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Executive Summary

Cabrera Services, Inc. (CABRERA), under contract to the U.S. Army Field Support Command
(FSC), performed remedial activities, remedial support surveys, and Final Status Surveys
(FSS) for the Bomb Throwing Device (BTD) site at the Aberdeen Proving Ground (APG),
Maryland. This document provides the results of post-remediation surveys designed to
describe the final radiological status of the site and demonstrates that the site is suitable for
release for unrestricted use.

CABRERA conducted survey activities in accordance with the U.S. Nuclear Regulatory
Commission (NRC) approved Final Status Survey (FSS) work plan, prepared by CABRERA
and included as Appendix B of this report. This report specifically presents the results of the
BTD site FSS activities, which were designed in accordance with the Multi-Agency Radiation
Survey and Site Investigation Manual (MARSSIM) (NRC 2000) guidance.

The project had several major activities associated with the remediation and FSS including:
o Remediation of soils, debris, and structures within the confines of the BTD site,

e Deconstruction of structures on the BTD site,

e Removal of plate steel for on-site recycling,

e Removal and shipment of remediated soils and debris to Envirocare of Utah,

e Designation of the BTD land areas into MARSSIM Class 1 Survey Units,

e FSS of the BTD site soils and structures, and

e Determine that the dose from residual contamination at the site is not greater than the
release criterion for each Survey Unit.

Final status surveys were performed over a land area of approximately 46,000 square meters
and on access roads and several support buildings situated on the BTD site. This FSS report
addresses only BTD site land areas; surveys performed on structures are addressed under
separate cover. The radiological contaminant of concern was depleted uranium (DU). The
derived concentration guideline (DCGL,,) for DU was determined to be 220 picocuries per
gram (pCi/g) and, based on its isotopic weight ratio, 184 pCi/g for uranium-238 (***U). An
As Low As Reasonably Achievable (ALARA) target and remediation goal of 105 pCi/g DU
and 88 pCi/g **U was established for this project as described in, “DCGL for BTD Soil
Sample Area Addendum”, included as Appendix A to this report.

The FSS established twenty-five (25) Class 1 survey units (SU). The final status survey
consisted of a 100% gamma walkover survey and soil sample collection and laboratory
analysis. Soil sample collection was limited to the surface, from 0 to 15 cm below grade.
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All soil sample results are below the ALARA target of 88 pCi/g “*®*U. The results of the soil
samples areas show the highest *®U soil sample result was 80 pCi/g. The FSS gamma
walkover survey for the BTD site shows all remediated areas are less than 35,000 cpm or less
than the ALARA target of 88 pCi/g *®U. The FSS data indicates that the site is suitable for
release for unrestricted use, without regard for former operations with licensed radioactive
material.
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1. INTRODUCTION

Cabrera Services, Inc. (CABRERA) is under contract to the United States Army Field Support
Command (FSC) to provide support to the Aberdeen Test Center (ATC) at the Aberdeen
Proving Ground (APG) in Aberdeen, MD. CABRERA performed facility demolition,
remediation, and site wide radiological surveys of the Bomb Throwing Device site (BTD) to
support consideration for unrestricted release. The BTD site consists of approximately 46,000
square meters of land on the APG used for the testing of Depleted Uranium (DU) munitions.

This document presents the results of the BTD land area Final Status Survey (FSS) activities,
performed in accordance with Multi-Agency Radiation Survey and Site Investigation Manual
(MARSSIM) (NRC, 2000) guidance. This report addresses only BTD soils of approximately
46,000 square meters. Decommissioning of the BTD Armor Reclamation Facility (BARF), the
Liquid Abrasive Blaster (LAB) housed within the BARF, Building 701, DU Test Enclosure
Building (Enclosure), Enclosure building high efficiency particulate air filter unit (HEPA),
Plate Storage Area (PSA), two concrete pads, Wash Rack Facility #2, Wash Rack Facility #3
(Wash Racks), and two steel storage structures located within the boundary of the BTD site
will be addressed under separate cover.

1.1 Site History

Aberdeen Proving Ground, located in Aberdeen, MD, is an active U.S. Army testing and
research facility. The Aberdeen Proving Ground (APG) lies along the western shore of the
Chesapeake Bay in Harford and Baltimore Counties, MD, approximately 15 miles northeast
of Baltimore. The APG covers a total of 72,516 acres (land and water) and consists of two
distinct areas: the northern portion of APG, referred to as the Aberdeen Area; and the
southern portion of APG, referred to as the Edgewood Area. The Aberdeen Area became a
formal military post, designated as the APG, in 1917. Figure 1 shows the location of the BTD
site relative to APG and surrounding towns.

The BTD site was used between 1982 and 1993 for the testing of DU munitions. In 1993, the
site consisted of the BARF, the Enclosure building, the Enclosure building HEPA, the PSA,
Wash Racks 2 and 3, access roads, and several support buildings situated on approximately
46,000 square meters of land. During use, munitions were fired at steel plate and other targets
inside the DU Test Enclosure Building. The ATC tested DU munitions utilizing an enclosure
with HEPA equipment, used to collect potentially contaminated air exiting the building.

Roy F. Weston (Weston) provided a radiological characterization for the BTD site in 2001
(Weston, 2001). The Weston characterization encompassed the BTD site and divided the site
into Class 1, 2, and 3 areas. Soil samples were taken from each area and compared to the
NRC soil screening value of 14 pCi/g for uranium-238. Both surface (0-0.25 ft) and
subsurface samples (1-1.5 ft) were taken. All values exceeding the soil action level as
described in this report were found to exist in the surface soil (0-0.25 ft). An exception was
the presence of several subsurface samples taken in the vicinity of the DU Test Enclosure
Building that showed levels of soil contamination in excess of the soil action level.
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Prior to remediation of the site, approximately 40 tons of DU-contaminated armor plate was
located within the Enclosure Building and surrounding grounds. Heavy equipment was used
to transport the armor plates between the Enclosure Building and the PSA. As part of the
remedial activities and subsequent to the removal of the armor plates, the Test Enclosure
Building, the HEPA ventilation system, the footings for the Test Enclosure Building, the
“White” Building, the “Rust” Building, and the Sabot Stripper were removed in their entirety.

1.2 General Summary of Decommissioning Activities

The BTD site decommissioning consisted of demolition, soil excavation, and removal of
contaminated soil and demolition debris. As physical decommissioning actions were
completed, FSSs were performed on both structures and land areas (this report addresses only
land area FSSs). Much of the plate steel that was generated during site cleanup and
demolition (primarily the Enclosure Building) was transferred to the Army Research
Laboratory (ARL) facility, at APG Spesutie Island, for decontamination and recycling; a cost
analysis performed by the Army indicated that it was less expensive than offsite disposal to
recycle the material and that there was a beneficial reuse in support of APG’s mission. Other
demolition debris and excavated soil was considered unwanted radioactive material and was
shipped via rail to Envirocare of Utah, an NRC licensed disposal facility, for shallow land
burial.

e During initial mobilization in February 2003, the CABRERA field crew entered the BARF
and dismantled, surveyed and removed the DU armor plate reclamation machine (Liquid
Abrasive Blaster) housed within the BARF.

e In May 2003 CABRERA re-mobilized to perform FSS on the inside of the BARF, and
demolish the Enclosure building. Most steel plate removed from the Enclosure Building
was moved via APG-supplied transportation to the ARL Spesutie Island Facility for
decontamination and beneficial reuse. Other steel/debris was containerized in intermodals
for future rail shipment to Envirocare of Utah.

e During June 2003, the CABRERA team performed remediation/FSS of Wash Racks 2 and
3, dismantled the two steel vault storage buildings (the ‘White’ and ‘Rust’ Buildings) and
left the scrap steel piled for transfer to ARL or other use, as instructed by ATC personnel.
Concurrent to the dismantling operations and through the month of August 2003, the
CABRERA team completed the majority of the GWS, excavated contaminated soils, and
stockpiled the remediated soil (approximately 1,200 cubic yards) into a laydown area
within Survey Units 16 and 22. CABRERA demobilized at the end of August 2003.

e In February 2004, the CABRERA team returned to the BTD site and performed data
collection for survey gaps and accomplished 95% of the remediated soil load out. The
soil was packed into intermodal containers, and the intermodals were shipped via rail to
Envirocare of Utah.

e [n March through June 2004, the remainder of the soil was loaded/shipped to Envirocare
for disposal and two concrete pad surfaces were remediated with a steel ball blast/HEPA
vacuum system. One concrete pad behind Building 701 was previously covered by the
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soil stockpile (in Survey Unit 16) and the other was the pad used to support the Enclosure
Building HEPA system, which was removed during the Enclosure Building demolition.
Following concrete cleaning, the surfaces were surveyed and land FSSs were performed in
Survey Units 16 and 22.

o At the time of this writing, all soil/debris shipped via rail to Envirocare of Utah has been
transferred to Envirocare of Utah and the Army is awaiting final disposition
documentation.

1.3  General Approach to the BTD Remediation and FSS

The FSS investigations are designed using the approach outlined in MARSSIM (NRC, 2000).

Development of Derived Concentrations Guideline Levels

Selection of instrumentation and measurement techniques

Identification of survey units and classify areas by contamination potential
Estimation of the number of measurement locations

Collection of data

Evaluation of data

1.4  Radionuclides of Potential Concern (ROPCs)

Site Radionuclides of Potential Concern (ROPC) are limited to DU and short-lived progeny.
The uranium ratios are based on isotopic uranium weight ratios used for shipments of routine
DU waste from APG (BARG, 1995). The activity fractions are calculated from the isotopic
weight ratios and the s?eciﬁc activity of each uranium isotope. The result is a Uranium-234
(***U): Uranium-235 (**U): Uranium-238 (***U) ratio of 0.084 : 0.012 : 0.904. During DCGL
development, a more conservative isotopic ratio was established to ensure adequate
protectiveness. This composition, *U: *°U: 28U of 0.138 : 0.0234 : 0.839, is used to
evaluate FSS data herein. See Appendix A, Section 2.1.3, for details.
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2.0  SITE REFERENCE COORDINATE SYSTEM

The site reference coordinate system was designed to ensure sample and measurement
locations are spatially identified such that each location is reliably reproducible. The basic
unit of the coordinate system is meters. Survey unit grids, site boundaries, and other survey
reference points related to land areas are described by northing and easting coordinates, in
meters, tied to North American Datum 1983 State Plane Maryland.

DAAA09-00-G-0002/0039 CABRERA SERVICES, INC Page 4 of 18



Bomb Throwing Device Site Final Report
Aberdeen Proving Ground Radiological Final Status Survey

3.0 DERIVED CONCENTRATION GUIDELINE LEVEL

The Derived Concentration Guideline Level (DCGL) for the BTD Site soil is 220 pCi/g total
DU (resident scenario) and 184 pCi/g 2%, The ALARA target level DCGL has been set at
88 pCi/g P*U. Application of this DCGL will ensure that the potential dose to the average
member of the critical group will not exceed 25 millirem (mrem) in any one year over a
1,000-year period.

Table 3-1. BTD Volumetric DCGL

Depleted Uranium Activity Concentration (pCi/g)
Parameter
Total Uranium By
DCGL 220 184
ALARA Target 105 88

331 derived from the isotopic activity ratio of 83.9%

The DCGL applied to the BTD Site was initially developed using data from the Transonic
Range located at APG and was considered equivalent to the Transonic Range DCGL. A
document submitted to the NRC (CABRERA), July 2004, “Final U.S. Army Garrison,
Aberdeen Proving Ground Derived Uranium Guidelines For Depleted Uranium at the BTD
Soil Sample Area Addendum” uses four assumed data sets to compare the DCGL at BTD
with that at the Transonic site. These comparisons can be seen in Appendix A of this report.
Using the most protective data run, APG-RES3, evaluation showed that based on the
RESRAD version 6.22 computer code output, the BTD Site soil DCGL of 220 pCi/g total DU
(resident scenario) is essentially equal to the Transonic Range soil DCGL. The ALARA
principle of as-low-as-reasonably-achievable is applied to provide assurance that hypothetical
doses are limited.
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4.0 FINAL STATUS SURVEY DESIGN
4.1 Survey Unit Classification and Delineation

The focus of this FSS is the radiological assessment of surface soil over the entire 46,000
square meters BTD site. The land area associated with the BTD site consists of open grassy
areas with one area of standing trees. Originating near the center of the BTD site is a wetland
ravine. The ravine is approximately 140 meters in length, averaging up to several meters in
width, and often has water covered surfaces. Water depths in the ravine range from several
centimeters to approximately 15 centimeters. The CABRERA remediation and FSS
conservatively assumes the entire site is a Class 1. As seen in Table 4-1 and in Figure 2, the
BTD site was divided into 25 survey units.

4.2 Determination of N (Number of Required Measurement Locations)

The minimum number of measurement locations required is dependent on the distribution of
site residual radionuclide concentrations relative to the DCGL and acceptable decision error
limits (o and B).

The relative shift describes the relationship of site residual radionuclide concentrations to the
DCGL and is calculated using the guidance found in Section 5.5.2.3 of MARSSIM. Since the
amount of naturally occurring *U contaminant present in the soil (majority of DU) is a small
fraction of the DCGL it may be considered to be insignificant. The relative shift is calculated
as follows:

DCGL - LBGR
A TP
Y. =

y
Where: DCGL =  Derived Concentration Guideline Level
LBGR = concentration at the lower bound of the gray region. The Lower

Bound of the Grey Region (LBGR) is the concentration at which
the survey unit has an acceptable probability of passing the
statistical tests.

o = an estimate of the standard deviation of the concentration of
residual radioactivity in the survey unit (which includes real spatial
variability in the concentration as well as the precision of the
measurement system).

