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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: 

0 Remediation of soils, debris, and structures within the confines of the BTD site, 

0 Deconstruction of structures on the BTD site, 

Removal of plate steel for on-site recycling, 

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

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

0 FSS of the BTD site soils and structures, and 

0 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 (238U). An 
As Low As Reasonably Achievable (ALARA) target and remediation goal of 105 pCi/g DU 
and 88 pCi/g 238U 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 238U. The results of the soil 
samples areas show the highest 238U 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 cprn or less 
than the ALARA target of 88 pCUg 238U. The FSS data indicates that the site is suitable for 
release for unrestricted use, without regard for former operations with licensed radioactive 
material. 

Final Report 
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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 

L 

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 72,5 I6 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, 200 1).  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. 

Final Report 

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. 

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. 

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 steeydebris was containerized in intermodals 
for future rail shipment to Envirocare of Utah. 

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. 

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. 

In March through June 2004, the remainder of the soil was loadedshipped 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. 

0 At the time of this writing, all soiVdebris 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). 

0 

0 

0 

0 

0 Collection of data 
0 Evaluation of data 

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 

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 
(234U): Uranium-235 ( U): Uranium-238 (238U) ratio of 0.084 : 0.012 : 0.904. During DCGL 
development, a more conservative isoto ic ratio was established to ensure adequate 
protectiveness. This composition, 234U: 'U: 238U of 0.138 : 0.0234 : 0.839, is used to 
evaluate FSS data herein. See Appendix A, Section 2.1.3, for details. 

ZP5 

P 
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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. 
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Total Uranium 

3.0 DERIVED CONCENTRATION GUIDELINE LEVEL 

*3”v 

The Derived Concentration Guideline Level (DCGL) for the BTD Site soil is 220 pCi/g total 
DU (resident scenario) and 184 pCi/g 238U. The ALARA target level DCGL has been set at 
88 pCi/g 238U. 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. 

DCGL 

ALARA Target 

220 184 

105 88 

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 (a and p). 

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 238U 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: 

Where: DCGL = 

LBGR = 

DCGL - LBGR 
%= 0 

Derived Concentration Guideline Level 

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. 

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. 

DAAA09-00-G-0002/0039 CABRERA SERVICES, INC Page 6 of 18 



Bomb Throwing Device Site 
Aberdeen Proving Ground Radiological Final Status Survey 

Final Report 

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 I 
and Type I1 errors of five percent (Le., a = p = 0.05). 

4.2. I Elevated Measurement Criterion (DCGLEMC) 

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 DCGLEM~ for soil. This corresponds to an area factor 
of one. Since the soil MDCSCAN values are sensitive enough to identi@ 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 = \ j  A 
0.866 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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#3 
#4 
#5 
#6 
#7 
#a 
#9 

Table 4-1. Survey Units 

1558 17 11.3 

1835 15 12.3 

1944 14 12.7 

1995 14 12.8 

2000 15 12.8 

2000 15 12.8 

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 

#2 1 
#22 
#23 
#24 

2000 12.8 

#19 2000 12.8 

#20 2000 14 12.6 

2050 15 12.7 

1968 17 12.8 

1303 17 10.4 

1993 14 12.8 

I #25 I 2009 I 15 I 12.8 

4.3 Systematic Surface Soil Sampling for Sign Test 

Surface soil samples (0 to 15 cm, 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 238U 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 238U 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 

4.4 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 NaI detector and ratemetedscaler. 
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 cm) DU in 50-year 
equilibrium with its radioactive daughter products. The calculation is based on the 
methodology described by NUREG-1 507 (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. I Modified, was utilized for the 
analysis. Results are reported in terms of dry weight activity per gram of soil. Sample 
activity for 238U is inferred via the direct measurement of Th-234 decay progeny using gamma 
spectroscopy analysis. Appendix C presents the results of 379 soil samples fkom 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 238U soil sample result was 80 pCi/g. 
All soil sample results are below the ALARA target of 88 pCi/g 238U . The soil samples meet 
FSS release criterion. Statistical results for these 25 survey units are presented below. 

