spb- 11
FINAL REPORT ﬂ(/_agéy?y

Radiological Final Status Survey
Transonic Range — Land Areas

Depleted Uranium Study Area

Aberdeen Proving Ground, Aberdeen, MD
Contract Number

DAAA09-02-C-0057

Prepared for:

U.S. Army Field Support Command
AMSIO-ACE-D Bldg., 350 5" Floor

Rock Island, IL 61299-6000

Prepared by:

/\'\ CABRERA SERVICES

473 Silver Lane
East Hartford, CT 06118

Cabrera Project No.
03-3004.00

November 2004

J26325



Executive Summary

Cabrera Services, Inc. (CABRERA), under contract to the U.S. Army Field Support Command
(FSQC), performed remedial activities, characterization, and Final Status Surveys (FSSs) for
the Transonic Range Depleted Uranium Study Area (DUSA) located at the Aberdeen Proving
Ground (APG), Maryland.

CABRERA conducted decommissioning activities in accordance with the formally approved
Nuclear Regulartory Commission (NRC) decommissioning plan prepared by the Allied
Technology Group, Inc. (ATG). Deviations from the approved plan were provided to the FSC
and APG for coordination with the NRC. CABRERA did request a reduction in what it
considered an unnecessarily large number of alpha spectroscopy analyses. To accommodate
collection and analysis of additional samples for alpha spectroscopy, CABRERA proposed to
reduce the number of samples receiving alpha spectroscopy from 75 to 3 (Appendix B). The
NRC reviewed and approved this request. Additionally, upon further review of the work plan,
CABRERA decided to reduce the number of Class 2 areas from five to three by increasing Class
1 areas to 15.

The project had several major activities associated with the remediation and FSS including:

e Designation of the DUSA land areas into Multi-Agency Radiation Survey And Site
Investigation Manual (MARSSIM) Class 1 and Class 2 divisions.

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

e Remediation of soils, debris, and structures within the confines of the DUSA located
within the confines of the Transonic Range.

e Removal and shipment of remediated soils and debris to an NRC licensed disposal site.

FSS of the DUSA soils and structures located within the confines of the Transonic Range.

Final status surveys were performed over a land area of approximately 53,000 square meters
and on two structures remaining on the Range. This FSS report addresses only Transonic
DUSA 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 230 picocuries per gram (pCi/g) and, based
on its isotopic weight ratio, 190 pCi/g for Uranium-238 (***U). An As Low As Reasonably
Achievable (ALARA) target and remediation goal of 105 pCi/g DU and 86 pCi/g 28 was
established, as described by the ATG 2000 decommissioning plan.

Based on the modifications noted above, the FSS established fifteen Class 1 and three Class 2
SUs. Although MARISSM recommends a gamma walkover survey (GWS) covering 10% to
100% of Class 2 areas, CABRERA judgmentally selected the most conservative approach. The
final status survey consisted of a GWS of 100% of reasonably accessible Class 1 and Class 2
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areas; and, sample collection and analysis. Soil sample collection was limited to the surface,
from O to 15 centimeters (cm) below grade surface.

All soil sample results are below the ALARA target of 86 pCi/g 2381, The results of the soil
samples areas show the highest >**U soil sample result was 16 pCi/g in a Class 2 SU, 79 pCi/g
in a Class 1 SU, and 14 pCi/g from the earthen floor from the X-Ray Building. The FSS
gamma walkover survey for the DUSA land area shows all remediated areas are less than
41,000 cpm calculated empirically to be less than the ALARA target of 86 pCi/g 28, 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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Aberdeen Proving Ground Radiological Final Status Survey

1.0 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 radiological surveys of the
Transonic Range Depleted Uranium Study Area (Transonic Range DUSA) to support
consideration for unrestricted release. The Transonic Range consists of approximately 53,000
square meters (m?) of land. Several support facilities and access roads located on the
Transonic Range were used for the testing of Depleted Uranium (DU) munitions. The Final
Status Survey (FSS) for the two structures will be addressed under separate cover. This
document presents the FSS activities, which are designed in accordance with Multi-Agency
Radiation Survey and Site Investigation Manual (MARSSIM) (NRC 2000) guidance.

1.1 Background

Aberdeen Proving Ground, located in Aberdeen, MD, is an active U.S. Army testing and
research facility. The Aberdeen Proving Ground 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. The site location map is shown in
Figure 1.

The DUSA comprises approximately 12 acres on the southeast end of the Transonic Range.
The DUSA can be described as a cleared relatively flat tract, surrounded by woods to the east,
south, and west. Swampy areas are found behind the Transonic Range catch basin to the
south, along the wooded areas to the west, and in the northeast section of the site.

The DUSA was used for DU testing from 1973 to 1979. Testing consisted of gun launching
DU penetrator rounds from two locations on the northern portion of the site at targets
mounted adjacent to the X-Ray units to the south. Stripper/deflector plates located 1n between
the launch or shooting locations were designed to strip or deflect the sabot away from the
penetrator while in flight to the target. Penetrators were either stopped in the target or
penetrated the target and impacted into a backstop located a short distance behind the targets.

As a result of the testing, most of the DU melted into the target and backstops. However,
some DU fell onto the soils around the targets or was scattered into the surrounding area.
Test technicians wore protective clothing and dosimetry while in the test area and monitored
activities for radioactive contamination. Shot targets and other designated materials were
maintained on site in a radioactive materials storage area located to the east of the impact
zone. While the shot target and other designated materials had been remediated, recycled,
and/or disposed of as radioactive waste, this site still contained radioactive materials.

After outdoor testing ceased, the Army Research Laboratory (ARL) health physicist
conducted an initial site cleanup to reduce the radioactive waste inventory and to allow other
non-radiological testing to be conducted on the site. ARL conducted soil sampling on the site
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as late as 1991 as a part of their environmental monitoring program. In 1995/96, General
Physics Corporation characterized the site as a part of the preparations for decommissioning.
The results of this characterization are found in “Transonic Range Depleted Uranium Study
Area Radiological Characterization Study Report”, General Physics Corporation (GPC 1996).
These results are used as the radiological bases for the Decommissioning Plan.

1.2 General Summary of Decommissioning Activities

CABRERA conducted field efforts to implement the NRC approved decommissioning plan for
this site including:

e An Unexploded Ordnance (UXO) sweep of the entire range was conducted before
field activities began. A UXO scan was conducted during excavation/sampling
activities after every bucket/trowel scoop.

e The 12 acres comprising the range was gridded into fifteen Class 1 survey units and
three Class 2 survey units. Each survey unit contained 14 randomly selected sampling
points. These points were flagged for later sampling.

e Excavation activities included staging and tarping soil on-site. The soil then was
loaded into lift liners for shipment to Envirocare of Utah, an NRC licensed disposal
facility.

e During the UXO investigation several magnetometer targets were dug up in order to
clear the area for remediation and to establish a safe entrance for personnel and
equipment. Some of the 30+ small (1foot x 2 foot) steel plates were outside of the
areas previously identified as elevated during the characterization survey. Removal of
the plates revealed contaminated soil beneath them requiring the excavation of the
plate storage area to a depth of two to three feet.

e Based on the contaminants on site, a letter was sent to the NRC requesting a reduction
of the number of soil samples requiring alpha spectroscopy analysis. The original plan
called for 75 alpha spectroscopy analyses. The NRC approved the request for three
samples, although five were ultimately submitted.

e A conservative approach was taken as the number of Class 2 survey units was reduced
from five to three while Class 1 survey units were increased to fifteen from thirteen.

e After the completion of the gamma walkover survey, biased soil samples were taken at
the highest counts per minute (cpm) locations in each survey unit.

e One minute fixed gamma measurements were performed on the X-Ray 2 structure
interior soil floor and randomly selected soil sample locations.

1.3 General Approach to the Transonic Site FSS

The FSS investigations were designed using the approach outlined in MARSSIM (NRC
2000).
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e Development of Derived Concentration Guideline Levels (DCGL)

e Selection of instrumentation and measurement techniques

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

¢ Collection of Data

e Evaluation of Data
14 Radionuclides of Potential Concern (ROPCs)

Site Radionuclides of Potential Concern (ROPCs) 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 specific activity of each uranium isotope. The result is a Uranium-234
(***U), Uranium-235 (***U), and Uranium-238 (*®U) ratio of 8.4%, 1.2%, and 90.4%,
respectively. This composition is similar to the 19.0%, 2.1%, and 79.0% average ratio from
three DU soil samples described in the APG report (ANL 1999) entitled “Derived Uranium
Guideline for the Depleted Uranium Study Area of the Transonic Range, Aberdeen Proving
Ground, Maryland”, Argonne National Laboratory (ANL 1999) See Appendix A for details.
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2.0 SITE REFERENCE COORDINATE SYSTEM

The site reference coordinate system was designed to ensure all 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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3.0 DERIVED CONCENTRATION GUIDELINE LEVEL

The cleanup criteria for the Site is established by the approved decommissioning plan with
criteria as set forth by NRC 2000, ARMY 1980, and AR 11-9 1999. The site has release
criteria established for soil. The soil release criteria DCGLs are based on analysis provided
by Argonne National Laboratory (ANL 1999) and NRC 2000 techniques. Soil DCGLs are
summarized in Table 3-1.

Table 3-1 DUSA Soil DCGL

Depleted Uranium Activity Concentration (pCi/g)
Parameter
Total Uranium 238y
DCGL 230 190
ALARA Target 105 86

28U derived from the isotopic activity ratio of 90.4%
ALARA: As Low as Reasonably Achievable
pCv/g: Picocuries per gram
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4.0 TRANSONIC FINAL STATUS SURVEY DESIGN
4.1 Survey Unit Classification

Soil sample collection was limited to the surface, from 0 to 15 centimeters (cm) below grade
surface (bgs).

Prior to soil remediation, the Transonic DUSA was broken down into Class 1 and Class 2
Survey Units as seen in Figure 2. The original Decommissioning Plan submitted by ATG
called for five Class 2 Survey Units and thirteen Class 1 Survey Units. CABRERA judgmentally
selected a more conservative approach by establishing fifteen Class 1 and three Class 2 survey
units (SU). The survey units were classified according to contamination potential as described
by NRC 2000 using MARRSIM as a basis. Each FSS Survey Unit was classified as either a
Class 1 or a Class 2 Survey Unit. No Class 3 Survey Units were selected.

The Class 2 Survey Units ranged in size from approximately 8,400 m* to 9,800m*. These
Survey Units are on the northern border of the Transonic DUSA. The Class 1 Survey Units
ranged in size from 1,287 m? to 2,000 m* and appear south and down range of the Class 2
Survey Units.

4.2 Systematic Surface Soil Sampling for Sign Test

Surface soil samples (0 to 15 cm, bgs were collected in each of the survey units. The
minimum number of systematic soil sample locations required in each of the survey units was
established using MARSSIM (NRC 2000) guidance. It was determined that 14 sample
locations were required in each of the survey units. No reference area was chosen since the
natural occurring level of 23817 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 assumed
that the reference area 2**U concentration is zero.

Paragon Analytics Laboratory (Paragon) of Ft. Collins, Colorado performed gamma
spectroscopy analyses on soil samples via EPA analysis methodology 901.1, Modified.
Results are reported in terms of dry weight activity per gram of soil. Appendix D presents the
results of the soil samples from the Class 1 and Class 2 Survey Units.

4.2.1 Determination of N (Number of Required Measurement Locations)

The sample variability in each survey unit was estimated using the characterization data.
MARSSIM defines the lower bound of the gray region (LBGR) as the activity where the user
would like to know the probability of failing to release a “clean” survey unit. For the DUSA,
the LBGR was selected to be 70 pCi/gm because this was the cut off for identifying areas that
require remediation, so the probability of failing to release a site with activity below this level
should be low. This results in a relative shift of greater than 3.0. Therefore, 3.0 was used to
determine the number of measurements per survey unit. MARSSIM, Table 5.5, lists 14
measurements for a relative shift of 3.0 and decision error rates of 0.05. This means that 14
samples will be collected in each Class 1 survey unit greater than 100 m’ and in each Class 2
survey unit.
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4.2.2  Reduction in Number of Alpha Spectroscopy Soil Samples

In February 2003, CABRERA requested a reduction from what it considered an unnecessarily
large number of alpha spectroscopy analyses. CABRERA proposed to reduce the number of
samples receiving alpha spectroscopy from 75 to 3 for reasons outlined in the request seen in
Appendix B. Appendix D shows the results of five alpha spectroscopy samples confirming
that remedial efforts were indeed removing materials associated with the test firing of DU
munitions.

4.2.3 Elevated Measurement Criterion (DCGLEgMc)

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 DCGLgyc 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.

4.2.4 Soil Sample Locations

Soil samples were taken at 14 locations within each Class 1 and Class 2 Survey Unit for a
total of 252 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= f_A__
0.866 N

rectangular grid spacing for survey unit

i

Where:

L
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. A map showing the Transonic DUSA soil sample locations by survey
unit based on this spacing are presented in Figures 4 through 6.
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Table 4-1 Transonic Soil Grid Spacing

Survey Class Area, m* Number of Grid
Unit Data Points, | Spacing, L,
n m
1 2 9698 14 28.3
2 2 9837 14 28.5
3 2 8405 14 26.3
4 1 1775 14 12.1
5 1 2000 14 12.8
6 1 2000 14 12.8
7 1 2000 14 12.8
8 1 2000 14 12.8
9 1 1974 14 12.8
10 1 1990 14 12.8
11 1 2000 14 12.8
12 1 2000 14 12.8
13 1 2000 14 12.8
14 1 2000 14 12.8
15 1 1986 14 12.8
16 1 1936 14 12.6
17 1 1894 14 12.5
18 1 1287 14 10.3

4.3 Gamma Walkover Surveys

The gamma walkover surveys (GWS) were performed following MARSSIM protocol by
walking straight parallel lines over an area while moving the detector in a serpentine motion,
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approximately 10 cm above the ground surface. The walking speed was maintained at
approximately 0.5 meters per second. Survey passes were approximately one meter apart in
all SUs. Although MARISSM recommends a GWS covering 10% to 100% of Class 2 areas,
CABRERA judgmentally selected the most conservative approach. The final status survey
consisted of a GWS of 100% of reasonably accessible Class 1 and Class 2 areas; and, sample
collection and analysis.

The purpose of the GWS 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 GPS with sub-meter accuracy
coupled to a 3-inch by 3-inch Nal detector and ratemeter/scaler. Appendix F calculation
indicates that the approximate detection sensitivity of the GWS is 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 NRC 1997. It should be noted that the
original decommissioning plan called for the use of a 2 by 2 Nal detector. To ensure
detection of activity well below the ALARA target of 86 pCi/g for 287 a detector capable of
providing greater sensitivity was used.

Figure 3 shows the results of the FSS gamma walkover survey for the Transonic DUSA. The
GWS is based on approximately 74,000 data points spread over the 18 Survey Units. The
upper range of the GWS cpm legend shown on Figure 3 is equivalent to 105 pCi/g DU. The
FSS GWS shows smoothed plots based on the final remediated Survey Units. All remediated
areas average less than 41,000 cpm calculated empirically to be less than the ALARA target
of 86 pCi/g ***U.

The soil area within the perimeter of the X-ray 2 structure could not be surveyed as part of the
GWS. This area was gridded and surveyed separately by taking 1-minute fixed gamma
counts in each of the 1 square meter (m?) grid units. The results can be seen in Figure 7.
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5.0 RESULTS
54 Soil Sample Results

As shown in Figure 2 soil survey areas were divided into three Class 2 SUs (SU-1through SU-
3) and fifteen Class 1 SUs (SU-4 through SU-18). Fourteen 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. Appendix
D presents the results of 252 soil samples from the Class 1 and Class 2 survey units. Class 2
sample IDs are 36 through 76 and the Class 1 sample IDs are 77 through 286.

Statistical results for these 18 survey units are presented below. All soil sample results are
below the ALARA goal of 86 pCi/g for **U. Sample activity for >*U is inferred via the direct
measurement of Th-234 decay progeny using gamma spectroscopy analysis.

5.1.1 SU-1 Results

The results for the 14 samples (Field IDs 36 through 49) collected and analyzed in this Class 2
SU are below the ALARA target of 86 pCi/g for 3. The ***U results for this SU average
1.5 pCi/g, with a standard deviation of 1.3 pCi/g, and a maximum of 3.5 pCi/g.  See
Appendix D for the full list of soil sample results and Figure 4 for soil sample locations.

5.1.2 SU-2Z Results

The results for the 14 samples (Field IDs 50 through62) collected and analyzed in this Class 2
SU are below the ALARA target of 86 pCi/g for 2¥J. The *®U results for this SU average
2.6 pCi/g, with a standard deviation of 2.8 pCi/g, and a maximum of 8.7 pCi/g. See Appendix
D for the full list of soil sample results and Figure 4 for soil sample locations.

5.1.3 SU-3 Results

The results for the 14 samples (Field IDs 63 through 76) collected and analyzed in this Class 2
SU are below the ALARA target of 86 pCi/g for 2**U. The ***U results for this SU average
4.9 pCi/g, with a standard deviation of 5.5 pCi/g, and a maximum of 16 pCi/g. See Appendix
D for the full list of soil sample results and Figure 4 for soil sample locations.

5.1.4 SU-4 Results

The results for the 14 samples (Field IDs 77 through 90) collected and analyzed in this Class 1
SU are below the ALARA target of 86 pCi/g for 2*U. The ***U results for this SU average
1.3 pCi/g, with a standard deviation of 1.0 pCi/g, and a maximum of 3.2 pCi/g. See Appendix
D for the full list of soil sample results and Figure 5 for soil sample locations.
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5.1.5 SU-5 Results

The results for the 14 samples (Field IDs 91 through 104) collected and analyzed in this Class
1 SU are below the ALARA target of 86 pCi/g for *U. The 238J results for this SU average
2.1 pCi/g, with a standard deviation of 2.0 pCi/g, and a maximum of 7.1 pCi/g. See Appendix
D for the full list of soil sample results and Figure 5 for soil sample locations.

5.1.6 SU-6 Results

The results for the 14 samples (Field IDs 105 through118) collected and analyzed in this Class
1 SU are below the ALARA target of 86 pCi/g for “**U. The **U results for this SU average
6.6 pCi/g, with a standard deviation of 7.3 pCi/g, and a maximum of 26 pCi/g. See Appendix
D for the full list of soil sample results and Figure 5 for soil sample locations.

5.1.7 SU-7 Results

The results for the 14 samples (Field IDs 119 through 132) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 281, The **U results for this SU
average 8.2 pCi/g, with a standard deviation of 9.9 pCi/g, and a maximum of 29 pCi/g. See
Appendix D for the full list of soil sample results and Figure 6 for soil sample locations.

5.1.8 SU-8 Results

The results for the 14 samples (Field IDs 133 through 146) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 2**U. The 2**U results for this SU
average 5.3 pCi/g, with a standard deviation of 7.4 pCi/g, and a maximum of 26 pCi/g. See
Appendix D for the full list of soil sample results and Figure 6 for soil sample locations.

5.1.9 SU-9 Results

The results for the 14 samples (Field IDs 147 through 160) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 238J. The 2**U results for this SU
average 1.6 pCi/g, with a standard deviation of 1.5 pCi/g, and a maximum of 5.3 pCi/g. See
Appendix D for the full list of soil sample result and Figure 6 for soil sample locations.

5.1.10 SU-10 Results

The results for the 14 samples (Field IDs 161 through 174) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 2°°U. The ***U results for this SU
average 1.0 pCi/g, with a standard deviation of 1.4 pCi/g, and a maximum of 3.4 pCi/g. See
Appendix D for the full list of soil sample results and Figure 6 for soil sample locations.

5.1.11 SU-11 Results

The results for the 14 samples (Field Ids 175 through 188) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 2*U. The ***U results for this SU
average 1.7 pCi/g, with a standard deviation of 1.6 pCi/g, and a maximum of 5.3 pCi/g. See
Appendix D for the full list of soil sample results and Figure 5 for soil sample locations.
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5.1.12 SU-12 Results

The results for the 14 samples (Field IDs 189 through 202) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for **U. The ***U results for this SU
average 14 pCi/g, with a standard deviation of 18 pCi/g, and a maximum of 56 pCi/g. See
Appendix D for the full list of soil sample results and Figure 5 for soil sample locations.

5.1.13 SU-13 Results

The results for the 14 samples (Field IDs 203 through 216) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for **®U. The ***U results for this SU
average 11 pCi/g, with a standard deviation of 18 pCi/g, and a maximum of 66 pCi/g. See
Appendix D for the full list of soil sample results and Figure 6 for soil sample locations.

5.1.14 SU-14 Results

The results for the 14 samples (Field IDs 217 through 230) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for ***U. The ***U results for this SU
average 6.5 pCi/g, with a standard deviation of 14 pCi/g, and a maximum of 54 pCi/g. See
Appendix D for the full list of soil sample results and Figure 6 for soil sample locations.

5.1.15 SU-15 Results

The results for the 14 samples (Field IDs 231 through 244) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 2®U. The #**U results for this SU
average 2.8 pCi/g, with a standard deviation of 1.4 pCi/g, and a maximum of 5.7 pCi/g. See
Appendix D for the full list of soil sample results and Figure 5 for soil sample locations.

5.1.16 SU-16 Results

The results for the 14 samples (Field IDs 245 through 258) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 281, The 2*®U results for this SU
average 2.5 pCi/g, with a standard deviation of 2.2 pCi/g, and a maximum of 6.4 pCi/g. See
Appendix D for the full list of soil sample results and Figure for 6 soil sample locations.

5.1.17 SU-17 Results

The results for the 14 samples (Field IDs 259 through 272) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for®U. The ***U results for this SU
average 4.4 pCi/g, with a standard deviation of 8.2 pCi/g, and a maximum of 31 pCi/g. See
Appendix D for the full list of soil sample results and Figure 6 for soil sample locations.