The ALARA DCGL for surface soil radioactivity is 105 pCi/g DU. The LBGR is estimated at
52.5 pCi/g DU, which is half of the DCGL as suggested by MARSSIM. Using an estimated
coefficient of variation of 30 percent and the LBGR as an estimate of the sample mean, a
sigma value of 15.8 pCi/g DU is calculated. Using the parameters discussed above, the
relative shift is calculated as 3.3.
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The number of suggested measurement locations per survey unit is 14 as provided by
MARSSIM Table 5.5 (Sign Test) given a relative shift of 3.0 and an error rate for both Type |
and Type Il errors of five percent (i.e., a = 3 = 0.05).

4.2.1 Elevated Measurement Criterion (DCGLgyc)

MARSSIM states that, for Class 1 survey units, a dose area factor should be used to evaluate
the magnitude by which the concentration within a small area of elevated activity can exceed
the DCGL while maintaining compliance with the release criterion. For the purpose of
ALARA, the DCGL will be used as the DCGLEmc for soil. This corresponds to an area factor
of one. Since the soil MDCgcan values are sensitive enough to identify a concentration that is
less than half of their respective DCGL, it is unlikely that small areas of elevated activity
exceeding the release criterion would be missed during scanning.

4.2.2 Soil Sample Locations

Depending on survey unit size, 13 to 17 soil samples were collected within each survey unit
for a total of 379 samples. The sample collection depths were 0-15 cm. Measurement
locations in the survey units were established using a random start point in a systematic
triangular grid. The grid spacing for each survey units was determined, based on the
measured area of the survey unit, using the following equation (Equation 5-7 from

MARSSIM).
L=y 0.86A6 N
Where: L = rectangular grid spacing for survey unit
A = area of survey unit
N = number measurement locations

Survey unit areas, and the associated grid spacing, (L), using the equation above are presented
in Table 4-1. Maps showing the BTD soil sample location identifiers by survey unit based on
this spacing are presented in Figures 4 through 7.
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Table 4-1. Survey Units

NUMBER GRID
SURVEY UNIT CLASS 1 |AREA, m?| OF DATA SPACING, L,
POINTS, n m
#1 1235 16 10.1
#2 1596 15 11.5
#3 1558 17 11.3
#4 1835 15 12.3
#5 1944 14 12.7
#6 1995 14 12.8
#7 2000 15 12.8
#8 2000 15 12.8
#9 1461 15 10.5
#10 1652 17 11.7
#11 1899 13 12.5
#12 2000 15 12.8
#13 2000 15 12.8
#14 2000 14 12.8
#15 2000 15 12.8
#16 2188 15 12.8
#17 1588 15 11.5
#18 2000 15 12.8
#19 2000 15 12.8
#20 2000 14 12.6
#21 2050 15 12.7
#22 1968 17 12.8
#23 1303 17 10.4
#24 1993 14 12.8
#25 2009 15 12.8

4.3  Systematic Surface Soil Sampling for Sign Test

Surface soil samples (0 to 15 c¢m, bgs) were collected in each of the survey units, to provide
inputs to the FSS data evaluation. The minimum number of systematic soil sample locations
required for this evaluation, in each of the survey units, was established using MARSSIM
(NRC 2000) guidance. It was determined that a minimum number of sample locations were
required in each of the survey units shown in Table 4-1. No reference area was selected since
the natural occurring level of 2®U in the soil, (the primary constituent of DU) is a small
fraction of the ALARA DCGL. For purposes of the FSS data evaluation, it is conservatively
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assumed that the reference area “®U concentration is zero. Thus the MARSSIM Sign Test is
applicable.

Paragon Analytics Laboratory (Paragon) of Ft. Collins, Colorado performed gamma
spectroscopy on soil samples. Soil samples were analyzed using gamma spectroscopy (EPA
analysis methodology 901.1, Modified). Results are reported in terms of dry weight activity
per gram of soil. Appendix C presents the results of the soil samples from the 25 survey units

44 Gamma Walkover Surveys

A GWS was performed over 100% of the accessible areas in each of the survey units. The
surveys were performed following MARSSIM protocol by walking straight parallel lines over
an area while moving the detector in a serpentine motion, approximately 10 cm above the
ground surface. The walking speed is maintained at approximately 0.5 meters per second.
Survey passes were approximately one meter apart

The purpose of the GWSs was to identify areas of elevated surface radioactivity. These
surveys provide position-correlated instantaneous gross gamma count rates at a collection rate
of one record per second. This was accomplished using a Global Positioning System (GPS)
with sub-meter accuracy coupled to a 3-inch by 3-inch Nal detector and ratemeter/scaler.
Calculated detection sensitivity described in the Final Status Survey Plan, Appendix C, for the
GWS is approximately 38 pCi/gram for surficially deposited (0 to 15 ¢m) DU in 50-year
equilibrium with its radioactive daughter products. The calculation is based on the
methodology described by NUREG-1507 (NRC 1997).
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5.0 RESULTS
5.1  Soil Sample Results

As shown in Figure 3 soil survey areas were divided into 25 survey units, all of which were
designated as Class 1. A minimum of thirteen soil samples were collected from each SU and
sent to Paragon Analytics (a division of Data Chem Laboratories, Inc) for gamma
spectroscopy analysis. EPA analysis methodology 901.1 Modified, was utilized for the
analysis. Results are reported in terms of dry weight activity per gram of soil. Sample
activity for 2*U is inferred via the direct measurement of Th-234 decay progeny using gamma
spectroscopy analysis. Appendix C presents the results of 379 soil samples from the 25
survey units and ravine area. Samples are shown as sample points 6000 through 6386 in
Figures 4 through 7.

The results of the soil samples areas show the highest 28U soil sample result was 80 pCi/g.
All soil sample results are below the ALARA target of 88 pCi/g 28 . The soil samples meet
FSS release criterion. Statistical results for these 25 survey units are presented below.

5.1.1 SU-1 Results :

The results for the 16 samples (Field ID 6000-6015) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*U. The B8 results for this SU average 0.88
pCi/g, with a standard deviation of 1.3 pCi/g, and a maximum of 3.8 pCi/g. See Appendix C
for the full list of soil sample results and Figure 5 for the location of each sample.

5.1.2 SU-2 Results

The results for the 15 samples (Field ID 6017-6031) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*U . The 28U results for this SU average 16.3
pCi/g, with a standard deviation of 25 pCi/g, and a maximum of 80 pCi/g. See Appendix C
for the full list of soil sample results and Figure 7 for the location of each sample.

5.1.3 SU-3 Results

The results for the 17 samples (Field ID 6032-6048) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The 238 results for this SU average 0.95
pCi/g, with a standard deviation of 0.93 pCi/g, and a maximum of 2.5 pCi/g. See Appendix C
for the full list of soil sample results and Figure 7 for the location of each sample.

5.1.4 SU-4 Results

The results for the 15 samples (Field ID 6050-6064) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2**U. The 238U results for this SU average 1.0 pCi/g,
with a standard deviation of 1.0 pCi/g, and a maximum of 3.0 pCi/g. See Appendix C for the
full list of soil sample results and Figure 7 for the location of each sample.
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5.1.5 SU-5 Results

The results for the 14 samples (Field ID 6066-6079) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*U. The *U results for this SU average 2.1 pCi/g,
with a standard deviation of 3.5 pCi/g, and a maximum of 12 pCi/g. See Appendix C for the
full list of soil sample results and Figure 7 for the location of each sample.

5.1.6 SU-6 Results

The results for the 14 samples (Field ID 6065, 6080-6092) collected and analyzed in this SU
are below the ALARA target of 88 pCi/g for 2*U. The **®U results for this SU average 5.4
pCi/g, with a standard deviation of 8.2 pCi/g, and a maximum of 26 pCi/g. See Appendix C
for the full list of soil sample results and Figure 5 for the location of each sample.

3.1.7 SU-7 Results

The results for the 15 samples (Field ID 6093-6107) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for *®U. The **U results for this SU average 1.5 pCi/g,
with a standard deviation of 1.0 pCi/g, and a maximum of 4.3 pCi/g. See Appendix C for the
full list of soil sample results and Figure 5 for the location of each sample.

5.1.8 SU-8 Results

The results for the 15 samples (Field ID 6108-6122) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 22U. The 2*U results for this SU average 1.2 pCi/g,
with a standard deviation of 1.4 pCi/g, and a maximum of 3.3 pCi/g. See Appendix C for the
full list of soil sample result and Figure 5 for the location of each sample s.

5.1.9 SU-9 Results

The results for the 15 samples (Field ID 6123-6137} collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for >*U. The 2**U results for this SU average 14 pCi/g,
with a standard deviation of 18 pCi/g, and a maximum of 57 pCi/g. See Appendix C for the
full list of soil sample results and Figure 7 for the location of each sample.

5.1.10 SU-10 Results

The results for the 16 samples (Field ID 6138-61542 collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*U. The ***U results for this SU average 11 pCi/g,
with a standard deviation of 12 pCi/g, and a maximum of 41 pCi/g. See Appendix C for the
full list of soil sample results and Figure 7 for the location of each sample.

5.1.11 SU-11 Results

The results for the 13 samples (Field ID 6155-6167) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*®U. The ***U results for this SU average 3.6 pCi/g,
with a standard deviation of 5.1 pCi/g, and a maximum of 18 pCi/g. See Appendix C for the
full list of soil sample results and Figure 6 for the location of each sample.
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SU-12 Results

The results for the 15 samples (Field ID 6168-6182) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 281, The 2*U results for this SU average 6.2 pCi/g,
with a standard deviation of 9.3 pCi/g, and a maximum of 37 pCi/g. See Appendix C for the
full list of soil sample results and Figure 6 for the location of each sample.

5.1.12 SU-13 Results

The results for the 15 samples (Field ID 6185-6199) collected and analyzed in this Class 1 SU
are below the ALARA target of 88 pCi/g for 2**U. The **U results for this SU average 4.8
pCi/g, with a standard deviation of 7.6 pCi/g, and a maximum of 26 pCi/g. See Appendix C
for the full list of soil sample results and Figure 6 for the location of each sample.

5.1.13 SU-14 Results

The results for the 14 samples (Field ID 6200-6213) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The #**U results for this SU average 3.3 pCi/g,
with a standard deviation of 6.9 pCi/g, and a maximum of 27 pCi/g. See Appendix C for the
full list of soil sample results and Figure 6 for the location of each sample.

5.1.14 SU-15 Results

The results for the 15 samples (Field ID 6214-6228) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*U. The **®U results for this SU average 0.81
pCi/g, with a standard deviation of 0.63 pCi/g, and a maximum of 1.8 pCi/g. See Appendix C
for the full list of soil sample results and Figure 6 for the location of each sample.

5.1.15 SU-16 Results

The results for the 15 samples (Field ID 6229-6248) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The ***U results for this SU average 7.8 pCi/g,
with a standard deviation of 9.7 pCi/g, and a maximum of 32 pCi/g. See Appendix C for the
full list of soil sample results and Figure 4 for the location of each sample.

5.1.16 SU-17 Results

The results for the 15 samples (Field ID 6249-6263) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The ***U results for this SU average 1.2 pCi/g,
with a standard deviation of 1.5 pCi/g, and a maximum of 4.6 pCi/g. See Appendix C for the
full list of soil sample results and Figure 6 for the location of each sample.

5.1.17 SU-18 Results

The results for the 15 samples (Field ID 6264-6278) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The #!U results for this SU average 0.93
pCi/g, with a standard deviation of 0.78 pCi/g, and a maximum of 2.3 pCi/g. See Appendix C
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for the full list of soil sample results and Figure 6 for the location of each sample.
SU- 19 Results

The results for the 15 samples (Field ID 6279-6293) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*U. The ***U results for this SU average 3.2 pCi/g,
with a standard deviation of 7.0 pCi/g, and a maximum of 28 pCi/g. See Appendix C for the
full list of soil sample results and Figure 6 for the location of each sample.

5.1.19 SU-20 Results

The results for the 14 samples (Field ID 6294-6307) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The 2**U results for this SU average 2.3 pCi/g,
with a standard deviation of 3.1 pCi/g, and a maximum of 12 pCi/g. See Appendix C for the
full list of soil sample results and Figure 4 for the location of each sample.

5.1.20 SU-21 Results

The results for the 15 samples (Field ID 6308-6322) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2**U. The **®U results for this SU average 1.4 pCi/g,
with a standard deviation of 1.1 pCi/g, and a maximum of 3.6 pCi/g. See Appendix C for the
full list of soil sample results and Figure 4 for the location of each sample.

5.1.21 SU-22 Results

The results for the 17 samples (Field ID 6323-6339) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The **U results for this SU average 10 pCi/g,
with a standard deviation of 13 pCi/g, and a maximum of 47 pCi/g. See Appendix C for the
full list of soil sample results and Figure 4 for the location of each sample.

5.1.22 SU-23 Results

The results for the 17 samples (Field ID 6340-6356) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for **U. The 2**U results for this SU average 0.95
pCi/g, with a standard deviation of 1.2 pCi/g, and a maximum of 3.1 pCi/g. See Appendix C
for the full list of soil sample results and Figure 6 for the location of each sample.