I 

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 238U. The 238U 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. I .  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 238U . The 238U 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 238U. The 238U 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 238U. 5 The 238U results for this SU average 1 .O pCi/g, 
with a standard deviation of 1 .O 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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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 238U. The 238U 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 pCVg for 238U. The 238U 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 ful l  list of soil sample results and Figure 5 for the location of each sample. 

5. I .  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 238U. The 238U results for this SU average 1.5 pCi/g, 
with a standard deviation of 1 .O 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. I .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 238U. The 238U 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. 

L 

5. I .  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 238U. The 8U 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. 

3 

5.1.10 SU-IO Results 

The results for the 16 samples (Field ID 6138-6154 collected and analyzed in this SU are 
below the ALARA target of 88 pCi/g for 238U. The 8U results for this SU average 1 1  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. 

2 

5. I .  I I SU-I 1 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 238U. The 238U 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. 

L 
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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 238U. The 238U 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 
f i l l  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 238U. The 238U 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 f i l l  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 238U. The 238U results for this SU average 3.3 pWg, 
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 238U. The 238U 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 238U. The 238U 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. I6 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 238U. The 238U 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. 

5.1.1 7 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 238U. The 238U 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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L 

for the ful l  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 238U. The 238U 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. I .  I9 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 238U. The 238U 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 238U. The 238U 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 238U. 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. 

2 u 

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 238U. The 238U results for this SU average 0.95 
pCi/g, with a standard deviation of I .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 238U. The 238U 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 
ful l  list of soil sample results and Figure 5 for the location of each sample. 

5. I .24 SU-2.5 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 238U. The 238U results for this SU average 1.3 pCi/g, 
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with a standard deviation of 1 .O pCi/g, and a maximum of 3.3 pCi/g. See Appendix C for the 
f i l l  list of soil sample results and Figure 5 for the location of each sample. 

Final Report 

5.1.25 Ravine Results 

The results for the 3 samples (Field ID RAVINEl-RAVINE3) collected and analyzed in this 
location are below the ALARA target of 88 pCi/g for 238U. The 238U 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 ArcViewTM 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 pCVg 
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 = JzzzL 

Where: Sample = first sample value (original), 

Duplicate = second sample value (duplicate), 

0SarnpIe = 20 counting uncertainty of the sample, and, 

(3Dupllcate = 2 0  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. 

P the standard deviations, OSample and (TDupIlcate, 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 andor 
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, NaI scintillation detectors, and 
smear count rate instrumentation. Many of these instruments were used for health and safety 
purposes and to guide remediation activities, while NaI detectors and GPS units were used 
directly to generate FSS data and establish FSS sample locations. 

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

0 name of the equipment 

0 

0 manufacturer 

date of calibration 

0 calibration due date 

equipment identification (model and serial number) 

Instrumentation was maintained and calibrated to manufacturers’ specifications to ensure that 
required traceability, sensitivity, accuracy and precision of the equipmenthstruments 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 Iodide WaI) Gross Gamma Systems 

Sodium iodide detectors were used directly to generate FSS data. Ludlum 44-20 NaI 
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 andor 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 I3’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. 

I 3 7  

6.3 Digital Global Positioning System Requirements 

6.3. I 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. 

Final Report 
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Appendix B: Final Status Survey Plan, Bomb 
Throwing Device (BTD) Site 

Restricted Data, Removed 



Appendix C: Soil Sample Analytical Results 



Appendix C 
BTD Soil Sample Results 

-b. 

Appendix C Page 1 



Appendix C 
BTD Soil Sample Results 

L A  

Appendix C Page 2 



Appendix C 
BTD Soil Sample Results 

-4 

Appendix C Page 3 



Appendix C 
BTD Soil Sample Results 

1 

Appendix C Page 4 



Appendix C 
BTD Soil Sample Results 

\ 

Appendix C Page 5 



L 

Appendix C Page 6 



Appendix C 
BTD Soil Sample Results 

\/ 

Appendix C 

Average 
Maximum 

4.25 
80 

'u-238 - 1 ~  is i n f e d  using Th-234 progeny value assuming secular equillibrium. 
u - Result is less than the sample specific MDC or less than the assodated 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 - Nud'ide identification is tentative 

