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December 15, 2022
Ms. Juanita Bacey
California Department of Toxic Substances Control
Brownfields and Environmental Restoration Program
700 Heinz Avenue
Berkeley, CA 94710-2737

Dear Ms. Bacey:

I am pleased to submit for your records the Final Radiological Site Investigation Report,
1400 Series Housing Area, Former Naval Station Treasure Island, San Francisco, California,
December 2022. This Radiological Site Investigation Report describes the results of previous
investigations and recommends no further action (NFA) for Areas 1 and 2 within the 1400 Series
Housing Area.

All recipients receive electronically via email and/or as otherwise noted.

Thank you for your continued support of this program. If you have any questions, please
contact Mr. Louie Cardinale, Remedial Project Manager, at rene.l.cardinale.civ@us.navy.mil, or
me at (619) 524-1924.

Sincerely,

LEAR.JANET.M.1369 Digitally signed by

LEAR.JANET.M.1369380024
380024 Date: 2022.12.15 09:11:57 -08'00"

JANET LEAR
BRAC Environmental Coordinator (Acting)
By direction of the Director
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Naval Station Treasure Island, San Francisco, California, December 2022.
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Executive Summary

This Site Investigation (Sl) Report compiles, summarizes, and evaluates the results of
previous radiological investigation and characterization activities completed for the 1400
Series Housing Area within Installation Restoration (IR) Site 12 at Former Naval Station
Treasure Island (NSTI), San Francisco, California. With respect to the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) process, the
potential for radiological concerns from historical Navy activities at all of Site IR 12 has
undergone a preliminary assessment through the Historical Radiological Assessment
(HRA) process. Subsequently, several radiological investigations have been conducted
at IR Site 12, which includes the 1400 Series Housing Area.

This document serves to summarize the radiological investigation of the 1400 Series
Housing Area through a formal CERCLA SI that compiles, reviews, and evaluates the
results of previous investigations completed at the subject site. The evaluations provided
in this SI will serve to support a determination of whether the site can be recommended
for no further action (NFA) or if additional investigation for potential radiological concerns
is warranted.

The conceptual site model (CSM) developed for known and potential residual radioactivity
from historical Navy operations at IR Site 12 involves disposal of low-level radiological
waste (LLRW) containing radium-226 (*?°Ra) in the designated solid waste disposal areas
(SWDASs). Based on this model, the HRA (Weston 2006) designated the SWDAs as being
radiologically impacted. Subsequent characterization of the material in the SWDAs has
identified discrete low level radiological objects (LLROs) mixed with contaminated soll
and other debris.

However, a limited number of LLROs (roughly 1% of the total number of items recovered)
have been identified in the soil outside the disposal areas. These findings outside the
historical boundaries of the SWDAs serve as the primary justification for characterizing
the balance of IR Site 12 as radiologically impacted during subsequent revisions to the
HRA, as documented in the Historical Radiological Assessment Supplemental Technical
Memorandum (HRASTM,; TriEco-Tt 2014).

The most likely mechanism for the presence of discrete objects outside the historical
SWDA boundaries has been attributed to displacement via historical grading and earth-
moving operations during the development and construction of the housing units.
However, in light of historical information presented in the HRASTM and other sources
(aerial photographs), and in consideration of other lines of evidence associated with data
from additional site investigations, the grading operations that likely spread LLROs to
other housing areas did not appear to have extended to the 1400 Series Housing Area.
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The SI specifically evaluated radiological data and information from previous
investigations as they pertain to the 1400 Series Housing Area. The radiological data was
obtained from published reports that have been reviewed and that have received
regulatory concurrence. No additional data were collected as part of this SI effort.

For the purposes of the SI, the 1400 Series Housing Area was subdivided into two
separate areas as follows:

e Area 1l - Northern Housing Area

e Area 2 — Southern Housing Area

The evaluations conducted for the Sl included the following:

e Review of historical data and information as presented in the HRA, HRASTM, and
other pertinent agency-concurred documents,

e Review and visual inspection of historical aerial photographs,

e Review of all available analytical data including gamma-scan and soil sampling
results, and

e Assessment of potential risk to human health associated with the presence of
226Ra in soil, based on the results of the previous soil sampling completed at the
1400 Series Housing Area

The combined level of investigation conducted at Areas 1 and 2 is sufficient, when
considered in conjunction with other lines of evidence, to support a determination as to
whether additional investigation or evaluation of the 1400 Series Housing Area is
necessary. Based on the results of the review and evaluations conducted for this SI, NFA
is recommended for potential radiological concerns at both Areas 1 and 2 of the 1400
Series Housing Area. This conclusion is supported by the lines of evidence outlined
below.

Area 1:

1. Review of historical records did not identify evidence of waste or rubbish
disposal areas associated with historical Navy operations within the Area 1
footprint. The nature and location of debris observed in the exploratory trenches
and soil borings within Area 1 is consistent with construction/demolition debris
generated during demolition of Buildings 194 and 267 prior to development of
the area and is different in nature from the industrial materials recovered from
the SWDAs.

Vi
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2. Soil from the SWDAs was not used during the grading and site preparation
activities for Area 1, based on the following:

a. Known SWDAs at IR Site 12 were utilized, closed, and covered before
construction of the 1400 Series Housing Area in 1988, precluding the
use of soil from the SWDAs during the site grading and preparation
activities.

b. Review of historical grading records during the development of the CSM
for the HRASTM indicates that limited or no net import of fill (generally
less than 2 feet) was used during the development of Area 1.

3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 1
did not identify elevated radioactivity, and no LLROs were encountered.
Radiological sampling of Area 1 in 2013 did not identify 226 Ra concentrations in
soil above background levels.

4. Risk evaluation results for Area 1 indicate a maximum lifetime cancer risk of
9.90x10° (residential receptor), which is within the EPA risk management
range of 10 to 10®. By comparison, the calculated risks from the soil data
were below what was estimated for all four receptor scenarios using the NSTI
average background concentration for 2?°Ra at NSTI. Furthermore, the
maximum total calculated dose for all receptor scenarios at Area 1 is 5.24
mrem/yr, which is lower than the maximum total dose of 7.54 mrem/yr
calculated using the NTSI background concentration. As such, the risks
calculated from the Area 1 data are lower than or consistent with what can be
expected from exposure to background levels of 2?°Ra in soil at Treasure
Island.

Area 2:

1. Review of historical records did not identify evidence of waste or rubbish
disposal areas associated with historical Navy operations within the Area 2
footprint. The nature and location of debris observed in the exploratory trenches
and soil borings within Area 2 is consistent with construction/demolition debris
generated during demolition of Buildings 155, 160, 161, and 166 prior to
development of the area and is different in nature from the industrial materials
recovered from the SWDAs.

2. Soil from the SWDAs was not used during the grading and site preparation
activities for Area 2, based on the following:

a. Known SWDAs at IR Site 12 were utilized, closed, and covered before
construction of the 1400 Series Housing Area in 1988, precluding the

Vil
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use of soil from the SWDAs during the site grading and preparation
activities.

b. Review of historical grading records during the development of the CSM
for the HRASTM indicates that limited or no net import of fill (generally
less than 2 feet) was used during the development of Area 2.

3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 2
did not identify elevated radioactivity, and no LLROs were encountered.
Radiological sampling of Area 2 in 2013 did not identify 226 Ra concentrations in
soil above background levels.

4. Risk evaluation results for Area 2 indicate a maximum lifetime cancer risk of
9.28x10° (residential receptor), which is within the EPA risk management
range of 10 to 10°%. By comparison, the calculated risks from the soil data
were below what was estimated for all four receptor scenarios using the NSTI
average background concentration for 2?°Ra at NSTI. Furthermore, the
maximum total calculated dose for all receptor scenarios at Area 2 is 4.91
mrem/yr, which is lower than the maximum total dose of 7.54 mreml/yr
calculated using the NTSI background concentration. As such, the risks
calculated from the Area 2 data are lower than or consistent with what can be
expected from exposure to background levels of ??°Ra in soil at Treasure
Island.

Vil
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1.0 Introduction

This Site Investigation (SI) Report compiles, summarizes, and evaluates the results of
previous radiological investigation and characterization activities completed at the 1400
Series Housing Area of Installation Restoration (IR) Site 12 at Former Naval Station
Treasure Island (NSTI), San Francisco, California (Figure 1). The S/ Report has been
prepared for the U.S. Department of the Navy (Navy), Base Realignment and Closure
(BRAC) Program Management Office West under Contract No. N62473-17-C-4802 by
NOREAS, Inc. (NOREAS) and is subject to requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the National
Oil and Hazardous Substances Pollution Contingency Plan (NCP).