5.1.18 SU-18 Results

The results for the 14 samples (Field IDs 273 through 286) collected and analyzed in this
Class 1 SU are below the ALARA target of 86 pCi/g for 2**U. The ***U results for this SU
average 7.4 pCi/g, with a standard deviation of 21 pCi/g, and a maximum of 79 pCi/g. See
Appendix D for the full list of soil sample results and Figure 6 for soil sample locations.
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5.1.19 Building Soil Sample Results

As discussed previously, there is no “floor” associated with the X-Ray Building 2. Rather,
the structure rests directly on soil. Thirteen soil samples were collected utilizing a 1-meter
square grid system. The soil samples collected from X-Ray Building 2 show overall low
levels of activity in the soil, well below the ALARA goal. Soil sample ***U results for the X-
Ray Building 2 average 4.8 pCi/g, with a standard deviation of 4.6 pCi/g, and a maximum of
14 pCi/g. See Appendix D for the full list of soil sample results for the area under the X-ray
building and Figure 7 for soil sample locations.

5.2 Alpha Spectroscopy

Alpha spectroscopy analyses were performed in order to verify that uranium activity
concentrations were consistent with DU. CABRERA submitted a request to the NRC (See
Appendix B) to reduce the required number of samples from 75 to three. That request was
approved and five samples were ultimately collected and submitted for analysis.

Appendix D provides the alpha spectroscopy results from the 5 samples. The unadjusted raw
alpha spectroscopy results are shown in this table. The low level of DU activity in the
Transonic soils may become “masked” by background levels of naturally occurring uranium
isotopes in the soil. The raw results may be adjusted for the background level of uranium
isotopes so that more meaningful ratios of the DU uranium isotopes may be ascertained.

The background concentration of uranium at the Transonic Range is based on the “U.S.
Geological Survey Digital Data Series, DDS-9, 1993.” The total concentration of naturally
occurring uranium in the Maryland coastal areas is shown in the reference as approximately 2
ppm total uranium. The activity concentration of **U uranium based on soil ppm levels may
be calculated from the equation:

PC/ By =5 10Ei/;iw <T,,
where,
mg/kg = ppm of 28y
2.8x 10" = units conversion constant
gmw = gram molecular weight of the 2**U isotope, 238.05 and,
T = halflife in years of the isotope, 4.47 x 10°
And,

pCl/g U-238 — 0.67
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The naturally occurring activity of **U in the soil is about 0.7 pCi/g. The naturally occurring
uranium progeny >**U is in secular equilibrium with » 3U and is therefore also present at levels
of approximately 0.7 pCi/g.

The U isotope activity values may be estimated from the natural uranium >*U/2**U mass
ratio of 0.7/99.3 = 7.05 x 10” and the above equation:

where,

mg/kg = ppm of P*Ux 7.05x 10 =1.41 x 107

2.8x 10"? = units conversion constant

gmw = gram molecular weight of the *°U isotope, 235.04 and,
Tip = half life in years of the isotope, 7.05 x 108

And,

pCl/g U-235 = 0.03

Table 5-1 provides the background-adjusted values for the Transonic alpha spectroscopy soil
samples.

Table 5-1. Alpha Spectroscopy Background Adjusted Uranium Concentrations
in Transonic Soil

Sample ID | U-234 (pCi/gram) | U-235 (pCi/gram) | U-238 (pCi/gram) | U-Total (pCi/gram)

129 3.771 |+| 0.660 0469 [#| 0.120 24.601 |+| 3.400 28.840 |+{ 3.466
144 1601 |+ 0.430 0.149 |+| 0.740 9.401 f+| 0.340 11.150 |+| 0.921
207 4511 |+| 0.790 0479 |+| 0.140 32.601 |+| 4.600 37.590 [+ 4.669
214 0.411 x| 0.230 0.196 |4} 0.081 1461 |+] 0410 2.067 || 0477
229 0.221 |x[ 0.170 0.051 [#] 0.038 1.931 |+| 0.390 2202 |+| 0427

The background adjusted alpha spectroscopy results are converted into activity fractions that
may be used to verify that the uranium activity concentrations are consistent with DU. Table
5-2 provides the individual soil sample activity fractions and the average activity fraction. An
entry for natural uranium is also included.

Appendix A of this report “Transonic DCGL Summary” provides ranges of soil uranium
activity fractions. The range of DU activity values listed in Appendix A are 0.138 to 0.222
for 2*U, 0.193 to 0.0234 for ***U, and 0.759 to 0.839 for ***U. Table 5-2 values compare
well with the report activity fractions and demonstrate increased U activity fractions,
decreased 2*U fractions in all cases, and decreased *°U fractions in all but one case.
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Table 5-2. Alpha Spectroscopy Background Adjusted Activity Fractions In

Transonic Soil

Sample ID U-234 U-235 U-238
129 0.13 0.02 0.85

144 0.14 0.01 0.84

207 0.12 0.01 0.87

214 0.20 0.09 0.71

229 0.10 0.02 0.88
Sample Average 0.14 0.03 0.83
natural uranium 0.49 0.02 0.49
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6.0 QUALITY ASSURANCE / QUALITY CONTROL

6.1  Field Replicate Sample Analyses

Replicate analyses were performed on approximately 10% (38 replicates) of the soil samples
sent for analysis. This entailed performing separate analyses on a split sample and comparing
the results statistically. The samples were numbered using a unique identifier. Field replicate
analyses were compared to the initial analytical results by determining a Z-score value for
each data set by the following equation:

__5-D
Joi+oh

Where: S, D, = value of (S)ample and (D)uplicate measurements; and,
o = one sigma error associated with (S)ample and
(D)uplicate measurements.

Z

The calculated Z-Score results were compared to a performance criteria of less than or equal
to 2.57. The value of 2.57 corresponds to a 99% confidence level, or, 99% of the Z-Score
values will be below 2.57, and only 1% of the values will be above this acceptance criteria, if
the sample and the duplicate are truly of the same distribution. Calculated Z-values less than
2.57 are considered acceptable and values greater than 2.57 are investigated for possible
discrepancies in analytical precision, or for sources of disagreement with the following
assumptions of the test:

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

e the standard deviations, o5 and op, represent the true standard deviation of the measured
population

One sample duplicate pair did not pass the Z-score performance criteria of less than or equal
to 2.57. Sixty-two soil samples, or approximately 24% of the total number of samples
collected were analyzed as duplicates. One duplicate comparison would be expected to fail
due to natural statistical fluctuation in the population of data. The results are presented in
Appendix E.

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.

6.2.1 Calibration Requirements
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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 H). The records include, at a minimum, the following:

¢ name of the equipment

e equipment identification (model and serial number)

e manufacturer

e date of calibration

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 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 Digital Global Positioning System 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 daily 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 G to this report.

6.2.3 Daily Field Checks

GPS units were used directly to generate FSS GWS data and locate FSS sample locations.
GPS point features were collected at the beginning and end of the day at a fixed location
established 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 G this report.
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Figures 1 -7
Figure 1 — Site Overview
Figure 2 — Site Survey Classification and Survey Units
Figure 3 — Gamma Walkover Survey Results
Figure 4 — Soil Sample Locations Class 2 Survey Units
Figure 5 — Soil Sample Locations Class 1 Survey Units SW Areas
Figure 6 — Soil Sample Locations Class 1 Survey Units SE Areas

Figure 7 — X- Ray 2 Floor and Grounds 1 minute fixed Scan
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Figure 1 - Site Overview
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Figure -2 Site Survey Classification and Survey Units-
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Figure 3- Gamma Walkover Survey Results
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Figure 4 - Soil Sample Locations Class 2 Survey Units-
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Figure -5- Soil Sample Locations Class 1 Survey Units SW Areas
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Figure - 6- Soil Sample Locations Class 1 Survey Units SE Areas
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Figure 7 - X- Ray 2 Building Floor and Grounds Scan
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Figure 7 — X-Ray 2 Floor and Grounds Scan
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DERIVED URANIUM GUIDELINES FOR THE DEFLETED URANIUM STUDY AREA
QF THE TRANSONIC RANGE, ABERDEEN PROVING GROUND, MARYLAND

by

M. Picel and 5. Kandboj
SUMMARY

Crujdetines for daplaied vranium {01} rosidosl redivactive material in soll were derived
fot the Depleied Vranian Study Ares of the Transonic Range at the Aberdeen Proving Ground
{APG), Maryland, o

The Dopleted Umieiom Suidy Arma (the sited 18 lecated within the boundaddes of the
Tiansonic Rangs in the Aberdeen Asea of the APG. The APG fies wlong the westerm showe of the
Chesapeake Bay in Harford and Balimore Countiss, Maryland, sppeoximately 24 kan (45 mi)
nesthast of Bultimoors. The sie ocouples approximately 5 his {12 acres) nn the sentbeast end of
the Transonic Range: the site became contaminated as a result of DU westinp setivities hat wars
perfermed at the site between 1973 and 1979,

Bingle-nuclide and toral-unanium guidelines wers derdved on the hasis of the reguiiement
that foliowing remedial action, the 50-year commisted affeetive dose equivalent 1o & bypathetiesd
individual Jiviog or workdeg m the unmedite vicinity of the site should not exgceed a dose
coastrignr of 25 seemdyr, The 105 Depatment of Fnergy (DOB) RESidual RADInactive
material geideline somputer gode, RESRAD (Yu ot o 1993}, was wsed in this evaluation
RESRAD implements the methodology deseribed in the DOE manual for establishing resigoal
radicactive material guidelines.

Two soenarios were considerad; both assumed that for a period of 1,000 years following
remedial action, ihe site would be wsed withom radivlogical restrictions. The two scenudos
varied with regard to the type of sire use, fims spent at the site by the exposed individual, and
sources of fowd and witer consumed, The evaluation indicated thae the dose casuirsint of
25 mremayr would not be excreded for DU within 1000 years, provided that the soil
concentration of DU at the Stidy Acva of e Transonic Range did oot exceed 200 plifg for the
industrial-worker scenario or 230 pCye for the residene-farmer scoaario. For tis svaluation,
aranium activity ratios were caloalated From e soil sampling data. thres cases were formulated
inwhich sampling dats were gronped differently.

#hovssolg
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The uraptum guidelings derived in this analysis apply o the to1al setivity conventration of
uranium isotopes (3., eranium-234, oraniume23S, sad wranium-238) present in their mean
selivity copcentration  fatios of D2PD210T7, 0140023084, and 0220019076,
respectively, in the three cases (e, DU acdvity ratos in three cassg). Couscguently, if
weanium-238 was measwred &y the indiexior radiopuclide for DU, the soll concentration Kmits
would be 660 to 670 pCifg for the industrial-worker sconaro and 190 pCilg for the residant-
farner scenario,

These devived guidelines were caloulated on the hasis of a dosz consiraint of 25 mnin/yr
for both scenarios. In establishing the acioal guidelines %o be vsed for ¢leanup of the site, the
as-Jow-as-reasonably-achicvable {ALARA) approach could be incorporatad inw the decision
making process, atong with such other facrors s whether a particular scenasio is reasonable znd
appropriste. ’

#




e e S IE Y ANL EAD HLYH X35K e0To018

3 WI99
1 DERIVATION OF CLEANUP GUIDELINES

The purpose of this annlysis was to dedve the sesidhal radioactive material guidehines for
vranium {i.e., waninn-234, uracium- 235, washie-238, and depleted veandurs [DUD in soif that
would be apphbenble for the cleanup a2 the Depleied Uranium Study Area of the Transomc Range
at the Aberdeen Proving Ground (APG), Maryiand. The derived guidelines reprasent the residual
concenteativn of DU in soil in a homogencously contaminated arca that must not be excseded if
the site is 10 be released for use without radiolegizal restrictions, The uraniom guideline is
desived for natwrad erapium by assurming thet wanitm-234, urativre235, and wranium-238 arc
present intheic natural activity concentration raio of 0.4%:0.022:0.49. For DU, three cases wete
anadyzedin which astivity was present In mean concooiration ratios of 0.21L00205:0,768,
0222001530739, and 0.138:0.234:0.839. These cases varied in it the soil sampling duia
wire evaiuaied in three different ways (roupings).

Site-specific uranium guidelines for the Depleted Uramurm Swudy Arca of the Transonie
Range were derived op the basis of a dose consuaint of 25 meemdyr. Version 5.82 of the
RESRAD compurer vode {Yu w al. 1993} was nsed o dedve these guidelines. RESRAD
implersents the methodology described o the LLS. Deparument of Encrgy (DOE) masual for
esrablishing residunl cadivactive material guidelines (Yu er al, 1993},

L1 DEPLETED URANIUM ACTIVITY CONCENTRATION
RATIO DETERMINATION

A comprebensive rediplogical charzcreazaton of the site was performed from
Devember 1995 through May 19896 (Generad Physics Corp. 1996). The soll samples were
collected at 45 biased and 5 randomn locations. For cach smnpling loeation, soit was collected
frorn - 10 3-in. (3~ 10 8o and 3- 1o §-in. (8- to 15-cm) dopth intervals. Bamples were analyzad
for uranium-234, vraninm-235, and oranium238. A wial of 100 samples were analyred a5
presented in Table 1. Soil data from this radivlogicnl characterization were used in denvigg the
uraniam isotope’s gelivity contentration ratio. The sample data wers analyzed in three different
ways in order 1o arrive at the fiost representative ratio for the theee ursndum isotopes. This
approach would also provide the possible range of guideline values appeopriate for the site. In
the first case, all 100 samples were gvaluated togethers i the second case, only those samples
that had uraniven~-233 activity concentrations greater than 1 pCig wese grouped {35 sumplesy:
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TABLE 1 S6i Sampling Results for the Depleted Uraniuin
Study Area®

Corcensation W Sot i6Citey

Lavied Semplet Liaeum-234  Unidee-33%  Ursniton-238
Al TREZIA 17 Al 120
TRB2IB 22 4.8 1G
TRE4TIA 1.1 B.15 k]
TRBATB 0.74 019 4.6
TRLBARA 1.6 6,30 11
TRBAER 112 010 35
&2 TREA 48,600 8,300 370000
TRE2ER 14 012 45
TRBIOA 2 4% 1500
TRB28 15,000 2,800 g7.000
TRBAA 0.94 .06 1.4
TREME 074 0417 0.94
TRQE2A %75 061 6
TRG8 3 6.2 80
A3 TRGE3A 1.7 030 12
TRUB .49 .07 3.8
TRE22A .60 4.01% 1.6
THBAIB .36 0.058 1.5
TRBIIA ¢85 QLA 13
TREIE G477 3.041 14
a4 TRBEIA 37 2,74 25
TRBSIB 1.4 421 L8]
TRESIA %.h 14 66
TRBSIB 2.7 439 37
TRB34A i 432 i3
TRB34S 59 .85 44
A% TRUMA 1.4 RE 4.4
TRAME 1.1 4443 20
TRBIZA 0.3% Q0 [ k%]
TRBHE 06,19 {002 619
TRBIEA £.50 par 1.3
TRB3SER 047 2028 1.3
TRBXA 41,95 L0990 33
TREBSOR 486 4061 21
TRES1A .87 a9z 2
TRESIE, 1.7 (%3 33
#1 TRBIZA 54 030 36
TRBIZB 0 .33 A4
TRBIZA %3 .34 i
TRRBI2B 0,83 DUz6 15
TRCDSA 18 0.27 4.2
TROASE 4.2 Q.74 7F

B ons/010
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TABLE 1 {Cont)

Corcemeation in Suil {pCie)

God___Swmple®  Usmiom 234 Uranienc233 Ureelun-238

152 TRBURA §,100 2400 40,000
TRBULE 36 7.1 230
TRBOVA 9,700 3 R0 49.060
TRBIOB. . 16 & &3
TRINA 13,0060 1AL ERB.000

. TRBIGB 4 a9 250
N TRBUIA 20 33 1600
TRELIB 16 b3 120

B3 TRBUIA G4 Lk [ 3]
TREWGER 48 Q35 0
TRBOS A 37 26 120
TRBGB 21 2.5 1443
TREOSA i1 1.8 7%
TRBOSE iz 1.3 46
TREGGA 354 35 $40
TREWD k] .6 550

Bé TREGA 3000 4,900 260,000
TRBOE 30 D54 16
TREGIA 9.4 t.7 &3
TRBEI 3.3 Q46 22
THRBOLA 430 L0067 091
TRBOZB .32 {0034 8.7

i3 TRBISA 037 foi s 2
TRIBMD [0 {10047 1.2

G OCTRBZGA 1 033 24
TRB26H 12 043 £

- ~ TRB4SA 14 018 5.6
TREASD L 0092 1.7
TRB4EA 1t 13 73
TRBIGD 1.3 0064 1.5

1 TRGIGA 15 01k 16
TRQIOB .32 G0k 14
TRBZZA 2% 4.4 196
TRBZZB ity 16 £i5
TERBA 4400 30 3,300
TREZIAL 17 18 L4l
TRBZA o i 1,500
TRB24B 160 a3 5006
TRBZA 5800 1,008 44,000
TRBSH ¥ 12 45

Zooas01e

Sty




83724590 10125 FOI02524308 ANL EAD HLTH RSK Ho10.019

6 A S/1659

TABLE 1 {€ont}

Conceawation in Sol fpioyde)

Grid  Samole®  Urspbon 2% Uneisn 233 Granore 438

{93 TRBZ2IA 34 a4 .,
TRB2IB 12 3028 L5
TROLIA 4.3 373 21
TRGHB Q.56 GA0S 1.1

o4 TRUSA 0.8t 142 1
TRBWEN £.94 D.O010 1.6
TRRISA 36 6.3 260
TRBIIR 087 DR 2.4

<3 TRBWGA 451 QALY 0380
TRBIGE 056 6027 6L
TRBIA 36 [s23 a1
TRHIIE %21 3.095 35
TRBASA - 894 210 25
TRBAOH 48 0.3 1]

pA TREWA gt 3000 130,000
TRB39B 10000 3,100 3,000
TRQ A it 0082 22
TRGIR 2.6% L0018 350

* Source: Genensd Frysics Corporation (3998} Activity concentradons
are rounded to two signifleans figuess,

Sompiss ending with A" s fom the D- 10 S sunpling depeh,
samples tading with “B% ar¢ foom the 3. 30 S-dn. sumpling dopthe

”»

A steed plate prevented coliecdon from the % 10 6-in. sampling
depth ot losation TRB23. Aa additional sample was colested
fram the O 10 Xa. dopth | fwestof de first focation.

and n the thicd case, 13 samples considered o Be “het spots” were excluded and only the
remaining 87 samples were evaluated,

Table 2 gives the activity and weight range and the aciivity and weight pescentages of
each uranium isetope for @i theee cases. For comparison, Table 2 alto includes sctiviy and
weizht percentages Tor natural wraninm, To =il thiee cases, Table2 shows that the weight
precantages for uranium-235 are less than those for aatural grantum, which indicates that the sofl
has DU, For one of the samples {TRD 28A), the urenium-238 activity (370,000 pCug) is greater
than the nrantiom. P38 wesifie serivity of 336000 oCrie, This data point s suspoct breanse the
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TABLE 2 Statistiea) Analvsis Baved on Seit Data For Calculating the Activity Ratios
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o SR ND, Urasinn- 234 Uranium-233 Uranium-238
1 Agtivity Ranpge, pUis 019 - 45,000 D001 - 8300 .19« 370,000
Weight Range, g/z-308 31811 78756 $43E-10 - 38ET SE5ET - LI
Mean Activity (%) PIRESER 2058097 ThE A
Meen Weight (%) DONETA0NYE  BATLE 006 99 6t 08T
i Activaty Rowe, pClg 6.7 49000 [2-8.300 438« 370000
. - Waight Rasge, g'gseil  LORES - 28786 S36E.T « B L3Ba L
- Mean Activity (%) 1384703 T3 1g2 LR Ears %1
Mean Weighe (%3 GO006TT = 040108 DAB3 20 366 49,5 20,367
w® Agtivily Range, pCilg G190 -46 4061 - 63 $.19-290
Waight Range, whgesoll BIEA1-73889 46110~ L9ME6  S65E7 - 85IE4
Meun Activity (%) 232 E1t3 HEAE-S 73 sEERLL2
Mean Weigh (%) GLOIZIS R UOGIPE  CADLE 008 Y96 OI08
Nawead wraniune Activily (%) 53 225 48.9 o
Wiaht {95) =) 0.7 993

® Forcase boall Qo 100) samples were grouped wgether,

2 Forcage 2, ooly samples with crontem-3338 aoyivity grezier than 1 pCifg (35 in &ll) wene mrouped agather

Forcase 3, 13 kot samaples were cemuved, and the smaining 87 samples ware grouped wgethen

teported conventeation implies that theve s more mass of uraniam-238 then the soil. For the three
cases, mean sclivity percetiages of wraniwe-234, wantmn-233, and weaniim 238 varied from
0.138:0.9234:0.83% 10 0.222:0.0193:0.759. For comparison, the guideline values wers derived
for tiese theee cases and also for natural vranium,

1.2 SCENARIO DEFINITIONS

Two potential exposure sceoarios were cousidered for this assessment, For both
seanarios, it was assumed (hat 3t some e within 1,000 vears, the site would be released for use
without radiologieal restrictions following the cleanup.

