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1.0 INTRODUCTION

Appendix B to the Old Church Rock Mine (OCRM) Removal Assessment Report (hereafter
referred to as the main report) presents the data validation and verification methods and results of
the 2022 field investigation in-field gamma radiation surveys at OCRM in New Mexico. Tetra Tech
Inc. (Tetra Tech) adhered to quality assurance (QA) and quality control (QC) procedures regarding
in-field gamma measurements in accordance with the U.S. Environmental Protection Agency
(USEPA) approved Removal Assessment Sampling and Analysis Plan (SAP) (Tetra Tech 2022).
QA includes qualitative factors that provide confidence in results, while QC involves quantitative
field evidence that supports validity of results. Tetra Tech uses data quality indicators as
recommended in the Multi-Agency Radiological Laboratory Analytical Protocols Manual
(MARSSIM) (USEPA 2000) and the Multi-Agency Radiological Laboratory Analytical Protocols
Manual (MARLAP) (USEPA 2004) to ensure acquisition of data by use of reliable gamma
radiation detection instrumentation (detectors), and that those data meet quality requirements for
their intended end use.

Contract No. EP-S9-17-03, Task Order 0035 B-1
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2.0 OVERVIEW OF IN FIELD GAMMA RADIATION SURVEYS

This section provides overviews data quality needs that detectors must satisfy.
2.1 GAMMA RADIATION DETECTION INSTRUMENTATION

Gamma radiation surveys proceeded by use of Ludlum Model 44-10 2- by 2-inch sodium iodide
(Nal) detectors, each coupled to either a Ludlum Model 3000 or Ludlum Model 2221r
ratemeter/scaler set in ratemeter mode. The ratemeter/scalers were coupled with a Juniper

Mesa 2 field computer and the sub-meter accurate Geode GNS2 Global Positioning System
(GPS) receiver. The Nal detector was positioned 1 meter above ground surface (ags). Gamma
radiation surveys occurred at a rate of approximately 1 meter per second. Gamma count rate
measurements and associated geospatial coordinates were recorded every second.

High-pressure ionization chamber (HPIC) surveys were performed by use of a Reuter-Stokes
RS-S131-200-ER000 HPIC. Data collected by the HPIC are stored internally where the data can
be transferred to a computer for viewing. HPIC surveys were conducted at static locations at a
height of 1 meter ags for a duration of 10 minutes.

Table B-1 lists Nal detector and datalogger types for each detector setup during field work, and
the corresponding serial number for each.

Table B-1. Gamma Radiation Detection Instrumentation Used during Field Investigation

Nal Detector Datalogger
Instrument Description System Serial Serial
Name ID Model eria Model eria
Number Number
Orange | Juniper Geode/ | 4 || \4jum 44-10 | PR355810 | Ludlum 3000 | 25018543
Detector Mesa 2
Red Detector J“”',{’Aeersg";de/ 33 | Ludlum 44-10 | PR406319 | Ludlum 3000 | 25020102
Blue Detector J“”',{’Azrsg?de/ 26 | Ludlum 44-10 | PR150857 | Ludlum 3000 | 25016973
Green | Juniper Geode/ | 35 || | glum 44-10 | PR295014 | Ludium 3000 | 25017006
Detector Mesa 2
Yellow Juniper Geode/ 5 | Ludlum 44-10 | PR355771 | Ludlum 3000 | 25018610
Detector Mesa 2
Black Detector J“”',‘\’Azrsg‘?de/ 1 Ludlum 44-10 | PR399729 | Ludium 2221 | 254783
White | Juniper Geode/ | 44 || yglym 44-10 | PR375296 | Ludlum 2221 | 117357
Detector Mesa 2
et Description SR Model Serial Number
Name ID
Reuter-Stokes
) HPIC ) RS-5131-200-ER000 1001321
Notes:

HPIC  High-pressure ionization chamber
Nal Sodium iodide

Contract No. EP-S9-17-03, Task Order 0035 B-2



Appendix B: Gamma Verification and Validation Report

2.2  SURVEYS PERFORMED

The OCRM 2022 field investigation was designed to acquire scoping level data in conformance
to Standard Operating Procedure (SOP) No. 002, “Performing a GPS-Based Gamma Radiation
Survey” included as Attachment B-1. Scoping level data aided development of assumptions
pertaining to design of an upcoming characterization level data investigation. QA/QC
requirements are more stringent for characterization level data; however, detectors were assessed
according to both characterization level and scoping level QC Criteria as discussed in

Section 4.0. Areas investigated during gamma radiation survey activities were as follows:

e The fenced area

e The area adjacent to and northeast of the site

e The area adjacent to and east and southeast of the site across State Route 566
e The unnamed arroyo adjacent to the site

e Haul roads including State Route 566 and Blackrock Road

e Residential yards near the site.

Presence of windblown contamination from waste piles on the site is also possible, and therefore
radial surveys originating from the center of the site were conducted in eight Cardinal directions. In
areas adjacent to the fenced portion of the site where stepout investigations were necessary,
gamma radiation survey investigation levels (IL) determined from the background study areas
(BSA) per Section 4.1 of the main report were referenced to determine when surface
contamination had been laterally delineated. Table B-2 lists gamma scan surveys conducted and
instrumentation used.

Table B-2. Gamma Scan Surveys Performed and Instrumentation Used

Orange Red Blue Green Yellow Black White

Gamma Survey Detector | Detector | Detector | Detector | Detector | Detector | Detector

Lateral Delineation
(Includes main site,
homesite, drainage,
and road surveys)

Radial Scans X X

Background Study
Areas (BSAs)

Gamma-Radium
and Exposure Rate X
Correlation Plots?
Static Soil Sampling X

Static BSA Soils X

Attachment B-2 provides the detector and meter serial numbers and dates of use at the site. Also
included within Attachment B-2 are the file names created for each gamma scan as well as the
users who performed the gamma scans. Attachment B-3 includes the raw gamma survey data
outputs from each device for all useable gamma survey data.

Contract No. EP-S9-17-03, Task Order 0035 B-3
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3.0 QUALITY ASSURANCE AND QUALITY CONTROL

This radiological survey project incorporated data QA/QC protocols developed to achieve
guidelines established by MARSSIM (USEPA 2000). In general, QA includes qualitative factors
that provide confidence in results, while QC involves quantitative field evidence that supports
validity of results. Data quality indicators as recommended in MARSSIM (USEPA 2000) and
MARLAP (USEPA 2004) were used to ensure reliability and sufficient quality of acquired data.
Attachment B-4 presents the QA/QC procedures for gamma radiation surveys. This section
discusses QA/QC methods and results.

3.1 DETECTOR CALIBRATION

An important QA protocol for in-field gamma radiation surveys is detector calibration. All
detectors used in the gamma radiation surveys had been calibrated in accordance with the
American National Standard Radiation Protection Instrumentation Test and Calibration,
Portable Survey Instruments (American National Standards Institute [ANSI] 1997). Calibration
of a detector is required (1) prior to initial use, (2) at least annually, and (3) after any scheduled
or unscheduled maintenance or repair that may affect its operation. Recalibration is not necessary
after general maintenance of detectors, such as cleaning, painting, and changing of buttons.

All detectors utilized during field work had been factory-calibrated within the previous 12
months and no detector underwent maintenance between the time of calibration and time of use.
Copies of factory calibration documentation for all detectors used during the survey are in
Attachment B-5.

3.2  PRE-AND POST-SURVEY QUALITY CONTROL AND RESULTS

This subsection summarizes methods and results of QC analyses of detectors used during the
gamma radiation survey. The QC protocol involved pre-survey and post-survey QC checks, and
daily function QC checks. The purpose of these QC analyses is to show the comparability of the
detectors and that the functionality of the instruments did not change over the course of the
fieldwork. QC data measurements were recorded from all detectors used during the survey. See
Section 4.2.1 for a discussion of data validation.

