such exposure would have been unlikely given the distance of the impacted areas from the designated
campground areas and the areas used by BBI for camp activities. EPA communicated these findings both
in the EPA Update of July 1995 and in a public meeting in August 1995.

Boeing purchased the locations found to have above-background concentrations of radionuclides and
mercury from BBI in 1997 and no longer are available for use by the BBC campers or residents.
Additionally, the terrain in this region makes access extremely difficult for members of the public.

9.1.2 ATSDR 1999

In 1999, the ATSDR reviewed SSFL data, potential releases from the SSFL, and potential off-site exposures
to chemicals and radionuclides through air, surface water, and groundwater. Regarding airborne
exposures, ATSDR concluded (ATSDR 1999):

“Based on the distance from the on-site release sources to off-site residential areas, the
predominant wind directions, the meteorological conditions at the site, and the rapid
dispersion and degradation of oxidants in air, it is unlikely that off-site residents have
been, or currently are being exposed to chemicals and radionuclides at concentrations that
would result in adverse human health effects.” [Emphasis in original].

The report also states that the surface soil that may have been impacted by SSFL activities was confined
to the area just north of the Rocketdyne property boundary and “this area has been purchased by
Rocketdyne and is now part of the SSFL buffer zone. Sr-90 and tritium were detected at concentrations
slightly above background levels in these areas” (ATSDR 1999). The ASTDR (1999) noted that Sr-90 at
7.79 pCi/L and tritium at 1,500 pCi/L were detected in the RMDF Watershed (BB-16) but concluded that
these concentrations do not pose a risk to off-site receptors.
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Regarding chemicals in groundwater and surface water (groundwater emerging as seeps and springs),
ATSDR concluded:

“Plumes of TCE-contaminated ground water have migrated off site along the northeast
and northwest boundaries of SSFL ... The facility purchased the property overlying the
northwest TCE plume from the Brandeis-Bardin Institute such that this area is now on site
[i.e., a part of the SSFL property] and comprises the northwest buffer area.”

While TCE may have been migrating off-site toward the BBC, Boeing purchased this land area and access
was no longer granted to BBC patrons or employees. The 1999 ATSDR report also noted that since 1987,
the SSFL operated a network of groundwater remediation and treatment wells and eight contaminant
treatment systems. By 1999, more than 1.4 billion gallons of contaminated water had been treated since
initiation of the treatment system. The ATSDR report (1999) also stated that “water level data from the
monitor, remediation, and supply wells indicates that long term water levels underlying SSFL have
declined as much as 200 feet.” This decline in water elevations, per the ATSDR report, “creates ground
water flows towards the central portion of the SSFL facility and has likely reduced off-site migration of
ground water contaminants.”

The ATSDR (1999) report concluded the following in regard to groundwater and surface water:

“Based on our preliminary review of the available data, there is no indication that
residents living near the SSFL have been exposed, or are currently being exposed to
chemicals or radionuclides in ground water or surface water at levels that would result
in adverse human health effects.”

Overall, after review of SSFL and data reported in the McLaren-Hart 1993 and 1995 reports, ASTDR
concluded (ATSDR 1999) that:

“Chemicals and radionuclides have migrated by sediment transport in surface water
runoff from the SSFL to off-site areas. In general, maximum concentrations have been
detected just outside the SSFL property boundary; concentrations decrease rapidly with
increasing distance from the facility. The area surrounding the SSFL is rugged and hilly and
not easily accessible to persons in the nearby community. There is a limited likelihood
that persons in the community would come into contact with chemicals and radionuclides
in soils and sediment just off site of the SSFL. In addition, maximum concentrations of
chemicals and radionuclides at these off-site areas are not at levels that would result in
adverse human health effects if human exposure were to occur (DeRosa 1997; ATSDR
1997, 1998]. Chemicals and radionuclides have not been found in samples collected in
more distant residential or recreational areas surrounding the SSFL, including Bell Canyon,
Brandeis-Bardin Institute, and Santa Monica Mountains Conservancy, at levels that would
result in adverse human health effects if any human exposure were to occur in these off-
site areas.”
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9.2 OVERVIEW OF RISK EVALUATION USING 2016 DATA

Tetra Tech conducted a human health risk evaluation from COPCs detected in the sampled environmental
media at the BBC. The goal was to evaluate the investigation data and relevant risk assessment
information to systematically estimate potential exposures and associated risks. The key components of
the risk evaluation include:

e |dentification of COPCs;
e Assessment of potential exposures to COPCs;
e Assessment of health effects of the COPCs; and

e Characterization of health risks and discussion of uncertainties.

The human health risk evaluation was conducted in accordance with guidance developed by EPA in the
Risk Assessment Guidance for Superfund (RAGS) [EPA 1989; 1992a; 1992b; 1992c; 1996a; 1996b; 1997,
2002a; 2002b; 2002c; 2004; 2009a; 2016a], DTSC in the Supplemental Guidance for Human Health
Multimedia Risk Assessments of Hazardous Waste Sites and Permitted Facilities (DTSC 1992; 1997; 2009a;
2009b, 2014), and the Preliminary Endangerment Assessment Guidance (DTSC 2015a).

The analysis was conducted using RBSLs for surface soils. RBSLs were selected from two primary sources:
Human Health Risk Assessment (HHRA) Note 3 (DTSC 2016a) and EPA Regional Screening Levels (RSL) (EPA
2015). DTSC values were used preferentially (DTSC 2015b), and EPA RSLs were used if DTSC had not
calculated an alternative screening level. RBSLs used for this screening evaluation are presented in Table
19 and are described further in Section 9.5.4.

Both DTSC and EPA publish RBSLs that may be used to evaluate and remediate potentially contaminated
sites. The screening levels, based on default exposure parameters for the general population including
adults and children, are chemical- and medium-specific. RBSLs that are based on a residential exposure,
listed below in Table 14, are those for metals that were included in the soil analyses. Additionally, an RBSL
for Sr-90 was calculated using the EPA calculator for radionuclides; this value was calculated to include
the same exposure pathways and parameters as those of the published RBSLs for metals.

Both DTSC and EPA have published values based on residential exposure assumptions (350 days per year,
26 years, including exposures of both adults and children); DTSC provides RBSLs based on its preferred
toxicity values for those chemicals where the calculated RBSL is 3 times lower than the EPA value (DTSC
2016a), as is the case for arsenic, cadmium, lead, mercury, and nickel. The values are tabulated below for
chemicals analyzed in the 2016 soil and sediment samples. A further description of the RBSLs and risk
assessment principles is provided in Section 9.5.1 to Section 9.5.4.
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Table 19 Risk-based Screening Levels for Residential Exposures

Chemical EPA Residential RBSLs (mg/kg)* DTSC RBSLs
(mg/kg)?
Aluminum 77,000 --
Antimony 31 --
Arsenic 0.68" 0.067"
Barium 15,000 -
Cadmium 71 5.23
Cobalt 23 -
Copper 3,100 --
Lead 400 80
Manganese 1,800 -
Mercury (soluble salts) 23 8.8
Nickel 1,500 490
Selenium 390 -
Silver 390 -
Thallium 0.78 -
Vanadium 390 -
Zinc 23,000 -
Radionuclides EPA PRGs 3
Sr-90+daughters 4.2 pCi/g Not Applicable

Residential soil RBSL (EPA 2015). Includes pathways of soil ingestion, dermal contact, and inhalation of particulates as appropriate.
2Residential soil RBSL (DTSC 2016). Values are calculated by DTSC only for those chemicals that differ significantly from EPA values and
includes pathways of soil ingestion, dermal contact, and inhalation of particulates as appropriate.

3EPA 2016a. Radionuclide PRG Calculator, Residential Soil Concentrations — includes soil ingestion, external exposure, and inhalation
exposures.

PRG = Preliminary Remediation Goals

Note that specific RBSLs have been calculated for a variety of off-site receptors of the SSFL. Those
screening levels have been reviewed by EPA and DTSC (MWH 2012) for use for off-site receptors.
However, the exposures at BBC are different from those used in the SSFL calculations. Therefore, RBSLs
from EPA and DTSC were used in this evaluation, along with calculated site-specific risk-based
concentrations for Sr-90.

9.3 CHEMICALS OF POTENTIAL CONCERN

COPCs for the BBC are those chemicals and radionuclides, detected in surface soil samples at
concentrations that exceed background or ambient levels. For the purposes of the screening level risk
evaluation, the background comparison consisted of a comparison of each BBC sediment and soil sample
to the two sediment or two soil background samples collected from reference areas in 2016 as well as to
the BTVs established by DTSC for the SSFL area (DTSC 2012). An analyte was retained for the risk
assessment if the detected concentration exceeded the BTV. A description of the development of BTVs is
available in DTSC 2012. This comparison resulted in only Sr-90 being retained as a COPC.

Perchlorate was not detected in any soil or sediment sample at a detection limit of less than 25 microgram
per kilogram and was therefore not further evaluated.
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9.4 EXPOSURE ASSESSMENT

The CSM for the BBC provides the basis for identifying and evaluating the potentially complete human
exposure pathways. As shown in the CSM (Figure 7), potential sources of COPCs at the BBC include soil,
sediment, groundwater, and surface water. The CSM also illustrates the potential chemical migration
pathways, exposure points, and exposure routes that have been considered for the BBC. Based on an
initial evaluation, chemical fate and transport processes were used to define the potential migration
pathways, and include (1) transfer of COPCs between environmental media, such as soil and air; and
(2) transport of COPCs through movement of an environmental medium by natural advective and
dispersive processes, such as air dispersion or runoff. Each of these potential exposure pathways is shown
on the CSM (Figure 7) as are the groups of receptors potentially exposed to the COPCs in each
environmental medium. The exposure pathways assumed to be complete for each group of receptors are
incidental ingestion of soil, inhalation of particulates, dermal contact with soil (nonradionuclides only),
and external exposure (radionuclides only).

The BBC is topographically downgradient and to the north of the SSFL. To the east, the BBC is bordered
by recreational space at Sage Ranch and Santa Susana Knolls (a residential development), and residential
development has also occurred to the west. As described previously, migration of contaminants from the
SSFL can occur through air dispersion, movement of surface or groundwater, and sediment transport
through drainages. Groundwater is not currently used at the BBC for any human contact or consumption
purposes. Therefore, groundwater exposure pathways were not considered in the risk evaluation. As
indicated previously, the surface water that is intermittently present at the Site has been sampled as part
of the past investigations. Surface water samples collected from two locations were analyzed for tritium
as reported in 1995 (MclLaren-Hart 1995) and have been periodically tested for tritium since that time,
with all results reported as consistent with rainfall, background, or well below screening levels. It has been
noted that surface water is rarely, if ever, present during the summer months when campers are present
at the BBC. Surface water exposure, therefore, was not included in the risk evaluation. Ingestion of food
products grown at the BBC is also not a completed exposure pathway for humans, as food products grown
at the BBC are not for human consumption, and harvesting of food products is prohibited.

Currently, the BBC is used throughout the year for religious ceremonies, conferences, retreats, and
occasional camping by permission only. During the summer, the BBC hosts both day and overnight
campers for varying numbers of weeks. During the summer, camp counselors and counselors-in-training
may be present for up to 9 weeks. Most camp activities occur within the area shaded in blue on Figure 2.
Those attending the camps could have direct contact with soil, including incidental ingestion of soil and
dermal contact with soil. In addition, there are year-round residents at the BBC. Direct contact (resulting
in incidental soil ingestion, inhalation of particulates, and dermal contact with soil) with COPCs in soil are
also complete pathways for on-site residents. Neither group of receptors has contact with groundwater,
nor are they permitted to harvest fruits or vegetables grown at the BBC. They are not likely to have any
contact with surface water as it is only present intermittently within the camp area and usually not present
in the summer.

Based on current site use, two groups of receptors were identified as potentially exposed to COPCs in soil
and sediment at the BBC: campers and on-site residents. Both groups of receptors are assumed to have
direct contact with soil through incidental ingestion, dermal contact, and inhalation of airborne
particulates. For radionuclides, the exposure pathways are soil ingestion, inhalation, and external
exposure. Given that the default exposure assumptions for a residential receptor include a longer
exposure duration (26 years) and frequency (350 day per year) than a camper could feasibly experience,
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the residential RSLs were used to provide an upper-bound evaluation of potential risks for both campers
and on-site residents. The potentially complete exposure pathways included in the screening levels are
also shown in Figure 7.

9.5 QUANTITATIVE EXPOSURE ANALYSIS

Chemical exposure is a result of the intake or uptake of a chemical from the environment. Each complete
exposure pathway selected for quantitative analysis was included in the RBSLs and evaluated using
pathway-specific models as described in EPA (1989) guidance.

The screening levels are calculated using the same principles and exposure parameters as a forward risk
calculation. In general, the formula used for calculating a screening level for soil is as follows:

g o L l(mg) TR X BW x AT
creening Level | — | =
g kg) = TF x CR x EF x ED

where

TR = Target Risk (1 x 10°%);

BW = Body weight (kg);

AT = Averaging time for pathway-specific exposure period (days);

TF = Toxicity factor (chemical and pathway specific);

CR = Contact rate with environmental medium per unit time (e.g., milligrams per day

[mg/day]);
EF = Exposure frequency (days/year); and
ED = Exposure duration (years).

This generalized formula is modified according to the factors necessary to evaluate each complete
exposure pathway and is expanded to include exposure through all completed exposure pathways. For
the residential exposure scenario, this included ingestion of soil, particulate inhalation, dermal contact
with soil (nonradionuclides only), and external exposure (radionuclides only).

EPA publishes RSLs for many chemicals, and they are updated regularly to include any changes in toxicity
values, exposure parameters, or other chemical and physical properties of the chemicals that are relevant
to the calculation of RBSLs (EPA 2015). DTSC has also published screening levels for some chemicals when
DTSC recommends toxicity values that are significantly different from EPA-recommended values.
Formulas for calculating RSLs are presented in DTSC (2016).

Both EPA and DTSC RBSLs employ the same methodology. RBSLs are calculated using default exposure
parameters and, for soil, include the exposure pathways of incidental ingestion, dermal contact, and
inhalation of particulates (for volatile chemicals, the RBSL also includes the inhalation of volatilized COPC).
Each chemical is provided a composite screening value that includes all of these pathways. A full list of
RBSLs is included as Appendix B. EPA and DTSC recommend that, at sites with more than one COPC, a sum
of the ratios approach be used to sum risks or hazards across all COPCs, as follows:
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Conc Conc Conc
Risk = ( ")+ 4 +< Z) x 107°
' [ SL, SLy, SL,
Where:
Concy = concentration of COPC,

SLx = screening level for COPC, based on carcinogenic endpoint

A similar approach is used for noncarcinogenic chemicals to calculate a total hazard index (HI). However,
as there was only one COPC retained for the risk evaluation, it was not necessary to sum risks across
chemicals.

9.5.1 Exposure Parameters

Table 20 presents the exposure parameters that were used to conservatively estimate risks from exposure
to COPCs identified in soil at the BBC.

9.5.1.1 Campers

Campers are assumed to be children that may visit the Site for varying numbers of days and weeks
depending on age and type of camp in which they are enrolled. Day campers are assumed to be 5 to
12 years old, attend camp for 8 hours per day for a maximum of 40 days per year (5 days per week for
8 weeks) for a maximum of 7 years. For the overnight campers, sessions are offered for 2 to 3 weeks for
ages 8 to 15 years; it was assumed that the overnight camper would be present 24 hours per day for
3 weeks, for a maximum of 7 years. Finally, counselors and counselors in training, typically 15 years old
and older, could be at the camp for 9 weeks over the summer, again for 25 hours per day. To evaluate the
maximum exposure, it was assumed that a “camper receptor” would therefore be exposed to the
campsite areas 65 days per year, for 6 years as a child and for 20 years as an adult. As these values are
lower than those assumed for a residential receptor, the residential risk-based concentrations published
by DTSC and EPA were used to evaluate this exposure scenario to ensure a conservative analysis of risk.

9.5.1.2 On-Site Residents

There are some residential tenants at the BBC, whose leases are renewed on an annual basis. The health
protective assumption was made that a resident could live at the site with an exposure duration of a total
of 26 years (6 as a child and 20 as an adult). This assumption was made to be consistent with residential
exposure used for evaluation of other off-site areas, and is a conservative assumption regarding
residential exposures (DTSC 2016; EPA 2015). Default exposure parameters were used to evaluate risk to
these receptors.

9.5.2  Exposure Point Concentrations

An exposure-point concentration (EPC) is the concentration of a chemical in the environmental medium
(e.g., soil) at the point of contact with a receptor (e.g., camper). In accordance with EPA (1989, 2002a)
guidance, the EPCs for soil were represented by the reasonable maximum exposure point concentrations,
i.e., the lower of the maximum or the 95UCL on the mean concentration. Maximum concentrations were
typically used as EPCs only when insufficient samples or detected concentrations were available to
calculate a 95UCL concentration. Sr-90 was only detected once; therefore the sole detected concentration

Radiological and Soil Sampling Investigation 59 103P4383
American Jewish University



was used as the EPC for the screening level risk evaluation, in accordance with DTSC guidance (DTSC
2015a, 2015b).

Table 20 Exposure Parameters Used in Residential RBSLs

Exposure Parameter Residential Scenario Value Source
Exposure Frequency [EF] 350 DTSC 2014
(days/year) EPA 2015
i DTSC 2014
Exposure Duration [ED] 26 (6 child/ 20 adult)
(years) EPA 2015
Exposure Time [ET] » DTSC 2014
(hours/day) EPA 2015
DTSC 2014
Body Weight [BW] kg 15 (child) / 80 (adult)
EPA 2015
DTSC 2014
Soil ingestion [IR] (mg/day) 200 (child) / 100 (adult)
EPA 2015
Dermal Contact - Soil [SA] 2373 (child)/6032 (adult) EPA 2015
(cm2/event)
i issi DTSC 2014
Particulate Emlismn Factor 1.32E+09
[PEF] (m*/kg) EPA 2015
DTSC 2014
Adherence Facztor (AF) 0.2 (child) / 0.07 (adult)
(mg/cm?) EPA 2015

cm? = Square centimeter
m3/kg = cubic meter per kilogram
mg/cm? = Milligrams per square centimeter

9.5.3 Particulate Emission Factors

Particulate emission factors (PEF) were used to assess potential exposure to dust particulates emitted
from soil and dispersed atmospherically. The residential screening levels are calculated using a particulate
emission factor of 1.36 x 10° cubic meter per kilogram (m3/kg), per DTSC (2016) and EPA (2015). This
parameter is listed in Table 20. As described in EPA (1991a), “the PEF relates the contaminant
concentration in soil with the concentration of respirable particles in air due to fugitive dust from surface
soil.”

9.5.4  Toxicity Values

Toxicity values used in the calculation of risk-based concentrations are based on either carcinogenic
effects or noncarcinogenic effects. Some chemicals are considered to have both carcinogenic and
noncarcinogenic effects. Both types of toxicity values are described below.

Certain chemicals are regulated as carcinogens based on the likelihood that exposure could potentially
cause cancer in humans. Numerical estimates of cancer risk for these chemicals are presented as cancer
potency factors (or slope factors [SF]) and unit risk factors (URF). The SF and URF defines the cancer risk
posed by constant lifetime exposure to one unit of a carcinogen (in units of risk per milligram per kilogram
per day [mg/kg-day] for oral SFs and risk per milligram per cubic meter [mg/m?3] for inhalation URFs) and
assumes that there is no threshold for the effect. Oral cancer slope factors and inhalation URFs (SF, and
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URFs) were obtained from several sources, based on the hierarchy identified in DTSC (2015a) and EPA
(2009a) guidance. The hierarchy of sources is as follows:

1. California EPA’s (Cal/EPA’s) Office of Environmental Health Hazard Assessment (Toxicity Criteria
database) (OEHHA 2016);
2. Integrated Risk Information System (IRIS) database (EPA 2016b);
3. EPA’s Provisional Peer Reviewed Toxicity Values;
4. ATSDR; and
5. EPA’s Health Effects Assessment Summary Tables.
The toxicity values used are integrated in DTSC- and EPA-calculated risk based screening levels. The tables

included in Appendix B contain the toxicity values used by these respective agencies in the calculation of
the residential RBSLs.

All radionuclides are considered to be carcinogenic and toxicity values are based only on carcinogenic
potential. The units for radionuclide toxicity values are expressed as risk/pCi rather than mass per body
weight because body weight is not included in the assessment of radionuclide risk. Table 21 lists the
toxicity value used for Sr-90 in the calculation of a RBSL.

Table 21 Toxicity Values for Strontium-90

External
Isotope Inhalation Exposure Ingestion
P (risk/pCi) (risk/year per (risk/pCi)
pCi/g)
Sr-90+D 4.33x 1010 1.95x 108 1.35x 1010

Some chemicals have not been shown to have carcinogenic effects and different toxicity values are used
to assess health effects of these chemicals. Non-carcinogenic health effects are evaluated using reference
doses (RfD) and reference concentrations (RfC) developed by EPA and reference exposure levels (REL)
developed by Cal/EPA. The RfDs, RfCs, and RELS are health-based criteria based on the assumption that a
threshold exists for non-carcinogenic toxic effects (e.g., liver or kidney damage). In general, the RfD, RfC,
or REL is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to
the human population (including sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime of exposure (EPA 1989). RfDs and oral RELs are expressed as
acceptable daily doses in mg/kg-day, while RfCs are expressed as acceptable exposure concentrations in
units of mg/m3.

The RfDs, RfCs, and RELs are obtained from Cal/EPA and IRIS, based on the hierarchy identified in DTSC
(2015a) and EPA (2015) guidance. Again, toxicity values are included in the risk-based concentrations
calculated by DTSC and EPA and are listed in those tables, included as Appendix B.

9.5.5  Risk Characterization

Risk characterization integrates the exposure assessment and chemical toxicity information to
guantitatively estimate potential health risks due to COPCs. In a risk characterization, risk estimates are
determined for each COPC based on the potentially complete pathways, and results are summed across
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all COPCs. In this report, Sr-90 was the only COPC detected in any sample above background levels. Sr-90
therefore represents the only potential risk factor to be characterized.