As the lead Federal agency for implementation of the IR Program at Former NSTI, the
Navy works in cooperation with the Department of Toxic Substances Control (DTSC); and
Regional Water Quality Control Board, San Francisco Bay Region (Water Board) to
implement the environmental cleanup program. The Navy, DTSC, and Water Board are
signatories to the Federal Facility Site Remediation Agreement, which governs
investigation, development, selection and implementation of response actions for all
releases or threatened releases of hazardous substances, pollutants, or contamination at
Former NSTI.

1.1 Regulatory Background and Authority

The information and evaluations contained in this S| Report are being provided pursuant
to the Navy IR Program. The Navy’s IR program is conducted in accordance with
CERCLA and the Superfund Amendments and Reauthorization Act of 1986 as directed
by Federal Executive Order 12316 dated 20 August 1981 that requires the U.S.
Department of Defense (DoD) to comply with CERCLA.

The DoD has the authority to undertake CERCLA actions under Title 42 of the United
States Code (USC), Section 9604; Title 10 of the USC; Section 2705; and Federal
Executive Order 12580. Under the authority of CERCLA, the DoD has undertaken the
assessment of low-level radioactive materials at Former NSTI by conforming to the
requirements of the NCP, Title 40 of the Code of Federal Regulations, Part 300. Because
CERCLA defines radionuclides as hazardous substances, they are included as part of
the CERCLA process to investigate, characterize, and remediate contamination.

1-1
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1.2 Site Location and Description

The 1400 Series Housing Area has previously been defined as an approximately 20-acre
area located in the northwestern portion of NSTI (CB&I Federal Services, LLC [CB&l]
2015), within the southern part of the housing areas of IR Site 12 (Figure 2). It includes a
total of 34 residential buildings (Buildings 1400 through 1449), the majority of which
consist of four to six two-bedroom apartments with one-car garages. With respect to the
IR Program at NSTI, the area surrounding Building 225 (IR Site 20) and former fire station
(fenced area around Building 157) are not part of IR Site 12 and are therefore not
considered part of the 1400 Series Housing Area evaluated under this SI.

The 1400 Series Housing Area (Site) was built in 1988 and is the most recently
constructed housing area at NSTI (TriEco-Tt, a Joint Venture of TriEco, LLC and Tetra
Tech EM, Inc. [TriEco-Tt] 2014). Based on historical activities and operations, there is no
evidence that low-level radiological materials were used within this portion of IR Site 12.
Though disposal of debris has been noted in housing construction plans and geotechnical
reports for Site 12, there are no documented disposal areas within the 1400 Series
Housing Area.

1.3 General Site History

At Site 12, environmental contamination is generally associated with documented sources
that include waste disposal and burning operations that typically took place between the
1940s and early 1960s in well-defined or designated areas (e.g., incinerator operations,
disposal in waste trenches, disposal at end of runway, etc.) (TriEco-Tt 2014). In general,
waste streams at Site 12 diminished with the end of WW Il and the status of NSTI as a
Frontier Base. While active, these deliberate Navy disposal practices were generally
conducted in remote areas of the base, currently defined as SWDASs, within open areas
not occupied by buildings. After 1945, NSTI was redesignated as a U.S Navy Small Craft
facility and operations continued on a reduced scale.

In the early 1960s, geotechnical borings were advanced in the northern portion of IR Site
12 prior to housing construction. The presence of debris was identified in one of seven
borings advanced in the northern portion of the 1400 Series Housing area, in an area
under the former runway. However, because the runway was constructed prior to when
the Navy acquired NSTI in 1942, the debris that was found under the runway pre-dates
Navy disposal activities. Debris was not found in any of the other geotechnical borings in
the 1400 Series footprint and there were no documented releases or disposal areas within
the 1400 Series Housing area footprint. In the absence of documentation or evidence for
a specific historical release, deliberate disposal has not occurred where buildings were
located or other Navy operations were known to have taken place.

1-2
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1.4 Sl Area Boundaries

The 1400 Series Housing Area generally consists of two separate residential housing
tracts. The two housing tracts are separated by an empty lot and IR Site 20. For the
purposes of the Sl, the 1400 Series Housing Area has been subdivided into two separate
areas as follows:

1. Area 1 — Northern Housing Area

2. Area 2 — Southern Housing Area

The following subsections provide brief descriptions of the areas evaluated for the SI; the
locations and boundaries for each of the areas are provided in Figure 3.

Area 1 — Northern Housing Area

As depicted on Figure 3, Area 1 consists of an approximately 6-acre area (22,567 square
meters [m?]) in the northern portion of the 1400 Series Housing Area that is bound to the
south by 12" Street, to the west by Avenue B, and to the east by the western edge of the
paved parking lot of the former school (now the Center by Design). The northern boundary
of Area 1 extends to the point where evaluations and conclusions provided in the Final
Conceptual Site Model Update, Installation Restoration Site 12 (CSM Update; IE JV,
2022) indicate that there was no overlap from grading activities at the adjacent 1100
Series housing area. The revised Area 1 boundary is depicted on Figure 3 and has been
applied to Figures 2 through 7, where applicable. Additional description of the rationale
for the establishment of this northern boundary is provided in Section 3.2 below.

A total of 16 occupied residential buildings and their associated carports/garages
(Buildings 1400 through 1420) are located within the boundary of Area 1. Paved
structures within the site boundary include roads (Sturgeon Street, Striped Bass Street,
and Flounder Court) and driveways.

Area 2 — Southern Housing Area

Area 2 consists of an approximately 8-acre (33,340 m?) area in the southern portion of
the 1400 Series Housing Area that is bound to the south by 9" Street, to the west by
Avenue B, and to the east by Avenue D (Figure 3). The northern boundary of Area 2 is
essentially defined by the southern boundary of IR Site 20 and northern boundary of the
former fire station (Building 157 compound). A total of 18 occupied residential buildings
and their associated carports/garages (Buildings 1430 through 1449) are located within
the boundary of Area 2. Paved structures within the site boundary include roads (Halibut
Court, Croaker Court, and Chinook Court) and driveways.

1-3
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1.5 Sl Scope and Objectives

In accordance with the CERCLA process, the potential for radiological concerns at NSTI
due to historical Navy operations has undergone a Preliminary Assessment (PA)-type
evaluation through the Historical Radiological Assessment (HRA) process (see Sections
2.1 and 2.2), which identified IR Site 12 as being radiologically impacted and
recommended additional investigation and/or evaluation. Subsequently, several
radiological investigations, and associated reporting, have been conducted at 1400
Series Housing Area; however, a CERCLA SI report summarizing and evaluating these
investigations has not been prepared.

The objective of this SI Report is to evaluate the results of previous radiological
investigations and surveys at the two areas defined as Area 1 and Area 2 at the 1400
Series Housing Area to determine if one of two potential recommendations apply to those
areas:

1. The area does not require further investigation or response for potential
radiological concerns due to historical Navy activities and is recommended for no
further action (NFA). This designation would allow the areas to achieve closure
and exit the CERCLA process, with respect to radiological concerns, or

2. Additional evaluation for potential radiological concerns from historical Navy
activities is warranted and the site is recommended for further action.
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2.0 Review of Previous Radiological Investigations

The following subsections provide a brief description of the pertinent radiological
assessments and investigations completed at IR Site 12 as they relate specifically to Area
1 and Area 2 of 1400 Series Housing Area (as defined for the Sl), with particular focus on
key findings and recommendations that were evaluated for the purpose of the SI. A list of
these documents is provided in Table 1. The DTSC and CDPH have reviewed and
concurred with all of the documents provided in Table 1.

Several of the radiological investigations and evaluations summarized below involve
comparison of radium-226 (*?°Ra) concentrations in soil samples collected from a given
site to the average background concentration of 0.69 picocuries per gram (pCi/g) ??°Ra
for soil at NTSI. Details regarding how this basewide background value was established
are provided in the Analysis of Gamma Survey and Radium-226 Soil Concentration Data
at the Treasure Island Site-Wide Background Areas and the Area 7 Background
Reference Area (Shaw 2012), a copy of which is provided in Appendix A.

2.1 Historical Radiological Assessment (2006)

The Final Treasure Island Naval Station HRA (Weston Solutions, Inc. [Weston] 2006) was
completed in 2006 to document the extent of past radiological operations at specific sites
throughout NSTI and assess the potential for residual radiological impacts at those
locations. The HRA identifies sites as being either radiologically impacted or non-
impacted.

For the purposes of the HRA, a site is designated as being radiologically “impacted” where
there is potential for radioactivity to exist in excess of natural background levels based
solely on current or past activities such as the use, storage or disposal of radioactive
material at that location. However, designation as radiologically impacted does not mean
that radioactive contamination is present, only that the possibility exists and investigation
should be conducted to confirm its presence or absence. A “non-impacted” designation
is based on historical documentation or previous radiological survey information indicating
that a given site had no reasonable possibility for residual radioactive contamination
(Weston 2006).

