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The following terms are used consistently throughout this report to allay confusion that the reader
may have for the multiple types of data evaluation that was done as part of the scoping survey:

Action Level

Low-Level
Radiological
Object (LLRO)

Radiation
Anomalies

Radiological
Statistical Outliers

For the purposes of this report, the term ‘action level’ refers to an
exposure rate of 10 microroentgens per hour (uR/hr) at 30 cm from the
ground surface measured using a Ludlum Model 19 exposure rate meter.

For the purposes of this report, the term ‘low-level radiological object’
(also referred to as ‘radioactive commodity’ in project documentation)
refers to a discarded object that may have been used during Naval
operations at Treasure Island. These objects, which are handled and
disposed as low-level radioactive waste (LLRW), include
radioluminescent gauges, deck markers or small shards of metal.

For the purposes of this report, the term ‘radiation anomalies’ refers to

areas of radiation identified by field personnel that approach or exceed

the action level (defined above). The term should not be confused with
radiological statistical outliers (defined below) identified by analyzing

the gross gamma scan data after field work was completed.

After the gross gamma scan data were collected, the data were compared
against themselves to create z-score contour maps, which provide a
visual representation of the data. For the purposes of this report, the term
‘radiological statistical outliers’ are areas on these maps with a z-score
greater than 3. Radiological statistical outliers were only investigated in
the 1400 series area. Radiological statistical outliers were derived
independently from and are not related to those areas identified as
radiation anomalies (defined above).

DCN #: 1TSI-0808-0006-0035 Page vii
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EXECUTIVE SUMMARY

This report presents the results of the radiological scoping survey performed of Installation
Restoration (IR) Site 12 and selected transportation routes between IR Site 12 and IR Site 6 at
the former Naval Station Treasure Island (NSTI), San Francisco, California. A radiological
survey of accessible land areas, including common spaces, private fenced backyards, and paved

roadways was completed from September 2013 to April 2014.

The principal survey objective was to determine if residual radioactivity requiring remediation is
present, and to provide design input for subsequent surveys (either characterization or final status
surveys) with the ultimate goal of obtaining radiological clearance of Site 12. Gross gamma scan
data were the primary type of data collected. Site 12 was developed for military family housing
sequentially in areas identified as the 1100, 1200, 1300, and 1400 housing areas (see Figure 1).
Data were grouped by housing area and matrix (soil, concrete, and asphalt) for analysis. Data
analysis included the calculation and comparison of statistical quantities, visual inspection of
data distributions using cumulative frequency diagrams and frequency plots to identify data
distribution trends and potential outliers, and spatial assessment using z-score mapping to
identify radiological statistical outliers. Alpha/beta surface measurements and soil samples were
collected as guided by the gross gamma scan data analyses and were compared to radiological

screening criteria discussed in Section 1.3.

A supporting survey objective was to identify areas with radiation anomalies where public health
and safety concerns requiring immediate response may exist. The Navy developed an action
level of 10 microroentgens per hour (UR/hr) to identify areas with radiation anomalies that
warranted immediate investigation. The action level was applied during the gamma survey as a
tool to identify areas where radiation anomalies may exist. This differs from the radiological
screening criteria which were used to determine if residual radioactivity requiring remediation is
present. The radiological screening criteria and action level are discussed in Sections 1.3 and
1.4, respectively. Where radiation anomalies were identified, they were assessed regarding the
potential impact on public health and safety. If the radiation anomaly was indicative of a
potential low-level radiological object (LLRO), the area was investigated by excavating about a

DCN #: 1TSI-0808-0006-0035 Page viii
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cubic foot of soil, recovering radioactive material, analyzing the soil for radionuclides of

concern, restoring the area, and measuring radiation levels of the restored area.

Radiation anomalies were identified in all four Site 12 housing areas. Investigations resulted in
the recovery of LLROs from seven locations in the housing areas. Soil samples collected during
investigation activities reported localized radium-226 (Ra-226) concentrations above the
radiological screening criterion of 1.69 pCi/g (1 pCi/g above background) at one or more
locations in each housing area. The highest reported sample concentration was 31 pCi/g.
Following recovery of the LLROSs, no areas remain with radiation levels above the action level.
This excludes those areas with objects containing naturally occurring radioactive material
(NORM) that are not associated with legacy Navy operations.

Radiation levels at Site 12 poses no health risk beyond that associated with routinely encountered
background levels. Additional investigation is recommended to further characterize the site in
order for the Navy and regulatory agencies to make decisions for future property use. Based on
the statistical analysis of the gross gamma scan data, further investigation of Site 12 is
recommended to address radiological statistical outliers and statistical dissimilarities shown in
the data. Further analysis of the data supplemented by field investigations may lead to the
identification of radioactive contamination, including possible LLROs that may be shielded by
soil. Additional analyses of the gross gamma scan data are also recommended to fully extract
the information available in the data to better inform subsequent Site 12 surveys.

The Historical Radiological Assessment — Supplemental Technical Memorandum. Naval Station
Treasure Island, San Francisco, California (TriEco-Tt, 2014) identified all of Site 12 as
radiologically impacted. The data presented in this report will be used in concert with other lines
of evidence to determine the appropriate remedial action for radionuclides of concern at Site 12.
This report makes specific recommendations regarding follow-on activities (see Section 6.0).
These recommendations include developing reference areas of suitable size and material
composition and further investigating and characterizing Site 12 housing areas in order for the

Navy and regulatory agencies to make decisions for future property use.

DCN #: 1TSI-0808-0006-0035 Page ix
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1.0 INTRODUCTION

This report presents the results of the radiological scoping survey performed of Installation
Restoration (IR) Site 12 and selected transportation routes between IR Site 12 and IR Site 6 at
the former Naval Station Treasure Island (NSTI), San Francisco, California. The scoping survey
was conducted for the United States Department of the Navy (Navy) Base Realignment and
Closure Program Management Office West by Gilbane Federal (Gilbane) from September 2013
to April 2014. The work was performed as Contract Task Order 0006 under Radiological
Environmental Multiple Award Contract N62473-10-D-0808 with the Naval Facilities

Engineering Command Southwest.

1.1 SITE DESCRIPTION AND BACKGROUND
Site 12 consists of the northwestern area of the former NSTI, as shown on Figure 1. It occupies

about 93 acres and currently contains two-story residential buildings (about 800 housing units,
mostly occupied) that are constructed with slab-on-grade foundations. The residential buildings
have four to eight residential units per building, with carports, fenced backyards, overhead power
lines, and underground utilities. Site 12 is flat, with open grassy areas between buildings, paved
roads, and parking areas.

1.1.1 Historical Land Uses
The Final Treasure Island Naval Station Historical Radiological Assessment, Former Naval

Station Treasure Island, California (HRA; Weston Solutions, Incorporated [Weston], 2006) and
the Final Historical Radiological Assessment — Supplemental Technical Memorandum. Naval
Station Treasure Island, San Francisco, California (TriEco-Tt, 2014) provide a comprehensive
history of the radiological operations conducted by the Navy and its contractors at the former
NSTI. Historical land uses at Site 12 prior to housing construction depends both on the
geographical location and time period. Uses included ammunition storage, debris disposal, open
burning/incineration, radiological decontamination training (USS Pandemonium), recreation
areas, and parking areas. Beginning in 1968 and continuing in four phases through 1989, the
area was developed for military family housing sequentially identified as the 1100, 1200, 1300,
and 1400 housing areas. Former disposal areas were identified during foundation excavations
for the residential housing units. The excavation trench logs identified debris described as loose

rubbish such as bottles, wire rope, paper, steel drums, and incinerator ash. The rubbish was
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found from the ground surface to a depth of 0.6 meters (m). Four separate solid waste disposal
areas (SWDASs) - Westside, Bayside, North Point, and Bigelow - as well as rubbish disposal

areas have been identified.

Prior to the construction of the Navy housing, existing surface features were removed. This
included removal of the bunkers and relocation of the USS Pandemonium. Grading and site
preparation for construction of the housing units included mixing of the solid waste material with
fill and surface soil and spreading this mixture both within and outside the known SWDA:s.
Radium-226 (Ra-226) contamination was identified in the soil in SWDAs located within Site 12.
Ra-226 subsequently has been identified at various other locations within Site 12 outside the
SWDA:s.

1.1.2 USS Pandemonium Site I (NW)
The USS Pandemonium was a full-scale, above-the-waterline mock-up of a 173-foot patrol craft

training ship that was opened in 1956. It was used for radiological decontamination training.
Originally, it was located in the northwestern part of NSTI (referred to as USS Pandemonium
Site I [NW]) within the Site 12 boundary as shown on Figure 1, but it was relocated to the
eastern side of the island in 1969. Decontamination training initially used only sealed cesium-
137 (Cs-137) sources to simulate radioactive fallout. Later, short-lived radionuclides were used
to simulate radioactive fallout more realistically. Check sources, such as gauges containing Ra-
226 also were used during training. The gravel-surfaced, fenced-off training area was
approximately 120 m by 180 m. The area ultimately was re-graded and housing was constructed

following the relocation of the USS Pandemonium to the northeast corner of the island.

1.1.3 Solid Waste Disposal Areas
Four discrete SWDAs are located in Site 12. They are identified on Figure 1 as Westside,

Bayside, North Point, and Bigelow. At Bayside and North Point, soil was excavated to a depth
of 1.2 m below ground surface and backfilled with clean soil, except beneath existing buildings.
As of November 2014, excavation has been completed at Bigelow and is ongoing at Westside.

Westside and Bigelow are controlled areas and are fenced off to prevent public access.

Radioactive contamination was not identified initially as a contaminant of concern for Site 12.

However, screening and sampling of excavated soils for radioactive contamination was
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conducted at Westside, Bayside, and North Point as recommended in the HRA (Weston, 2006),
and revealed the presence of Ra-226 concentrations above background levels.

At present, the remedial process for the SWDASs is proceeding separately from the rest of Site 12.

1.1.4 Transportation Routes Between Site 12 and Site 6
Beginning in 2007, excavated soil and investigation-derived waste from prior restoration work in

Site 12 was transported to Site 6 via dump trucks and front-end loaders. This practice continued
through 2008 when empty low-level radioactive waste (LLRW) bins were brought to Site 12 and
directly loaded there. Once the material was transported to Site 6, the material was stored,
sampled, segregated based on sampling results, and packaged for transportation and disposal.
During these operations, material that potentially was radioactively contaminated reportedly was
transported from one or more of the SWDASs in Site 12 to Site 6 in an end-loader bucket. This
manner of transport could have resulted in the contamination of the roadways used as

transportation routes between the sites.

1.2 OBJECTIVE AND SCOPE
The principal objective of the radiological scoping survey was to determine if residual

radioactivity requiring remediation is present, and to provide design input for subsequent surveys
(either characterization or final status surveys), with the ultimate goal of obtaining radiological
clearance for Site 12. A supporting objective of the radiological scoping survey was to identify
areas with radiation anomalies where public health and safety concerns requiring immediate
response may exist. Radiation anomalies were identified and investigated during field work and
gross gamma scan data were further analyzed as described in this report. Data analysis included
the calculation and comparison of statistical quantities; visual inspection of data distributions
using cumulative frequency diagrams and frequency plots to identify data distribution trends and
potential outliers; and spatial assessment using z-score mapping to identify radiological

statistical outliers.