3.2.1 Pre-Survey and Post-Survey Quality Control Methodology and Quality Control
Criteria

Each detector anticipated for use during the gamma radiation survey underwent pre-survey and
post-survey QC checks at an indoor location. The purpose of these measurements was to
quantify consistency of readings among detectors under controlled conditions with consistent
geometry and location before (pre-survey) and after (post-survey) removal assessment field
activities. For both the pre-survey and post-survey, 1,000 background counts (no source) and
1,000 Cesuim-137 (Cs-137) counts were collected with each detector. The exception to this was
the white detector which collected 951 pre-survey background counts. Pre-survey QC checks of
all seven detectors occurred during November 10 and 11, 2022. Post-survey QC checks of all
seven detectors occurred on November 28, 2022. All QC checks took place in the Tetra Tech
Fort Collins, Colorado office, with a setup similar to that shown on Figure B-1.

Contract No. EP-S9-17-03, Task Order 0035 B-4
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The following four steps were necessary for the pre-survey QC checks, and the four associated
QC Criteria must have been met to allow use of a detector for gamma surveys:

e QC Criterion 1: The mean of all background measurements and all Cs-137 source
measurements is calculated. Then the mean of all detector-specific background
measurements and Cs-137 measurements is calculated. The relative percent difference
(RPD) between mean detector-specific measurements and the mean measurements from
all detectors is then calculated. For each detector, this RPD must be less than 5 percent to
allow use of a detector in characterization level gamma surveys, or 10 percent to allow its
use in scoping level gamma surveys.

e QC Criterion 2: For each detector, the RPD is calculated between the mean background
and the mean background of the detector that deviates the most from the detector being
tested. The RPD is calculated again between the mean Cs-137 measurement. The RPD
must be less than 10 percent for use of a detector for characterization level and scoping
level gamma surveys.

e QC Criteria 3: The Relative Standard Deviation (RSD) is calculated for the mean
background and Cs-137 source measurements for each detector. The RSD must be less
than 5 percent for use of a detector in characterization level gamma surveys, or
10 percent for use of a detector in scoping level gamma surveys. RSD is also known as
the coefficient of variation, but herein exclusively will be referred to as RSD.

e QC Criterion 4: Pre-survey measurements are plotted on a histogram and inspected to
ensure they follow a normal distribution curve. First the normal Q-Q probability of the
pre-survey and post-survey background and Cs-137 source measurements is plotted.
Normal-fitted frequency histograms of the pre-survey and post-survey background and
Cs-137 source measurements then are plotted. A side-by-side analysis of pre-survey and
post-survey measurements on a histogram allows an inspection of the normality of the
distribution. Following are the qualitative characteristics evaluated for whether a
detector’s measurements are normal:

a. Middle/highest point on histogram is the only identifiable peak.
b. Peak of the normal curve aligns with the peak point of the histogram.

c. Slopes of normal probability plots look approximately equal.

If any detectors deviate from these QC criteria, they will be re-evaluated by repetition of the
1,000 background and Cs-137 source measurements. If the deviations from QC criteria are
repeatable, the detector will be sent back to the vendor for replacement. Detectors that meet the
QC criteria can be used for either characterization level or scoping level gamma surveys, based
upon the specific QC criteria they meet.

Upon successful completion of planned gamma surveys, a set of identical measurements in the
same laboratory setting, hereafter referred to as post-survey measurements, will occur. Post-
survey measurements will be completed by application of the same procedures as for the pre-
survey measurements, including uses of the same location, Cs-137 (or equivalent source), and
geometry. Following completion of the post-survey measurements, QC criteria 1 through 4 will

Contract No. EP-S9-17-03, Task Order 0035 B-5
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again be evaluated. In addition to the four pre-survey criteria, the following two criteria will be
evaluated during post-survey QC checks:

e QC Criterion 5: The RPD between the mean pre-survey background gamma count rate
and the mean post-survey background gamma count rate measurement should not exceed
5 percent for characterization data and 10 percent for scoping data.

e QC Criterion 6: The RPD between the mean pre-survey Cs-137 source gamma count
rate and the mean post-survey Cs-137 source gamma count rate measurement should not
exceed 5 percent for characterization data and 10 percent for scoping data.

Any detector deviating from these post-survey QC criteria will be re-evaluated by repetition of
the 1,000 background and Cs-137 source measurements. If deviations from the QC criteria are
repeatable, the gamma survey data collected from the detector(s) deviating from the QC criteria
will be compared to data from other detectors and possibly removed from the final dataset.

Figure B-1 shows the setup for a pre-survey QC background check.

Figure B-1. Photograph of Pre-Survey QC Background Check
3.2.2 Pre-Survey Comparability Results

Table B-3 summarizes statistics of pre-survey QC measurements by each detector. The RPD
between the mean of all detectors addresses QC Criterion 1, the RPD between the mean of
individual detectors addresses QC Criterion 2, and the RSD addresses QC Criterion 3. All
detectors passed QC Criteria 1 through 3 for scoping level data. QC Criterion 4 is addressed in
Section 4.2.1.

Figure B-2 and Figure B-3 show interval plots of the mean of pre-survey background
measurements and Cs-137 source measurements, respectively, for each detector. The mean of
each detector is plotted as a point within plotted lines representing the mean of all detectors’
measurements, a difference from the mean of 5 percent, and a difference from the mean of

10 percent.

Contract No. EP-S9-17-03, Task Order 0035 B-6
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Table B-3. Summary Statistics of Pre-Survey QC Background and Cs-137 Source
Calculations

Pre-Survey Background Calculations

Standard RPD Between RPD
# of Mean | Median . - Mean of Between
Instrument Name Deviation | RSD . .
Counts | (cpm) | (cpm) (cpm) Individual Mean of All
P Instruments’ | Instruments
Orange Detector 1,000 | 15,125 | 15,100 590 3.9% 9.0% 3.5%
Red Detector 1,000 | 15,163 | 15,200 581 3.8% 8.8% 3.3%
Blue Detector 1,000 | 16,226 | 16,200 589 3.6% 7.0% 3.5%
Green Detector 1,000 | 15,702 | 15,700 989 6.3% 5.3% 0.2%
Yellow Detector 1,000 | 15,600 | 15,600 581 3.7% 5.9% 0.5%
Black Detector 1,000 | 16,555 | 16,399 830 5.0% 9.0% 5.6%
White Detector 951 15,339 | 15,316 648 4.2% 7.6% 2.1%
Pre-Survey Cs-137 Source Calculations
Standard RPD Between | Instrument
# of Mean | Median . Mean of RPD From
Instrument Name Deviation | RSD ..
Counts | (cpm) | (cpm) (cpm) Individual Mean of All
P Instruments’ | Instruments
Orange Detector 1,000 | 28,764 | 28,800 817 2.8% 3.8% 1.4%
Red Detector 1,000 | 29,215 | 29,200 774 2.6% 2.2% 0.1%
Blue Detector 1,000 | 29,265 | 29,300 742 2.5% 2.1% 0.3%
Green Detector 1,000 | 28,646 | 28,600 1,306 4.6% 4.2% 1.8%
Yellow Detector 1,000 | 29,091 | 29,100 768 2.6% 2.6% 0.3%
Black Detector 1,000 | 29,406 | 29,447 1,173 4.0% 2.6% 0.8%
White Detector 1,000 | 29,870 | 29,874 789 2.6% 4.2% 2.4%
Notes:
1 RPD was calculated between the two instruments with the greatest difference in average cpm.
cpm Counts per minute
Cs-137 Cesium-137
QC Quality control
RPD Relative percentage deviation
RSD Relative standard deviation
Contract No. EP-S9-17-03, Task Order 0035 B-7
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Figure B-3. Interval Plot of Pre-Survey Cs-137 Source Measurements by Detector
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3.2.3 Post-Survey Comparability Results

Table B-4 summarizes statistics of post-survey QC measurements for each detector. The RPD
between the mean of all detectors addresses QC Criterion 1, the RPD between the mean of
individual detectors addresses QC Criterion 2, and the RSD addresses QC Criterion 3. All
detectors passed QC Criteria 1 through 3 for scoping level data. QC Criterion 4 is addressed in
Section 4.2.1.

Figure B-4 and Figure B-5 show interval plots of the mean of post-survey background
measurements and Cs-137 source measurements, respectively, for each detector. The mean of
measurements for each detector is plotted as a point within plotted lines representing the mean of
all detectors measurements, a difference from the mean of 5 percent, and a difference from the
mean of 10 percent.