At the time of the HRA, additional assessment of the potential for residual radioactive
contamination was being addressed at IR Site 12, and the HRA concluded that the
possibility of finding radioluminescent devices in NSTI disposal areas was low (Weston
2006). However, the SWDAs were considered radiologically “impacted” and %?°Ra was
identified as the potential radionuclide of concern (ROC).
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Based on these findings, the HRA recommended that radiation screening and monitoring
be conducted during excavation activities at the SWDAs. The HRA did not identify the
areas outside of the SWDAs at IR Site 12, including the 1400 Series Housing Area, as
radiologically impacted.

2.2 Historical Radiological Assessment — Supplemental Technical
Memorandum (2014)

The Final HRA Supplemental Technical Memorandum (HRASTM) (TriEco-Tt 2014) was
prepared to incorporate and assess the findings from the additional investigations
performed following the completion of the original HRA. In particular, findings from initial
SWDA excavation activities after the 2006 HRA confirmed that discrete radiological items
had been disposed along with other debris in the SWDAs. In addition, findings from other
radiological investigations outside the SWDAs at IR Site 12 indicated that radiological
items could also be present in other areas outside the SWDAs. Consequently, the
HRASTM designated all of IR Site 12, including the 1400 Series Housing Area, as
radiologically impacted due to the findings of discrete low-level radiological objects
(LLROSs) outside of the SWDAs.

The HRASTM also updated and refined the conceptual site model (CSM) for IR Site 12
to address the origin and impact of the LLROs that were found following the completion
of the HRA in 2006. Specifically, it acknowledged that repair and maintenance of ships
and planes had taken place at NSTI from roughly 1943 to 1946, which aligns with the
findings of hundreds of discrete LLROs during excavation at the SWDAs. They were likely
disposed in those locations along with other debris generated during the maintenance
and repair operations. The HRASTM also discussed the likely purpose/use of radium foils
that have been found at the site. Although the exact use could not be confirmed, the
HRASTM concluded the foils were likely used as calibration or check sources for the
Atomic Warfare School located at Tl and disposed of as excess in the early 1950s (see
Section 1.2.2 of the HRASTM).

In addition, the HRASTM also included a CSM for the presence of a limited number of
discrete LLROs discovered outside the SWDAs. Based on review of the grading and
geotechnical plans associated with the residential housing construction at IR Site 12, the
HRASTM concluded that LLROs originally disposed or buried in the SWDAs may have
been transported or displaced laterally, away from the disposal areas, further into the
1100, 1200, and 1300 Series housing areas during the soil-grading and earth-moving
activities conducted during housing construction (see Sections 3.1 and 3.2).
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2.3 IR Site 12 Trenching (2003)

In 2003, the Navy completed an exploratory trenching investigation at IR Site 12 to help
delineate the lateral extent of the SWDAs and identify other potential areas of concern
outside the SWDAs (Shaw Environmental, Inc. [Shaw] 2004). In particular, a total of 588
trenches and seven hand-auger borings were advanced in accessible areas throughout
the IR Site 12 housing areas, excluding those locations that were previously remediated,
planned for remediation (SWDAS), or contained paved areas such as streets, sidewalks,
or parking areas. A total of 90 exploratory trenches were completed within the footprints
of Area 1 and Area 2 of the 1400 Series Housing Area (Shaw 2004).

During trenching, the excavated soil and excavation were visually inspected for debris,
and were screened for radiological concerns and sampled for chemical impacts. Although
a limited amount of debris was encountered, it predominantly consisted of small pieces
of concrete, asphalt, nails and other construction/demolition material that was distinctly
different from the more industrial materials (e.g. drums, metal fragments, etc.) recovered
from the SWDAs (Shaw 2004). These results provide support that industrial wastes and
debris from historical Navy operations at the base were not disposed in the 1400 Series
Housing Area and evidence for disposal areas within the study area was not identified.

24 Radiological Scoping Survey of IR Site 12 (2013-2014)

Between September 2013 and April 2014, a radiological scoping survey of IR Site 12 was
conducted. The results of the survey are documented in the regulatory agency-concurred
Final Radiological Scoping Survey Report, IR Site 12 and Selected Transportation
Routes, Former NSTI (Gilbane Federal [Gilbane] 2015). Data quality objectives (DQOS)
for the survey were established to provide data of sufficient quality and quantity to
determine whether residual levels of radioactivity requiring remediation were present at
the site and to provide design input for subsequent surveys with the ultimate goal of
obtaining radiological clearance.

Gamma scans were conducted over accessible, exterior (outdoor) areas within the 1100,
1200, 1300, and 1400 Series Housing Areas at IR Site 12. This included private fenced
backyard areas; small concrete-paved areas such as sidewalks, patios, driveways, and
sports courts (basketball, tennis, etc.); and asphalt-paved roadways and parking areas.
The gamma scan results for Areas 1 and 2 are depicted on Figure 4. Exposure rate
measurements and alpha/beta surface measurements were also collected. In addition,
soil samples were collected and analyzed for 2°Ra as part of the scoping survey activities.

Based on statistical outliers observed in the 1400 Series Housing Area radiological data
population, an additional 26 locations within the SI Area 1 and Area 2 footprints were
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identified for further evaluation, and a supplemental field investigation was conducted in
February 2014. The supplemental field investigation attempted to locate discrete areas
(less than 0.5 m?) with distinctively higher radiation levels than those in the surrounding
area of these 26 locations identified. Of these 26 locations, 13 could not be distinguished
from background, and 13 discrete areas were identified as having distinctly higher
radiation levels than the surrounding areas. Hand-digging was performed at each of the
13 areas in an attempt to locate a discrete source of radiation; however, no LLROs were
identified, and concentrations of 2?°Ra in all of the soil samples were consistent with
background concentrations (Gilbane 2015).

The regulatory agency-concurred Final Radiological Scoping Survey Report (Gilbane
2015) provided the following recommendations relevant to Area 1 and Area 2 of the 1400
Housing Series Housing, as stated in the report:
1. “Investigate the graphical and statistical anomalies observed within the housing
area matrix data sets to determine whether they represent Navy legacy material
or radiological artifacts of the island unrelated to Navy operations”, and

2. “Investigate the dissimilarities among the housing area matrix data sets using
exploratory data analytical methods, followed up by field observations and
additional data collection, as necessary, to validate conclusions.”

2.5 Radiological Sampling at 1400 Series Housing Area (2013)

In December 2013, a radiological soil sampling event was conducted at the 1400 Series
Housing Area, IR Site 20, Building 157, and the empty lot between the Area 1 and Area
2 of the 1400 Series Housing. The results of the soil sampling event are documented in
the regulatory agency-concurred Final Completion Report, Radiological Sampling at the
1400 Series Housing Area, IR Site 12, Former NSTI (CB&I 2015). The objective of this
investigation was to collect radionuclide data from soil in the 1400 Series Housing Area
and vicinity to be used in concert with other lines of evidence to support the assumption
that the 1400 Series Housing Area was not affected by grading and earth-moving
activities associated with the SWDAs.

The 1400 Series Housing Area was subjected to a survey consistent with a Multi-Agency
Radiation Survey and Site Investigation Manual (MARSSIM) Class 2 survey (U.S. Nuclear
Regulatory Commission, et. al. 2000) that included advancing soil borings to 4 feet below
ground surface (bgs). At each boring, soil was collected in 6-inch (0.5-foot) intervals from
0 to 4 feet bgs. Each interval was visually inspected for signs of historical Navy-related
waste or debris and was radiologically screened. Soil samples were collected from a
minimum of two depth intervals at each location. For Areas 1 and 2, a total of 342 soill
samples were collected from 171 locations (Figure 5), which included two samples from
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random depth intervals at each boring location. The samples were analyzed for
radionuclides, including 2?°Ra, by gamma spectroscopy methods.

Debris, typically consisting of small metal objects (e.g., nails and wire), and pavement
debris (tarred asphalt and concrete) consistent with building demolition, were observed
at 32 of the locations at Areas 1 and 2 (Figure 6). In addition, small fragments of charred
wood were found in some locations. No large debris consistent with the items discovered
in the SWDAs at IR Site 12 was encountered.

Of the 342 soil samples analyzed, all results were reported below the project release
criterion of 1.69 pCi/g (CB&l 2015). In addition, comparison of the data to the NSTI
background data set (Table 2) indicates that the average ?*°Ra concentration from the
Area 1 and Area 2 samples is less than the site-wide average background value of 0.69
pCi/g (Shaw, 2012); the maximum reported concentration reported in all the Area 1 and
Area 2 samples (0.792 pCi/g) was also lower than the maximum value reported in
background set (0.980 pCi/g).