MDC - Minimun detectable concentration 
TPU - Total propagated uncertainty 

69 17 
5.9 37 

pCilg APG-BTD-WAC1 U-238 402 
APGBTDWAGP U-238 223 PC@ 
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Appendix D: Field Replicate Normalized AbsoIute 
Difference Results 
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Appendix D 
Field Replicate Normalized Absolute Difference Results 

’ Duplicates used for NAD analysis were those split samples obtained in the field. 
The duplicate samples generated via second counts of the same samples at Paragon Labs were not used here, 
as those apply only to the labs QAPP. 
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Instrument Volt Set 100 0 V Input Sens. I 0 mV Det. Oper. 1 00 0 V at I 0 mV Dial Ratlo 10 0 - 
HV Readout (2 polnts) RefAnst. 500 / .roo ,V Ref./lnst. Moo / 2003 V 

COMMENTS: 
Peak settings Gross Counts Model 2221 currently set 

High Voltage: 691 v l O 0 O V  for ~ ~ O S S  C O U ~ S .  
Threshold dial: 642 100 (10rnv) High voltage set with detector 
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Window Position: "IN" "OUT" 
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400 cpm yo0 
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L 

Bench Test Data For Detector 

Oetector 44-20 Serial No. 

Customer CABRERA SERVICES Order #. 2109942791% 

Counter 2221 Serial No. 7 8 41 Counter Input Sensttivlty 10 mV 
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Deslgner and Manufacturer LUDLUM MEASUREMENTS, INC. 
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Cal. Date 15-Mav-03 Cal Due Date 15Mav-04 Cal. Interval l Y e a r  Meterface 202-1 59 

Check mark @applies to applicable in&. and/or detector IAW mfg. spec. T. 71 "F RH 46% AH 699.8 mmHg 
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High voltage set with detector 
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Threshold dial: 642 100 (1Omv) 
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x lo00 100 Kcpm IO0 Io0 
x loo 40 Kcom Y O 0  YdO 
L -- I OD tho 
_x1sL____ 4 KcDm yo0 A 

_x1 l00cpm A l d o  

1 

x 10 1 u r n  too loo 
x 1  400 cDm 400 YO0 

~ ~- - 
-~ 

'Uncertdnty within i 10% C F wiihln i 2096 - - A U  Range(s) Calbrated Electronicaly 

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT 
CAL POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING' 

AlphaS/N BetaSIN 0 Other 

Multimeter S/N 8oo4o300 

-63 
L- 

Date ZrbfiY 3 3  

1 AC 
0 Posed Dielechc (Hi-Pot) and Conhnudy Test- Th& certltlcate hdl not be repoched except h full. wlfhout the unltten opprwd of LudClm Measurements hc 

FORMCZZA 04/09/2003 I Only 0 Foiled 



LUDLUM MEASUREMENTS, INC. 
Deslgner and Manufacturer POST OFFICE BOX 810 PH. 3252355494 

01 501 OAK STREET FAX NO. 3252354672 
Sclentlfk and Industrid 

lnstrumenls SWEETWATER, TEXAS 79556, U.S.A. 

L 

Bench Test Data for Detector 

Detector 44-70 Serial~o. PR l827Lt3 
Order #. 2970731272297 

--. - ______ Customer CABRERA SERVICES 

Counter 2221 Serial NO. I 6 15 e l  Counter input Sensitivlty . IO mV 

Count Time 4 4 e . L  Distance Source to Detector &P fWP 

Other _ _  -~ 

I 
- __ .. . 

I 

j 
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Deslgner and Manufacturer R M ~ ~  h c  6 L P I L l B y , L ;  LUDLUM MEASUREMENTS, INC. 
Of POST OFFICE BOX 810 PH. 3252355494 

CERTlFlCATE OF CALIBRATION 501 OAK STREET FAX NO. 3252354672 
SWEETWATER TEXAS 79554, USA. - ,USTOMER CABRERA SERVlCES ORDER NO. 2970731272297 

Mfg. Ludlum Measurements. Inc. Model 2221 SerialNo. 749 Y 5 
Mfg. Ludlum Measurements. Inc. Model 44-20 Serial NO. PA 18 3 YO 4 
Cal. Date 15Mav-03 Cal Due Date 1 SMav-04 Cal. Interval 1 Year Meterface 202- I 59 

Check mark @applies to applicable In&. and/or detector IAW rnfg. spec. T. 71 “F RH 46 96 An ~ 699.8 mmHg 

Instrument Received -In Toler. +-lo% 0 lO-m% Out of Tol. 0 Requlrlng Repalr Other-See ccmments c] New Instrument 

Qf F/S Resp. ck [a Reset ck. @ WlndowOperatlon &I Geokoplsm 

&alibrded in accordance with LMI SOP 14.8 rev 12/05/89. 