5.1.23 SU-24 Results

The results for the 13 samples (Field ID 6357-6371) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for 2*U. The 2*U results for this SU average 1.7 pCi/g,
with a standard deviation of 1.8 pCi/g, and a maximum of 6.9 pCi/g. See Appendix C for the
full list of soil sample results and Figure 5 for the location of each sample.

5.1.24 SU-25 Results

The results for the 15 samples (Field ID 6372-6386) collected and analyzed in this SU are
below the ALARA target of 88 pCi/g for “®U. The Z*U results for this SU average 1.3 pCi/g,
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with a standard deviation of 1.0 pCi/g, and a maximum of 3.3 pCi/g. See Appendix C for the
full list of soil sample results and Figure S for the location of each sample.

5.1.25 Ravine Results

The results for the 3 samples (Field ID RAVINE1-RAVINE3) collected and analyzed in this
location are below the ALARA target of 88 pCi/g for 2*U. The 2*U results for this location
average 1.8 pCi/g, with a standard deviation of 0.95 pCi/g, and a maximum of 2.5 pCi/g. See
Appendix C for the full list of soil sample results.

5.2 Gamma Walkover Survey Results

Figure 3 shows the FSS gamma walkover survey results for the BTD site. Individual FSS
GWS data was contoured in ESRI ArcView™ using an inverse distance weighting technique.
All contoured data was less than 35,000 cpm, the action level established in the workplan.
The GWS included approximately 143,000 individual data points spread over the 25 survey
units. The upper range of the GWS cpm legend shown on Figure 2 is equivalent to 105 pCi/g
DU based on sensitivity calculations.
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6.0 QUALITY ASSURANCE / QUALITY CONTROL
6.1  Field Replicate Sample Analyses

CABRERA collected and had the offsite laboratory perform replicate analyses for
approximately 10% (39 replicates) of the soil samples. Duplicate analysis entailed repeating
the analysis on a split sample and comparing the results statistically. The results are presented
in Appendix D. These samples were numbered using a unique identifier to support blind
submittal to the laboratory. In accordance with the workplan, field replicate analyses were
compared to the initial analytical results by determining a NAD value for each data set by the
following equation:

|Sample - Duplicate]

NAD =
\/ g ;n.mp]e + Glz)uplicale
Where: Sample = first sample value (original),
Duplicate = second sample value (duplicate),
Gsample = 20 counting uncertainty of the sample, and,
ODuplicate = 20 counting uncertainty of the duplicate

The calculated NAD results are compared to a performance criteria of less than or equal to
1.96. Calculated NAD values less than 1.96 are generally considered acceptable and values
greater than 1.96 are investigated for possible discrepancies in analytical precision, or for
sources of disagreement with the following assumptions of the test:

» the sample measurement and duplicate or replicate measurement are of the same
normally distributed population.

> the standard deviations, Gsample and Gpuplicate, represent the true standard deviation of
the measured population.

The results, shown in Appendix D, show one of the replicate samples did not pass the NAD
value. This, however, is not unexpected due to the inhomogeneity of the DU contaminant.
Much of the DU contamination was observed as small fragments in the field.

6.2  Field Instrumentation Quality Control Results

Data collection activities were performed in accordance with written procedures and/or
protocols in order to ensure consistent, repeatable results. The Project Engineer ensured that
individuals were appropriately trained to use project instrumentation and other equipment,
and that instrumentation met the required detection sensitivities.
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6.2.1 Calibration Requirements

Radiological instruments were used to scan equipment, personnel, and clothing for
radiological contamination and for performance of the GWS. This equipment included
Geiger-Mueller detectors, alpha-beta scintillation probes, Nal scintillation detectors, and
smear count rate instrumentation. Many of these instruments were used for health and safety
purposes and to guide remediation activities, while Nal detectors and GPS units were used
directly to generate FSS data and establish FSS sample locations.

Current calibration/maintenance records were kept on site for review and inspection (included
in Appendix E). The records include, at a minimum, the following:

¢ name of the equipment

¢ cquipment identification (model and serial number)
e manufacturer

e date of calibration

e calibration due date

Instrumentation was maintained and calibrated to manufacturers’ specifications to ensure that
required traceability, sensitivity, accuracy and precision of the equipment/instruments were
maintained. Instruments were calibrated at a facility possessing appropriate NRC and/or
Agreement State licenses for performing calibrations using National Institute of Standards and
Technology (NIST) traceable sources.

6.2.2 Sodium lodide (Nal) Gross Gamma Systems

Sodium iodide detectors were used directly to generate FSS data. Ludlum 44-20 Nal
detectors coupled to count rate meters and GPS were used to perform gamma walk-over
surveys. Instruments were calibrated within one year of the FSS at a facility possessing
appropriate NRC and/or Agreement State licenses for performing calibrations using NIST-
traceable standards.

Instruments were response checked dail;' for quality control by comparing the instrument
response to a designated cesium-137 (**’Cs) source. Response checks consisted of a one-
minute integrated count of the '*’Cs source positioned in a reproducible geometry (i.e., a jig).
The acceptance criterion for these instrument response checks is within +/- 20% of the mean
response generated using ten initial source checks. Results of daily response checks are
provided, along with calibration certificates, as Appendix E to this report.

6.3  Digital Global Positioning System Requirements
6.3.1 Daily Field Checks

GPS units were used directly to generate FSS data and locate FSS sample locations. GPS
point features was collected at the beginning and end of the day at a fixed location established
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at the beginning of the FSS. Results of these feature counts were compared to the mean of a
series of sequential initial positions. This data was entered into a spreadsheet and examined
to ensure less than one-meter variability. Results of daily field checks are provided as
Appendix E to this report.
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Appendix C

BTD Soil Sample Results

su FleldiD | “lsotope w Units | Flag' { TPU(+19] MDC Summary
1 |s000 U-238 16 pCilg 1.1 1.6 Average 0.88
1 6001 U-238 1.2 pCiig u 1.9 3.4 Std Dev 1.3}
1 6002 U-238 38 pCiig JU 48 75 [Max 38|
1 6003 U-238 0.9 pCiig Ju 2.8 4.8 IMin -1.6
1 6004 U-238 0.4 iig U 2.4 4.2 [# Samples 16
1 6005 U-238 0.1 Cilg U 1 1.8
1 6006 U-238 23 pCilg 12 18
1 6007 U-238 0.9 pCilg JU 1.4 22
1 6008 U-238 1.6 pCilg U 29 4.9
1 6009 U-238 1.7 pCiig U 1.4 22
1 6010 y-238 0.52 Ciig Ju 0.96 1.8
1 6011 U-238 0.3 pCilg Ju 2.7 4.8
1 6012 U-238 01 pCig |u 25 4.4
1 6013 U-238 13 pCilg U 14 22
1 6014 U-238 16 pCilg [u 12 1.8
1 6015 U-238 1.6 pCilg JU 27 5
2 6017 U-238 2.4 pCilg U 3 4.9 Average 18|
2 [eo18 U-238 0.8 pCiig U 1.2 1.9 Std Dev 25
2 6018 U-238 26 pCilg 1.2 1.6 |Max 80
2 6020 U-238 0.75 iig_[u 0.73 1.1 [Min 0.75
2 6021 U-238 0.8 Cilg U 2.4 4 # Samples 15
2 6022 U-238 11.9 pCilg 38 4.3
2 6023 U-238 13.8 pCilg 3 22
2 6024 U-238 2.9 pCilg 1.2 1.6
2 6025 U-238 1 pCiig |u 24 4.1
2 6026 U-238 3 Cilg 10 13
2 6027 U-238 16.9 pCilg 59 7.4
2 6028 U-238 68 pCilg 13 8.3
2 ~ Je02¢ U-238 80 pCiig |G 12 8
2 6030 U-238 9 pCilg 36 4.8
2 6031 U-238 19 |pCilg 12 1.9
3 6032 U-238 22 pCilg U 25 4 Average 0.85
3 6033 U-238 2.5 pCilg 16 2.4 Std Dev 0.93
3 6034 U-238 1.1 pCig U 18 3.1 [Max 25
3 6035 U-238 2.2 pCilg JU 2.6 4.2 Min -0.4
3 6036 U-238 0.4 Cig U 32 5.7 [# Samples 17
3 6037 U-238 06 __JpCig u 2.5 43
3 6038 U-238 0.4 iig U 26 45
3 6039 U-238 0.94 pCilg U 0.78 1.2
3 6040 U-238 2 pCilg {uU 3.2 5.4
3 6041 U-238 0.4 pCiig U 25 44
3 6042 U-238 1.8 pCiig u 23 3.8
3 6043 U-238 1 pCilg JU 1.3 2.1
3 6044 U-238 0.75 pCilg U 0.82 1.3
3 6045 U-238 0.9 pCiig U 15 25
3 6046 U-238 0.2 pCiig U 26 47
3 6047 U-238 0.2 lpCilg Ju 26 46
3 6048 U-238 1.1 pCilg U 12 1.9
4 6050 U-238 0.87 pCilg JU 0.99 1.6 Average 1.0
4 6051 U-238 1.8 pCilg 1.2 1.8 Std Dev 1.0
4 6052 U-238 0.4 leCig u 15 25 Max 3
4 6053 U-238 3 JpCiig Ju 29 4.8 ~Min 1.1
4 6054 U-238 12 pCilg [u 21 35 # Samples 15
4 6055 U-238 0.6 pCig [u 1.2 2
4 6056 U-238 0.8 pCiig [u 1.2 2
4 6057 U-238 0.83 vg Ju 0.94 15
4 6058 U-238 1 Ciig |u 1.8 3
4 6059 U-238 28 pCiig Ju 27 4.3
4 6060 U-238 -1.1 pCiig U 25 4.6
4 6061 U-238 0.4 pCiig Ju 1.1 1.9
4 6062 U-238 0.3 iig Ju 1.4 24
4 6063 U-238 0.6 Ciig JuU 1.2 2.1
4 6064 U-238 18 [pCirig U 18 28
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su FleldiD *tsotope | " Units | Flag' | TPU(+19]  MDC Summary

5 6066 U-238 1.5 pCiig [U 2 39 Average 2.1
5 6067 U-238 0.1 pCiig |u 0.52 0.91 Std Dev 35
5 6068 U-238 2 Cig U 1.8 28 Max 12
5 6069 U-238 0.45 pCilg |u 0.68 1.1 IMin -1.5
5 6070 U-238 4.8 pCiig JU 4.4 6.9 # Samples 14
5 6071 U-238 0.79 pCiig (U 0.58 0.86
5 6072 U-238 1.1 pCilg v 3.9 6.7
5 6073 U-238 0.7 pCilg Ju 2.2 3.9

Is 6074 U-238 7.1 pCi'g 4.2 6.1
5 6075 U-238 0.5 pCilg U 1.2 2
5 68076 U-238 11.6 pCilg 37 4
5 6077 U-238 1 pCilg |V 24 4.1
5 6078 U-238 1.1 pCilg |U 1.2 1.9
5 6079 U-238 -0.8 pCilg U 34 6.3
8 6065 U-238 0.42 pCiig v 0.62 1 verage 5.4
6 6080 U-238 0.9 pCiig |u 1.1 1.8 Std Dev 8.2
6 6081 U-238 1.6 pCilg U 35 6.4 Max 27|
6 6082 U-238 4.2 pCilg |U 34 5.1 Min 16
8 6083 U-238 0.5 pCilg |u 25 4.3 # Samples 14
6 6084 U-238 0.1 pCig U 22 3.9
6 6085 U-238 0.3 pCilg Ju 1.8 3.2
6 6086 U-238 27 Cilg U 1.9 2.9
6 6087 U-238 26.5 pCilg 7.3 74
6 6088 U-238 16.6 pCilg 6 6.9
e 6089 U-238 11 pCiig Ju 1.2 1.9
6 6090 U-238 13.4 pCi/g 5.2 6.2
6 6091 U-238 0.6 pCiig 2.8 33
6 6092 U-238 0.4 pCilg |U 34 6.1
7 6093 U-238 1.3 pCilg U 3 5 [Average 1.5
7 6004 U-238 0.61 pCig [U 0.81 1.3 Std Dev 1.0
7 6095 U-238 1.1 pCilg |V 1.2 1.9 Max 4.3
7 6096 U-238 26 Ciig |u 286 4.1 IMin 0.6
7 6097 U-238 4.3 Ciig [Tl 27 39 # Samples 15
7 6098 U-238 0.9 pCiig U 1.2 2
7 6099 U-238 1.06 pCiig U 0.96 1.5
7 6100 U-238 1.5 pCiig [V 33 57
7 6101 U-238 0.6 Ciig |u 26 4.4
7 6102 U-238 1 pCilg |u 15 2.4
7 6103 U-238 0.7 pCilg U 1.1 1.8
7 6104 U-238 1.4 pCilg Ju 29 4.8
7 6105 U-238 1.1 pCiig U 1.2 1.9
7 6106 U-238 25 pCilg 14 2
7 6107 U-238 11 Cilg |u 17 27
8 6108 U-238 -0.6 pCug U 39 7 Average 1.2
8 6109 U-238 1.4 pCiig Ju 1.1 16 Std Dev 14
8 6110 U-238 0.8 pCilg U 15 2.5 Max 3.3
8 6111 U-238 2 pCilg |U 4.2 71 [Min 2.3
8 6112 U-238 1.4 pCiig [U 2.7 4.6 # Samples 15
8 6113 U-238 1 pCiig U 15 2.4
8 6114 U-238 1.1 pCiig U 1.5 2.5
8 6115 U-238 2.3 Ciig U 3 5.8
8 6116 U-238 3 pCilg U 36 59
8 6117 U-238 0.8 pCiig U 26 4.4
s 6118 U-238 2.6 pCiig [U 2.8 45
8 6118 U-238 1.5 pCig U 1.2 1.9
8 6120 U-238 0.8 Ciig |u 1 1.7
8 6121 U-238 0.5 g [u 1.7 29
8 6122 U-238 33 pCig [V 3.8 6.1
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Appendix C