Risk probabilities can be compared with the generally acceptable risk range specified by EPA. According
to the revised National Contingency Plan, carcinogenic risks from exposures at Superfund sites are
considered to be unacceptable at a level greater than 1 x 10* (1 in 10,000), whereas risks less than 1 x 10°®
(1in 1,000,000) are considered to be acceptable. Action may not be necessary in the risk range of 10°® to
10*%. This statement is supported in the directive “Role of the Baseline Risk Assessment in Superfund
Remedy Selection Decisions” (EPA 1991b), which indicates action is generally warranted at a site when
the cumulative carcinogenic risk for any medium is greater than 10 or the cumulative non-carcinogenic
HI exceeds 1. In general, a potential excess individual lifetime cancer risk of 1 x 10® is used by EPA and
DTSC as a “point of departure” when determining whether chemical exposures represent a potentially
unacceptable level of risk to public health. This range of potentially acceptable risks helps put the
numerical risk estimate into perspective.

Hazards associated with noncarcinogenic effects can be similarly estimated as hazard indices. However,
Sr-90 is not assessed for noncarcinogenic effects and hazard indices are therefore not presented in this
Technical Memorandum.

As described in Section 6.2.2 of Appendix A, the Sr-90 concentrations for all of the samples ranged
between < 0.074 pCi/g to 0.182 pCi/g, and the mean Sr-90 concentration for all of the soil samples is
0.0817 pCi/g. The highest concentration of Sr-90 detected in the soil samples collected by Tetra Tech
(which was also the only detection that exceeded background levels) was 0.182 pCi/g. At a concentration
of 0.182 pCi/g, Sr-90 is associated with a risk to a residential receptor of .043 x 10® (4 in 100,000,000),
well below the level of significance per EPA or DTSC. This risk incorporates exposure through soil ingestion,
inhalation of particulates, and external exposure. It represents the incremental lifetime risk of cancer to
an individual exposed to that concentration for 350 days per year for 26 years. It includes the exposure of
a child for 6 years and an adult for 20 years. These exposure assumptions are at the high end of potential
exposures for residents and greatly exceed the exposures of campers and counselors. The estimated risk
is, therefore, highly conservative and is likely a significant overestimate of potential risk to BBC residents,
campers, counselors, CITs, visitors, and other site users.

It should also be noted that the concentration assessed, 0.182 pCi/g, may still be at background levels
even though it was retained as a COPC. As described in Section 4.0, the Look-up table values used to
evaluate whether radionuclides are above background are dependent on the precision reported by the
laboratory. The precision varies and can change the calculated upper limit of background values for a
given dataset depending on the laboratory used for the soil analysis.

In addition, Sr-90 was detected only once, but the risk evaluation assumes that a person would be
consistently exposed to this concentration for a 26-year duration, which is unlikely, especially as it was
detected in a drainage sample rather than an area of regular, daily contact. This conservative assumption
is made for the purposes of estimating an upper-bound risk, but it ignores that 17 other site samples did
not report a detection of Sr-90. If these samples were averaged to provide a more typical long-term EPC,
the risks would be significantly lower than 0.043 x 10°®.
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10.0 CONCLUSIONS

Numerous investigations have been conducted at the SSFL and associated off-site areas over the past
three decades. Tetra Tech conducted a comprehensive literature review on all available information and
environmental investigations conducted on the BBC and at SSFL and associated off-site areas since 1992.
These studies consistently concluded that environmental conditions at BBC posed no risk to users of the
site. Tetra Tech then conducted a critical evaluation of the existing studies to identify any additional
testing protocols that might augment the work that had already done. Based on that analysis, Tetra Tech
recommended, and subsequently performed in 2016, both a continuous gamma radiation survey and soil
sampling on the BBC property.

The mobile GPS-based gamma radiation survey, a technology not available when previous investigations
were conducted, was performed over the entirety of the camp area as well as in the drainage areas leading
from the Northern Buffer Zone toward the center of the BBC property. This survey showed no statistically
significant difference in gamma radiation readings compared with background levels (or naturally
occurring levels). Soil samples taken from the primary usage areas and the drainage areas were also tested
for a suite of radiological and chemical analytes. Strontium-90 (Sr-90), a radionuclide that has become
ubiquitous in soil globally due to atmospheric nuclear weapons testing fallout, was detected at an average
concentration of 0.0817 pCi/g, with a range from non-detect (<0.075 pCi/g) to 0.182 pCi/g. Tetra Tech
evaluated the risk to campers and other site users based on a series of highly conservative assumptions,
including that the highest detected concentration of Sr-90 represented all soil on the property. This
analysis concluded that the risk to human health caused by Sr-90 (.043 in 1,000,000 excess cancer risk) is
less than one-twentieth the risk level that DTSC and EPA consider acceptable (1 in 1,000,000 excess cancer
risk). All other analytes tested were found to be below background levels.

Tetra Tech’s risk evaluation is consistent with previously conducted risk assessments for off-site areas that
found no appreciable risks at the BBC through soil exposure pathways. It demonstrates that human health
risks associated with BBC soils are well below levels of concern and are consistent with background levels.
The 2016 risk evaluation and comparative background analysis of all available site data indicate that
the environmental and radiological conditions at the BBC pose no unacceptable human health risk to
campers, camp counselors, visitors, or residents at the site.
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1.0 INTRODUCTION

This technical report presents the methods and results of the radiological and soil sampling investigation
conducted by Tetra Tech Inc. (Tetra Tech) at the American Jewish University (AJU) Brandeis-Bardin
Campus (BBC) property in Simi Valley, California. The following subsections present the scope of work and
report organization.

1.1 ScoPE OF WORK

The purpose of this investigation was to assess the environmental and radiological conditions at the BBC
site relative to background. Following a review and analysis of prior BBC studies dating back to 1992, Tetra
Tech recommended the further site testing described below to verify and enhance existing information
about the environmental condition of the BBC. The investigation was focused on areas where the
potential for contaminant migration from the nearby Santa Susana Field Laboratory (SSFL) may exist (such
as drainages leading from the SSFL) and within areas where campers are most likely to be spend their
time. This investigation included the following:

e Mobile GPS-based gamma radiation surveys at areas within the BBC and at identified
radiological background reference areas (RBRA).

e A soil sampling investigation at drainages entering and passing through the BBC, within
selected high use areas at the BBC, and at background reference locations identified by
Tetra Tech.

1.2 DATA QUALITY OBJECTIVES

Tetra Tech used the Data Quality Objectives (DQO) process to develop a sampling strategy to satisfy the
objectives of the BBC radiological and soil investigation program. The DQO process involves seven steps
discussed in the U.S. Environmental Protection Agency (EPA) Guidance for the Data Quality Objectives
Process (EPA 1994). Figure 1 is a flowchart of the DQO process. The DQO process provides a useful
framework for planning and implementing the monitoring and data collection program. The DQO process
is a systematic data collection planning process developed by EPA to ensure the right type, quality, and
quantity of data are collected to support decision making (EPA 1994). DQOs are qualitative and
guantitative statements to fulfill the following objectives:

Clarify the study objectives.
Define the most appropriate data to collect.

1.
2.
3. Determine the most appropriate conditions for collecting the data.
4,

Specify acceptable levels of decision errors to be used as the basis for establishing the quantity
and quality of data needed to support the decision.
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[1] State the problem

[2] Identify the decision

\ 4

[3] Identify inputs to the
decision

A 4

[4] Define the study boundaries

[5] Develop a decision rule

A 4

[6] Specify limits on decision errors

A

\ 4

[7] Optimize the design for obtaining data

Figure 1 DQO Process Flow Chart
Application of the DQO process to this investigation involved the following six steps:

e STEP 1: State the problem — SSFL operations may have resulted in residual radiation and soil
contamination at the BBC property. The property is currently in use by the public, including
camping in some open areas.

e STEP 2: Identify the decision — Determine whether levels of residual contamination meet the
criteria for human health based on current site use and/or background.

e STEP 3: Identify inputs to the decision — Concentrations of applicable radionuclides, metals,
and perchlorate in soil (Gamma exposure rate scanning data and soil sample analysis data).

e STEP 4: Define the study boundaries — Study boundaries include the BBC high use areas
where campers spend the majority of their time, drainages leading into and flowing through
the site, and background reference areas identified by Tetra Tech.

e STEP 5: Develop a decision rule — If concentrations of applicable radionuclides in soil meet
human health risk assessment criteria based on current site uses or are within background
levels, there is no unacceptable risk to human health.

e STEP 6: Specify the limits on decision errors — A systematic grid based approach for gamma
radiation survey transects was used. Additionally, soil sampling was performed at camp
areas and at drainages.

The DQO process is iterative. A seventh step in the process is to evaluate the information from the
previous steps and optimize the study design for obtaining the data.
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1.3 REPORT ORGANIZATION
This report is organized into seven sections including the following:
e Section 2.0, Site Background, provides a brief summary of the environmental setting and
describes the area investigated.

e Section 3.0, Methods, discusses the various investigation activities.

e Section 4.0, Overview of Background Reference Area Selection and Results, discusses the
selection process used to identify and survey/sample background reference areas, including
results of the gamma radiation survey within the background reference areas.

e Section 5.0, Gamma Radiation Survey Results, presents the results of the gamma radiation
survey within the BBC property and the drainages entering and flowing through the BBC
property.

e Section 6.0, Soil Sampling Investigation Results, summarizes the overall results and
transmits the soil sampling laboratory analysis results.

e Section 7.0, Comparative Background Gamma Analysis, presents a comparison of
reference and site data.

e Section 8.0, Conclusions, summarizes the overall results of the investigation.

e Section 9.0, References.
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2.0 SITE BACKGROUND

The BBC property is located in the Simi Valley, California, northwest of the Santa Susana Field Laboratory.
Figure 2 shows the gamma survey and areas of highest use at the BBC. A number of environmental and
radiological investigations have previously been conducted at the BBC. The most comprehensive
investigations to date at the BBC include the 1992 and 1994 field investigations by Rocketdyne under
oversight by EPA (Mclaren-Hart 1993; 1995). Limited gamma exposure rate measurements have been
collected at the BBC. Based on review of MclLaren-Hart (1993, 1995) studies, it was concluded that a site
assessment would benefit from additional gamma survey work, particularly because more precise
surveying technology has been developed since the MclLaren-Hart study time period. Furthermore, the
information available lacked clear methods and quality assurance/quality control (QA/QC) results, making
it difficult to validate the data presented. Additionally, the radiation levels were measured at static
locations on a random grid sampling pattern. Newer technologies that were not available at the time of
the Mclaren-Hart studies have integrated mobile sensors with positioning systems. These new systems
allow for greater data acquisition in a more efficient manner through continuous gamma scanning, rather
than discrete gamma measurements at set intervals. Tetra Tech recommended conducting a
comprehensive continuous gamma radiation survey as described in the main text of the Technical
Memorandum. A conventional gamma scan to acquire data at each study area was employed using a
mobile scanning system with integrated global positioning systems. Scanning refers to a portable mobile
radiation detection system moved across the surface of the study area at a specified density, with the
intent of identifying anomalies of the radiation field within the BBC property compared with background
reference areas.

Under EPA oversight, multi-media investigations were performed at the BBC in 1992 and 1994
(McLaren-Hart 1993, 1995) involving sediment and soil sampling throughout the BBC property. Samples
were analyzed for selected radionuclides and non-radionuclide analytes. A review of the historical data
collected at the BBC is presented in the main text of the Technical Memorandum. Tetra Tech collected
soil samples as part of this investigation to provide an independent analysis of the radiological and
environmental conditions at the BBC property, particularly focused on main areas of interest within the
BBC camp where residents and campers spend the majority of their time. The following section discusses
the field investigation methods.
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3.0 METHODS

This section describes the radiological field survey and soil sampling investigation methods performed by
Tetra Tech in February 2016.

3.1 RADIOLOGICAL FIELD SURVEYS

This section presents the purpose, methods, and quality assurance/quality control procedures associated
with the radiological field surveys conducted by Tetra Tech.

3.1.1 Purpose

Gamma radiation surveys are non-destructive methods of analysis that can be applicable as a screening
and radionuclide-specific methodology and can be used as part of the baseline data collection process
(EPA 2006) or for assessment of radiological anomalies or identifying potential contamination areas. On
open ground, about two-thirds of the gamma radiation dose comes from radionuclides contained in the
top 15 centimeters (cm) of soil (NRC 1994). Radionuclides found in the terrestrial environment can be
natural or man-made. Soils and rock exhibit differing levels of radioactivity, depending on concentrations
of naturally occurring potassium, uranium, thorium, and radium. Anthropogenic events, such as nuclear
weapons testing and the recent Fukushima disaster, have spread detectable concentrations of
radionuclides across the globe. The use of Global Positioning System (GPS)-based gamma radiation survey
systems (both in situ spectroscopy and total gamma count) is an established methodology for
characterizing the spatial distribution of gamma radiation from naturally occurring radioactive materials
[NORM] (Whicker and others 2015) and man-man made radionuclides in soils (HGL 2012).

The spatial variability of gamma exposure rates at a particular site provides a better measure of the
variation of radionuclide activity in soil for that particular site. The goal of the continuous gamma radiation
survey was to characterize the spatial distribution of gamma radiation emanating from surface soils within
the BBC, at drainages entering and draining through the BBC property, and at background reference areas.
Additionally, the gamma data can then be used to predict the effective dose rates from the surface soils
using cross calibration and correlation methods. There are two primary purposes of this survey:

1. Identify the spatial distribution of gagmma radiation emanating from the terrestrial
environment at the BBC, drainages, and background reference areas.

2. Utilize the data collected to guide soil sampling to determine the concentration of man-
made radionuclide present in surface soils at the BBC and drainages.

Tetra Tech conducted a continuous gamma radiation survey at the BBC property and at various
background areas following the methods outlined in Section 3.1.2. The gamma radiation survey QA/QC
methods are presented in Section 3.1.4.

3.1.2 Gamma Radiation Survey Method

Tetra Tech performed a comprehensive continuous gamma radiation survey within the BBC and drainages
and at five background reference areas. The gamma radiation survey was performed in accordance with
Standard Operating Procedure (SOP) 1, Mobile Gamma Radiation Surveying, included in Attachment A.
Tetra Tech used mobile backpack scanning systems consisting of non-collimated 2-inch by 2-inch Ludlum
44-10 thallium laced sodium iodide (Nal(Tl)) scintillation detectors coupled to Ludlum 2350-1 data loggers
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and a portable GPS. The mobile gamma survey systems consisted of GPS receivers and gamma radiation
detectors along with proprietary software developed by Tetra Tech (2006) installed on field laptop
computers. The survey was conducted in a manner allowing for rapid gamma exposure rate scanning and
simultaneous geospatial data acquisition; paired data were recorded once every 1 to 2 seconds. The GPS
systems used the Wide Area Augmentation System (WAAS), providing GPS signal correction to enhance
position accuracy within £2 meters. All of the instruments used during the gamma scan survey were
factory-calibrated within the manufacturer-recommended 12-month period, as discussed further in
Section 3.1.4. A scanning rate of 0.5 meters per second (m/s) (about 1 mph) is used for distributed gamma
emitting constituents (NRC 2000). A detector height of 1 meter (m) above ground surface was used for

this study as recommended for baseline radiological studies (OSD 2012; EPA 1999) and used in other
projects (ERG 2009a, 2009b; Tetra Tech 2010).

All measurement data were automatically stored and processed with the measurement location
information for mapping and real-time analysis by field engineers. Real-time mapping allows the field
engineer to maintain position on pre-determined scan transect lines and to help identify any problems
that arise during the scanning efforts. The gamma radiation survey was performed on initial scan transects
of 30-m spacing within the BBC and background areas and on 2-m spacing through the sediment drainage
areas. Nal(Tl) detector systems exhibit energy-dependent response characteristics as shown in Figure 3;
the radiation energy spectrum associated with background radiation from soils found at sites
contaminated with man-made radionuclides such as cesium-137 (Cs-137) or with naturally occurring
radionuclides can be adequately characterized for the purposes set forth in this investigation using these
systems. Tetra Tech’s experience at similar sites indicates that Nal(Tl) detector response to significant
above-background gamma radiation sources near the ground surface ranges horizontally to about 1.5 m,
giving the detector an estimated ground surface field of view about 3 m in diameter.

Energy Response for Ludlum Model 44-10
10
Co-57
Amy 241 ""n\
& Mapali 13
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s N\
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0.1 } 1
10 100 1000 10000
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Figure 3 Energy Response for Ludlum Model 44-10 with Cesium-137 Source

The Ludlum 2350-1 data logger system employs a calibration factor to internally convert detector counts
per minute to exposure rate. The calculated exposure rate, directly proportional to the measured count
rate, is transmitted by the data logger to the scanning system portable computer. No record of count rate
is retained by the system, but count rate can be back-calculated using the instrument-specific calibration
factor. The results of the gamma radiation survey within the background reference areas and
BBC/drainage areas are presented in Section 4.0 and Section 5.0, respectively.
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3.1.3 Geospatial Mapping Methods

Geostatistical methods are powerful tools for mapping spatial data and providing interpolation between
existing data points and are commonly used in geographic, geological, and environmental sciences as
outlined in Journel et al. (1978), David (1977), and Verly et al. (1984). More specifically, geospatial analysis
kriging techniques applied to radiological survey data are discussed in Whicker et al. (2008). For the
purposes of the BBC radiological study, kriging was used to interpolate the gamma radiation point data.
Kriging is a geostatistical method utilizing the statistical properties of the measured points. Kriging is the
method of geospatial interpolation used for this project. There are three types of kriging: ordinary, simple,
and universal. The kriging results are displayed on a grid or mesh and provide detailed informative
characterizations of radiological parameters across the entire BBC survey areas. Tetra Tech utilized
ArcGISe Geostatistical Analyst to perform all analyses on the radiological. The exploratory spatial data
analysis tools contained within ArcGlISe Geostatistical Analyst, allows the engineer to visualize and explore
the data sets using statistical methods to best determine which model and parameters most accurately
represent the data. Multiple kriging scenarios were evaluated for the BBC survey areas and the best
method was selected based on a number of criteria prior to final model selection. The gamma radiation
survey maps for this project are kriged maps.

3.1.4 Radiological Investigation QA/QC Methods

Tetra Tech adhered to strict QA/QC protocols in conducting the gamma radiation surveys in this
investigation. QA includes qualitative factors that provide confidence in the results, while QC involves
guantitative field evidence that supports the validity of results. Tetra Tech used data quality indicators as
recommended in Multi-Agency Radiological Survey Site Investigation Manual (MARSSIM) (NRC 2000) and
Multi-Agency Radiological Laboratory Analytical Protocols Manual (MARLAP) (NRC 2004) where possible
to ensure the data being collected are reliable. All of the radiation detection instruments employed during
the field work were factory calibrated within the previous 12 months. Data developed with the
field-qualified instruments are then interchangeable, allowing instrument substitution when needed.
Copies of factory calibration documentation for the three detectors used during the survey are provided
in Attachment B. Under the QC program, factory-calibrated instruments were required to meet on-site
field test criteria (for example, calibration checks). Tetra Tech field personnel collected quantitative
measurements as part of the QC program, including:

1. Pre-survey and post-survey field instrument calibration checks.
2. Field instrument checks performed beginning of each day, middle of day, and end of day

including: background, field strip, Cs-137 source check.

Detailed descriptions of the QA/QC procedures and project QC requirements are provided in
Attachment C. Additionally, the results of the gamma radiation survey and data validation review are
presented in Attachment C.

3.2 SOIL SAMPLING INVESTIGATION
3.2.1 Purpose
The purpose of the soil sampling was to collect information on the existing radiological and chemical

conditions within the drainages and high use areas of the BBC. The gamma radiation survey provides
information on gamma emitting radionuclides in the terrestrial environment but does not specify which
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radionuclides are present (man-made or naturally occurring) and to what extent. The surveys also do not
provide information on radionuclides, such as strontium-90 (Sr-90), that are undetectable within the field
gamma scanning detection systems. Laboratory analysis of soil samples can provide this information, and
this sampling was conducted as part of this study.

3.2.2 Soil Investigation Methods

All surface sediment and soil samples were collected at a depth of 0 to 15 cm below ground surface (bgs).
The sediment and soil sampling was conducted in accordance with SOP 2, Soil Sampling, included in
Attachment A. Sample locations were identified by field engineers based on a risk assessment interview
with camp personnel (Tetra Tech 2016) to select strategic locations based on camper and residence
activities. Soil samples were also collected within the drainages upstream of the BBC. Discrete samples
were collected at all of the locations. Soil samples were submitted to an accredited laboratory for analysis
[ALS Laboratories, Fort Collins, Colorado]. All soil samples were submitted for the laboratory analytical
procedures and minimum detection limits specified in Table 1. The QA/QC methods and data validation
project criteria for the soil investigation program are presented in Section 3.2.3 and in SOP 2. A scanned
copy of the field logbook is provided in Attachment D. A photographic log showing the gamma radiation
survey field activities is provided in Attachment E.

Table 1 Summary of Laboratory Analytical Methods and Detection Limits

e | ot | weod
Cesium-137 0.1 pCi/g? EPA901.1 M
Strontium-90 0.25 pCi/g ASTM D5811
Mercury 3.6 ug/kg3 (33.3 pg/ke) EPA SW 7471A
Metals (TAL%) varies EPA SW 6020
Perchlorate 20 pg/kg EPA 314.0

IMDC = minimum detectable concentration. Varies by method and sample. May be lower than specified in this table.
2pCi/g = picocuries per gram

2ug/kg = micrograms per kilogram

“TAL = target analyte list. Includes 23 metals with varying MDCs

3.2.3 Soil Investigation QA/QC Methods

Tetra Tech followed the QA/QC procedures presented in SOP 2, Soil Sampling, in Attachment A. Field
duplicate samples were collected as part of the QC program. A field duplicate is defined as a second
sample from the same location, collected in immediate succession, using identical techniques; these
samples were submitted to the laboratory to quantify precision and bias. One field duplicate was
submitted for every 20 primary samples. Data validation testing, including evaluation of precision and QA
acceptance criteria for the soil investigation program, is described in SOP 2, Soil Sampling, in
Attachment A.