The radiological scoping survey included:

e Accessible open soil- and vegetation-covered land areas in Site 12, including private
fenced backyard areas, up to the perimeter berm;

DCN #: 1TSI-0808-0006-0035 Page 3



Final Radiological Scoping Survey Report
IR Site 12 and Selected Transportation Routes
Former Naval Station Treasure Island, San Francisco, California

e Small concrete-paved areas in Site 12 such as sidewalks, patios, driveways, and sports
courts; and

e Asphalt-paved roadways and parking areas within Site 12, and the transportation routes
between Site 12 and Site 6 as shown on Figure 1.

SWDAs and surface obstructions (e.g., buildings, bushes, utility poles, fences) were excluded

from the survey. Potentially impacted materials are primarily soil, concrete, and asphalt.

1.3 RADIOLOGICAL SCREENING CRITERIA
The principal objective of the radiological scoping survey - to determine if residual radioactivity

requiring remediation is present - was based on comparing survey data to the radiological
screening criteria listed in Table 1. The radionuclides of concern are Ra-226 and, for the USS
Pandemonium Site | (NW) area only, Cs-137.

Table 1 - Radiological Screening Criteria®

Radionuclide of _Total Sur_face_ _ So_il (or Volu_metr_ic_)
Concern Residual Radioactivity | Residual Rgdloactlwty
(dpm/100 cm?)°° (pCilg)®
Cs-137° 5,000 N/A
Ra-226 100 1.0

Notes:

& Source: Table 3.1, Radiological Management Plan, Naval Station Treasure Island, San
Francisco, California (RMP; ITSI Gilbane, 2013a)
Values are net (i.e., above background) concentrations, in disintegrations per minute per
100 square centimeters (dpm/100 cm?); surfaces include asphalt and concrete
an arbitrary value of 20% of the radiological screening criteria was used to compare
smear sample results; for conservative simplicity in execution, beta activity was
assumed to be Cs-137 and alpha activity was assumed to be Ra-226
Screening criterion for Ra-226 of 1.0 pCi/g above background is the same as that
previously used at NSTI; no screening criterion have been established at NSTI for Cs-
137
Radionuclide of concern for USS Pandemonium Site | (NW) only

b

1.4 ACTION LEVEL
The supporting objective of the radiological scoping survey - to identify areas with radiation

anomalies where public health and safety concerns requiring immediate response may exist - was
based on measured radiation levels exceeding 10 microroentgens per hour (uR/hr) at 30 cm from
the ground surface measured using a Ludlum Model 19 exposure rate meter. This was defined as
the action level at which an assessment was made regarding the potential impact on public health

and safety and whether immediate attention was required.
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1.4.1 Basis
The action level was derived from Navy guidance that the radiation dose to individual members

of the public from legacy Navy operations should not exceed 100 millirem in a year. This is
equivalent to 11.4 microrem per hour (urem/hr), assuming exposure 24 hours a day for 365 days
a year. Inother words, 1 pR/hr = 0.87 prem/hr. Consequently, an action level of 10 pR/hr

resulted in a conservative application of the Navy guidance.

1.4.2 Application
The action level was applied as a gross value without any attempt to subtract a background

radiation contribution. Considering background radiation levels at NSTI generally range from
5to 7 uR/hr, the action level of 10 pR/hr actually resulted in an effective action level of 3 to

5 uR/hr above background. It is noteworthy that measurements at these radiation levels can be
due to naturally occurring radioactive material (NORM) and do not necessarily indicate legacy

Navy operations as their source.

1.4.3 Alarm Set Point/Response Threshold
Alarm set points or a response threshold based on gross gamma measurements were established

to alert surveyors to areas that approached or exceeded the action level. The alarm set point for
the Radiation Solutions, Inc. (RSI) RS-700 self-contained mobile gamma ray detection system
was 2,000 counts per second (cps). For the two-detector array, there was a secondary alarm set
point at 4,000 cps for both detectors combined. Exceeding the alarm set point triggered an
audible alarm alerting the surveyor. The response threshold for the Ludlum Model 44-10 gamma
scintillation detector was 10,000 counts per minute (cpm), which was a value that was observed
by the surveyor during the survey. See Section 2.2 for a description how the RSI RS-700 system

and the Ludlum Model 44-10 detectors were used.

The single performance criterion for the alarm set points and response threshold was that they
must trigger at or below the action level. The process of determining an alarm set point or
response threshold is a balance between a desired high rate of true detection and a manageable
number of false alarms. A true detection rate of 100% can be accompanied by an unmanageable
number of false alarms and therefore may not be practical. Accordingly, the values selected
were set to be as low as reasonably possible without generating an unmanageable number of

false alarms.
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The alarm set point and response threshold values were not theoretically derived. A gross
gamma measurement in cps or cpm cannot be directly converted into an exposure rate reading in
MR/hr (or vice versa) without either knowing or making assumptions regarding the radiation
energies being measured. This, in turn, depends on the mix of radionuclides that are present,
their relative concentrations, spatial distributions (e.g., point source vs. areal or distributed
source), and attenuation characteristics of the materials that are present between the source and

the detector.

In lieu of this information or making assumptions regarding it, the alarm set point and response
threshold values were determined experimentally. Survey instruments were taken into the field
and their response to various radiation levels was directly observed. The alarm set point and
response threshold values were then set as far below the action level as possible to ensure a high
probability of identifying radiation levels approaching or exceeding the action level (i.e., high
rate of true detection), but high enough above the variability in background radiation levels so
that the surveyor was not constantly responding to alarms (i.e., manageable number of false

alarms).

For example, using a single RS-700 detector whose instrument set-up background was around
700 cps, an alarm set point of approximately twice its background, or 1,500 cps, was set. In the
field when an alarm was received, the surveyor stopped surveying and investigated the area to
determine if the action level was exceeded. The alarm set point of 1,500 cps was found to
generate a high number of alarms, none of which exceeded the action level. Fewer alarms were
generated by raising the alarm set point. Field experience demonstrated that an alarm set point
of 2,000 cps consistently alarmed at radiation levels at or below the action level. About 80-90%
of the alarms occurred at levels below the action level. A similar approach was used to

determine the response threshold for the Ludlum Model 44-10 detector.

1.4.4 Preliminary RS-700 Data Screening
The bulk of the survey data collected was RS-700 data. Regardless of whether an alarm

occurred during data collection, the RS-700 data underwent a preliminary screening. As a very
simplistic data screening tool, the mean of the gross gamma total count rates for each collected
data set was calculated and any value above two times the data set mean was graphed on a

survey map as a purple dot. The purple dot, which may or may not have triggered an alarm or
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response during surveying, was investigated independently by a surveyor to determine if it
exceeded the action level. If so, project management was notified and response actions were

initiated. If not, no further action was taken.

1.5 DATA QUALITY OBJECTIVES
The data quality objectives (DQOs) for the radiological clearance of buildings, structures, and

land areas at the former NSTI are provided in the Radiological Management Plan, Naval Station
Treasure Island, San Francisco, California (RMP; ITSI Gilbane, 2013a). Specific DQOs
developed for achieving the principle objective of the radiological scoping survey of Site 12 and

transportation routes between Site 12 and Site 6 are presented below.

1.5.1 Step 1 - Statement of the Problem
The Navy would like to obtain site-specific information for Site 12 based on a limited number of

measurements. Specifically, information was sought on (1) the presence and extent of residual
radioactivity that exceeds the radiological screening criteria and (2) in the absence of elevated

residual radioactivity, the suitability for radiological clearance to unrestricted use.

Radiological data were needed to determine if residual radioactivity requiring remediation is
present. If so, the Navy was consulted. If not, the data provide design input for subsequent
surveys (either characterization or final status surveys), with the ultimate goal of obtaining

radiological clearance.

1.5.2 Step 2 — Decision Statement
The principal study question was: “Is residual radioactivity requiring remediation present?”” The

following alternative actions result from resolution of the principal study question:
o If the levels of residual radioactivity meet the radiological screening criteria, then the area

is suitable for subsequent surveys to be performed with the ultimate goal of obtaining
radiological clearance.

o If the levels of residual radioactivity exceed the radiological screening criteria, then the
area may require remediation or additional data collection based on consultation with the
Navy.

Based on the principal study question and the alternative actions listed above, the decision

statement was: “Determine whether the levels of residual radioactivity require remediation.”
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1.5.3 Step 3 - Inputs to the Decision
The radionuclide of concern was Ra-226. For the USS Pandemonium Site | (NW), the

radionuclides of concern included Cs-137.

For paved roadways, the impacted media are asphalt and concrete, and may include underlying
soil. Alpha/beta static measurements were used as quantitative inputs. Gross gamma scans were
used as qualitative inputs. A composite sample of run-off sediment analyzed by gamma
spectroscopy, and samples of removable surface radioactivity (smears) analyzed for gross
alpha/beta radioactivity, also were used as qualitative inputs. No samples of soil underlying

paved roadways were collected (see Section 3.2.3).

For land areas, the impacted media is primarily soil, but may include sand, gravel, asphalt and
concrete. Soil samples analyzed by gamma spectroscopy were used as quantitative inputs. See
Section 3.1.2. Gross gamma scan measurements and bulk material samples analyzed by gamma

spectroscopy were used as qualitative inputs.

Measurements above the radiological screening criteria triggered further evaluation to explore

the possible presence of elevated residual radioactivity.

1.5.4 Step 4 — Boundaries of the Study
The target population was surface and volumetric concentrations on and/or in the impacted

media. The spatial boundaries were accessible land areas, including private fenced backyard
areas, and paved roadways in Site 12. Excluded were the SWDAs and vertical surface structures

(e.g., buildings, utility poles, fences).

Decisions were made on two fundamental scales:

e Localized areas: The decision to collect additional data was made for discrete areas with
measurement results that exceed the radiological screening criteria.

e Survey unit: Site 12 areas and transportation routes between Site 12 and Site 6 were
divided into survey areas based on similar physical characteristics and similar potential
for residual radioactivity. A decision was made for each survey area as to its need for
remediation and/or additional data collection.

1.5.5 Step 5 - Decision Rules
The decision rules established in Table 2 were used to collect data.
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Table 2 — Decision Rules

Parameter of = THEN ELSE
Interest
Scan Avreas identified with measured | Collect biased Collect fixed
Measurements | radioactivity above mean + 3¢ | measurements from each point
of reference (background) identified area; collect measurements
level (or other Navy-approved | fixed point measurements
investigation level) (e.g., soil samples)
Fixed Point Measurements exceed Investigate to determine Compare data
Measurements | radiological screening criteria | area of elevated to background
radioactivity, remediate,
and resurvey (or consult
the Navy)

1.5.6 Step 6 - Limits on Decision Errors
To ensure data quality, data were reviewed, verified, and validated in accordance with the

Sampling and Analysis Plan (found as Appendix B to the RMP). To ensure usability of
laboratory data, appropriate laboratory methods were selected to provide the necessary
laboratory detection limits. Decision error rates associated with the calculation of instrument

minimum detectable concentrations (MDCs) were set at 0.05 (5%).

1.5.7 Step 7 - Optimizing the Survey Design
Steps 1 through 6 of the DQO process above and the Sampling and Analysis Plan describe the

resource-effective design used for collecting data sufficient to fulfill study objectives.