BTD Soil Sample Results
FloliD *sotope | Units | Flag' | TPU(+ ] MDC Summary
9 6123 U-238 9.2 ilg 5 7.1 verage 14
9 6124 U-238 8 Cilg 22 25 Std Dev 18
9 6125 U-238 555 Cilg 98 3.1 Max 57
9 6126 U-238 43 iig U 32 4.9 IMin 0.50
9 6127 U-238 10.2 ilg 24 2 # Samples 15
9 6128 U-238 57 R 10 32
B 6129 U-238 11.3 Cilg 28 2.2
9 6130 U-238 25.1 pCilg |G 37 23
9 6131 U-238 17 pCig U 1.5 24
9 6132 U-238 19 g 3.8 2.5
9 6133 U-238 0.5 pCilg U 12 2
9 6134 U-238 24 Cilg 1.3 1.9
Ie 6135 U-238 0.9 pCiig Ju 25 4.2
9 6136 U-238 37 g U 3 4.7
9 6137 U-238 43 pCilg 18 25
10 6138 U-238 28.6 Cilg |G 4.1 23 Average 11
10 6139 U-238 35 Ciig |u 36 5.8 Std Dev 12
10 6140 U-238 8.1 g 2 1.8 Max 41
10 6141 U-238 57 ig 3.1 4.5 IMin 0.40
10 6142 U-238 18.6 |pcCig 4.8 48 Samples 17,
10 6143 U-238 8.7 __|eciig 2 2.3
10 6144 U-238 30.4 Cilg_ 9.9 12
10 6145 u-238 17 g [u 1.8 29
10 6146 U-238 6.2 cig U 5.1 7.9
10 6147 U-238 17.9 il 6.1 7.2
10 6148 U-238 4.8 Cilg 27 3.9
10 6149 U-238 25 Cilg Ju 26 42
10 6150 U-238 41.2 pCilg_ 8.4 54
10 6151 U-238 15.6 g 3.1 1.8
10 6152 U-238 1.1 g Ju 1.1 1.9
10 6153 U-238 0.8 |pCilg U 33 5.6
10 6154 U-238 0.4 ‘ECilg 1] 22 3.9
11 6155 U-238 0.9 pCig JU 25 43 Average 3.6
11 |6156 U-238 0.6 g [u 1.2 2.1 Std Dev 5.1
11 6157 U-238 0.6 iig Ju 25 4.4 Max 18
11 6158 U-238 1.2 |pCilg Ju 24 4.3 [Min 12
11 6159 U-238 3.1 ilg. 13 17 # Samples 13
1 6160 U-238 1.8 g [u 39 6.5
11 6161 U-238 4.5 iig Ju 3.1 4.8
11 6162 U-238 10.7 g 25 2.1
11 6163 U-238 17.7 Ci'lg 5 5.1
1 6164 U-238 28 Igcug U 2.8 45
11 6165 U-238 32 pCilg 16 2.2
11 6166 U-238 24 pCvg U 37 6.1
11 6167 U-238 0.1 pCilg U 2.6 4.5
12 6168 U-238 3 _|pCitg U 2.9 4.5 Average 6.2
12 6169 U-238 1.48 _IpCilg 0.97 14 Std Dev 9.3
12 6170 U-238 1.3 pCig |u 3 52 Max 37
12 6171 U-238 1.5 pCilg [U 1.5 2.4 Min 0.6
12 6172 U-238 3.1 pCilg U 3.8 6.2 # Samples 15
12 6173 U-238 1.6 pCiig [u 1.2 1.9
12 6174 U-238 5.4 pCilg 33 4.8
12 6175 U-238 0.6 pCilg v 13 22
12 6176 U-238 8 ilg 21 2
12 6177 U-238 14.6 Cilg 5.3 6.3
12 6178 U-238 36.6 pCilg 8.2 6.7
12 6179 U-238 11.2 4@/9 2.8 2.5
12 6180 U-238 2 pCilg 13 1.9
12 6181 U-238 1.8 —|pCiig U 1.6 25
12 6182 U-238 15 ~JeCitg Ju 38 6.5
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Appendix C
BTD Soil Sample Results

» nal 1t

su FlekiiD lsotope (pClig) _ Units | Flag' | TPU{#3] wDC Summary
13 6185 U-238 -0.9 IeCiig U 3.8 6.9 verage 48]
13 6186 U-238 0.9 —_|pcig Ju 2.8 4.8 Std Dev 7.6
13 6187 U-238 1.3 Cilg U 16 2.6 Max 26
13 6188 U-238 0.39 Cilg U 0.89 1.5 _IMin -0.9
13 6189 U-238 1.3 ilg Ju 1.1 1.8 # Samples 15
13 6190 U-238 1.1 g U 1.5 25
13 6191 U-238 -0.4 g Ju 3.9 7
13 6192 U-238 1.5 IpCil ju 28 4.4
13 6193 U-238 1.6 Cilg_ 1.1 1.6
13 6194 U-238 3.4 Cil 1.4 1.9
13 6195 U-238 0.7 ilg U 11 19
13 6196 U-238 127 pCilg 4.2 4.9
13 6197 U-238 25.9 ilg 6.5 5.8
13 6198 U-238 5.6 IpCilg 1.9 2.3
13 6199 U-238 16.3 pCiig 34 22
14 6200 U-238 1.8 Cilg Ju 1.3 1.9 Average 33
14 6201 U-238 1.4 Ciig U 16 2.5 Std Dev 6.9
14 6202 U-238 1.1 g Ju 25 43 Max 27
14 6203 U-238 1.2 g U 2.2 3.6 Min 0.5
14 6204 U-238 0.82 g lu 0.93 15 # Samples 14
14 6205 U-238 1 g Ju 1.4 2.2
14 6206 U-238 0.6 Ciig {u 1.4 23
14 6207 U-238 0.5 |pCilg 1] 42 7.3
14 6208 U-238 0.9 Cilg Ju 28 4.8
14 6209 U-238 0.6 pCig U 25 4.2
14 6210 U-238 13 iig [u 1.2 1.8
14 6211 U-238 1.2 g Ju 1.1 1.8
14 6212 U-238 26.6 Ci/ 5.3 3.8
14 6213 U-238 7.1 Cilg 37 5.3
15 6214 U-238 0.5 Cilg [U 24 4.1 Average 0.81
15 6215 U-238 1.1 iig Ju 1.1 1.7 Std Dev 0.63
15 6216 U-238 1.7 g Ju 23 37 Max 1.8
15 6217 U-238 0.2 iig U 1.1 1.9 —min -0.10
15 6218 U-238 -0.1 g (U 27 4.8 # Samples 18
15 6219 U-238 0.87 g Ju 0.84 1.3
15 6220 U-238 1.4 Cilg |u 2.5 4.2
15 6221 U-238 -0.1 Ciig [u 35 6.3
15 6222 U-238 1 Ciig [U 1.1 1.8
15 6223 U-238 0.78 g fu 0.99 1.6
15 |6224 U-238 16 pCig U 2.3 38
15 6225 U-238 0.7 pCig U 1 1.7
15 6226 U-238 0.58 pCilg Ju 0.86 1.4
15 6227 U-238 0.12 _JpCirg Ju 0.74 1.3
15 6228 U-238 1.8 IpCilg U 2.4 3.9
16 6229 U-238 17.90 !gcu G 4.1 5 Average 8.3
16 6230 U-238 1.40 pCig JUG ]38 6.3 Std Dev 10
16 6236 U-238 1.20 pCiig JuG |28 4.8 Max 32
16 6237 U-238 28.00 pCiig |G 5.2 5.6 [Min 17
16 6238 U-238 0.50 pCiig UG [33 5.6 |# sampies 15
16 6239 U-238 13.70 leciig |G 5.1 7.4
16 6240 U-238 6.80 pCiig [LT.G |26 38
16 6241 U-238 32.10 pCiig |G 4.6 24
16 6242 U-238 4.30 pCig UG |33 5.3
16 6243 U-238 210 pCig JuG 22 3.6
16 6244 U-238 5.30 pCiig ILT.G |24 37
16 6245 U-238 3.10 leCilg Ju 2 3.2
16 6246 U-238 5.50 Ciig {UG |37 5.8
16 6247 U-238 4.60 pCiig [uG 131 4.9
16 6248 U-238 17 pCig UG ]33 57
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Appendix C

Appendix C

BTD Soil Sample Resuits
FloldID *isotope ﬁw Units | Flag' | TRU(++}| MDC Summary

17 6249 U-238 -0.4 pCiilg JU 39 6.9 |Average 1.2
17 6250 U-238 4.6 pCig [V 36 5.8 Std Dev 1.5
17 6251 U-238 3.4 iig U 33 5.2 Max 4.6
17 6252 U-238 1.1 pCilg Ju 2.4 4.1 Min -1.0
17 6253 U-238 0.28 pCilg [V 0.83 1.4 |# Samples 15
17 6254 U-238 1.2 Ciig U 11 17

17 6255 U-238 1.1 Cilg Ju 17 28

17 6256 U-238 0.6 Cig Ju 37 6.5

17 6257 U-238 1.1 pCig U 25 4.3

17 6258 U-238 29 pCiig U 26 4

17 6259 U-238 2 JpCilg 1 1.4

17 6260 U-238 1.2 |pCirg |U 1.5 2.4

17 6261 U-238 -1 Cig |u 17 3

17 6262 U-238 0.2 g u 34 5.8

17 6263 U-238 0.5 pCiig U 2.8 5

18 6264 U-238 1.6 pCig Ju 14 2.1 Average 0.9
18 6265 U-238 23 |eCirg 15 22 Std Dev 0.8
18 6266 U-238 0.6 ~|pCiig U 1.2 2 Max 23
18 6267 U-238 0.3 ilg ju 27 4.7 [Min -0.70
18 6268 U-238 0.8 g U 1 17 # Samples 15
18 6269 U-238 0.9 pCig Ju 12 2

18 6270 U-238 1.4 pCiig U 25 4.1

18 6271 U-238 2.1 Cilg {u 1.5 22

18 6272 U-238 0.7 pCig [U 38 6.8

18 6273 U-238 0.1 g Ju 1.7 2.9

18 6274 U-238 0.62 g Ju 0.81 1.3

18 6275 U-238 0.8 g U 1 1.7

18 6276 U-238 1.1 g U 29 4.9

18 6277 U-238 1.27 Ciig U 1 1.5

18 6278 U-238 0.9 pCilg JU 11 1.9

19 6279 U-238 28.3 pCilg 5.8 3.1 [Average 3.1
19 6280 U-238 07 pCiig [U 37 6.6 Std Dev 7.0
19 6281 U-238 1.5 pCig Ju 32 5.4 Max 28|
19 6282 U-238 2.9 g Ju 34 55 IMin 0.7
19 6283 U-238 1.2 lécug U 4 6.9 “[# samples 15
19 6284 U-238 3.7 pCiig [u 32 4.9

19 6285 U-238 1.3 iig [u 1.5 2.4

19 6286 U-238 1 Cig Ju 3 5

19 6287 U-238 1.9 vg Ju 26 4.2

19 6288 U-238 0.4 g u 1.1 1.9

19 6289 U-238 1 IeCiig Ju 27 4.7

19 6290 U-238 1.8 qpcug u 1.5 23

19 5291 U-238 1.1 Ciig Ju 1.1 1.8

19 6292 U-238 0 pCig U 2.7 47

19 6293 U-238 17 pCilg U 16 2.6

20 6294 U238 K Tocia U |38 8.7 Average 2.3
20 6295 U-238 13 JeCiig U 29 4.9 Std Dev 3.1
20 6206 U-238 11.9 i'g 4.7 6.2 Max 12
20 6297 U-238 1.2 Ciig [U 4.2 71 Min 0.10
20 J6298 U-238 6 i 2 24 # Samples 14
20 6299 U-238 1.8 g {u 4.1 7

20 6300 U-238 32 pCiig U 28 4.4

20 6301 U-238 15 JeCiig Ju 3.9 6.7

20 6302 U-238 0.4 Cig Ju 4.2 7.4

20 6303 U-238 0.8 Ciig Ju 27 4.7

20 6304 U-238 1 ﬁilg u 2.9 5

20 6305 U-238 1 vg [u 1 1.6

20 6306 U-238 0.3 leCiig {u 25 4.4

20 6307 U-238 1.9 JeCiig Ju 3.1 5.2
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Appendix C