Radiological and Soil Sampling Investigation 9 103P4383
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4.0 OVERVIEW OF BACKGROUND REFERENCE
AREA SELECTION AND RESULTS

This section presents an overview of the selection process used by Tetra Tech to identify appropriate
background reference areas from unimpacted sites for comparison with data collected on site at the BBC.
The results of the gamma radiation surveys at the background reference areas are presented in this
section.

4.1 OVERVIEW

Background ionizing radiation consists of four major sources: terrestrial, cosmic, cosmogenic, and
man-made. Terrestrial radiation produces the largest dose to people living in the United States. The
remaining three components are relatively minor contributors to the dose from background at sea level
compared with terrestrial radiation (NRC 1994). Virtually all materials found in nature have some natural
radioactivity. Rocks, soil, water, plants, and animal life all have varying degree of terrestrial radionuclides
(NRC 1994). The most significant of these are naturally occurring (such as uranium, thorium, and
potassium). Nuclear reactors and weapons have produced large quantities of radionuclides through the
fissioning of uranium and other heavy elements and the activation of various elements. It is well
documented that Cs-137 and Sr-90 were deposited throughout the globe as a result of nuclear weapons
tests conducted in the atmosphere.

A number of investigations have been performed to date to establish a local baseline or background
reference data values for comparison to the SSFL and adjacent off-site areas. Background soil data were
collected and evaluated by McLaren-Hart on behalf of the U.S. EPA Region 9 in both 1992 and 1994, as
summarized in MclLaren-Hart (1993, 1995). The data from these two investigative efforts were evaluated,
reviewed, validated, and summarized in the Site Inspection Report prepared for the EPA and described in
Weston (2003). The most extensive radiological characterization study to date of the SSFL at Area IV and
the Northern Buffer Zone was conducted by HydroGeologic Inc. (HGL) in 2011 for the EPA. The results of
this study are presented in HGL (2011). HGL identified Radiological Background Reference Areas (RBRA)
at unimpacted locations 3 to 6 miles outside the SSFL boundary. These areas were surveyed for gamma
radiation and soil radionuclide concentrations. Surface and subsurface soil samples were collected at
three RBRAs for the primary background study (HGL 2011). Two of these RBRAs overlie the Chatsworth
geologic formation (Lang Ranch and Rocky Peak), and one overlies the Santa Susana formation (Bridle
Path).

Differences in the distribution of both naturally occurring and man-made gamma-emitting radionuclides
within the terrestrial environment (such as in soil) can be found across sites locally and across the U.S.
The concentrations of terrestrial radionuclides vary from place to place in much the same way that mineral
deposits can be expected to vary from geologic processes over time; the variation in total gamma radiation
levels among sites relates directly to the concentrations of principal gamma-emitting radionuclides in the
local soil (NRC 1994). Background radiation levels should be established from appropriate background
reference areas and include assessment of exposure rates in various media (Abelquist 2001). The selection
of the reference areas is an important factor that must be considered when comparing on-site BBC
radiation values that could be affected by anthropogenic activities, including the historical activities at the
SSFL.
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Tetra Tech conducted a background study at a number of locations using information available from
previous investigations and from information collected in the field. The purpose of the Tetra Tech
background investigation was to collect individual data sets of gamma exposure rates and soil
concentrations from selected background reference areas and compare these data to the data collected
within the BBC and drainages. Tetra Tech designed the background study to incorporate the EPA identified
background areas as well as selecting additional background reference areas within specified unimpacted
drainages for comparison. A total of five background reference areas from two primary sources were
evaluated as part of this investigation: (1) RBRAs from the U.S. EPA background study in HGL (2011), and
(2) locations identified by Tetra Tech field engineers. An objective of this background field investigation
was to evaluate the potential that radioactive and other chemical constituents were released to the BBC
from SSFL-related activities at concentrations greater than background levels. The selection of
unimpacted background reference areas in similar geology and soils is crucial for comparing on-site
radiological measurements and radionuclide soil concentrations (and non-radionuclide) to the
background reference areas. Table 2 presents the background reference areas and geologic formations
underlain in each area and the surface soil types for each area. Surface soil maps were obtained from the
on-line Natural Resources Conservation Service (NRCS) web soil survey program and determined for each
background reference area.

Table 2 Summary Information for Selected Radiological Background Reference Areas

Background Geologic

Reference Area ID Formation Sl e

Castaic-Balcom complex, 30 to 50 percent slopes [CfF2];

Bridle Path RBRA Soper gravelly loam, 30 to 50 percent slopes, eroded [SvF2]

Santa Susana

Bridle Path TT Drainage Castaic-Balcom complex, 30 to 50 percent slopes [CfF2]

Area
Lang Ranch RBRA Botella loam, 2 to 9 percent slopes, warm MAAT, higher MA
Chatsworth
Eastern Drainage on BBC Cortina stony sandy loam, 2 to 9 percent slopes

In addition to the Bridle Path RBRA identified in HGL (2011), Tetra Tech identified another area within the
vicinity (less than 500 feet) of the Bridle Path RBRA as suitable background drainage reference area. This
sediment drainage nearby was evaluated to provide a reference drainage to compare with the BBC
drainages within the Santa Susana formation. A drainage that does not receive hydrologic inputs from the
SSFL Area IV was evaluated (Eastern Drainage). The Eastern drainage falls within the Chatsworth
formation. The sediment and soil background reference area data were compared to the sediment and
soil areas identified and evaluated within the BBC property.
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American Jewish University



Coordinate System: NAD 1983 StatePlane California V FIPS 0405 FeetLambert Conformal Conic
= (5 4 na By . T — i T P b

=== Eastern Drainage (BG)
e Fast Drainage
Main Drainage

=== South Drainage

Brandeis-Bardin Campus
Property Boundary

Q
c
@
o
a
©
2
3
2
9
®
s
E3
=
o
o
@
3
-3
S
=2
@
@
@
3
g
@
<2
Q
g
=
<
3
o
©
a
il
o
=
H
2z
@
@
ul
o
a
H
=
=
x
=)
@
o
3
3
°
»
<
2
3
2
Py
o
]
°
a
=
o
]
A
ul
@
<
8
-
[
©
8
%
&
3
e
El
2
P
@
©
K
@
®
o
o
Q
Pl
z
>
o
&
@
3
X
3
=
L
3
=
N
3
@
>
2
3
2
o
®
o
Es
=
S

Lang Ranch RBRA . .
Geologic Formations

I:l Chatsworth Formation
I:I Santa Susana Formation
|:| Tsi Formation (Chatsworth)

Prepared for:

American Jewlish BACKGROUND REFERENCE AREA
@ Background Soil Sample Location University LOCATION AND GEOLOGIC MAP

@ Background Sediment Sample Location @TETRATECH BRANDEIS-BARDIN CAMPUS _1034sts
3801 Automation Way Suite 100 Location: ate:
e s VENTURA COUNTY, CA |MARCH 2016




4.2 GAMMA SURVEY RESULTS IN BACKGROUND REFERENCE AREAS

Tetra Tech conducted a gamma radiation survey in the five background reference areas presented in
Table 2 and Figure 4 in accordance with the methods presented in Section 3.1 and SOP 1, Mobile Gamma
Radiation Surveying included in Attachment A. Field engineers collected 4,166 gamma exposure rate
measurements within the five background reference areas from February 16, 2016, through
February 18, 2016 (Figure 5 and Figure 6). Soil samples were also collected within Bridle Path RBRA, Bridle
Path (TT-Drainage), Lang Ranch RBRA, and Eastern Drainage (BG). Soil samples were submitted for
radiochemical laboratory analysis of Cs-137 and Sr-90. Prior studies have uniformly indicated that the
primary radionuclides associated with the SSFL are Cs-137 and Sr-90. Furthermore, the 1992 and 1994
investigative efforts at BBC showed that other radionuclides, such as plutonium-239 (Pu-239) and
cobalt-60 (Co-60), were not present above detection limits (Weston 2003). Accordingly, Pu-239 and Co-60
were not included in this investigation. The following subsections present the results of the background
gamma radiation surveys for each of the background reference area evaluated. The laboratory results for
the sediment and soil samples collected in the background reference areas are provided in Section 6.0.
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4.2.1 Bridle Path RBRA (EPA Location)

Bridle Path RBRA was selected as background reference location because it was evaluated in the HGL
(2011) study and significant data are available from the previous investigative efforts. The Bridle Path
RBRA is approximately 6 miles from the BBC and is underlain by the Santa Susana formation, the same
geologic formation that the majority of the BBC property falls within, as shown in Figure 4. The results of
the gamma radiation survey are presented graphically in Figure 5 and summarized in Table 3. A Goodness
of fit test (GOF) using the EPA software, ProUCL 5.0, was used to calculate an appropriate statistical
distribution that best fits the gamma exposure rate measurements collected within the Bridle Path RBRA.
This information is useful when statistically comparing the data from within the BBC areas and the
background reference areas evaluated during this investigation. The results of the GOF showed that the
data within the Bridle Path RBRA fit a number of distributions (including normal, lognormal, and gamma).
A statistical representation of the gamma exposure rates for the Bridle Path RBRA is shown in Figure 7.
The probability plot and histogram show graphically how well the data fit a lognormal distribution.
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Figure 7 Probability Plot and Frequency Histogram of Bridle Path RBRA Gamma Exposure Rates

The ground cover observed during this investigation included high grass and moist soil conditions. The
sampling conditions within the Bridle Path RBRA can be observed through the photographic log provided
in Attachment E. The background conditions for the soil area at the Bridle Path RBRA may not reflect the
radiological conditions within a drainage environment due to vegetative cover, soil moisture, and soil
type. Therefore, an alternative background drainage reference area within the same geology as the Bridle
Path RBRA was selected to study, as shown in Figure 4. The results of this analysis are provided in
Section 4.2.3.

4.2.2 Lang Ranch RBRA (EPA Location)

The Lang Ranch RBRA was selected as background reference location because it was evaluated in the HGL
(2011) study and significant data are available from the previous investigation efforts. The Lang Ranch
RBRA is approximately 5 miles from the BBC and is underlain by the Chatsworth formation, the same
geologic formation that is the origin of the drainage channels that enter the BBC from the south, as shown
in Figure 4. The results of the gamma radiation survey are presented graphically in Figure 6 and
summarized in Table 3. A GOF test using the EPA software, ProUCL 5.0, was used to calculate an
appropriate statistical distribution that best fits the gamma exposure rate measurements collected within
the Lang Ranch RBRA. This information is useful when statistically comparing the data from within the
BBC areas and the background reference areas evaluated during this investigation. The results of the GOF
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showed that the data within the Lang Ranch RBRA fits a number of distributions (including normal,
lognormal, and gamma). A statistical graphical representation of the gamma exposure rates for the Lang
Ranch Path RBRA is shown in Figure 8. The probability plot and histogram show graphically how well the
data fit a lognormal distribution.
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Figure 8 Probability Plot and Frequency Histogram of Lang Ranch Path RBRA Gamma Exposure Rates

The ground cover observed during this investigation included high grass and moist soil conditions. The
sampling conditions within the Lang Ranch RBRA can be observed through the photographic log provided
in Attachment E. The background conditions for the soil area at the Lang Ranch RBRA may not reflect the
radiological conditions within a drainage environment due to vegetative cover, soil moisture, and soil
type. Therefore, an alternative background drainage reference area within the same geology as the Lang
Ranch RBRA was selected to study, as shown in Figure 4. The results of this analysis are provided in
Section 4.2.3.

4.2.3 Summary of Background Drainage Reference Areas (Tetra Tech Locations)

In addition to the two RBRAs identified in the HGL (2011) background study, Tetra Tech field engineers
identified two additional background reference areas. The rationale for selecting these locations is
described in Section 4.2. Two of these locations were in close proximity to, and had similar geologic and
surface soil characteristics as, the Bridle Path RBRA. These locations were selected to demonstrate the
variability of terrestrial radiation within just a short distance from the EPA-identified RBRAs, in addition
to evaluating the radiological characteristics of drainages rather than the open soil environment. Figure 5
shows the background drainage reference area evaluated and the close proximity to the main Bridle Path
RBRA evaluation area. The second background drainage reference location identified by Tetra Tech was
from the Eastern Drainage (BG) entering the BBC site. This background reference area was selected
because it does not receive its primary drainage flows from the known radiologically contaminated region
of the SSFL referred to as Area IV. Summary statistics for the gamma radiation surveys for all of the
background reference areas are presented in Table 3.

4.2.3.1 Bridle Path TT-Drainage Background Reference Area (Tetra Tech Location)

The Bridle Path TT-drainage background reference area is located near Thousand Oaks, California,
adjacent to the EPA-identified Bridle Path RBRA and approximately 6.4 miles from the centroid of the BBC
property. This area was selected as a background reference location based on its proximity to the
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EPA-identified Bridle Path RBRA and because it represents the conditions of an unimpacted drainage
within the Santa Susana geologic formation. This region has been identified as unimpacted in the HGL
(2011) report and fits the requirements for a background reference area well. The results of the gamma
radiation survey within the Bridle Path drainage are shown on Figure 5. This background reference area
exhibited gamma readings up to 38.6 microroentgens per hour (ur/hr), which is higher than any exposure
level observed on the BBI property during this investigation. A statistical graphical summary is provided
in Figure 9. The data collected within this drainage do not fall within any specified parametric distribution
and follow closely to a bimodal distribution.
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Figure 9 Probability Plot and Frequency Histogram of Bridle Path TT-Drainage Gamma Exposure Rates
4.2.3.2 Eastern Drainage (BG) Background Reference Area (Tetra Tech Location)

The Eastern Drainage (BG) background reference area is a drainage entering the primary Eastern Drainage
into the BBC. This area was selected as a background reference location because it represents the
conditions of a channel draining the Chatsworth formation that is unimpacted from the Area IV region of
the SSFL. This drainage region has been identified as hydrologically unimpacted from the SSFL's Area IV
operations based on review of local flow paths obtained from the National Hydrography Dataset (NHD)
from the U.S. Geological Survey (USGS) and fits the requirements for a background reference area as well.
Further discussion is provided in the main text of the Technical Memorandum.

A GOF test using the EPA software, ProUCL 5.0, was used to calculate an appropriate statistical distribution
that best fits the gamma exposure rate measurements collected within the Eastern Drainage background
reference area. This information is useful for statistically comparing the data from within the BBC areas
and the background reference areas evaluated during this investigation. The results of the GOF showed
that the data within the Eastern Drainage (BG) background reference area fit a number of distributions
(including normal, lognormal, and gamma). A statistical graphical representation of the gamma exposure
rates for the Eastern Drainage (BG) background reference area is shown in Figure 10. The probability plot
and histogram show graphically how well the data fit a lognormal distribution.
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Summary of Background Drainage Reference Areas (Tetra Tech Locations)

The summary statistics of the gamma radiation surveys at the background reference areas are provided
in Table 3. Figure 5 and Figure 6 depict the raw gamma exposure rates for the Bridle Path and Lang Ranch
background reference areas, respectively. The gamma exposure rate measurements for the Eastern
Drainage (BG) is provided in Section 5.0, given its proximity to the BBC property. A lognormal probability
plot showing the multiple background reference area gamma exposure rates on one graph is provided in
Figure 11. A statistical evaluation comparing the gamma exposure rates collected within the BBC main
area and drainages and the gamma exposure rates collected within the background reference areas is

provided in Section 7.0.

Table 3 Summary Statistics of Gamma Exposure Rate Measurements at Background Reference Areas

- . Standard . 95th ggth
Background #of | Minimum | Maximum | Average Dea\'/ri‘atai‘;n Median Percentile | Percentile
Reference Area | Points R/hr R/hr R/hr R/hr
Bridle Path RBRA 458 13.1 21.9 17.5 1.5 17.5 20.0 21.3
Bridle Path (TT- 145 20.1 38.6 28.9 4.6 28.7 35.5 36.9
Drainage)
Lang Ranch RBRA 422 13.5 18.4 15.8 0.9 15.8 17.3 17.9
East Drainage (BG) 3,030 16.0 27.7 21.5 1.4 21.4 24.0 25.1
All Areas 4,166 13.1 38.6 20.8 3.0 211 24.4 32.6
'uR/hr = microroentgen per hour
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5.0 GAMMA RADIATION SURVEY RESULTS

This section presents the results of the gamma radiation survey conducted by Tetra Tech field engineers
the week of February 15, 2016.

Tetra Tech conducted gamma radiation surveys at the BBC property from February 16, 2016 through
February 18, 2016. The surveys were performed in accordance with the methods presented in Section 3.1
and in accordance with SOP 1, Mobile Gamma Radiation Surveying included in Attachment A. Field
engineers collected 39,463 gamma exposure rate measurements within the six areas identified in Table
4. The gamma exposure rates ranged between 8.2 puR/hr to 25.5 pR/hr. The summary statistics of the
gamma radiation surveys performed at these areas are also presented in Table 4. A map delineating the
different survey areas is provided on Figure 12. Figure 13 provides a kriged gamma exposure rate map of
the BBC main camp area and drainage survey areas. Figure 14 provides a kriged gamma exposure rate
map of the Old Well and Hidden Valley survey areas. The Old Well and Hidden Valley areas were also
surveyed to assess the existing radiological conditions; these areas are potential exposure centers to
campers evaluated in the McLaren-Hart (1993; 1995) investigations. The raw gamma exposure rate maps
are provided in Attachment F.

Table 4 Summary of Gamma Exposure Rate Measurements Collected at the BBC

Number .. . . Standard g5th ggth
Minimum | Maximum | Average | Median . .. . .
Survey Area of (uR/hr)? (uR/hr) | (uR/hr) | (uR/hr) Deviation | Percentile | Percentile
Points H H H H (kR/hr) (#R/hr) (#R/hr)
BBC Main Area 25,585 8.2 22.4 14.4 14.3 1.6 17.0 18.3
Hidden Valley 59 15.1 19.5 17.5 17.6 1.0 18.8 19.3
Old Well 124 13.7 18.5 16.1 16.1 1.0 17.7 18.1
South Drainage 4,330 13.3 22.0 17.6 17.7 1.2 19.6 20.4
Main Channel |, oo, 12.2 20.5 17.2 17.3 1.2 19.1 19.7
Drainage
East Channel 7,684 11.1 25.5 19.2 19.1 1.7 22.0 23.4
Drainage
All Non-
Background 39,463 8.2 25.5 15.8 154 2.5 20.3 22.0
Survey Areas

'uR/hr = microroentgen per hour
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6.0 SOIL SAMPLING INVESTIGATION RESULTS

Tetra Tech collected eight drainage sediment samples (drainages were dry at the time of sample
collection) and ten soil samples as part of the BBC radiological and soil investigation in accordance with
the methods outlined in Section 3.2. The geology and considerations for background sediment and soil
sampling are discussed in Section 4.0.

Two of the sediment samples were collected in background drainage reference areas in accordance with
the sampling methods presented in Section 3.2. One background sediment sample (TT-BP-DRAINAGE-01)
was collected at the background drainage adjacent to the EPA identified Bridle Path RBRA as shown on
Figure 5. The other background sediment sample (TT-SEDBG-01) was collected within the Eastern
Drainage (background) as shown on Figure 12. The two background soil samples were collected from the
RBRAs identified in HGL (2011), one from the Bridle Path area, and one from the Lang Ranch area.

Table 5 and Table 6 provide the sample identification and geospatial information for the sediment and
soil sample locations, respectively. The sediment and soil samples were submitted for laboratory analysis
of radionuclides, metals, and perchlorate as presented in Table 1. Figure 21 shows the locations of the
sediment and soil samples collected within the BBC main camp area and the primary drainages entering
the BBC. The following subsections present the laboratory analytical results for the sediment and soil
samples analyzed for Cs-137 (Section 6.1), Sr-90 (Section 6.2), (Section 6.3), and perchlorate (Section 6.4).

All sediment and soil samples were collected in accordance with the methods described in Section 3.2 and
in SOP 2 in Attachment 1. A scanned copy of the field logbook is provided in Attachment D. A photographic
log, which includes photos of most sampling locations, is provided in Attachment E. Laboratory analytical
reports for the sediment and soil samples are provided in Attachment G.

Table 5 Geospatial Information for Sediment Sample Locations

Sample ID Background Qc Latitude! Longitude
(Y/N)
TT-SD1-01 - Primary 34.24957740 -118.7122916
TT-BPDRAINAGE-01 Y Primary 34.22185176 -118.8113390
TT-SEDBG-01 Y Primary 34.25070834 -118.6931649
TT-ED1-01 - Primary 34.24770261 -118.6966891
TT-ED2-01 - Primary 34.25230858 -118.6971849
TT-ED3-01 - Primary 34.25652561 -118.7093089
TT-SD2-01 - Primary 34.25742761 -118.7113001
TT-BBCSED-01 - Primary 34.26152343 -118.7155219
The coordinates are provided in WGS 84.
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Table 6 Geospatial Information for Soil Sample Locations

Background

American Jewish University

Sample ID (Y/N) Qc Latitude?! Longitude
TT-BP-RBRA-01 Y Primary 34.220501230 -118.808406299
TT-PPG-01 - Primary 34.255498222 -118.704861556
TT-BB1-01 - Primary 34.254806065 -118.704658109
TT-BBF-01 - Primary 34.256729301 -118.707671696
TT-GGP-01 - Primary 34.257103941 -118.708705857
TT-HC-01 - Primary 34.256395463 -118.709662709
TT-GF-01 - Primary 34.255834150 -118.709124137
TT-GF-02 - Duplicate 34.255834150 -118.709124137
TT-OSF-01 - Primary 34.257047021 -118.709985644
TT-CAB-01 - Primary 34.259619495 -118.712440820
TT-LR-RBRA-01 Y Primary 34.210758977 -118.770357270
The coordinates are provided in WGS 84.
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6.1 CESIUM-137 ANALYTICAL RESULTS

This section presents the laboratory analytical results for Cs-137 within the sediment and soil samples
collected at background reference areas, within the BBC main camp area, and within the BBC drainages.