Table B-4. Summary Statistics of Post-Survey QC Background and Cs-137 Source
Calculations

Post-Survey Background Calculations
Standard RPD Between RPD
# of Mean | Median . Mean of Between
Instrument Name Deviation | RSD . .

Counts | (cpm) | (cpm) (cpm) Individual Mean of All

P Instruments' | Instruments
Orange Detector 1,000 | 15,502 | 15,500 589 3.8% 5.3% 0.9%
Red Detector 1,000 | 15,797 | 15,800 554 3.5% 7.1% 1.0%
Blue Detector 1,000 | 16,219 | 16,200 590 3.6% 9.8% 3.7%
Green Detector 1,000 | 14,709 | 14,700 942 6.4% 9.8% 6.0%
Yellow Detector 1,000 | 15,659 | 15,700 562 3.6% 6.3% 0.1%
Black Detector 1,000 | 16,207 | 16,177 665 4.1% 9.7% 3.6%
White Detector 1,000 | 15,424 | 15,373 686 4.4% 5.0% 1.4%

Post-Survey Cs-137 Source Calculations
Standard RPD Between RPD
# of Mean | Median .. Mean of Between
Instrument Name Deviation | RSD . .

Counts | (cpm) | (cpm) (cpm) Individual Mean of All

P Instruments' | Instruments
Orange Detector 1,000 | 28,853 | 28,900 830 2.9% 5.2% 1.6%
Red Detector 1,000 | 28,823 | 28,800 755 2.6% 5.3% 1.7%
Blue Detector 1,000 | 29,976 | 29,900 776 2.6% 4.8% 2.2%
Green Detector 1,000 | 28,573 | 28,500 782 2.7% 6.1% 2.5%
Yellow Detector 1,000 | 29,324 | 29,400 1,346 4.6% 3.6% 0.0%
Black Detector 1,000 | 30,386 | 30,386 841 2.8% 6.1% 3.6%
White Detector 1,000 | 29,279 | 29,272 815 2.8% 3.7% 0.1%

Notes:
1 RPD was calculated between the two instruments with the greatest difference in average cpm.
cpm Counts per minute

Cs-137 Cesium-137

QC Quality control

RPD Relative percentage deviation

RSD Relative standard deviation
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3.2.4 Pre-Survey and Post-Survey Comparison and Distribution Analysis

Table B-5 summarizes statistics comparing pre-survey and post-survey QC measurements for
each detector. The RPD of means for the background mean comparison addresses QC
Criterion 5, and the RPD of means for the Cs-137 source mean comparison addresses QC
Criterion 6. All detectors passed QC Criteria 5 and 6 for scoping level data.

Figure B-6 through Figure B-33 show normal probability plots, and normal-fitted frequency
histograms with a normal distribution fitted curve showing pre-survey and post-survey QC
measurements for each of the seven detectors. A qualitative analysis of each normal probability
plot and histogram was completed.

Normal probability plots were developed displaying pre-survey and post-survey background QC
measurements, and pre-survey and post-survey Cs-137 QC measurements side by side. The
normal probability plots were found to contain the majority of data within the three normality
prediction curves, thus demonstrating normality. Most data falling outside of the normality
prediction curves can be attributed to bin sizes of the histograms. This is well within expected
measurement deviation from normality for detectors, and acceptable for the use of all detectors
except for the white detector. Analysis of the white detector and black detector pre-survey
background measurements found that both detectors tend in frequency toward measurements
below the mean; however, it was decided that each detector is acceptable for scoping level data
acquisition.

Histograms were developed displaying pre-survey and post-survey background QC
measurements, and pre-survey and post-survey Cs-137 QC measurements side by side. A normal
distribution fitted curve was transposed over the plotted QC measurements allowing comparison
of QC measurements with a normal distribution. It was found that QC measurements were
substantially contained within the normal distribution fitted curve, and typically fell outside of
the curve only when displays showed an exaggerated number of readings because of the size of
bins used. This is well within expected measurement deviation from normality for detectors, and
acceptable for use of detectors.

Contract No. EP-S9-17-03, Task Order 0035 B-13
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T

Table B-5. Intra-Detector Comparison of Pre-Survey and Post-Survey QC Background
and Cs-137 Source Statistics

Background Mean Comparison

Instrument Name

Pre-Survey Mean (cpm)

Post-Survey Mean (cpm)

RPD of Means (%)

Orange System 15,125 15,502 2.5%
Red System 15,163 15,797 4.1%
Blue System 16,226 16,219 0.0%

Green System 15,702 14,709 6.5%

Yellow System 15,600 15,659 0.4%
Black System 16,555 16,207 21%

White System 15,339 15,424 0.5%

Cs-137 Source Mean Comparison

Instrument Name

Pre-Survey Mean (cpm)

Post-Survey Mean (cpm)

RPD of Means (%)

Orange System 28,764 28,853 0.3%
Red System 29,215 28,823 1.4%
Blue System 29,265 29,976 2.4%

Green System 28,646 28,573 0.3%

Yellow System 29,091 29,324 0.8%
Black System 29,406 30,386 3.3%

White System 29,870 29,279 2.0%

Notes:

cpm  Counts per minute
RPD Relative percent difference
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Figure B-30. Normal Probability Plot of White Detector Pre- and Post-Survey Background

Figure B-31. Normal-Fitted Frequency Histogram of the White Detector Pre- and Post-Survey
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Figure B-32. Normal Probability Plot of White Detector Pre- and Post-Survey Cs-137 Source

Figure B-33. Normal-Fitted Frequency Histogram of the White Detector Pre- and Post-Survey Cs-137
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3.3  DAILY FUNCTION QUALITY CONTROL AND RESULTS

Under the QC program, factory-calibrated detectors must also meet on-site daily function QC
checks. Daily function QC checks are measurements to verify detector performance each time a
detector is used (USEPA 2000). These checks occurred at a pre-determined background
reference area not impacted by site activities. For this project, daily function QC checks were
performed in Gallup, New Mexico, within Room 214 of the Gallup IHG Hotel. Field test strips
for detectors were not used during this project. Attachment B-6 includes the daily function check
forms used to document daily function QC checks.

The following three steps must occur during daily function QC checks, and the three associated
QC Criteria must be met each day after use of a detector to collect characterization or scoping
level data:

e Daily QC Criterion 1: Daily function QC checks consist of collecting 60 background
and 60 Cs-137 source measurements from each detector used during daily survey
activities. The mean of the 60 background and the mean of the 60 Cs-137 source
measurements is then calculated. These QC measurements should be performed at the
same location each day, or at a location as similar as possible to the previous daily
function check location if unforeseen circumstances preclude function checks at the same
location as the previous day. These steps constitute Daily QC Criterion 1.

e Daily QC Criterion 2: For each detector, the difference between the respective means of
the 60 Cs-137 source data and 60 background measurements is then calculated. This
difference is called the daily net count. Daily net count for each detector then is compared
to the mean of the pre-survey net counts. Any detector with a daily function QC
measurement result falling outside 20 percent of the mean of pre-survey QC net
measurements will require investigation. A detector exceeding control limits on any QC
check may be replaced with a pre-qualified spare detector and flagged for evaluation,
repair, and recalibration.

e Daily QC Criterion 3: For normally distributed data, 99 percent of all measurements are
expected to fall within 3 standard deviations from the mean. Any detector with a QC
measurement result falling outside 3 standard deviations from the mean of all daily QC
measurements requires investigation. A detector exceeding control limits on any QC
function check (background, field strip, or source) will be replaced with a pre-qualified
spare detector and sent back to the manufacturer for evaluation, repair, and recalibration.