BTD Soil Sample Resuits

sy FleldiD *Isotope (pcvg) Units | Flag' | TPUPH)] NMDG Summary

21 6308 U-238 36 pCilg U 28 4.3 Average 1.4
21 6309 U-238 1.4 pCiig |U 29 4.9 Std Dev 1.1
21 6310 U-238 1.1 pCiig Ju 1.1 1.8 JMax 3.6
21 6311 U-238 a3 pCilg Ju 46 7.6 IMin 0.2
21 6312 U-238 0 pCilg Ju 27 47 # Samples 15
21 6313 U-238 19 pCig (U 1.6 2.4
21 6314 U-238 2 pCilg [u 1.7 2.7
21 6315 U-238 2.1 pCi/g 1.4 2
21 6318 U-238 1.2 pCiig Ju 1.2 1.8
21 8317 U-238 0.9 leCirg U 1 1.7
21 6318 U-238 1.1 pCilg [u 2.4 39
21 [s319 U-238 1.5 pCilg [U 4.2 71
21 6320 U-238 -0.2 pCiig Ju 26 4.7
21 6321 U-238 0.7 pCig {u 1.4 2.4
21 6322 U-238 0.4 pCilg [U 1.4 2.4
22 6323 U-238 04 pCilg [uG |24 4 Average 11
22 6324 U-238 2 pCilg UG [36 59 Std Dev 13
22 6325 U-238 46.9 pCig |G 7.4 8.5 Max 47|
22 6326 U-238 9.4 pCig |G 47 7.1 [Min -0.15
22 6327 U-238 27 pCilg |G 5.5 6.2 # Samples 17
22 6328 U-238 11.6 pCilg |G 34 4.7
22 6329 U-238 19.9 pCilg |G 58 7.9
22 6330 U-238 22 Ciig Juc {22 3.6
22 6331 U-238 4.6 pCiig [LTG [13 16
22 6332 U-238 6.7 pCiig ILT.G |38 59
22 6333 U-238 6.3 ﬁ*pcug LT 123 34
22 6334 U-238 0.02 pCilg JuG [o78 1.38
22 6335 U-238 28.9 pCilg |G 4.3 26
22 6336 U-238 7 pCiig |LT.G |39 6.1
22 6337 U-238 -0.15 pCilg UG Jo.s4 1.03
22 6338 U-238 5.6 pCiig ILT.G |28 4.4
22 6339 U-238 28 pCilg [UG |29 46
23 6340 U-238 -1.9 pCilg JuU 26 4.9 Average 1.0
23 6341 |u-238 2.1 pCilg Ju 27 4.4 Std Dev 1.2
23 6342 U-238 1.46 pCilg 0.95 1.4 Max 31
23 6343 U-238 1.2 !pCi/g 1] 2.4 4 IMin -1.9
23 6344 U-238 -1 pCilg U 27 49 # Samples 17
23 6345 U-238 1.9 pCig v 16 25
23 6346 U-238 -0.1 cilg [u 3 52
23 6347 U-238 0.4 pCilg JuU 37 6.5
23 6348 U-238 14 pCiig U 2.8 4.6
23 6349 U-238 -0.1 pCilg v 2.8 4.9
23 6350 U-238 1.2 pCilg Ju 1.3 22
23 6351 U-238 0.8 pCig Ju 1.1 1.9
23 6352 U-238 0.9 pCig U 1.3 2.1
23 6353 U-238 1.1 pCilg U 3.1 5.2
23 6354 U-238 3.1 pCilg Ju 3.3 5.3
23 6355 U-238 1.2 pCiig |u 1.2 19
23 6356 U-238 2.5 pCilg |U 33 5.3
24 6357 U-238 1.5 pCilg U 3.9 6.7 |Average 1.7|
24 6358 U-238 2 pCiig Ju 34 5.7 Std Dev 1.8
24 6359 U-238 2.3 pCiig U 27 4.3 Max 6.9
24 6360 U-238 1.1 pCiig [U 3.6 6.2 [Min 1.2
24 6361 U-238 1.9 pCilg ju 2.8 4.6 [# Samples 14
24 6362 U-238 1.3 pCilg Ju 4 6.9
24 6363 U-238 -1.2 pCiig U 3.2 5.8
24 6364 U-238 0.6 pCig Ju 2.9 5.1
24 6365 U-238 15 pCiig Ju 4.1 7
24 6366 U-238 5.9 pCilg [T 48 6.8
24 6367 U-238 2.7 lpCirg Ju 2.4 37
24 6368 U-238 0.8 [pCilg U 1.8 3
24 6369 U-238 0.8 pCiig [U 1 17
24 6371 U-238 38 pCilg [LT.G 16 22
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Appendix C

Appendix C

BTD Soil Sample Results
FleldiD *Isotope "‘(' units | Fiag' | TPU+a|  wiDC Summary
25 6372 U-238 33 pCig |U,G_ |35 56 Average 14
25 6373 U-238 24 pCig JuG |4 6.7 Std Dev 1.0
25 6374 U-238 14 pCvg JUG |28 4.7 Max 33
25 6375 U-238 0.9 pCig JUG Jo9 1.43 Min 0
25 6376 U-238 0.15 Ciig UG |o.65 1.14 # Samples 15
25 6377 U-238 28 pCvg JU.G |31 5.1
25 6378 U-238 0.9 !gCilg UG 11 1.9
25 6379 U-238 1.1 pCiig UG [3.2 55
25 6380 U-238 1 pCig UG 113 22
25 6381 U-238 14 oCiig UG |16 2.6
25 6382 U-238 0 pCilg UG |3 5.4
25 6383 U-238 0.63 pCilg U 0.64 1.03
25 6384 U-238 0 pCiig JuG |34 6.1
25 6385 U-238 2.4 pCig |LT.G [1.5 2.3
25 6386 U-238 22 pCig UG |33 55
RAVINE 1 U-238 2.1 pCilg U 4.2 7 Average 1.8
RAVINE 2 U-238 07 cig v 28 48 Std Dev 0.95
RAVINE 3 U-238 25 pCig [U 31 51 Max 25
Min 0.70
Average 425
Maximum 80

*J-238 value is inferred using Th-234 progeny value assuming secular equillibrium.
U - Result is less than the sample specific MDC or less than the associated TPU
LT - Result is less than the requested MDC, greater than sample specific MDC
G - Sample density differs by more than 15% of the Lab Control Sample
Ti - Nuclide identification is tentative
MDC - Minimun detectable concentration
TPU - Total propagated uncertainty

APG-BTD-WAC-1 u-238 402 pCilg 69 17
APG-BTD-WAC-2 U-238 223 pCilg 37 59
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Appendix D
Field Replicate Normalized Absolute Difference Results

- Paragon
Paragon Initial Duplicate'?
Sample Value | Two o Error{ Sample Value | Two o Error Fail if NAD
Sample ID 24Th, pCilg | of Sample |  ***Th, pCilg | of Duplicate] NAD > 1.96
6005 1.00E-01 1.00E+00 9.00E-01 1.30E+00 | 049 Pass
6020 7.50E-01 7.30E-01 6.00E-01 3.00E+00 | 0.05 Pass
6025 1.00E+00 | 2.40E+00 6.20E-01 9.00E-01 0.15 Pass
6035 2.20E+00 | 2.60E+00 4.20E-01 7.40E-01 0.66 Pass
6060 -1.10E+00 | 2.50E+00 8.40E-01 9.70E-01 0.72 Pass
6065 4.20E-01 6.20E-01 -4.00E-01 1.20E+00 | 0.61 Pass
6070 4.80E+00 | 4.40E+00 2.70E+00 1.30E+00 | 0.46 Pass
6075 5.00E-01 1.20E+00 2.60E+00 3.80E+00 | 053 Pass
6105 1.10E+00 | 1.20E+00 1.20E+00 1.80E+00 | 0.05 Pass
6115 -2.30E+00 | 3.00E+00 0.00E+00 2.40E+00 | 0.60 Pass
6120 8.00E-01 1.00E+00 1.10E+00 1.80E+00 | 0.15 Pass
6125 555E+01 | 9.80E+00 6.00E+01 110E+01 | 0.31 Pass
6130 117E+02 | 2.00E+01 1.27E+02 2.20E+01 | 0.34 Pass
6140 8.10E+00 | 2.00E+00 1.97E+01 5.00E+00 | 215 Fail
6150 4.12E+01 | 8.40E+00 6.10E+01 1.20E+01 1.35 Pass
6160 1.80E+00 | 3.90E+00 4. 10E+00 2.10E+00 | 0.52 Pass
6170 1.30E+00 | 3.00E+00 2.20E+00 2.50E+00 | 0.23 Pass
6185 9.00E-01 | 3.80E+00 -2.10E+00 3.50E+00 | 0.23 Pass
6190 1.10E+00 | 1.50E+00 4.00E-01 3.50E+00 | 0.18 Pass
6200 1.80E+00 | 1.30E+00 5.00E-01 120E+00 | 0.73 Pass
6215 1.10E+00 | 1.10E+00 -1.00E-01 2.50E+00 [ 0.44 Pass
6220 1.40E+00 | 2.50E+00 -4.00E-01 9.60E-01 0.67 Pass
6250 4.60E+00 | 3.60E+00 1.40E+00 2.60E+00 | 0.72 Pass
6252 1.10E+00 | 2.40E+00 1.00E-01 1.00E+00 | 0.38 Pass
6270 1.40E+00 | 2.50E+00 -1.60E+00 4.00E+00 | 064 Pass
6275 8.00E-01 1.00E+00 1.40E+00 1.40E+00 | 0.35 Pass
6280 -7.00E-01 | 3.70E+00 3.00E+00 4.70E+00 | 0.62 Pass
6290 1.80E+00 | 1.50E+00 -1.10E+00 2.80E+00 | 0.91 Pass
6300 3.20E+00 | 2.80E+00 1.70E+00 110E+00 | 0.50 Pass
6310 1.10E+00 | 1.10E+00 8.00E-01 1.70E+00 | 0.15 Pass
6315 2.10E+00 | 1.40E+00 3.60E+00 3.20E+00 | 0.43 Pass
6345 1.90E+00 | 1.60E+00 5.00E-01 110E+00 | 0.72 Pass
6355 1.20E+00 | 1.20E+00 6.20E-01 8.40E-01 0.40 Pass
6359 2.30E+00 | 2.70E+00 2.60E+00 320E+00 | 0.07 Pass
6365 1.50E+00 | 4.10E+00 -1.20E+00 2.70E+00 | 0.55 Pass
6230 1.40E+00 | 3.80E+00 -1.20E+00 3.80E+00 | 0.48 Pass
6238 5.00E-01 | 3.30E+00 4.50E+00 3.30E+00 | 0.86 Pass
6326 9.40E+00 | 4.70E+00 6.10E+00 4.70E+00 | 0.50 Pass
6386 2.20E+00 | 3.30E+00 1.00E+00 3.30E+00 | 0.26 Pass

' Duplicates used for NAD analysis were those split samples obtained in the field.
2 The duplicate samples generated via second counts of the same samples at Paragon Labs were not used here,
as those apply only to the lab's QAPP.
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Designer and Manufacturer
of

LUDLUM MEASUREMENTS, INC.

Scientific and Industriol POST OFFICE BOX 810  PH. 325-235-5494
Instruments CERTIFICATE OF CALIBRATION 501 OAK STREET FAXNO. 325-235-4672
SWEETWATER, TEXAS 79556, U.S.A.
- JSTOMER CABRERA SERVICES ORDER NO. 210994/279195
Mfg. Ludium Megsurements, Inc. Model 2221 Serial No. 735 I
Mig. Ludium Megsurements, Inc. Mode 44-20 setaino. PR1S3 405
Cal. Date 12-Feb-04 Cal Due Date 12-Feb-05 Cal. Interval I Year Meterface 202-159
Check mark [chpplles to applicable instr. and/or detector IAW mfg, spec. T. 73 _°F RH 20 % ARf 7108 mmHg
[J New Instrument  Instrument Recelved E(Wh‘hln Toler. +-10% [:10-20% [] Out of Tol. [[] Requiring Repair {] Other-See comments
A Mechaonical ck. M Meter Zeroed 7] Background Subtract [ Input Sens. Linearity
A F/SResp. ck ' Reset ck. ¥ Window Operation W Geotropism
V] Audio ck. ] Alarm Sefting ck. M Batt. ck. Min. Volt) 4.4 VDC
Ef(:cllbrcted in accordance with LMi SOP 14.8 rev 12/05/89. (] Calibtrated in accordance with LMI SOP 14.9 rev 02/07/97.
Threshold \
instrument Voitset_100 0 v inputsens._ 1O mv Det.oper (000 v at 1O mv Darsetio 00 - Q™
I HV Readout 2 points)  Ref./inst. 500 500 ¥ Ret/mnst. 2000 2003 v
COMMENTS:
Peak settings Gross Counts Model 2221 currently set
High Voltage: (0 , V ) ooo\ for gross counts.
Threshold dial: 642 100 (10mv) High voltage set with detector
Window dial: 40 n/a connected.
wWindow Position: "IN" "ouT"
Resolution for Csl37: ~‘f R n/a Firmware: 2(0 ,02_7
(al'd Atk 2 b'cable.
Gamma Calibration: GM deteciors posiioned perpendicular to source except for M 44-9 in which the front of probe faces source.
REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
X 1K ___400Kcpm Hoo Hoo
o~ XK 100 Kepm JoO oo
X 100 40 Kepm o 400 HQo
X100 10 Kepm loo 100
X10 4 Kcpm o 4o0 ~A00
X0 1 Kcpm [Q0O Qo
X1 400 cpm 00 % o
X1 __ 100cpm. 00 loo
*Uncertainty within + 10%  C.F. within + 20% Range(s) Calibrated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*
Digital L
Retdout __ 400 Kepm Yoo 45(0) [sBe _ 500Kcpm sooK 500K
___40Kcpm_ qo0 F H00§ 50 Kcom SOK (3
4Kepm o 460 5 Kcpm 3 _5
___400cpm [ | __500cpm. 500 So0
40 cpm 4 / ___50cpm. 50 50