The report concluded that the results of the radiological sampling support the historical
record that Navy disposal activities did not occur in the 1400 Series Housing Area and
provide further evidence that neither LLROs nor soil containing elevated concentrations
of 2°°Ra from the SWDAs were transported to the 1400 Series Housing Area based on
the following lines of evidence:

1. Observed debris in the soil borings was not consistent with debris found in the
SWDAs,

2. Radiological screening (static gamma) measurements collected from the soil
borings were consistent with background, and

3. Concentrations of 226Ra in the soil samples were consistent with levels reported
in background.

2.6  Third-Party Evaluation of RS-700 Scoping Survey Data (2017)

A third-party evaluation of the gamma scanning data collected during the 2013-2014
scoping survey (Section 2.4) was completed in 2017 to identify statistical anomalies and
region-of-interest data for the potential presence of LLROs or elevated soll
concentrations. The analysis utilized a tiered approach developed following consultation
with CDPH to evaluate data collected from the 1100, 1200, 1300, and 1400 Series
Housing Areas, as documented in the Technical Memorandum, Follow Up to the
Evaluation of RS-700 Scoping Survey Data Collected by Gilbane (APTIM Federal
Services, LLC [APTIM] 2017). The data review process included multiple analytical
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techniques including reviews of gamma-scan count rate data, time-series plots depicting
count rates and z-scores, reviews of z-score data, and spectral analysis. The evaluation
identified 196 3-meter by 3-meter areas for follow-up investigation and developed a work
flow process detailing each phase of the investigation field work. Of these 196 locations
identified for follow-up investigation, 73 were located in Area 1 and Area 2 of the 1400
Series Housing Area.

2.7 Follow-Up Investigation, Scoping Surveys of IR Site 12 (2017)

Between September 11 and October 20, 2017, radiological surveys were conducted as
part of a follow-up investigation of the 196 locations within the IR Site 12 housing areas
that were identified in the third-party evaluation of the gamma scan data. The results of
the follow-up investigation are documented in the Final, Revision 1, IR Site 12 Scoping
Survey Follow Up Investigation (APTIM 2020).

The follow-up investigation consisted of performing gamma scans at each 9 m? area,
followed by the collection of static gamma measurements at the location with the highest
measurement observed during the gamma scan. In addition, a soil sample was collected
from those locations where static gamma measurements were noted above the screening
levels established for the project.

Based on gamma scan, gamma static measurements, and soil sample data, no locations
in Areas 1 or Area 2 of the 1400 Series Housing Area were recommended for further
investigation.
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3.0 Conceptual Site Model for Residual Radioactivity

Historical environmental investigations conducted at IR Site 12 have resulted in the
finding of LLROs and/or elevated ??Ra concentrations in soil, with most of these findings
located within the SWDAs. The IR Site 12 SWDAs consist of defined areas where Navy-
generated wastes were disposed by burial or in conjunction with open burning. The Site
12 SWDAs were identified in the 2006 HRA as radiologically impacted due to historical
solid waste disposal activities in those locations. Subsequent investigations identified
LLROs outside the SWDAs resulting in the entirety of IR Site 12 being identified as
radiologically impacted in the 2014 HRASTM (Section 2.2).

The HRASTM (TriEco-Tt 2014) describes several potential mechanisms for radiological
impacts to the environment at NSTI, which includes 1) repair/solid waste disposal
operations, and 2) spills/dispersed radioactivity resulting from handling of soils containing
LLROs from IR Site 12 SWDAs (such as grading during housing construction). The CSM
mechanism for repair/solid waste operations presumes that radiological waste would
have been generated during the ship repairs conducted at NSTI during World War Il. This
may have included LLROs such as deck markers or gauges that were disposed onsite
within the SWDAs.

Radioactive material recovered from the soil at NSTI has predominantly been in the form
of solid objects (LLROs) and not as dispersed or diffuse radioactive material. In some
instances, these solid objects have been identified in the field intact. However, even when
these objects were degraded, the diffusion of radioactive material has been low (i.e., the
source of elevated radioactivity is discrete even when the object is not intact).

3.1 General CSM for Areas Outside SWDAs

In addition to LLROs being identified within the historical SWDA boundaries, discrete
objects have been found outside of the SWDASs, in what has been referred to in previous
documents as the open space areas (The open space areas refers to those areas within
IR Site 12 that lie outside the limits of the defined SWDA boundaries). The HRASTM
identified the IR Site 12 housing areas outside the SWDAs as radiologically impacted due
to historical site-grading operations (TriEco-Tt 2014).

However, further evaluation of information and data from historical documents and
environmental investigations indicate that the CSM for the 1400 Series Housing Area
differs from that developed for other housing areas at IR Site 12, as described in Section
3.2 below.
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3.2 CSM for 1400 Series Housing Area

Several aspects of the 1400 Series Housing Area distinguish it from the other IR Site 12
housing areas. Although disposal of debris has been documented in construction plans
and geotechnical reports for the 1100, 1200, and 1300 Series Housing Areas, there are
no documented disposal areas in the 1400 Series Housing Area and no historical
evidence for the disposal of low-level radiological materials. Debris encountered in the
109 exploratory trenches completed in 2003 (Section 2.3) and 34 soil borings advanced
during the 2013 radiological soil sampling event (Section 2.5) generally consisted of
charred wood and small metal objects such as wire or nails, as well as pieces of tarred
asphalt and concrete materials consistent with building demolition debris (CB&I 2015).
This differs in nature from the large industrial debris (e.g., drum fragments, scrap metal,
etc.) recovered from the excavations within the SWDAs (CB&l 2015). The presence of
buildings and associated activities in the southern portion of the housing area in the 1940s
and early 1950s would have inhibited rubbish disposal at this portion of the site (see
Sections 5.1 through 5.3). Therefore, materials encountered at the 1400 Series Housing
Area are consistent with construction/demolition debris related to construction and
development of the residential housing units at the site and are not associated with Navy
operations.

In addition, the 1400 Series Housing Area was developed in 1988, which post-dates the
covering and closure of the SWDAs and rubbish areas at IR Site 12 as the 1100, 1200,
and 1300 Series Housing Areas were completed by 1975. The HRASTM review and
evaluation of pre- and post-construction grading plans and elevation surveys concluded
that there was limited or no net import of fill (less than 2 feet) during the development and
construction of the 1400 Series Housing Area (TriEco-Tt 2014). However, more recent
review and evaluation of these same plans and surveys indicated the amount of fill used
in the 1400 Series housing was likely less than 1 foot in most locations. These revisions
to the grading model are documented in the Final CSM Update (IE JV 2022).

As noted in Section 3.2.4.4 of the Final CSM Update, review of historical aerial
photographs and construction plans indicates that grading activities during the
development of the 1100 Series housing area in the 1970s likely overlapped onto an
approximately 0.6-acre area in the northernmost portion of what was once included within
the boundary of the 1400 Series housing area (see Figure 3). Therefore, for the purposes
of this SI, this approximately 0.6-acre area of overlap has been excluded from Area 1 and
will be addressed under a future evaluation.
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4.0 Risk Assessment

An evaluation of potential risk posed to human health from radionuclides in soil at the
1400 Series Housing area was previously conducted as part of the 2013 soil sampling
event using the RESRAD dose modeling code (CB&I 2015). This previous modeling used
the conservative default scenario that assumes a full-time resident farmer growing crops
in the modeled area. In addition, the previous modeling included use of the maximum
concentration of 2?°Ra detected in the 1400 Series soil data set (0.819 pCi/g), corrected
for background (equal to 0.131 pCi/g after subtraction of average sitewide background of
0.69 pCi/g), over a 7,511 square meter (m?) area. Using these conservative inputs and
assumptions, the previous modeling results indicated a maximum lifetime cancer risk of
3.73x10° (CB&I 2015), which is within the EPA risk management range of 10 to 106,

For the purposes of this SI, the ??Ra concentration data from the 2013 soil sampling
event for Areas 1 and 2 were used to estimate cancer risk and perform dose modeling
calculations using RESRAD-ONSITE Code, Version 7.2 modeling software (Argonne
National Laboratory 2018). The modeling was conducted using several potential
exposure scenarios that are anticipated based on the planned future uses at the 1400
Series Housing (residential/mixed use). Where appropriate, the potential receptors and
exposure parameters used for the IR Site 12 RI risk assessment were selected to be
consistent with previous risk evaluations. Site-specific modeling inputs for this risk
evaluation included the average ??°Ra concentration of all the results within the footprint
of both of the two individual SI Areas, uncorrected for background.

The table below provides a summary of the concentration data and surface area inputs
for each area.

: Average %%°Ra
Location g Surface Area
Concentration per area
Area 1 0.483 pCilg 22,567 m?
Area 2 0.444 pCilg 33,340 m?

These site-specific inputs were used to run the models under the following anticipated
exposure scenarios that include the same receptors as evaluated for IR Site 12 RI
(TriEco-Tt 2012):

e Future/Current Resident

e Future/Current Commercial/Industrial Worker
e Future Construction Worker

e Future Recreational User
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Cancer risk and dose estimates were also modeled assuming the average NSTI
background concentration for 2°°Ra in soil (0.69 pCi/g) at both of the individual SI Areas
for each receptor/exposure scenario. All other input parameters were maintained for the
background modeling to allow for direct comparison to the model results from sampling
data.