During the OCRM investigation, QC measurements, including a background check and Cs-137
source check, were performed once daily for each detector used for gamma surveys, satisfying
daily QC Criterion 1. Table B-6 lists daily function QC check results for each detector. The mean
of the daily net counts was compared to the mean of the pre-survey net counts, and no mean of
daily net counts was found do exceed the mean of the pre-survey net counts by more than

20 percent, satisfying Criterion 2. The daily mean counts were compared to the mean counts for
all days beginning on day 3 for Cs-137 source counts, background counts, and net counts. No
daily background or Cs-137 source measurement mean was found to be more than 3 standard
deviations from the mean counts for all days. A data validation discussion of daily QC checks is
in Section 4.2.2.
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Figure B-34 is a QC chart of daily QC background measurements. Average background
measurements are displayed on a line accompanied on both sides by lines representing

three standard deviations above and below the mean of all daily background measurements.
Figure B-35 is a QC chart for the daily QC Cs-137 source measurements. Average Cs-137 source
measurements are displayed on a line accompanied on both sides by lines representing 3 standard
deviations above and below the mean for all daily Cs-137 source measurements.
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Table B-6. Summary of Daily QC Measurements

Orange Red Blue Green Yellow Black White'
Celey Background| Net e Background| Net CEelEly Background| Net Caley Background| Net e Background| Net e Background| Net Caley Background| Net
Date Source Source Source Source Source Source Source
Counts Counts Counts Counts Counts Counts Counts Counts Counts Counts Counts Counts Counts Counts
Counts (cpm) (cpm) Counts (cpm) (cpm) Counts (cpm) (cpm) Counts (cpm) (cpm) Counts (cpm) (cpm) Counts (cpm) (cpm) Counts (cpm) (cpm)
(cpm) (cpm) (cpm) (cpm) (cpm) (cpm) (cpm)
11/14/2022 | 17,659 5,059 12,600 | 17,595 5,235 12,360 | 18,314 5,325 12,989 | 17,738 5,191 12,547 | 17,441 5174 12,267 | 18,314 5,325 12,989 | 18,577 5,793 12,784
11/15/2022 | 17,671 5,180 12,491 | 17,719 5,300 12,419 | 18,280 5,547 12,733 | 17,869 5,143 12,726 | 17,761 4,941 12,820 | 18,280 5,547 12,733 | 17,603 6,119 11,484
11/16/2022 | 17,241 5,019 12,222 | 17,970 5,088 12,882 | 18,051 5,455 12,596 | 17,926 5,132 12,794 | 17,585 5,285 12,300 | 18,051 5,455 12,596 | 18,299 6,025 12,274
11/17/2022 | 17,880 5,461 12,419 | 17,495 5,325 12,170 | 18,784 5,915 12,869 | 18,162 5,276 12,886 | 17,770 5,302 12,468 | 18,784 5,915 12,869 | 18,703 6,611 12,092
11/18/2022 | 18,129 5,045 13,084 | 17,772 5,805 11,967 | 18,345 5,508 12,837 | 17,955 6,005 11,950 | 17,658 5,308 12,350 | 18,345 5,508 12,837 | 18,736 6,713 12,023
11/19/2022 | 17,652 5,242 12,410 | 17,926 5,694 12,232 | 18,577 5,768 12,809 | 17,500 5,494 12,006 | 17,614 5,645 11,969 | 18,577 5,768 12,809 - - -
11/20/2022 | 18,213 5,896 12,317 - - - - - - - - - - - - - - - - - -
Average 17,778 5,272 12,506 | 17,746 5,408 12,338 | 18,392 5,586 12,806 | 17,858 5,374 12,485 | 17,638 5,276 12,362 | 18,392 5,586 12,806 | 18,384 6,252 12,131
Standard
Deviation 330 315 282 184 279 310 255 216 133 223 337 408 123 228 279 255 216 133 469 394 469
(cpm)
Counts
Within 3
Standard
Deviations Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
of Mean
(Yes/No)
RSD 2% 6% 2% 1% 5% 3% 1% 4% 1% 1% 6% 3% 1% 4% 2% 1% 4% 1% 3% 6% 4%
Notes:

1 White QC attributed to 11/15/2022 actually performed the morning of 11/16/2022 prior to fieldwork
- Instrument not used

cpm
Cs-137
QcC
RSD

Counts per minute
Cesium-137

Quality control
Relative standard deviation
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Figure B-34. Daily QC Check Control Chart — Background Measurements
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Figure B-35. Daily QC Check Control Chart — Cs-137 Source Measurements
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4.0 VALIDATION AND VERIFICATION OF INSTRUMENT OPERATION

This section discusses validation and verification of the in-field gamma radiation surveys.
4.1 CALCULATIONS

The following calculations are used to assess precision or comparability. Precision is an indicator
of repeatability and reproducibility and can be assessed by evaluating primary and duplicate
measurements or datasets. Comparability refers to how well detectors compare to each other so
they can be interchanged in the field. The data validation methods used to evaluate the precision
or comparability are RSD and RPD.

The RSD was used for evaluation of pre-survey and post-survey gamma exposure rate
measurements and daily QC checks. The RSD of the sample mean is used to assess method
precision. The equation for calculating RSD is:

o
RSD =—x100
U
where:
RSD = relative standard deviation for the precision measurement of gamma
radiation counts per minute (cpm)
o = standard deviation of gamma radiation cpm
U = mean concentration of gamma radiation cpm

The RPD was used for pre-survey and post-survey gamma exposure rate measurements. RPD
was calculated for detectors with the greatest difference in mean gamma radiation cpm, giving
the highest possible RPD for each detector. The equation for RPD is:

RPD(%) = 15=D1 100
Y7 +D)
2
where:
RPD = relative percent difference between detectors mean gamma radiation cpm
S = value of the first detectors mean gamma radiation cpm
D = value of the detector with the greatest difference in mean gamma radiation

cpm from the first detector’s mean gamma radiation cpm
4.2 VALIDATION

Validation of in-field data involves a technical review comparing QC data with established
quality criteria to ensure adequacy of data for intended use. The primary validation provided here
involves pre-survey and post-survey QC checks in the office, and daily function QC checks in
the field.
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4.2.1 Pre-Survey and Post-Survey Validation

Methods and results of pre-survey and post-survey QC checks are in Section 3.2.1. The OCRM
investigation is a scoping level gamma survey, and detectors were compared according to these
specific criteria. Data validation project quality criteria for pre-survey and post-survey are

as follows:

e QC Criterion 1: The RPD between each detector and the detector with the greatest
difference in mean background measurements must be less than 5 percent to allow use of
a detector in characterization level gamma surveys, or 10 percent to allow use of a
detector in scoping level gamma surveys. This was achieved.

e QC Criterion 2: The RPD between each detector and the detector with the greatest
difference in mean Cs-137 measurements must be less than 5 percent to allow use of a
detector in characterization level gamma surveys, or 10 percent to allow use of a detector
in scoping level gamma surveys. This was achieved.

e QC Criterion 3: The RSD of an individual detector’s background and Cs-137 source
measurements must be less than 5 percent to allow use of a detector in characterization
level gamma surveys, or 10 percent to allow use of a detector in scoping level gamma
surveys. This was achieved.

¢ QC Criterion 4: Each individual detector’s background and Cs-137 source
measurements must be normally distributed. This was achieved.

Middle/highest point on histogram is the only identifiable peak. This was achieved.

b. Peak of the normal curve aligns with the peak point of the histogram. This was
achieved except for the white detector and black detector. It was found that pre-
survey background measurements by the white detector were skewed slightly to the
left of the normal curve, and that pre-survey and post-survey background
measurements by the black detector were skewed slightly to the left of the normal
curve. However, neither detector’s background measurements were far enough outside
of the normal curve to disqualify them from scoping level gamma surveys.

c. Slopes of normal probability plots look approximately equal. This was achieved.

e QC Criterion 5: The RPD between each detector’s mean pre-survey background gamma
count rate and the mean post-survey background gamma count rate measurement must
not exceed 5 percent for characterization data and 10 percent for scoping data. This was
achieved.

e QC Criterion 6: The RPD between each detector’s mean pre-survey Cs-137 source
gamma count rate and the mean post-survey Cs-137 source gamma count rate
measurement must not exceed 5 percent for characterization data and 10 percent for
scoping data. This was achieved.