Ludium Megasurements, InC. certifies that the above nstrument has been calibrated by standords traceable to the National institute of Standards and Technaiogy. or fo the cakbration taciities of

other Intemationat Standards Organizotion members, of have been derived from accepted vakues of natural physical constonts or have been derved by the ratio fype of calibration techniques

The calibration system conforms 1o the requirements of ANSI/NCSL 2540-1-1994 and ANSI N323-1978 State of Texas Calibration License No. LO-1963
Reference Insiruments and/or Sources:

Cs-137 GammasiN [(nie2 [enz (Imses (5105 (Jmioos (11879 [Jessz [esst [J720 [1734 []iete [ Neutron Am-241 Be S/N T-304

(] AlphaS/N (] BetaS/N & omer Am-2Y @ = D-Ql#&‘
¥ m500S/N 132899 (] Oscilloscope S/N (o’ Multimeter S/N 82080087
Jbrated By: 1 03 g 8 0S5 1'0 W Date l 9- F:eib 0 Li -
S -~
Revlewed By: m ﬂoL}iv*-‘ Date |3 Fm ™
This certificate shak not be reproduced except in full, without the written approval of Ludium Measuraments, Inc AC Inst, : Passed Dislectric (Hi-Pot) and Continulty Test
FORM C22A 11/26/2003 Only [ Fatlea:




Y

of

Scientific and industrial

Designer and Manufacturer

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 326-235-5494
501 OAK STREET FAXNO. 326-235-4672

Instruments SWEETWALTER, TEXAS 79556, U.S.A.
Bench Test Data For Detector
Detector 44-20 Serial No. F R l 8 b L‘/ 0 5/
Customer CABRERA SERVICES Order #. 210994/279195
Counter 2221 Serial No. q" 84’ Counter Input Sensitivity ] O mv
Count Time L_ S¢LCo u&j Distance Source to Detector S w/ ‘Qo..c e
Other
Hignh Isotope ﬁm - 217 Isotope Isotope Isotope
Voltage Background Size %'0,32‘!, 0, Size Size Size
800 [ 1563 754
850 [1b]4 ] 995D
100 |[5 16 2447
50 |57 | 2241
— 1000 | [SHY 2274
lggo | |519 230778
> Moo |64 | 2311
10 [[517 22743
1200 |[566 | 22977
1250 11597 [ 22939
1300 [2[20 [ 23322
(3501268723922
Signature T&SL\ 805‘}—0(/\ Date ) 2 FﬁéO‘j

FORM C4A 04/09/2003

e Serving The Nuclear Industry Since 1962 e



Designer and Manufacturer LUDLUM MEASUREMENTS, |NC.

ot
- POST OFFICE BOX 810  PH. 325-235-5494
Sclentfic and indlusiial CERTIFICATE OF CALIBRATION 501 OAK STREET FAXNO. 325-235-4672
SWEETWATER, TEXAS 79556, U.S.A.
«  JUSTOMER  CABRERA SERVICES ORDER NO. 297073/272297
Mfg. udium Megsurements, Inc. Model 2221 Serial No. 15881
Mfg. Ludium Measur Inc Mode! 44-20 soiaNo. PRIS2ZTH3I
Cal. Date 15-May-03 Cal Due Date 15-May-04 Cal. Interval 1Year _Meterface 202-159
Check mark [Zfopplies to applicable instr, and/or detector IAW mfg. spec. T. 71 _°F *H 4 % ARt 6998 mmHg
] New Instrument  Instrument Received Mhln Toler. +-10% []10-20% [] Out of Tol. [] Requiring Repalr [} Other-See comments
A Mechanical ck. [ Meter Zeroed [J Background Subtract [ Input Sens. Linearity
A F/S Resp. ck @ Reset ck. & Window Operation 4 Geotropism
A ck. ] Alarm Setting ck. ¥ Batt. ck. (Min. Volf) 50 VDC
allborated in accordance with LMI SOP 14.8 rev 12/05/89. (] Cdiibrated in accordance with LMl SOP 14.9 rev 02/07/97.

Threshold mv
Instrument Volt SetCommest$ Vv input SensCommemt§mv Det. OperComments v ot Commesdsnv Dial Ratio = -

7] HV Readout (2 points)  Ref./Inst. 800 / LSQQ V  Ref./Inst. 2000 / ZmQ \
COMMENTS:

Peak settings Gross Counts Model 2221 currently set
High Voltage: Tq9& {100 for &rross counts
Threshold dial: 642 100 (10mv}) High voltage set with detector
Window dial: 40 n/a connected.
Window Position: "IN" "out”
Resolution for Cs137: =~ 4.8 % n/a Firmware: 24 10 27
Gamma Calibration: GM ¢ positioned perp 'JlarloswrceexceglorMMhmmeﬁonlotgrobefacessoume.
REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
X 1000 400 Kcpm HOO Yoo
~ o X1000 100 Kepm {00 100
X100 40 Kcpm 400 . Uo12]
X100 10 Kepm . . 100 100
X190 4 Kcpm HooO Koo
X 10 1 Kcpm 100 100
X1 400 cpm Hoo Hoo
X1 100 cpm oo 100
*Uncertainty within + 10%  C.F. within + 20% - _ALL Range(s) Caiibrated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*
Eiegoﬂgcl)ut 400 K cpm 399 (- 12 Lile kggle 500 K cpm 450 k Hg OK
_ 4Kepm  __3945(0) :ALO __50Kcpm T
—man S WS | e b
__ 400cpm. — _Y0C __ 500cpm. 09 %
40 cpm He) _ 4() 50 cpm_ Ky

Ludium Measwrements, Inc. certifles that the above Instrument has been callbrated by standards troceabie to the Nationa Institute of Standards and Technology. or to the calibration facilities of
ofher Intemational Standards Organization members. of have been dedved from accepted values of natural physicol constants or have been derved by the ratic type of calbration technicres.

The collbration system conforms to the raquiraments of ANSI/NCSL 2540-1-1994 and ANSI N323-1978 State of Texas Calibration License No. LO-1963
Reference Instruments and/or Sources:
cs-137Gammasn [ ez [Jeniz [Imses [Js105 [1oos [reze [Jess2 [Jesst "] Neutron Am-241 8e 5/N 1-304

[ Alphas/N [ setas/N ] Other
[y m 500 S/N sciloscope S/N " Muttimeter $/N 80040300
lorated By: pate 15 - Maq-03
~—- J

Reviewed By: bate €A /189 33
This certificate shali not be reproduced except In full, without the written approval of Ludium Measurements, inc. AC Inst. : Passed Dielectric (Hi-Pot) and Conftinuity Te'sf—
FORM C22A 04/09/2003 only [} Faled:




M Designer and Manufacturer
of

Scientific and Industrial
Instruments

LUDLUM MEASUREMENTS, INC.

POST OFFICE BOX 810 PH. 326-235-5494

501 OAK STREET FAXNO. 326-235-4672
SWEETWATER, TEXAS 79556, US.A.

Bench Test Data For Detector

Detector 44-20 seriaiNo. PR 18274 3

Customer CABRERA SERVICES

Order #. 297Q073/272297

Counter 22 serciNo. 1 1.5 8 L Counter Input Sensitivity 1O mv
Count Time é) See_ Distance Source to Detector 6Q r facg
Other

High Isotope A_m_&"l_l Isotope Isotope Isotope _

Voltage  Background sizedQ0, T Tuls Size Size Size

800 1427 | 2132

850 1196 | 1490]

qQoo 150 15884

950 18749 |182€3

lcoo |19 08 | 19085

050 | &4l | 4353

—Iljoo | 1843 | 19162

(130 | 183389 | 19243

~ |r0C | 2024 | 4249

(250 232¢ | (9522

1300 2447 | 19935

1350 3084 | 21121

Signature Ma&ié_d__immﬂ
N

FORM C4A 04/09/2003
e Serving The Nuclear Industry Since 1962 e

Dote_&_-[ﬂa\fr -0 3



Designer and Manufacturer
of
Scientific and industrial

Revised MW.MLL_

CERTIFICATE OF CALIBRATION  *

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494

M

inetruments 501 OAK STREET FAXNO. 325-235-4672
SWEETWATER, TEXAS 79556, U.S.A.
_ ~USTOMER ___CABRERA SERVICES ORDER NO. 2970731272297
Mfg. Ludium Megsur Ing. Model 2221 SeriaiNo._{ 74944 5
Mfg. Ludum M rements, Inc. Model 44-20 Serial No. Eﬂ l& 5 4O 1
Cal. Date 15-May-03 Cal Due Date __15-May-04 Cal. Intervai i Yeaqr Meterface 202-159

Check mark [/ applies to applicable instr. and/or detector IAW mfg. spec.
] New Instrument
 Mechanical ck.
LA F/SResp. ck A Reset ck.

L Audio ck. 1 Alarm Setting ck.
[#Calibrated in accordance with LMI SOP 14.8 rev 12/05/89.

T.

i Meter Zerced

N

Instrument Recelved Mhln Toler. +-10% (] 10-20% []Out of Tol. (7] Requiring Repair [] Other-See comments

{J Background Subiract
M Window Operation
M Batt. ck.

°F

(Min. Volf)

RH 46 % At 6998 mmHg

&4 nput Sens. Lineartty
M Geotropism

50 vDC
[ Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.

Threshoid mv
Instrument Vol SetCamments V Input SensCammemtsmV Det. OperComuments V ot CommerdSmv  Dial Ratio__. =
7 MV Readout (2 points)  Ref./inst. 500 /499 V. Ref./ingt. 2000 /1998 v
COMMENTS:
Peak settings Gross Counts Model 2221 currently set
High Voltage: 7193V |§l=]22V; for Gvoss Counts
Threshold dial: 642 100 (10mv) High voltage set with detector
Window dial: 40 n/a connected.
Window Position: "IN" "ouT"
Resolution for Cs137: =~ | % n/a Firmware: 26 O 27

Calibrated w/ 39 cable

Gamma Calibration: GM detectors positioned perpendicutar to source except for M 44-8 In which the front of probe faces source.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING”
- X 1000 400 Kcpm HOO Yoo
. X1000 100 Kepm B {00 Leo
X100 40 Kepm Y00 Yoo
X 100 10 Kepm. {oQ {oO0
X 10 4Kcpm S0 Lboo
X 10 1 Kcpm 100 100 L
X1 400 cpm 400 G400
X1 100 cpm. 100 100
*Uncertainty within + 10%  C.F. within = 20% ALL Range(s) Calibrated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING* CAL, POINT RECEIVED METER READING®
Rebdbut 400K com. 9912.06) Ji‘lllﬂ? % _soKcom @ _H4SOK_ 450k
40K cpm ) 3985€, 50 K cpm Sok
___AKcpm __399¢@) ___5Kepm. % K SK
___400cpm_ Yo (°) Ho(o) __ 500cpm. __500a/m _S$oo
____dcpm @ ___He) 200 4@ ____S0cpm _ .85 b 858

Ludium Measurerments. Inc. certtfies that the above instrument has been calibrated by stondards traceatls to the National Institute of Standards and Technoiogy. or 1o the callbration facilities of
other Intemational Standards Organization members, of have been dertved from accepted values of natural physical constants or have been derved by the ratio type of calibration techniques.

The calibration systern contomms to the requirements of ANSI/NCSL 7540-1-1994 and ANSI N323-1978

Starte of Texas Calibration License No. LO-1963

Reference Instruments and/or Sources:

Cs137 Gamma SN (1162 (Jenz2 [mses [I5105 [11iooe (J1e7e [(Jessz [essn

[ Alpha §/N [ Betas/N

[ m 500 /N Oscilloscope S/N

allbrated By:

Reviewed By:

[ omer
[ Mulimeter S/N

Date _[.$ -ﬁaq-ﬁi
Date X/%fﬁj

] Neutron Am-241 Be S/N T-304

80040300

This certificate sholl nat be reproduced except in 1Ull. without the written approval of Ludium Measurements, Inc.

FORM C22A  04/09/2003

Lo

ACInst. [ ] Possed Dielectric (Hi-Pot) ond Confinuity Test

]

[ ralea:




)

Designer and Manufacturer

of

Scientific and Industrial

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494

501 OAK STREET

FAXNO. 326-235-4672

SWEETWATER, TEXAS 79556, US.A.