1.6 SURVEY DESIGN
For survey design purposes, Site 12 was initially divided into six Class 2 survey units and four

Class 3 survey units. See Figure 2 and Table 3 of the Task-Specific Plan for the Radiological
Survey of Site 12 and Selected Transportation Routes, Naval Station Treasure Island, San
Francisco, California (TSP; ITSI Gilbane, 2013b). Once data collection began, field conditions
suggested a more effective approach would be to standardize data collection across the entire
Site 12 and to assess the data by housing area, which is presently thought to be the most
homogenous grouping of the data that best accommodates its analyses. A field change request
(Field Change Request No. 04, dated 11 August 2014) was prepared to document this change in

survey design and data assessment. The field change request is found in Appendix A.
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20 SURVEY METHODOLOGY

Survey activities were performed in accordance with the procedures and methodologies detailed
in the RMP (ITSI Gilbane, 2013a) and TSP (ITSI Gilbane, 2013b). Radiation work instructions
(RWIs) were developed to supplement the guidance provided in the RMP and TSP.

2.1 SURVEY INSTRUMENTATION
Commercially available radiation detection and measurement instrumentation were selected

based on reliable operation, detection sensitivity, operating characteristics, and expected
performance in the field. Table 3 lists the types of survey instrumentation used. Survey

instrumentation data, including calibration and maintenance records, are found in Appendix B.

Table 3 - Survey Instrumentation

Measurement Detector Effective Detector Area and Instrument | Detector
Type Type Window Density Model Model
Gross gamma Nal(TI) 10 x 10 x 40 cm (4x4x16-in); RSI RSI
scan scintillation N/A RS-700 RSX-1
5.1 cm diameter/length Ludlum Ludlum
(2x2-in); N/A 2221 44-10
Nal(Tl) 2.5 cm diameter/length (1x1-in) Ludlum
Exposure rate scintillation N/A 19 N/A
Alpha/beta Gas flow 584 cm?; Ludlum | Ludlum
static proportional 3.4 mg/cm? aluminized Mylar 2360 43-37
Alpha/beta | Dual phosphor 5.1 cm diameter; Ludlum Ludlum
smears scintillation 0.4 mg/cm? 2929 43-10-1

Notes:
cm’ = square centimeter(s)
cm = centimeter(s)
in=inch(es)
mg/cm? = milligrams per square centimeter
Nal(TI) = sodium iodide (thallium activated)
N/A = not applicable

2.1.1 Instrument Calibration and Maintenance

Survey instrumentation was calibrated prior to use. Radioactive sources used for calibration
purposes are traceable to the National Institute of Standards and Technology. Instruments were
inspected prior to use to ensure proper working condition, and were properly protected against

inclement weather conditions in the operation.
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2.1.2 Instrument Response
Instrument response checks were conducted to assure constancy in instrument response, to verify

the detector was operating properly, and to demonstrate that measurement results were not the
result of detector contamination. Instrument response was checked before instrument use each

day data were collected.

A check source was used that emits the same type of radiation (i.e., alpha, beta, and/or gamma)
as the radiation being measured and that gives a similar instrument response. A radioactive
source containing Cs-137 was used to check instrument response to gamma radiation. A source
containing technicium-99 (Tc-99) was used to check instrument response to beta radiation. Tc-
99 emits a 0.29 mega-electron volt (MeV) beta particle, which results in a conservative
instrument response to the 0.66 MeV beta particle emitted by the radionuclide of concern Cs-
137. A source containing thorium-230 was used to check instrument response to alpha radiation.
Thorium-230 emits a 4.8 MeV alpha particle, which energy is similar to that of the alpha particle
emitted by the radionuclide of concern Ra-226 (4.9 MeV).

The response check was performed at a set location at the Gilbane field trailer using a specified
source-detector alignment that could be repeated easily. The source-detector alignment was
designed to mimic field conditions as best as possible. For example, the RSI RS-700 system was
set up in its operating configuration, and the check source was placed on a marked spot on the
ground beneath the detector. For alpha/beta measurements, a jig was used to create a source-
detector distance of 0.5 centimeter (cm) which corresponds to the height of the detector above

the surface being measured.

Prior to initial instrument use, 20 measurements were made using a source representative of the
radiation type. Twenty measurements also were made with the source removed to determine the
instrument’s expected response to ambient background. Background was monitored

qualitatively to assess daily variations that may have impacted instrument MDCs.

2.1.3 Detection Sensitivity
Detection sensitivities of the survey instrumentation used for quantitative inputs to the principal

study question are shown in Table 4. The results shown are based on representative count times,

background counts, and total efficiencies. Instrument-specific values based on actual field

DCN #: 1TSI-0808-0006-0035 Page 11



Final Radiological Scoping Survey Report
IR Site 12 and Selected Transportation Routes
Former Naval Station Treasure Island, San Francisco, California

conditions were used to establish a priori MDCs before the instrument was used to ensure that
the instrument was capable of detecting radiation at or below the radiological screening criteria.
The MDC values were calculated in accordance with the RMP (ITSI Gilbane, 2013a).

The International Organization for Standardization (ISO) 7503, Evaluation of surface
contamination — Part 1: Beta-emitters (maximum beta energy greater than 0,15 MeV) and alpha-
emitters (1SO, 1988) defines the total efficiency (et) as the product of two terms: the instrument

efficiency (&j) and the surface efficiency (&s).
Er =& X &

The instrument efficiency is based on the rate of particles detected by the instrument relative to
the surface (2m) particle emission rate of the calibration source. The surface particle emission

rate is a value measured and certified by the source manufacturer.

The surface efficiency is based on the rate of particles emerging from the surface of interest in
the field relative to the rate of particles being generated from the total (4m) activity present on the
surface. Optimally, the surface efficiency is an experimentally determined value specific to the
field surface that accounts for its backscatter characteristics as well as geometry influences (e.qg.,
a scabbled concrete surface). In the absence of experimentally determined values, however, 1ISO
7503-1 recommends surface efficiencies of 0.50 for beta emitters (with maximum beta energies

above 0.40 MeV) and 0.25 for alpha emitters. These 1SO recommended values were used.

Table 4 - Detection Sensitivities

Detector Radiation Count | Background | Total Efficiency® | Static MDC”

Model of Interest | Time (min) (cpm) (cpm/dpm) (dpm/100 cm?)
Ludlum 43-37 alpha 2 1.8-2.4 0.037-0.048 23-30
Ludlum 43-37 beta 2 340-680 0.14-0.15 74-100

Ludlum 43-10-1| alpha 2 0.4-0.6 0.19-0.20° 15-17
Ludlum 43-10-1 beta 2 77-83 0.16-0.22° 101-140

Notes:
¢ Total efficiency equals instrument efficiency multiplied by surface efficiency; alpha = 0.25; beta = 0.5.

® Static MDC is calculated per Section 4.2.4 of the RMP (ITSI Gilbane, 2013a)
¢ 4m detection efficiency assumed

min = minute(s)

cpm = counts per minute

dpm = disintegrations per minute

cm® = square centimeter(s)
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2.2 GROSS GAMMA SCANS
Gross gamma scans were performed using the RSI RS-700 system. System specifications are

found in Appendix C. The RS-700 system consists of an integrated controller and data
acquisition system, a digital gamma ray spectrometer/multi-channel analyzer (or console), and a
data controller coupled to a Nal(TI) gamma scintillation detector. Custom-built copper-lined
lead shielding with a steel surround encases the top and sides of the detector. The shield focuses
the detection capability on radiation coming from the ground, i.e., forcing the detector to “scan

downward,” to optimize the detection of gamma-rays at surface or near-surface locations.

Pre-set multiple independent regions of interest within the energy spectrum were programmed
into the RS-700 to identify and track specific gamma radiation emissions from gamma-emitting
Ra-226 progeny and other radionuclides of interest.

An RWI, ITSI-NSTI-033, Operation of RS-700 Gamma-Ray Detection System (ITSI Gilbane,
2013c; Appendix D), was prepared and issued to provide guidance on set-up, daily quality
control (QC) checks, operation, and shutdown of the RS-700 system.

The RS-700 system was used in two configurations. The survey of large, open areas was
performed using the RS-700 system with two detectors mounted end-to-end on a cart pulled
behind a small tractor equipped with an adjustable throttle to allow for speed control. Small or
obstructed areas were surveyed using a single RSI detector mounted on a hand pushcart. Areas
which could not be surveyed by the larger RSI detector configurations, such as around buildings,
fences, and obstructions, were surveyed using a hand-held Ludlum Model 44-10 2-inch by 2-

inch (5.1 cm) Nal(Tl) gamma scintillation detector with a Ludlum 2221 rate meter/scaler.

Both the RS-700 system and Ludlum Model 44-10 detector were maintained at a height of
approximately 0.1 m above the ground and moved over the surface at a speed of 0.5 meters per
second (m/sec), with each pass spaced 0.5 m (more or less, based on detector field of view) from
the previous pass to achieve 100-percent coverage of the area being surveyed. The tractor speed
was initially verified using field tests performed daily after instrument use. In addition,
surveyors were trained to walk no faster than 0.5 m/sec when using hand pushcarts or handheld

instrumentation.
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The detector height of 0.1 m above the ground was selected for two reasons. First, to maximize
sensitivity, the detector was maintained as close to the ground as possible, with the distance of
0.1 m above the ground considered the smallest distance at which the detector can travel above
the ground without being damaged. Second, the surface-to-detector geometry mimics that used
in the modeling analysis documented in Section 6.8.2 of NUREG-1507, Minimum Detectable
Concentrations with Typical Radiation Survey Instruments for Various Contaminants and Field
Conditions (NRC, 1998), for the calculation of scan MDCs for land areas assuming the use of a
Nal(TI) scintillation detector. Similarly, the scan rate of 0.5 m/sec was selected as the slowest
reasonable scan rate achievable, yet also consistent with the referenced NUREG-1507 modeling
analysis.

The RS-700 data were position-correlated by means of a global positioning system (GPS) rover
mounted on the detector in conjunction with a fixed base station. Both the GPS rover and the
base station pulled position data both from U.S. NAVSTAR and from Russian GLONASS
satellites to increase positional accuracy. The base station used several fixed monuments on
NSTI as QC points and transmitted via radio to the GPS rover mounted on the detector,
correcting positional data where the GPS rover signal was interrupted or distorted by
obstructions encountered in the field. Software customized by RSI for this project allowed real-
time positional data correction. This enhanced GPS capability allowed outstanding precision and
reliable position correlation of data collected next to buildings, beneath car ports, or next to tall

fences and trees that otherwise hinder or block satellite reception.

The Ludlum Model 44-10 data also were electronically captured and position-correlated using a

Trimble Geo 7 series (or equivalent) handheld GPS unit.

2.2.1 RS-700 Data
RS-700 data were collected using four consoles and four detectors paired together in six different

configurations. Table 5 lists the consoles by serial number, identifies the period of use, and
specifies the detector configurations used with each console. The four detectors are numbered
1 through 4. Detector configuration 12 indicates detectors 1 and 2 were paired together.

Similarly detector configuration 34 indicates detectors 3 and 4 were paired together.
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The RS-700 data are organized by console and date of collection. Both the raw data from the
detectors themselves and the data compiled using RSI’s proprietary software RadAssist are

found in the daily folder for each console. A folder entitled “GIS Mapping” contains preliminary
data processing information organized by date based on the RadAssist-compiled data. It does
not contain any original data. Due to the size and number of the data files, the RS-700 data are

transmitted separate from this report.