Additional details regarding the RESRAD modeling inputs and outputs are provided in
Appendix B. The results of the risk assessment modeling are provided in Tables 3 and 4
and are discussed in Section 5.0 below.
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5.0 Summary and Evaluation of Existing Data

The following subsections provide a summary and evaluation of the radiological data and
information from the previous investigations as they pertain to Area 1 and Area 2 of the
1400 Series Housing Area. In general, the evaluations described below included the
following:

e Review of pertinent historical data and information as presented in the HRA,
HRASTM, and other documents described in Section 2.0 above,

e Review and visual inspection of historical aerial photographs,

¢ Review of all available analytical data including gamma-scan and soil sampling
results, and

e Assessment of potential risk to human health associated with the presence of
226Ra in soil, based on the results of the 2013 soil sampling at the site.

Figure 4 depicts the results of the gamma scan data using different colors representing
three ranges of statistical z-score values from the 2013-2014 scoping survey at the 1400
Series Housing Area (Gilbane 2015), as compiled and presented in the agency concurred
Final, Revision 1, IR Site 12 Scoping Survey Follow up Investigation (APTIM 2020). Areas
depicted in green reflect z-scores less than 2 (i.e., the scan data point is less than the
population mean value plus two standard deviations) and were considered to be of no
interest statistically. Areas with z-scores ranging between 2 and 3 are represented in
yellow and were considered to be areas of statistical interest; those with z-scores above
3 are depicted in magenta. These magenta-colored areas indicate a statistical probability
greater than 99% that the data point(s) may not represent the same population as the
rest of the data set and could potentially represent residual radioactivity from historical
Navy activities or Naturally Occurring Radioactive Material (NORM) rather than
background radioactivity. The magenta areas were considered statistical outliers and
were investigated as part of both the 2013-2014 Scoping Survey and the 2017 Follow Up
Investigations described in Sections 2.4 and 2.7, respectively.

Figure 5 depicts the soil sampling locations from the 2013 radiological sampling at the
1400 Series Housing Area. A summary of the 22°Ra concentration statistics for both of the
Sl Areas is provided in Table 2.

51 Areal- Northern Housing Area

A review of historical aerial photographs in Figure 7a shows a consistent presence of
buildings and paved parking areas in the northern portion of the 1400 Series Housing
area during the known era of SWDA disposal activities from the 1940s to the early 1960s.
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In particular, Buildings 194 and 267 located northwest of 12" Street (Figure 7a) are clearly
visible in the aerial photo from 1969, but are no longer present in the photo from 1980.

Constructed in 1967, the 1100 Series Housing tract, is clearly visible to northwest of Area
1 in the aerial photographs taken after 1969; the 1300 Series Housing is visible to the
west of Area 1 in photos taken after 1974. Following the demolition of Buildings 194 and
267 after 1980, Area 1 remained undeveloped until the construction of the 1400 Series
housing before 1993 (Figure 7b).

Scoping Survey, Radiological Sampling, and Follow-Up Investigation Results

As depicted on Figure 4, the vast majority of the gamma scan data collected from the
northern portion of the 1400 Series Housing Area (Area 1) during the 2013-2014 scoping
survey represent readings with z-scores of less than 2 and were identified as being of no
interest. Third-party evaluation of the scoping survey data identified 34 areas for follow-
up investigation within the Area 1 footprint. The follow-up investigation completed in 2017
did not indicate elevated radiological activity at those locations that would require further
investigation, and no evidence for the presence of LLROs was found.

During the 2013 Radiological Sampling event, a total of 134 systematic and biased soill
samples were collected from 74 locations within the approximately 6-acre (22,567 m?)
footprint of Area 1 (Figure 5). As summarized in Table 2, the average 2?°Ra concentrations
calculated from the soil sampling data for Area 1 were reported below the NSTI sitewide
background concentration of 0.69 pCi/g. Moreover, the maximum concentration of ?°Ra
in all of the soil samples collected from within Area 1 was reported as 0.792 pCi/g (Table
2), which is below the maximum concentration of 0.980 pCi/g reported in the background
data set.

Debris was noted at depths ranging from 0.5 to 3.5 feet bgs at seven boring locations
within the Area 1 footprint during the 2013 radiological sampling event (Figure 6). As
described in Section 2.5, the debris consisted of predominantly of small metallic objects
(nails and wire), with small fragments of tarred concrete and asphalt (CB&I, 2015). In
addition, the majority of the debris was observed in boring locations from within Area 1
that generally correspond with the location of Buildings 194 and 267 from the mid-1940s.
Building 194 appears to have been demolished by 1955 (Figure 7a) while Building 267
was demolished between 1974 to 1980 (Figures 7a and 7b). These observations indicate
that the nature and location of the observed debris in Area 1 is consistent with building
materials from demolition in place.
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Risk Assessment Results

Based on the RESRAD-ONSITE risk modeling results using the Area 1 data, the
estimated lifetime cancer risk for all of the evaluated receptors ranged from 9.90x10° to
9.23x1077 (Table 3), with the maximum calculated risk observed for the residential
receptor. All of these calculated risks are either below the most stringent EPA and DTSC
threshold of 10, or fall within the EPA risk management range of 10 to 10°. Using the
same modeling parameters, the estimated cancer risks using the NSTI sitewide average
background ??°Ra concentration (0.69 pCi/g) ranged from 1.42x10* for the residential
receptor to 1.32x10°® for the construction worker. As such, the calculated lifetime cancer
risks for all potential receptors from the Area 1 soil data are below what was calculated
from exposure to average background ??°Ra concentration in soil at NSTI.

In addition to the cancer risk estimates, dose modeling indicates a maximum total dose
of 5.24 millirem per year (mrem/yr) for all of the evaluated receptors based on the Area 1
soil data. The maximum total calculated dose using the sitewide average background
226Ra concentration is 7.54 mrem/yr (Appendix B). Both model-estimated total dose
values are below the EPA regulatory limit of 12 mrem/yr for unrestricted release.

These combined cancer risk and dose modeling results indicate that the 2?°Ra
concentrations in soil at Area 1 do not pose a risk beyond what would be expected from
exposure to background conditions for the site.

Summary of Evaluations

The investigation completed within Area 1 included: 1) an evaluation of historical site use,
2) a comprehensive field investigation that included a 100% gamma scan covering all
accessible areas and radiological analysis of 134 soil samples collected from 67 locations
(consistent with MARSSIM Class 2 survey requirements), and 3) a radiological risk
evaluation for potential current and future site receptors.

The results of the investigations and risk assessment support the conclusion that
historical Navy operations or activities have not resulted in radioactivity levels
distinguishable from background at the site. As such, no further action for potential
radiological concerns at Area 1 is warranted.

5.2 Area 2 - Southern Housing Area

A review of available historical aerial photographs indicates the presence of Buildings 155
and 166 in the southern portion of Area 2 in 1946, though both structures are absent in
the photo from 1955 (Figure 7a), indicating they were demolished sometime between
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1946 and 1955. Aerial photos show buildings 160 and 161 as present through 1974.
Buildings 160 and 161 were likely demolished sometime after 1974 (Figure 7a).

Historical records indicate that the 1300 Series Housing was constructed in 1974 and
1975 (TriEco-Tt 2014). The tract is clearly visible to west of Area 2 in the aerial
photographs taken after 1974, consistent with the documented information. Information
reviewed for the HRASTM, as well as for this Sl, did not indicate the establishment of
laydown and storage areas for the construction of the 1300 Series Housing, and evidence
for such was not observed in the aerial photographs.

Scoping Survey, Radiological Sampling, and Follow-Up Investigation Results

The vast majority of the gamma scan data collected from the southern portion of the 1400
Series Housing Area (Area 2) during the 2013-2014 scoping survey represent readings
with z-scores of less than 2 and were identified as being of no interest (Figure 4). Third-
party evaluation of the scoping survey data identified 39 areas for follow-up investigation
within the Area 2 footprint. The follow-up investigation completed in 2017 did not indicate
elevated radiological activity that would require further investigation at those locations,
and no evidence for the presence of LLROs was found.

During the 2013 radiological sampling event, a total of 208 systematic and biased soil
samples were collected from 104 locations within the approximate 8-acre (33,340 m?)
footprint of Area 2 (Figure 5). Based on the analytical results summarized in Table 2, the
average 2?°Ra concentration calculated from the soil sampling data for Area 2 were
reported below the NSTI average background concentration of 0.69 pCi/g. The maximum
concentration of 22°Ra in all of the soil samples collected from within Area 2 was reported
as 0.746 pCi/g (Table 2), which is also below the maximum concentration of 0.980 pCi/g
reported in the background data set.