Consigent with U.S. Envitonmental Protection Agescy (BPA) and U.S. Nuclear
Reputaiery Commgssion (NRQ) protecels, putential raiation dusus tesultiog from nine exposure
pathways were cousidererd in this evaluation: {1} direct exposure 10 exterasl radigion from
decontaminmed soil moterial, (2)imemal radizton from jchalatdon of contamunuted dust,
(3 imemal wodistion from ishalation of cmanating radon-222. (4) imemal radiation from
insastion of olant foods etown in the decoutaminaied anva and irigated with water drawn feom a
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well tocated At the downgradiznat wdpe of e decontaminated ared, {5y iterne] radiasion fram
ingestion of ment from Hvestock fed with fidde: grows in the decontaminated arza and irvigated
vt water deaws from an onesits well, 63 ernal salistion from ingastion of milk obrained
trom livestock g with fodder geown {n the decontaninsted arex and imigated wih watsr diaws
frean o ansite well, {75 intornal racdiutivn Jrom Ingestion of sk from a poad downgradient from
the decontamiswed arca, (8) internal radiation from meidental dngesion of on-site soil, and
{9} waernal sadistion from drinking water drawa from an presite well, Table 3 summarizes o
applicability of these exposure patliways 10 1he tee scenarios evaluated,

The dustiaboecaker oo (he carrent and Niely faturs 0se stenarie) assumed
continued industrial w52 of the site. Under this soesaio, 2 hygothetioal dividual sas assumed o
work 8 hoass per day @ the site {6 hours working ourtoors and 2 howrs indedrs), Sdays per
week, S0 waeks per vear B owas wiso assumed that the worke: would nl ingest wies, plant
foods, or fizh obtained frooy the decontarninuted area ¢ med o medk from Hvestock radsed in the
decontarinated arer. The dase 1o the worker was wssted 1o be nly from e denonaminated
g0k

TABLE 3 Semumary of Applicable Exposare Pathways for the
Inidustrial-Waotker and Resident-Favmer Sceanrios al the
Pepleted Uranium Stndy Ares of the Transonis Reoge

Agghicatte Pathways
for Twe Scenanios
Pathway Iradusicial- Warker® Rasident-Facmad
Exsemmal garmmn axpoisg Yes ¥t
Inralation of dast Yes Yes
Tntalation of rdon s Yes
Ingestion of 224l Yas ¥es
Ingestion of plant fosiy 134 Fex
Lagestion of oz Mo ¥
Ingastion of milk No Yes
“« fopesdon of fsh No Yes
Ingestion ol water My Yes

4 Dndustial wodker: nb sonsuinption of witer or food obeiced on
the site.

U Residen-farmer: water axed fos dedoking, beusehold paipises,
Hivestoek wataeing, sed irrtyation sssumed to be fom s on-sile
widl

LR ET N £33 TTAIBILLEI386 ANL EAD HLYH RSK @uizsone
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in ihe restdent-farmer scenario (2 placsible but unlikely future use sceoario), in which &
stbsistence farmer wis assumed to ingest plant foods grown ln ap on-site pasden, the residem
Wit 450 pssumed 10 ingest mex and mitk from Livestock fod with forage grows onesite sad fo
catch and conswme 30% of fish and other aquatic organisms from an en-sitc pond. For (his
sceneriv, the grovadwater drawin Trom a well Jocated on-site would be the only witer source for
drinking, houschold use, livestork watering, and irrgation. Currently, ne agricultoral activity
oueurs at the site, and production of livestock in the decontamicated aces is congidered exiremely
unlikely,

1.3 DOSESOURCE CONCENTRATION RATIOS

The RESRAD compnier code, Version $.8% (Yu ot al. 1903}, was used fo caloulate the
dose/source concentration tatic DSR() for aranium isotope§ and pathway o at lime ¢ after
remedial action for each of the two scenagivs. The Hme frame considered in this analysis was
1,600 years. Rudivactive decay and ingrowth were considered in deaving the dosefsource
conveniration ratios, The visious paramacters used in the RESRAD code for this analysis were
taken frong the dose assessment study perfonned for this site (ANL 1998). The caloulsted
maximum dese/source oncontiation ratos for all pathways are presented in Tables 3 and 5 for
the industnal-worker and resident-facmnny scenanios, respectively. For both scenarios, the

- maximum dosefsourcs concentration ratios would ocour iminediately following remedial action
for Sranium-238, uranium-234, and uranium-235. For the industrial-worker scenario, the external
sxposere and inhalation (dust) pathways are the primary comtribitons to the duse from DU in
soil. ¥For the resident-fazmer scenadio, the extemal exposuee, plamt ingestion, and inhalation
(dust) pathways are the primary contributors to the dose from DU Because the maxinoum dose
occues impediwly afier remediation, the dose from the inhalation of racen, water ingestion, and
fish ingestion pathways is zero.

The seramation of PSR} for all pathways p §s the SR for the i isotope,

2
DIRAG = P DSR,(4) .

The tots] dosefsmiere sancent riinn win far il neasinm can he calodamd e
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TARLE 4 Maximum DosefSource Concentration Ratins for the Industrigl.
Worker Scenario at the Depleted Uraninm Study Aren of the Transonic
Range

Maximmum DoseiSoerce Contentration Ratios?

{rooemdy W pCili
Pathway Usagivm-234  Uzeniuye235  Usiniem 238

Exuernal gamma sxposuie L3685 158~} LEE2
Inhalation of dust 4.3E.3 4.0E-% 1883
Inhatation of mden o b ]
Ingestion of soil 2383 AAED 23E-3
Total BIE3 §.68.1 3282

3 Al values are reported to v significant figures, Maximom doselsonse

R concentralion matios weould oucur hnwnediately following remedial action for

™ al uranine Isoiopes.

TABLE 5 Maximum Dose/Source Concentration Ratios for the Resident.
Farmer Scenario st the Depleted Uranhnn Study Ares of the Trangonic

Range
Maximem Dose/Sones Uoncenteation Ratiog®
{rremderi(pCig)
Pathway Usranimn-234  Urspm-238  Uraniom-23%
Extemal gamma cxposae TAE4 4.3k~ T2E2
Inhalarien of dusy 9953 9.28-3 8.9E-3
Inhalation of cadon 4] Q G
Ingesticn of plant fouds 1062 9.7E-3 9.86-3
Ingestion of meat . . . 3283 3083 3.08-3
Inpestion o waker o i a
- Inpestion of milk 8353 TIE3 7HED
T Ingestion of fish o 0 0
Ingreution of se} 1R TR TARY
Toral 4002 4761 1.1E-3

3 Al values ate reporied o two significans figures. Maximom dosefsource
conceniration ratics would cosur imedinsely following ramedial action
for ol urmniom 13otopes.

Bordrolg

FIEY




G2/84000 L0129 Be3o2524038 ANL BAD HLTH RSK Zoisrong

i AT

where W, 3% the existing schivity concentration [raction in soil zt the site for mraniune234,
uranjur-235, and uranium-238.

For this analysis, W; wis assumed 10 reprosent the mean sctivily conceptration fractions
ghveain Table 2 for vranium-234, wanium-235, snd uranium-238, respeetively, foc the three DU
cases and for natural uranium, Table 6 gives the total desefsource concentration ratios for singls
radionuciides, natural uraniuny, and depleted uranivm. These satios were gsed to dewermine the
allowable residaal radioactivity for wraaimm in sou &t the Depleted Urandum Study Aren of the
Transonic Range,

TABLE £ Total Dose/Sonree Conventration Ratios for
Crandum at the Depleted Livaniom Study Arca of the
Travsonic Rauge '

«

Muxivun Dowe/Source Concenttation
Ratos® (meendye ¥ (pCifed

Radienuclide Indystrial-Worker?  Resident-Fagper©
Usaniom-234 LT3 4082
Urandam-235 < - 1661 4.7E-1
Uraniurm-238 33282 1.1E-1
- . Marural weandum 22E-2 8.3E-2
Depleted uranium® 2OE2 1.0E-¢
Deploed uranium® 3AE2 LIEA¢
Depleted uraniom! 2982 108

* Al velues are veported fo 1wo ugnifionm figures, For all uraniom
setopes {uriolen 234, 235, pad wwrene238) medoum
dospfscorce conetabntion rados will Soour ot time rere after
semediation for both sacnarios,

Lol

Indusirial-warkee: ne eonsumption of water or foud obtained on the
i {Curment use senario).

o

Regidont-famern waler wsed for domiieg, houndold purpeses,
livestoek watering, and irrizacion assumed w be from an ofesite wal)
{an urdikely ot pleathls futue e soenanso).

£ The uranium isotopes {Lranium-238, uraniiew 34, dod viomuE-233}
are presen in the setivity o of 0765023 100205,

% The uraninm isotopes {uranien-238, uaninmdd3s, aod ursniom-235}
ee presend in the astdiy trio of 2839013000234,
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Uncenainty in the derivation of doselsource conceniralion ratios arises from (the
vasiability o the aetivity ratios) the distnbution of possible inpw paramster vatues, a8 well o3
{rom the conceptua! model used w0 represent the site. Because the maximum dose would ocour
immediately following 1he wemedial action for both seenaries, the results are not affected by
uncerlainties in the paramerers for the leaching of vranivm Hom the contarinated zone. The
beeakthrough tme {.e., the dee 2 1kes e uraniam © reach the water table) dees not acour
within 1,000 years,

1.4 RESIDUAL RADIDACTIVE MATERIAL GUIDELINES

Tac residuzl radivactive mmenal guideline is the concenuration of residual radioucive
material that can remain in (e soil in @ deconiaminated area and stll allow use of the arca
without sdiolpgical restrictions. Given 2 dose limit, DL, for an individudl, the residual
radivactive material guideline G for uranium at sthe Depleted Urantum Study Area of the
Trausonic Range can be caloolated as :

!
G = DL DSR, :

wheee DER is the total duse/fsausce concentudion ratia listed in Table 6. The dose limiy, DL, nsed
to detive the residual radioactive mulecial guideling is 25 maremfyr for both scenarios. Table 7
pives the resideal radiosstive moterial guidelises for single radipnuclides {uraniom-234,
vraniui-235, and uvrooivm-238), vatiral wrantum, and depleted wraniun caleulated for the
Depleted Uraniven Study Area of the Transonic Range for both scenarivs,

For the calouiations of the patural graniem guidelines, it was assumed that the activity
concuntration ratie of mranium-234, grunjee-235, and uanism-238 is 0.49:0.022:045. The
derived “suidelines Tor natural uranivm for two scenarios (industial-werker and ssident-farmer)
are 1,100 and 300 pCifg, respectively. I uranine-238 is reeasured as the indicator radionpelide,
the wamum-238 limits for total usanime can be caleuluted by multipiying the total wranium
puidelines by 0.9, The resulting nrspiom-238 bimits for the industeinl-worker and cesident-
fareacr scenarios are 540 and 150 nCifg, respectively.

-
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TABLE 7 Residual Radioactive Material Guidelines for
the Depleted Uranium Study Area of the Transonic Range

. Cuideline {pCip
Radienuctde Industrai-Workee®  Restdent-Farmert

UraniveZ 34 Niv H30
Uraniun-235 158 54

Uraniom-238 95 30
Natural uraninm 1,100 360
Dapleted uranived 256 250
Depleted veaniun® e 230
Depleted yranivm! E531] 250

3 Al values are roported 1 owo signaficant s,
b industial worksn an coasumption of water of food obizined on the
Sige {ournost v aomsatio, dose consiaint 23 mueafyn

¢ Resident-farmer: water wed for dricking, huvschold pusposes,
Livestack watering, and irtiganion sssunmed 1o e fiom an onsite
well {an untikaly bue plassible fuure pse scesanio, dose
congireing « 25 tasendy )

4 “The uranivm isosopes fuyeriom a3E, uwmeivm-234, el
wraninm-335) are present in thi setivicy ratie of
4768:0.211:0.0208

AR *The arasiu isotepes {(maning-238, vrandem-234, and
wraiaa-255) are presentin due sotivity raic of
Q3 3002348,

b The uraniom isotopes {menitm- 338, pranium- 134, and
wianiuay-235) see peosent in the sctivity catio of
QIS L0018

For the caloulations of the DU guidelines, it was assumned that the aciivity concentration
miios of uranium-234, waninm-233, sad vrenitm 238 are 0.211:0.0005:0.768, 0.138:0.0234:
0.839, and 0.222:00193:0.758 {in tuee czses). The derdved puidelines for depleted vranium in
the Uee cases for the industrial-worker scensnie are 860, 300, and §80 pCife, respectively; for
the resident (armer scoancio, the derived guidetmes are 250, 230, and 230 pCilg, muspectively. I
uraniwn-238 s mensured as the indicator radionuclide, the uranior-238 Hmits for otal uranium
can be valouiated by muliplying the total vsaninm guidetines by 0,768, 0.839, and 0.75% in the
thres cases. The sesuiting uranium-238 fimis for the industrial-worker and resident-facmer
scenacios ace §60 o 670 pCg and 190 pCilz, respectively.
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The sumeolfactions nide applies when the dedved cadivauclide goidelines for
decontainuton of a site are implermented. The summation of e radionuclide concsetrations,
5, remaining om-site {averaged ever an aeas of 100 m° and & depeh of 15cm) and divided by
their guidelines, G, should not be greater thas unity, that is,

TssG s

i

The derived guidelines Hsted 10 Tdle 7 ae for a large homogencously contwninated area. For a

© smadl, iselated aren of contamioation (& hot spot), the sllowable conmentration that can remain
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February 10, 2003

Aberdeen Proving Ground

U.S. Army Research Laboratory
Aberdeen, MD 21005

ATTN: Richard A. Markland, ARL RSO

Subject: Aberdeen Proving Ground Transonic Range Depleted Uranium Study Area
Work Plan

Mr. Markland:

Cabrera Services Inc. (CABRERA) is providing Decontamination and Decommissioning
(D&D) services to Aberdeen Proving Ground (APG) at the Transonic Range located on
the grounds of APG. The range provided an outdoor test area for Depleted Uranium
(DU) ammunitions. CABRERA is providing these D&D services utilizing an NRC
approved work plan. CABRERA is requesting relief from certain aspects of this approved
plan.

The work plan, “Aberdeen Proving Ground Transonic Range Depleted Uranium Study
Area Detailed Work Plan”, contains requirements to perform gamma and alpha
spectroscopy on soil samples and other solid materials (concrete, sheet metal, etc.)
present in the various survey areas on the site to support MARSSIM final status survey.
The sample analysis includes the performance of gamma spectroscopy on 100 percent of
the samples and alpha spectroscopy on 15 percent of the samples. Table 5.4 of the work
plan entitled “DUSA Sample and Analysis Recap” provides for 75 alpha spectroscopy
samples on soils, QA samples, investigative samples, and structural samples.

CABRERA requests relief from what it considers an unnecessarily large number of alpha
spectroscopy analyses. CABRERA proposes to reduce the number of samples receiving
alpha spectroscopy from 75 to 3 for the following reasons:

. Examination of the DCGL development document as detailed in “Derived
Uranium Guidelines for the Depleted Uranium Study Area of the Transonic
Range Aberdeen Proving Ground, Maryland”, Argonne National Laboratory,
1999, shows that the guideline is controlled by **U and #*®U components of the
DU. The #**U component of the DU comprises only 5 percent of the DCGL
guideline. Therefore, additional alpha spectroscopy analyses on 75 samples will
provide only a small additional confidence level to the remediation process.
The 2*°U and 2**U components, comprising 95 percent of the guideline soil



concentration DCGL, are readily determined by gamma spectroscopy and may
be considered to be the primary isotopic indicators associated with a successful
MARSSIM final status survey for this work evolution. No changes to the
number of gamma spectroscopy samples as described in the work plan will be
made.

. One hundred (100) uranium alpha spectroscopy analyses of soil samples as
detailed in “Transonic Range Depleted Uranium Study Area Radiological
Characterization Report”, General Physics Corporation, October 1996, were
performed for this site. The report shows elevated activity levels of 2**U and
lower activity levels of 2*°U and **U as compared to natural uranium, indicating
that the uranium components present in the soil are due to DU. No testing of
uranium containing munitions has occurred on this outdoor range since 1979,
therefore there are no expected changes to the soil uranium contamination
levels.

. Derivation of the APG Transonic Range soil cleanup guidelines are based upon
the RESRAD computer model and isotopic uranium activities typical of DU as
detailed in ‘Derived Uranium Guidelines for the Depleted Uranium Study Area
of the Transonic Range Aberdeen Proving Ground, Maryland”, Argonne
National Laboratory, 1999. The RESRAD model was run with isotopic inputs
derived from the 1996 General Physics characterization report.

e A description of the past work activities taking place at Transonic Range details
the use of DU ammunition at the site. This information is discussed in
“Aberdeen Proving Ground Transonic Range Depleted Uranium Study Area
Detailed Work Plan”, Allied Technology Group Inc., September 1999. This
work plan has been approved by the NRC and provides the basis for the D&D
work and cleanup levels that CABRERA will follow. The Allied report further
states that soil data does not show the presence of radionuclides above ambient
levels other than uranium.

. The Department of the Army U.S. Army Research Laboratory Material License
that provides for uranium munitions testing and APG user process knowledge
regarding use of DU in these munitions reflects the fact that radioactive soil
contamination on the Transonic range is due to DU. No other radioisotopes are
involved.

The analysis of three (3) samples by alpha spectroscopy is sufficient to ascertain that the
remediation and sampling program is in fact removing materials associated with the test
firing of DU munitions on the Transonic Range. The three alpha spectroscopy samples
chosen for analysis will come from three separate Class 1 or Class 2 area locations
showing the highest walkover scan counts. The performance of gamma spectroscopy on
100 percent of the soil samples as described in the Transonic Range Work Plan will not
be altered by this request.



If you should have any questions regarding this request, please contact either Henry W.
Siegrist or David J. Watters at CABRERA (860) 285-1885.

Sincerely,

Henry W. Siegrist, CHP, P.E.
Corporate Health Physicist
Cabrera Services, Inc.
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1. BACKGROUND

Allied Technology Group, Inc. (ATG) has been contracted by the U.S. Army Industrial
Operations Command (IOC) for the remediation and decommissioning of the Depleted Uranium
Study Area (DUSA) of the Transonic Range located at Aberdeen Proving Grounds, MD. In
addition, the contract requires ATG to provide a final release survey of the grounds and structures
to show that they meet the release criterion and to provide for packaging, shipment, and disposal of
the resulting waste. All decommissioning activities will be conducted under the requirements of
Army Research Laboratory’s NRC license (No. SMB-141). In addition, the ARL RSO will
oversee all related activities and has the authority to suspend any operations deemed to be unsafe to
workers and public or detrimental to the environment.

The release criterion can be found in the facility license provisions and “Radiological Criteria for
License Termination”, 10 CFR 20, Subpart E, (Reference 1). The corresponding release limit for
the affected outdoor area, 230 pCi/gm, was derived by Argonne National Laboratory (ANL) using
the unrestricted release criterion, for the resident-farmer scenario, of 25 mRem/yr. The report,
“Derived Uranium Guidelines for the Depleted Uranium Study Area of the Transonic Range,
Aberdeen Proving Ground, MD”, Argonne National Laboratory, 1999, (Reference 2) is the basis
for the volumetric DCGLs of this Work Plan. The release limit for the structures are derived mn
accordance with the “Federal Register/Volume 62, Number 222/Wednesday, November 18,
1998”, (Reference 3), and its associated Regulatory Guide, “Demonstrating Compliance with the
Radiological Criteria for License Termination”, Dralt Regulatory Guide DG-4006, (Reference 4).
This corresponds to Table 6.4 of “Army Regulation EM 385-1-80, Radiation Protection Manual”
(Relerence ) lor the material of interest, Depleted Uranium (DU).

1.1  REASON FOR REMEDIATION

DU penetrator ammunition rounds were tested at the DUSA between 1973 and 1979. In 1979
outdoor testing of the penetrators ceased, however the site continues to be listed as a radiation test
facility in the U.S. Army Research Laboratory’s (ARL) Nuclear Regulatory Commission (NRC)
License. The determination was made in 1995 to cease licensed activities at the DUSA. To
support this determination, IOC and ARL desire to terminate the license condittions and provisions
associated with the DUSA. The need to perform remediation to support this termination is found
in the NRC Branch Technical Posttion (BTP), “When to Remediate Inadvertent Contamination of
the Terrestrial Environment”, (Reference 6). According to the BTP, licensee sites which are no
longer used to conduct licensed activities should be remediated to unrestricted use levels to
preclude migration of the radioactivity.

1.2 MANAGEMENT APPROACH

The ATG approach to the Decontamination and Decommissioning of the DUSA is designed to
provide the customer (IOC) with a top quality service at a reasonable price. We have provided
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environmental / radiological remediation and waste management services since ATG was founded
in 1976, and have performed these services for the IOC since 1989. ATG will provide all aspects
of on-site project management and work direction. To provide the best possible service to the
10C, we have teamed with Sanford Cohen & Associates, Inc. (SC&A) and MHF Logistical
Services, Inc. (MHF-LS). SC&A will provide laboratory and data analysis services under the
direction of the ATG Project Manager. MHF-LS will provide for transportation arrangements,
also under the direction of the ATG Project Manager.

NOTE: The project organization chart and resumes of key personnel are included in the
document “Specification for the Decommissioning Plan, Transonic Range - Aberdeen Proving
Ground”, Appendix 1 to this work plan.

The ATG Project Manager will oversee all on-site activities. The Project Manager is responsible
[or the safe progress of the job, oversight of the quality assurance aspects, field remediation
activities, data/sample collection, and packaging/shipping of radioactive waste. The Project
Manager will also be the on-site Radiation Safety Officer (RSO). The Project Manager will report
directly to the IOC Point of Contact/Project Officer. All on-site activities will require working m
conjunction with scheduled range activities as this facility is an active military testing facility. It 1s
anticipated that this work will be performed on weekends and early morning hours when the range
is inactive. Scheduling will be coordinated with the IOC Project Officer and the APG Pomt of
Contact.

The work force for the setup, remediation activities, data/sample collection, on-site analysis,
packaging and shipping of samples, and packaging, loading and shipping of radioactive waste will
be under the direction of the ATG Project Supervisor. The Project Supervisor will also serve as
the on-site health and safety officer and the health physics supervisor. The Project Supervisor will
report to the ATG Project Manager.