6.1.1 Background Reference Area Cs-137 Sediment and Soil Sample Results

Tetra Tech collected sediment and soil samples within the background reference areas as described in
Section 4.0. These samples were submitted to an accredited laboratory for analysis of Cs-137 for the
methods and requested MDCs presented in Table 1. Table 7 presents the laboratory analytical results of
the Cs-137 mass activity concentrations for the background reference area locations.

Table 7 Cs-137 Laboratory Results for Sediment and Soil Background Samples

Cesium-137
Sample ID Sample Type gl Precision > Lab
Result (pCi/g) +/- MDC Qualifier®
TT-SEDBG1-01 Sediment <0.099 0.061 0.099 U
TT-BP-DRAIN-01 Sediment 0.140 0.065 0.094 G
TT-BP-RBRA-01 Soil <0.090 0.058 0.090 U,G
TT-LR-RBRA-01 Soil <0.098 0.063 0.098 U,G

pCi/g = picocuries per gram
2MDC = minimum detectable concentration.
3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample

6.1.2 BBC Main Camp Area and BBC Drainage Cs-137 Sediment and Soil Sample Results

Tetra Tech collected six non-background sediment samples within the primary drainages entering the BBC
as shown on Figure 21. The Cs-137 laboratory analytical results for the non-background sediment samples
are presented in Table 8. For comparative purposes, the background reference Cs-137 laboratory
analytical results are also provided in Table 8. All six of the sediment samples were below the minimum
detection concentrations (MDC) for Cs-137 by gamma spectroscopy (EPA 901.1). The maximum MDC for
the sediment Cs-137 analysis results was < 0.097 picocuries per gram (pCi/g). One of the two background
reference sediment samples was a non-detect (< 0.087 pCi/g); the other sample (TT-BP-DRAIN-01), had a
reported value of 0.140 pCi/g with a precision of +/- 0.052 pCi/g. All of the non-background sediment
samples were below the MDC and below the levels of the background drainage area reference samples.

Table 8 Cs-137 Laboratory Results for Sediment Samples

Cesium-137
Sample ID Sample Area sl Precision > Lab
Result (pCi/g) " MDC Qualifier?
TT-ED1-01 Non-Background <0.097 0.057 0.097 u
TT-ED2-01 Non-Background <0.090 0.057 0.090 U, G
TT-ED3-01 Non-Background <0.091 0.050 0.091 U, G
TT-SD1-01 Non-Background <0.095 0.053 0.095 U, G
TT-SD2-01 Non-Background <0.095 0.056 0.095 U, G
TT-BBCSED-01 Non-Background <0.087 0.052 0.087 u
TT-BBCSED-01 Background <0.087 0.052 0.087 U
TT-BP-DRAIN-01 Background 0.140 0.065 0.094 G

'pCi/g = picocuries per gram
2MDC = minimum detectable concentration.
3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample
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Tetra Tech collected eight non-background soil samples throughout the BBC high use areas throughout
the BBC as shown on Figure 21. The Cs-137 laboratory analytical results for the non-background soil
samples are presented in Table 9. For comparative purposes, the background reference Cs-137 laboratory
analytical results are also provided in Table 9. Seven of the eight soil samples were below the laboratory
reported MDC. The soil sample collected at the “Old Sports Field” (TT-OSF-01) had a detectable Cs-137
concentration of 0.101 pCi/g- lower than any risk or background based criteria, as discussed in the
Technical Memorandum. The maximum MDC for the soil Cs-137 analysis results was <0.098 pCi/g. Both
of the two background reference soil samples were below the laboratory reported Cs-137 MDC.

The summary statistics, including the sample mean and standard deviation, for the Cs-137
non-background soil sampling data were computed using the Kaplan-Meier (K-M) method, which was
applied using the EPA’s ProUCL.5.0 statistical software package. This method is a nonparametric survival
analysis method for left censored data which should be applied to data sets with larger portions of non-
detect data (Helsel 2005, 2012; EPA 2009). The mean Cs-137 concentration for all of the soil samples is
0.0835 pCi/g with a standard deviation of 0.007 pCi/g.

Table 9 Cs-137 Laboratory Results for Soil Samples

Cesium-137
Sample ID Sample Area g6l Precision > Lab
Result (pCi/g) " MDC Qualifier®
TT-BB1-01 Non-Background <0.097 0.058 0.097 U,G
TT-BBF-01 Non-Background <0.098 0.055 0.098 u
TT-CAB-01 Non-Background <0.081 0.055 0.081 U,G
TT-GF-01 Non-Background <0.098 0.056 0.098 U,G
TT-GGP-01 Non-Background <0.097 0.055 0.097 u
TT-HC-01 Non-Background <0.092 0.053 0.092 U,G
TT-OSF-01 Non-Background 0.101 0.065 0.099 G
TT-PPG-01 Non-Background <0.095 0.053 0.095 u
TT-BP-RBRA-01 Background <0.090 0.058 0.090 UG
TT-LR-RBRA-01 Background <0.098 0.063 0.098 UG

pCi/g = picocuries per gram
2MDC = minimum detectable concentration.
3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample

6.2 STRONTIUM-90 ANALYTICAL RESULTS

This section presents the laboratory analytical results for Sr-90 within the sediment and soil samples
collected at background reference areas, within the BBC main camp area, and within the BBC drainages.

6.2.1 Background Reference Area Sr-90 Sediment and Soil Sample Results

Tetra Tech collected sediment and soil samples within the background reference areas as described in
Section 4.0. These samples were submitted to an accredited laboratory for analysis of Sr-90 for the
methods and requested MDCs presented in Table 1. Table 10 presents the laboratory analytical results of
the Sr-90 mass activity concentrations for the background reference area locations. All of the background
reference sample Sr-90 results were below the MDC. The reported Sr-90 lab results ranged between
< 0.075 pCi/g to < 0.096 pCi/g.
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Table 10 Summary of Sr-90 Laboratory Results for Sediment and Soil Background Samples

Strontium-90
Sample ID Sample Type A/ Precision 5 Lab
Result (pCi/g) v MDC Qualifier?
TT-SEDBG1-01 Sediment <0.075 - 0.075 U
TT-BP-DRAIN-01 Sediment <0.083 - 0.083 U
TT-BP-RBRA-01 Soil <0.096 - 0.096 U
TT-LR-RBRA-01 Soil <0.089 - 0.089 U

'pCi/g = picocuries per gram
2MDC = minimum detectable concentration.
3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample

6.2.2 BBC Main Camp Area and BBC Drainage Sr-90 Sediment and Soil Sample Results

Tetra Tech collected six non-background sediment samples within the primary drainages entering the BBC
as shown on Figure 21. The Sr-90 laboratory analytical results for the non-background sediment samples
are presented in Table 11. For comparative purposes, the background reference Sr-90 laboratory
analytical results are also provided in Table 11. Five of the six sediment samples were below the MDC for
Sr-90. The sample location, TT-SD2-01, had a detectable concentration of 0.182 pCi/g of Sr-90. Both of the
two background reference sediment samples were non-detects (< 0.075 pCi/g and < 0.083 pCi/g). Five of
the six the non-background sediment samples were below the MDC and therefore below the levels for
one background drainage reference area.

Table 11 Summary of Sr-90 Laboratory Results for Sediment Samples

Strontium-90
Sample ID Sample Area g6l Precision > Lab
Result (pCi/g) +/- MDC Qualifier®
TT-ED1-01 Non-background <0.088 - 0.088 u
TT-ED2-01 Non-background <0.097 - 0.097 u
TT-ED3-01 Non-background <0.089 - 0.089 u
TT-SD1-01 Non-background <0.075 - 0.075 u
TT-SD2-01 Non-background 0.182 0.064 0.081
TT-BBCSED-01 Non-background <0.104 - 0.104 U
TT-SEDBG1-01 Background <0.075 - 0.075 U
TT-BP-DRAIN-01 Background <0.083 - 0.083 U

'pCi/g = picocuries per gram
2MDC = minimum detectable concentration.
3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample

Tetra Tech collected eight non-background soil samples throughout the BBC high use areas throughout
the BBC as shown on Figure 21. The Sr-90 laboratory analytical results for the non-background soil samples
are presented in Table 12. For comparative purposes, the background reference Sr-90 laboratory
analytical results are also provided in Table 12. All eight of the soil samples were below the laboratory
reported MDC.
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Table 12 Summary of Sr-90 Laboratory Results for Soil Samples

Strontium-90
Sample ID Sample Area o Precision 5 Lab
Result (pCi/g) " MDC Qualifier?

TT-BB1-01 Non-background <0.081 - 0.081 u
TT-BBF-01 Non-background <0.081 - 0.081 u
TT-CAB-01 Non-background <0.092 - 0.092 u
TT-GF-01 Non-background <0.104 - 0.104 u
TT-GGP-01 Non-background <0.074 - 0.074 u
TT-HC-01 Non-background <0.082 - 0.082 u
TT-OSF-01 Non-background <0.096 - 0.096 u
TT-PPG-01 Non-background <0.097 - 0.097 u
TT-BP-RBRA-01 Background <0.096 - 0.096 U
TT-LR-RBRA-01 Background <0.089 - 0.089 V)

'pCi/g = picocuries per gram
2MDC = minimum detectable concentration.
3Lab qualifier = “U” less than MDC; “G” sample density differs more than 15% from laboratory control sample

The mean concentration for the Sr-90 non-background soil and sediment sampling data collected at the
BBC was computed using the K-M method, which was applied using the EPA’s ProUCL.5.0 statistical
software package. This method is a nonparametric survival analysis method for left censored data which
should be applied to data sets with larger portions of non-detect data (Helsel 2005, 2012; EPA 2009). The
K-M method was used here because 14 of the 15 samples were below the detection limits for Sr-90. The
Sr-90 concentrations for all of the samples ranged between < 0.074 pCi/g to 0.182 pCi/g, and the mean
Sr-90 concentration for all of the soil samples is 0.0817 pCi/g.

6.3 METALS

The soil samples collected by Tetra Tech were submitted to ALS Laboratory for analysis of a variety of
metals.

6.3.1 Background Reference Area Metals Sediment and Soil Sample Results

Tetra Tech collected sediment and soil samples within the background reference areas as described in
Section 4.0. These samples were submitted to an accredited laboratory for analysis of 23 metals for the
methods and requested MDCs presented in Table 1. Table 13 through Table 18 presents the laboratory
analytical results of the metals concentrations for the background reference area locations.

Table 13 Metals Laboratory Results for Sediment and Soil Background Samples (Al, Sb, As, Ba)

sample ID e AT Aluminum Antimony Arsenic Barium
(mg/kg)* (mg/kg) (mg/kg) (mg/keg)
TT-SEDBG1-01 Sediment 4,800 0.081 2 36
TT-BP-DRAIN-01 Sediment 14,000 0.17 6.1 87
TT-BP-RBRA-01 Soil 13,000 0.21 5.9 100
TT-LR-RBRA-01 Soil 14,000 0.34 10 130
'mg/kg = milligrams per kilogram
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Table 14 Metals Laboratory Results for Sediment and Soil Background Samples (Be, Cd, Ca, Cr)

sample ID sample Type Beryllium Cadmium Calcium Chromium
(mg/kg)* (mg/keg) (mg/keg) (mg/kg)
TT-SEDBG1-01 Sediment 0.21 0.064 2,900 6.7
TT-BP-DRAIN-01 Sediment 0.54 0.21 22,000 34
TT-BP-RBRA-01 Soil 0.65 0.27 3,700 24
TT-LR-RBRA-01 Soil 0.81 0.36 3,600 30

*mg/kg = milligrams per kilogram

Table 15 Metals Laboratory Results for Sediment and Soil Background Samples (Co, Cu, Fe, Pb)

Sample ID Sample Type Cobalt (mg/kg)! | Copper (mg/kg) Iron (mg/kg) Lead (mg/kg)
TT-SEDBG1-01 Sediment 2.9 4 9,700 4.3
TT-BP-DRAIN-01 Sediment 9.1 13 29,000 10
TT-BP-RBRA-01 Soil 8.4 12 24,000 12
TT-LR-RBRA-01 Soil 11 19 28,000 16

*mg/kg = milligrams per kilogram

Table 16 Metals Laboratory Results for Sediment and Soil Background Samples (Mg, Mn, Hg, Ni)

Magnesium Manganese Mercury .
Sample ID Sample Type Nickel (mg/kg)
(mg/kg)* (mg/kg) (mg/kg)

TT-SEDBG1-01 Sediment 2,500 160 0.0055’ 5.4
TT-BP-DRAIN-01 Sediment 1,0000 470 0.021! 14
TT-BP-RBRA-01 Soil 5,000 380 0.023' 13
TT-LR-RBRA-01 Soil 6,200 510 0.027 31

*mg/kg = milligrams per kilogram

Lab qualifier = “J” indicates the same result is less than the Reporting Limit but greater than Method Detection Limit (MDL)

Table 17 Metals Laboratory Results for Sediment and Soil Background Samples (K, Se, Ag, Na)

Potassium Selenium
Sample ID Sample Type Silver (mg/kg) Sodium (mg/kg)
(mg/kg)* (mg/ke)

TT-SEDBG1-01 Sediment 1,600 0.55 0.013 120
TT-BP-DRAIN-01 Sediment 3,300 1 0.03 310
TT-BP-RBRA-01 Soil 4,000 1.3 0.021 190
TT-LR-RBRA-01 Soil 5,100 1.5 0.053 190
'mg/kg = milligrams per kilogram
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Table 18 Metals Laboratory Results for Sediment and Soil Background Samples (Tl, V, Z)

Thallium Vanadium
Sample ID Sample Type Zinc (mg/kg)
(mg/kg)* (mg/keg)
TT-SEDBG1-01 Sediment 0.13 17 31
TT-BP-DRAIN-01 Sediment 0.24 74 71
TT-BP-RBRA-01 Soil 0.32 52 62
TT-LR-RBRA-01 Soil 0.39 47 80

*mg/kg = milligrams per kilogram

6.3.2

BBC Main Camp Area and BBC Drainage Metals Sediment and Soil Sample Results

Tetra Tech collected six non-background sediment samples within the primary drainages entering the BBC
as shown on Figure 21. The metals laboratory analytical results for the non-background sediment samples
are presented in Table 19 through Table 24. For comparative purposes, the background reference metals
laboratory analytical results are also provided in these tables. In general, all of the metals results for the
non-background sediment samples were within the reported metals concentrations of the two
background sediment samples.

Table 19 Metals Laboratory Results for Sediment Samples (Al, Sb, As, Ba)

sample ID i A Aluminum Antimony Arsenic Barium
(mg/kg)* (mg/kg) (mg/kg) (mg/keg)
TT-ED1-01 Non-Background 3,700 0.035 2.2 29
TT-ED2-01 Non-Background 6,300 0.11 2.7 57
TT-ED3-01 Non-Background 5,600 0.15 3 41
TT-SD1-01 Non-Background 8,700 0.12 4.7 61
TT-SD2-01 Non-Background 5,100 0.086 3.1 37
TT-BBCSED-01 Non-Background 2,400 0.077 1.3 16
TT-SEDBG1-01 Background 4,800 0.081 2 36
TT-BP-DRAIN-01 Background 14,000 0.17 6.1 87
'mg/kg = milligrams per kilogram
Table 20 Metals Laboratory Results for Sediment Samples (Be, Cd, Ca, Cr)
Beryllium Cadmium . Chromium
Sample ID Sample Area e L] Calcium (mg/kg) )
TT-ED1-01 Non-Background 0.22 0.036 2,500 4.9
TT-ED2-01 Non-Background 0.32 0.13 2,300 8.9
TT-ED3-01 Non-Background 0.28 0.091 4,300 9.6
TT-SD1-01 Non-Background 0.5 0.058 2,800 13
TT-SD2-01 Non-Background 0.27 0.08 1,900 7.7
TT-BBCSED-01 Non-Background 0.13 <0.017Y 840 3.7
TT-SEDBG1-01 Background 0.21 0.064 2,900 6.7
TT-BP-DRAIN-01 Background 0.54 0.21 22,000 34
*mg/kg = milligrams per kilogram
Lab qualifier = “U” less than MDC
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Table 21 Metals Laboratory Results for Sediment Samples (Co, Cu, Fe, Pb)

Sample ID Sample Area Cobalt (mg/kg)® | Copper (mg/kg) Iron (mg/kg) Lead (mg/kg)
TT-ED1-01 Non-Background 2.6 3.2 8,400 3.4
TT-ED2-01 Non-Background 3.9 6.3 12,000 8.9
TT-ED3-01 Non-Background 4.3 10 12,000 6.1
TT-SD1-01 Non-Background 7.6 10 20,000 8.4

TT-SD2-01 Non-Background 4 49 12,000 5

TT-BBCSED-01 Non-Background 1.7 2.6 5,700 2.7
TT-SEDBG1-01 Background 2.9 4 9,700 4.3
TT-BP-DRAIN-01 Background 9.1 13 29,000 10

*mg/kg = milligrams per kilogram

Table 22 Metals Laboratory Results for Sediment Samples (Mg, Mn, Hg, Ni)

Magnesium Manganese Mercury .
Sample ID Sample Area e ) T Nickel (mg/kg)

TT-ED1-01 Non-Background 1,800 150 0.0057! 2.8
TT-ED2-01 Non-Background 3,100 220 0.011’ 6.3

TT-ED3-01 Non-Background 3,100 200 0.011’ 7
TT-SD1-01 Non-Background 4,600 340 0.0081' 9.2

TT-SD2-01 Non-Background 2,300 160 0.0071 5
TT-BBCSED-01 Non-Background 1,100 65 < 0.0034Y 2.3
TT-SEDBG1-01 Background 2,500 160 0.0055’ 54
TT-BP-DRAIN-01 Background 10,000 470 0.021’ 14

*mg/kg = milligrams per kilogram
Lab qualifier = “U” less than MDC

Lab qualifier = “J” indicates the same result is less than the Reporting Limit but greater than Method Detection Limit (MDL)

Table 23 Metals Laboratory Results for Sediment Samples (K, Se, Ag, Na)

Sample ID Sample Area P(::;;I;)T S(:Zr}::‘g';] Silver (mg/kg) Sodium (mg/kg)
TT-ED1-01 Non-Background 1,300 0.54 0.061 150
TT-ED2-01 Non-Background 2,300 0.4 0.058 160
TT-ED3-01 Non-Background 2,300 0.35 0.066 120
TT-SD1-01 Non-Background 3,000 0.83 0.028 120
TT-SD2-01 Non-Background 1,800 0.43 <0.0054Y 80
TT-BBCSED-01 Non-Background 960 0.64 0.022 120
TT-SEDBG1-01 Background 1,600 0.55 0.013 120
TT-BP-DRAIN-01 Background 3,300 1 0.03 310
'mg/kg = milligrams per kilogram
Lab qualifier = “U” less than MDC
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Table 24 Metals Laboratory Results for Sediment Samples (Tl, V, Zn)

Thallium Vanadium .

Sample ID Sample Area e ) Zinc (mg/kg)
TT-ED1-01 Non-Background 0.11 13 24
TT-ED2-01 Non-Background 0.18 21 43
TT-ED3-01 Non-Background 0.14 22 40
TT-SD1-01 Non-Background 0.24 34 59
TT-SD2-01 Non-Background 0.14 20 33
TT-BBCSED-01 Non-Background 0.077 8.6 16
TT-SEDBG1-01 Background 0.13 17 31
TT-BP-DRAIN-01 Background 0.24 74 71

*mg/kg = milligrams per kilogram

Tetra Tech collected eight non-background soil samples from the highest use areas throughout the BBC
as shown on Figure 21. The laboratory analytical results for metals in the non-background soil samples
are presented in Table 25 through Table 30. For comparative purposes, the background reference metals
laboratory analytical results are also provided in these tables. In general, all of the metals results for the
non-background sediment samples were within the reported metals concentrations of the two
background sediment samples.