Debris was observed in depths ranging from 0.5 to 4.0 feet bgs at 25 boring locations
during the 2013 radiological sampling event (Figure 6). As described in Section 2.5, the
debris consisted of small metallic objects (nails and wire), and pavement (asphalt and
concrete) fragments, with some charred wood (CB&I 2015). Moreover, the majority of the
debris was observed in boring locations from within Area 2 that correspond with the
locations of buildings from the late 1940s to early 1950s that were later demolished.
Based on these observations, the nature and location of the observed debris (with the
exception of the charred wood) in Area 2 is consistent with building materials from in-
place demolition.
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Risk Assessment Results

Based on the RESRAD-ONSITE risk modeling results using the Area 2 data, the
estimated lifetime cancer risk for all of the evaluated receptors ranged from 9.28x10°° to
8.65x107 (Table 3), with the maximum calculated risk observed for the residential
receptor. All of these calculated risks are either below the most stringent EPA and DTSC
threshold of 10, or fall within the EPA risk management range of 104 to 10°. As
summarized in Table 3, the estimated cancer risks using the NSTI sitewide background
average %?°Ra concentration ranged from 1.42x10 for the residential receptor to 1.32x10
6 for the construction worker. Therefore, the calculated lifetime cancer risks for all potential
receptors from the Area 2 soil data are below what was calculated for exposure to average
background concentrations at NSTI.

In addition to the cancer risk estimates, dose modeling indicates a maximum total dose
of 4.91 millirem per year (mrem/yr) for all of the evaluated receptors based on the Area 2
soil data. The maximum total calculated dose using the sitewide average background
226Ra concentration is 7.54 mrem/yr (Appendix B). Both model-estimated total dose
values are below the EPA regulatory limit of 12 mrem/yr for unrestricted release.

These combined cancer risk and dose modeling results indicate that the 2?°Ra
concentrations at Area 2 do not pose a risk beyond what would be expected from
exposure to background conditions for the site.

Summary of Evaluations

The investigation completed within Area 2 included: 1) an evaluation of historical site use,
2) a comprehensive field investigation that included a 100% gamma scan covering all
accessible areas and radiological analysis of 208 soil samples collected from 104
locations (consistent with MARSSIM Class 2 survey requirements), and 3) a radiological
risk evaluation for all potential current and future site receptors.

The results of the investigations and risk assessment support the conclusion that
historical Navy operations or activities have not resulted in radioactivity levels
distinguishable from background at the site. As such, no further investigation for potential
radiological concerns at Area 2 is warranted.

5.3 Summary of Risk Assessment Results

The following subsections provide a brief summary of the overall risk assessment results
for all of the 1400 Series Housing Area.
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5.3.1 Cancer Risk Estimates

As described in Sections 5.1 through 5.2 above, the maximum lifetime cancer risk
calculated from the 22Ra results for 342 soil samples collected from within the footprints
of Area 1 and 2 at the 1400 Series Housing Area is 9.90x10° (Table 3). Similar modeling
using the NSTI site-wide background concentration of ??Ra estimates a cancer risk of
1.42x104. Both of these values reflect an estimated risk on the order of 1 in 10,000 (10
4), or lower, which falls within the EPA and DTSC risk management range of 10 to 10.
However, it should be emphasized that the maximum calculated cancer risk (1.42x104)
was derived from background soil concentrations at NSTI; the calculated risk from the
soil at the 1400 Series Housing Area is actually lower than what would be expected due
to exposures to background levels at the site.

5.3.2 Dose Estimates

Similarly, the maximum total dose calculated from the 2?°Ra results for 342 soil samples
collected from within the Area 1 and Area 2 footprints at the 1400 Series Housing Area is
5.24 mreml/yr, and 4.91 mrem/yr (Table 4). Although these estimates are below the EPA
regulatory limit for unrestricted release of 12 mrem/yr, it should also be emphasized that
the maximum total estimated dose (7.54 mrem/yr) was derived from background soil
concentrations at NSTI; the total estimated dose from the soil at Areas 1 and 2 of the
1400 Series Housing Area is actually lower than what would be expected due to
exposures to background levels at the site.

By comparison, Americans on average receive a radiation dose of about 620 mrem/yr
from natural background radiation (radon in the air, cosmic rays) and from man-made
sources such as medical procedures®. Foods naturally contain small amounts of
potassium-40 (*°K) and ?%®Ra (e.g., carrots, bananas, red meat) and contribute to a dose
of about 30 mrem/yr. Common medical procedures such as chest and dental x-ray exams
can expose an individual to approximately 10 and 2 mrem/yr, respectively, as well. In
general, a yearly dose of 620 millirem from all radiation sources has not been shown to
cause humans any harm (NRC, 2021).

5.3.3 Limitations of Modeling

The estimated lifetime cancer risks and total dose results are based on conservative
modeling assumptions?. In particular, the RESRAD-ONSITE model calculates both risk

! Data and statistics derived from United States Nuclear Regulatory Commission website: https://www.nrc.gov/about-
nrc/radiation/around-us/doses-daily-lives.html

2 Cancer risk values represent number of cases based on RESRAD modeling results using conservative assumption that 1,000,000
individuals exposed for 24-hours a day for 350 days a year, for 25 years.
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and dose estimated using site-specific input parameters that often cannot be known with
a high degree of certainty. Therefore, conservative assumptions are used to ensure the
model results provide an additional measure of protectiveness to the risk decision
process.

For example, modeling assumptions regarding exposure duration follow the most
conservative EPA guidelines for each receptor though they may not necessarily reflect
the actual exposure for any given individual. Conservative inputs were also used for other
inputs such as soil types where sufficient site-specific data are not available. As a result,
the model risk and dose results for the Area 1 and Area 2 data likely overestimate the
actual risk from exposure.
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6.0 Conclusions and Recommendations

The level of investigation conducted at Areas 1 and 2 of the 1400 Series Housing Area is
sufficient, when considered in conjunction with other lines of evidence, to support a
determination as to whether additional investigation or evaluation of these areas is
necessary. Based on the results of the review and evaluations conducted for this SI, NFA
is recommended for potential radiological concerns within Areas 1 and 2 of the 1400
Series Housing Area. This conclusion is supported by the lines of evidence outlined
below.

6.1 Areal- Northern Housing Area

1. Review of historical records did not identify evidence of waste or rubbish
disposal areas associated with historical Navy operations within the Area 1
footprint. The nature and location of debris observed in the exploratory trenches
and soil borings within Area 1 is consistent with construction/demolition debris
generated during demolition of Buildings 194 and 267 prior to development of
the area and is different in nature from the industrial materials recovered from
the SWDAs.

2. Soil from the SWDAs was not used during the grading and site preparation
activities for Area 1, based on the following:

a. Known SWDAs at IR Site 12 were utilized, closed, and covered before
construction of the 1400 Series Housing Area in 1988, precluding the
use of soil from the SWDAs during the site grading and preparation
activities.

b. Review of historical grading records during the development of the CSM
for the HRASTM indicates that limited or no net import of fill (generally
less than 2 feet) was used during the development of Area 1.

3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 1
did not identify elevated radioactivity, and no LLROs were encountered.
Radiological sampling of Area 1 in 2013 did not identify 226Ra concentrations in
soil above background levels.

4. Risk evaluation results for Area 1 indicate a maximum lifetime cancer risk of
9.90x10° (residential receptor), which is within the EPA risk management
range of 10 to 10°. By comparison, the calculated risks from the soil data
were below what was estimated for all four receptor scenarios using the NSTI
average background concentration for 2?°Ra at NSTI. Furthermore, the
maximum total calculated dose for all receptor scenarios at Area 1 is 5.24
mrem/yr, which is lower than the maximum total dose of 7.54 mreml/yr
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calculated using the NTSI background concentration. As such, the risks
calculated from the Area 1 data are lower than or consistent with what can be
expected from exposure to background levels of ??°Ra in soil at Treasure
Island.

6.2 Area2 - Southern Housing Area

1. Review of historical records did not identify evidence of waste or rubbish
disposal areas associated with historical Navy operations within the Area 2
footprint. The nature and location of debris observed in the exploratory trenches
and soil borings within Area 2 is consistent with construction/demolition debris
generated during demolition of Buildings 155, 160, 161 and 166 prior to
development of the area and is different in nature from the industrial materials
recovered from the SWDAs.

2. Soil from the SWDAs was not used during the grading and site preparation
activities for Area 2, based on the following:

a. Known SWDAs at IR Site 12 were utilized, closed, and covered before
construction of the 1400 Series Housing Area in 1988, precluding the
use of soil from the SWDAs during the site grading and preparation
activities.

b. Review of historical grading records during the development of the CSM
for the HRASTM indicates that limited or no net import of fill (generally
less than 2 feet) was used during the development of Area 2.