Table 5 — RSI Console/Detector Configurations Used to Collect RS-700 Data

Console Serial Time Period Used Detector
Number Start End Configurations
7070 19 Sep 2013 | 20 Dec 2013 3,34
7071 19 Sep 2013 | 20 Dec 2013 1,12
7159 26 Sep 2013 | 20 Dec 2013 2
7228 29 Oct 2013 7 Nov 2013 1

Appendix E contains a master survey log that serves as an index to the RS-700 data. The master

survey log lists each data file collected and provides the following information:

e Detector configuration used to collect the data.
e Matrix (soil, asphalt, concrete).

e Date collected.

e Daily sequence in which data file was collected.
e Surveyor.

e Start and end times.

e Housing area.

e Associated building.

e Brief description.

e Surveyor/data processor notes/comments.

Each data file is identified with a unique name based on the naming scheme shown on Figure 2
below. The example identifies, reading the numbering scheme from right to left, the 6™ data file
collected on October 1, 2013, which was a soil matrix, using detector configuration 34 (detectors
3 and 4 paired together) in Site 12 under Contract Task Order 0006.
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Figure 2 — RS-700 Data File Naming Convention
6—5—20131001—%6_
Sequence
[ Date (YYYYMMDD)
Matrix (S, C, A)
Detector ID(s)

IR Site (12)
Contract Task Order (6)

6-12-3
A A

In addition to the information embedded in the data file name, the surveyor, start and end times,

and a short description of the location surveyed were entered into the survey log.

The data files, organized by housing area and matrix (soil, concrete, asphalt), are summarized in
Table 6.

Table 6 — Summary of RS-700 Data Files by Housing Area and Matrix

Number of Files
Housing Matrix
Area Soil | Concrete | Asphalt | Total
1100 192 168 28 388
1200 416 310 130 856
1300 157 122 31 310
1400 152 114 32 298
Total 917 714 221 1,852

2.2.2  Ludlum Model 44-10 Data
Since the Ludlum Model 44-10 was used primarily to collect data around buildings, fences,

bushes, and trees, and from other obstructed areas, a good deal of GPS signal distortion was
experienced and significant data collection gaps were created in the electronic data files.
Consequently, the utility of the electronic data files in positional data assessment is very limited.
Therefore, hand-documented surveys were prepared to document the survey work performed
using the Ludlum Model 44-10 around building perimeters, bushes, trees, fences, etc. The

Ludlum Model 44-10 surveys are found in Appendix F.
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2.3 EXPOSURE RATE MEASUREMENTS
Exposure rate measurements were performed using a Ludlum Model 19 exposure rate meter

which uses a 1-inch by 1-inch Nal(Tl) gamma scintillation detector. Measurements were taken
at 30 cm above the ground surface using the “slow” response time constant setting.
Measurements of recovered (LLROs were also taken on contact and at 10 cm. The instrument
was positioned and allowed to stabilize prior to observing the instrument response and recording
the reading.

24 ALPHA/BETA SURFACE MEASUREMENTS
Alpha/beta surface measurements were performed using a Ludlum Model 43-37 584 cm? large-

area gas-flow proportional detector with a Ludlum Model 2360 alpha/beta data logger. Static
measurements were performed by placing the detector on or near the surface to be measured,
taking a two-minute scaler count, and recording the reading.

Alpha/beta smear samples were collected at static measurement locations to detect removable
surface radioactivity. Samples were collected over approximately 100 cm? and analyzed for
alpha/beta radioactivity using a Ludlum Model 43-10-1 alpha/beta scintillation detector with a
Ludlum Model 2929 alpha/beta scaler. The samples were counted for two minutes.

2.5 SOIL SAMPLES
Thirty-one soil samples were collected as part of field investigations of radiation anomalies.

Samples were approximately 1,000 grams in size. Visually identifiable foreign objects and
debris were separated manually in the field. Sampling equipment (e.g., hand and power tools,
mixing utensils, and homogenizing bowls) was decontaminated (e.g. wiped down and smeared)

between samples to prevent cross-contamination of sample media.

Samples were double bagged in one-gallon resealable plastic bags, numbered, logged, and sent
for laboratory analysis. Each sample was labeled and assigned a unique sample identification
number. When custody was transferred (e.g., when samples were sent for laboratory analysis), a
chain-of-custody record accompanied the samples for tracking purposes. Any special handling
requirements were communicated to the laboratory performing the analysis using the sample
chain-of-custody record. The samples were packed properly to ensure their safe arrival at the

laboratory.
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Soil samples were prepared and analyzed by TestAmerica Laboratories, Inc., St. Louis, Missouri.
TestAmerica St. Louis is accredited under the U.S. Department of Defense (DoD) Environmental
Laboratory Accreditation Program. Sample analyses were performed using gamma spectroscopy
based on U.S. Environmental Protection Agency (EPA) Method 901.1 in accordance with the
laboratory’s approved procedures. The activity concentration of Ra-226 was inferred from
bismuth-214 after a sufficient in-growth period to achieve secular equilibrium. Samples were
packaged in hermetically sealed containers prior to initiating the in-growth period to avoid

radon-222 losses.

2.6 REFERENCE COORDINATE SYSTEM
A reference coordinate system was used for referencing a measurement geospatially to a specific

location. Scale drawings, maps, or photographs of the survey area were prepared and oriented
according to the state plane coordinates for the California State Plane Zone 3, North American
Datum of 1927.

2.7 INVESTIGATION OF POTENTIAL LOW-LEVEL RADIOLOGICAL OBJECTS
An RWI, ITSI-NSTI-064, Handling of Radioactive Commodities (ITSI Gilbane, 2013d;

Appendix G), was prepared and issued to provide guidance on initial response, notification,
investigation/retrieval, and transport of LLROs discovered in shallow soil during survey
activities. The RWI was used in conjunction with a radiation work permit detailing protective

measures and controls to ensure that RW1 tasks were performed in a radiologically safe manner.

One of the purposes of the action level was to identify areas where LLROs may be located so
that they could be investigated and removed in a timely manner. When an alarm was received or
a response threshold exceeded, the surveyor stopped surveying and investigated the area using a
Ludlum Model 19 exposure rate meter to determine if the action level was exceeded. If so,
project management was notified. If the action level was not exceeded, the surveyor resumed

surveying. No further investigation was performed in the field by the surveyor.

Where radiation levels were found to exceed the action level, representatives of the Navy and the
California Department of Public Health (CDPH) were notified and an assessment was made
regarding the potential impact on public health and safety and the response actions to be taken.
Factors that were considered included the potential presence of NORM and the distribution of
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the exceedance. For example, a very localized area suggested the presence of an LLRO while an
area of several square meters suggested the presence of NORM. The response generally entailed
hand-digging up to 30 cm in depth to locate an LLRO, which, if encountered, was removed and
properly disposed of as LLRW. In some instances, a discrete radioactive source such as an
LLRO was not identified. The investigation of radiation anomalies is further discussed further in
Section 3.1.3.

It should be noted that, by design, radiation anomalies determined to be below the action level do
not warrant immediate attention. In other words, although an LLRO may remain buried in the
soil, the level of radiation emitted by the object is so low that the small risk it presents to the
public health and safety does not require immediate action to mitigate.

2.8 REFERENCE AREAS
Reference measurements were collected from non-impacted areas outside of Site 12, but that

have similar physical characteristics to Site 12. The reference areas are identified in Figure 1.
The measurements were collected for comparison to gross gamma scan and soil sample data

collected from Site 12.

2.8.1 Gross Gamma Scans - Soil and Concrete Reference Area (Area 7)
Reference measurements for gross gamma scans on soil and concrete were collected from an

area immediately adjacent to the south side of Building 453 (see Figure 1). The grassy area was
used to collect reference data for gross gamma scans on soil. It was previously used by Shaw
Environmental, Inc. (Shaw) as a reference area for Ra-226 soil concentrations and identified as
Area 7 (Shaw, 2012). Concrete surrounding the grassy area was used to collect reference data

for gross gamma scans on concrete.

2.8.2 Gross Gamma Scans - Asphalt Reference Area
Reference measurements for gross gamma scans on asphalt were collected from a small section

of asphalt east of Building 570 (see Figure 1). An area previously used by Shaw to collect
reference data for gross gamma scans on asphalt, referred to as Area 9 and located in the parking

area east of Building 3, was not available at the time of field data collection activities.
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2.8.3 Soil Samples — Site-Wide Reference Area
The concentrations of naturally occurring radionuclides at the former NSTI are highly variable

because the island is man-made with materials brought in from multiple and not always known
areas (Weston, 2006). A reference area data set for Ra-226 in soil at the former NST1 is
documented in a technical memorandum entitled, 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). Twenty surface soil samples were collected from
randomly chosen NSTI site-wide background locations selected for this purpose. The mean Ra-
226 concentration in these 20 surface soil samples is 0.69 picocuries per gram (pCi/g), with a
standard deviation of 0.16 pCi/g. Based on the observed variability in the reference area data
population, Ra-226 concentrations less than the mean plus 1.0 pCi/g, or 1.69 pCi/g, are
considered less than the radiological screening criterion for Ra-226. No equivalent concentration

has been established as a radiological screening criterion for Cs-137.
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3.0 DATACOLLECTION

Three primary types of data were collected: gross gamma scans, alpha/beta surface
measurements, and soil samples. Gross gamma scans were performed and soil samples collected
at Site 12 housing areas and transportation routes between Site 12 and Site 6. Alpha/beta
measurements were only taken in the roadways within and around Site 6 in order to support the
follow-on final status survey that is currently underway. Table 7 provides a summary of data

collection activities.

Table 7 — Summary of Data Collection Activities

Site 12 Housing Areas Transportation
Item/Activity 1100 | 1200 | 1300 | 1400 Routes
Site 12 Scoping Survey®
Matrices (S:soil, C:concrete, A:asphalt) SCA|SCA|SCA|SCA A
% Gross Gamma Scans Coverage 100 100 100 100 100
Number of Radiation Anomalies Identified 3 5 5 2 0
Number of Soil Samples Collected 2° 5 5 18 1
Number of LLROs Recovered 0 5 1 3¢ 0

Supplemental Field Investigation: 1400 Housing Area

Number of Radiological Statistical Outliers
Identified
Number of Soil Samples Collected 16
Transportation Routes Between Sites 12 and 6
Number of Alpha/Beta Surface

30
Measurements
Number of Sediment Samples Collected 1
Notes:

a
Does not include results from supplemental field investigation (see Section 3.1.4)

® Above ground objects containing naturally occurring radioactivity not associated with legacy Navy operations
identified at two of the three locations

c

Both samples collected at a single location
d

Three LLROs recovered at a single location

3.1 SITE 12 HOUSING AREAS
Two primary types of data were collected from Site 12 housing areas: gross gamma scans and

soil samples.
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3.1.1 Gross Gamma Scans
Gross gamma scans were performed using a three-step process. First, the survey of large, open

areas was performed using the RS-700 system with two detectors mounted end-to-end on a cart
pulled behind a small tractor. Second, small or obstructed areas were surveyed using a single
RSI detector mounted on a hand pushcart. Last, areas which could not be surveyed by the larger
RSI detector configurations, such as around buildings, fences, and obstructions, were surveyed
using a hand-held Ludlum Model 44-10 gamma scintillation detector.

Scan coverage achieved for each housing area using the RS-700 system is shown in Figures 3
through 6. Scan coverage is indicated by the green, yellow, and magenta-colored areas on the

map. Scan coverage achieved using the Ludlum Model 44-10 detector is not shown on the maps.

3.1.2 Soil Samples
Thirty soil samples were collected. Fourteen soil samples were collected at locations of radiation

anomalies identified during the performance of gross gamma scans in Site 12 (see Table 8).
Nine samples reported Ra-226 concentrations above the radiological screening criterion of

1.69 pCi/g. None reported Cs-137 concentrations above the sample MDC.