Table 25 Metals Laboratory Results for Soil Samples (Al, Sbh, As, Ba)

sample ID sample Type Aluminum Antimony Arsenic Barium
(mg/kg)* (mg/keg) (mg/keg) (mg/keg)
TT-BB1-01 Non-Background 4,600 0.18 3.5 39
TT-BBF-01 Non-Background 7,500 0.15 5.8 170
TT-CAB-01 Non-Background 13,000 0.28 5.1 120
TT-GF-01 Non-Background 9,600 0.18 3.7 75
TT-GGP-01 Non-Background 1,200 0.038 0.85 9.4
TT-HC-01 Non-Background 5,700 0.18 3.1 87
TT-OSF-01 Non-Background 12,000 0.21 4.9 90
TT-PPG-01 Non-Background 2,600 0.082 1.4 29
TT-BP-RBRA-01 Background 13,000 0.21 5.9 100
TT-LR-RBRA-01 Background 14,000 0.34 10 130
*mg/kg = milligrams per kilogram
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Table 26 Metals Laboratory Results for Soil Samples (Be, Cd, Ca, Cr)

sample ID AR AT Beryllium Cadmium Calcium Chromium
(mg/kg)* (mg/kg) (mg/kg) (mg/kg)
TT-BB1-01 Non-Background 0.3 0.099 2,100 6.8
TT-BBF-01 Non-Background 0.24 0.064 4,900 7.6
TT-CAB-01 Non-Background 0.59 0.48 8,400 22
TT-GF-01 Non-Background 0.5 0.23 4,100 15
TT-GGP-01 Non-Background 0.026’ 0.03’ 5,300 3.3
TT-HC-01 Non-Background 0.23 0.34 14,000 11
TT-OSF-01 Non-Background 0.49 0.57 5,000 21
TT-PPG-01 Non-Background 0.11 0.031/ 5,400 6
TT-BP-RBRA-01 Background 0.65 0.27 3,700 24
TT-LR-RBRA-01 Background 0.81 0.36 3,600 30

*mg/kg = milligrams per kilogram
Lab qualifier = “J” indicates the same result is less than the Reporting Limit but greater than Method Detection Limit (MDL)

Table 27 Metals Laboratory Results for Soil Samples (Co, Cu, Fe, Pb)

Cobalt Copper Iron Lead
Sample {D Sample Type (mg/kg)* (mg/kg) (mg/keg) (mg/kg)

TT-BB1-01 Non-Background 3.2 5.7 11,000 7.6
TT-BBF-01 Non-Background 3.2 6.7 9,700 7.7
TT-CAB-01 Non-Background 11 34 24,000 31
TT-GF-01 Non-Background 6.4 11 20,000 11
TT-GGP-01 Non-Background 0.93 1.5 2,800 0.62
TT-HC-01 Non-Background 4.4 11 10,000 5.2
TT-OSF-01 Non-Background 10 27 23,000 17
TT-PPG-01 Non-Background 1.9 3.7 5,500 2.3
TT-BP-RBRA-01 Background 8.4 12 24,000 12
TT-LR-RBRA-01 Background 11 19 28,000 16

*mg/kg = milligrams per kilogram

Table 28 Metals Laboratory Results for Soil Samples (Mg, Mn, Hg, Ni)

sample ID AR AT Magnesium Manganese Mercury Nickel
(mg/kg)* (mg/kg) (mg/kg) (mg/kg)

TT-BB1-01 Non-Background 1,900 170 0.014 5.1
TT-BBF-01 Non-Background 2,400 250 0.011! 3.2
TT-CAB-01 Non-Background 6,500 450 0.038 18
TT-GF-01 Non-Background 5,000 320 0.017 11
TT-GGP-01 Non-Background 510 39 0.0084/ 1.8
TT-HC-01 Non-Background 3,000 180 0.02 11
TT-OSF-01 Non-Background 6,300 480 0.043 16
TT-PPG-01 Non-Background 1,300 81 0.0081! 3.5
TT-BP-RBRA-01 Background 5,000 380 0.023' 13
TT-LR-RBRA-01 Background 6,200 510 0.027 31

*mg/kg = milligrams per kilogram
Lab qualifier = “J” indicates the same result is less than the Reporting Limit but greater than Method Detection Limit (MDL)
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Table 29 Metals Laboratory Results for Soil Samples (K, Se, Ag, Na)

sample ID sample Type Potassium Selenium Silver Sodium

(mg/kg)* (mg/keg) (mg/keg) (mg/keg)
TT-BB1-01 Non-Background 1,800 1.9 0.0065 120
TT-BBF-01 Non-Background 1,800 0.32 0.023 410
TT-CAB-01 Non-Background 5,100 0.78 0.095 160
TT-GF-01 Non-Background 4,400 0.97 0.047 370
TT-GGP-01 Non-Background 310 0.44 < 0.0052Y 100
TT-HC-01 Non-Background 4,900 0.76 0.035 990
TT-OSF-01 Non-Background 4,400 1 0.1 520
TT-PPG-01 Non-Background 750 0.38 <0.0052Y 150
TT-BP-RBRA-01 Background 4,000 1.3 0.021 190
TT-LR-RBRA-01 Background 5,100 1.5 0.053 190

'mg/kg = milligrams per kilogram
Lab qualifier = “U” less than MDC

Table 30 Metals Laboratory Results for Soil Samples (Tl, V, Zn)

Thallium Vanadium .

Sample ID Sample Area (mg/ke)* (mg/ke) Zinc (mg/kg)
TT-BB1-01 Non-Background 0.11 19 38
TT-BBF-01 Non-Background 0.15 28 23
TT-CAB-01 Non-Background 0.28 50 150
TT-GF-01 Non-Background 0.26 34 71
TT-GGP-01 Non-Background 0.024 6.1 4.8
TT-HC-01 Non-Background 0.1 25 35
TT-OSF-01 Non-Background 0.25 46 100
TT-PPG-01 Non-Background 0.053 13 13
TT-BP-RBRA-01 Background 0.32 52 62
TT-LR-RBRA-01 Background 0.39 47 80

'mg/kg = milligrams per kilogram

6.4 PERCHLORATE

Perchlorate was analyzed in all samples collected at the background, BBC, and sediment locations. All of
the perchlorate results were below the MDC. A copy of the laboratory analytical results for the perchlorate
analysis is provided in Attachment G.
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7.0 COMPARATIVE BACKGROUND GAMMA
ANALYSIS

7.1 DISCUSSION OF METHODOLOGY

Tetra Tech compared the gamma data sets from the background reference areas with the BBC main camp
area and the BBC drainages to determine if any radiological anomalies exist or if there is potential for
contamination on site associated with the SSFL operations. The BBC main camp area and the BBC
drainages are potentially receiving runoff from the SSFL. To compare these areas with the background
reference areas, Tetra Tech conducted analysis using ProUCL 5.0 (ProUCL) software. The ProUCL
capabilities include two-population hypothesis testing used to perform site versus background
comparisons. The two primary two-population hypothesis testing methods used for the comparative
background analysis included the Student’s t-test and the Wilcoxon-Mann-Whitney (WMW). Both of these
tests assume the following null hypothesis (Ho): Ho: The mean (and/or median) of Sample 1 (e.g. the Site
Area) is less than or equal to Sample 2 (background sample). If the data is consistent with the null
hypothesis, then the Site Area gamma exposure field is at or below background.

Tetra Tech surveyed four areas as discussed in Section 5.0. These survey areas included: BBC Main Area,
Main Drainage, South Drainage, and Eastern Drainage (non-BG). The BBC Main Area was compared with
the RBRAs identified by the EPA (Bridle Path and Lang Ranch) which represent both of the geologic
formations found on site at the BBC property. Figure 22 presents the distribution on lognormal probability
plots for the BBC Main Camp Area and the two soil background reference areas. A number of statistical
analysis calculations were conducted as part of this comparative analysis. The results of the model outputs
are provided in Attachment H.
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Figure 22 Probability Plot for BBC Main Camp Area and Background Reference Areas
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7.2

STATISTICAL ANALYSIS OF SITE AREA GAMMA RESULTS
COMPARED TO BACKGROUND

Table 31 provides the results of two-sample hypothesis testing for the two different statistical tests
mentioned earlier (t-test and WMW) for both RRBAs. For all four scenarios (1A/1B and 2A/2B) the null
hypothesis was not rejected. It can therefore be concluded that the gamma exposure field within the
BBC Main Camp is less than or equal to the gamma exposure field of the background RBRAs. All of the
tests had a confidence level of 95 percent (a = 0.05).

Table 31 Summary of Hypothesis Testing Results for BBC Main Camp Area vs. Background Gamma

Two
Scenario Sample Sample 1 Sample 2 Ho Result Conclusion
Test
sample 1 Mean <= Do Not BBC Main Camp gamma mean is
1A t-test Sample 2 Mean Reiect H less than or equal to Lang Ranch
P ) ° | RBRA background gamma mean
BBC Main Lang Ranch
Camp RBRA Sample 1 BBC Main Camp gamma
1B WMW Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to Lang Ranch RBRA background
Mean/Median gamma mean/median
Sample 1 Mean <= Do Not BBC Main Camp gamm'a mean is
2A t-test Samole 2 Mean Reiect H less than or equal to Bridle Path
P ) ° | RBRA background gamma mean
BBC Main Bridle Path
Camp RBRA Sample 1 BBC Main Camp gamma
2B WMW Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to Bridle Path RBRA background
Mean/Median gamma mean/median

The Main Drainage was compared with the background reference drainage areas identified by the Tetra
Tech which represent both of the geologic formations found onsite within the BBC property drainages.
Figure 23 presents the distribution on lognormal probability plots for the Main Drainage and the two soil

background drainage reference areas.
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Figure 23 Probability Plot for Main Drainage and Background Drainage Reference Areas

Table 32 provides the results of two-sample hypothesis testing for the two different statistical tests
mentioned earlier (t-test and WMW) comparing the Main Drainage and the two background sediment
drainages. For all four scenarios (1A/1B and 2A/2B) the null hypothesis was not rejected. We therefore
conclude that the gamma exposure field within the Main Drainage is less than or equal to the gamma
exposure field of the unimpacted drainages. All of the tests had a confidence level of 95 percent
(o0 =0.05).

Table 32 Summary of Hypothesis Testing Results for Main Drainage vs. Background Gamma

Two
Scenario Sample Sample 1 Sample 2 Ho Result Conclusion
Test
_ Main Drainage gamma mean is
1A t-test Sample 1 Mean <= D,o Not less than or equal to East Drainage
Sample 2 Mean Reject Ho
(BG) gamma mean
Main East Drainage
Drainage (BG) Sample 1 Main Drainage gamma
1B WMW Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to East Drainage (BG) gamma
Mean/Median mean/median
_ Main Drainage gamma mean is
2A t-test Sample 1 Mean <= D.o Not less than or equal to Bridle Path
Sample 2 Mean Reject Ho .
Drainage (BG) gamma mean
Main Bridle Path - :
Drainage Drainage (BG) Sample.l Main Dramfage.gamma
2B WMW Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to Bridle Path Drainage (BG)
Mean/Median gamma mean/median

The South Drainage was compared with the background reference drainage areas identified by the Tetra
Tech which represent both of the geologic formations found onsite within the BBC property drainages.
Figure 24 presents the distribution on lognormal probability plots for the Main Drainage and the two soil
background drainage reference areas.
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Table 33 provides the results of two-sample hypothesis testing for the two different statistical tests
mentioned earlier (t-test and WMW) comparing the South Drainage and the two background sediment
drainages. For all four scenarios (1A/1B and 2A/2B) the null hypothesis was not rejected. We therefore
conclude the gamma exposure field within the South Drainage is less than or equal to the background
gamma exposure field within the unimpacted drainages. All of the tests had a confidence level of 95
percent (a = 0.05).

Table 33 Summary of Hypothesis Testing Results for South Drainage vs. Background Gamma

Two
Scenario Sample Sample 1 Sample 2 Ho Result Conclusion
Test
Sample 1 Mean <= Do Not South Drainage gamma mean' is
1A t-test ) less than or equal to East Drainage
Sample 2 Mean Reject Ho
(BG) gamma mean
South East Drainage
Drainage (BG) Sample 1 South Drainage gamma
1B WMW Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to East Drainage (BG) gamma
Mean/Median mean/median
_ South Drainage gamma mean is
2A t-test Sample 1 Mean <= D.O Not less than or equal to Bridle Path
Sample 2 Mean Reject Ho .
Drainage (BG) gamma mean
South Bridle Path :
Drainage Drainage (BG) Sample 1 South Drainage gamma
2B WMW Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to Bridle Path Drainage (BG)
Mean/Median gamma mean/median

The Eastern Drainage (non-BG) are compared with the background reference drainage areas identified by
the Tetra Tech which represent both of the geologic formation found onsite within the BBC property
drainages. Figure 25 presents the distribution on lognormal probability plots for the Main Drainage and
the two soil background drainage reference areas.
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Figure 25 Probability Plot for Eastern Drainage and Background Drainage Reference Areas

Table 34 provides the results of two-sample hypothesis testing for the two different statistical tests
mentioned earlier (t-test and WMW) comparing the East Drainage (non-background) and the two
background sediment drainages. For all four scenarios (1A/1B and 2A/2B) the null hypothesis was not
rejected. We therefore conclude that the gamma exposure field within the Eastern Drainage (non-BG)
is less than or equal to the gamma exposure field of the unimpacted drainages. All of the tests had a
confidence level of 95 percent (a = 0.05).

Table 34 Summary of Hypothesis Testing Results for Eastern Drainage vs. Background Gamma

Two
Scenario Sample Sample 1 Sample 2 Ho Result Conclusion
Test
Eastern Drainage (non-BG)
1A t-test Sample 1 Mean <= Do Not gamma mean is less than or equal
. Sample 2 Mean Reject Ho | to East Drainage (BG) gamma
astern .
Drainage East Drainage mean
gG (BG) Sample 1 Eastern Drainage (non-BG) gamma
1B WMW (non-BG) Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to East Drainage (BG) gamma
Mean/Median mean/median
Sample 1 Mean <= Do Not Easterr\ Drainage (non-BG) gam.ma
2A t-test . mean is less than or equal to Bridle
Sample 2 Mean Reject Ho .
Path Drainage (BG) gamma mean
Eastern .
. Bridle Path
Drainage Drainage (BG) Sample 1 Eastern Drainage (non-BG) gamma
2B WMW (non-BG) Mean/Median <= Do Not mean/median is less than or equal
Sample 2 Reject Ho | to Bridle Path Drainage (BG)
Mean/Median gamma mean/median
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8.0 CONCLUSIONS

Comprehensive investigations have been conducted at the Brandeis-Bardin Institute’s campus by a
number of different entities and individuals within the past three decades, including those conducted by
EPA, Cal EPA, DTSC, etc. These historical investigations are evaluated and presented in the main text of
the Technical Memorandum. As part of the Data Gap Analysis presented in the main text of the Technical
Memorandum, additional sampling of the BBC main camp area and drainages entering the BBC main camp
area (BBC drainages) had been recommended. The purpose of the additional sampling is described in the
Technical Memorandum and discussed below.

The comprehensive continuous gamma radiation surveys used in this investigation were intended to
ascertain whether radiological anomalies may be present at the BBC, and if so, to assess the potential for
radiological contamination from gamma-emitting radionuclides. The gamma radiation survey was
performed in February 2016 by Tetra Tech’s radiological field engineers. A statistical analysis was
performed on the gamma exposure rates collected within the BBC main camp area and the BBC drainages.
The gamma radiation datasets collected within these regions of the BBC property were compared
statistically with the gamma radiation datasets collected at background reference areas, which included
background soil plot areas and background sediment areas.

The results from the gamma radiation surveys within the BBC property showed there is no statistically
significant difference between the mean of the gamma exposure rate distributions within the BBC main
camp area and the gamma exposure rate distributions within the EPA-selected RBRAs. Similarly, there is
no statistically significant difference between the mean of the gamma exposure rate distributions within
the BBC drainages (North, Main, South, and Eastern Drainages) and the mean of the gamma exposure rate
distributions measured within the background drainage reference areas.

The soil sampling investigation was conducted at the high use areas within the BBC and at drainage areas
where the flow paths potentially originate from the Area IV region of the Santa Susana Field Laboratory
to collect information on the existing radiological and chemical conditions. Both the sediment and soil
samples were analyzed for radionuclides, metals, and perchlorate. The results of the soil investigation
from the site areas were compared with the results of the background reference area samples collected
by Tetra Tech for both the sediment and soil samples. A more comprehensive background comparative
analysis is presented within the main text of the Technical Memorandum. The Cs-137 concentrations
measured in all sediment samples were all below the MDCs. Similarly, all but one of the Cs-137
concentrations measured in the soil samples were below the MDCs. The Cs-137 concentration of the one
sample which exceeded the MDC was detected at 0.101 pCi/g, which is within the detection sensitivity
limits of the background regional limits. Five of the six of the sediment samples were below the MDC for
Sr-90, with the exception of location TT-SD2-01 which had a detectable concentration of 0.182 pCi/g. A
risk assessment for Sr-90 is provided in the main text of the Technical Memorandum. The Sr-90
concentrations measured in the soil samples were all below the MDCs. The metals concentrations for the
sediment and soil samples collected at the BBC are within the expected ranges of background identified
from the samples collected during this investigation. All of the sediment and soil samples submitted for
perchlorate analysis were below the MDCs. Further discussion of the comparative background analysis
and risk assessment is provided in the main text of the Technical Memorandum.
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ATTACHMENT A

SURVEY AND SOIL SAMPLING STANDARD OPERATING
PROCEDURES



SOP 1 — MOBILE GAMMA RADIATION SURVEYING



Standard Operating Procedure No. | Mobile Gamma Radiation Surveying

TABLE OF CONTENTS

1.0 PURPOSE ........cooieirerine e s sas s se s s s sa s e sa s e e e e s A e e e s e e e e e e e R e e e R e e Re e nais 1
1.1 EQUIPMENT AND MATERIALS.....c.cvvveteteteeeeeteseesesesssesassesesesesesssesessssssssesesssssssessssssssssnsssssssesssesssssnsens 1

2.0 PROCEDURE...........ocertrtrreerirs e ss s e se s e s e se s e sa et sas e s nn e 2
2.1 BACKPACK AND SYSTEM SETUP.......cuiuiteiiiiiiisctctetetssss sttt ss s ssssss bbbt s b b s s s s s s b besesnans 2

2.2 SCANSYSTEM SOFTWARE OPERATIONS .......ovuviieittetetsectetessaesesee st esae s st ses st sessssessssetesnsesesensesans 2

2.3 MAPPING SOFTWARE OPERATIONS ......covvueuiiecteseeetescse s st tessstesessssssesse s essebessssessssssesssesssensessasens 3

24 SCANPROCESS .....oviucvieecteteete et es et s sttt e sttt s sttt a b s st s s st e s sttt st b en st et s setesnsetesnsetans 3

3.0 RECORDS ...t se s se s st se s e e e e e s a e e se e e A e e e e e 4
3.1 SURVEY RECORDS .....ucvviiiietctetetste st b ettt s bbbttt bbb bbb sttt b s s s 4

4.0 QUALITY ASSURANCE AND QUALITY CONTROL .....cocecertrrrererersenesessseressssssessssssssesessssssenens 4
4.1 QUALITY ASSURANCE .......ctueuitititetettst ettt bt ss s st bbb bbbt b et b s s st bbb b s e bbbt b s s e see 4

4.2 QUALITY CONTROL ...ucueuiiivetetetetetesee st sttt bbb se s e e sttt bt et et et et e se s s bbb bebebesese st se st ssasetebebeberenas 5

421 DALY QC MEASUREMENTS ....cvitiiiiiiriectetetetes st se et sstete et es bbbt ss et bbb bebnes 5

422  PRE-SURVEY AND POST-SURVEY QC MEASUREMENTS.......cocoiviviveieiiiiiie et 6

5.0 REFERENCGES ..ot se s s ss s e sas s e sas s sas st s st s sas e sas e sas e sasnsan s sans 7

LIST OF FIGURES

Figure 1 Mobile GPS Integrated Gamma Survey System — Backpack (left) and ATV (right)..........cccocoeeeeeiiciccnennn, 1
Figure 2 Ludlum 2350-1 Data Logger (left) and Ludlum 44-10 Nal Scintillator .............cccccvrninncnniercescens 2
Figure 3 SCanSYSLEM SCIEENSNOL............cueieiricieiree ettt enes 2
Figure 4 Screenshot of Interface (OVEIWIITE SCIEEN) ..o s 3
Figure 5 Screenshot of Interface (ClEar SCrEEN)..........ccviiriirireir s 3
Figure 6 Example 0f CONrOl Char...........coirrcecesc e 6
Figure 7 Example of Probability Plot COMPANSONS ..........ceuriiiiiieireieiseei s 7
Figure 8 Example of Frequency Histogram COMParSONS.........cciueuriiuriririnirieis e sssesssessenes 7

March 2016 h_“:l i




Standard Operating Procedure No. | Mobile Gamma Radiation Surveying

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the protocol and methods for performing a
continuous mobile gamma radiation survey as part of the monitoring program for the Brandeis-Bardin
Campus (BBC) radiological and soil investigation conducted by Tetra Tech Inc. (Tetra Tech). The methods
presented in this SOP include equipment operation, survey techniques, and instrument calibration
requirements.

1.1 EQUIPMENT AND MATERIALS
Each mobile gamma survey system consists of:

(1) USB-compatible laptop or mobile computer installed with Tetra Tech ScanSystem software,
GammaViewer software, and a global mapping software

(1) Standard backpack or ATV (shown on Figure 1)

(2) USGlobalSat global positioning system (GPS) Receiver with USB Interface
(1) Ludlum 44-10 Sodium lodide (Nal) scintillation detector (shown in Figure 2)
(1) Ludlum 2350-1 data logger (shown in Figure 2)

(1) 4 port USB hub

(1) 3-foot Ludlum coaxial cable

(1) RS232 Serial to USB Converter

(1) Ludlum RS232 data cable

Figure 1 Mobile GPS Integrated Gamma Survey System — Backpack (left) and ATV (right)
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Figure 2 Ludlum 2350-1 Data Logger (left) and Ludlum 44-10 Nal Scintillator

2.0 PROCEDURE

2.1 BACKPACK AND SYSTEM SETUP

Ensure the 2350-1 data logger has sufficient battery voltage, which is defined as greater than 5.6 volts (V).
If the charge is less than 5.6V, place four new D-size batteries correctly without allowing the battery to
drop directly into the battery compartment. Connect the RS232 serial converter to the RS232 port on the
Ludlum 2350-1 data logger. Connect GPS receivers and serial converter to the 4-port USB hub and connect
the USB hub to the field computer. Open “Device Manager” and note which COMM ports have been
assigned to the various USB devices.

2.2 SCANSYSTEM SOFTWARE OPERATIONS

ScanSystem software will be used to record simultaneous GPS location data and gamma exposure rate
data When the program is first launched, click the “Configure” button, and then the “Disable Ports”
function. Assign the correct COMM port ID to the Rad and GPS locations. Select “Enable Ports” and close
the window. Next click “Start GPS.” Both GPS and gamma exposure rate data should now be displayed in
real time on the ScanSystem main screen. A screenshot showing the ScanSystem menu is shown in Figure
3.

#% Scan Systems =RACE X

‘ [ Add System l [ Remave System ] File Converter
MFG93_18 .
Unit ID: Configure| | View| |Save Play 00.00:08

GPS: COM10 $GPGLL,,173347.905V.N"73

Rad: COMY 1.565523E-05 Start RAD 15.6552

Count: 344 | Sat. Qual: invalid | Sat. Mode: Fix not available | Sat. Number: 00

Figure 3 ScanSystem Screenshot
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To log data, click the “Play” button. The software will ask if previous data are to be overwritten (Figure 4).
To save data, click “Stop,” then the “Save” icon, select a directory, and name the text file. Warning: if you
select “Overwrite Data” by mistake, you should save a new file with a different name to avoid erasing the
existing scan data file.

r 5

i File Options = | B |

Do you want to overwrite the current data file or append the data to the file?