Mechanical ck. [a MeterZeroed 0 Background Subtract @f Input Sens. Linearity 

Audio ck. !J AlarmSefflngck. @ Bott. ck. (Mln. Volt) 5.0 VDC 
0 Calibrated In accordance with LMI SOP 14.9 rev 02/07/97. 

mV - - Threshold 
Dial Rotlo- ~nstrument Volt Set-5 V Input S e n s ~ m V  Det. Oper&m@&. V at -V 

HV Readout (2 points) R e f . / l n s t . A  /LcT4 V R e f . / l n S t . A  /- V 

COMMENTS: 
Peak settings Gross Counts Model 2221 currently set 

for Gross Gaud J 
High voltage set with detector 

High Voltage: 7 q 3 q  1 IOOJ 
Threshold dial: 642 100 IlOmv) 

Window dial: 40 n/a connected. 
Window Position: “IN” “OUT” 

Resolution for 0137: a 14 % n/a  Firmware: 26 10 27 
Cal I bratad uJ/ 39’’ cable 

oamnacaybrahon G M d e $ c t o n m a n e d ~  (0 sourn excep( lorM 44-9 In WNeh  it^ frcml d pmbe (rrccs wm 
REFERENCE INSTRUMENT RECD t NSTRUMENT 

RANGE/MULnPUER CAL POINT “AS FOUND READING” METER READING* 

_x_Is3ML___ 1 ! € k o m _ _  ___ 
4cO Kcpm Y O O L  

100 I O 0  
x loo 40 Kcom Y O D L  

4&pm 400 
x l o o  A 
x 10 YbD 

1 Kcgm IO& 160 - 
x 1  A- y DO W O  

L XlDOo 

10 Kcom LOO 

x19 

x1 l00com 106 1 t70 

_I_____ ________ 
‘UnCertoMywmk,~10% C.F wmJn*m AI 1 Ronge(4 Calibrated Electrorrlcaliy 

REF E RE N C E INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT 
METER READING‘ CAL. POINT RECEIVED METER READING’ CAL POINT RECEIVED 

0 AlphoS/N BetaS/N other 



LUDLUM MEASUREMENTS, INC. 
Des!gner and Manufmturer POST OFFICE BOX 810 PH. 325-2355494 

of 501 OAK STREET FAX NO. 3252354672 
Scienlifii and IndUJhial 

lnshuments 
SWEETWATER, TEXAS 79556, U.S.A. 

Bench Test Datu For Detector 

w3404 
Detector 44-20 Serial NO. PR 'I 4 -20 

Order #. 2970731272297 

Counter 222 1 Serial No. 1 7 99 Y 5 ~ ~ Counter Input Sensitivity I D  mV 

Count Time 4 ,<et'!! DJstcmce Source to Detector &&@- 

Other 

Slgnature Date /$-fvtgu -0 3 
L 

FORM C4A M/09/2003 
e Serving The Nuclear hdustry Since 1962 0 



LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 3252355494 

SWEETWATER, TEXAS 79556, USA. 

Deslgner and Manufacturer 
ot 

Sc4niific and lndustrlol 
Instruments CERTlFlCATf OF CALlBRATlON 501 OAKSTREET FAX NO. 325-235-4672 

2 1 33331280342 ORDER NO. 
Ludlum Measurements Inc. Model 2221 Serlal No. /Tbqy/ 

L~STOMER CABRERA SERVICES 

Mfe. 
Mrg. Ludlum Measurements Inc. Model 44-M SerlalNo. /- / 7 m f  
Cal. Date 26-Mora Col D u e  Date 24-Mar-05 Cal. Intervai 1 'fear Meterface 222-159 

Check mark dapplies to applicable In&. and/or detector IAW mfg. spec. T. 75 "F RH 34_% Alt 705&mtig 