The ATG QA/QC Manager will ensure that all work is performed in accordance with applicable
Federal, State, and local regulations and requirements; the Decommissioning Work Plan; the
provisions of the Project Quality Assurance (QA) Plan (Appendix 2); and the ATG Field
Operating Procedures (Appendix 3). The QA/QC Manager will report to the ATG Project
Manager, however, he will also report to the ATG Corporate QA/QA Manager who has a direct
reporting chain to the IOC Project Officer.

The ATG Health, Safety, and Environmental Compliance Manager will ensure that all project
personnel are trained and qualified in accordance with applicable Federal, State, and local
regulations and requirements and that work is performed in compliance with the Project Health
and Safety Plan (Appendix 4). The HS&E Manager will report to the ATG Project Manager.

The ATG UXO Supervisor will be ensure that the provisions of the Project UXO Avoidance Plan,
(Appendix 5), are implemented n the field, as applicable. He will provide technical direction to
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the UXO specialist(s) assigned as part of the project workforce. The ATG UXO Supervisor will
report to the ATG Project Manager.

Individuals assigned to this project will be trained and qualified in accordance with the provisions of
10 CFR 19.13 “Radiation Worker Training (Reference 7), 29 CIR 1910.120 “OSHA
Construction Standards” (Reference 8), and applicable license provisions. Training records will be
supplied and maintained as part ol the project records in accordance with the Project QA Plan.
Training specilic to the project will be performed prior to the start of field work by or under the
direction of the ATG HS&E Manager and APG personnel, as applicable. On-site training will be
documented on ATG Form 027 (Training Record) in accordance with ATG Field Operating
Procedures.

Daily brieting/training meetings will be conducted, prior to the start of ficld work, to discuss
activities that will be performed that day. Radiological and Industrial safety concerns will be
discussed , as well as proper Personnel Protective Equipment (PPE) and contamination controls.
Compliance with state, local, and facility motor vehicle laws will also be covered mn these briefings.
These meetings will be conducted by the Project Manager and Project Supervisor and will be
documented on ATG Form 027 (Training Record). These briefings will also be documented on
the Pre-Job Briefing for Health Physics (AT'G Form 026) and the Pre-Job Briefing for Industrial
Hygiene/Safety (ATG Form 025), if applicable. Visitors who request access into the exclusion
zone will be required to attend the daily briefing {(or an equivalent briefing) and document
attendance on the appropriate forms.
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2. SITE DESCRIPTION
2.1  TYPE AND LOCATION OF FACILITY

Aberdeen Proving Ground (APG) located at Aberdeen, MD is an active U.S. Army testing and
rescarch facility. The APG lies along the western shore of the Chesapeake Bay in Harford and
Baltimore Counties, MD), approximately 15 miles northeast of Balumore, MD. 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 (AA); and the southern portion of APG, referred to as the
Edgewood Area (EA). The AA became a formal military post, designated as APG, in 1917. The
EA (formerly Edgewood Arsenal) was appropriated by Presidential Proclamation in 1918. The
Depleted Uranium Study Area (DUSA) is located within the boundaries of the Transonic Range in
the AA of APG.

2.2  OWNERSHIP

As an active military mstallation, APG is the property of the U.S. Government, Department of
Delense. It is operated and maintained by the U.S. Army.

2.3 FACILITY DESCRIPTION

The DUSA comprises approximately 12 acres on the southeast end of the Transonic Range. The
gun locations were located on the northern portion of the site and fired at targets to the south. The
DUSA can be described as a cleared relatively flat tract, surrounded by woods to the east, south,
and west. Swampy areas are found behind the Transonic Range catchbasin to the south, along the
wooded areas to the west, and in the northeast section of the site.

The cast side of the site was stabilized approximately ten years ago when a layer of landscaping
plastic was laid north of building A-7 to the tree line to the east and west toward X-Ray 1. A4to 8
inch layer of gravel was laid over the plastic. At about the same time, the small swampy area to the
north of the firing positions was covered with 2 to 4 feet of soil so that guns could be moved further
away from the targets.

DU penetrator round testing was conducted on the site from 1973 to 1979. After outdoor testing
ceased the Army Research Laboratory (ARL) health physicist conducted an nitial site cleanup to
reduce the radioactive waste inventory and to allow other non-radiological testing to be conducted
on the site. ARL conducted soil sampling on the site as late as 1991 as a part of their
environmental monitoring program. In 1995/96, the site was characterized by General Physics
Corporation as a part of the preparations for decommissioning. The results of this characterization
arc found in “Transonic Range Depleted Uranium Study Area Radiological Characterization Study
Report”, General Physics Corporation, 1996 (Reference 9). These results are used as the
radiological bases for this work plan.
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2.4 STRUCTURES

The DUSA did contain five small industrial type structures. One building (X-Ray 1) has been
removed since the characterization survey was conducted.

2.4.1 BUILDING A-7

Building A-7 is located on the southeast side of the DUSA and is constructed ol concrete. The
building covers approximately 20 m’ and is approximately 3 meters high. The northern face of the
building is covered by an earthen berm. There are no known drains from the building and no
ventilation system. The interior does contain work tables and storage shelves. The mstallation
used A-7 to store electronics equipment.

The west wall has an outer wall of three inch steel plate attached to the concrete and a single metal
box penetrating the wall. The east wall contains a single metal door, the only access to the
structure. The concrete roof is covered with three inch thick steel plates, approximately 6 {t. long
and 41 in. wide, held in place by anchor bolts imbedded in the concrete.

Building A-7 meets the release guidelines with the exception of the joints between the steel plates on
the rool and the east exterior wall. The area between the roof and the walls, the north exterior wall,
and the west exterior wall could not be accessed for characterization and are therefore assumed to
be contaminated.

2.4.2 X-Ray?2

X-Ray 2 1s located on the southern portion of the DUSA and covers approximately 58 m® with a
nominal wall height of approximately 3.5 meters. There are no known drains associated with X-
Ray 2. The structure contains a US Army Field Electronics Trailer. The trailer is constructed of
aluminum and rests on a raised platform above the ground.

The walls of X-Ray 2 consist of fitted 2.5 in. steel plate. The upper roolf, over the trailer, 1s [ in.
thick steel. The lower roof, west side of the structure, is 2.5 in steel. The south wall contains the
access door and the west wall has a slit cut into it for X-Ray passage.

Significant portions of X-Ray 2 were either inaccessible (therefore, considered contaminated) or
showed lixed contamination above the guidelines. These arcas include the west end of the south
exterior wall, the west exterior wall, the lower roof, the upper roof, and the interior floor.

2.4.3 SECURITY BOXES

Security Box 1 covers approximately 50 m” and 1s located northwest of X-Ray 2 along the access
road. Security Box 2 occupies approximately 26 m® and is located north of the affected area of the
DUSA. Both are constructed of 1 in. steel, have 4 vents in the roof, and have a door and an
equipment hatch in the south facing wall. There are no known drains from these structures.

[
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The Security Boxes meet the release guidelines on the exterior portions of the structures. The
interiors were inaccessible during the characterization and are therefore considered to be
contaminated.

2.5 GROUNDS AND SOILS

The soil composition of the affected area of the DUSA is primarily a sandy loam with gravel added
In certain areas.

ARL conducted soil sampling from 1973 to 1978, and again in 1991, as a part of their
environmental monitoring program. Analytical results for soil samples collected from several
areas around the radioactive waste storage area and behind the backstops showed levels i excess
ol the guideline values for unrestricted use. Most of the soil contamination was found in the
radioactive waste storage area. Concentrations in this area ranged from 10 to 520 pCi/g.

During the characterization surveys of the DUSA (1995/96), numerous soil samples were taken
and analyzed for radioactive and other hazardous components. The characterization report
(Reference 9) concluded that all areas showed soil concentrations in excess of the guideline level of
35 pCi/g for depleted uranium developed for the characterization study (Reference 9). The highest
average concentrations were reported in characterization grids C1, C2, B2, B3, Al, and A4. Small
arcas of elevated activity were reported in characterization grids A2, B4, C4, and Z2. The highest
activity reported (4.23 E5 pCi/g) was found in characterization grid A2. It should be noted that this
reported DU concentration will be evaluated to determine the source of the error, given that the
specilic activity of DU is less than 370,000 pCi/g. Much of the contamination is limited to the top
three inches of soil. Also it appears that much of the contamination is localized to well defined
arcas.

The characterization data also indicates the potential for subsurface UXO, particularly in
characterization grids Al, Cl1, and C2.

The characterization samples were also analyzed and compared to the disposal site criteria. This
data indicated no hazardous material component in the soil that would cause the remediation waste
to be classified as a mixed waste. These samples will be veritied prior to packaging and shipment
of waste generated in the remediation process.
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3. OPERATING HISTORY
3.1 LICENSING STATUS

The Depleted Uranium Study Area (DUSA) is located within the boundaries of the Transonic
Range in the AA of APG. The DUSA of the Transonic Range at Aberdeen Proving Ground
(APG) is listed as a radiation test facility in the U.S. Army Research Laboratory’s (ARL) Nuclear
Regulatory Commission (NRC) license (No. SMB-141). The facility has been involved in testing
of DU penetrator rounds from 1973 to 1979. Outdoor testing of the DU rounds ceased in 1979;
however, the area continues to be listed as a radiation test facility. In 1995 a determination was
made to cease all licensed activities at the DUSA and remove it from the list of radiation test
facilities at APG.

After outdoor testing ceased in 1979, ARL conducted an initial site cleanup to reduce the
radioactive waste inventory and allow other non-radiological testing to be conducted at the DUSA.
This effort included removing shot target and other materials from the radioactive material storage
area. This initial effort also included surveying and removing contaminated soil, sand, and other
materials. Based on these “scoping” surveys and site history, it was estimated that approximately
12 acres should be considered suspect areas for DU contamination.

When the decision was made to cease licensed activities and remove the DUSA from the list of
radiation test facilities, General Physics Corporation was contracted to perform a radiological
“characterization” survey of the site. The report of this characterization, “Transonic Range
Depleted Uranium Study Area Radiological Characterization Report”, General Physics
Corporation, 1996, (Reference 9) reached the following conclusions:

+  Based on the radiation surveys no removable contamination was found on the structures
surveyed at DUSA. However, fixed radiation levels in A-7, X-Ray 1 and 2 are in excess of
the guideline values.

Soil data does not show the presence of radionuclides other than isotopes of U-238 and U-
935 above ambient levels. The approximate distribution of the uranium isotopes is that of
depleted uranium.

All areas showed soil concentrations in excess of guideline values for depleted uranium with
the highest concentrations in grids C1, C2, B2, B3, Al, and A4. Much of the
contamination is limited to the top three inches of soil. Also it appears that much of the
contamination is localized to well defined areas. Any remedial actions will require careful
planning and implementation as it is likely that subsurface UXO will be encountered. In
particular, grids Al, Cl, and C2 showed high concentrations of ferrous and non-ferrous
metal from the magnetometry survey.
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+ The soil does not contain hazardous materials, pesticides, herbicides, or explosives above
the regulatory limit.

NOTE: The guideline values referred to in the characterization report are not necessarily the
guidelines used in this work plan. The guidelines used in this work plan were derived in
accordance with the most current guidance, i.e., “Multi-Agency Radiation Survey and Site
Investigation Manual” (MARSSIM), NUREG-1575 (Reference 10) for soil and “Demonstrating
Compliance with the Radiological Criteria for License Termination”, Draft Regulatory Guide
DG-4006 (Reference 4) for structures.

Based on the scoping and characterization data IOC contracted Argonne National Laboratory
(ANL) to provide the volumetric Derived Concentration Guideline Levels (DCGL) applicable to
DUSA in accordance with the guidance contained m MARSSIM. The report, “Derived Uranium
Guidelines for the Depleted Uranium Study Area of the Transonic Range, Aberdeen Proving
Ground, MD”, Argonne National Laboratory, 1999, (Reference 2) is the basis for the volumetric
DCGLs of this Work Plan.

The remediation and final survey documentation developed in the implementation of this work
plan, along with the referenced reports, will form the bases for the NR Form 314 required as a part
of the decommissioning and license termination of the DUSA.

3.2 PROCESSES

The DUSA is located on the southeast end of the Transonic Range and was used for DU testing
from 1973 to 1979. Testing consisted of gun launching DU penetrator rounds from two locations
on the northern portion of the site at targets mounted adjacent to the X-Ray units to the south.
Stripper/dellector plates located in between the launch or shooting locations were designed to strip
or deflect the sabot away from the penetrator while in flight to the target. Penetrators were either
stopped in the target or penetrated the target and impacted mto a backstop located a short distance
behmd the targets.

As a result of the testing, most of the DU melted into the target and backstops. However, some
DU fell onto the soils around the targets or was scattered into the surrounding arca. Test
technicians wore protective clothing and dosimetry while in the test area and monitored activities
{or radioactive contamination. Shot targets and other designated materials were maintained on site
in a radioactive materials storage area located to the east of the impact zone. While the shot target
and other designated materials have been remediated, recycled, and/or disposed of as radioactive
waste, the wooded storage site s still posted “Radioactive Materials Area”.

3.3 WASTE DISPOSAL PRACTICES

During operation of the DUSA as a DU test range, radioactive wastes, except for shot targets and
other designated materials, were handled through established radioactive waste disposal channels,

8
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i.e., packaged and shipped to a licensed disposal site. Shot targets and other designated materials
were maintained on site in a radioactive waste storage area. After testing ceased, the ARL health
physicist conducted an initial site cleanup to reduce the radioactive waste inventory and allow other
non-radiological testing to be conducted at the DUSA. This effort included removing shot target
and other materials from the radioactive material storage areca. The shot target and other
designated materials have been remediated, recycled, and/or disposed of as radioactive waste at a
licensed disposal site.
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4. REMEDIATION ACTIVITIES

4.1 OBJECTIVES

The objective of this project is the decontamination/remediation of the Depleted Uranium Study
Area (DUSA) of the Transonic Range at Aberdeen Proving Grounds, including faciliies and
equipment, to acceptable ALARA (as low as is reasonably achievable) levels for unrestricted
release. The criteria for this release shall be the Derived Concentration Guideline Levels
(DCGLs) developed in compliance with the “Multi-Agency Radiation Survey and Site Investigation
Manual” (MARSSIM), NUREG-1575, (Reference 10) for the soil and Army Regulation IEM 385-1-
80, “Radiation Protection Manual”, Table 6-4 (Reference 5) for facilities and equipment. This
objective will be accomplished by performing the following activities and tasks:

NOTE 1: Itis estimated that the waste volume from this activity will be 2,500 ft".

NOTE 2: All work activities will be performed in accordance with this Decommissioning Work
Plan, ATG Field Operating Procedures, and the requirements of the Site License.

4.1.1 SITE MOBILIZATION AND PREPARATION
Mobilize personnel and equipment

Provide on-site training

Collect bioassay samples and issue dosimetry
Establish work schedule

Obtain necessary work permits

Establish UXO protocol for range activitics
Establish Air Sampling protocol for range activities

4.1.2 ESTABLISH CHARACTERIZATION GRID REFERENCE SYSTEM
Prelimimary UXO Sweep

Re-establish the grid boundaries used during the characterization

Verily the grid boundaries through radiation surveys

Post area boundaries (Radiological, HAZMAT, UXO)

4.1.3 SURVEY OF SURFACES/AREAS INACCESSIBLE DURING CHARACTERIZATION
UXO Survey

Laydown area survey and establishment

Obstruction removal

4.1.4 TESTING OF CONTAMINATED STRUCTURAL SURFACES
Identification of Representative Contaminated Surfaces
Determmation of Contamination Depth

Approximation of Background

10
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4.1.5 REMEDIATION
UXO Support
Segregation/Excavation

4.1.6 EQUIPMENT AND DEMOBILIZATION
Surveys and Samples

Equipment Release

Demobilization

Note: The activities, including grid layout and surveys/samples, associated with the final release of
the DUSA are discussed mn Section 5 of this work plan.

4.2 RESULTS OF PREVIOUS SURVEYS

Environmental and work area surveys were conducted in the area of the Transonic Range during
the full time operation of the range and during the interim period, 1.e., prior to the decision to cease
licensed activities. In late 1995 and early 1996 the site was characterized (“I'ransonic Range
Depleted Uranium Study Area Radiological Characterization Study Report”, General Physics,
1996, Reference 9) to determine the extent of radioactive contamination and other hazards. The
results of this characterization is the basis for the remediation and decommissioning activities in
this work plan. As part of the decommissioning activities these results will be verified and used to
focus specific remediation tasks.

4.2.1 STRUCTURES

There are four structures remaining on the Transonic Range, Depleted Uranium Study Area
(DUSA). None of the accessible areas of these structures showed loose surface contamination m
excess of the guidelines contained in Army Regulation EM 385-1-80, “Radiation Protection
Manual”, Table 6-4. For purposes of planning the inaccessible areas are assumed to contain loose
surlace contamination above the guidelines. In addition {ixed contamination above the guidelines
was detected or assumed to be present as outlined below.

4.2.1.1 Building A-7

Building A-7 meets the release guidelines with the exception of the joints between the steel plates on
the roof and the east exterior wall. The area between the roof and the walls, the north exterior wall,
and the west exterior wall could not be accessed for characterization and are therefore assumed to
be contaminated.

4.2.1.2 X-Ray?2

Significant portions of X-Ray 2 were cither maccessible (therefore, considered contaminated) or
showed fixed contamination above the guidelines. These areas include the west end of the south
exterior wall, the west exterior wall, the lower roof, the upper roof, and the nterior floor.
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4.2.1.3 Security Box 1
Security Box 1 meets the release guidelines on the exterior portions of the building. The interior
was inaccessible during the characterization and 1s therefore considered to be contaminated.

4.2.1.4 Security Box 2
Security Box 2 meets the release guidelines on the exterior portions of the building. The intertor
was maccessible during the characterization and is therefore considered to be contaminated.

4.2.2 SoIiL

The 1996 Characterization of the DUSA showed thirteen (13) soil areas with depleted uranium
(DU) concentrations that exceed the ALARA target ol 105 pCi/g (see Table 5.1 and Section 5.1 of
this work plan). Twelve (12) of these locations are relatively small, with areas ranging from 4 to 10
m’. The final location is a large area of elevated activity of about 250 m®.

The grids of concern are A-1, A-2, A-4, B-2, B-3, B-4, C-1, C-2, C-4, and Z-2. The large area of
elevated activity extends over the juncture of grids C-1/2, with small areas of elevated activity
spotted over the remaining grids. The highest exposure rates and corresponding soil activity
appear in grids A-2 and Z-2.

4.2.3 UNEXPLODED ORDINANCE

As a preliminary phase of the characterization of the DUSA, the site was surveyed for and cleared
ol surface unexploded ordinance (UXO). Additional subsurface magnetometry scans were
conducted during the characterization. The results of these sweeps and surveys indicate that
cncountering subsurface UXO s likely, particularly in grids A-2 and C1/2.

4.2.4 OTHER HAZARDS

In the charactenzation process the collected soils were analyzed for compatibility with disposal site
criteria. This evaluation included analyses for the presence of materials regulated under 40 CFR
261, Reference 11 (Hazardous Materials) as well as an evaluation of physical properties. The
characterization shows that the soil on the DUSA does not contain hazardous materials, pesticides,
herbicides, or explosives above the regulatory limits. In those instances where hazardous materials
were detected, only trace levels were found, which were well below the component limit. If
additional mformation were to show that other hazardous materials (e.g., metals, semi-volatiles, and
volatiles) were present, specific steps will be taken in conducting additional characterization for
H&S purposes and waste disposal. The USA-IOC Project Officer and ARL RSO will be noufied
of such findings and any additional characterization efforts will be conducted only with IOC and
ARL approval.

4.3 REMEDIATION PROCEDURES
4.3.1 MOBILIZATION AND PREPARATION

4.3.1.1 Mobilization
12
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ATG will physically mobilize upon the receipt of the Notice to Proceed. Necessary equipment and
material will be assembled and shipped/iransported to APG. The necessary staff will mobilize and
assemble at a pre-designated location in the area of APG to facilitate access.

Personnel: All personnel assigned to this project shall have completed the 40 hour Basic
Hazardous Waste Training Program and, if needed, the 8 hour refresher Traming in
accordancc with 29 CFR 1910.120, “OSHA Standards”, Reference 8.
Supervisors shall have completed the 8 hour Superwsors Training Program in accordance
with 29 CFR 1910.120.
All personnel will be required to provide evidence of training in accordance with 29 CFR
1910.120 e.6.
All personnel will be required to provide evidence of Medical Certification n accordance
with 29 CFR 1910.120 f.
All respirator wearers will be trained and have documentation required [or respirator use in
accordance with 29 CFR 1910.134

Equipment: Tools and equipment necessary for the completion of this project shall be
mobilized as needed. This is expected to include:
- Radiation Survey Instruments
Radiation Counting Equipment
Air Sampling Instruments
Excavation Equipment, e.g., Backhoe, IFront End Loader
Sampling Equipment (including concrete boring tools)
Hand Tools
Cutting Torch
Ventilation Equipment
Scabbling Equipment
Air Compressor
Generator

Facilitics: APG will provide office facilities and supplies, i.e., oflice space, restroom, telephone
lines, fax equipment, and access to a copy machine. ATG will establish a field office i this
location. Copies of all project records will be maintained at this location for field use, Base,
10C, and regulatory review.

4.3.1.2 Training
In addition to the training specified above all personnel shall receive the following training as a
preliminary to field work. All on site training will be documented on a Training Record (ATG
Form 027) and be kept as a part of the permanent project file.