Sixteen soil samples were collected from locations identified during a supplemental field
investigation of the 1400 housing area discussed in Section 3.1.4. None of the samples reported
Ra-226 concentrations above background concentrations. Two samples reported Cs-137
concentrations slightly above the sample MDC, but neither was collected in the vicinity of the

former site of the USS Pandemonium.
Soil sample results are found in Appendix H and summarized in Tables 8 and 9.

3.1.3 Radiation Anomalies
Radiation anomalies were identified in all four housing areas during the performance of gross

gamma scans. Investigations resulted in the recovery of LLROSs in the 1200, 1300, and 1400
housing areas. Soil samples were collected during investigation activities. One or more soil
samples in each housing area reported Ra-226 concentrations above the radiological screening
criterion of 1.69 pCi/g (1.0 pCi/g above background), with elevated results ranging up to

31 pCi/g. The radiation anomalies identified, the LLROs recovered, and the elevated soil sample
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results in the 1400 series housing area were all from an open area east of Site 20, not near the

residences.

Fifteen locations were identified as radiation anomalies and were investigated. The date of

identification, a location description, and investigation results are summarized in Table 8. Two

locations, initially identified as radiation anomaly locations 09 and 15, were found to be objects

containing NORM not associated with legacy Navy operations, specifically a sandbox concrete

play structure and refractory bricks in a walkway. They are not included in Table 8. Radiation

anomaly locations are shown on Figure 1.

Table 8 — Summary of Radiation Anomalies Identified During Gross Gamma Scans

Radiation Sample Results”
Anomaly Date LLROs Ra-226
Location® | Identified Investigation Notes Recovered ID (pCilg)
1100 Housing Area
08° 06 Nov 2013 |3-4 m” area in fenced backyard S12SS006 | 1.89
S12SS007| 2.03
1200 Housing Area
07 22 Oct 2013 |Front yard grassy area v S12SS002 | 3.45
10 08 Nov 2013 | Front yard grassy area v S12SS008 | 25.8
11 11 Nov 2013 |Beneath sidewalk to carport v S12SS014 | 31.2
12 12 Nov 2013 |Front yard grassy area v S12SS013| 0.775
13 25 Nov 2013 | Grassy area next to sidewalk v S12SS012| 1.25
1300 Housing Area
01 25 Sep 2013 | Approx. 140 m* soil/gravel area S12SS009| 1.15
S12SS010| 0.389
02 27 Sep 2013 | Approx. 8 m” asphalt street area
03 10 Oct 2013 |Front yard grassy area v S12SS003| 2.2
04 10 Oct 2013 |Front yard grassy area S12SS004 | 7.08
05 10 Oct 2013 |Front yard grassy area S12SS005| 2.74
1400 Housing Area
06 18 Oct 2013 | Approx. 6 m” soil/gravel area S12SS001| 0.976
14° 02 Dec 2013 | Dirt/gravel area next to street v S12SS011| 5.29
Notes:

& Two objects containing NORM not associated with legacy Navy operations, specifically a sandbox concrete
play structure and refractory bricks in a walkway, were found at locations identified as radiation anomaly
locations 09 and 15

® Sample results are of soil collected from the bottom of the hole once an LLRO was recovered or it was
determined that a discrete item could not be readily located

¢ Second sample (sample ID S125S007) requested by CDPH was collected approximately 0.5 m from initial
sample location

" Three LLROs were recovered at the single location
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Once a utility clearance was performed and/or permission to dig was obtained from the site
superintendent, a radiologically controlled area was established around the elevated location.
The sod was removed and small portions of soil were scooped out from the elevated location and
moved to a laydown/sorting area. The soil was spread out and scanned. Exposure rates both in
the hole being dug and of the soil being removed were monitored. The process of scooping,
spreading out, and scanning the soil continued until an LLRO was recovered or it was

determined that a discrete item could not be readily located.

Using this process, nine LLROs were recovered in shallow soil (between 10 and 30 cm in depth)
from seven locations. No discrete radioactive sources were found at the remaining locations.
The LLROs are described as small (< 5 cm in diameter or length) metal objects, a glass dial, and
metal fragments in soil. Radiation levels ranged from 10 to 1,600 puR/hr measured on contact,

and 6 to 30 pR/hr measured at 30 cm. Examples of the LLROs recovered are shown on Figure 7.

Figure 7 — Examples of Low Level Radiological Objects Recovered
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Once an LLRO was recovered or it was determined that a discrete item could not be readily
located, radiation readings were taken in and above the hole. A soil sample was collected from
the bottom of the hole and the hole was filled with commercially available potting soil. Once the
hole was filled, as-left radiation readings were then also taken and recorded to verify remaining
radiation levels were below the action level. This included radiation anomaly locations where
the soil sample reported Ra-226 concentrations above the radiological screening criterion. The
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removed soil, contained in a single 55-gallon drum, and the nine recovered LLROs were
disposed as LLRW.

A complete set of information on the LLROs and soil disposed as LLRW is found in Appendix |.

3.1.4 Supplemental Field Investigation: 1400 Housing Area
An additional activity not described in the TSP that was performed was a supplemental field

investigation of radiological statistical outliers identified in the 1400 housing area by z-score
contour mapping (see Section 4.3). Twenty-nine areas were identified for investigation (see
Figure 6). These areas were not indicative of a threat to public health and safety; rather they
were identified for investigation to provide additional information on radiological statistical
outliers observed in the 1400 housing area data population. Similar sampling efforts may be
completed at other Site 12 housing areas to determine if anomalous gamma counts are indicative

of elevated concentrations of radionuclides of concern.

Using a Ludlum Model 44-10 gamma scintillation detector and a Ludlum Model 19 exposure
rate meter, surveyors attempted to locate discrete areas (less than 0.5 square meters [m?]) in the
field with distinctly higher radiation levels than surrounding areas corresponding to the 29
locations shown on Figure 6. Surveyors were unable to locate any discrete areas at 13 of the
locations, meaning the field instrumentation could not distinguish any area with distinctly higher
radiation levels than its surrounding area. However, discrete areas were identified at 16 locations

and investigated. A summary of the investigation results is provided in Table 9.

None of the 16 discrete areas had radiation levels above the action level. Hand digging was
performed at each of the areas in an attempt to locate a discrete source of radiation, such as an
LLRO. No LLROs were identified. A soil sample was collected from each area. Soil sample
results reported Ra-226 concentrations ranging from 0.42 to 0.88 pCi/g, which are consistent
with background concentrations at NSTI (see Section 2.8.3).

Supplemental field investigation data are found in Appendix J summarized in Table 9.

3.2 TRANSPORTATION ROUTES BETWEEN SITE 12 AND SITE 6
Three primary types of data were collected from the selected transportation routes between

Site 12 and Site 6: gross gamma scans, alpha/beta surface measurements, and soil samples.
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Table 9 — Summary of 1400 Housing Area Supplemental Investigation Results

Radiological Sample Results
Statistical Discrete Exposure
Outlier Location Survey Rate® Sample |Ra-226
Location® | Identified” Location No. (UR/hr) ID (pCilg)
16 v E of Bldg 1437 06-12-357 6 S12SS023 | 0.492
17
18
19
20 v Bldg 1447 NE corner | 06-12-349 8 S12SS015| 0.739
21 v SE of Bldg 1445 06-12-358 7 S12SS024 | 0.883
22
23 v N of Bldg 1432 06-12-359 7 S12SS025 | 0.664
24 v E of Bldg 1405 06-12-356 7 S12SS022 | 0.515
25 v N of Bldg 1405 06-12-355 7 S12SS021 | 0.599
26
27
28
29 v Bldg 1412 SE corner | 06-12-352 7 S12SS017 | 0.484
v Bldg 1412 S center | 06-12-353 7 S12SS018 | 0.511
30 v Bldg 1406 NE corner | 06-12-350 8 S12SS016 | 0.437
31
32 v Bldg 1412 SE corner | 06-12-351 7 S12SS019| 0.42
33
34 v Bldg 1411 E center | 06-12-354 7 S12SS020 | 0.507
35
36
37
38
39 v E of IR Site 20 06-12-360 8 S12SS026 | 0.603
40 v E of IR Site 20 06-12-361 8 S12SS027 | 0.419
41 v NE corner/IR Site 20 | 06-12-362 7 S12SS029 | 0.756
42 4 NE of IR Site 20 06-12-363 8 S12SS028 | 0.669
43 v E of IR Site 20 06-12-364 8 S12SS030 | 0.576
44
Notes:

# Location numbering corresponds that given on the z-score contour map found in Appendix J
® Radiological survey no. 06-12-348 (see Appendix J) used as roadmap to guide overall location identification
¢ As-left measurement taken at 30 cm above ground surface
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3.2.1 Gross Gamma Scan
Gross gamma scans were performed using the RS-700 system with two detectors mounted end-

to-end on a cart pulled behind a small tractor. Scan coverage achieved using the RS-700 system
is shown in Figure 8. Scan coverage is indicated by the green, yellow, and magenta-colored

areas on the map. No scanning was performed using the Ludlum Model 44-10 detector.

3.2.2 Alpha/Beta Surface Measurements
Measurements of alpha- and beta-emitting surface radioactivity were collected from paved

surfaces. Alpha/beta surface measurements were collected at a total of 30 locations (see

Figure 8). Twenty-seven measurements were distributed uniformly along the routes, with three
additional measurements located along Avenue M and the access road to Building 462 where
gross gamma scan data indicated relatively higher readings (see Section 4.3.4). Measurement
results are found in Appendix K.

Total surface radioactivity measurements reported less than 50 disintegrations per minute per
100 square centimeters (dpm/100 cm?) alpha and 3,000 dpm/100 cm? beta. Removable surface
radioactivity measurements reported results less than 10 dpm/100 cm? alpha and

100 dpm/100 cm? beta.

3.2.3 Sediment Sample
A composite sample of run-off sediment along the south side of Avenue M was also collected

based on relatively elevated gross gamma readings encountered there (see Appendix K, Survey
No. 06-12-366). The sample results (sample ID S12S6SS001) reported a Cs-137 concentration
of 0.48 pCi/g and a Ra-226 concentration of 0.25 pCi/g. The Ra-226 concentration is below the
radiological screening criterion and is consistent with background concentrations. See

Section 2.8.3. This single sediment sample has higher Cs-137 concentrations than found in soil

samples at Treasure Island.

Sediment samples typically have higher Cs-137 concentrations than soil samples. Soil samples
are normally collected by removing the sod or vegetation from the surface of the soil to be
sampled and using a trowel to dig the sample from a hole approximately 8 to 10 cm in diameter
by up to 15 cm deep. The amount of surface area included in any given sample would be limited

to an area of approximately 50 to 80 cm?. In contrast, the composite sample of run-off sediment
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was collected by scraping the thin layer of sediment that had accumulated on top of the asphalt
along the side of the roadway. The surface area represented by the sample may have been as
much as 0.5 m?. It would be expected that a sample consisting purely of surface material
contains a much higher level than a sample consisting of soil collected at any depth from an area
covered by vegetation. It should also be noted that the location where the sample was collected
is a low spot along the roadway and thus a natural collection area where surface runoff from a
much larger surface area is collected in a small localized area. This also may have been a

contributor to the higher Cs-137 concentration.