Table B-7 and Table B-8 summarize the Pre-Survey QC Criteria and Post-Survey QC Ceriteria,
respectively. Each table lists specific QC criteria and whether the detectors passed those QC
criteria. All project QC requirements for scoping level data were achieved for pre-survey
and post-survey measurements.
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Table B-7. Pre-Survey QC Criteria

Instrument
Name

Pre-Survey QC Criteria

Criterion 1

Criterion 1

Criterion 2

Criterion 2

Criterion 3

Criterion 3

Criterion 4

RPD of Detector Mean is
Within 10% of Total Mean
of All Detectors for

RPD of Detector Mean is
Within 10% of Total Mean
of All Detectors for Cs-

RPD Between Detector Mean
Background and Detector with

Greatest Difference in Mean

RPD Between Detector Mean Cs-137
Source Measurements Compared to the
Instrument with the Greatest Difference
in Mean Cs-137 Source Measurements is

RSD of Background

Measurements is
less than 10%

RSD of Cs-137
Source
Measurements is

Normal Distribution of
Background and Cs-137
Source Measurements

Background 137 Background is less than 10% less than 10% less than 10%

Orange Detector Yes Yes Yes Yes Yes Yes Yes
Red Detector Yes Yes Yes Yes Yes Yes Yes
Blue Detector Yes Yes Yes Yes Yes Yes Yes

Green Detector Yes Yes Yes Yes Yes Yes Yes

Yellow Detector Yes Yes Yes Yes Yes Yes Yes
Black Detector Yes Yes Yes Yes Yes Yes Yes

White Detector Yes Yes Yes Yes Yes Yes Yes

Notes:

cpm Counts per minute
RPD Relative percent difference
RSD Relative standard deviation
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Table B-8. Post-Survey QC Criteria

Instrument
Name

Post-Survey QC Criteria

Criterion 1 Criterion 1 Criterion 2 Criterion 2 Criterion 3 Criterion 3 Criterion 4 Criterion 5 Criterion 6
AL i RI;eDaEe(t:‘gfl?l 2?3 ﬁ:t: '
RPD. of D_etgctoro RPD of Detector Dzl Lol Measurements Compared RSD of RSD of Cs-137 Normal Distribution RPD of Pre- and RPD of Pre- and
Mean is Within 10% . hy o Background and . Post-Survey Post-Survey Cs-137
Mean is Within 10% . to the Instrument with the Background Source of Background and
of Total Mean of All Detector with Background Source

Detectors for

of Total Mean of All

Greatest Difference

Greatest Difference in

Measurements is

Measurements is

Cs-137 Source

Measurements are

Measurements are

- o 0, o,
Background Detectors for Cs-137 in Mean Background Mean Cs-137 Spurce less than 10% less than 10% Measurements Less Than 10% Less Than 10%
. o Measurements is less
is less than 10% 9
than 10%

Orange Detector Yes Yes Yes Yes Yes Yes Yes Yes Yes
Red Detector Yes Yes Yes Yes Yes Yes Yes Yes Yes
Blue Detector Yes Yes Yes Yes Yes Yes Yes Yes Yes

Green Detector Yes Yes Yes Yes Yes Yes Yes Yes Yes

Yellow Detector Yes Yes Yes Yes Yes Yes Yes Yes Yes

Black Detector Yes Yes Yes Yes Yes Yes Yes Yes Yes
White Detector Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes:

cpm Counts per minute
RPD Relative percent difference
RSD Relative standard deviation
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4.2.2 Daily QC Checks

The goal of the daily function QC checks is to ensure the detectors were working properly
during field surveys. QC criteria and results of the daily function QC checks are presented in
Section 3.0. The QC charts show that data points for background and Cs-137 source checks were
all within the project quality criteria limits. Table B-9 lists results of daily function QC checks.

Table B-9. Daily QC Criteria

Daily QC Criteria
Criterion 1 Criterion 2 Criterion 3 Criterion 3 Criterion 3
Inst ¢ Daily Function Background | Cs-137 Source Net
nsNrumen QC Checks Mean of Net | Measurements | Measurements | Measurements
ame Were Measurement Within 3 Within 3 Within 3
Completed s Within 20% Standard Standard Standard
Daily After of Pre-Survey | Deviations of | Deviations of | Deviations of
Survey Mean Total Daily QC | Total Daily QC | Total Daily QC
Activities Mean Mean Mean
Orange Yes Yes Yes Yes Yes
Detector
Red Yes Yes Yes Yes Yes
Detector
Blue Yes Yes Yes Yes Yes
Detector
Green Yes Yes Yes Yes Yes
Detector
Yellow Yes Yes Yes Yes Yes
Detector
Black Yes Yes Yes Yes Yes
Detector
White Yes Yes Yes Yes Yes
Detector
4.3 VERIFICATION

Data verification of in-field gamma radiation survey data is the process for evaluating
completeness, correctness, consistency, and compliance of a data package against the SAP. In
this context, “completeness” means all required hard-copy and electronic deliverables are
present. For in-field gamma radiation survey compliance verification, the primary evaluation
involves completeness of gamma radiation surveys performed during the 2021 field
investigation. A number of documents pertaining to the in-field gamma radiation survey
compliance verification evaluation are as follows:

e A photographic log of the in-field gamma radiation surveys is in Appendix A to the
main report.

e A detailed methodology regarding the gamma-radium correlation study is presented as
the Gamma Correlation Report in Appendix E to the main report.
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e The scanned field forms relating to in-field gamma radiation surveys are included as
Appendix F to the main report.
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5.0 VALIDATION AND VERIFICATION OF FIELD SURVEY DATA

The objective of validating gamma survey data is to ensure all gamma survey data are screened
for erroneous readings. Following collection of survey data, Geographic Information System
(GIS) or other appropriate software shall be used to evaluate data quality associated with gamma
levels, GPS accuracy, and survey indicators by:

e Screening for erroneous values including abnormally high or low gamma values, spikes
in data indicating a cable issue, zeros indicating a malfunctioning detector or cable, and
distribution.

e Evaluating quality of GPS data through verification of horizontal dilution of position
(HDOP) and vertical dilution of position (VDOP), number of satellites, and visual
inspection of the data to capture signal reflection.

e [Evaluating user performance characteristics including surveyor speed and coverage
through spot checking of data.

The following attachments are provided to support validation and verification of field
survey data:

e Attachment B-2 — Detector and Meter Serial Numbers and Dates of Use
e Attachment B-3 — Gamma Survey MetaData (.gsf)

e Attachment B-7 — Excluded Gamma Survey Data (.shp)

e Attachment B-8 — Final Gamma Survey Data (.shp)

Figure B-36 shows excluded gamma data. Figure B-37 shows the final data set color coded to
instrument identification. Table B-10 summarizes data excluded from the final dataset, including
date acquired, impacted data file, number of datapoints removed, justification for removal, and
user. All data summarized in Table B-10 are included in a SHP file as Attachment B-7. The final
gamma survey dataset, which comprises all data from Attachment B-3 minus any excluded data,
is included in a SHP file as Attachment B-8. SHP files can be viewed in ESRI ArcMap, QGIS, or
similar software.
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Table B-10. Data Exclusion Log

Date Affected Dataset ik e Reason for Exclusion U_s_er
Records | Removed (Initials)

11/14/2022 111422-085300-26-blue-OCRM-MB 12982 138 Cluster of datapoints MB
11/14/2022 111422-090424-1_black ocrm sk 15420 1991 Cluster of datapoints SK
11/15/2022 111522-125725-33-red-ocrm-sk 11830 177 Cluster of datapoints SK
11/16/2022 111622-101449-1-Black-OCRM-SC 9843 196 Cluster of datapoints SC
11/16/2022 111622-103133-26-blue-OCRM-MB 13012 735 Cluster of datapoints MB
11/18/2022 111822-094244-38-green-ocrm-mq 8058 157 GPS VDOP/HDOP MQ
11/18/2022 111822-093922-26-blue-OCRM-MB 14775 150 Cluster of datapoints MB
11/19/2022 | 111922-090705-44-Orange-OCRM-CP 19681 1803 Gamma survey meter left on during demobilization CP
11/19/2022 | 111922-090705-44-Orange-OCRM-CP 19681 769 Cluster of datapoints CP
11/19/2022 111922-093915-26-Blue-OCRM-MB 17538 586 Cluster of datapoints MB

Notes:

GPS Global Positioning System

VDOP Vertical dilution of precision

HDOP Horizontal dilution of precision
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1.0 PURPOSE

This Standard Operating Procedure (SOP) describes a method for performing a gamma radiation survey
using a survey meter and gamma radiation detector coupled to a global positioning system (GPS).