Site Specific OSHA (29 CFR 1910.120) Training, including:

+ Work Plan and Associated Documents

+  Site Health and Safety Plan

+  Site Specifics (APG)
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RddlaUOll Worker (10 CFR 19.13, Reference 7) Traming, including:
Radiation Worker Rights
Sources of Radiation and Contamination
Types of Radiation and Contamination
Units of Radiation and Radioactivity
Prenatal Exposure (Reg. Guide 8.13, “Prenatal Exposure”, Reference 12)
Biological Effects of Radiation
«  Radioactive Contamination Control
+ Use of Anu-C Clothing
+ ALARA Concepts
+  LEmergency Procedures
Use of Radiation and Contamination Detection Instruments

4.3.1.3 Monitoring

Performance of decommissioning activities on the Transonic Range 1s not expected to result it
measurable dose equivalent to the workers. Personnel dosimetry (TLDs) and bioassay shall be
used to verily that this condition 1s, in fact, true. TLDs will be issued and baseline bioassays will be
collected during the mobilization phase.

Personnel monitoring methods will include:

+ Dosimetry - Work crews will be required to wear TLDs during work activities at the site,
visitors will be issued self-reading dosimetry (SRDs) during inspection or briefing tours.
Bioassay - All workers will be required to provide a urine specimen for analysis prior to
start of work (baseline) and at the completion of the project.

4.3.1.4 Scheduling

During mobilization, crew work schedules will be established based on the needs of the site. Itis
understood that the Transonic Range 1s an active firing range and that the mission of the base 1s
pararmount. Consequently, the schedule will have the necessary flexibility to maintain a minimum
forty (40) hour work week during the hours the range is down.

Arrangements and schedules for surveys of the Security Box interiors will be established during the
mobilization phase.

4.3.1.5 Site Permits
During the mobilization phase base required permits will be obtained (or arrangements made to
expedite “as needed” receipt). Anticipated base permits are:
DARP - A Department of the Army Radiation Permit is required for the instrument check
sources that will be needed for day-to-day activities.

14
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Radiation Work Permit - A site issued Radiation Work Permit (RWP) is required for work on
the Transonic Range. An ATG RWP (ATGF-002) will also be prepared and issued in
accordance with ATG Field Operating Procedures, Appendix 3.

Salety Work Permit - A site issued Safety Work Permit (SWP) 1s required for work on the
Transonic Range.

Cutting, Burning, Grinding Permit - Certain decontamination activities may require a “Hot”
Work Permit, i.e., cutting, burning, and grinding. Base requirements will be ascertained
during the mobilization phase.

Excavation Permit - Remediation activities may require the issuance of a base Excavation
Permit. Base requirements will be ascertained during the mobilization phase.

Other - Other permits and authorizations may be required for certain remediation activities on
the Transonic Range. Base requirements will be ascertained during the mobilization phase.

4.3.1.6 UXO Procedures

During the characterization of the DUSA, conducted m 1996, surface UXO was detected and
properly disposed of. The characterization indicated that encountering sub-surface UXO i1s highly
likely, particularly in grids Al and C1/2. Itis the policy of ATG and the Department of Defense
(DoD) to provide the maximum possible protection to personnel and property from the damaging
effects of potential accidents involving ammunition and explosives. Consequently, all activities
conducted during the remediation of the Transonic Range will be preceded by the corresponding
level of UXO Avoidance Activity (Project UXO Avoidance Plan, Appendix 5).

Work Site Istablishment - UXO personnel shall assist in the establishment ol the work site
boundaries and control zones.

UXO Sweeps and Surveys - Prior to initial work area entry and any excavation activities UXO
personnel shall perform the appropriate sweep or survey for the activity.

UXO Support- A UXO qualified individual shall be present during and monitor all
excavation/soil disturbance activities.

UXO Qualifications - A UXO Technician 1s a graduate of the US Naval EOD School, Indian
Head, MD, and has a minimum of 5 years of combined active duty EOD and commercial
UXO experience.

4.3.1.7 Air Sampling Procedures

Sampling and analysis of the air in work areas containing radioactive contamination 1s required to
ensure that workers and the general public do not receive an uptake of radioactive material or that
any such uptake is accounted for and documented.
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Air samples will be collected in the general area and breathing zone of workers during
evolutions that have the potential for producing airborne radioactivity (e.g., soil or surface
disturbing activities, container loading, etc.).

At a mmimum two low volume (nominal {low rate 1 CFM) air samplers will be positioned
down wind of the work area. One will be positioned as close to the work area as possible, while
maintaining enough distance to prevent cross contamination from the work. The second will
be placed at the closest downwind boundary of the work area.

A lapel sampler will be placed on at least one crew member to represent the breathing zone of
the workers.

These air samples will be collected and analyzed in accordance with ATG Field Operations
Procedure HP-OP-010, “Air Sampling and Analysis”. Although no airborne radioactivity 1s
anticipated from this remediation and decommissioning activity, these samples provide
representative and reproducible data and will serve to quantify any release of radioactive
materials or worker uptake of radioactive materials should airborne transport occur.

The general area air samples will be collected at 3 to 6 feet off the ground. The lapel samples
will be collected as close to the individuals face as possible.

The health physics technician obtaining the samples will be responsible for ensuring that while
the samples are being obtained they are maintained in a representative sample zone.

The a priori calculation with the below parameters shows that an air sample drawn for eight
hours at a flow rate of 1 CFM will have a Lower Limit of Detection (LLD) of less than 2 x 10™
uCi/ml or 0.1 Derived Air Concentration (DAC) for U-238 (or 2.0 x 10" uCi/ml], Class Y

Compounds). The basis and calculation, using beta counting, assume:

LLD =

B = 1.89 B/dis (DU)

C. = beta counter efficiency, 12%

. = sample counting time, 5 min.

t» = background counting time, 10 min.

R. = background count-rate, 40 cpm

F. = sample flow rate, 1 CFM or 28,317 mL/min.
S. = sample duration, 8 hr

S. = sample volume, 1.36 x 10" ml
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2.221+06 = Number of dpm per uCi

The LLD for a sample taken and evaluated under these conditions is about 2.0 x 10™ uCi/ml,
L.¢., less than 10% of the DAC for U-238. The investigative limit for airborne activity will be
0.5 DAC for DU or 1 x 10" uCi/ml.

If this limit is approached or exceeded the cause will be investigated and corrective actions
identified.

« Il this limit is exceeded work will be stopped until corrective actions have been taken.
11 0.5 DAC 1s exceeded inhalation doses will be calculated and assigned to individuals as
appropriate.
If this limit is exceeded the base contact, the IOC Point of Contact/Project Manager, the
ATG Project Manager/RSO, and the NRC will be notified as soon as possible of the
occurrence.
In the event of a second occurrence, work causing the elevated activity will be ceased, an
investigation will be initiated to identify the cause of the elevated readings, insttute the
appropriate corrective actions, and determine if perimeter monitoring (Transonic Range
Boundaries) need to be established. All resulting findings will be fully documented and
notifications will be made to the ARL RSO,
All events of elevated airborne activity will be thoroughly documented n the project logs
and on the procedural forms.

Air samples will be collected every working shift (8 hours) and analyzed to ensure that elevated
activity events are documented as soon as possible.

All personnel performing work in the area will submit a urine sample for analysis prior to the
commencement of work (baseline) and upon completion of work, as a verification of the
accuracy of the air sampling program.

Respiratory protection will be required in areas that exceed 0.5 DAC.
DAC-hour tracking will be required for all personnel wearing respiratory protection.

4.3.2 ESTABLISH CHARACTERIZATION GRID REFERENCE SYSTEM
Note 1: Prior to any range activities or change in range activities, e.g., change from surface work
to excavation, the requirements of the ATG “UXO Avoidance Plan” will be implemented and met.

Note 2: All on site work will be done in accordance with the Project Health and Safety Plan, the
Project Quality Assurance Plan, and the ATG Field Operating Procedures, which are an integral
part of this plan, and are submitted as Appendix 4, Appendix 2, and Appendix 3. All stop work
conditions, radiological and hazardous material, safety and industrial hygiene analysis are discussed
n the Site Health and Safety Plan.
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Note 3: All personnel with unescorted access to the work area will be required to wear TLDs
during work activities at the site. Exposure Rate information from the characterization of the
Transonic Range indicates that personnel exposure during remediation and decommissioning will
be minimal. The highest indicated exposure rate is less than 0.1 mrem/ hr. A conservative
estimate of individual exposure is: 12 hours per day for 20 days, yielding 12 * 20 * 0.1 or 24 mrem
(TEDE).

Note 4: All material, tools, equipment, and personnel exiting the posted radiological work area
must be surveyed to prevent the spread of contamination.

Note 5: Air samples will be collected in the general area and breathing zone of workers during
evolutions that have the potential for producing airborne radioactivity (e.g., soil or surface
disturbing activities, container loading, etc.). See Section 4.3.1.7 ‘Air Sampling Procedures” and
Appendix 3 “ATG Field Operations Procedures”.

Note 6: Protective clothing will be required, as per the RWP, in areas or during activities where
the potential for personnel contamination exists (e.g., soil intrusion/excavation, decontamination).

Note 7: During excavation or other intrusive action of contaminated soils a source of water (e.g.,
spray tank) will be maintained in the area to minimize dusty conditions that could spread
contamination.

The work area will be barriered and posted as “Radioactive Materials Area” and “Authorized Entry
Only” based on visual assessment of identifiable landmarks. Access to these areas during work
activities is as [ollows:

Table 4.1 Posting and Access Controls
POSTING UNESCORTED ACCESS REQUIREMENTS
Radioactive Materials Area Rad Worker Traming
(10 CFR 20, Reference 13) Dosimetry (I'LD)Signed on RWP(s)
Authorized Entry Only HAZMAT Training
(29 CFR 1910, Reference 8) | Project Document Training (Work Plan and Appendices)

Brush and other vegetation which would interfere with the identification of the original grnids and/or
surveys will be cleared with hand operated equipment (e.g., weed wackers, chain saws). The use of
a bush hog or similar piece of equipment may be required depending on the thickness of the brush
and vegetation. Removed materials will be surveyed, to ensure the radioactwity levels are below
the guidelines, and removed from the immediate work area.

Establish a preliminary original grid pattern based on physical landmarks or other identifiable

points of reference. One of the objectives when establishing this grid will be to correlate grid
locations with the characterization grids. A GPS (Global Positioning Satellite) tracking system may
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be used during the gridding process to assist in identifying grid locations. Based on survey data and
other available information re-establish, if necessary, the original characterization grids for
reference.

Conduct a remedial action support and verification survey of the identified grids using a Ludlum
Model 2221 with a Model 44-10 2 x 2 Nal(T1) Detector (or equivalent). The objective of the
remedial action support and verification survey will be to venfy locations of areas requiring
remediation identified in the 1996 characterization report (Reference 9) and ensure that these
locations are remediated to levels below the site-specific ALARA level of 105 pCy/g. Table 4.2 lists
areas at the site that may require remediation based on the results of the characterization survey.
All data will be documented on ATGF-001, “Radiological Survey Report” in accordance with ATG
Field Operations Procedures. Mark (red surveyors flag or equivalent) any arcas exceeding the site-
specific ALARA level for further investigation or remediation.

Table 4.2 Areas of the DUSA Potentially Requiring Remediation

Characterization Grid Description

Cl and C2 Large area of elevated activity near the dirt road

72 One debris pile

A2 One area southeast of the sandpile near a detonation crater

Ad and A5 Several small isolated areas with elevated beta readings

B3 Area between buildings X-Ray 1 and X-Ray 2

B3 Area surrounding dirt hill that covers the electronics building A-7
B4 Area i the vicinity of X=250", Y=575' (southeast corner of grid)

Developed using data from “Transonic Range Depleted Uranium Study Area” (Reference 9), Appendix A, pages 16 and
17.

Conduct a remedial action support and verification survey of the accessible areas of the range
structures using a Ludlum Model 2221 with a Model 43-69 Gas Flow Proportional Detector (or
equivalent). Particular attention should be paid to areas found to be above the site-specific DCGLs
during the characterization surveys. All data will be documented on ATGF-001, “Radiological
Survey Report” in accordance with ATG Field Operations Procedures. Mark (red pamt or
equivalent) any areas exceeding the site-specific DCGL for further imvestigation or
decontamination.

Based on survey data and other available information re-establish, if necessary, the work area
boundaries (Radiological, HAZMAT, and Exclusion Areas).
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4.3.3 SURVEY OF INACCESSIBLE SURFACES

Note 1: Prior to any range activities or change in range activities, e.g., change from surface work
to excavation, the requirements of the ATG “UXO Avoidance Plan” will be implemented and met.

Note 2: All on site work will be done in accordance with the Site Health and Safety Plan, the
Project Quality Assurance Plan, and the ATG Field Operating Procedures, which are an integral
part of this plan. All stop work conditions, radiological and hazardous material, safety and
industrial hygiene analysis are discussed in the Site Health and Safety Plan.

Note 3: All personnel with unescorted access to the work area will be required to wear TLDs
during work activities at the site. Exposure Rate information from the characterization of the
Transonic Range indicates that personnel exposure during remediation and decommissioning will
be minimal. The highest indicated exposure rate 1s less than 0.1 mrem/ hr, as a conservative
assumption. For scoping purposes, the dose to a hypothetical individual is estimated to be:

12 hrs/day x 20 days x 0.1 mrem/hr = 24 mrem (TEDE)

Once mitial radiation survey evaluations are conducted in each area scheduled for remediation, the
above estimate will be updated using actual measurement results.

Note 4: All material, tools, equipment, and personnel exiting the posted radiological work area
must be surveyed to prevent the spread of contamination.

Note 5: Air samples will be collected in the general area and breathing zone of workers during
evolutions that have the potential for producing airborne radioactivity (e.g., soil or surface
disturbing activities, container loading, etc.).

Note 6: Protective clothing will be required, as per the RWP, in areas or during activities where
the potential for personnel contamination exists (e.g., soil intrusion/excavation, decontamination).

Note 7: During excavation of contaminated soils a source of water (e.g., spray tank) will be
maintained in the area to mimimize dusty conditions that could spread contamination.

Based on survey data and other available information establish lay-down areas for clean,
contaminated, and potentially contaminated materials in preparation for accessing unexposed or

maccessible areas of the range structures.

Using the least intrusive means available, remove any access interference to allow surveys of all
portions of the range structures.

Areas known to have been inaccessible during characterization include:
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Table 4.3 Areas Inaccessible During Characterization
STRUCTURE LOCATION
Building A-7 eaves (l.e., area between the walls and rool)
Building A-7 roof under the steel plate
Building A-7 north exterior wall
Building A-7 wesl exterior wall
X-Ray 2 mterior floor
Security Box 1 mterior
Security Box 2 intertor

Building materials removed to gain access will be surveyed to determine status. Materials above
the DCGLs will be marked (e.g., red paint) held for decontamination or disposed of as Low Level
Radicactive Waste (LLRW). All data will be documented on ATGF-001, “Radiological Survey
Report” in accordance with ATG TField Operations Procedures.

It the method used to gain access has the potential to cause airborne radiocactvity (e.g., grinding or
chipping on contaminated structures), a containment will be built around the structure or area
prior to commencing the aggressive activity.

Soil removed to gain access to building exteriors will be surveyed using a Ludlum Model 2221 with
a Model 44-10 2 x 2 Nal(T]) Detector (or equivalent) to determine status. If the indicated actvity
1s above the DCGL, move it away from the building and resurvey. All data will be documented on
ATGF-001, “Radiological Survey Report” in accordance with ATG Field Operations Procedures.

The newly exposed surfaces will be surveyed using a Ludlum Model 2221 with a Model 43-68 Gas
Flow Proportional Detector (or equivalent) [or fixed contamination and representative 100 cm’
swipes for loose surface contamination. The swipes will be field counted using a Ludlum Model
2221 with a Model 44-9 GM Detector (or equivalent) and returned to the ofhice area for laboratory
counting with a Ludlum Model 2929 Scaler with a Model 43-10-1 ZnS(Ag)/plastic Scintillation
Detector (or equivalent). All data will be documented on ATGF-001, “Radiological Survey Report”
in accordance with ATG Field Operations Procedures.

4.3.4 STRUCTURAL TEST AREA(S)

Note 1: Prior to any range activities or change in range activities, e.g., change from surface work
to excavation, the requirements of the ATG “UXO Avoidance Plan” will be implemented and met.

Note 2: All on site work will be done mn accordance with the Site Health and Safety Plan, the
Project Quality Assurance Plan, and the ATG Field Operating Procedures, which are an integral
part of this plan. All stop work conditions, radiological and hazardous material, safety and
mdustrial hygiene analysis are discussed in the Site Health and Safety Plan.
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Note 3: All personnel with unescorted access to the work area will be required to wear TLDs
during work activities at the site. Exposure Rate mformation from the characterization of the
Transonic Range indicates that personnel exposure during remediation and decommissioning will
be minimal. The highest indicated exposure rate is less than 0.1 mrem/ hr, as a conservative
assumption. IFor scoping purposes, the dose to a hypothetical individual is estimated to be:

12 hrs/day x 20 days x 0.1 mrem/hr = 24 mrem (TEDE)

Once initial radiation survey evaluations are conducted in each area scheduled for remediation, the
above estimate will be updated using actual measurement resulis.

Note 4: All material, tools, equipment, and personnel exiting the posted radiological work area
must be surveyed to prevent the spread of contamination.

Note 5: Air samples will be collected in the general area and breathing zone of workers during
evolutions that have the potential for producing airborne radioactivity (e.g., soil or surface
disturbing activities, container loading, etc.).

Note 6: Protective clothing will be required, as per the RWP, in areas or during activities where
the potental for persounel contamination exists (c.g., soil intrusion/excavation, decontamination).

Note 7: During excavation of contaminated solls a source of water (e.g., spray tank) will be
maintained in the area to minimize dusty conditions that could spread contamination.

The depth of contamination on concrete and steel surfaces are of concern in identifying an
appropriate background reference area for the structures. To address these concerns small test
areas will be decontaminated to determine the depth of the contamination.

An area of about one meter by one meter will be selected on the interior of building A-7. This area
should be representatve of the levels of fixed contamination found on the interior.

This area will be enclosed to prevent excessive airborne contamination during the decontamination
process.

The existing conditions will be documented with at least 5 direct measurements using a Ludlum
Model 2221 with a Model 43-68 Gas Flow Proportional Detector (or equivalent). All data will be
documented on ATGF-001, “Radiological Survey Report” in accordance with ATG TField
Operations Procedures.

A thin layer will be removed by scabbling (or other surface removal method) and the
measurements will be repeated and documented.
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This decontamination process will be repeated until all five measurements are less than 500 cpm
(i.e., the estimated background plus 1.5 standard deviations).

I necessary to establish the contamination depth, core samples will be obtained of the concrete
surfaces.

The process will be repeated for the exterior surface of building A-7.

At least 30 measurements will be obtained and documented in the decontaminated areas to provide
an estimate of background for evaluating the remediation/decontamination data.

If the contamination depth appears to vary significantly (more than +509%) in X-Ray 2, then this
process will be repeated in that structure.

4.3.5 REMEDIATION

Note 1: Prior to any range activities or change in range activities, e.g., change from surface work
to excavation, the requirements of the ATG “UXO Avoidance Plan” will be implemented and met.

Note 2: All on site work will be done 1n accordance with the Site Health and Safety Plan, the
Project Quality Assurance Plan, and the ATG Field Operating Procedures, which are an integral
part of this plan. All stop work conditions, radiological and hazardous matenal, salety and
mdustrial hygiene analysis are discussed in the Site Health and Safety Plan.

Note 3: All personnel with unescorted access to the work area will be required to wear TLDs
during work activities at the site. Exposure Rate information from the characterization of the
Transonic Range indicates that personnel exposure during remediation and decommissioning will
be minimal. The highest indicated exposure rate is less than 0.1 mremy/ hr, as a conservative
assumption. For scoping purposes, the dose to a hypothetical individual is estimated to be:

12 hrs/day x 20 days x 0.1 mrem/hr = 24 mrem (TEDLE)

Once initial radiation survey evaluations are conducted in each area scheduled for remediation, the
above estimate will be updated using actual measurement results.

Note 4: All material, tools, equipment, and personnel exiting the posted radiclogical work area
must be surveyed to prevent the spread of contamination.

Note 5: Air samples will be collected in the general area and breathing zone of workers during

evolutions that have the potential for producing airborne radioactivity (e.g., soil or surface
disturbing activities, container loading, etc.).
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Note 6: Protective clothing will be required, as per the RWP, in areas or during activitics where
the potential for personnel contamination exists (e.g., soill intrusion/excavation, decontamination).

Note 7: During excavation of contaminated soils a source of water (e.g., spray tank) will be
maintained in the area to minimize dusty conditions that could spread contamination.

Based on verification survey data and anticipated area volumes, lay down area(s) will be established
for the roll-off containers to be used for low level radioactive waste (LLRW).

Locate the appropriate number of hard cover roll-off containers, with 6 mil liners, in the lay down
area(s).

4.3.5.1 Structures
The contaminated areas identified i the verification surveys of the DUSA structures will be
decontammated using the least intrusive means that is effective.

All contaminated materials removed and decontamination supplies will be contamed for disposal
as LLRW.

In-process surveys, using a Ludlum Model 2221 with a Model 44-10 2 x 2 Nal(T1) Detector (or
equivalent), of the area(s) being decontaminated will be taken to determine the end point of the
decontamination effort.

If the method used for decontamination has the potential to cause airborne radioactivity (e.g.,
grinding or chipping on contaminated structures), a containment will be built around the structure
or area prior to commencing the aggressive activity.

In cases where decontamination of small items and structural pieces is not cost elfective, these
items may be disposed of as LLRW,

Upon completion of decontamination, the last in-process survey will be documented. The
documentation will be noted that the area is ready for final release survey.

4.3.5.2 Small Areas
The remediation method used in the small areas will depend on the extent of contamination found

during the verification surveys.

For small, isolated spots, hand remediation using a shovel and pail or wheelbarrow 1s the preferred
method. Hand remediation minimizes the chance of UXO encounters and minimizes LLRW.

For more extensive spots, heavy equipment (e.g., back-hoe, front-end loader), cutting
approximately 1 foot of material per pass is more effective and expedient.