Records: 344

First: Last:

Cverwrite Data |[ Append |[ Cancel |

Figure 4 Screenshot of Interface (overwrite screen)

Text file names should include the detector ID, date and time, and project ID. The software will ask if
current data are to be cleared from the application at this point (Figure 5). If you will continue scanning
for the day, do not clear the application. Clear the application only at the beginning of a new scanning
day. If you do clear the application by mistake, just save a new file and continue to append to the new
file.

r '
Clear system

Do you want to clear the application for the next run?

Figure 5 Screenshot of Interface (clear screen)

2.3 MAPPING SOFTWARE OPERATIONS

Mapping software can be used to visually guide operators over the pre-defined survey path. It displays
current location overlaid on shapefiles. Shapefiles, as long as properly projected, are supported with
different software types. The WGS84 datum is preferred to avoid confusion. It is recommended to use
mapping software with pre-entered transect lines to be viewed on a laptop or hand-held GPS device.

2.4 SCAN PROCESS

The proposed gamma exposure rate scanning methodology is consistent with Nuclear Regulatory
Commission Regulation [NUREG] 1620 (NRC 2003) and Multi-Agency Radiation Survey and Site
Investigation Manual [MARRSIM] (NRC 2000) guidance documents. Gamma scanning will be conducted
under the oversight of a qualified and trained engineer. Transects will be surveyed to attain the coverage
as determined by the Lead Field Engineer. Scanning speed will be maintained between 1 and 3 miles per
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hour. The gamma detector will be positioned at a height of approximately 1 meter above ground surface,
whether backpack or ATV mounted. The detector “sees” terrestrial sources of gamma radiation with
relatively good efficiency from a circular area with a radius of approximately 1 meter when held at a height
of 1 meter. Care must be taken during scanning to prevent slips, trips, and falls as well as contact with
biological hazards such as snakes and insects.

3.0 RECORDS

3.1 SURVEY RECORDS

Documenting scanning results and observations from the field is important (NRC 2000). Surveys will be
recorded as follows:

e Field personnel will record survey information in the field logbook.

e Surveys will be documented in writing. The person performing the survey is responsible for
correct and accurate documentation of survey data.

e Surveys will be documented as they are performed whenever possible in a clear and legible
manner using black or blue ink.

e Survey points or sample locations will be indicated, as applicable, and the associated
measurements recorded. Provide sufficient detail to adequately describe each specific area
surveyed.

e Instrument check records must be included with the survey records in the field logbook.

4.0 QUALITY ASSURANCE AND QUALITY CONTROL

All radiological characterization projects Tetra Tech conducts incorporate specific data quality assurance
and quality control (QA/QC) protocols. In general, QA includes qualitative factors that provide confidence
in the results, while QC involves quantitative field evidence that supports the validity of the results. Tetra
Tech uses QA/QC methods as data quality indicators that are outlined in NRC (2000). The QA/QC survey
procedures used by Tetra Tech are industry accepted techniques that ensure the data collected are of the
highest quality and reliability.

4.1 QUALITY ASSURANCE

Calibration refers to the measurement and adjustment of the instrument response in a particular radiation
field of known intensity (NRC, 2000). Calibration of all radiation detection equipment is the primary
method for QA that is used to ensure the data collected are of high quality and reliable. Tetra Tech ensures
all instruments used during radiological projects are factory calibrated within 12 months per the
manufacturer’s recommendation. Scanned copies of calibration documentation for all instruments are
included in Attachment B of this report.
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4.2 QUALITY CONTROL

The primary QC method Tetra Tech uses involves daily QC checks. These checks are measurements
performed each time an instrument is used to ensure consistency of performance during the project,
including for any given instrument over time, and between different instruments on any given day. The
specified protocol used on this project involves quantitative QC checks using a background as well as a
known source.

The daily QC checks that are used include:

o Daily Checks: Daily background, field strip, and check source QC measurements that will be
conducted in the field at the site. Daily QC measurements will be collected on site at a designated
background location selected by the lead field engineer. Control charts are used to present the
results.

e Pre- and Post-survey: Pre-survey and post-survey background and check source QC
measurements that will be performed at a designated location off site. The results are presented
in tables, probability plots, and histograms.

4.2.1 Daily QC Measurements

Each day before the gamma radiation survey, instrument comparison QC measurements will be
performed for all Nal detectors potentially used to survey the site. Sets of individual background QC
measurements will be compared under the same counting geometries. Under the QA program, factory-
calibrated instruments must also meet on-site field test criteria. Data developed using any of the field-
qualified instruments are then interchangeable, allowing instrument substitution if needed.

e Field Check Results:

=  For normally distributed data, 99 percent of all measurements are expected to fall within £3
standard deviations from the mean. Background, field strip, and check source standard
deviation values are recalculated twice daily throughout the project. Any instrument with a
QC measurement result falling outside £3 standard deviations from the mean of all QC
measurements on the field check control chart requires investigation. A detector exceeding
control limits on any QC check (background or source check) is replaced with a pre-qualified
spare detector and returned to the manufacturer for evaluation, repair, and recalibration.

= QC measurements, including a background check and a source check, are performed twice
daily during the work for each scanning system in use. These checks are performed outdoors
at a specified location.

The Ludlum 2350 data logger system employs a calibration factor to internally convert detector counts
per minute to exposure rate. The calculated exposure rate, directly proportional to the measured count
rate, is transmitted by the data logger to the scanning system portable computer. The system does not
retain a record of count rate, but count rates can be calculated using the instrument-specific calibration
factors.
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Daily count rate variations within these limits are functions of several possible variables, including exact
placement of detector systems during daily checks and recent variations in barometric pressure. Low
detector count rates at very low background gamma exposure rates contribute significantly to variability
in count rates. Differences in the internal characteristics of the detector, including minor issues with the
Nal detector crystal or variations in the photomultiplier tube optical interface, can also affect Nal detector
readings.

The data should be compiled and input into control charts and analyzed at the end of each day to identify
any anomalies. Control charts are used to monitor performance of the radiation detection instruments
and also provide quantitative indications of data uncertainty. A control chart is a graphical plot of
measurement results with respect to time; an example control chart is shown below in Figure 6. A control
chart of the daily calibration checks for the duration of the project will be included in the final report.

15

14 -

13 . T A

T~ =
12-/

11

Gamma Reading (uR/hr)
; a

S5/2714 AM
502714 PMA
5/28/14 AMA
5/28/14 PMA
5/28/14 AMA
527114 PM
6414 AW+
6414 PM+

i 1 F G 6 e | FG T g M FG 9

Mean

Upper Control Limt ~ ----- Mean + 20 —-----—-Mean +10 = e Mean - 1o

————— Mean -2¢ Lower Control Limit MFG 12 MFG 13

Figure 6 Example of Control Chart
4.2.2 Pre-Survey and Post-Survey QC Measurements

Before and after the gamma survey, field personnel will collect instrument QC measurements at a
designated indoor location for each Nal detector that could be used for the gamma survey. The purpose
of the pre-survey and post-survey QC protocol is to quantify the consistency of readings among the
different detection systems. The pre-survey and post-survey calibration checks consist of background and
source cesium-137 (Cs-137) measurements collected at the Tetra Tech office in Fort Collins, Colorado. The
average value of the measurements will be compared using the mean, probability plots, and histograms
and comparing various statistical measures such as the Anderson-Darling coefficient and the correlation
coefficient (R). An example of this analysis is shown in Figure 7 and Figure 8.

March 2016 6



Standard Operating Procedure No. | Mobile Gamma Radiation Surveying
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Figure 7 Example of Probability Plot Comparisons
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Figure 8 Example of Frequency Histogram Comparisons

5.0 REFERENCES

U.S. Nuclear Regulatory Commission (NRC). 2000. Multi-Agency Radiological Site Survey and Investigation
Manual. NUREG-1575, Rev. 1. August 2000 (with 2001 addendum).

NRC. 2003. Standard Review Plan for the Review of a Reclamation Plan for Mill Tailings Sites Under Title Il
of the Uranium Mill Tailings Radiation Control Act of 1978. Final Report. NUREG-1620, Rev. 1.
June.
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1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the protocol and methods for collecting surface soil
samples as part of the monitoring program for the Brandeis-Bardin Campus (BBC) radiological and soil
investigation. Sample handling, labeling, documentation, preservation, shipping, and analysis are
addressed in Sections 5 and 6 of this SOP.

2.0 PRECAUTIONS

The following precautions will be observed during sampling:

o All sample containers will be inspected for cleanliness and flaws prior to use.
e Latex or nitrile gloves will be worn during sample collection.

e Sample collection equipment will be decontaminated as described in this document.

3.0 EQUIPMENT AND MATERIALS

The following equipment is required to collect soil samples:

e Field logbook or equivalent and permanent black pens

e Sample containers (plastic 1-gallon Ziploc ® bags)

e Stainless steel spoons

e Scoop, shovel, or other device for collecting soil samples

e 5 gallon buckets for collecting and mixing soil samples

o Riffle splitter with %-inch slot for homogenizing and splitting
e Engineer’s tape (graduated in centimeter [cm] increments)
e Decontamination equipment and supplies

e Disposable latex / nitrile gloves

e Digital camera

4.0 PROCEDURE

The following procedures will be used to decontaminate equipment and collect soil samples.

4.1 SAMPLING LOCATIONS

Soil sampling locations will be selected in the field by the Lead Field Engineer. Sampling locations may be
adjusted in the field as necessary for access and to accommodate field conditions. The sampling
information, including time, date, and sample identification (ID), will be entered into the field logbook.
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4.2 EQUIPMENT DECONTAMINATION PROCEDURES

Sampling equipment will be decontaminated between sample collection points, if the equipment is not
disposable, to avoid cross contamination between samples. Decontamination equipment may include
pump sprayers, spray bottles, deionized water, phosphate-free soap solution, scrub brushes, buckets,
disposable gloves, and paper towels. Field personnel will wear disposable gloves while decontaminating
equipment.

The following decontamination procedures will be followed for sampling equipment:

1. Visually inspect sampling equipment for adhered soil; a disposable paper towel or stiff brush
will be used to remove any visible material.

2. If visible contamination remains, wash the field equipment with phosphate-free soap and
water, rinse with distilled water, and air dry or wipe with disposable paper towels.

3. Deposit all disposable items, such as paper towels and disposable gloves, into a garbage bag
and dispose of properly.

4.3 PRE-SAMPLING INSPECTION

Prior to sampling, the sampling site will be inspected and any unusual conditions will be noted in the field
logbook. Photographs will also be taken to document sampling location any unusual site conditions.

4.4 SoIL SAMPLE COLLECTION

The soil sample for each grid will consist of collection of a discrete sample and will consist of approximately
equal volumes of soil. The sample will be collected using a trowel or shovel as appropriate for the material.
Sufficient volume of soil will be collected such that the 1-gallon plastic bag will be approximately half full.
If necessary, rocks and vegetation will be removed as recommended in Section 5.2.2 [5] of Nuclear
Regulatory Commission Regulation (NUREG) 1620 (NRC 2003). Visible soil will be brushed off the sampling
tools between sampling. All soil samples will be submitted to ALS Laboratory in Fort Collins, Colorado.
Samples are to be analyzed for cesium-137 (Cs-137), strontium-90 (Sr-90), target analyte metals, mercury,
and perchlorate; the laboratory methods are specified in Table 1.

Table 1 Laboratory Analytical Methods

GUEI MDcl/L(:Z?)?rtt?r:; Limit) REthe
Cesium-137 0.1 pCi/g? 901.1 M
Strontium-90 0.25 pCi/g ASTM D5811

Mercury 3.6 ug/kg (33.3 ug/kg) SW 7471A
Metals (TAL2) varies SW 6020
Perchlorate 20 ug/kg 314.0

MDC = minimum detectable concentration. Varies by method and sample. May be lower than specified in this table.
2pCi/g = picocuries per gram

3TAL = target analyte list. Includes 23 metals with varying MDCs

Unless otherwise noted methods are published by the U.S. Environmental Protection Agency.
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4.5 QUALITY CONTROL

Duplicate samples will be collected during soil sampling for quality control (QC) purposes. These QC
samples are known as field duplicates. QC samples will be labeled with QC identification numbers (Section
5.4) and sent to the laboratory with the other samples for analysis. A field duplicate is defined as a second
sample (or measurement) from the same location, collected in immediate succession, using identical
techniques. Both the primary samples and field duplicate samples will be homogenized and split as
described above. A minimum of one field duplicate will be submitted per 20 primary samples during the
soil sampling. Data validation will be performed on the laboratory results for primary and duplicate
samples as described in the sections below.

4.5.1 Evaluation of Precision of QC Samples

Data will be validated by an independent data validation specialist. Data validation will include a
guantitative evaluation of precision between primary and field duplicate samples. Precision can be
defined by the amount of scatter or variance that occurs in repeated measurements of a particular
analyte. Two types of duplicate equations are used to evaluate the precision between the primary soil
sample and the field duplicate soil sample. The first criterion for precision acceptance or rejection for this
project is the relative percent difference (RPD) between the primary and field duplicate samples. The RPD
equation is as follows:

_|S—-D| o
~ (S+D)
2

RPD(%) 100

where:
RPD = relative percent difference, non-detects are excluded
S = concentration of primary sample
D = concentration of field duplicate sample

The second criterion is the duplicate error ratio (DER), which accounts for uncertainties from both the
primary and duplicate sample into the equation. The DER is calculated when precision estimates are
provided using the following equation:

|S —D|

Vo2 + 0,2

S = primary sample result

D = duplicate sample result measured field sample concentration
0s= primary sample uncertainty

04 = duplicate sample uncertainty

DER =

where:

4.5.2 QC Acceptance for Sampling Data

The project QC acceptance limits are based on the RPD and DER testing results for all applicable samples.
Analytical results for field duplicate soil samples will be evaluated by calculating the RPD and DER between
the two samples when both values of the primary/field duplicate sample pair are greater than five times
the reporting limit (RL) for a given analyte. The QC acceptance limits are an RPD of less than 30 percent
and a DER less than 1.96. Data validation flags or data qualifiers are assigned to the analytical data that
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exceed the project QC acceptance limits. The data qualifiers shown in Table 2 are applied to the data that
do not meet the performance acceptance criteria discussed above. The QC acceptance goal is that 85
percent of the samples must meet the project QC acceptance criteria.

Table 2 Summary of Data QC Qualifiers

Data Qualifier Description of Data Qualifier
K RPD > 30% and the concentration is greater than five times the RL?
J RPD > 30% and the concentration is less than five times the RL
G DER > 1.96 and the concentration is greater than five times the RL
H DER > 1.96 and the concentration is less than five times the RL

1RL = reporting limit

5.0 SAMPLE CONTAINERS, PRESERVATIVES, AND
HOLDING TIMES

5.1 SAMPLE CONTAINERS

Proper sample preparation practices will be observed to minimize sample contamination and potential
repeat analyses caused by anomalous analytical results. Appropriately sized re-sealable freezer plastic
bags will be used for the grid samples. The sample bags will be labeled as described in Section 5.4.1.

5.2 SAMPLE PRESERVATION

No sample preservation is required for soil samples.

5.3 SAMPLE HOLDING TIMES

Limits on sample holding times are established to minimize chemical changes in a sample prior to analysis
or extraction. A holding time is defined as the maximum allowable time between sample collection and
analysis or extraction, based on the nature of the analyte of interest and chemical stability factors. There
is no specified holding time for samples to be submitted for Cs-137 or Sr-90. A 180-day holding time is
recommended for analysis of metals. Samples will be submitted as soon as is practicable after samples
are collected to facilitate timely turn-around of analytical results.

After they are collected, samples will be labeled as described in the following section, prepared as
described in the previous sections, and placed in a cooler for delivery to the laboratory. The coolers will
be taped shut and chain-of-custody (CoC) seals will be attached to the outside of the cooler to ensure that
the cooler cannot be opened without breaking the seal.
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5.4  SAMPLE LABELING
Sample containers will be identified using the following labeling scheme. Each sample will identify the
Survey unit where a sample was collected in as well as the number corresponding to the sample grid. The

date and time of each sample will be noted on the sample container as well.

Primary Sample Label: TT-BBF-01
Field Duplicate Sample Label: TT-BBF-02

Where:

BBF = Location identifier (for example, BBF = baseball field)
01/02 = Primary or Field Duplicate Sample ID

6.0 RECORDS

6.1 FIELD LOGBOOK

All information pertinent to field sampling will be recorded in a field logbook or equivalent. The field
logbook will be a bound book with consecutively numbered pages. All entries in logbooks will be made
in waterproof ink, and corrections will consist of line-out deletions. Entries in the logbook will include
the following, as applicable:

e Date and time of sample collection

e Sample identification

e Sample location (global positioning system [GPS] coordinates— digital measurement is
acceptable also)

e Sample depth

e Physical description of sample (color, texture)

e Weather and physical and environmental conditions during field activity
e Names of sampling personnel and any visitors

e Photograph log

e Sampling equipment and method

e Information concerning sampling decisions

e Field observations

e A summary of daily tasks and information concerning sampling changes and scheduling
modifications

e Signature and date at bottom of each page by personnel responsible for observations
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6.2 SAMPLE CHAIN OF CUSTODY

During field sampling activities, traceability of the sample must be maintained from the time the samples
are collected until laboratory data are reported. Traceability of samples and associated identification data
is crucial for resolving future problems if analytical results are called into question and for minimizing the
possibility of sample mix-up. Initial information concerning collection of the samples will be recorded in
the field logbook as described above. Information on the custody, transfer, handling, and shipping of
samples will be recorded on a CoC form.

The sampler is responsible for initiating and filling out the CoC form. The CoC form will be signed by the
sampler when samples are relinquished to anyone else. A CoC form will be completed for each set of
samples collected and will contain the following information:

e Sampler's signature and affiliation

e Project number

e Date and time of collection

e Sample identification number

e Sample type

e Analyses requested (can provide laboratory project quote number)

e Number of containers

e Signature of persons relinquishing custody, dates, and times

e Signature of persons accepting custody, dates, and times

e Any additional instructions to the laboratory
The person responsible for delivering the samples to the laboratory will sign the CoC form, retain a copy
of the form, document the method of shipment, and send the original form with the samples. Tetra Tech
will maintain a copy of the CoC. When the samples arrive at the laboratory, the person receiving the
samples will sign the CoC form and return a copy to the Project Manager. Copies of all CoC documentation
will be compiled and maintained in the central files. The original CoC forms will remain with the samples
until the time of final disposition. When samples are returned for disposal, the laboratory will send the

original CoC to Tetra Tech. This CoC will then be incorporated into the central files. CoC forms will be
provided by either the analytical laboratory or Tetra Tech.

6.3 FIELD OBSERVATIONS

The field logbook will contain sufficient information so that the sampling activity can be reconstructed
without relying on the memory of field personnel. The logbook will be kept in the field technician’s
possession or in a secure place during sampling activities. After sampling, the completed logbook shall be
maintained and filed as part of the permanent project record. A scanned copy of the field logbook will be
included as an appendix to the final report.
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7.0 REFERENCES

U. S. Nuclear Regulatory Commission (NRC). 2003. Standard Review Plan for the Review of a Reclamation
Plan for Mill Tailings Sites Under Title Il of the Uranium Mill Tailings Radiation Control Act of 1978.
Final Report. NUREG-1620, Rev. 1. June.

March 2016 h_“:l 7




ATTACHMENT B

CALIBRATION DOCUMENTATION FOR RADIATION
INSTRUMENTATION USED IN BBC GAMMA SURVEY



Designer and Manufacturer
of
Scientific and Industrial
Instruments

MEG-I

CERTIFICATE OF CALIBRATION 501 Oak Street

LUDLUM MEASUREMENTS, INC.

[] 10744 Dutchtown Road
865-392-4601
Knoxville, TN 37932, U.S.A.

325-235-5494
Sweetwater, TX 79556, U.S.A.

CUSTOMER  TETRA TECH MFG, INC. ORDER NO. 20272834/424330

Mfg. Ludlum Measurements, Inc. Model 2350-1 Serial No. 98616

Cal. Date 5-Aug-15 Cal Due Date 5-Aug-16 Cal. Interval 1 Year  Meterface N/A
Check mark @pplies to applicable instr. and/or detector IAW mfg. spec. ik 75 __°F RH 36 % Al 700.8 mm Hg

[] New Instrument Instrument Received

M Mechanical check

F/S Resp. check M Reset check

[7] Within Toler. +-10% [ ] 10-20% [ ] Out of Tol.

[ ] Requiring Repair  ["] Other-See comments

[] Input Sens. Linearity
[] Window Operation

ET Audio check [_V_T Alarm Setting check Battery check  (Min. Volt) 44 \DC

[v/ Ratemeter Linearity check [v] Integrated Dose check [V Recycle Mode check Threshold

[v[ Data Log check [ Overload check [V Scaler Readout check DialRatio __ 100 = 10 mvV

@ Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. [{] Calibrated in accordance with LMI SOP 14.9 rev 05/15/2015.

7] HV Readout (2 points) Ref /Inst. 500 I MA\&& V  Ref/Inst. 2000 A N \%

COMMENTS: Firmware: 37122N26

I/0 Firmware: 37123N05 Resolution for Csl1l37x~10.72% Calibrated with 39" cable.

Gamma Calibration: GM detectors positioned perpendicular to source except for M 44-9 in which the front of probe faces source.