A radiation survey is often performed to provide a spatially representative radiological condition of an
area. By combining the radiological survey instruments to a GPS unit the survey data and associated
positions can be logged in electronic format for use in GIS. Depending upon the goals of the survey and
the terrain or the survey area a GPS-based radiological survey may be performed with the system setup
carried by the surveyor (backpack) or setup for use on a vehicle (push cart, utility terrain vehicle, and
truck).

To perform a project related GPS-based radiological survey personnel must be recognized on their ERG
Training Qualification Form as qualified to perform this procedure.

2.0 PRECAUTIONS

The following precautions will be observed during GPS-based radiation survey:

e The radiation protection plan (Attachment D-6 in Appendix D) will be followed.

3.0 EQUIPMENT AND MATERIALS

The following equipment is required for performing a GPS-based radiological survey:

e  GPSsurvey system of mapping grade or better (sub-meter accuracy) — Juniper Systems Mesa2 and
Geode, Trimble ProXRT, ProXH, or similar with data logger/controller.

e Gamma radiological survey instruments with RS-232 data output or Bluetooth output — Ludlum
Model 2221 ratemeter/scaler or Ludlum Model 4612 counter matched with a Ludlum Model
44-10 (2-inch by 2-inch Nal), Model 44-20 (3-inch by 3-inch Nal), Field Instrument for Detection
of Low Energy Radiation (FIDLER) detector, or similar radiation detector.

Radiological check source — Use a cesium 137 (Cs-137) or americium 241 (Am-241) source for
typical function check of a high-energy gamma detector or low-energy gamma detector such as a
FIDLER, respectively. Check sources used are depend on the goal of the survey. While the sources
listed above are for typical function checks, they are not required to be NIST-traceable. NOTE:
Select check sources that will provide a minimum accumulation of 5,000 gross counts during the
counting interval, typically one minute.

All appropriate cables, including GPS antenna cable as necessary, RS-232 cable from meter to GPS
data logger, C-cables from meter to detector, and others as necessary.

Detector rack to hold multiple detectors at set height above ground surface, as necessary when
performing a survey using a push cart, UTV, or truck.

4.0 PROCEDURE

The following procedures will be used for performing a GPS-based gamma radiation survey.
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4.1 SETUP

Setup the survey system hardware by assembling the GPS backpack or detector rack (push cart, UTV, and
truck), as appropriate. Connect cabling and/or Bluetooth connection(s) between GPS units, antennas,
ratemeter/scaler/counters, detectors, and data loggers or controller, as necessary. Use sufficient cabling
such that it will be safe and secure from damage or unintended disconnection. If performing a vehicle
survey, mount rack to vehicle and attach detectors to rack. The GPS data loggers or controllers are
typically setup to record the external sensor (ratemeter/scaler/counter) output with associated position
every one second.

4.2 FUNCTION CHECK

Perform function check of the radiological survey instrument(s) per the safe work practices for
Operational Checkout of Single-Channel Detector with Meter in the radiation protection plan or
Operational Checkout of a Single-Channel Detector Array with Ludlum Model 4612 provided in the
radiation protection program, whichever is applicable, before and after each day of use.

4.3 SURVEY

e SURVEY FILE NAME — Open a new survey file and give it a unique file name indicative of the survey.
The file name could include the survey date and/or time, the surveyor initials, and/or the site
name. NOTE: The default Trimble Terrasync naming format is RmmddhhA; where a file name
begins with the letter R (rover), followed by the date and hour, and ends with a letter signifying
the order the file was created within the hour (A: first, B: second, etc.). When multiple dataloggers
are used the surveyor should add their initials and/or a description (R/L; right/left, 1: first, etc.) to
the end of the file.

e WHEN SURVEYING —

1. Turn the ratemeter/scaler/counter on prior to beginning a survey file. NOTE: the unit is not
turned on prior to opening a survey file the initial recorded gamma count rate records will
be low.

2. Begin and end a survey data file at a point/location where it is desirable to collect data. Do
not start a survey file when near the function check source.

3. Close the survey file upon completion of the survey. If taking a break create a new survey file
upon resuming the survey.

e SURVEY DESIGN - Perform the survey by either walking (backpack), pushing (push cart), or driving
(UTV or truck) the survey equipment following the survey design, typically provided in a work
plan. The survey design depends on the goal of the survey and the equipment and should take
into account the radiation detector type and model, survey scan speed, detector spacing, and
height of detector above ground during the survey. Some of these design parameters may be
depend on the terrain of the survey area.

1. DETECTOR - Choose a detector that is appropriate to meet the goals and/or requirements
of the survey. For middle to high-energy gamma emitting radiation it is common to use the
Model 44-10, Model 44-20, or similar detector. For low-energy emitting radiation a FIDLER
detector may be more suitable. If surveying in an area where gamma shine is an issue, then
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use of a detector shield may be appropriate. The project work plan will typically prescribe
the type of detector to be used.

SURVEY SCAN SPEED — Use the designed survey scan speed or choose a range that is
appropriate to meet the goals and/or requirements of the survey. A survey scan speed that
is too fast may not allow for a detector to be present over a localized area of elevated gamma
count rates long enough to adequately represent the conditions. For an area believed to
have homogenous gamma count rates a slower survey scan speed may be unnecessary and
inefficient. The project work plan will typically prescribe the survey scan speed.

DETECTOR SPACING — Attempt to cover the survey area adequately with an appropriate
detector spacing to meet the goals and/or requirements of the survey. If surveying over an
area known to have homogenous gamma count rates, then a wider/farther apart detector
spacing may be appropriate. When surveying over an area where radiological conditions are
unknown or known to have small localized areas of elevated readings, then a tighter/closer
detector spacing may be warranted. A combination of detector spacing may also be
appropriate; tighter detector spacing in areas of elevated readings and wider spacing in areas
of homogenous readings. The project work plan will typically prescribe the detector spacing.

DETECTOR HEIGHT — The detector height above ground should be chosen to meet the goals
and/or requirements of the survey. Attempt to maintain the same detector height throughout
the survey. The project work plan will typically prescribe the detector height.

4.4 DATA PROCESSING AND REVIEW

Upon completion of a GPS-based radiological survey download the data from the datalogger(s) or
controller and convert into usable format, typically a GIS shapefile format. Process and review the data in
accordance with SOP No. 006 Validation and Verification of Gamma Survey Data. Resurvey areas where
data is unexplainably missing, corrupt, or there is reason to believe the results are in error.
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Ludlum