All removed material will be placed into the staged roll-off contamners.
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In-process surveys, using a Ludlum Model 2221 with a Model 44-10 2 x 2 Nal(T1) Detector (or
equivalent), of the area(s) being remediated will be taken to determine the end point of the
remediation/decontamination effort.

Upon completion of remediation/decontamination, the last in-process survey will be documented.
The documentation will be noted that the area 1s ready for final release survey.

4.3.5.3 Large Area
The large affected area will be bounded based on the verification surveys and other pertinent data.

A silt trench will be established around the area to prevent additional environmental contamination
and/or cross contamination of additional areas.

Given appropriate UXO clearance to proceed, this arca will be excavated, using heavy equipment
(c.g., back-hoe, [ront-end loader) to a depth of approximately one foot.

The excavated material will be placed in the staged roll-off containers for disposal as LLRW.

During and upon completion of excavation an in-process survey, using a Ludlum Model 2221 with
a Model 44-10 2 x 2 NaI(T1) Detector {(or equivalent), will be taken to determine the effectiveness
of the remediation and the area status.

Any areas found to be above the site-specific ALARA level of 105 pCi/g will be flagged (red
surveyors llag or equivalent) for additional remediation.

Depending on the extent of any remaining areas, hand or mechanical remediation will be continued
until no additional areas exceeding the site-specific ALARA level are identified.

Upon completion of remediation/decontamination, the last in-process survey will be documented.
The documentation will be noted that the area is ready for final release survey.

4.3.6 EQUIPMENT RELEASE AND DEMOBILIZATION
Prior to release from the site, all tools and equipment shall be surveyed for loose and fixed

radioactive material.

All data will be documented on ATGF-001, “Radiological Survey Report” in accordance with ATG
Field Operations Procedures.

Release of material from the site will be noted in the project logs with reference to the survey
number for tracking purposes.

4.4 REMEDIATION WASTE

4.4.1 RADIOACTIVE WASTE VOLUME ESTIMATES AND HANDLING
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Contaminated soils will be excavated using a backhoe and front end loader, while for some areas,
waste removals will be done manually depending UXO clearance requirements. Contaminated
structures (i.e., Building A-7, X-Ray 2, and both Security Boxes) will be decontaminated using
scabblers, cut using oxyacetylene torches, or otherwise dismantled.

The waste generated {rom these activities will be packaged in hard covered roll-off intermodal
transport containers (ITC) using a 6-mil thick insert liner. ITC containers meet the DOT
delinition of a strong tight container. Each container will be inspected for damages before use,
including overall integrity, cracks, damaged gasket seals, and fitness of top cover. Once loaded, the
top cover will be put in place and bolted down to ensure a tight-gasketed seal. The containers will
be staged in the loading area on transport trucks or on cleared ground. All partially full containers
will be covered at the end of the work day, or if work is suspended for more than 2 hours. The
exact staging locations will be determined jointly with the Range Control Officer and ARL RSO.
During on-site storage and untl shipment, the storage area will be posted as a “Radioactive
Materials Storage Area” and “Authorized Entry Only”. An emergency call list will be developed to
identify organizations and individuals to contact in the event of emergencies or unusual conditions.
The call list will be coordinated with the Firing Range Officer and ARL RSO.

All exterior surfaces of the containers and transport vehicles will be verified to be free of loose
surface contamination prior to shipment from the DUSA. All containers will be surveyed prior to
shipment in accordance with ATG Field Operating Procedures and in compliance with 49 CFR
Part 171-179. Maximum external dose rates containers are expected to be less than 1,000 uR/hr.
The general area (30 cm) dose rate is anticipated to be between 20 and 100 uR/hr, depending on
the distribution of DU in the containers and packages. Radiation levels from contaminated items
and PPEs discarded as radioactive waste are expected to be non-distinguishable from ambient
background radiation exposure rates.

The highest waste activity levels are expected to be less than the specific activity of DU, about 3.7
E+5 pCi/g. While lower DU concentrations are expected to range from non-detectable levels to
about 520 pCi/g. The amounts of waste with higher DU concentrations are expected to be a
fraction of the total volume of waste. It is expected that all shipments will be less than 0.05% by
weight of source material. Waste will be sampled and analyzed onsite using an MCA as it 1s being
generated. A composite sample will be prepared from each of the nine I'TC containers and
analyzed by an ofIsite laboratory for 1sotopic U by alpha spectroscopy and for U and Th decay
products by gamma spectroscopy. The analysis will be used to confirm that only DU is present
and that U and Th decay product concentrations are associated with naturally occurring
radioactivity, including K-40. The same samples will be used for TCLP analysis. In both cases,
the analyses will be conducted by laboratories certified by disposal sites or listed by USA-IOC.

Approximately 2,500 {t’ of solid radioactive waste will be generated during remediation activities.
The total amount shipped for disposal is estimated to be higher, about 3,125 {t* assuming growth
factor of about 1.25, applied to the base estimate of 2,500 ft'. Waste will be packaged in nme I'TC
containers. Expected waste forms are expected to include soils, concrete, wood, steel, and
muscellaneous waste and debris. Contaminated soils are expected to make up most of the waste
volume. Any natural moisture contained in soils generated during remediation activities will be
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absorbed with an approved desiccant prior to shipment for disposal. If excessive amounts of
liquids are found in the waste, sampling and analysis will be performed in accordance with the

ATG Field Operating Procedures. Arrangements for the processing and disposal of liquids wastes
will be coordinated with the USA-IOC Project Officer and ARL RSO.

Based on prior characterization data, no other types of hazardous materials are expected that would
result in the waste being classified as a mixed waste. However, should the presence of other types
of hazardous materials be found (e.g., lead), ATG will immediately inform the USA-IOC Project
Officer and ARL RSO. Any subsequent characterization efforts will be conducted under USA-
IOC and ARL RSO approved methods. In addition, specific arrangements will be made for the
disposal of such wastes, as needed.

All data generated in support of waste characterization and packaging will be recorded to later
prepare the required shipping manifests (NRC Form 541 - Uniform Low-Level Radioactive Waste
Manifest) and demonstrate compliance with the waste acceptance criteria of the disposal facilitics
(Envirocare and/or WCS). The data recorded will include external surface radiation exposure
rates, container surface contamination levels, type, weight and volume of container, DU
concentration, total DU inventory, RQ, waste class, physical and chemical form, type of absorbents
il used, transport index, and shipment methods.

The full containers will be transported from APG to a local rail spur for trans-shipment (or directly
on the transport truck) to Envirocare or WCS of Texas. MHF-Logical Solutions, Inc. (or an
equally qualified company) will provide transportation services to the disposal sites. All shipments
will meet the DOT requirements and comply with the IOC Standard Operating Procedures -
“Shipping Procedures for Unwanted Radioactive Material”. In addition, all activities associated
with packaging, loading, survey, and shipment will be conducted in accordance with the ATG Field
Operating Procedures. The drivers will be qualified and trained in accordance with DOT
regulations under 49 CFR Part 172.700.

The broker used for the waste shipments will be USA-IOC certified in accordance with the IOC

Standard Operating Procedure - “Shipping Procedures for Unwanted Radioactive Material”. 1t is
anticipated that waste generated during remediation activities will be shipped on a continual basis,
thereby, leaving only small amounts of waste to be shipped at the end of the project.

4.4.2 MISCELLANEOUS AND INVESTIGATION-DERIVED WASTES

All equipment, supplies, and materials leaving site will be surveyed in accordance with protocol
established for the project (see Table 5.1). Release limits will be those established in DG-4006,
Demonstrating Compliance With the Radiological Criteria for License Termination and with
Army Regulation EM 385-1-80. Equipment, tools, and materials not meeting the free release
criteria will be decontaminated or disposed of as radioactive waste. Used PPLE and other related
wastes will be managed and disposed of with contaminated soils.

Liquid wastes are not expected during the conduct of remediation activities, nor are any liquid

elfluents. Any natural moisture contained in solls generated during remediation activities will be
absorbed with desiccant prior to shipment for disposal. If liquids are found, sampling and analysis
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will be performed in accordance with the ATG Field Operating Procedures, which are based on
the requirements of 10 CFR Part 20, Table 2, Col. 2. Compliance with these requirements will be
documented.

Similarly, airborne effluents are not expected as a result of project activities. An air sampling
program will be established in accordance with Section 4.3 of the Decommussioning Plan [ollowing
the requirements of 10 CFR Part 20, Table 2, Col.1. Compliance with these requirements will be
documented.
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5. FINAL SURVEY PROCEDURES
5.1 MARSSIM ASSUMPTIONS AND PARAMETERS

The surveys and samples collected to demonstrate compliance with the release criterion have been
designed using the guidance provided in the “Multi-Agency Radiation Survey and Site Investigation
Manual”, MARSSIM, NUREG-1575, (Reference 10) for the soil, Army Regulation EM 385-1-80,
“Radiation Protection Manual”, (Reference 5) for facilities and equipment, and “Demonstrating
Compliance with the Radiological Criteria for License Termination” Draft Regulatory Guide DG-
4006, (Reference 4). The release criterion for this site is found in “Radiological Criteria for
License Termination”, 10 CFR 20, Subpart E, (Reference 1).

Derived Concentration Guideline Limits (DCGLs) are radionuclide and site specific activity
concentrations within a survey unit that correspond to the release criterion. DCGLs are required
for volumetric (i.e., soil) contamination and structural surface contamination as an average activity
level (DCGLY and for small areas of elevated activity (DCGLa«). The volumetric DCGLs for the
Depleted Uranium Study Area (DUSA) of the Aberdeen Proving Ground (APG) Transonic Range
were derived by Argonne National Laboratory (ANL) using the unrestricted release criterion, for
the resident-farmer scenario, of 25 mRem/yr. The DCGLs are summarized here in Table 5.1,
The report, “Derived Uranium Guidelines for the Depleted Uranium Study Area of the Transonic
Range, Aberdeen Proving Ground, MD”, (Reference 2) 1s the basis for the volumetric DCGLs of
this Work Plan. The ALARA target in Table 5.1 was selected based on the characterization
results (Reference 9).' The Non-Detectable target is taken [rom Table 6 “Minimum Detectable
Concentrations with Typical Radiation Survey Instruments for Various Contaminates and Field
Conditions” (Reference 17). Army Regulation EM 385-1-80 provides the basis for the surface
DCGLs - see Table 5.2. Depending on NRC requirements, site-specific surface contamination
limits may be developed using other tools, such as RESBUILD and DandD.

Table 5.1 DUSA Volumetric DGCLw

CONDITION DCGLw pCi/g
ANL (Ref. X) U-238 DCGL 230
ANL (Ref. X) U-238 DCGL (adjusted for DU and daughters) 190

" The results of the characterization study provide drawings identifying areas of the DUSA that exceed 35 pCi/g,
70 pCi/g, and 105 pCy/g. 35 pCi/gis below the detection limit for the field measurements, and 70 pCi/g is essentally
equal to the detection limit. 105 pCi/g was selected as the ALARA limit and remediation goal because arcas exceeding
this concentrations are identfied by the characterization survey results, can be detected using {icld measurement
techniques, and this concentration is approximately half of the DCGLa.
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ALARA Target 105
Non-Detectable Target 60

Table 5.2 DUSA Structural DCGLs

CONDITION LIMIT
Loose Surface Contamination < 1,000 dpm/100 cm’ (a, B) DCGL.
Fixed Contamination, Average < 5,000 dpm/100 cm?® (a, B) DCGLw
Fixed Contamimation, Maxumum < 15,000 dpm/100 cm® (a, B) DCGLa«

The DCGLexc is not a single value, but a family of values developed for the site using the same
modeling assumptions and parameter values but reducing the size of the area contaiming the
activity. MARSSIM delines the ratio of the DCGLa« to the DCGLw as the area factor. Since the
scan MDC is less than the DCGLuw, the area factors do not affect the development and design of the
release survey. In the event that small areas of elevated contamination are evident after
remediation of the DUSA, conservative DCGLaws will be developed based on the relative size of
the areas and the guidance provided in “Manual for Conducting Radiological Surveys in Support of
License Termination”, NUREG-5849 (Reference 14) to determine the need for additional
remediation.

The DUSA occupies approximately 50,000 m’. Areas with DU activity greater than 105 pCi/gm,
as identified in the characterization report and redefined in the confirmation surveys will be
remediated (See Section 6, Remediation Activities). MARSSIM recommends that remediated
arcas receive a survey unit designation of Class 1. Areas of the DUSA that are remediated will be
designated as Class 1 areas. Areas of the DUSA that do not require remediation will be designated
as Class 2 areas. The results of the characterization survey indicate that the majority of the DUSA
has the potential to contain concentrations of DU greater than 35 pCi/gm, therefore, no areas were
designated as Class 3 or non-impacted areas.

~Survey units are areas of specified size and shape for which a separate decision will be made
whether the unit attains the site-specific DCGLw. Survey units are formed by grouping contiguous
site areas with a similar use history and the same classification. It is expected, based on the
characterization results, that most of the DUSA will be classified as Class 2.

The sample variability in the DUSA was estimated to be approximately 26 pCi/g using the
expected range of the data following remediation (0 pCi/g to 105 pCi/g) divided by four. The
standard deviation for the characterization data less than 105 pCi/g for the five rows on the
characterization grid ranged from 11 pCi/g for row 5 (grids A5, B5, and C5) to 30 pCi/g for row 2
(gnds 7.2, A2, B2, and C2). The estimated variability of 26 pCi/g is consistent with these values.
MARSSIM defines the lower bound of the gray region (LBGR) as the activity where the user would
like to know the probability of failing to release a “clean” survey unit For the DUSA the LBGR
was selected to be 105 pCi/gm because this was the cut off for identifying areas that require
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remediation, so the probability of failing to release a site with activity below this level should be low.
The relative shift is defined as the DCGLw minus the LBGR, divided by the variability. This
results in a relative shift of 3.2 ([190-105]1/26). MARSSIM recommends rounding down to 3.0
when the relative shift exceeds 3. Therefore, 3.0 was used to determine the number of
measurements per survey unit. The acceptable Type I and Type II decision error rates were
selected as 0.05. This means there is a 5% chance that a survey unit with an actual concentration
of 190 pCi/g of DU would be determined to have a concentration less than 190 pCi/g. It also
means that there is a 5% chance that a survey unit with an actual concentration of 105 pCi/g would
be determined to have a concentration greater than 190 pCi/g. MARSSIM, Table 5.5, lists 14
measurements for a relative shift of 3.0 and decision error rates of 0.05. This means that 14
samples will be collected in each Class 1 survey unit greater than 140 m® and in each Class 2
survey unit.

5.1.1 DELINEATION AND LAYOUT OF CLASS 1/CLASS 2 SURVEY AND SAMPLE AREAS

5.1.1.1 Soil Survey Units

The DUSA is too large to be considered a single Class 2 survey unit. MARSSIM recommends
that the survey unit size match the modeling assumptions used to develop the DCGLs. Since the
ANL report does not list the area of exposure used, the RESRAD default value of 10,000 m® was
used to divide the site into 5 Class 2 survey units ol approximately 60 x 180 meters. This value
(10,000 m is consistent with the guidance found in MARSSIM. These survey units will roughly
correspond to the rows (i.e., | through 5) of the characterization maps, adjusted to keep the areas
approximately equal in size. The survey units will be designated and marked for identification (e.g.,
color coded metal stakes) i the north-west corner. (The DUSA does not lay perfectly aligned
north and south. The perpendicular from the east-west axis will be designated as “Survey North”.)
Each survey unit will be subdivided and marked (e.g., color coded wood steaks) at tenn meter
intervals for reference and establishment of sampling and measurement locations. Two 400 m”
areas will be 1dentified and marked, in each Class £ survey unit, as verification areas. These areas
will be randomly selected, but skewed to not coincide with Class 1 survey units (including the
“buffer”) or structures. A GPS (Global Positioning Satellite) tracking system may be used during
the gridding process to assist in identifying grid locations. Example sample locations have been
determined and placed on the figures using a random-start triangular grid system. Sample
locations that fall within structures or within Class 1 survey units (including the “buffer”) wll be
climinated and replaced, if necessary, with additional randomly selected locations to mamtan the
correct number of measurements.

Figure 5.1 shows the expected boundaries of the five Class 2 survey units. Figure 5.2 depicts the
expected locations of the Verification Areas within the Class 2 survey units. Figures 5.3 through
5.7 show examples of sample locations on a random-start triangular grid in Class 2 survey units 1
through 5, respectively. The actual survey unit boundaries, areas, and sample locations cannot be
finalized untl alter the remedial action support survey when the area classifications are finalized.
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For remediation purposes, there were thirteen areas of concern (Class 1 areas), L.e., one large area
and twelve small areas. Due to proximity and orientation, for final survey planning purposes these
arcas correspond to three Class 1 survey units of greater than 100m®. The exact dimensions of the
units will be determined by field surveys (remedial action support surveys). For work planning
purposes the large area 1s expected to be approximately 250 m® with two smaller areas of
approximately 120 m® each. If, based on field conditions, isolated small areas exist outside the
bounds of these three areas, they will be marked and bounded as described below. While the
Class 1 survey unit boundaries cross over imndividual Class 2 survey unit boundaries, all of the
Class 1 survey units are fully contained within Class 2 survey units. The area surrounding each
Class 1 survey unit, in Class 2 survey units, will receive 100% scan coverage. The width of this
“butfer” will be dependent upon the relative size of the Class 1 survey unit. At a minimurn, the
width of this area will be 10 % of the maximum dimension of the remediated area. The perimeter
and interior of the Class 1 survey units (including the “buffer”) will be delineated and marked, as
they fall within the Class 2 survey units, using the same system as the Class 2 survey units. The
Class 1 survey units and the associated “buffer” will be differentiated from the Class 2 survey units
using different color boundary indicators (e.g., green stakes - Class 2, yellow stakes - buffer, red
stakes - Class 1). The sample locations will be field determined and placed using a random-start
triangular grid system. It is likely that some small areas of elevated activity will be 1dentified and
remediated during the remedial action support and verification survey with areas less than 140 m®.
MARSSIM guidance states that special considerations may be necessary for land arcas less than
approximately 100 m®. Remediated areas smaller than 140 m® and larger than 1 m® will have one
sample collected for every 10 m®. The number of samples will not be sufficient to support the
assumptions of the statistical tests so these results will be compared directly to the DCGLw. Areas
less than 1 m* will not have any samples collected, but will receive a 1-minute direct count with the
Nal(TD) detector. All Class 1 survey units will receive 100% scan coverage. The 1 m®area is
selected to correspond with the area of elevated activity used to develop the scanning sensitivity. A
scan speed of 0.5 m/sec is expected to be able to identify a 1 m® area with a concentration of 60
pCy/g 95% of the time.

Figure 5.8 depicts the expected Class 1 survey units and their relationship to the Class 2 survey
units.

5.1.1.2  Structural Survey Units

There are ten structural survey units based on the characterization survey data. (T'wo additional
survey untts may be necessary based on the results of the iaccessible area surveys of the security
box mteriors.) Survey units that exceeded the characterization criteria are identified as Class 1
survey units, the remaining surfaces are identified as Class 2 survey units.

Building A-7 will be divided into two survey units. The entire interior of the structure will be
considered as one Class 2 survey unit. The entire exterior of the building and those areas
considered naccessible during the characterization survey will be designated as one Class 1 survey
unit. IMgures 5.9 and 5.10 depict the survey units for building A-7.
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Building X-Ray 2 will be divided into six survey units. The intertor and exterior of the north wall
will be designated as one Class 2 survey unit, as will the interior and exterior of the east wall. The
mterior and exterior of the south wall will be designated as one Class 1 survey unit, as will the
mtertor and exterior of the west wall. The ceiling and roof will be designated as a Class 1 survey
unit. The final survey unit (Class 1) will be comprised of the floor and the ground immediately
(approximately 1 meter or the width of the excavation necessary to expose inaccessible surfaces)
outside of the walls. Figures 5.11 through 5.16 depict the survey units for building X-Ray 2.
Figure 5.17 shows the Class 1, loor and ground, survey unit with the sample locations marked.

The exterior (and interior) surfaces of cach Security Box will be designated as a Class 2 survey
unit. Il contamination is detected during the survey of inaccessible areas, the interiors will be
designated as Class 1 survey units. Figures 5.18 and 5.19 depict the survey units for the Security
Boxes.

The structural surfaces will be gridded at 1 meter intervals for survey purposes. The grid lines will
be marked using a readily identifiable and repeatable system (e.g., paint or chalk lines). The floor
and exterior ground of X-Ray 2 will be gridded using 1 meter grid intervals, but treated for
sampling location purposes as a Class 1 soll survey unit, 1.e., 14 locations placed using a random-
start triangular grid system.

Table 5.3 Structural Survey Units

BUILDING SURVEY UNIT SURVEY
CLASS
A-7 All mterior surfaces 2
A-7 All exterior and maccessible surfaces 1
X-Ray 2 South wall - interior and exterior 1
X-Ray 2 ‘West wall - interior and exterior 1
X-Ray 2 North wall - interior and exterior 2
X-Ray 2 Fast wall - interior and exterior 2
X-Ray 2 Ceiling and roof 1
X-Ray 2 Floor (soil) and ground outside the walls 1
Security Box | | Exterior 2
Security Box 1 Intenor *
Security Box 2 Exterior 2
Securnty Box 2 Interior *

* The classification of the interior surfaces of the Security Boxes will be determined during
the verification surveys taken during the Remediation Phase. If no contamination is
detected during the verification, they will be combined with the exterior surfaces as a Class
2 survey unit. If contamination is detected, they will be considered as individual Class 1
survey units.
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5.1.2 SURVEYS/Scans OF CLASS 1 AREAS

5.1.2.1 Soil Survey Units

The scan coverage for each Class 1 survey unit will be 1009%. This will be documented based on
the sub-grids established in the field layouts. This scan will be conducted using a Ludlum Model

2921 with a Model 44-10 2 x 2 Nal{T]) Detector (or equivalent) with a scan speed of less than 0.5
m/sec.