Instruments
N
Bench Test Data For Detector
18340 Y
Detector 44-20 seriaiNo. PR 44 =20

Customer CABRERA SERVICES Order #. 297073/272297
Counter 2221 SerialNo. | T 444 S o Counter Input Sensttivity 1O mv
Count Time _{z Sl Distance Source to Detector ~Xutface.
Other
High sotope _Am-L4{ Isotope Isotope Isotope
Voltage Background Size 28 0.17 uli  Size Size Size
800 |\82C 2242
gso (2113 |8708
900 2238|125 70
950 (2247|140 52
oo | 2148 | 1594 ( _
oS0 | 215¢ |12 46
~—2lloo | AL3| |lL®t38
o 12219 ||L332
T 200 (2206 | 16%H 35
1250 (Z21¢2 | 1574
1300 1327517805 ]

Signature
N

FORM C4A 04/09/2003

e Serving The Nuclear Industry Since 1962 e

Date li"'mﬁ\f”'o 3



Designer and Manufacturer LUDLUM MEASUREMENTS, INC.

of

Scientific and industral POST OFFICE BOX 810 PH. 325-235-5494

Instruments CERTIFICATE OF CALIBRATION 501 OAK STREET FAX NO. 3252354672
SWEETWATER, TEXAS 79556, US.A.
~__-USTOMER __CABRERA SERVICES ORDER NO. 213333/280342
Mfg. Ludium Measurements, Inc. Model 2221 sefialNo.__/ 7674/ o
Mfg. Ludium Megsurements, inc. Model 44-20 Serial No. _,// /7RSS
Cal. Date 26-Mar-04 Cal Due Date 26-Mar-05 Cal. Interval 1 Yeqr _ Meterface 202-159

Check mark Mcpplles to applicable instr. and/or detector IAW mfg. spec. T. 75 °F RH 34 % At 7058 mm Hg
] New instrument  Instrument Recelved Wmln Toler. +-10% []10-20% [ Qut of Tol. [ Requiing Repair [} Other-See comments

¥ Mechanical ck. W Meter Zeroed [] Background Subtract M Input Sens. Linearity
4 F/SResp. ck o Resetck. @ Window Operation M Geotropism
4 Audio ck. [} Alarm Setting ck. ] Batt. ck. (Min. VoIty ____ 4.4 VDC
/Zé;lb(cned In acgordance with LMI SOP 14.8 12/05/89. ] Caljbrated In accor with LM SOP 14.9 rev 02/07/97.
: Threshold 700 70 mv
instrument Volt Set 4, V Input Sens. @1 mV Det. Opel. s VvV at > _mV DialRatio =
7] HV Readout (2 points)  Ref./inst, 500 | ¥%2 V  Ref.finst. 2000 ; 197% v
COMMENTS:
ok Q//fnf . éﬂm S(%‘,,lo .
Aok Voltage: Tod V- MY 1o%0V.
Win: o Wen P " Out”
Wea. P, " ZoV” Thatd /o0 Crom?)
Thehtd = C** Zobwmint esrently Sof 4 fves 947.
() . . . -
Resolatin 4 (& 137 & 9 20 V24 viaery S ‘L cn Lok
Gamma Cafibration: GM detactors positioned perpendicular ta source except for M 44-8 in which the front of probe fanes source.
REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
— _XIK o _400Kcpm Hoo 0o
X1K 100 Kepm /00 /0o
__ X100 40 Kepm #o Lo
_x1Qe0 10 Kcpm /00 5 /00
X10 4 Kepm oo 7/
X10 1 Kepm _ [00© /0o
X1 400 com #op “oo
X1 100 com /00 1900
*Uncertainty within £ 10% C.F. within =+ 20% Ronge(s) Calibrated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER REA?\JG'
DYy akcom  toos93nh  ttssth |Be sonicem S0 sk Svo Kk
40 Kepm Joo3e o3¢ - 50 Kepm 0 - PN
4‘;::0: 003 Y 003 » 5KCEDD % ' 5 *
4 cpm 500 chn 4og__ ¢/ __50cpm = S%0_cf~ 500 Cle
____40cpm Yo o SO __ _S0cpm @ 39 __* so "

Lucium Measurements. inc. certifles that the above nstrument has been calibrated by standards fracecbie to the National institute of Standards ond Technology, or to the colforation fadiiites of
other iIntemational Standords Organization members, or have besn derved from accepted values of natural physical constants or have been derived by the ratio type of callbration techniques.
The cdioration system conforms 1o the recuirements of ANSI/NCSL Z540-1-1994 ond ANSI N323-1978 State of Texas Calibration License No. LO-1963

Reference Instruments and/or Sources:
Cs137 Gamma SN (1162 (Jenz [Omses Tsios [Inoos Cliere [Jesse [lesst Tlrzzo (J7aa (Jiete [~ Neutron Am-241 Be $/N1-304

!
(] Aipha$/N ] Beta$/N Mma !4' # g . 77,4«[5
f” m 800 S/N CR VAN [ Mutimeter S/N_ 69101832

___ Salbroted 8y ]( pate 24" /M(V oy
Reviewed By: é/ Q’f ﬂ Date 2 7 Ma2GY

his certificate shall not be reproduced except In full, without the written approval of Ludium Measwrements, Inc. AC Inst, D Passed Dielectric (HI-Pot) and Confinuity Test
FORM C228 11/26/2003 Only ™1 falled:




)

N——

of

Sclantific and Industrial

Designer and Manufacturer

LUDLUM MEASUREMENTS, INC.
POST OFFICEBOX 810 PH. 326-235-5494
501 OAK STREET FAXNO. 326-235-4672

tnshruments SWEETWATER, TEXAS 79556, U.S.A.
Bench Test Data For Detector
Detector 24-20 Serial No. 74 /72578

Customer CABRERA SERVICES

Counter

2221 Serial No.

/ 2o 941

Count Time / M. /gﬁé’W r igﬂc/éﬂ/ﬂmj

Order #. 213333/280342

Counter Input Sensitivity /0 mV

Serfacr

Distance Source to Detector

Other
24
High Isotope Isotope Isotope Isotope
Voltage  Background Size lv;ém A Size Size Sze
Foo /07 /43863
K50 V2748 /S955 2
Foo 79% | /7839,
PO | j8030 | /9309
/000 /7859 /FF5R3
/0¢0 /8354 /E5 /2 /
/(00 /8909 /Fvzo08
(/5° /P05C | [/9/700
/200 RoGoy /89677
SignmUM % bate £&° %" 04

FORM C4A 04/09/2003

@

[ 0

e Serving The Nuclear industry Since 1962 e




Designer and Manutacturer LUDLUM MEASUREMENTS, INC.

of
“ o ) POST OFFICE BOX 810  PH. 325-235-5494
S ana Industial CERTIFICATE OF CALIBRATION 501 OAK STREET FAXNO. 326-235-4672
SWEETWATER, TEXAS 79556, US.A.
N -USTOMER CABRERA SERVICES ORDER NO. 297073/272297

Mfg. Ludium Measurements, Inc. Model 2221 Serial No. _{ 76q 5 Z-

Mfg. Ludium M rements, Inc. ___ Model 44-20 Serlal No. E K ] 8,3 Hée 35

Cal. Date 20-May-03 Cadl Due Date 20-May-04 Cat. Interval 1 Year Meterface 202-159
Check mark [zapplles to applicable instr. and/or detector IAW mfg. spec. T. 71 °F RH 46 % AR 699.8 mm Hg

[ Newlnstument  Instument Received in Toler. +-10% [[]10-20% [ Out of Tol. [] Requiring Repalr [[] Other-See comments

¥ Mechanical ck. A Meter Zeroed [J Background Subtract ¥ Input Sens. Linearity

W F/SResp. ck i Reset ck. ¥ Window Operation i Geofropism

A Audio ck. [ Alarm Setting ck. M Batt. ck. (Min. Volt) 50 vDC

M liorated In accordance with LMI SOP 14.8 rev 12/05/89. [ Calibrated in accordance with LM SOP 14.9 rev 02/07/97.

Threshold mvV
Instrument Vot SeiComment$ V Input SensCommentsmVv Det. OperComments vV ot Commepdsny DialRatio. L 0O = (O
] HV Readout (2 points)  Ref./inst, 500 / \50 { V  Ref./Inst. 2000 / \
COMMENTS:
Peak settings Gross Counts Model 2221 currently set
High Voltage: QO8V SO v for OrroSS covnty
Threshold dial: 642 100 (10mv) High voltage set with detector
Window dial: 40 n/a connected.
Window Position: "IN" "ouT"
Resolution for Csl37: ~QqQ 4 % n/a Firmware: 26 1O 21

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

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPUER CAL. POINT "AS FOUND READING" METER READING*
__X1000 400 Kepm 4oo0 Y00
o~ X 1000 100 Kepm 100 LOO
X100 40 Kepm koo yols)
X100 10 Kepm 100 0o
X 10 4 Kepm “HOO H$no
_X10 1 Kepm 100 o0
_ X1 400 cpm 400 Yoo
_Xx1 100 cpm | 42)») Loo
*Uncertainty within £ 10%  C.F. within + 20% AlLL Ronge(s) Calibrated Electronicaily
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*
Digitat Log '_'l K
Readout __400Kcpm_ 3 38.‘1&@) Scae _500Kcpm 30 _HS0K
__40Kepm  _J3988() __50Kepm @ __Sok @ __ 50k
____4Kcpm 98 (e __ _5Kcpm _ Sk S K
___400cpm. () __ 500cpm. _Soo _soo
____Mcpm H{x) ____50cpm_ _ 585 _ 385

Ludium Measurements, Inc. certifies thot the above Instrument has been cdiibrated by standards traceabile o the National Institute of Standards ond Technology, or to the callbration faciities of
other Infemationa Stondards Organkzation memben, or have been dertved from accepted values of natural physica constants or have been derived by the ratio type of calibration techniques.

The callbration system conforms 1o the requirements of ANSI/NCSL 2540-1-1994 and ANSE N323-1978 State of Texas Calibration License No. LO-1963
Reference Instruments and/or Sources:
Cs-137 Gamma /N (1162 [Jen12 [(Imses [Js105 [J1i008 (11870 [Jess2 [1ess [ Neutron Am-241 e $/N T-304
{1 Alpha /N (] BetaS/N (] Other

(i m 500 S/N ﬂllloscope S/N _ [ Multimeter S/N 80040300
ilorated By: ))&ji 1 pate 22 -May -0 3

4
Reviewed By: wm ALD Date _ &4 //"“—’L 23

This certificate shall not be reproduced except In full, without the written approval of Ludium Measurements, Inc. ACInst. [T} passed Dislectric (HiPot) and Continuity Test
FORM C22A 04/09/2003 Onty (] Failed:




LUDLUM MEASUREMENTS, INC.

M Desgrerond Maruachure POST OFFICE BOX 810 PH, 325-235-5494
Of

501 OAK STREET FAXNO. 326-235-4672
Sclentne ond industal SWEETWATER, TEXAS 79566, US.A.

Bench Test Data For Detector

Detector 44-20 Serial No. EB lﬁ,} '_'l Qs,s‘,

Customer CABRERA SERVICES Order #. 297073/272297
Counter 2221 Serial No._| 1 Qﬂss Z : Counter Input Sensitivity ‘ Q . mV
Count Time Q 66(‘/ Distance Source to Detector _S_u_tfac |
Other B

High Isotope Q m -2Y Isotope Isotope Isotope

Voltage Background Size 0. TTue | Size Size Sze

850 | 1687 | 8320
Qo | 1834 | 14134
Q50 11815 1 16647
loco | 1838 | 182917
1050 | 1866 | 185 HY
oo | 1958 | 197160
21180 | 1925 ]| (8818
1200 (8 104 o
— 1250 | 1918 | 187131
(300 | 2189 | 19263
1350 | 24497 \9307
(400 | 2653 | 19628
[450 | 3443 | 20443

- e

Signature Md&ﬂ_ﬂmt—- A Date 20- [ﬂa\y -03

FORM C4A 04/09/2003

e Serving The Nuclear Industry Since 1962 e



Appendix E

~— Nal 3 x 3 Daily QC
137 C s
Inst.#97841 Inst.#97841 Source Ser. #] 1134
QC Daily Source ___Initial Source Readings Nuclide] Cs137
[ Date Result (cpm) PF_ | Date Result (cpm)
‘ 6/2/2004 102600 [ 6/272004 101881
6/3/2004 101508 6/2/2004 105647
[ 6/472004 98130 6/2/2004 105033
6/6/2004 101417 6/2/12004 105319
6/7/12004 102538 6/2/2004 103080
'6/6/2004 99,689 6/2/2004 98471
6/9/2004 101618 6/2/2004 99281
6/10/2004 99987 6/2/2004 101530
6/11/2004 101345 6/2/2004 101991
6/14/2004 102129 6/2/2004 102746
6/15/2004 99,870 Avegge
102498




Inst.#161581
JDaily ource

Date
5/29/2003
5/29/2003
5/30/2003
5/30/2003

Result (cpm
52107
52218
52715
52610

7/14/2003
7/14/2003

56432
56589

7/15/2003

56368

7/15/2003

55989

7/16/2003

56502

7/16/2003

56308

7/17/2003

56183

711712003
7/18/2003

56346
56535

7/18/2003
7/21/2003
7/21/2003

56134

56991

56374

7/22/2003

57173

7/22/2003

56989

7/23/2003
7/23/2003

56674
55758

7/24/2003

56336

7/24/2003

56682

7/29/2003

56888

7/29/2003

55867

7/30/2003

56536

7/30/2003

56124

7/31/2003
7/31/2003

56704
557690

8772003

56569

8/7/2003

8/8/2003

57219

55714

8/8/2003

56421

8/11/2003
8/11/2003

56184
56579

8/12/2003

8/12/2003

56701
56467

8/13/2003

56795

[ 1372003

8/14/2003

56352
56725

I 811472003

55763

APG - BTD

Appendix E

Nal 3 x 3 Daily QC
137cs

inst.#1 61&81 Source Ser. #] 1127
Initial Source Readm Nuclide] Cs-137

Date

Result (cpm)

5/29/2003
5/29/2003

51908
51972

5/29/2003

51622

5/29/2003

51816

5/29/2003

51914

5/28/2003

515673

5/29/2003

51773

5/29/2003

51565

5/29/2003

51530

5/29/2003

!