I\:I-:tzl:]g‘N Ludlum Meter Model Mggesls4- Event E‘;?:: Dates Used User GSF Filename / PDF Fieldform
OCRM 11/14/2022 SK 111422-090424-1_black ocrm sk.gsf
Section 32/33 11/15/2022 SK 111522-095015-1-black-s32-33-sk.gsf
OCRM 11/16/2022 SC 111622-101449-1-Black-OCRM-SC.gsf
254783 2991 PR399729 _ Black 111722-094631-1-black-32-33-sk.gsf
Section 32/33 11/17/2022 SK 111722-014501-1-black-32-33-sk 2.gsf
111722-014834-1-black-32-33-sk 3.gsf
OCRM 11/18/2022 BB 111822-094029-1_Black_BSB_OCRM.gsf
OCRM 11/19/2022 BB 111922-101237-1_Black_BSB_OCRM.gsf
OCRM 11/14/2022 MB 111422-085300-26-blue-OCRM-MB.gsf
Section 32/33 11/15/2022 MB 111522-094949-26-blue-s32-33-MB.gsf
OCRM 11/16/2022 MB 111622-103133-26-blue-OCRM-MB.gsf
25016973 3000 PR150857 : Blue
Section 32/33 11/17/2022 MB 111722-095815-26-Blue-32-33-MB.gsf
OCRM 11/18/2022 MB 111822-093922-26-blue-OCRM-MB.gsf
OCRM 11/19/2022 MB 111922-093915-26-Blue-OCRM-MB.gsf
OCRM 11/14/2022 scC 111222-112652-33-Red-OCRM-SC.gsf
OCRM 11/15/2022 MQ 111522-111852-33-red-ocrm-mq.gsf
OCRM 11/16/2022 SK 111622-125725-33-red-ocrm-sk.gsf
25020102 3000 PR406319 | section 32/33 | Red 11/17/2022 MC 111722-122949-33_Red_MEC_3233.gsf
Section 32/33 11/18/2022 SK 111722-011412-33corrplors.gsf
OCRM 111912022 | SK 111822.042536-5%-00mm ablationgsf
OCRM 11/14/2022 CP 111422-085312-44-orange-OCRM-CP.gsf
Section 32133 11152022 | CP | 11160007757 44-Orange-Section 32 33-Ch.gsf
OCRM 11/16/2022 CP 111622-094515-44-Orange-OCRM-CP.gsf
25018543 3000 PR355810 "section 32/33 | ©"@N9€ ["44/17/2022 | cP 111722-091731-44-Orange-S 32 33-CP.gsf
OCRM 11/18/2022 CP 111822-084955-44-Orange-OCRM-CP
OCRM 11/19/2022 cP 111922-090705-44-Orange-OCRM-CP.gsf
OCRM 11/20/2022 MQ 112022-084804-44-orange-ocrm-mq.gsf
OCRM 11/14/2022 | AM 111422-085423-5-yellow-OCRM-AM.gsf
Section 32/33 11/15/2022 | AM 111522-093836-5-yellow-sec3132-AM.gsf
25017006 3000 PR295014 Yellow
OCRM 11/16/2022 | AM 111622-095723-5-yellow-OCRM-AM.gsf
Section 32/33 11/17/2022 | AM 111722-100303-5-yellow-3233-AM.gsf




Ludlum el Event
Ludlum Meter Model Model 44- Event Dates Used User GSF Filename / PDF Fieldform
Meter SN 10 SN Color
OCRM 11/18/2022 AM 111822-094124-5-yellow-OCRM-AM.gsf
OCRM 11/19/2022 AM 111922-090833-5-yellow-OCRM-AM.gsf
111422-020554-38_BSA2Test.gsf
111422-022515-38_3233_BSA2_4real.gsf
111422-031420-38_3233_CorrPlot_BSA2.gsf
Section 32/33 11/14/2022 BB 111422-040819-38_3233_OCRM_corrPlot.gsf
111422-103712-38_3233BSA1.gsf
111422-103838-38_3233_BSA1.gsf
25018610 3000 PR355771 Green 111422-115707-38_3233 BSA2.gsf
OCRM 11/15/2022 BB 111522-085557-38_Green_BSB__OCRM.gsf
OCRM 11/16/2022 BB 111622-101416-38_Green_BSB_OCRM.gsf
Section 32/33 11/17/2022 BB 111722-101512-38_Green_BSB_3233.gsf
OCRM 11/18/2022 MQ 111822-094244-38-green-ocrm-mq.gsf
OCRM 11/19/2022 MQ 111922-093927-38-green-ocrm-mq.gsf
Section 32/33 11/14/2022 | JH/MC 2022_11_14_BSA1_BSA2_SoilSampling.pdf
Section 32/33 11/15/2022 | JH/MC 2022_11_15_BSA2_MainSite_SoilSampling.pdf
117357 2221 PR375296 OCRM White 11/16/2022 | JH/MC 2022_11_16_BSA2_Ponds_SoilSampling.pdf
Section 32/33 11/17/2022 | JH/MC 2022_11_17_MainSite_SoilSampling.pdf
OCRM 11/18/2022 | JH/MC 2022_11_17_MainSite_SoilSampling.pdf
Notes:

SK Sean Kit

SC Seth Crank

BB Braden Belliveau

MB Molly Baron

MQ Marcus Quinlan

MC Margaret Carolan

Ccp Christine Phillips

AM Anya Mikheicheva
OCRM Old Church Rock Mine
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samples to laboratories for definitive measurement of contamination. The fallible and definitive
datasets will be strategically collected to allow for the statistical analysis and correlation of both
datasets. This correlation of high-density fallible data with lower-density definitive data allows
for the definition of a mathematical relationship between the two datasets. The fallible dataset
can then be mathematically corrected to provide statistically defensible, laboratory-like results
with near 100 percent coverage of the target population. This sampling approach is based on
well-accepted methodology such as the double sampling approach (Gilbert 1987). Statistical
approaches to correlating fallible and definitive datasets are also well-defined and accepted
(Gilbert 1987; USEPA 2002a). The double sampling approach is defined as requiring strong
linear correlation between the fallible and definitive datasets (Gilbert 1987). The nature of the
relationship between fallible and definitive datasets that will be collected under TO 0001 is not
yet known and experience indicates that relationships could be linear, logarithmic, or power-
based. As a result, Tetra Tech is referring to this sampling approach as “paired sampling” in this
SAP/QAPP.

Tetra Tech will use this paired sampling strategy for both gamma radiation and metals
contamination investigations. The specific methods that will be used to implement the paired
sampling strategy, as well as the methods used to accomplish the remaining primary Baseline
Study goals are detailed in the sections below.

4.1.1.1 Gamma Radiation Surveys

Tetra Tech will perform GPS-based gamma radiation surveys (gamma surveys) of the land areas
at each investigation area as part of the Baseline Study, including background reference areas
and mine claim areas and roads and drainages that extend hydraulically (or by wind)
downgradient from the mine claims, and will expand the surveys to the areal limits of
contamination defined by an investigation level for Ra-226. Tetra Tech has tailored its gamma
survey approach to provide near-comprehensive assessment of the target population of surface
soil. Gamma survey measurements represent the fallible dataset within the paired sampling
approach and will be mathematically related to both analytical results for radioactive COPCs
(most notably Ra-226), and exposure rate measurements collected using a high-pressure
ionization chamber (HPIC).

The purpose of performing GPS-based gamma surveys is to:

e Define the areal extent of TENORM,;
e Help establish a basis from which the subsurface can be investigated;
o Establish a basis that can be used to predict Ra-226 concentrations across a site; and

o Establish a basis that can be used to predict exposure rates across a site

The use of GPS-based radiation survey systems has become a mature method for characterizing
the spatial distribution of gamma radiation due to NORM in soils (Adsleya and others 2004;
Johnson and others 2006; Meyer and others 2005; Vitkus and Bailey 2007; Whicker and others
2008). Furthermore, these types of systems are well-suited to outdoor gamma radiation surveys
in terms of cost, portability, coverage, durability, and high sensitivity to terrestrial sources of
low-level gamma radiation (Whicker and others 2015).
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The gamma radiation surveys will be performed using Ludlum Model 44-10 (or equivalent)
2-inch by 2-inch Nal detectors each coupled to a Ludlum Model 2221 (or equivalent)
ratemeter/scaler set in ratemeter mode. For this project, Tetra Tech plans to utilize these
detectors coupled to an ERG Model 105 GPS (or equivalent). The ERG Model 105 GPS consists
of a Juniper Mesa 2 field computer and geode GPS receiver (or equivalent). The surveys will be
conducted on foot at approximately 3 feet per second along 2-meter transects. The detectors will
be positioned at 1 meter above ground surface. The “field of view” of the sodium iodide detector
in this configuration (2-meter transects and 1-meter height) provides 100 percent coverage of
land areas.

Gamma count rate measurements and associated geospatial coordinates will be made and
recorded every one second. The output will be converted to exposure rates in microroentgens per
hour (uR/hr) using a correction factor published by Ludlum Measurements for the Ludlum
Model 44-10 (or equivalent), after which the measurements will be correlated to an energy
independent HPIC (see Section 4.1.1.3).