Direct measurements using a Ludlum Model 2221 with a Model 44-10 2 x 2 Nal(T1) Detector (or
cquivalent) will be taken at each sample location prior to collecting the surface soil sample. These
direct measurements will be mtegrated one minute counts.

Dose rates will be obtained at each sample location using a Ludlum Model 19 pR meter (or
equivalent). Dose rates will be obtained at contact with the surface prior to collecting the soil
sample and at waist level (1 meter).

If, based on lield conditions, isolated small areas exist outside the bounds of the three anticipated
Class 1 survey units of greater than 100 m’ one direct measurement and dose rate point will be
marked for each 10 m® of surface area. These direct measurement results will be compared
directly to the DCGLw and will not use the statistical tests to demonstrate compliance and eligibility
for release. A minimum of three measurements and dose rates will be obtained in each limited
arca identified.

5.1.2.2  Structural Survey Units

The scan coverage for each Class | survey unit will be 100% using a Ludlum Model 2221 with a
Model 43-69 Gas Flow Proportional Detector (or equivalent). This scan will be conducted at a
scan speed not to exceed % probe width per second (approximately 2” per second).

A direct measurement will be obtained from each 1 meter square grid, at the point of the highest

scan count rate, using a Ludlum Model 2221 with a Model 43-69 Gas Flow Proportional Detector
(or equivalent). These direct measurements will be integrated one minute counts.

5.1.3 SAMPLES FROM CLASS 1 AREAS
5.1.8.1 Soil Survey Units
Surface soil samples will be collected from each of the 14 locations in each Class 1 survey units

greater than 100 m”.

These samples will be approximately 1 kg (2.2 Ib) from the top six inches of soil at the sampling
location.
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The sampling tool (e.g., garden trowel) will be cleaned between samples to prevent cross
contamination of samples.

Chain-of-Custody (COC) will be established and maintained in accordance with ATG Tield
Operating Procedures (Appendix 3).

Samples analysis will include gamma spectroscopy on all samples (42) and alpha spectroscopy on
15% of the samples (7).

5.1.3.2 Structural Survey Units

A 100 cm® smear (swipe) sample will be obtained from each square meter grid for structural Class
1 survey units.

Smear samples will be field counted using a Ludlum Model 2221 with a Model 44-9 GM Detector
(or equivalent) and returned to the office area for analysis with a Ludlum Model 2929 Scaler with a
Model 43-10-1 ZnS(Ag)/plastic Scintillation Detector (or equivalent).

Media samples will be obtained from each Class 1 survey unit including: core bore samples and/or
chips [rom the concrete surfaces, pieces of steel (approximately 100 cm® samples), and soil from
the soil surfaces of X-Ray 2. Anticipated distribution of samples is: soil 14, concrete 4, and steel

2).

The floor and exterior grounds of X-Ray 2 will be gridded using 1 meter grids and sampled using
the protocol established for the Class 1 soil survey units, i.e., 14 soil samples from locations field
determined and placed using a random-start triangular grid system.

Chain-of-Custody (COC) will be established and maintained for media samples in accordance with
ATG Field Operating Procedures.

Samples analysis will include alpha and gamma spectroscopy on all samples (20).

The release limits identified in Table 5.2 will be used for the purpose of disposing of materials
cleared by the above noted survey methods. Depending on NRC requirements, site-specific
surface contamination limits may be developed using other tools, such as RESBUILD and DandD.

5.1.4 SURVEYS/SCANS OF CLASS 2 AREAS

5.1.4.1 Soil Survey Units

The scan coverage of each Class 2 survey unit (exclusive of: area taken up by structures, Class 1
survey units, and verification areas), will be a minimum of 10%. The mimimum scan coverage of
10% is expected to be adequate for the Class 2 areas because a scan survey with 100% coverage
was performed as part of the characterization. The 109% scan coverage in the Class 2 survey units
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and the 100% scan coverage in the verification areas will be performed to verify the results of the
characterization survey and provide an additional level of confidence that all areas of concern have
been identified and addressed. This will be documented based on the sub-grids established in the
field layouts. This scan will be conducted using a Ludlum Model 2221 with a Model 44-10 2 x 2
NaI(T1) Detector (or equivalent) with a scan speed of less than 0.5 m/sec.

The scan coverage for each verification area (2 ea. 400 m® areas per Class 2 survey unit) will be
1009%. This will be documented based on the sub-grids established in the field layouts. This scan
will be conducted using a Ludlum Model 2221 with a Model 44-10 2 x 2 Nal(Tl) Detector (or
equivalent) with a scan speed of less than 0.5 m/sec. Suspect areas, i.¢., readings greater than the
field action level, will be flagged lor further investigation.

Direct measurements using a Ludlum Model 2221 with a Model 44-10 2 x 2 NaI(T1) Detector (or
equivalent) will be taken at each sample location prior to collecting the surface soil sample. These
direct measurements will be integrated one minute counts.

Dose rates will be obtained at each sample location (including suspect spots identified in the
verification areas) using a Ludlum Model 19 pR meter (or equivalent). Dose rates will be obtained
at contact with the surface prior to collecting the soil sample and at waist level (I meter).

5.1.4.2  Structural Survey Units

The scan coverage for each Class 2 survey unit will be 100% using a Ludlum Model 2221 with a
Model 43-69 Gas Flow Proportional Detector (or equivalent). This scan will be conducted at a
scan speed not to exceed % probe width per second (approximately 2" per second).

NOTE: The scan coverage for unrestricted release, in accordance with References 4 and 5, is
mtended to encompass 100% of the surface. If the documentation of the verification of
characterization and remedial action support surveys encompasses 100% of the surface, a 10%
scan and reference to those surveys will be considered to meet the intent of the regulations.

A direct measurement will be obtained from each 1 meter square grid, at the point of the highest
scan count rate, using a Ludlum Model 2221 with a Model 43-69 Gas Flow Proportional Detector
(or equivalent). These direct measurements will be integrated one minute counts.

5.1.5 SAMPLES FROM CLASS 2 AREAS

5.1.5.1 Soil Survey Units

Surface soil samples will be collected from each of the 14 locations in each of the 5 Class 2 survey
units.

Surface soil samples will also be collected, for investigative purposes, from any suspect spots
identified m the verification areas.
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These samples will be approximately 1 kg (2.2 1b) from the top six inches of soil at the sampling
location.

The sampling tool (e.g., garden trowel) will be cleaned between samples to prevent cross
contamination of samples.

Chain-of-Custody (COC) will be established and maintained in accordance with ATG Field
Operating Procedures.

Samples analysis will include gamma spectroscopy on all samples (70} and alpha spectroscopy on
15% of the samples (11). The total number of samples submitted for alpha spectroscopy may be
revised if 1t can be shown that a lesser number of samples will not impact the quality of the data and
interpretation of the results in confirming that D&D objectives have been met.

Samples analysis will include gamma spectroscopy on all samples and alpha spectroscopy on 15%
of the samples collected for investigative purposes.

5.1.5.2 Structural Survey Units
A 100 cm”® smear (swipe) sample will be obtained from each square meter grid for structural Class
2 survey units.

Smear samples will be field counted using a Ludlum Model 2221 with a Model 44-9 GM Detector
(or equivalent) and returned to the office area for analysis with a Ludlum Model 2929 Scaler with a
Model 43-10-1 ZnS(Ag)/plastic Scintillation Detector (or equivalent).

5.2 BACKGROUND AND QUALITY ASSURANCE SURVEYS

In order to ensure quality, measures will be instituted to evaluate all field measurements and
corresponding analyses for samples sent out to an off site laboratory. In addition, instrument
responses will be bench-marked during mobilization to determine background counting rates, and
to develop instrument specific relationships, e.g., cpm vs. pCi/g, uR/hr vs. pCi/gm. These
relationships will be used to develop and establish “field action levels” to guide the D&D and the
final status surveys.

These instrument relationships will be developed relating the response (cpm or uR/hr) to known
soil contamination levels (pCi/g). A series of regression analyses will be developed to express the
response to specilic measurement geometry, soil matrix, and surface condition. Instrument
response may be expressed as a power function m the form:

I

Cwu a (cpm or uR/hr)’, where:

Cou Lab derived DU soil concentration, pCi/g,
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cpm, uR/hr = Instrument response, net cpm or uR/hr, corresponding to sampling
location,

Regression coefficients, qualified with coeflicients of determination,

2
r.

a,b

These relationships will take into account that the associated uncertainty between field and
laboratory analyses will increase as radioactivity levels decrease. A total of 25 samples will be
collected for this purpose and sent out for gamma and alpha spectroscopy analysis. In addressing
this aspect, the method will identify ways to compensate for these uncertainties, e.g., increasing
counting times for fixed mtegrated measurements or decreasing scan rate. These relationships
between soil activity levels and instrument response will be full documented to withstand technical
and regulatory scrutiny.

The performance of the scanning and direct measurement instruments will be monitored in the
field using daily performance checks and background plotted on control charts. The performance
of the measurement system will be evaluated by replicating 5% of the direct measurements and
scans.

The depth of contamination on concrete and steel surfaces and identifying an appropriate
background under field conditions will be addressed as a part of the D&D/ER process. Small test
areas (i.e., 1 m?) will be identified on the interior and exterior of Building A-7. The existing
conditions will be documented with 5 direct readings from the surface(s). A thin layer will be
removed by scabbling (or other surface removal technique) and the measurements will be
repeated. This process will be repeated until all 5 readings are less than 500 ¢pm (i.e., the
estimated background plus 1.5 standard deviations). Once the depth of contamination has been
determined for each area, these areas will provide a background reference area. At least 30 direct
measurements will be performed m the reference areas to estimate the background for relerence
and data evaluation.

The analytical laboratory will provide information on the historical performance of the alpha and
gamma spectroscopy procedures and demonstrate that the measuring systems were operating
within these historical parameters during the analysis of surface soil samples. In addition, 25
collocated surface soil samples will be collected and sent to the laboratory for analysis. These
samples locations will be randomly selected from the Class 1 and Class 2 final status survey
locations. (Analysis will replicate the analysis of the original sample.) These collocated samples
will be used to provide an estimate of the overall precision associated with the survey design for the
extertor survey units. The results of these analyses will be used to evaluate the overall uncertainty
associated with the decisions made based on the survey results.

5.3 SAMPLE ANALYSIS
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Table 5.4 provides a recap of the analysis required on the soil samples taken to demonstrate
compliance with the DCGLs. These samples include final status survey samples, imvestigative
samples, survey design precision estimation, and instrument relationships.

Table 5.4 DUSA Sample and Analysis Recap

SAMPLE APPROXIMATE ANALYSIS
TYPE/LOCATION NUMBER * REQUIRED

Class 1 Survey Units 42 Gamma Spec - 100% (42)
Alpha Spec - 15% (7)

Class 2 Survey Units 70 Gamma Spec - 100% (70)
Alpha Spec - 15% (11)

QA Collocated 25 Gamma Spec - 100% (25)
Alpha Spec - 15% (4)

QA Relationship 25 Gamma Spec - 1009% (25)
Alpha Spec - 100% (25)

Investigative 50 Gamma Spec - 100% (50)
Alpha Spec - 15% (8)

Structural (Includes Soil) 20 Gamma Spec - 1009% (20)
Alpha Spec - 100% (20)

NOTE: Insome cases one sample may serve 2 functions, i.e., a collocated sample may also
serve as a relationship sample or a survey unit sample may also serve as relationship sample.

5.4 IDENTIFICATION OF MAJOR CONTAMINANT

Based upon available information and historic assessment of site operations and on the results of
the 1996 characterization surveys and sampling the significant radiological contaminate in the
Transonic Range Depleted Uranium Study Area (DUSA) has been determined to be Depleted
Uranium (DU). The isotopic distributions of U-234, U-235, and U-238 appear to be those
described for DU since the U-238 activity is greater than 80% with U-234 at less than 20%. If the
activity were natural uranium the U-238 and U-234 activities would be equal, since the daughter,
U-234, would be in natural equilibrium with the parent, U-238.

For this effort, the radionuclides of concern from the DU are U-238, U-234, Th-234, Pr-234, and

Pr-234m. The Thorium and Protactinium isotopes are short lived daughter products from the
decay of U-238.

39



Allied Technology Group, Inc.
APG - DUSA Decommissioning Plan Rev. 1 March 24, 2000

Characterization samples were also analyzed for gamma emitting radionuclides and Technecium
99 (T'¢-99). No other significant gamma emitting radionuclides were detected. Tc-99 was not
detected m the sample.

On the basis of the combination of contaminates, the DCGLs for building, equipment, and
material surfaces are considered to be equivalent to the acceptable surface contamination levels for

Uranium listed m Table 6-4 of Reference 5. These levels are recapped in Table 5.5.

Table 5.5 DUSA Surface DCGLs

CONDITION LIMIT
Loose Surface Contamination < 1,000 dpm/100cm’ (a, B) DCGIL.
Fixed Contamination, Average < 5,000 dpm/100cm” (a, B) DCGLw
Fixed Contamination, Maximum <15,000 dpm/100cm® (a, B) DCGLax«c
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6.0 RADIOACTIVE WASTE MANAGEMENT

All equipment, supplies, and materials leaving the site will be surveyed in accordance with the
protocol established in ATG Field Operating Procedures (Appendix 3). Release hmits will be
those established in DG 4006, Demonstrating Compliance with the Radiological Criteria for
License Termination (Reference 4) and Army Regulation EM 385-1-80. Equipment, supplies, and
materials not mecting the free release criteria will be decontaminated or disposed or as radioactive
waste.

No liquid wastes are expected to be generated as a result of this project, nor are any liquid effluents
expected to be recovered or sampled during this project. Any moisture derived from the soil
remediation will be absorbed with desicant prior to shipment of the remediated material for
disposal. If liquid samples are required, they will be performed in accordance with ATG field
Operating Procedures which are based on the regulations and limitations of 10 CFR 20 (Reference
13).

No airborne ellluents are expected to be generated as a result of this project. However, an Air
Sampling Program will be established in accordance with Section 4 of this Work Plan and
Appendix 3. The results of the samples will be used to document compliance with 10 CIFR 20.

Approximately 2,500 {i3 of solid radioactive waste (soil and debris) is anticipated to be generated as
a result of this project. Based on the characterization data, there are no other hazardous
components that would result in the waste being classified as a mixed waste. This data will be
verified prior to packaging and disposal of the waste generated in the remediation process. This
waste will be handled, packaged, stored, and disposed of as follows.

The highest sample activity, recorded in the characterization data, was 4.23 E5 pCi.g. While the
anticipated average concentration is much lower, this activity will be used for planning purposes.

The waste generated [rom this project will be packaged in hard covered roll-off contamers with a 6
mil liner. These containers will be staged in the loading area on transport trucks or on cleared
ground. Staging will be based on field conditions.

Containers will be covered and sealed upon completion of loading. All partally full containers will
be covered at the end of the work day, or if work 1s suspended for more than 2 hours.

All exterior surfaces of the containers, and the transport vehicles, will be verified to be free of loose
surface contamination prior to removal [rom the DUSA.

If on-site storage is necessary prior to shipment, the storage arca will be barriered and posted
“Radioactive Materials Storage Area” and Authorized Entry Only”.

All containers will be surveyed prior to shipment in accordance with ATG Field Operating
Procedures and in compliance with 49 CFR 171 - 179 (Reference 15). Maximum expected dose
rates on the exterior of the containers is 1,000 uR/hr. The general area (30 cm) dose rate is
anticipated to be between 20 and 100 uR/hr, depending on the distribution of DU 1nside the
coutaimer.
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e The full containers will be transported from APG to a rail spur for trans-shipment (or
directly on the transport truck) to WCS of Texas or other licensed and approved disposal
site. The final mode of transportation will be field determined.

e All shipments will meet the DOT requirements of Reference 15 and comply with the IOC
Standard Operating Procedure - Shipping Procedure for Unwanted Radioactive Materal,
(Reference 16). In addition, all activities associated with packaging, loading, survey, and
shipment will be conducted i accordance with the ATG Field Operating Procedures.

e The broker for this waste will be IOC approved in accordance with Reference 16.

e Itis anticipated that all waste generated during this project will be shupped before the end of
the project.
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7.0 SELECTED PROCEDURES AND EQUIPMENT
7.1 INSTRUMENTATION
7.1.1 CALIBRATION

Flectronic and source calibrations of field instruments used for decommissioning and unrestricted
release of facilities and sites will be performed by the manufacturer or by another approved vendor
laboratory.

Third party analytical laboratories will provide information on the calibration and historical
performance of analytical equipment and demonstrate that the measurement system was operating
within these parameters during the analysis of project samples.

Copies of the calibration data will be maintained in the field office as a part of the field mstument
control data file.

7.1.2 CORRELATION

Instrument responses will be benchmarked, on a project specific basis during mobilization and
sctup, to determine background rates and establish instrument specific relationships (e.g., cpm vs.
pCi/gm and/or uR/hr vs. pCi/gm) used to establish field action levels and end pomts.

These responses will be documented as a part of the field instrument control data lile.

7.1.3 DAILY RESPONSE

All field instruments will be response checked on a daily basis. The minimum checks will include:
a visual survey for physical damage, a verification that the calibration and performance check
stickers are intact, verification that the instrument is in calibration, i.e., the calibration due date has
not passed, a battery check, and response check to a known source.

The response check data will be recorded in accordance with ATG Field Operating Procedures,
Appendix 3, on ATGF-003.

The background and source check data for field and laboratory instruments will be plotted on
control charts as a measure of performance reliability.

As an additional measure of reliability, a minimum of 5 percent of the direct measurements and

scans will be replicated. The locations of replicate measurements will be determined on a biased
random basis.
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7.1.4 OPERATION

Field instruments will be operated in accordance with the ATG Field Operating Procedures.

Instruments obtained for use on a specific project, (e.g., leased, borrowed) that are not a part of the
ATG inventory, will be operated in accordance with the operating procedure provided by the
vendor/owner.

7.2 INSTRUMENT SELECTION

To ensure quality of measurements and that the measurements meet the intent of the applicable
guidelines and regulations (i.c., can detect the levels of radioactivity required for release),
instruments for the DUSA project have been selected using the relevant guidelines of “Mulu-
Agency Radiation Survey and Site Investigaion Manual” (MARSSIM), NUREG-1575, (Reference
10) and “Minimum Detectable Concentrations with Typical Radiation Survey Instruments for
Various Contaminates and Field Conditions”, NUREG-1507, (Reference 17).

Table 6.1 lists the instruments to be used for the DUSA survey activities along with typical
operating parameters. While specific Types/Models of instruments and detectors are hsted, this
does not preclude the use of equivalent meters or detectors. Substitution may be made for a variety
of reasons including equipment availability and operational considerations.