The roadway area where this sample was collected is presently (as of November 2014)

undergoing a final status survey.
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4.0 DATA ANALYSIS

To facilitate data processing as well as to provide a meaningful data population on which to
perform statistical analyses, the RS-700 data collected from Site 12 were divided into four data
sets based on the 1100, 1200, 1300, and 1400 housing areas. Each housing area data population
was further separated into three matrices: soil, concrete, and asphalt. Data collected from the
selected transportation routes from Site 12 to Site 6 consist of a single matrix (asphalt) and were
analyzed as a single data set.

The RS-700 data were analyzed to identify data distribution trends and potential outliers. Data
analysis included the calculation and comparison of statistical quantities, visual inspection of
data distributions using cumulative frequency diagrams and frequency plots, and spatial

assessment using z-score mapping.

4.1 DESCRIPTIVE STATISTICS
Statistical quantities are shown in Table 10. The count represents the number of data points (1-

second counts) in the data population. The total of approximately 1.65 million data points
represents nearly 500 hours of data collection. The statistical values are given in units of cps.
Table 10 includes reference area data collected for gross gamma scans on soil, concrete, and

asphalt (see Section 2.8).

4.2 REFERENCE AREA COMPARISONS
The housing area soil, concrete, and asphalt matrix data sets were compared to the corresponding

reference area population developed for each matrix (see Section 2.8). The size of the individual
reference area populations relative to the housing area data sets, as indicated by the number of
data points, is very small. While the reference area population should be large enough to make a
statistically valid comparison, the extremely large disparity in population sizes, as evidenced by
the number of counts, limits the robustness, and consequently the utility, of any statistical

comparisons.

The range of the reference area populations is much smaller than those of the housing area
populations. This is expected due to the relatively small size of the reference area population.

The small difference between of the mean and median values of each data set indicates very little
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skew in the populations. Relative to perfect symmetry found in a normal distribution (i.e.,
skewness = 0), the skew in the 1200 housing area soil and asphalt matrices is the most
pronounced. Relative to the sharpness of a normal distribution peak (kurtosis = 0), the
peakedness of those same two data populations is extremely severe. There is relatively good
alignment among the mean values of the housing area soil matrix data sets, as well as between
them and the reference area soil data set. This applies for the concrete matrix data sets also. The
alignment among the mean values of the housing area asphalt matrix data sets is poor, as well as

between them and the reference area asphalt matrix data set.

Table 10 — RS-700 Data Statistics by Housing Area and Matrix

Statistical Housing Area Reference
Parameter 1100 | 1200 | 1300 | 1400 Area
Soil Matrix
Number of Data Points 168,088 | 426,089 | 175,454 | 185,404 658
Minimum (cps) 328 385 444 339 951
Maximum (cps) 2,770 3,511 1,883 3,361 1,174
Range (cps) 2,442 3,126 1,439 3,022 223
Median (cps) 857 876 859 926 1,039
Mean (cps) 858 885 871 942 1,039
Standard Dev (cps) 119 96 102 134 31
Skewness 0.54 5.29 1.93 0.33 0.26
Kurtosis 11.08 114.21 10.35 2.14 0.79
Concrete Matrix
Number of Data Points 54,329 | 113,778 90,137 81,434 614
Minimum (cps) 399 549 447 631 585
Maximum (cps) 1,322 4,339 1,869 1,297 1,026
Range (cps) 923 3,790 1,422 666 441
Median (cps) 796 768 747 833 649
Mean (cps) 801 781 754 842 678
Standard Dev (cps) 72 93 67 65 79
Skewness 0.81 14.58 2.46 1.20 1.89
Kurtosis 5.84 473.09 20.42 3.32 3.25
Asphalt Matrix

Number of Data Points 53,390 | 156,197 61,327 64,133 303
Minimum (cps) 474 393 457 487 613
Maximum (cps) 1,557 1,504 1,802 1,592 727
Range (cps) 1,083 1,112 1,345 1,282 114
Median (cps) 1,068 758 1,354 1,070 672
Mean (cps) 1,040 768 1,241 1,121 673
Standard Dev (cps) 138 99 301 157 18
Skewness -0.39 1.21 -0.54 0.32 0.10
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Statistical Housing Area Reference
Parameter 1100 1200 1300 1400 Area
Kurtosis -0.66 4.03 -1.09 -0.80 0.08

Assuming the reference area data sets to be ideal normally distributed populations, a statistical
probability greater than 99% exists that data points with values greater than the mean plus three
times the standard deviation (equivalent to a z-score of 3, which is the number of standard
deviations the result lies above the mean) may not belong to the same population as the rest of
the data set (i.e., potentially represents radioactive contamination or NORM rather than
background radioactivity). From 1 to 30% of the housing area soil matrix data set values exceed
a z-score of 3 when compared to the reference area soil matrix data set. From 3 to 30% of the
housing area concrete matrix data set values exceed a z-score of 3 when compared to the
reference area concrete matrix data set. Finally, 50 to 90% of the housing area asphalt matrix
data set values exceed a z-score of 3 when compared to the reference area asphalt matrix data set.

The large number of housing area data set values that exceed the upper bound (z-score = 3) of
the respective reference area data sets suggests dissimilarity of populations rather than
widespread radioactive contamination. While the presence of radioactive contamination has
been identified in Site 12 (see Section 3.1.3), the influence of these relatively small areas on the
overall housing area data populations is likely limited. The larger contributor of dissimilarity is
more likely the reference areas themselves not being truly representative of material backgrounds
(i.e., NORM concentrations) found in Site 12.

4.3 GRAPHICAL DATA REVIEW
Due to the limitations of the reference areas, as described in the previous section, as well as to

better understand the housing area data themselves, the RS-700 data were graphed to identify
patterns, relationships, or potential anomalies in the data that might go unnoticed using purely
numerical methods. A cumulative frequency diagram and a frequency plot were used to examine
the general shape of the data distribution for each housing area and matrix. Each method reveals

characteristics of the data distribution that may not be apparent with other methods.

4.3.1 Soil Matrix
The cumulative frequency diagrams and frequency plots for the soil matrix data sets are

displayed by housing area on Figures 9 and 10. Data appearing on a cumulative frequency
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diagram as a straight line indicate a normally distributed data population. The 1100 and 1300
housing area data sets are largely linear, suggesting normally distributed populations. Both
populations, however, have non-linear regions which suggest smaller dissimilar populations
included within the larger population. The data for the 1200 housing area clearly suggest the
presence of two separate populations, as evidenced by the two straight lines with a near vertical
connection. The 1400 housing area data appear to be a single normally distributed population
with two outliers at the upper end of the distribution. The outliers are located near radiation
anomaly location 14 (see Figure 6), which is one of the two radiation anomaly locations

identified in the 1400 housing area.

Figure 9 — Cumulative Frequency Diagrams: Soil Matrix
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In summary, the cumulative frequency diagrams suggest the need for further investigation to
understand the non-normality of the 1100 and 1300 housing areas, the dissimilar populations in

the 1200 housing area, and the outliers showing in the 1400 housing area soil matrix data sets.
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The frequency plots for the 1100, 1200, and 1300 housing areas show relatively peaked data
populations with little visually identifiable skew in the data. The 1400 housing area data set
shows a broader distribution with a clearly visible positive skew. The uniformity and single
peaks of the frequency plots suggest that the dissimilar population elements illustrated in the
cumulative frequency diagrams above are relatively small components of the population that do

not create bimodal or dual-peak distributions when graphed on a frequency plot.

In summary, the frequency plots by themselves do not suggest the need for further investigation

of any of the housing areas based on the soil matrix data sets.

Figure 10 — Frequency Plots: Soil Matrix
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4.3.2 Concrete Matrix
The cumulative frequency diagrams and frequency plots for the concrete matrix data sets are

displayed by housing area on Figures 11 and 12. The 1100, 1300, and 1400 housing area data
sets are largely linear, suggesting single normally distributed populations. The 1300 housing
area does have a non-linear region, suggesting a smaller dissimilar population included within
the larger population. The data for the 1200 housing area clearly suggest the presence of two

separate populations, as evidenced by the two straight lines with a near vertical connection.

In summary, the cumulative frequency diagrams suggest the need for further investigation to
understand the dissimilar populations in the 1200 housing area and the non-normality in the

1300 housing area concrete matrix data sets.

Figure 11: Cumulative Frequency Diagrams: Concrete Matrix
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The frequency plots for the 1100, 1300, and 1400 housing areas show relatively peaked data
populations with little visually identifiable skew in the data. The 1200 housing area data set
shows a broader distribution with a positive skew. The uniformity and single peaks of the
frequency plots suggest that the dissimilar population elements illustrated in the cumulative
frequency diagrams are relatively small components of the population that do not create bimodal

or dual-peak distributions when graphed on a frequency plot.

In summary, the frequency plots by themselves do not suggest the need for further investigation

of any of the housing areas based on the concrete matrix data sets.

Figure 12 — Frequency Plots: Concrete Matrix
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4.3.3 Asphalt Matrix
The cumulative frequency diagrams and frequency plots for the asphalt matrix data sets are

displayed by housing area on figures 13 and 14. The 1100, 1200, and 1400 housing area data
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sets are largely linear, suggesting single normally distributed populations. The 1200 housing
area does have a non-linear region, suggesting a smaller dissimilar population included within
the larger population. The data for the 1300 housing area clearly suggest the presence of two

separate populations, as evidenced by the two straight lines with a near-vertical connection.

Figure 13 — Cumulative Frequency Diagrams: Asphalt Matrix
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In summary, the cumulative frequency diagrams suggest the need for further investigation to
understand the non-normality in the 1200 housing area and the dissimilar populations in the 1300

housing area asphalt matrix data sets.

The frequency plots for the 1100 housing area show a relatively broader data distribution with a
negative skew, which is somewhat unusual. Environmental data distributions routinely show a
positive skew, but rarely a negative skew. The 1200 housing area shows a relatively peaked data
population with little visually identifiable skew in the data. The 1200 housing area data show a
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broader distribution with a positive skew. The 1300 and 1400 housing area data show bimodal
or dual-peak distributions, which are evidence of two separate data populations. The distinct
bimodality of the 1300 housing area data is clearly consistent with the cumulative frequency

diagram, which shows two nearly evenly divided data sets.

Figure 14 — Frequency Plots: Asphalt Matrix
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In summary, the frequency plots suggest the need for further investigation to understand the
negative skew present in the 1100 housing area, and the bimodality in the 1300 and 1400

housing area asphalt matrix data sets.

4.3.4 Transportation Routes Between Site 12 and Site 6
The RS-700 data collected along the selected transportation routes between Sites 12 and Site 6

were plotted (see Figure 15), along with the alpha/beta static measurements (see Figures 16
and 17). Both the RS-700 and beta static measurement data plotted on cumulative frequency
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diagrams clearly suggest the presence of two separate populations, as evidenced by the two

straight lines with a near vertical connection. The frequency plots for both data sets show a

bimodal or dual-peak distribution, which is evidence of two separate data populations.

Figure 15 — Plotted Transportation Routes Data: Gross Gamma Scan
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Figure 16 — Plotted Transportation Routes Data: Beta Statics
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Figure 17 — Plotted Transportation Routes Data: Alpha Statics
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A review of the data (see Appendix K) revealed the elevated areas of both data sets spatially
overlap along the south side of Avenue M near Building 461. Given the Ludlum Model 43-37
GFP detector is slightly sensitive to gamma-rays, elevated gross gamma radioactivity reflected in
the RS-700 data may also be a contributor to the elevated beta static measurements. An

investigation of this area was performed. The results are discussed in Section 3.2.3.