Probe High Units/ Dead Time Calibration Linearity
Model Serial # Voltage Threshold Time Base Correction Factor Constant £10%*

Detector# 1 44-10 PR102508 1050 100 4 1 2 1.508518E-05 5.527553E+10 v
Detector# 2  44-10 PR102508 1050 100 7 /1 1.508517E-05 1.000000E+00
Detector# 3 CS137PK 662KEV 712 642 7 1 1 0.000000E+00 1.000000E+00
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #

Units: 0 --rad, 1 -- Gray, 2 -- rem, 3 -- Sv, 4 -- R, 5 -- C/Kg,6 -- Disintegrationg -- Counts, 8 -- Ci/cm sq., 9 -- Bg/cm sq.
Time Base:0 -- Seconds, 1 -- Minutes, 2 -- Hours

* See attached detector documentation, if applice

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
Digital CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*
Readout 400kcpm W\0ooS &) A\ o ey 400cpm w16 WO (B,
40kcpm Moo 40cpm w W
4kepm Moo LV )

Ludlum Measurements, Inc. certifies that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology, or to the calibration facilities of

other International Standards Organization members, or have been derived from accepted values of natural physical constants or have been derive
The calibration system conforms to the requirements of ANSI/NCSL Z540-1-1994 and ANSI N323-1978.

d by the ratio type of calibration techniques.
State of Texas Calibration License No. LO-1963

[J131 [

Reference Instruments and/or Sources: Cs-137 S/N:[_] 059 [_]2171CP [ 2261CP [ _|720 []734 [ ] 781

1616 [ | 1696 [ | 1909 [ |1916CP [ ]5105 [ |5717CO

[]s719co [ Jeos4s [ |70897 [ ]73410 [ | E552 [] G112 [‘_f] Ms65 [ | S-394 [ ] S-1054[ ] T10081 [ ] T10082  Neutron Am-241 Be S/N: [ ] T-304 Ra-226 SIN: [ Y982
[] Alpha S/N [] BetaSIN [] Other
[/ m 500 S/N 289158 (] Ra-226 S/N Y982 [/ Multimeter S/N 93870637

Calibrated By: Date

S.A\wq°\S

Page N\ _ of S

Reviewed By:

FORM C44A 07/09/2015

pate _[p J\,J%\_c

This certificate shall not be reproduced except in full, without the written approval of Ludlum Measurements, Inc.



Designer and Manufacturer
I of

Scientific and Industrial
Instruments

LUDLUM MEASUREMENTS, INC.

501 Oak Street [ ] 10744 Dutchtown Road
325-235-5494 865-392-4601

Sweetwater, TX 79556, U.S.A. Knoxville, TN 37932, U.S.A.

Model 2350 Bench Test Data

Customer _TETRA TECH MFG, INC. Date 5-Aug-15 Order #. 20272834/424330
Model 2350-1 Serial No. 98616 Detector N 10 Serial No. PR102508
Source _C \SN=\~&l!
High Voltage 1050 VvV AsFound \o 5o V. Input 10.00 mV As Found \© mV.
Cal. Constant 5.527553E+10 asfound _S.A6 QLS [ e
Dead Time 1.508518E-05 as found VEOYGWMSE Eos
Alarm Setting:  Ratemeter 1000000000.000000 as found \. 9O E\‘ 29
Scaler 1000000.000000 as found N2 EXNG
Integrated dose 1000000000.0000 as found N B x =9
Overload [JOn [F]Off asfound [(JOn [Hoff Window 1000 as found _\&>°

Detector Received:

@) Within Toler. +-10% [7]10-20% [7] Out of Tol.

"As Found" Readings:

] Requiring Repair [} Other-See comments

After Adjustment Readings:

Reference Point Meter Reading Meter Reading
2 aoe \,\9\\\‘& N2 A\ BN VA5 oW
\ S ) NG ) \.Se
o O AN \- 9\ \
Sao W ‘,\?\»\m Sox \‘,\&\\nc
oy ( AV ) \AS }
\Ss \ NN \wy (
o2 \ ANS.2\ w5 \
Other
Signature w Date S+ ﬂ\\,\cy\'s
FORM C6-1 02/26/2013 Page & of l

Serving The Nuclear Industry Since 1962 e



M Designer and Manufacturer LUDLUM MEASUREMENTS, INC.
of 501 Oak Street

Scientific and Industrial 325-235-5494

Instruments Sweetwater, TX 79556, U.S.A.

[ ] 10744 Dutchtown Road

865-392-4601
Knoxville, TN 37932, U.S.A.

Bench Test Data For Detector

Detector _\\=\- 10 Serial No. PR102508
Customer TETRA TECH MFG, INC. Order #. __20272834/424330
Counter 2350-1 Serial No. 98616 Counter Input Sensitivity 10.00 mvV
Count Time C, S ed f\«>~ kY Distance Source to Detector St ?‘\ £q
Other Cal Constant = 1.000000E+00 Dead Time = 1.508517E-05
I\—ilcingltr;lge Background [SOtOSpiie A}!:-‘Dq! o ISOtOSpiie lsom&ie ISOtogiie
ASs L\ N\
\ovo G \\M 76
300 So by WS
N SN W She
NSo LA W\
ATSE Ay N30
S0 SN NSod
NARQ S ALATA
\LSo &P AR
\\09 ) \ 3oy
\\So N\o) A2y
\Ss2 IeX \2NH
\53% | \65 \S S3

Signature X’QM M Date S - B\wy 5*\5

- \
2

e Serving The Nuclear Industry Since 1962 e



Detector Setup Barcodes
Model 2350-1 Serial Number:

S

98616
1

Detector Setup Number
*H10508T%*

et High Voltage: 1050
*W1L000SWOFFSP*

Set Window: 1000,O0FF
*FESH*

Set Scaler Count Time:
*SB2S.*

Set Readout Time Base:

II'II lll | l”l

 *8L1.508518E-

Set Dead Time: 1.

05%5-%
508518E-05

AN

6

hours

I
(AT

|
ll

|

*SC5.527553E+10SW*

Set Calibration Constant:

*M44-10SK*

Set High Detector Model:

5.527553E+10

44-10

*NPR102508$1*

|

Set High Detector Serial #: PR102508

*J1.000000E+093%V
High Ratemeter Ala

AR

1.000000E+09

&
rm:

Set

*K10000005H*
Set High Scaler Alarm:

*P1.

000000E+09S
High Dose Alarm: 1

*8SP1ST*

EOTR—

L x

1000000

JHI

.000000E+0S

I

GENERATED:

I
I

8/5/2015 10:38:18 AM



Save Parameters as: D1

lll “ I H
*T1008Q%

t Threshold: 100

e
*040 . 0SO0FFS6 *

Set Overload: 40.0,0FF

*SU4SF*
Set Readout Units: R

*SMOS3*

Set Readout Range Multiplier: Auto

*SVDOSP*
Set Display Mode: Normal

T

*SVD1SQ*
Set Display Mode: Parameters

MR
[

*SVD2SR*
| “
*D1SA*

Display Mode: Detector
Set Active Detector Setup: 1

S

TR




98616

S

AN

minutes

GENERATED :

MR

Dead

1.5

8517E~-0587%*
Time:

08517E-

S

05

LN

1.000000E+0Q0

i

44-10

Ml

#: PR102508

Mk

o
(@]
(@]

Model 2350-1 Serial Number:
Detector Setup Number: 2
H1050$J%
et High Voltage:
*W1000SWOFFSP*
Set Window: 1000, OFF
*FESH*
Set Scaler Count Time: 6
*SB1S-*
Set Readout Time Base:
*SL1.50
Set 8
|IIL H I Il
*SC1.000000E+0030%*
Ill ll I “ I' I "
*M44-10SK*
Model:
Set High Detector Serial
Il I II l !I I
t High Ratemeter Alarm:
Set High Scaler Alarm: 10
II I I I | lw
Set High Dose Alarm:

Detector Setup Barcodes
JTHAD
*
(T
TN
AT
|
TN
Set Calibration Constant:
Set High Detector
I
*NPR102508S$1*
*J1.000000E+095V*
e
|
*K1000000SH*
*P1.000000E+09S
1.00
*SP258~

0000E+0S

00000

()

0000E+09

i

8/5/2015 10:38:18 AM



Save Parameters as: D2

*T1008Q*

Set Threshold: 100

*040.0300FFS6*
Set Overload: 40.0,0FF

*SUTST*
Set Readout Units: ¢

*SMOS3*
Set Readout Range Multiplier: Auto

*SVDOSP*
Set Display Mode: Normal

LT

*SVD1$Q*
Set Display Mode: Parameters

AT

*SVD2SR*
Set Display Mode: Detector

*D2SB*
Set Active Detector Setup: 2

MR




Detector Setup Barcodes
Model 2350-1 Serial Number:

98616

Detector Setup Number: 3

712

*H712$N*
Set High Voltage:

*W4A0SWONSL*
Set Window: 40,0N

*EESH*

Scaler Count Time:

*SB1g-*
Set Readout Time Base:

*SLO.000000E+00S
Set Dead Time: 0.00000

I

6

minutes

NV

*3C1.000000E+008

Set Calibration Constant:

*MCS137PKSS*
Set High

I

*N662KEVSC*

Set High Detector Serial #:

Set High Ratemeter
|I I”! l I I II U
*K1000000SH*

Set High Scaler Alarm:

*P1.000000E+098%
High Dose Alarm:

I

*SP339*

Detector Model

*J1.000000E+098V*
Alarm: 1.000000E+09

I

Il

1.000000E+00
’ | ||
CS137PK

O*

662KEV

Ml

i

|

1.000000E+09

1000000

Il

i

GENERATED :

8/5/2015 10:38:19 AM



Save Parameters as: D3

T642S . %

Set Threshold: 642

Il
*040.0S00FFS6*
Set Overload: 40.0,0FF

*SU7SI*
Set Readout Units: ¢

*SMOS$3*
Set Readout Range Multiplier: Auto

*SVDOSP*
Set Display Mode: Normal

*SVD1$Q*
Set Display Mode: Parameters

IR

*SVD2SR*
Set Display Mode: Detector

ll I
*D3SC*

Set Active Detector Setup: 3

X E——

T




Detector Setup Checklist GENERATED: 8/5/2015 10:38:24 AM
Model 2350-1 Serial Number: 98616
Detector Setup Number: 1

The following list is stored as detector setup D1 in the Model 2350.

I have verified the list below has no discrepancies with the

detector settings table: B
Comments:

User ID =

High Voltage = 1050 volts
Threshold = 100

Window = 1000,0FF
Overload Current = 40.0 micro amperes
Scaler Count Time = 6 geconds
Readout Units = R

Readout Time Base = hours
Readout Range Multiplier = Auto
Detector Dead Time = 1.508518E-05
Detector Calibration Constant = 5.527553E+10
Detector Model Number = 44-10
Detector Serial Number = PR102508
Ratemeter Alarm Setting = 1.000000E+09
Scaler Alarm Setting = 1000000

1.000000E+09
0.000000E+00
5.4 volts

Integrated Dose Alarm Setting
Low Count Alarm Setting
Operating Batter Voltage



Detector Setup Checklist GENERATED: 8/5/2015 10:38:24 AM
Model 2350-1 Serial Number: 98616
Detector Setup Number: 2

The following list is stored as detector setup D2 in the Model 2350.

I have verified the list below has no discrepancies with the

detector settings table: N
Comments:

Usexr ID =

High Voltage = 1050 volts
Threshold = 100

Window = 1000,0FF
Overload Current = 40.0 micro amperes
Scaler Count Time = 6 seconds
Readout Units = C

Readout Time Base = minutes
Readout Range Multiplier = Auto
Detector Dead Time = 1.508517E-05
Detector Calibration Constant = 1.000000E+00
Detector Model Number = 44-10
Detector Serial Number = PR102508
Ratemeter Alarm Setting = 1.000000E+09
Scaler Alarm Setting = 1000000

1.000000E+09
0.000000E+00
5.4 volts

Integrated Dose Alarm Setting
Low Count Alarm Setting
Operating Batter Voltage



Detector Setup Checklist GENERATED: 8/5/2015 10:38:25 AM
Model 2350-1 Serial Number: 98616
Detector Setup Number: 3

The following list is stored as detector setup D3 in the Model 2350.

I have verified the list below has no discrepancies with the

detector settings table: D
Comments:

User ID =

High Voltage = 712 volts
Threshold = 642

Window = 40,0N
Overload Current = 40.0 micro amperes
Scaler Count Time = 6 seconds
Readout Units = C

Readout Time Base = minutes
Readout Range Multiplier = Auto
Detector Dead Time = 0.000000E+00
Detector Calibration Constant = 1.000000E+00
Detector Model Number = C8137PK
Detector Serial Number = 662KEV
Ratemeter Alarm Setting = 1.000000E+09
Scaler Alarm Setting = 1000000

1.000000E+09
0.000000E+00
5.4 volts

Integrated Dose Alarm Setting
Low Count Alarm Setting
Operating Batter Voltage

]



Designer and Manufacturer LUDLUM MEASUREMENTS, INC
f ’ .
M Scientifc and Industra CERTIFICATE OF CALIBRATION 501 Oak Strest L] oA ehigwyRead

Instruments o 325-235-5494 865-392-4601
N \'(7 'u Sweetwater, TX 79556, U.S.A. Knoxville, TN 37932, U.S.A.
CUSTOMER TETRA TECH MFG, INC. ORDER NO. 20272834/424330
Mfg. Ludlum Measurements, Inc. Model 2350-1 Serial No. 120635
Cal. Date 5-Aug-15 Cal Due Date 5-Aug-16 Cal. Interval 1 Year  Meterface N/A
Check mark @pplies to applicable instr. and/or detector IAW mfg. spec. T. 75 °F RH 36 % Al 700.8 mm Hg
[] New Instrument Instrument Received m Within Toler. +-10% [} 10-20% [ ] Outof Tol. [ ] Requiring Repair [ ] Other-See comments
M Mechanical check [] Input Sens. Linearity
|_V_T F/S Resp. check M Reset check [] Window Operation
M Audio check [ZT Alarm Setting check [ZT Battery check  (Min. Volt) 44 VDC
[ Ratemeter Linearity check [V Integrated Dose check [V Recycle Mode check  TR——
[ Data Log check [ Overload check Scaler Readout check DialRato __ 100 = 10 mV
E] Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. Calibrated in accordance with LMI SOP 14.9 rev 05/15/2015.
m HV Readout (2 points) Ref./Inst. 500 / S V Ref/Inst. 2000 /I 29095 Vv
COMMENTS: Firmware: 37122N26
I/0 Firmware: 37123N05 Resolution for Cs137=9.96% Calibrated with 39" cable.
Gamma Calibration: GM detectors positioned perpendicular to source except for M 44-9 in whi:h the front of probe faces source.
Probe High s Units/ Dead Time Calibration Linearity
Model Serial # Voltage Threshold Time Base Correction Factor Constant +10%*
Detector# 1 LMI44-10 PR102507 1100 100 4 1 2 1.742716E-05 5.376195E+10 /
Detector# 2  LMI44-10 PR102507 1100 100 7 1 1 1.742715E-05 1.000000E+00
Detector# 3 CS137/PK 662KEV 794 642 7 1 1 0.000000E+00 1.000000E+00
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Detector #
Units: 0 --rad, 1 -- Gray, 2 --rem, 3 -- Sv, 4 - R, 5 -- C/Kg,6 -- Disintegration&, -- Counts, 8 -- Ci/cm sq., 9 -- Bg/cm sq.
Time Base:0 -- Seconds, 1 -- Minutes, 2 -- Hours * See attached detector documentation, if applic
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
Digital CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*
Readout 400kcpm TREN 9y 3599 oo 400cpm o e W (o
40kcpm Wow /[ waw | 40cpm -\ |
4kcpm M\ oo \ NS \
Ludlum Measurements, Inc. certifies that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology, or to the calibration facilities of
other International Standards Organization members, or have been derived from accepted values of natural physical constants or have been derived by the ratio type of calibration techniques.
The calibration system conforms to the requirements of ANSI/NCSL Z540-1-1994 and ANSI N323-1978. State of Texas Calibration License No. LO-1963

Reference Instruments and/or Sources: Cs-137 S/N:[_]059 [ ]2171CP [ | 2261CP [ |720 []734 [ |781 [ ]1131 [ 1616 [ |1696 [ ]1909 [ |1916CP [ ] 5105

[]s717c0

[Js719co [ 60846 [ |70897 [ 73410 [ ] E552 [ | G112 @ Mse5 [ ] S-394 [ ] S-1054[ ] T10081 [ ] T10082  Neutron Am-241Be S/N: [ ]T-304  Ra-226 S/N: [| Y982

[ ] Alpha S/N [ ] BetaS/N [] Other

[/ m 500 S/N 289158 (] Ra-226 SIN Y982 [/ Multimeter S/N 93870637

Calibrated By: \M M Date §. (\v\k \ S

Reviewed By: Q M \\ B Date _|p A_Un.( q

\

FORM C44A 07/09/2015 Page N\ _of 3 This certificate shail not be reproduced except in fuii, without the wrmen approvai of Ludium Measurements, inc.



LUDLUM MEASUREMENTS, INC.

w Designer and Manufacturer
of 501 Oak Street ] 10744 Dutchtown Road
Scientific and Industrial 325-235-5494 865-392-4601

Instruments Sweetwater, TX 79556, U.S.A.  Knoxville, TN 37932, U.S.A.

Model 2350 Bench Test Data

Customer TETRA TECH MFG, INC. Date 5-Aug-15 Order#.  20272834/424330

Model 2350-1 Serial No. 120635 Detector 44-10 Serial No. PR102507

Source _C 5\oNL N\ Sy

High Voltage 1100 v AsFound \\weo V. Input 1000  mV AsFound \O mV.
Cal. Constant 5.376195E+10 as found B.3IN6\LS EXxe
Dead Time 1.742716E-05 as found NIM2NN\G E A0S
Alarm Setting:  Ratemeter 1000000000.000000 as found -0 Exofy
Scaler 1000000.000000 as found N Byl
Integrated dose 1000000000.0000 as found N E\e§
Overload [ ]On [‘_{] Off asfound [JOn [FOff Window 1000 as found _\gow

Detector Received: [f Within Toler. +-10% [7]10-20% []Outof Tol. []Requiring Repair [} Other-See comments
"As Found" Readings: After Adjustment Readings:

Reference Point Meter Reading Meter Reading
R0 wRing 2.0 R 2.9 oW/
N\ Seo ) \-Sk 7 V56 7
N \.03 N0y
Son / S5 R SO5 R
A0 Q \AY ) \aR \
\So A ( N4

\ao \ \ve \ ) \

Other

Signature\gj\m) W Date ‘5-(\\/\'3‘\5

FORM CB-1 02/26/2013 Page o2 of 3 ) ]
e Serving The Nuclear Industry Since 1962 e



wvil - LUDLUM MEASUREMENTS, INC.
igner and Manufacturer
| of 501 Oak Street [] 10744 Dutchtown Road

Scientific and Industrial 325-235-5494 865-392-4601
Instruments Sweetwater, TX 79556, U.S.A. Knoxville, TN 37932, U.S.A.

Bench Test Data For Detector

Detector 44-10 Serial No. PR102507

Customer TETRA TECH MFG, INC. Order#. __20272834/424330
Counter 2350-1 Serial No. 120635 Counter Input Sensitivity 10.00 mV
Count Time G SQQW\BS Distance Source to Detector Sorface

Other  Cal Constant = 1.000000E+00 Dead Time = 1.742715E-05

High Isotope E mg}j \ Isotope Isotope Isotope

Voltage Background Size m o NN, Ly Size Size Size
ANSTYe) S5\ \ok\D
\a B2 55¢ A\ S
% N2 5n4 Caad
W\ 5o S9N \ofco
N S50 W\
\2 So SN \OAfH
\do Sxa N\otH
Vigo SkS NCanis
N0 530 oS}
MBS0 2 \\ 240
\ S \M\b \WAS

Signature S M Date 5. X\\,\%.\S

FORV C4A 02/26/2013 Page 3 of ?’-“v

e Serving The Nuclear Industry Since 1962 e



Detector Setup Barcodes
Model 2350-1 Serial Number:
Detector Setup Number: 1

*H1100$F*
Set High Voltage:

e

120635

AT

*W1000SWOFFSP*

Set Window: 1000,0FF
*F12SE*

Set Scaler Count Time: 12
*SB2S ., %

Set Readout Time Base: hours

NN
LT

5.376195E+10

*SL1.742716E-058-%*
Dead Time: 1.742716E-05

Set e:

*SC5.376195E+108-*
Set Calibration Constant:

*MLMI44-10S *

Set High Detector Model: LMI44-10
*NPR102507380%*

Set High Detector Serial #: PR102507

II I I I | l l Il l |
*J1.000000E+098V*

Set High Ratemeter Alarm: 1.000000E+09
*K1000000SH*

Set High Scalexr Alarm: 1000000

I

*P1.000000E+098
igh Dose Alarm:

i

*QP1S7*

Se

Tt H

MM

1.000000E+09

Il
i

Il

I

GENERATED :

8/5/2015 12:58:40 PM



Save Parameters as: D1

*T100SQ*
Set Threshol 100

*04 . 0SO0FF$6*

Set Overload: 4.0,0FF

*SU4LSF*

Set Readout Units: R

*SMOS3*
Set Readout Range Multiplier: Auto

R

*SVDOSP*
Set Display Mode: Normal

*SVD1SQ*
Set Display Mode: Parameters

AT

*SVD2SR*
Set Display Mode: Detector

*D1SA*

Set Active Detector Setup: 1

|

Qs




Detector Setup Barcodes
Model 2350-1 Serial Number:

120635

Detector Setup Number: 2

*H1100$F*
Set High Vvoltage: 1100
|I|| I I Il Il Il IH

*W1000SWOFFSP*
Set Window: 1000, O0FF

*F6SH*
Set Scaler Count Time:

*SBLY-*
Set Readout Time Base:

*SL1.742715E-05%
Set Dead Time: 1.74271

AT

6

minutes

TRV

*SC1.000000E+00$

Set Calibration Constant:

*MLMI44-10$ *

Set High Detector Mode

*NPR102507$0*
Set High Detector Seri

*K1000000SH*
Set High Scaler Alarm:

P 0

*P1.000000E+09S
Set High Dose Alarm: 1

*SP2S8*

Lk

5E-05

1.000000E+00

1: LMI44-10

al #: PR102507

I

o*

*J1.000000E+098V*
Set High Ratemeter Alarm: 1.000000E+09

1000000

.000000E+09

L

GENERATED:

8/5/2015 12:58:41 PM



Save Parameters as: D2

*T100$Q*

Set Threshold: 100

*04 .0$00FFS$6*

Overload: 4.0,0FF

T

*QUTST*
Set Readout Units: ¢

JHINEI

*SMOS3*
Set Readout Range Multiplier: Auto

*SVDOSP*
Set Display Mode: Normal

*QVD1SQ*
Set Display Mode: Parameters

AT

*SVD2SR*
Set Display Mode: Detector

*D2SB*
Set Active Detector Setup: 2




120635

794

s

I

I
Il

*

Il

j=Ve}

S

Model 2350-1 Serial Number:
Detector Setup Number: 3
H7948X*
et High Voltage:
*W4O0SWONSL*
Set Window: 40,O0N
*F6SH*
Set Scaler Count Time: 6
*SB1S-*
Set Readout Time Base: minutes
II II |
*SL,O.000QO0E+0038%*
Set Dead Time: 0.000000E+00
*SC1.000000E+0080%
Set Calibration Constant: 1.000000E+00
' MCS137/PKSP*
Set High Detector Model: CS137/PK
*NG6G62KEVSC*
Set High Detector Serial #: 662KEV
*J1.000000E+0
et High Ratemeter Alarm: 1.000000E+09

Detector Setup Barcodes
I Il I | |
LA
II |l| ll I i 1 Il I II 'I l ll
o /
e
SV

*K1000000SH*
Set High Scaler Alarm: 1000000

IR

*P1.000000E+098
Set High Dose Alarm: 1.000000E+09

*SP3S9%

L

GENERATED :

|

8/5/2015 12:58:41 PM



Save Parameters as: D3

*T6428 . %

Set Threshold: 642

*04 .0$SO0FFS$S6*

Set Overload: 4.0,0FF

*SUTST*
Set Readout Units: ¢

*SMOS3*
Set Readout Range Multiplier: Auto

*SVDOSP*
Set Display Mode: Normal

IR

*SVD1SQ*
Set Display Mode: Parameters

AMAERLTAN I

*SVD2SR*
Set Display Mode: Detector

*D3$C*

Set Active Detector Setup: 3




Detector Setup Checklist GENERATED: 8/5/2015 12:58:48 PM
Model 2350-1 Serial Number: 120635
Detector Setup Number: 1

The following list is stored as detector setup D1 in the Model 2350.