3. The 2013-2014 scoping survey and 2017 follow-up investigation within Area 2
did not identify elevated radioactivity, and no LLROs were encountered.
Radiological sampling of Area 2 in 2013 did not identify 226Ra concentrations in
soil above background levels.

Risk evaluation results for Area 2 indicate a maximum lifetime cancer risk of 9.28x10°
(residential receptor), which is within the EPA risk management range of 10 to 10°. By
comparison, the calculated risks from the soil data were below what was estimated for all
four receptor scenarios using the NSTI average background concentration for 22°Ra at
NSTI. Furthermore, the maximum total calculated dose for all receptor scenarios at Area
2is 4.91 mreml/yr, which is lower than the maximum total dose of 7.54 mrem/yr calculated
using the NTSI background concentration. As such, the risks calculated from the Area 2
data are lower than or consistent with what can be expected from exposure to background
levels of ??°Ra in soil at Treasure Island.
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Radiological Site Investigation Report, 1400 Series Housing Area
Former Naval Station Treasure Island, San Francisco, CA

TABLE 1

SUMMARY OF PREVIOUS INVESTIGATIONS EVALUATED FOR RADIOLOGICAL SITE INVESTIGATION

Agency
Investigation/Assessment Datgs o.f Approved Investigation Scope Data/Information Evaluated in SI Reference Document
Investigation Plan for
Work
Visual Observations for Debris
Exoloratory Trenching in Site 12 Excavated 581 Exploration Trenches in Soil Sampling Data (for chemical Final Data Summary Report Site 12 Housing Area, Sitewide
P H)o/usin Are%s 2003-2004 N/A Housing Areas to Evaluate Potential Extent of consituents only) Investigation, Treasure Island, San Francisco, CA (Shaw
9 Debris Outside SWDAs Radilogical Screening/Exposure Rates for [2004)
Health and Safety Only
Historical Radiological Assessment Reviewed Historical Use Information to Identify Historical Informahop Regarding H.IS’[OFI.Cal Final Treasure Island Naval Stat!on Historical Radiological
(HRA) 2006 N/A Radiologically Impacted Sites at NAVSTA TI Use, Storage, and Disposal of Radiological |Assessment, Former Naval Station Treasure Island, San
Materials at IR Site 12 Francisco, California (Weston 2006)
Historical Radiological Assessment - .Updgted Ident|f|cat|oq/CIaSS|f|cat|on of Updated Information Regarding Historical |Final Historical Radiological Assessment — Supplemental
. Radiologically Impacted Sites at NAVSTA Tl by . . . . .
Supplemental Technical 2014 N/A ) " . Use, Storage, and Disposal of Radiological |Technical Memorandum, Former Naval Station Treasure
Review of Additional Data and Information . . : e .
Memorandum (HRASTM) . . Materials at IR Site 12 Island, San Francisco, California (TriEco-Tt 2014)
Obtained Following 2006 HRA
Conducted Scoping Survey of Accessible Final Radiological Scoping Survey Report, Installation
Scoping Survey of IR Site 12 and 2013-2014 Yes™ Open Space Areas Outside SWDAs in IR Site [Gamma Scan, Static Gamma Meaurements, |Restoration Site 12 and Selected Transportation Routes,
Selected Transportation Routes es 12. Included Survey of Selected Roadways Exposure Rate Data, Soil Sampling Data |Former Naval Station Treasure Island, San Francisco,
Between IR Site 12 and IR Site 6 California (Gilbane 2015)
. . ' Conducted Extensive Systematic and Biased Fina.a/ Complt?tion Report, Radl:ologica/ Samp/ing at the 1400
Radiological Sampling at 1400 2014 Yes? Soil S lina for 2°Ra in 1400 Series Housi Soil Sampling Data Series Housing Area, Installation Restoration Site 12,
Series Housing Area es ol sampling for : In eries Housing ping Former Naval Station Treasure Island, San Francisco,
rea California (CB&I 2015a) ,
. . Performed Third-Party Statistical Evaluation of - . . 700 Scoping Survey Data Collected by Gilbane, Installation
Third-Party Evaluation of RS-700 . ) Statistical Evaluation of Scoping Surve ’
Scoging Survey Data 2017 N/A Gamma Scan Data Obtained During 2013- Data PIng y Restoration Site 12, Former Naval Station Treasure Island,
2014 Scoping Survey San Francisco, California (APTIM 2017)
L . " L Final, Revision 1 Technical Memorandum, Installation
Follow-Up Investigation for Scoping Conducted Additional Investigation of 194 of : . . . .
) @) . e L . Gamma Scan, Static Gamma Restoration Site 12 Scoping Survey Follow Up Investigation,
Surveys of IR Site 12 and Selected 2017 Yes 196 Locations Identified in Third-Party . . . .
Transportation Routes Evaluation of Scoping Survey Data Measurements, and Soil Sampling Data |Former Naval Station Treasure Island, San Francisco,
California (APTIM 2020)

Notes:

"ITSI Gilbane, 2013. Revised Final Task-Specific Plan for the Radiological Survey of Site 12 and Selected Transportation Routes, Naval Station Treasure Island, San Francisco, California. August.

2 CB&l, 2013. Final Radiological Sampling Work Plan for the Installation Restoration Site 12 1400 Series Housing Area, Former Naval Station Treasure Island, San Francisco, California, November.

3 CB&l, 2016. Final Work Plan, Basewide Radiological Support, Former Naval Station Treasure Island, San Francisco, California.

*Ra = radium-226

APTIM = Aptim Federal Services, LLC
CB&l = CB&l Federal Services, LLC

IR = Installation Restoration

LLRO = low-level radiological object

N/A = not applicable

NAVSTA TI = Naval Station Treasure Island
SWDA = Solid Waste Disposal Area

TriEco-Tt = TriEco-Tt, a Joint Venture of TriEco, LLC and Tetra Tech EM, Inc.

Weston = Weston Solutions, Inc.
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Radiological Site Investigation Report, 1400 Series Housing Area

Former Naval Station Treasure Island, San Francisco, CA

TABLE 2

SUMMARY OF *Ra CONCENTRATION STATISTICS BY SI AREA!"

(1),(2)

Tables

226Ra Concentration Statistics

Location Number of Samples (pCilg)
Average Standard Deviation Minimum Maximum
Area 1 134 0.483 0.118 0.215 0.792
Area 2 144 0.444 0.093 0.211 0.746
NSTI Background® 20 0.69 0.16 0.46 0.98

Notes:
"Data compiled from Tables 2 and 4 of the Final Completion Report, Radiological Sampling at the 1400 Series Housing Area, IR Site 12, Former Naval Station Treasure Island (CB&l 2015).

@ Statistics calculated using ProUCL v. 5.1 software
®Data obtained from Analysis of Gamma Survey and Radium-226 Soil Concentration Data at the Treasure Island Site-Wide Background Areas and the Area 7 Background Reference Area (Shaw, 2012).

NTSI - Naval Station Treasure Isand
pCi/g - picoCuries per gram
Ra - radium-226

o - standard deviation
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Radiological Site Investigation Report, 1400 Series Housing Area TABLE
Former Naval Station Treasure Island, San Francisco, CA 3

SUMMARY OF ESTIMATED CANCER RISK RESULTS"

Tables

Estimated Excess Lifetime Cancer Risk!""?
Potential Receptor/Exposure Scenario
Sl Area 1 Sl Area 2 Background®
Resident 9.90E-05 9.28E-05 1.42E-04
Commercial/Industrial Worker 1.68E-05 1.57E-05 2.41E-05
Construction Worker 9.23E-07 8.65E-07 1.32E-06
Recreational User 7.92E-06 7.42E-06 1.14E-05

Notes:
™ Estimated Excess Lifetime Cancer Risk and Dose calculated using RESRAD-ONSITE Version 7.2 Codes (Argonne National Laboratory 2018).
@ Details regarding RESRAD modeling inputs and outputs provided in Appendix A

®Results of RESRAD modeling using average Treasure Island sitewide 22Ra concentration of 0.69 picoCuries per gram
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Radiological Site Investigation Report, 1400 Series Housing Area
Former Naval Station Treasure Island, San Francisco, CA

TABLE 4

SUMMARY OF ESTIMATED DOSE RESULTS"

Tables

Potential Receptor/Exposure Scenario

Estimated Total Dose!"?