The alpha static measurement data set graphed in Figure 17 does not show evidence of multiple
populations. The data plotted on a cumulative frequency diagram is largely linear, suggesting a
single normally distributed population. Further, the frequency plot shows a relatively peaked

data population with little visually identifiable skew in the data.

In summary, plots for both the gross gamma scan and beta static measurement data sets suggest
the need for further investigation to understand the dissimilar populations that appear to be
present in the data set. The plots for the alpha static measurement data do not suggest the need

for further investigation.

4.4 Z-SCORE MAPPING
The RS-700 data were used to develop z-score maps to identify spatial patterns in the data and

areas that may represent elevated radioactivity. The Ludlum Model 44-10 survey data were not

included in the z-score mapping.

The mean and standard deviation of each matrix data set for each housing area were calculated,
z-scores were computed, and color-coded maps were created. Three color divisions were used to
represent various ranges of z-score values. Areas with z-score values less than 2 (i.e., the value
of the scan data point at that location is less than the population mean plus two standard
deviations) are colored green. For the purposes of this survey, these areas are of no interest
statistically. Areas with z-scores between 2 and 3 are colored yellow, and areas with z-scores
greater than 3 are colored magenta. A magenta-colored area indicates a statistical probability
greater than 99% that the data point(s) may not belong to the same population as the rest of the
data set (i.e., potentially represents radioactive contamination or NORM rather than background
radioactivity). Further data analysis and field investigation usually are focused on areas with a z-
score greater than 3, which are radiological statistical outliers.
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The data were mapped using two different processes. Referred to as point mapping, each data
point was essentially mapped as a color dot approximately 0.8 m in diameter representing the z-
score value as a point in space. Referred to as contour mapping, the data also were mapped
using an inverse distance weighting process. The process involves creating a regularly spaced
grid and assigning values to every spot on the grid. The grid spacing and the values assigned at
the grid nodes determine what the contour plot looks like. Grid node values are assigned using a
weighted average based on the inverse square law, which generally is used to describe how
radiation levels drop off with distance from a source. Once the grid is complete, color-coded
contours are created from grid node values within the specified ranges of values. (See the three-
color z-score contour maps shown on Figures 3 through 6, and 8.)

For each housing area, a color-coded map was created for each matrix using both the point and
contour mapping processes. The three matrix maps developed using each mapping process were
overlain to create a combined map for the housing area. The three matrix maps and the
combined map for each of the two mapping processes (8 maps total) prepared for each housing
area are found in Appendices L through O.

Each color-coded map is an amalgamation of “dots” spatially representing readings collected by
an instrument approximately 0.15 m by either 0.45 or 0.9 m wide, depending on the detector
configuration, and position-correlated based on GPS precision (generally £0.25 m, but may be
more depending on the satellites available to the GPS). Therefore, small uncolored areas on the
color-coded map are expected. They appear to be areas where data were not collected; i.e., data
gaps. In some instances, they represent obstructions where RS-700 data were not collected. In
other instances, they are artifacts of the mapping process and are displayed to preserve
authenticity in the presentation of the data.

With point mapping, the actual travel path of the RS-700 system, whether in the single or dual
detector configuration, is apparent. With contour mapping, the uncolored areas may represent
fence lines, transformers, trees, bushes, buildings, etc., where RS-700 data were not collected.
These areas were surveyed using the Ludlum Model 44-10 detector and are documented

separately by hand-written radiological surveys (Appendix F).
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45 FIELD OBSERVATIONS
Each housing area was walked down and field observations of site features (e.g., structures,

obstructions, materials) were recorded relative to apparent data gaps (uncolored areas) and
radiological statistical outliers on the z-score maps. A z-score map for each housing area
annotated with the field observations is found in Figures 3 through 6. The annotated maps
provide possible explanations of data gaps and radiological statistical outliers that may assist in
interpreting the mapped data.

Notations were made regarding possible explanations based on site features, matrices, and
obstructions. Trees, bushes, sheds, and other similar obstructions may or may not appear as data
gaps depending on a variety of factors including distorted GPS satellite signals causing a
scattered plot of data points and inadvertently obscuring the obstruction. In other instances, the
obstruction is clearly visible and evident from the walk-down of the area.

Site features appearing as data gaps include buildings, trees, bushes, sheds, mail box cluster
units, bus stops, and transformers. Other data gaps that can be explained include obstructions
such as parked cars on the day of the survey, playhouses, and debris-filled or overgrown
backyard areas. Where field observations did not provide useful information to explain data

gaps, field notes and photographs were researched.

In some instances “seams” appear in the data. For example, RS-700 data collected from two
different matrices side-by-side on different days, such as from a sidewalk next to a grassy area,
may result in a seam. The seam simply represents GPS signal distortion that may occur based on
the number of satellite signals being received by the GPS or the position of the satellites relative
to each other, both of which vary over time. Seams often appear along a fence line or other fixed
boundary where the distortion appears as a thin, straight-line data gap. Where the signal
distortion results in data overlap, there is no seam. Consequently, the fence line around one
building is clearly evident while the fence line around another building does not appear as a data

gap at all.

Field observations readily explain some radiological statistical outliers based on their location,
size, and shape (e.g., asphalt patches in the street, sandboxes, and replacement concrete). In

some cases during data collection, the detector passes over dissimilar matrices, resulting in what
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appears to be a radiological statistical outlier, but actually is just the manifestation of the
dissimilar matrices plotted on the z-score map. As an example, a rectangular-shaped area with a
z-score greater than 3 on the z-score map that corresponds to the location of a sandbox suggests
the sand versus soil matrix contributed to the radiological statistical outlier observed by mapping

the data.
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5.0 DATA GAPS

The following data gaps were identified as a result of data collection and analysis activities
performed as part of the radiological scoping survey.

5.1 REFERENCE AREAS
Two specific constraints were revealed when comparing the housing area matrix data sets to the

corresponding reference area data sets. First, the extremely large disparity in population sizes
between the reference area and the housing area data sets, as evidenced by the number of data
points, limits the robustness, and consequently the utility, of any statistical comparisons.
Second, the large number of housing area data set values that exceed the upper bound (z-score =
3) of the respective reference area data sets suggests dissimilarity of populations rather than

widespread radioactive contamination.

The housing area data sets represent areas that are tens of acres in size with populations of
hundreds of thousands of data points. Meaningful comparisons are dependent on reference areas
that include the full potential spatial variability in background concentrations. Due to the fact
that NSTI is an artificial island constructed using dredge spoils and other fill material, the
radioactivity levels of the native constituents vary across the island. Rather than (or in addition
to) comparing levels of measured radioactivity to a reference area population collected from
other parts of the island, the RS-700 data themselves can be used to provide a context for the
measured radioactivity relative to the local spatial variations in radionuclide concentrations. The
gamma spectral data embedded in the RS-700 data are equivalent in their information to tens of

thousands of soil samples.

While Cs-137 is a radionuclide of concern for portions of Site 12, a radiological screening
criterion for Cs-137 in soil has not been developed. Consequently, no specific conclusion could
be made regarding the relatively elevated concentration of Cs-137 reported in the composite
sample of run-off sediment collected along Avenue M near Building 461. The roadways and
surroundings are presently (as of November 2014) undergoing a comprehensive final status

survey.
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5.2 SITE 12 HOUSING AREAS
Data analysis identified data gaps in the Site 12 housing area data sets. The data gaps exist due

to the lack of information for specific geographical areas and/or of specific types of information
needed to support a decision. The supplemental field investigation performed for the 1400
housing area is a model that could be used for the other housing areas to:
o Determine whether the radiological statistical outlier locations are environmentally
significant, i.e., are readily detectable (or distinguishable from background) using

portable survey instrumentation such as a Ludlum Model 44-10 gamma scintillation
detector or a Ludlum Model 19 exposure rate meter; and

e Where readily detectable using portable survey instrumentation and isolatable as discrete
areas, investigate the radiological statistical outlier location to confirm the presence (or
absence) of:

o Discrete radioactivity (e.g., LLRO, radioactively contaminated soil); and
o Ra-226 concentrations in soil above the radiological screening criterion.

Where field observations (see Section 4.5) do not provide a reasonable explanation or
confirmation is needed, an investigation involving additional graphical data review and data
collection, i.e., localized gross gamma scans, exposure rate measurements, and soil sampling,
can be performed to determine whether graphical or statistical anomalies represents Navy legacy
material or are radiological artifacts of the island unrelated to Navy operations. For example,
observed non-normality, skew or outliers in the data population, or indications of multiple
populations can be isolated and mapped to identify the location(s) of their origin, followed up by
field observations and additional data collection, as necessary. Small, discrete areas may
represent buried LLROs or something as simple as a buried fire brick or other naturally
occurring radioactive source. Larger areas may simply represent dissimilar fill material or,

possibly, non-discrete sources of radioactive contamination.

5.2.1 1100 Housing Area
A data gap exists for radiation anomaly location 08 (see Figure 3). No LLRO was recovered,;

however, the soil sample collected reported a Ra-226 concentration of 2.0 pCi/g, which is above
the radiological screening criterion. Further investigation is needed to define the extent of the

elevated radioactivity.
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Data analysis suggests the need for further investigation of the soil and concrete matrices in the
1100 housing area. Graphical review of the data reveals a non-normality in the soil matrix data
set which is evident when the data are plotted on a cumulative frequency diagram (see Figure 9),
as well as a negative skew in the data which is evident when the data are plotted on a frequency
plot (see Figure 10). In addition, z-score mapping of the data reveals several radiological
statistical outlier locations in both the soil and concrete matrices (see Figure 3).

5.2.2 1200 Housing Area
Data gaps exist for radiation anomaly locations 07, 10, and 11 (see Figure 4). An LLRO was

recovered at each of the locations. Soil samples reported Ra-226 concentrations above the
radiological screening criterion, ranging from 3.5 to 31 pCi/g. Further investigation is needed to
define the extent of the elevated radioactivity.

Data analysis suggests the need for further investigation of the soil, concrete, and asphalt
matrices in the 1200 housing area. Graphical review of the data suggests dissimilar populations
in the soil matrix and concrete matrix data sets and non-normality in the asphalt matrix data set,
which are evident when the data are plotted on a cumulative frequency diagram (see Figures 9,
11, and 13). In addition, z-score mapping of the data revealed several statistically outlying areas

(see Figure 4).

Regarding the statistical quantities computed for the three matrix data sets for each housing area,
the maximum value for the concrete matrix data set stands out as over twice as high as the
maximum value for any other data set (see Table 10). The larger standard deviation indicates
more variability in that data population than in those of the other housing areas, and may indicate
areas of elevated radioactivity. The mean and median values for the asphalt matrix data set are
unusually low relative to those for the other three housing areas, and are more consistent with
concrete than asphalt. The relatively small standard deviation for the 1200 housing area data set
indicates a narrow peaked distribution. Further investigation of this dissimilarity among the

housing area data sets may be warranted.

5.2.3 1300 Housing Area
Data gaps exist for radiation anomaly locations 01, 02, and 03 (see Figure 5). An LLRO was

recovered at one location. Soil samples from all three locations reported Ra-226 concentrations
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above the radiological screening criterion, ranging from 2.2 to 7.1 pCi/g. Further investigation is
needed to define the extent of the elevated radioactivity.