52168

Average
51793

BTD General Meter QC Charts xis-2221 #161581(a)



Appendix E

Nal 3 x 3 Daily QC

6o
inst#174945(c) nst#174945(c) Source Ser #[_1127_|
QC Daily Source Initial Source Readings Nuclide} 137Cs
Date Result (cpm) Date Result (cpm)

8/14/2003 8/14/2003 53257
8/14/2003 53805 8/14/2003 53690

[~ 8/15/2003 53683 8/1472003 53872

8/15/2003 54004 "~ 8/14/2003 53483
571872003 54415 81412003 53849
" 8/18/2003 49909 8/14/2003 53625

" 82003 53771
8/14/2003 53778
8/14/2003 54023
8/14/2003 “53714

Average
53706

8/19/2003
8/19/2003
87202003 |
[ 8/20/2003 |
8/21/2003
872172003
812212003

8/22/2003

8/25/2003
| 8/25/2003
8/26/2003
8/26/2003
8/27/2003
8/27/2003

APG - BTD BTD General Meter QC Charts.xls-2221 #174945(c)



Inst.#176941
QC Daily Source ‘
“Date Result (cpm) PIF |
[_67212004 99684
" 6/3/2004 99421
" 6/4/2004 100200
6/6/2004 96903
6/7/2004 98567
~6/8/2004 100195
6/9/2004 101318
6/10/2004 96,543
6/11/2004 99,145
6/14/2004 100,487
6/15/2004 101213

Appendix E

Nal 3 X 3 Daily QC

101507

137cs
Inst#176941 Source Ser. #| 1134
Initial Source Readings Nuclide] Cs137 |
“Date “Result (cpm)
6/2/2004 101072
6/2/2004 101141
6/2/2004 100498
6/2/2004 101092
67272004 101254
'6/2/2004 103880
" 6/2/2004 101204
6/2/2004 101281
[~ 6/2/2004 101332
[ 6/2/2004 102313
Avegge(




Appendix E

Nal 3 x 3 Daily QC

Inst#176952
QC Daily Source
Date Resuit (cpm) PIF
[ 5/29/2003 51776
[ 5/29/2003 52653
[~ 5/30/2003 51893
5/30/2003 51750
[~ 7/14/2003 55906
" 7/14/2003 | 56387
7/15/2003 56256
7/15/2003 56108
7716/2003 55058
7/16/2003 56327
8/12/2003 57703
8/12/2003 56289
" 8/13/2003 57003
[ 8/13/2003 57426
[ 871472003 56102
[ 8/14/2003 56727
| 8/1572003 56092
(871572003 | 56847
8/18/2003 52803
8/18/2003 52559
8/19/2003 52554
8/19/2003 52786
8/20/2003 55999
8/20/2003 56358
8/25/2003 56723
8/27/2003 52998
8/27/2003 54784
APG - BTD

137Cs
Inst#176952 Source Ser. # 1127:q
Initial Source Readings Nuclide] Cs-137

Date Result (cpm) )
5/20/2003 51994
5/29/2003 51435
512972003 52117
5/29/2003 52172
5/29/2003 51774
5/29/2003 51834
5/29/2003 51587
5729/2003 51760
5/29/2003 51529
5/29/2003 51909

Averagi

51811

BTD General Meter QC Charis.x|s-2221 #176952(b)



Appendix E

GPS Daily QC

[~ Trimble #0224022532, Antenna # 0220161434, Handset # 0220159474

QC Daily GPS (Meters)
Date AM/P| Northing Easting Offset PIF Trimble #0224022532, Antenna # 0220161434,
M {meters) (meters) (Meters) Handset # 0220155474
“7/16/2003 | AM_| 197000.7 | 472402.7 0.3 —_Initial GPS Readings (meters)
7/16/2003 | PM 197000.5 472402.5 0.58 Date Northing Eastin
8/13/2003 | AM 197001.1 472402.3 0.59 5/21/2003 197001.2 472402.8
8/13/2003 | PM 197001.4 472402.5 0.57 5/21/2003 197001.1 472402.9
8/14/2003 | AM | 197001.153 | 472403.009 0.24 5/21/2003 197000.9 472402.9
8/14/2003 | PM | 197000.909 | 472403.037 0.17 5/21/2003 197000.8 472402.9
8/15/2003 | AM | 197000.771 | 472402.300 0.63 5/21/2003 197000.9 472403.0
3/15/2003 | PM | 197000.800 | 472403.100 0.23 5/2@003 197001.0 472403.0
r8/18/2003 | AM | 197000.200 | 472402.999 0.79 5/21/2003 197001.1 472403.0
8/18/2003 | PM | 197001.609 | 472403.010 0.64 5/21/2003 197001.0 472402.9
8/19/2003 | AM | 197001.477 | 472402.686 0.53 5/21/2003 197001.0 472402.8
8/19/2003 | PM | 197000.500 | 472402.437 0.66 5/21/2003 197000.9 472402.8
8/27/2003 | AM | 197001.790 | 472402.300 1.00 Average
8/27/2003 | PM | 197001.323 | 472403.156 043 197000.985 472402.891
max 197001.2 472403.0
Min 197000.8 472402.8
Delta 0.38900 0.22400
Stdev 0.119791667 | 0.083658221
Max offset (meters) 0.448884172




Appendix E

GPS Daily QC

Trimble #0224022532, Handset # 0220207988
QC Daily GPS (Meters)
Date |AMP| Northing Easting Offset PIF Trimble #0224022632, Handset # 0220207988
M (meters) (meters) (Meters)
Initial GPS Readings (meters)
_Date Northlng Eastin
5/21/2003 197002.1 472403.1
5/21/2003 1970021 472403.1
5/21/2003 197001.8 472403.0
5/21/2003 197001.4 472402.9
7/16/2003 | AM | 197000.853 | 472402537 0.77 5/21/2003 197001.6 472403.0
7/16/2003 | PM | 197001.385 | 472402577 0.42 5/21/2003 197001.3 472402.8
714712003 | AM | 197001.215 | 472402557 0.50 5/21/2003 197001.3 472402.8
7/17/2003 | PM | 197000.910 | 472402.620 0.68 5/21/2003 167001.2 4724031
7/18/2003 | AM | 197000.610 | 472402.506 0.99 5/21/2003 1970011 472403.2
7/18/2003 | PM | 197000.826 | 472402.753 0.69 5/21/2003 197000.8 472403.2
712172003 | AM | 197001.373 | 472402699 0.31 Average
7/21/2003 | PM | 197000.546 | 472402.940 093 197001480 | 472402986
712212003 | AM | 197000.523 | 472402961 0.96
7/124/2003 | AM | 197001.204 | 472403.002 0.28 max 197002.1 472403.2
7/29/2003 | AM | 197001.375 | 472402.722 0.28 Min 197000.8 472402.8
7/29/2003 | PM | 197000.168 | 472402657 1.35 Delta 1.30300 0.39300
7/29/2003 | PM | 197001.473 | 472402238 0.75 Stdev 0.416975797 | 0.132697561
7/30/2003 | AM | 197000.324 | 472402.857 1.16 Max offset (meters) 1360976855
7/30/2003 | PM | 197000.790 | 472402.567 0.81
7/31/2003 | AM | 197000.579 | 472402.559 1.00
8/7/2003 | AM | 197000.602 | 472402.666 0.93
8/7/2003 | PM | 197000.903 | 472402876 0.59
8/8/2003 | AM | 197000.927 | 472402.671 0.64
8/8/2003 | PM | 197000.880 | 472402782 0.62
8/11/2003 | AM | 197000.947 | 472402.904 0.54
8/11/2003 | PM | 197001.014 | 472402.419 0.73
8/12/2003 | AM | 197001.042 | 472402536 0.63




Appendix E

GPS Daily QC

Trimble #0224015316 Antenna # 0220161434, Handset # 0220159474

QC Daily GPS (Meters)
Date AM/P| Northing Easting Offset PIF Trimble #0224015316 Antenna # 0220161434,
M (meters) (meters) {Meters) Handset # 0220159474
— I — E—
7/16/2003 | AM | 197000.853 | 472402.537 0.78 ___Initial GPS Readings (meters)
7/16/2003 | PM | 197001.385 | 472402.577 0.44 Date Northing Eastin
7/17/2003 | AM | 197001.215 | 472402557 0.52 5/21/2003 197002.1 _472403.1
7117712003 | PM | 197000.910 | 472402.620 0.69 5/21/2003 197002.1 472403.1
7/18/2003 | AM | 197000.610 | 472402.506 1.00 5/21/2003 197001.8 472403.0
7/18/2003 | PM | 197000.826 | 472402.753 0.70 5/21/2003 197001.4 4724029
7/21/2003 | AM | 197001.373 | 472402.699 0.32 5/21/2003 197001.6 472403.0
7/21/2003 | PM | 197000.546 | 472402.940 0.94 5/21/2003 197001.3 4724028
7/22/2003 | AM | 197000.523 | 472402.961 0.96 5/21/2003 197001.3 472402.8
7/24/2003 | AM | 197001.204 | 472403.002 0.28 5/21/2003 197001.2 4724031
7/29/2003 | AM | 197001.375 | 472402.722 0.30 5/21/2003 197001.1 472403.2
7/29/2003 | PM | 197000.168 | 472402.657 1.36 5/21/12003 197000.8 472403.2
7/29/2003 | PM | 197001.473 | 472402.238 0.77 Average
7/30/2003 | AM | 197000.324 | 472402.857 1.18 197001.480 472403.004
7/30/2003 | PM | 197000.790 | 472402.567 0.82
7/31/2003 | AM | 197000.579 | 472402.559 1.00 max 1970021 472403.2
8/7/2003 | AM | 197000.602 | 472402.666 0.94 Min 197000.8 472402.8
8/7/2003 | PM | 197000.903 | 472402.876 0.59 Delta 1.30300 0.39900
8/8/2003 | AM | 197000.927 | 472402.671 0.65 Stdev 0.416975797 | 0.137207707
8/8/2003 | PM | 197000.880 | 472402.782 0.63 Max offset (meters) 1.362721542
8/11/2003 | AM | 197000.947 | 472402.904 0.54
8/11/2003 | PM | 197001.014 | 472402.419 0.75
8/12/2003 | AM | 197001.042 | 472402.536 0.64
8/12/2003 { PM | 197000.884 | 472402.880 0.61
8/13/2003 | AM | 197000.719 | 472402.815 0.78
8/13/2003 | PM | 197001.229 | 472402.700 0.39
8/14/2003 | AM | 197000.960 | 472403.193 0.55
8/14/2003 | PM | 197000.743 | 472403.031 0.74
8/15/2003 | AM | 197000.882 | 472402.889 0.61
8/15/2003 | PM | 197001.168 | 472402.657 0.47
8/18/2003 | AM | 197001.579 | 472402.559 0.46
8/18/2003 | PM | 197001.014 | 472402.419 0.75
8/19/2003 | AM | 197001.324 | 472402.857 021
8/19/2003 | PM | 197000.889 | 472402.782 0.63
8/20/2003 | AM | 197000.764 | 472402.533 0.86
8/20/2003 | PM | 197000.899 | 472402.561 0.73
8/25/2003 | AM | 197001.144 | 472402.351 0.73
8/25/2003 | PM | 197001.719 | 472402.340 0.71
8/26/2003 | AM | 197000.537 | 472402.809 0.96
8/26/2003 | PM | 197001.825 | 472402.505 0.61
8/27/2003 | AM | 197000.724 | 472403.100 0.76
8/27/2003 | PM | 197001.825 | 472403.000 0.35



Appendix E

GPS Daily QC

Trimble #0224048724, Antenna # 0220280009, Handset # 0220151861

QC Daily GPS (Meters)

Date | AMP| Northing Easting Offset PIE Trimble #0224048724, Antenna # 0220280009,
M (meters) {meters) {(Meters) Handset # 0220151861
[ 6/2/2004_| AM | 1970430 | 472450.0 0.72 Initial GPS Readings (meters)
6/3/2004 | AM | 197040.0 472446.0 433 Date Northing Easting
6/4/2004 | AM | 197042.0 472449.0 0.72 6/2/2004 197043.000 | 472450.000
6/7/2004 | AM | 197043.0 472449.0 0.85 6/2/2004 197043.000 | 472450.000
6/11/2004 | AM | 197042.0 472450.0 0.57 6/2/2004 197042.0 472449.0
6/14/2004 | AM | 1970420 | 472449.000 0.72 6/2/2004 197042.0 472450.000
6/2/2004 197042.0 472449.0
6/2/2004 197043000 | 472450.000
6/2/2004 197043.000 | 472450.000
67212004 1870420 | 472450.000
6/2/2004 197042.0 472449.0

6/2/2004 197042.0 4724490
Average ‘
107042.400 | 472449.600

max 197043.0 472450.0
Min 197042.0 472449.0
Delta 1.00000 1.00000
Stdev 0.516400406 | 0.516387273

Max offset {meters)

1.414213562
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