Sl Area 1 Sl Area 2 Background®
Resident 5.24E+00 4 91E+00 7.54E+00
Commercial/Industrial Worker 8.90E-01 8.37E-01 1.28E+00
Construction Worker 1.24E+00 1.17E+00 1.79E+00
Recreational User 3.60E-01 3.37E-01 5.17E-01

Notes:

™ Estimated Excess Lifetime Cancer Risk and Dose calculated using RESRAD-ONSITE Version 7.2 Codes (Argonne National Laboratory 2018).
@ Details regarding RESRAD modeling inputs and outputs provided in Appendix A

®Results of RESRAD modeling using average Treasure Island sitewide 22Ra concentration of 0.69 picoCuries per gram
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Appendix A
2012 Background Survey for Radium-226 in Soil at NSTI
(Shaw 2012)





Radiological Site Investigation Report, 1400 Series Housing Area Appendix A
Former Naval Station Treasure Island, San Francisco, CA

Shaw’ shaw Environmental, Inc.

A World of Solutions”
April 23, 2012

To: Christine Donahue, Project Radiation Safety Officer
From: Steve Adams, Certified Health Physicist

Subject: Analysis of Gamma Survey and Radium-226 Soil Concentration Data at the Treasure
Island Site-Wide Background Areas and the Area 7 Background Reference Area

cc: John Hamm, Manager, Radiological Controls
Laura Tryboski, Radiological Engineer
William Bishop, Supervisor, Radiological Control Technicians

This memorandum provides a summary of the analysis of radium-226 (**Ra) concentration in
soil samples collected from 20 Treasure Island (TI) site-wide background areas. Additionally,
the gamma walkover survey (GWS), static surveys and soil sample results collected from one of
the 20 areas, Area 7, was evaluated to:

e Determine if Area 7 is an appropriate background reference area for defining
investigation levels (IL) for GWS and static gamma surveys

o Determine if the naturally-occurring radionuclide background concentration in soil at
Area 7 aligns with the naturally-occurring radionuclide distributions in non-contaminated
soils at 20 other locations at Treasure Island

Section 1 of this memorandum addresses the “*Ra concentration in soil samples collected from
20 Treasure Island (TI) Site Wide background areas and the associated gamma static survey
count rate data. Section 2 of this memorandum documents the analysis of GWS and gamma
static survey count rate data and ?°Ra concentration in soil samples collected from Area 7, a
proposed background reference area for use to obtain instrument-specific investigation levels
(IL). Comparisons and conclusions are presented in Section 3.

Attachment 1 and Addendum provide descriptive statistical analysis, distribution function
analysis, boxplots, histograms with normal distribution curves, and normal probability plots of
the static and GWS count rates and *Ra concentration data for the Treasure Island Site Wide
static survey count rate and °Ra concentration data and the Area 7 GWS and static survey
count rates and *°Ra concentration data.

1
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Radiological Site Investigation Report, 1400 Series Housing Area Appendix A
Former Naval Station Treasure Island, San Francisco, CA

1.0 SITE-WIDE (20 SAMPLE) SOIL REFERENCE BACKGROUND
1.1 Soil Sample Data Analysis

Twenty (20) surface soil samples were collected from the selected randomly chosen Tl Site-
Wide background locations.

Following collection, the samples were shipped for analysis to Test America, located in Earth
City, Missouri, for “°Ra by gamma spectroscopy using an analytical method based on the
Environmental Measurements Laboratory Procedures Manual, Procedure GA-01-R MOD (U.S.
Department of Energy, 1997).

The ?Ra concentration in the 20 soil samples are listed in Attachment 1, Table 1 and their
locations are shown in schematic titled Attachment 1, Map1.

The distribution of the ?°Ra concentration in the Tl site-wide background areas has an excellent
fit to a normal distribution and the data is within the range of concentrations for undisturbed
background locations in San Francisco (McArthur and Miller, 1989 and Smith et. al, 2005). The
mean ?*°Ra concentration (0.69 pCi/g) can be used as the reference background data set for
remediation activities.

Analysis of the Tl site-wide background area data results in the following conclusions.

e Mean ?°Ra concentration (pCi/g) = 0.688 (0.69)
« Standard deviation ?°Ra concentration (pCi/g) = 0.161

1.2 Analysis of Tl Site-Wide Static Survey Count Rate Data

Static surveys were performed at 20 Tl site-wide background areas in March, 2012. The static
survey used the Ludlum Model 44-20 3-inch by 3-inch sodium iodide (Nal) detector probe
#PR295572, Ludlum Model 2350-1 data logger # 246980A, and a Trimble Geo XH global
positioning system (GPS) unit. Each static survey measurement represents a one-minute count
and is taken 4 inches above the ground surface. The static survey measurements at the soil
sample locations were performed to:

o Determine if the distribution of count rate data fits a Normal distribution

o Identify locations where the count rate distribution compares favorably with Tl survey
unit locations that have not been radiologically contaminated and with stockpiled soil that
is certified radiologically clean

o Identify areas that can be used to establish background reference area investigation
levels (IL) for static and GWS

Details of the analysis of the 20 soil samples taken from random locations known not to be
radiologically impacted are provided in Attachment 1 to this memorandum. The results of the
analysis demonstrate the following:

2
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Radiological Site Investigation Report, 1400 Series Housing Area Appendix A
Former Naval Station Treasure Island, San Francisco, CA

« Pearson correlation is 0.471 between the ?**Ra soil concentrations and the static survey
count rate

e Pearson correlation is 0.806 between the actinium-228 soil concentrations and the static
survey count rate

e Pearson correlation is 0.058 between the potassium-40 soil concentrations and the static
survey count rate

Correlations that exceed 0.5 is considered strong, correlations between 0.3 and 0.5 are
considered moderate and correlations less than 0.3 are considered weak and essentially
random (Cohen, 2003). The only strong correlation is between the actinium-228 concentration
and the static survey count rate. Based on this analysis correlation between the actinium-228
concentration and the static survey count rate is approximately 71 percent higher than the
relationship between the ?°Ra concentration and the static survey count rate.

Following analysis, it has been determined that one elevated count rate (25,800 cpm)
measurement at Location 14 did not represent natural background levels seen at the other 19
locations. Including the Location 14 static survey count rate data results in the following
conclusions:

o Distribution of the count rate data does not fit a normal distribution

o IL based on the static survey results (24,464 cpm) is high in comparison to the maximum
static survey count rates of non-contaminated surface soil at Tl

o Count rate data is highly skewed with high kurtosis coefficient in comparison to static
surveys of non-contaminated sites at Tl

However, deleting the results obtained from this one location (14) resulted in a static survey
count rate distribution that could be used to define an IL for site remediation. The skewness and
kurtosis for Tl site-wide background area drops from 2.30 to 0.63 and 7.02 to 0.137,
respectively for the modified count rate data. The fit to a normal distribution is excellent (R =
0.9676 and P-Value >0.100) for the modified static survey data.

Additionally, it is likely that relatively high static survey count rate at Location 14 is due to the
higher concentration of naturally-occurring gamma emitting thorium-232 decay products in the
soil rather than high concentrations of *Ra. Following this analysis, a single area from the 20
site-wide locations has been selected for determining instrument-specific ILs — Area 7.

3
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Radiological Site Investigation Report, 1400 Series Housing Area Appendix A
Former Naval Station Treasure Island, San Francisco, CA

2.0 AREA 7 BACKGROUND REFERENCE AREA
2.1 Analysis of Area 7 Gamma Walkover Survey (GWS) Data

The GWS count rate distribution should be symmetrical and normally distributed for an
undisturbed background location having only naturally-occurring radionuclides. MARSSIM
states that the:

e Minimum count rate should be three to four standard deviations less than the mean
count rate

o Difference between the mean and median count rates should only be a small fraction of
the standard deviation

e Maximum count rate for a large data set (<1,000 measurements) should be four to five
standard deviations greater than the mean

Map 2 of Attachment 1 displays a schematic of the GWS count rate laid over an aerial
photograph of Area 7. The green dots (area) in the figure represents count rates that are less
than the mean count rate plus three standard deviations of the mean count rate which equals
19,465 counts per minute (cpm). If the distribution of the GWS count rates are normally
distributed then 0.3 percent of the measurements should exceed 19,465 cpm. In a normal
distribution 99.7 percent of the GWS measurements should be less than the mean plus three
standard deviations of the mean (Walpole and Myers, 1972). The GWS consists of 6,543
measurements; 0.3 percent of 6,543 is 20 measurements. Only 13 of the GWS measurements
are equal to or exceed 19,465 cpm. These measurements are illustrated by the yellow dots in
Attachment 1, Map 2.

Attachment 1 also provides the descriptive statistical analysis, distribution function analysis,
boxplots, histograms with a normal distribution curve, and normal probability plots of the Area 7
GWS count rates.

Analysis of the Area 7 GWS count rate data results in the following conclusions:

e The GWSIL is 19,465 cpm

o Distribution of the count rate data has an excellent fit to an ideal Normal distribution

o Thirteen (13) measurements exceeded the IL, for an ideal Normal distribution the value
is 20

e One additional GWS survey location, in addition to the 13 locations exceeding the IL, is
identified where biased static survey measurements are recommended.

e The 14 GWS survey locations where biased static survey measurements are
recommended are listed in Table 2
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