I have verified the list below has no discrepancies with the

detector settings table: 279
Comments:

User ID =

High Voltage = 1100 volts
Threshold = 100

Window = 1000, 0OFF
Overload Current = 4.0 micro amperes
Scaler Count Time = 12 seconds
Readout Units = R

Readout Time Base = hours
Readout Range Multiplier = Auto
Detector Dead Time = 1.742716E-05
Detector Calibration Constant = 5.376195E+10
Detector Model Number = ILMI44-10
Detector Serial Number = PR102507
Ratemeter Alarm Setting = 1.000000E+09
Scaler Alarm Setting = 1000000

]

Integrated Dose Alarm Setting 1.000000E+09
Low Count Alarm Setting 0.000000E+00C
Operating Batter Voltage = 5.2 volts

]



Detector Setup Checklist GENERATED: 8/5/2015 12:58:49 PM
Model 2350-1 Serial Number: 120635
Detector Setup Number: 2

The following list is stored as detector setup D2 in the Model 2350.

I have verified the list below has no discrepancies with the

detector settings table: AR
Comments:

User 1D =

High Voltage = 1100 volts
Threshold = 100

Window = 1000,0FF
Overload Current = 4.0 micro amperes
Scaler Count Time = 6 geconds
Readout Units = C

Readout Time Base = minutes
Readout Range Multiplier = Auto
Detector Dead Time = 1.742715E-05
Detector Calibration Constant = 1.000000E+00
Detector Model Number = LMI44-10

Detector Serial Number PR102507
Ratemeter Alarm Setting 1.000000E+09
Scaler Alarm Setting = 1000000
Integrated Dose Alarm Setting 1.000000E+09
Low Count Alarm Setting 0.000000E+00
Operating Batter Voltage 5.2 volts

]



Detector Setup Checklist GENERATED: 8/5/2015 12:58:49 PM
Model 2350-1 Serial Number: 120635
Detector Setup Number: 3

The following list is stored as detector setup D3 in the Model 2350.

I have verified the list below has no discrepancies with the

detector settings table: 3
Comments:

User ID =

High Voltage = 794 volts
Threshold = 642

Window = 40,0N
Overload Current = 4.0 micro amperes
Scaler Count Time = 6 seconds
Readout Units = C

Readout Time Base = minutes
Readout Range Multiplier = Auto
Detector Dead Time = 0.000000E+00
Detector Calibration Constant = 1.000000E+00
Detector Model Number = CS137/PK
Detector Serial Number = 662KEV
Ratemeter Alarm Setting = 1.000000E+09

1000000
1.000000E+09
0.000000E+00
5.2 volts

Scaler Alarm Setting
Integrated Dose Alarm Setting
Low Count Alarm Setting
Operating Batter Voltage

i
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DATA VALIDATION AND QUALITY CONTROL REVIEW SUMMARY
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1.0 OVERVIEW

The data validation process for the Brandeis-Bardin Campus (BBC) radiological and soil investigation
involved a review of quality assurance (QA) and quality control (QC) data and review of the laboratory
data packages. The data validation and QA/QC review process is intended to assess the technical reliability
and the degree of confidence in the reported analytical data. The primary goal of the methods presented
in this attachment is to ensure that the information and decisions made from the Brandeis-Bardin
radiological and soil investigation are supported by data of the type and quality needed and expected for
their intended use. The Data Validation and QC Review Program was conducted by Tetra Tech and includes
a sample-specific process that extends the evaluation of data beyond method, procedural, or contractual
compliance to determine the analytical quality of a specific data set (EPA 2002). This attachment
summarizes the methods and results of the BBC radiological and soil investigation Data Validation and QC
Review Program.

2.0 DATA VALIDATION METHODS

2.1 DATA VALIDATION TESTING

An evaluation of the precision data validation testing between primary and duplicate samples was
performed where applicable on the data collected. The primary testing methods involved calculating
relative percent difference (RPD) and the duplicate error ratio (DER). The DER was used for radiochemistry
analytes where an individual precision was reported for the analytes. The applicable environmental media
evaluated for this project included soil samples and ambient gamma exposure rate measurements. A
minimum of one field duplicate was collected for every 20 primary soil samples collected in the field.
Similarly, the evaluation of precision by calculation of RPD by comparing parameters from the pre-survey
and post-survey mean gamma exposure rate was performed on the radiation instrumentation calibration
check data.

2.1.1 RPD Evaluation

The data validation analysis performed by Tetra Tech included the quantitative evaluation of precision
between primary and field duplicate soil samples. Precision can be defined by the amount of scatter or
variance that occurs in repeated measurements of a particular analyte. Two types of duplicate equations
are used to evaluate the precision between the primary soil sample and the field duplicate soil sample.
The first equation for precision acceptance and rejection for this project was based on the RPD of the field
duplicates. The RPD equation is given by:

_|S-D|
TR
7

RPD (%) 100

where:
RPD = relative percent difference, non-detects are excluded
S = concentration of primary sample
D = concentration of duplicate sample
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2.1.2 DER Evaluation

The second equation used was the DER, which factors the uncertainties from both the unknown and
duplicate sample into the equation. The DER is calculated between duplicates for all samples which
precision estimates were provided and the equation for DER is given by:

|S - DI

Vo2 + 042
where:

S = primary sample result

D = duplicate sample result measured field sample concentration;
0s= primary sample uncertainty

0s= primary sample uncertainty

04 = duplicate sample uncertainty

DER =

2.2 QC ACCEPTANCE LIMITS

The QC acceptance limits are based on the type of media being analyzed. This subsection summarizes the
QC acceptance criteria for soil sampling data and gamma radiation survey calibration checks.

2.2.1 QC Acceptance for Sampling Data

The QC acceptance limits are based on the RPD and DER testing results for all applicable samples. Tetra
Tech evaluated the analyte results for the field duplicate soil samples by calculating the RPD and DER
between the two samples when both values of the field/ duplicate pair were greater than five times the
reporting limit (RL) for a given analyte. The QC acceptance limits are an RPD of less than 30% and a DER
of less than 1.96. Data validation flags or data qualifiers are given to the analytical data which exceed the
acceptance limits. The data qualifiers are applied to the data that do not meet the performance
acceptance criteria discussed above. A total QC acceptance goal is 85% of the samples for all analytes shall
meet the QC acceptance criteria.

Table C-1 Summary of Data QC Qualifiers

Data Qualifier Description of Data QC Qualifier
K RPD > 30% and the average concentration is greater than five times the RL or MDL
J RPD > 30% and the average concentration is less than five times the RL or MDL.
G DER > or = 1.96 and the average concentration is greater than five times the RL or MDL.
H DER > or = 1.96 and the average concentration is less than five times the RL or MDL.
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2.2.2 QC Acceptance for Gamma Radiation Calibration Check QC Data

The two primary QC methods for the gamma radiation survey outlined in the report include daily field
calibration checks and pre-survey and post-survey calibration checks.

2.2.2.1 Daily Field Check Instrument Calibration QC Acceptance Limits

As discussed in Section 3.1.3 of the Technical Memorandum, for normally distributed data, 99% of all
measurements are expected to fall within £3 standard deviations from the mean. Background, field strip,
and check source standard deviation values were recalculated three times daily throughout the project
duration. Any instrument with a QC measurement result falling outside +3 standard deviations from the
mean of all QC measurements on the field check control chart required investigation. A detector
exceeding control limits on any QC check (background or field strip) would be replaced with a pre-qualified
spare detector and sent back to the manufacturer for evaluation, repair, and recalibration. All data
collected from that instrument would be removed from the project database and new data would be
collected using the spare detection instruments.

2.2.2.2 Pre-survey and Post-Survey Instrument Calibration Check QC Acceptance Limits

The RPD was calculated between the mean pre-survey and mean post-survey background and cesium-
137 (Cs-137) response gamma exposure rate for each instrument used in the survey. The QC acceptance
limit is an RPD of less than 10% for all radiation survey instruments. Additionally, a parametric analysis
was performed on the pre-survey and post-survey data sets for both background and Cs-137 response
gamma exposure rates. The Anderson-Darling (AD) statistic was used to assess how well the data follow
a particular distribution. For the gamma radiation instrumentation, the data should follow a normal
distribution at all times under controlled conditions. The corresponding p-value must be greater than 0.05
in order to accept the null hypothesis that the data follow a specified distribution. For the purposes of the
QC data validation testing, the data were plotted on a normal distribution probability plot and the AD
statistic and corresponding p-value calculated using the statistical software Minitab 16 ©. All of the pre-
survey and post-survey data was required to have a p-value exceeding 0.02-0.05 or follow a normal (i.e.
Gaussian) distribution plotted on a normal probability plot for the instrument data to be considered
reliable.
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3.0 SOIL SAMPLING FIELD QC SUMMARY

A total of 19 soil samples were collected as discussed in the main text of the Technical Memorandum.
Therefore, to maintain the QC frequency discussed in Section 2.0, only one field duplicate sample was
collected by Tetra Tech as part of the radiological and soil investigation monitoring program. The quality
control samples consist of a primary field sample and a field duplicate sample. The duplicate sample was
sent blindly to the laboratory to be tested using the same methods as the primary sample. The precision
was analyzed for each data pair using the data validation methods outlined in Section 2.1. A summary of
the soil sampling field QC results are provided in Section 3.3.

3.1 SolL SAMPLING QC RESULTS (RADIONUCLIDES)

3.1.1 Cesium-137 Soil Sampling QC Results

Table C-2 provides the field and duplicate laboratory results for Cs-137. Both of these samples reported
Cs-137 concentrations below the minimum detectable concentration (MDC) which is equivalent to the
RL for this procedure. Therefore, no data validation was performed. No data QC qualifiers are provided
for the Cs-137 data validation and QC review. These samples met the data validation and QC
requirements for the project.

Table C-2 Summary of Cs-137 Laboratory Results for Primary and Duplicate Soil Sample

Cs-137 Precision Lab
Sample 1D (pCi/g) +/- Mbc Qualifier!
TT-GF-01 <0.089 - 0.089 U
TT-GF-02 <0.097 - 0.097 U

Lab qualifier = “U” less than MDC

3.1.2  Strontium-90 Soil Sampling QC Results

Table C-3 provides the field and duplicate laboratory results for Sr-90. Both of these samples reported
Sr-90 concentrations below the MDC which is equivalent to the RL for this procedure. Therefore, no data
validation was performed. No data QC qualifiers are provided for the Sr-90 data validation and QC
review. These samples met the data validation and QC requirements for the project.

Table C-3 Summary of Sr-90 Laboratory Results for Primary and Duplicate Soil Sample

Sr-90 .. Lab
Sample ID (pCi/g) Precision +/- MDC Qualifier!
TT-GF-01 <0.104 - 0.104 U
TT-GF-02 <0.102 - 0.102 U

1Lab qualifier = “U” less than MDC
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3.2 SolL SAMPLING QC RESULTS (NON-RADIONUCLIDES)
3.2.1 Metals Soil Sampling Field QC Results

Table C-4 provides the field and duplicate laboratory results for metals. The RPD was calculated between
the primary and field duplicate soil samples TT-GF-01 and TT-GF-02. The QC samples met the RPD limits
for all constituents; therefore these samples met the data validation and QC requirements for the
project.

Table C-4 Summary of Sr-90 Laboratory Results for Primary and Duplicate Soil Sample

TT-GF-01 TT-GF-02
Analyte Rela?ive Percent Data‘ QC
Value MDL Value MDL Difference Qualifier
(mg/kg) | (mg/kg) | (mg/kg) (mg/kg)

Aluminum 9,600 1.8 9,300 1.9 3.2% -
Antimony 0.18 0.02 0.14 0.02 25.0% -
Arsenic 3.7 0.038 4.5 0.04 19.5% -
Barium 75 0.068 75 0.07 0.0% -
Beryllium 0.5 0.016 0.51 0.016 2.0% -
Cadmium 0.23 0.019 0.17 0.02 30.0% -
Calcium 4,100 11 4,300 11 4.8% -
Chromium 15 0.083 15 0.087 0.0% -
Cobalt 6.4 0.061 6.3 0.063 1.6% -
Copper 11 0.29 11 0.3 0.0% -
Iron 20,000 3.9 19,000 4.1 5.1% -
Lead 11 0.022 11 0.023 0.0% -
Magnesium 5,000 4.3 4,900 4.4 2.0% -
Manganese 320 0.072 310 0.074 3.2% -
Nickel 11 0.3 11 0.31 0.0% -
Potassium 4,400 21 4,200 21 4.7% -
Selenium 0.97 0.043 0.94 0.044 3.1% -
Silver 0.047 0.0059 0.03 0.0062 - -
Sodium 370 19 340 20 8.5% -
Thallium 0.26 0.0047 0.26 0.0049 0.0% -
Vanadium 34 0.052 34 0.053 0.0% -
Zinc 71 0.49 76 0.51 6.8% -
Mercury 0.017 0.0042 0.016 0.004 - -

3.2.2  Perchlorate Soil Sampling Field QC Results

Perchlorate was analyzed in all samples collected at the background, BBC, and sediment locations. All of
the perchlorate results were below the MDL. Therefore, no data validation was performed. No data QC
qualifiers are provided for the perchlorate data validation and QC review. These samples met the data
validation and QC requirements for the project. A copy of the laboratory analytical results for the
perchlorate analysis is provided in Attachment F of the Technical Memorandum.
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3.3 SoIL SAMPLING DATA VALIDATION AND QC REVIEW

The results of the QC data review are provided in Section 3.1 and Section 3.2. The overall goal is that 85%
of the data shall not exceed the RPD or DER acceptance criteria; this goal has been achieved for the soil
sampling data. One hundred percent of soil sample sets that met the RPD acceptance criteria. No DER
data validation was performed on the radionuclide analyses (Cs-137 and Sr-90) because all of the samples
reported concentrations below the MDL. All of the soil samples for this project met the project QC
acceptance criteria.
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4.0 RADIATION INSTRUMENTATION QC SUMMARY

As described in the Section 3.1.4 of the Technical Memorandum, Tetra Tech adheres to strict QA/QC
protocol when conducting gamma radiation surveys. QA includes qualitative factors that provide
confidence in the results, while QC involves quantitative, field evidence that supports the validity of
results. Tetra Tech uses data quality indicators as recommended in MARSSIM (NRC, 2000) and MARLAP
(NRC, 2006) to ensure the data being collected are reliable. This section summarizes the methods and
results of the QC analyses performed for those detectors that were actually used during the survey. The
QC protocol involved pre-survey and post-survey calibration checks and instrument calibration field
checks. Before and after performing the gamma radiation survey at BBC, Tetra Tech performed QC
analyses for the radiation instruments that were used during the 2016 BBC radiological investigation and
soil investigation program. The purpose of the QC analyses is to quantify the consistency of gamma
exposure readings between detectors.

Two detectors, identified as MFG-1 and MFG-11 were utilized during the gamma radiation surveys. The
QC analysis involved calibration checks of these instruments under a controlled indoor environment for
pre-survey and post-survey. The pre-survey check was performed on February 5, 2016 for MFG-1 and
February 12, 2016 for MFG-11 and the post-survey check for both of these instruments was performed
on February 22, 2016. The pre-survey and post-survey calibration checks involved the collection of 1,000
background measurements and 1,000 Cs-137 source checks under a controlled environment.

Additionally, field engineers performed daily QC checks during the field work at a designated background
area located on the BBC. The daily checks included background and field strip calibration checks. Under
these circumstances, all data from any given set of properly calibrated and correctly functioning radiation
instruments should follow a normal distribution.

4.1 GAMMA RADIATION SURVEY QA/QC METHODS
4.1.1 Gamma Radiation Survey Data Quality Assurance Procedures

An important QA protocol includes instrument calibration. All of the radiation detection equipment
employed during the field work must have been factory calibrated within the previous 12 months. Data
developed using any of the field-qualified instruments are then interchangeable, allowing instrument
substitution as needed. Copies of factory calibration documentation for the two detectors used during
the survey are provided in Attachment B.

4.1.2 Gamma Radiation Survey Data Quality Control Procedures

Under the QC program, factory-calibrated instruments must also meet on-site field test criteria.
Calibration checks are measurements performed to verify instrument performance each time an
instrument is used (NRC, 2000). Tetra Tech field personnel collected quantitative measurements as part
of the QC program including:

1.) daily field instrument calibration checks; and

2.) pre-survey and post-survey instrument calibration checks.
A control chart is a graphical plot of measurement results with respect to time and helps monitor
performance of the radiation detection instrumentation (NRC, 2000).
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Daily Field Instrument Calibration Field Check:

The instrument calibration field checks consist of collecting measurements using the scan systems from a
static background area, field strip area approximately 10 meters in length, and static Cs-137 source checks
at the pre-determined background area. For this particular project, the field checks were performed in an
area within the cabins near the administration building at the BBC. The following criteria were used to
assess the daily field calibration checks:

= For normally distributed data, 99 percent of all measurements are expected to fall within +3
standard deviations from the mean. Background, field strip, and check source standard deviation
values were recalculated three times daily throughout the project. Any instrument with a QC
measurement result falling outside +3 standard deviations from the mean of all QC measurements
on the field check control chart would require investigation. A detector exceeding control limits
on any QC check (background, field strip, or Cs-137 source check) would be replaced with a pre-
qualified spare detector and sent back to the manufacturer for evaluation, repair, and
recalibration.

= QC measurements, including a background check, field strip check, and Cs-137 source check were
performed three times daily during the work for each scanning system in use. These checks were
performed outdoors at the same time and location each day. The daily field strip check provides
an indication of total measurement uncertainty from turbulent movement for each mobile system
being used in the field.

Pre-Survey and Post-Survey Instrument Calibration Check:

In addition to daily QC checks, pre-survey and post-survey QC instrument measurements were collected
at anindoor location for each Nal(Tl) detector that would be potentially used during the gamma radiation
survey. The purpose of these measurements was to quantify the consistency of readings among the
detectors, under controlled conditions before (pre-survey) and after (post-survey) the field survey. A
minimum of 1,000 background and Cs-137 source measurements were collected both pre-survey and
post-survey for each detector under the same counting conditions. The pre-survey and post-survey QC
checks were performed at the Tetra Tech office in Fort Collins, Colorado, prior to and after the field work.
The data validation criterion and results for the pre-survey and post-survey analysis are discussed in the
following section.
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4.2 PRE-SURVEY AND P0ST-SURVEY CALIBRATION CHECK QC
RESULTS

This section summarizes the QC results for the background and Cs-137 source response measurements
for the pre-survey and post-survey. The QC acceptance criteria are discussed in Section 2.2 of this
attachment. The QC acceptance criteria for the pre-survey and post-survey mean background and Cs-
137 source response gamma exposure rate are less than 10% RPD. Additionally, the p-value must be
greater than 0.05 for all gamma exposure rate distributions. Tables C-5 and C-6 show the pre- and post-
survey background QC results for detectors MFG-1 and MFG-11. Figures C-1 and C-2 present the
frequency histograms and probability plots for the pre- and post-survey background QC results,
respectively. Tables C-7 and C-8 show the pre- and post-survey Cs-137 source check QC results for
detectors MFG-1 and MFG-11. Figures C-3 and C-4 present the frequency histograms and probability
plots for the pre- and post-survey Cs-137 source check QC results, respectively. A summary of the
gamma radiation instrumentation data validation and QC review is provided in Section 4.4.

Table C-5 Instrument MFG-1 Pre-Survey and Post-Survey Background QC Results

Survey: Pre-Survey | Post-Survey

Date: 02/12/16 02/22/16 Relative Percent Difference
Detector ID: MFG-1

# of Readings 1,000 1,000 -

Average 16.7 16.8 0.95%

Median 16.7 16.9 1.12%

Standard Deviation 0.88 0.86 1.41%

95th percentile 18.2 18.3 0.64%

99th percentile 18.7 18.8 0.60%

Table C-6 Instrument MFG-11 Pre-Survey and Post-Survey Background QC Results

Survey: Pre-Survey | Post-Sur