Data analysis suggests the need for further investigation of the soil, concrete, and asphalt
matrices in the 1300 housing area. Graphical review of the data suggests non-normality in the
soil matrix and concrete matrix data sets and dissimilar populations in the asphalt matrix data set,
which are evident when the data are plotted on a cumulative frequency diagram (see Figures 9,
11, and 13). A bimodality appears in the asphalt matrix data set when the data are graphed on a
frequency plot (see Figure 14). In addition, z-score mapping of the data revealed several

statistically outlying areas in both the soil and concrete matrices (see Figure 5).

Regarding the statistical quantities computed for the three matrix data sets for each housing area,
the mean and median values for the asphalt matrix data set are unusually high relative to the
other three housing areas (see Table 10). The relatively large standard deviation of the data set
indicates a relatively flat distribution with a large amount of variability within the population,
which may indicate areas of elevated radioactivity. Further investigation of this dissimilarity
among the housing area data sets may be warranted.

5.2.4 1400 Housing Area
A data gap exists for radiation anomaly location 14 (see Figure 6). An LLRO was recovered at

the location and the soil sample reported a Ra-226 concentration of 5.3 pCi/g, which is above the
radiological screening criterion. Further investigation is needed to define the extent of the
elevated radioactivity.

Data analysis suggests the need for further investigation of the soil and asphalt matrices in the
1400 housing area. Graphical review of the data suggests the presence of outliers in the soil
matrix data set when the data are plotted on a cumulative frequency diagram (see Figure 9). A
bimodality appears in the asphalt matrix data set when the data are graphed on a frequency plot

(see Figure 14).

The mean and median values for the 1100, 1200, and 1300 housing area soil matrix and concrete
matrix data sets indicate general uniformity in measured radiation levels across the three housing

areas (see Table 10). The mean and median values for the 1400 housing area are slightly higher
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for both matrices. This departure does not appear to have a ready explanation. Further
investigation of this dissimilarity among the housing area data sets may be warranted.

5.3 TRANSPORTATION ROUTES BETWEEN SITE 12 AND SITE 6
Data collection and analysis did not reveal the presence of radioactive contamination on the

street surfaces of the selected transportation routes between Site 12 and Site 6 from the former
practice of transporting excavated soil from Site 12 to Site 6 via dump trucks and front-end
loaders. However, other data gaps were identified.

The composite sample of run-off sediment collected along the south side of Avenue M reported a
Cs-137 concentration of 0.48 pCi/g. For comparison purposes, the other 30 samples collected
around Site 12 reported Cs-137 concentrations as non-detect or less than 0.05 pCi/g. Further
assessment of the reported Cs-137 concentration is needed.

Graphical and statistical anomalies are present in the gross gamma scan and beta static
measurement data sets. While z-score mapping of the gross gamma scan data did not reveal
statistically outlying areas (i.e., areas with a z-score greater than 3), graphical review of the data
suggests the presence of two separate populations, which are evident in the data plotted on both a
cumulative frequency diagram and a frequency plot (see Figure 15). This is the same for the beta
static measurements (see Figure 16). These dissimilarities may be due to asphalt constituent

materials and/or underlying soil composition, including subsurface contamination.
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6.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Guidance from the Multi-Agency Radiation Survey and Site Investigation Manual (DoD, 2000)
was used to develop a radiological scoping survey to obtain site-specific information for Site 12
based on a limited number of measurements, with the ultimate goal of obtaining radiological

clearance of Site 12.

6.1 PRINCIPAL OBJECTIVE
The principal objective of the radiological scoping survey was to determine if residual

radioactivity requiring remediation is present, and to provide design input for subsequent surveys
(either characterization or final status surveys). In accordance with the DQOs, the principal
study question for this radiological scoping survey was: “Is residual radioactivity requiring
remediation present?” The resolution of the principal study question allows one of two
conclusions to be drawn. The first conclusion is that the levels of residual radioactivity meet the
radiological screening criteria and the area is suitable for subsequent surveys to be performed
with the ultimate goal of obtaining radiological clearance of Site 12. The collected data do not
support that conclusion. The second conclusion, which the data do support, is that levels of
residual radioactivity exist that exceed the radiological screening criteria and may require

remediation or additional data collection based on consultation with the Navy.

Residual radioactivity requiring remediation (i.e., exceeding the radiological screening criteria)
was identified in several areas of Site 12. The principal objective is considered to have been

met. Seven specific recommendations for follow-on activities are presented.

6.1.1 Reference Areas
The existing reference areas for the former NSTI lack valuable characteristics that limit their

utility in assessing gross gamma scan and soil sample data collected as part of the radiological
scoping survey. The following specific recommendation is made.
1. Develop and qualify reference areas of suitable size and material composition (i.e., soil,

concrete, and asphalt) for use with gross gamma scan data collected from the Site 12
housing areas.
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6.1.2 Site 12 Housing Areas
Data analysis suggests the need for further investigation and characterization of Site 12 housing

areas in order for the Navy and regulatory agencies to make decisions for future property use.
The following recommendations are made specific to the Site 12 housing areas.
1. Investigate radiation anomaly locations 03, 04, 05, 07, 08, 10, 11 and 14 to define the
extent of the area with Ra-226 concentrations above the radiological screening criterion.

2. Investigate the graphical and statistical anomalies observed within the housing area
matrix data sets to determine whether they represent Navy legacy material or are
radiological artifacts of the island unrelated to Navy operations.

3. 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.

6.1.3 Transportation Routes Between Site 12 and Site 6

Data collection and analysis activities do not suggest the need for further investigation regarding
the presence of radioactive contamination on the street surfaces of the transportation routes
between Site 12 and Site 6 from the former practice of transporting excavated soil from Site 12
to Site 6 via dump trucks and front-end loaders. Further investigation specific to the relatively
elevated concentration of Cs-137 reported in the composite sample of run-off sediment collected
along Avenue M near Building 46, and the graphical and statistical anomalies observed in the
gross gamma scan and beta static measurement data sets is currently underway as part of the
final status survey of IR Site 6.

6.2 SUPPPORTING OBJECTIVE
A supporting objective of the radiological scoping survey was to identify areas with elevated

radiation levels where public health and safety concerns requiring immediate response may exist.
The process, using alarm set points and a response threshold, was effective in identifying areas
exceeding the action level. Areas exceeding the action level were investigated, including
discrete locations where LLROs were recovered and Ra-226 soil concentrations were found to
exceed the radiological screening criterion. Elevated radiation levels were reduced below the
action level, excluding those due to objects containing NORM not associated with legacy Navy

operations.
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Radiation levels at Site 12 pose no health risk beyond that associated with routinely encountered
background levels. The supporting objective is considered to have been met and there are no

follow-up recommendations.
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Figure 1
Site 12 and Transportation Routes
Between Site 12 and Site 6
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Figure 3
1100 Housing Area
Annotated Z-Score Contour Map
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Figure 4
1200 Housing Area
Annotated Z-Score Contour Map
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Figure 5
1300 Housing Area
Annotated Z-Score Contour Map
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Figure 6
1400 Housing Area
Annotated Z-Score Map
(Post-Supplemental Investigation)
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Field Change Request Gm

Project Name: Radiological Scoping Surveys Page 1 of 2

Project No./Task Code: 07204.0006 Field Change No.: 04
Part 1 — Proposed Change

Applicable Document(s): Document Date:

Revised Final Task-Specific Plan, Radiological Survey of Site 12 and Selected August 2013

Transportation Routes, Naval Station Treasure Island, San Francisco, California (TSP)

Problem Description:

TSP Section 2.2 divides Site 12 into six Class 2 survey units and four Class 3 survey units based on available
information on areas where radioactive material was known to have been handled, i.e., the USS Pandemonium
Site | (NW), and where radioactive material has been found to exist above background concentrations, i.e.,
SWDAs. In addition, TSP Section 2.2 calls for data analysis to be performed and a separate decision made for
each survey unit as to its need for remediation and/or additional data collection.

Once data collection began, field conditions were identified that suggested the information used to initially
classify and divide Site 12 into survey units does not represent the radiological condition of the site and is
incomplete at best. Radiation anomalies and radioactive objects were found in locations across the survey unit
divisions and classifications. Soil sampling results also identified elevated concentrations of Ra-226 across Site
12. Therefore, the survey units presented in TSP Section 2.2 may not be consistent with the conceptual site
model. Their utility for analyzing the data and assessing the need for remediation and/or additional data
collection should be reassessed.

Recommended Solution:

The information used to initially classify and divide Site 12 into survey units was based on the HRA and various
surveys that have been performed over different portions of Site 12, including the SWDAs where radioactive
contamination has been found. The SWDAs were assumed to be the source of the radioactive contamination,
which contamination was assumed to be limited in proximity to the SWDA. Field conditions have shown this
assumption to be faulty and to not reflect the manner in which the radioactive material may have been dispersed
across Site 12. Therefore, it is an inadequate basis upon which to classify and divide Site 12 into survey units.

Grading and site preparation for construction of the housing units included mixing of the solid waste material with
fill and surface soil and spreading this mixture both within and outside the known SWDAs. Recognizing that
these activities where performed by housing area as each area was developed, it is proposed the data be
assessed housing area (vs. survey unit). This is presently thought to be the most homogenous grouping of the
data and best accommodate its analyses.

Clarification; D Minor Change: [ | Major Change: [/

[l

Impact on Present and Completed Work:

The recommended change requires the data be grouped by housing area instead of survey unit. The collected
data will be assessed in the same manner as prescribed in the TSP. The analyses to be performed and the
decisions to be made regarding the need for remediation and/or additional data collection remain the same. This
does not change the field effort.

Requested by: Title: Date:
Jerry Cooper Project RSO 11 Aug 2014




Field Change Request Gm

Project Name: Radiological Scoping Surveys Page of 2
Project No./Task Code: 07204.0006 Field Change No.: 04
Part 2 — Technical and Management Review/Approval
Gilbane Technical Reviewer
Approved: @ Rejected: D
Comments:
Name (print) and Signature: Date:
John Baur 8/11/14

Gilbane Project Manager

Approved: @ Rejected: D

Is client approval required?  Yes No D If yes, Part 3 should be completed

O&

Is this a change to field efforts?  Yes No @ If yes, Part 5 should be completed.

Comments:
Name (print) and Signature: Date:
Part 3 — Client Approval (required if marked above)
Approved: @ Rejected: D
Comments:
Name (print) and Signature: Date:

+ /__,—7 3 .
DA\«"I\@/“C Javidax '724&/ / Z 12-08-14

Part 4 — Final Resolution (completeﬁ by requestor)

Description of Implemented Solution:

Name (print) and Signature: Date:

Part 5 — Verification That Approved Changes Have Been Implemented (for field efforts only)

Gilbane Field Team Lead or Project QC Manager

Comments:

Name (print) and Signature: Date:

Field Change Request 110813




Final Radiological Scoping Survey Report
IR Site 12 and Selected Transportation Routes
Former Naval Station Treasure Island, San Francisco, California

APPENDIX B
SURVEY INSTRUMENTATION DATA

DCN #: 1TSI-0808-0006-0035



ITSI

DAILY SOURCE CHECK / EXPOSURE RATE INSTRUMENTS

CONTRACTNO/TONO PROJECT TITLE / LOCATION: ITSI GILBANE PROJECT NO: |SET-UP DATE:
N62473-10-D-0808 / 0006 Rad Scoping Surveys / Treasure Island 7204.0006 9/5/2013
Instrument; Bicron S/N: BO74T Cal. Date: 8/21/2013 Cal. Due: 8/21/2014
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