Instrument Received e l n  Tder +-lo% 0 10-20% 0 Out of Tol. 0 Requlrlng Repair 0 Other-See comments 

Resetck. @ Wlndow Operotlon Geotroplsm 

New Instrument 

a Mechanical ck. @' Meter Zeroed CJ Background SubtrQCt Q Input Sens. Lineattty 

0 AlmSemngck. @' Batt. ck. (Min. Volt) 4.4 VDC 
with LMI SOP 14.9 rev 02/07/97. 

Threshold /oa - mV 
Instrument V d t  Set Cur V Inputsens. dk4 mV * mV Dial Ratlo - 

wlth UvlI SOP 14.8 12/05/89. 

HV Readout (2 pdnts) RefArtst. 500 1 %F* V Ref./lnst. 3oix) / /y7* V 

H/: /oaoJ. 
n/;#?. pg.' " d u f * *  d ; n :  40 

dh pa. Td" a h @  1 0 0  [romflj  

hkhid-' 
fKOLf.ir- 447- G 137 & Y 40 

Na cernncde mll nm tw reproduced except In full. without lhe wWen approval atludum MeCsuements 1%. 
FORM Ci2.4 11/24I2MJ 

Gamma Canbratian: GM detecta's posmamd pwpen&ular la soum excep( br M 4 4 9  in whkh he Ifml d pobe fama scum. 

REFERENCE INSTRUMENT REC'D INSTRUMENT 
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING' 

AC Imt. c] passed Diewmc (HIPot) ond Continuity Test 
Onb' 3 Falled: 1 

- 
'Uncertanty w i n  i 10% C.F wllhh 20% Ronge(r) Calbrated Electronkally 

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT 
CAI. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER REAYG' 

Dlgltal 400 Kcpin 5 i 3  Kc - 
5D I '  

5- 5- " 

530 C 'A. 

Readout 
--LKmam 

4- 
-AQQsml 
--!QQzL 

--_5M)csxQ --A!-- 
% 1. 4 1 .  a- bb a' 3-0 '* 

Ludum MecsJrementr hc cectll)er thot Ihe Wove m m t  has been cdUxoted by stondnot haceoble io me N a n d  lNmute of Standordr ond lechndogy. u to the cdbrofcon fwimes of 
oiher Intenwncnol Stondads Or- members Q have been delved frm accepted values of natud phyScd cmstmts or hove been derhred by the ram tvpe of WUtmlicm fechNwes 
ihe cdbrdon ytern cmrm to me requlrgnents of ANSIINCSL 25401.1994 and ANSI N3231976 State of Texas Calibration Ucense No LO-1 963 

Reference lnsfruments and/or Sources: 

M Mummeter SIN 69101 832 

?I- .dwq 
Dote L7hrr+d? 
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POST OFFICE BOX 810 PH. 3252355494 
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Desl~ner and Manufoctuer 
Of 

Sclentifk and Indlcstrlal 
Instruments SWEETWATER, TEXAS 79556, USA. 

L 

Bench Test Data For Detector 
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CERllFlCAlE OF CAL/BRA?7ON 

INSTRUMENT INSTRUMENT REFERENCE 
CAL. POINT RECEIVED METER READING' 

Dlgltal 
Readout 400Kcpm 39R'I2,b) "3fgf 

40Kcp m 
4KcDm 
--Axmml 
A -yco) 5( (0') 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 81 0 
501 OAKSTREET FAX NO. 325235- .37 
SWEETWATER, TEXAS 79556, USA. 

PH. 325235-5494 

REFERENCE INSTRUMENT INSTRUMENT 
CAL POINT RECEIVED METER READING' 

.%!le 500KCDm 4 5 o k  L16QtL 
50 K corn ax 

5 K c o m -  
- - E a k m l a  
5 0 c D m A  

I 

AJSTOMER CABRERA SEWCES __ ORDER NO. 297073/272297 

Mfg. remen In . Model 2221 serloi NO. I 7 6 q  5 Z 
m. Ludlum Measurements, Inc_ Model 

Col. Date 20-MW-03 Cd Due Date 2CkMav-04 Cat. Interval 1 Year Meterface 202-159 

Check mark dapplles to applicable lnstr. and/or detector IAW mfg. spec. T. 71 'F RH 46% Att 699.8 mmHg 

Instrument Recelved 6 T o I e r .  +-lo% 10.20% 0 Out of Tol. 0 Requirlng Repdr 0 Other-See comments 

4-20 Serlai No. pfl I83 Lib5 

New Instrument 

a Mechanlcal ck. Meterzeroed 0 Bockground Subtract @ Input %ns. Linearity 

a Audlock. 0 AlmSemngck. @utt. ck. (Mln. Volt) 5.0 VDC 
m l l b r a t e d  In accordance with LMI SOP 14.8 rev 12/05/89. 