All Ludlum Model 44-10/2221 (or equivalent) instrument systems used in the gamma surveys
will be calibrated in accordance with “American National Standard Radiation Protection
Instrumentation Test and Calibration, Portable Survey Instruments” (ANSI, 1997), RPP SOP
002: Calibration of a Radiological Survey Meter, and RPP SOP 001: Calibration of a
Radiological Survey Detector. Calibration of the detection systems is required prior to their
initial use, at least annually, and after any scheduled or unscheduled maintenance or repair that
may affect their operation. General maintenance of the detection systems, such as cleaning,
painting, and changing buttons, does not require that they be calibrated. The instruments will be
function-checked daily, before at the end of each work day in accordance with RPP SOP No.
009: Operational Checkout of Single Detector with Meter. The SOPs mentioned in this
subsection are attached in Attachment C-1 to this SAP/QAPP, and a summary of instrument
calibration and functional checks is provided in Table C-9.

Table C-9. Gamma Radiation Survey Equipment Summary

Relevant

Equipment Use/Calibration Summary SOP No

Use: Ludlum 2221 ratemeter/scaler instruments will be paired with
Ludlum 44-10 Nal detectors or similar to measure surface gamma
radiation. This detection system will be paired with a GPS unit and
data logger to record gamma survey results in real-time.
Calibration: Each system (Ludlum 2221/44-10 pair or equivalent)
Ludlum 2221/ will be calibrated_at least annually. Calibratior_1 will also be RPP SOP 001
Ludlum 44-10 ]E)erf?.rme?tfollowmg any maintenance or repair that could affect RPP SOP 002
unctionality.

Functional Checks: Checks are performed on each system each RPP SOP 009
day that they are used. One check is performed prior to use, and
one check when all measurement activities have been completed
for the day. Checks utilize a standardized source, and net results
(source less background counts) must be within +20% of the
results established as part of ongoing control charting.

(or equivalent)
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Table C-9. Gamma Radiation Survey Equipment Summary

Equipment Use/Calibration Summary

Relevant
SOP No.

ERG Model 105
GPS

Use: The ERG Model 105 GPS system will be used to pair
radiation instruments with GPS units to simultaneously record
gamma measurements with geospatial locations. The system
uses a handheld tablet computer to collect and display survey NA
results in real-time and protect the data from manipulation.
Calibration: NA

Functional Checks: NA

Notes:
ERG
GPS
NA
Nal
RPP
SOP

Environmental Restoration Group, Inc.
Global positioning system

Not applicable

Sodium iodide

Radiological protection plan

Standard operating procedure

There will be slight variations to the data collection methodology described above during the
assessments of roads and drainages.

Roads: GPS-based gamma surveys will be performed on access/hauling roads to a
distance of 0.25 mile from investigation areas. Gamma surveys will use the methodology
described above, resulting in 100 percent survey coverage.

Drainages: GPS-based gamma surveys will be performed along drainages near sites to a
distance of 1 mile downstream from investigation areas, or until the first junction with
another drainage channel. Gamma surveys will use the methodology described above,
but may be prevented from reaching 100 percent survey coverage because of rough
terrain or the presence of standing/running water in the drainages.

The measurements collected from each site will be used to:

Estimate the areal extent of TENORM on land surfaces and identify anomalies in site
conditions;

Determine provisional areas that field personnel can use to select plots for the correlation
studies described in Section 4.1.1.2;

Predict Ra-226 concentrations and energy independent exposure rates across the sites
(see Sections 4.1.1.2 and 4.1.1.3 for descriptions of these activities);

Evaluate the scan MDC for the Ludlum Model 44-10 (or equivalent) sodium iodide
detector, which is addressed in Section 3.2.1 of the SAP/QAPP.

The gamma measurements at a particular site will be processed after they have been collected by
(1) overlaying 100 m? grids across the site, (2) estimating the average of the gamma
measurements within each grid, (3) comparing these averages to ILs, and (4) stopping or guiding
additional surveys as follows:
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e If the gamma measurements made in the survey area, particularly along the perimeter of a
survey area, are below the corresponding investigation level (IL), then the area will be
considered accurate or defined, the survey complete, and sufficient information at that
point will be available to estimate the lateral extent of TENORM. The information
garnered from the XRF surveys described in Section 4.1.1.4 of this SAP/QAPP also will
be considered in this decision.

e If the gamma and XRF surveys indicate clusters of point values above their ILs within
drainages or other migration pathways, then the survey areas will be extended.

4.1.1.2 Gamma-Radium Correlation Study

Gamma count rates depend on a variety of conditions including the type of instruments, the
configuration of the instruments (for example, height above ground surface [ags]), soil moisture,
and instrument settings. If the gamma measurements are not related to a common parameter
(such as concentrations of Ra-226 in soil or exposure rates), their comparison to data collected
under different conditions using different equipment can be considered erroneous.

Tetra Tech will avoid this potential issue by performing two types of correlation studies to
establish site-specific and regionally applicable statistical relationships between (1) gamma
exposure rates as measured by the Ludlum 44-10 (or equivalent) and Ra-226 concentrations in
surface soil, and (2) gamma count rates measured using a Ludlum 44-10 (or equivalent) and
exposure rates measured using an HPIC. This section focuses on the gamma — Ra-226
correlation study; for additional details on the gamma — exposure rate correlation study, see
Section 4.1.1.3.

The purpose of the gamma-radium correlation study is to translate the relatively high-density
gamma measurements to more meaningful predicted concentrations of Ra-226. Predicted
concentrations of Ra-226 are more useful for estimating volumes of TENORM that may require
removal during future remediation activities.

Tetra Tech will correlate gamma count rates to concentrations of Ra-226 in surface soil and
sediment according to the framework in SOP No. 001 (Attachment C-1 to this SAP/QAPP).
Using the following method, Tetra Tech will:

e Select correlation study areas for a subset or individual AUM sites exhibiting gamma
measurements that envelop likely future decision points, such as potential cleanup levels
for Ra-226 in surface soils. Gamma measurements that represent relatively high
concentrations of Ra-226 in surface soils — on the order of greater than 20 pCi/g — will
be removed in a remedial action. Thus, the predicted concentrations of Ra-226 at such
levels need not be known for the volume estimate.

e Establish 10-meter by 10-meter (100 m?) study plots in the areas, the number and
location of which will be based on the discussion above and as determined by field
personnel if the gamma measurements are relatively homogeneous. A minimum of 10
study plots will be established at AUM sites. A minimum of two study plots will be
established at Target sites (primarily as a result of the smaller size of Target sites).
During assessments of roads, correlation plots will be established only if there are field
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Enviroamentsl Resiorson Growp, Inc
HKD9 Washingion St NE. Sune 150

Albuqperge. NM 87113
1505) 2904224

Single-Channel Function Check Log

€RG

METER DETECTOR Comments:
Manufacturer: LUC“M" Manufacturer: Ludlom
Model: 2000 Model: yy-10 J
Serial No.: 256 I gsq 3 ScrialNo: PR 355 210 Scaler Count Time:
Cal. Due Dax| ‘/Z 8/20 23 Cal. Duc Date: 6 /2% /20 23 Distunce To Source:
Activity: @
Source: ‘&' CS\B? Scnal No.: ‘ | 2- z EmissiontRa‘lZ: ( ” gm/cmlssmns Sourcc Datc: q /l q

Acceptable Upper Net Counts: Total Efficicncy (E,):

NOTE: For use as needed. Acceprable upperflower net counts. detector total effiiciecy, and

detector MDA calculated on ERG Form ITC.201.8

Acceptable Lower Net Counts:

MDA (dpm/100<m?):

b e Bwel MOV mea | S| ome | e ot
U/, |Fe5 535 oo 1o 13 659| 5059 | I2,60¢ ¢
i5l22 1¥3% 645 900 1o 1%,6%1 5180 |i12,H91 AN
W(16]22 1633 541 900 10 1424l 5,019 12, 240N
niFl22 (FIZ 5.0% | 900 10 |% 88C 5,46] 12,4194
0[18(23 1543 5149 | 900 10 | 18,129 5 045 13,084 4H
W[iBI2E 124 520 | 900 Jo | ILEBR 5240 IAIC kI
1/20/22 1344 577 | eo o 19213 |5396 12317 nu Bakery swep

Reviewed by:

ERG Form I'l" ,201.A

Review Date:
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