Threshold mV 
Instrument Volt %ttonMnt$ V Input SensCbmnmffnV Det. Oper- V at -V Diol Ratio-LOO = 

F/S Resp. ck @f Reset ck. WlndowOperdon Geotroplm 

Calibrated in accordonce With LMI SOP 14.9 rev 02/07/97. 

10 
HV Readout (2 polnts) Ref./lnst. 500 / 50 I V Ref./lnst. 2OOO / V 

COMMENTS: 
Peak settings Gross Counts Model 2221 currently set 

for GtOJA com+3 
High voltage set with detector 

High Voltage: I l & 7 \ /  
Threshold dial: 642 100 (10mv) 

Window dial: 40 n/a connected. 
Window Position: "IN" "OUT" 

Resolution for Cs137: = 4.q % n/a Firmware: 36 I U 12 7 



Designer and Manufacturer 
of 

Scientfflc cnd lndustrbl 
lrstruments 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK STREET 
WEWATER TEXAS 79556, U.S.A. 

PH. 3252355494 
FAX NO. 3252354672 

Bench Test Data for Detector 

Detector 44-20 SerialNo. pR 183 Y&& 

Counter 2221 Serial NO. I7 G?\s 2 Counter Input sensmvtty I O -. mv 

Count Time 6 *5e& Distance Source to Detector - w e  GL 

Date - 
FCi?M C4A 04/W12au 
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Appendix E 

Nal 3 x 3 Daily QC 
l3’CS 



-- 

Appendix E 

Nal3 x 3 Daily QC 
137cs 

1- 

APG - BTD BTD General Meter QC Charts.xls-2221 #161581 (a) 



I lnst 81 74S4qc) 
QC Dalhr Source I 

Appendix E 

Nal3 x 3 Daily QC 
"'CO 

L 

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



-- 

Appendix E 

Nal 3 X 3 Daily QC 
l3’CS 



Appendix E 

Nal3 x 3 Daily QC 
’j’cs 

\- 

APG - BTD BTD General Meter QC Charts.xls-2221 #I 76952(b) 



Appendix E 

GPS Daily QC 

Date 

Trimble W224022532, Antenna # 0220161434, Handset # 02201 59474 
QC D a h  GPS Meters) 

~ 

Offset PIF AMIP Northing Easting 
M (meters) (meters) (Meters) 

I 1 

I Trimble W224022532, Antenna # 0220161434, 
Handset # 0220159474 I 

Max offset (meters) 0.4488641 72 



Appendix E 

GPS Daily QC 

AMP 
M Date Offset PIF Northing Easting 

(meters) (meters) (Meters) 
Trimble M224022532, Handset ## 0220207988 

197002.1 472403.2 
197000.8 472402.8 

Delta 0.39300 
Stdev 
Max offset (meters) 1.360976855 



Appendix E 

L GPS Daily QC 

Trimble #0224015316 Antenna # 0220161434, Handset # 0220159474 
QC Dailv GPS IMeters) 

AMP Northing Easting Offset I Date I M I (meters) I (meters) I (Meters) I p’F I Trimble #0224015316 Antenna # 0220161434, 
Handset # 0220159474 

Stdev 
Max offset (metel - 



Appendix E 

GPS Daily QC 

Trirnble #0224048724, Antenna # 0220280009, Handset # 0220151861 
QC Daily GPS (Meters) 

I I I I I 
Northing Easting Offset I Date lAipl (meters) 1 (meters) I (Meters) 1 'IF I 

t 1 

I Trirnble #0224048724, Antenna # 0220280009, 
Handset # 0220151861 I 
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