Table 6.1 Instrument Selection

Minimum
Indicated Meter Detector Detector Efficiency Detectable
Use Type Concentration
Alpha Survey Ludlum Ludlum Scintillator 15 % 90 dpm/100 cm’
Model 3 43-65 ZnS(Ag)
Alpha Survey Ludlum Ludlum Gas IFlow 15 % 50 dpm/100 cm®
Model 2221 | 43-68 Proportional
Beta Survey Ludlum Ludlum G-M 20 % 1080 dpm/100 cm®
Model 3 44-9
Beta Survey Ludlum Ludlum Gas Flow 20 % 420 dpm/100 em®
Model 2221 | 43-68 Proportional
Alpha Surface | Ludlum Ludlum Scmntillator 35 % 150 dpm/100 cm®
Acuvity Model 2929 | 43-10-1 7nS(Ag)/Plast.
Beta Surface Ludlum Ludlum Scintillator 30 % 727 dpm/100 cm®
Activity Model 2929 | 43-10-1 ZnS(Ag)/Plast.
Gamma Scan Ludlum Ludlum Scintillator N/A 56 pCi/gm
Model 2221 | 44-10 2 x 2 Nal(T)
Gamma Ludlum Integral Scintillator N/A 1 uR/hr
Dose Rate Model 19 1 x 1 Nal(TD
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APPENDIX D
APG TRANSONIC DUSA FSS SOIL SAMPLE

U-238
Result? TPU®H

Survey Unit | FieldID | (pCi/g) Flag® (+-) MDC® | SU Statistics (pCi/g)
36 0.7 U 2.7 4.8 avg 1.5
37 0.5 U 1 1.8 stdev 1.3
38 3.5 U 4.5 7.3 max 3.5
39 0.7 U 2.1 3.5 min  -0.7
40 1.5 U 1.9 3
4] 0.3 U 1.4 2.4

SU-1 42 2.1 U 37 6.2

Class 2 43 2.9 U 3.4 5.5
44 2.8 12 15
45 -0.15 U 0.65 1.2
46 0.9 U 3.6 6.3
47 33 U 43 7
48 2.1 U 3.4 5.7
49 0.75 U 0.78 1.3
50 1.5 U 2.8 4.7 avg 2.6
51 3.9 2 27 stdev 2.8
52 2.7 U 2.9 4.5 max 8.7
53 2 12 1.7 min  -0.2
54 0.1 U 1 1.8
55 0.6 U 1.7 29

SU-2 56 0.2 U 3 5.5

Class 2 57 38 U 3.6 5.7
58 0 U 5.4 9.6
59 09 U 1.2 2
60 8.7 45 6.2
61 4.8 U 4 6.1
62 7.5 48 7
622 0.5 U 3.4 5.8
63 1.2 U 3 5 avg 4.9
64 0 U 2.8 49 stdev 5.5
65 12 4.6 54 max 16
66 2.1 U 4.1 7.9 min  -2.1
67 13 U 1.8 3
68 14 3.1 22

SU-3 69 16 6 7

Class 2 70 7.3 2.2 2.2
71 1.5 U 44 7.5
72 1.6 U 4.6 7.9
73 5.3 1.8 1.9
74 25 U 4.4 75
75 5.3 U 4.3 7.6
76 33 U 44 7.2
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APPENDIX D

APG TRANSONIC DUSA FSS SOIL SAMPLE

U-238
Result® TPUS
Survey Unit | FieldID | (pCi/g) Flag"” (+-) MDC® | su Statistics (pCi/g)
77 2.5 U 1.8 2.7 avg 1.3
78 1.9 U 1.6 2.4 stdev 1.0
79 0.5 U 3 5.3 max 3.2
30 0.7 U 1.4 24 min -1
81 2.4 U 1.9 2.9
82 1.6 U 1.7 2.8
SU-4 83 32 U 43 7
Class 1 84 1.4 U 1.3 2.1
85 1.1 U 1.4 2.2
86 1.5 U 1.6 2.5
87 -1 U 4.7 8.8
88 0.4 U 4 6.9
89 1.1 U 1.1 1.8
90 14 U 2.4 3.9
91 1.3 U 3.1 53 avg 2.1
92 7.1 LT 3.1 44 stdev 2.0
93 2.6 U 3.8 6.3 max 7.1
94 2.5 U 4 6.7 min 0
95 1.8 U 2.4 3.9
96 0 3] 3.2 5.9
SU-5 97 2.5 U 2.9 47
Class 1 93 0.2 U 3.4 6.2
99 4 U 3.1 4.6
100 0 U 1.7 3.2
101 1.2 U 2 33
102 4.1 U 32 49
103 0.4 U 2.1 3.7
104 1.1 LT 0.7 1.03
105 0.65 U 0.68 1.1 avg__ 6.6
106 26 6.6 6.3 stdev 7.3
107 14 4.8 5.2 max 26
108 0.7 U 1.7 3 min  0.65
109 32 1.1 1.3
110 3.2 3] 4 6.5
SU-6 111 1.4 U 1.3 2.1
Class 1 112 2 U 45 77
113 2.3 1.1 1.5
114 6.6 4 5.8
115 6.6 LT 4 6
116 13 5.1 6.5
117 12 2.4 1.8
118 0.94 U 0.64 0.95
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APPENDIX D
APG TRANSONIC DUSA FSS SOIL SAMPLE

U-238
Result? TPUGH
Survey Unit | FieldID | (Ci/g) Flag® (+-) MDC® | sU statistics (pCi/g)
119 29 7.3 6.9 avg 8.2
120 21 5.6 4.9 stdev 9.9
121 2.3 1.1 1.6 max 29
122 -1.6 U 2.4 4.5 min -1.6
123 5 2.8 4
124 0.8 U 2.7 4.7
SU-7 125 -0.1 U 2.7 4.9
Class 1 126 13 2.7 2.8
127 1.3 U 0.94 1.4
128 13 2.4 2.2
129 23 6.8 7.5
130 0.1 U 1.6 2.7
131 4.3 LT 1.7 2.3
132 3.7 2.4 3.6
133 0.6 U 2.1 3.6 avg 5.3
134 2.3 U 3.2 53 stdev 7.4
135 0.2 U 2.5 4.3 max 26
136 -2.2 U 2.8 5.2 min -2.2
137 0.5 U 1.4 2.3
138 7 LT 4.4 6.8
SU-8 139 2.5 U 1.6 2.6
Class 1 140 14 4.2 4.7
141 4.7 U 3.4 5.2
142 26 4.8 2.2
143 2.5 LT 1.4 2.2
144 11 4.8 6.9
145 4 2.2 3
146 1.6 U 1.9 3.1
147 -0.2 U 3 5.5 avg 1.6
148 0.7 U 3.1 5.4 stdev 1.5
149 -0.4 U 4.2 7.5 max 5.3
150 1.3 U 1.6 2.5 min -0.4
151 2.9 U 3.8 6.2
152 1.5 U 1.2 1.8
SuU-9 153 1.5 U 1.6 2.6
Class 1 154 0.62 U 0.8 1.3
155 2.7 1.8 2.7
156 1.1 U 3.1 5.2
157 1.1 U 2.1 3.6
158 3.1 U 4 6.6
159 1 U 4 6.9
160 53 34 5
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APPENDIX D
APG TRANSONIC DUSA FSS SOIL SAMPLE

U-238
Result® TPU®

Survey Unit | FieldID | (pCi‘g) Flag! @) MDC® | SU Statistics (pCi/g)
161 -1.7 U 3.5 6.3 avg 1.0
162 0.1 U 3.6 6.3 stdev 1.4
163 1.4 U 1.7 2.8 max 3.4
164 1 U 1 1.6 min  -1.7
165 0.6 U 1.3 2.3
166 0.4 U 1.6 2.8

SU-10 167 1.5 U 1.8 29

Class 1 168 34 U 3.5 5.6
169 26 U 3.5 5.8
170 -1 U 3.4 6
171 1.6 U 1.8 2.9
172 2.6 U 4 6.6
173 0.9 U 2.1 3.5
174 0.8 U 1.9 32
175 2.3 U 3.7 6.1 avg 1.7
176 0.4 U 1.1 1.8 stdev 1.6
177 0.5 U 22 3.7 max 5.3
178 1.3 U 1.6 2.6 min  -0.2
179 -0.2 U 1.9 3.4
180 0.9 U 1.7 2.8

SU-11 181 4.9 2.8 4.1

Class 1 182 1.9 U 3.9 6.5
183 1.5 U 1.5 2.4
184 1.9 U 3.1 5.1
185 53 22 2.8
186 22 U 23 3.8
187 0.1 U 32 5.6
188 ] U 2 3.3
189 2.8 U 42 7 avg 14
190 56 10 4 stdev 18
191 25 5.3 4.2 max 56
192 5.5 3.3 5.1 min 1.6
193 48 9.5 4.4
194 3.8 U 43 7

SU-12 195 3 U 4.4 7.3

Class 1 196 6.1 LT 1.7 2
197 9.1 3 3.3
198 2.1 U 3.1 5.1
199 3.7 U 3.6 5.7
200 27 7.1 7.1
201 6.7 3.1 4
202 1.6 U 25 4.2
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APG TRANSONIC DUSA FSS SOIL SAMPLE

APPENDIX D

U-238
Result? TPU®Y
Survey Unit | FieldID | (pCi/g) Flag"" +-) MDC® | su statistics (pCilg)

203 3 LT 1.5 2.2 avg 11
204 9.6 4.9 7 stdev 18
205 3.6 1.7 2.5 max 66
206 3.9 U 4.7 7.6 min 0.3
207 35 7 3.2
208 3.8 U 4 6.5

SU-13 209 1.2 U 4 7

Class 1 210 7.2 2.7 3.2
211 66 12 5.5
212 6.2 2.3 2.5
213 54 LT 1.5 1.8
214 2.3 U 2.1 3.4
215 0.3 U 1.8 3.1
216 5.9 24 3.2
217 2.2 U 1.6 24 avg 6.5
218 2.8 U 2.4 3.8 stdev 14
219 2.8 U 3.6 5.9 max 54
220 54 11 7.2 min 0.9
221 0.9 U 2.6 4.4
222 5.3 2 2.4

SU-14 223 2.4 U 1.7 2.5

Class 1 224 1.2 U 1.4 2.3
225 3.6 1.8 2.6
226 3.3 U 4 6.4
227 4.3 U 4.4 6.9
228 43 LT 1.3 1.6
229 2.7 1.8 2.6
230 1.8 U 1.8 2.8
231 5.7 U 4.7 7.3 avg 2.8
232 1.5 U 4.3 7.4 stdev 1.4
233 1.6 U 23 3.8 max 5.7
234 3.1 1.7 2.4 min 0.9
235 0.9 U 1.5 2.6
236 1.1 U 0.94 1.5

SU-15 237 3.8 U 2.8 4.3

Class 1 238 3.7 U 4.1 6.5
239 3 U 3.7 6.1
240 4.1 8] 2.9 4.4
241 2.1 1.3 1.8
242 4.3 2.1 2.8
243 2.2 1.3 1.9
244 1.5 U 2.5 4.1
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APPENDIX D
APG TRANSONIC DUSA FSS SOIL SAMPLE

U-238
Result® TPU®

Survey Unit | FieldID | (pCi/g) FlagtV (+-) MDC® | SU statistics (pCi/g)
245 6.4 U 4.8 7.3 aig 25
246 1.6 U 2.7 4.4 stdev 2.2
247 1.4 U 3.1 5.4 max 6.4
248 1.3 U 3.7 6.4 min 1.3
249 2.5 U 1.8 2.7
250 45 U 3.6 5.5

SU-16 251 0.2 U 2.6 4.6

Class 1 252 32 LT 1.3 1.9
253 5 U 3.8 6
254 -1.3 U 3.1 5.5
255 1.3 U 2.9 4.9
256 1.9 U 3.4 5.7
257 1.4 U 4.2 7.1
258 5.6 U 4 5.9
259 2.9 1.7 2.5 avg 44
260 0.9 U 1.6 2.6 stdev 8.2
261 0.1 U 1.7 2.9 max 31
262 8.7 47 6.7 min__ -0.1
263 8.7 4 5.3
264 1.5 U 1.8 2.9

SU-17 265 3.2 U 2.9 4.5

Class 1 266 0.5 U 1 1.8
267 31 8.1 7.6
268 0 U 4 72
269 0.5 U 3.4 6
270 1.1 U 2 33
271 0.4 U 2 3.4
272 23 U 2.4 38
273 4.4 2 2.5 avg 7.4
274 23 U 2.6 42 stdev 21
275 1.6 3] 1.6 2.6 max 79
276 1.3 U 3.4 5.8 min  -0.1
277 1.1 U 1.4 2.3
278 3.1 1.5 1.9

SU-18 279 -0.1 U 3.1 5.5

Class 1 280 0.4 U 4.2 73
281 1.2 U 1.3 2
282 79 14 3.8
283 0.7 U 3.8 6.6
284 2.5 U 2 3
285 43 1.6 2.1
286 12 U 1.3 2.1
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APPENDIX D
APG TRANSONIC DUSA FSS SOIL SAMPLE

U-238
Resuli® TPU®H
Survey Unit | FieldID | (pCi/g) Flag®"” (+-) MDC® | sU Statistics (pCi/g)
XRAY 2-100 1.5 U 1.4 2.2 avg 4.9
XRAY 2-13 3.6 U 4 6.4 stdev 4.7
XRAY 229 14 3.7 44 max 14
XRAY 23] 06 U 1.2 2 min 0.5
XRAY 2-35 1.1 U 2.4 4
X-Ray2 [XRAY 245 05 U 3 5.4
Building [XRAY2-48 7 3.6 4.8
Class2 {XRAY2-60| 85 3.9 5.1
XRAY 2-6 1 U 2.9 5.1
XRAY 2-65 54 LT 1.4 1.6
XRAY 2-68] 13 4.2 43
XRAY2-87] 038 U 3.8 6.6
XRAY 296 66 U 438 7.1
Notes:

(M 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 the sample specific MDC

1238 results are inferred via measurement of Th-234 progeny, assuming full equilibrium
® Total Propagated Uncertainty
@ TPU reported at the 95% confidence level

© Minimum Detectable Concentration

© Sample Field ID 287 was renamed 62a; results unchanged

APG Transonic DUSA FSS Final Report
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APG - Transonic DUSA

y

Appé.uix D

Alpha Spectroscopy Results

Sl v | "PU@;“)” e
Slec ¢ b e |7 )
0.18 0.74 0.044 2.3 0.43 0.01
0.227 0.081 0.016 1.11 0.23 0.03
0.5 0.12 0.035 4.47 0.66 0.025
0.51 0.14 0.05 5.21 0.79 0.059
0.082 0.038 0.013 0.92 0.17 0.03

Notes:

(O "LT" result is less than the requested MDC; greater than the sample specific MDC in sample ID 229
@ -238 results are inferred via measurement of Th-234 progeny, assuming full equilibrium

® Total Propagated Uncertainty
“ Errors reported at the 95% confidence level
© Minimum Detectable Concentration

APG Transonic DSUA FSS Final Report
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APG Transonic DUSA Replicate Soil Sample Analysis Z-Score Results

APPENDIX E

Paragon Paragon
Initial Duplicate
Sample Twos Sample Two s Fail if Z-
Value Error of (Value 234Th,| Error of score >

Sample ID 234Th, pCi/g| Sample pCilg Duplicate | Z-Score| 2.57
42 2.10E+00 3.70 -3.00E-01 2.90 1.02 Pass

66 -2.10E+00 4.10 9.00E-01 1.40 1.38 Pass

73 5.30E+00 1.80 2.30E+00 4.50 1.24 Pass

76 3.30E+00 4.40 1.20E+00 2.90 0.80 Pass

99 4.00E+00 3.10 1.00E+00 1.10 1.82 Pass
100 0.00E+00 1.70 -1.20E+00 1.60 1.03 Pass
109 3.20E+00 1.10 2.70E+00 1.70 0.49 Pass
118 9.40E-01 0.64 -6.00E-01 2.20 1.34 Pass
132 3.70E+00 240 4.00E+00 4.00 0.13 Pass
136 -2.20E+00 2.80 2.30E+00 1.60 2.79 Fail
138 7.00E+00 4.40 8.10E+00 2.00 0.46 Pass
138 7.00E+00 4.40 8.10E+00 2.00 0.46 Pass
158 3.10E+00 4.00 9.00E-01 3.90 0.79 Pass
160 5.30E+00 3.40 2.20E+Q0 2.50 1.47 Pass
165 6.00E-01 1.30 6.00E-01 1.20 0.00 Pass
171 1.60E+00 1.80 9.00E-01 3.30 0.37 Pass
186 2.20E+00 2.30 1.30E+00 1.00 0.72 Pass
186 2.20E+00 2.30 1.30E+00 1.00 0.72 Pass
192 5.50E+00 3.30 7.80E+00 3.70 0.93 Pass
194 3.80E+00 4.30 7.10E+00 2.60 1.31 Pass
219 2.80E+00 3.60 1.00E+00 3.50 0.72 Pass
222 5.30E+00 2.00 6.00E+00 3.30 0.36 Pass
226 3.30E+00 4.00 8.90E+00 5.20 1.71 Pass
237 3.80E+00 2.80 4.00E+00 2.70 0.10 Pass
240 4.10E+00 2.90 2.20E+00 4.10 0.76 Pass
246 1.60E+00 2.70 2.50E+00 3.80 0.39 Pass
263 8.70E+00 4.00 8.50E+00 2.90 0.08 Pass
267 3.12E+01 8.10 3.47E+01 7.00 0.65 Pass
268 0.00E+00 4.00 -1.10E+00 3.20 0.43 Pass
270 1.10E+00 2.00 -3.00E-01 3.70 0.67 Pass
276 1.30E+00 3.40 4.50E+00 3.70 1.27 Pass
125 dupp 9.00E-01 4.20 1.70E+00 3.50 0.29 Pass
252 DUP 3.00E+00 1.60 5.10E+00 1.40 1.98 Pass
37 offset 5.00E-01 1.00 -1.50E+00Q 3.80 1.02 Pass
X-RAY 2-29 1.35E+01 3.70 1.45E+01 2.40 0.45 Pass
XRAY 2-60 8.50E+00 3.90 4.60E+00 3.60 1.47 Pass
XRAY 2-96 6.60E+00 4.80 1.00E+00 2.80 2.02 Pass
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APPENDIX F

APG Transonic Nal 3 x 3 Scan for DU

Transonic 3x3 Nal Scan for DU @ 1pCi/g total U NO SOIL COVER 15 cm thick x 28 cm RADIUS
Fluence rate to exposure rate (FRER, no units) = ~ (1 uR/h)/(E y)(u,,/p)air

Probability of interaction (P) through end of detector for given energy is

Probability = 1-¢#/Nal ke ah

TABLE 1
Energy,, keV {UanlD)ar, cmfg FRER
15 1.29 0.0517
20 0.516 0.0969
30 0.147 0.2268
40 0.064 0.3906
50 0.0384 0.5208
60 0.0292 0.5708
80 0.0236 0.5297
100 0.0231 0.4329
150 0.0251 0.2656
200 0.0268 0.1866
300 0.0288 0.1157
400 0.0296 0.0845
500 0.0297 0.0673
600 0.0296 0.0563
800 0.0289 0.0433
1,000 0.0280 0.0357
1,500 0.0255 0.0261
2,000 0.0234 0.0214
TABLE 2
Energy., keV (Wola, cm®/g P
15 47.4 1.00
20 22.3 1.00
30 7.45 1.00
40 19.3 1.00
50 10.7 1.00
60 6.62 1.00
80 3.12 1.00
100 1.72 1.00
150 0.625 1.00
200 0.334 1.00
300 0.167 0.99
400 0.117 0.96
500 0.0955 0.93
600 0.0826 0.90
800 0.0676 0.85
1,000 0.0586 0.80
1,500 0.0469 0.73
2,000 0.0413 0.68




APPENDIX F
APG Transonic Nal 3 x 3 Scan for DU

for Ludium 3x3 Model 44-20 7.6 cm dia x 7.6 cm thick Nal crystal use aluminum window per Ludlum ~0.05 inch thick
x=7.6cm

p=3.67 g/lem?®

Relative Detector Response (RDR) = relative fluence-to-exposure rate (FRER) times probability (P) of interaction

TABLE 3
Energy., keV ERER P ROR
15 0.0517 1.00 0.0517
20 0.0969 1.00 0.0969
30 0.2268 1.00 0.2268
40 0.3906 1.00 0.3906
50 0.5208 1.00 0.5208
60 0.5708 1.00 0.5708
80 0.5297 1.00 0.5297
100 0.4329 1.00 0.4329
150 0.2656 1.00 0.2656
200 0.1866 1.00 0.1866
300 0.1157 0.99 0.1146
400 0.0845 0.96 0.0812
500 0.0673 0.93 0.0626
600 0.0563 0.90 0.0507
800 0.0433 0.85 0.0367
1,000 0.0357 0.80 0.0287
1,500 0.0261 0.73 0.0191
2,000 0.0214 0.68 0.0146
Estimated Ludlum 44-20 7.6 cm dia x 7.6 cm thick Nal response for Cs-137 is 2700 cpm/uR/hr
Use same methodology and interpolating for Cs-137 response have:
Energyy, keV (uen/p)air’ szlg
662 0.0294 FRER ~ 0.0514
Energy,, keV (WpInar cM*/g
662 0.0780 Probability = 0.89

RDR = 0.0455



APPENDIX F

APG Transonic Nal 3 x 3 Scan for DU

For this detector the response to another energy is based on the ratio of the relative detector response, RDR, to the Cs-137 energy
cpm/pR/h, E; = (CpMcs.137)*(RDRei)/(RDRgs.137)

MDC for Cs-137 energy

Assume 10 uR/hr bkg then have 27,000 cpm

minimum detectable exposure rate =

TABLE 4
Ludlum 44-20 3x3 Nal
Detector, E;, cpm per

Energy,, keV RDRg; wR/hr
15 0.0517 3064
20 0.0969 5745
30 0.2268 13445
40 0.3906 23161
50 0.5208 30881
60 0.5708 33842
80 0.5297 31404
100 0.4329 25667
150 0.2656 15748
200 0.1866 11061
300 0.1146 6797
400 0.0812 4816
500 0.0626 3714
600 0.0507 3005
662 0.0455 2700
800 0.0367 2175
1,000 0.0287 1704
1,500 0.0191 1131
2,000 0.0146 867
b; = 450

MDCR = 1756

MDCRsywveyor = 2484

0.92 pR/hr

counts
cpm
cpm



Minimum Detectable Exposure Rate =

MDCR surveyor/(com/ur/hr)

0.281

APPENDIX F

APG Transonic Nal 3 x 3 Scan for DU

Table 5
Percent of
MicroShield Exposure Rate, Nal detector
keV pR/hr (with buildup ) cpm/uR/hr cpm/pR/hr (weighted) response
15 8.274E-09 3064 0 0.0%
20 6.657E-11 5745 0 0.0%
30 4.852E-06 13445 9 0.1%
40 7.972E-09 23161 0 0.0%
50 1.133E-06 30881 5 0.1%
60 3.234E-04 33842 1483 16.8%
80 4.275E-05 31404 182 2.1%
100 1.398E-03 25667 4863 55.0%
150 1.108E-04 15748 236 2.7%
200 5.489E-04 11061 823 9.3%
300 1.301E-05 6797 12 0.1%
400 1.473E-05 4816 10 0.1%
500 2.694E-05 3714 14 0.2%
600 1.309E-04 3005 53 0.6%
800 9.470E-04 2175 279 3.2%
1000 3.690E-03 1704 852 9.6%
1500 1.083E-04 1131 17 0.2%
2000 1.755E-05 867 2 0.0%
Total 7.378E-03 8840 100%

wrihr

and MDC for DU and 50-year equilibrium progeny based on a normalized 1 pCi/g total uranium

Scan MDC = (Assumed MDC Urara, Conc) x (Exposure Rate MDCRsyneyor)/ (EXpOsure Rateassumed u cone)

Scan MDC =

38.08

pCilg
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Appendix G

QC Data
Inst.#176952 Tnst.#176952 Source Ser. # 112:|
QC Daily Source Initial Source ﬁ?adings Nuclide] Cs 137
Date Result (cpm) P/F Date Result (cpm)
3/28/2003 44507 3/27/2003 44909
3/31/2003 43740 3/27/2003 45084
312712003 44799
3/27/2003 44477
3/27/2003 44426
3/27/2003 44668
3/27/2003 44778
3/27/2003 44616
3/27/2003 44220
3/27/2003 44677
Average
44665

APG-Transonic App G TNew General Countrate Meter QC.xIs-44-20 Inst.#176952



Inst.#174945
QC -DEin Source
Date Result (cpm)
3/26/2003 43090
3/27/2003 43654
3/28/2003 44010
3/28/2003 45300
3/31/2003 45703
4/8/2003 50630
4/10/2003 48781
4711/2003 49370
4/14/2003 51220
4/15/2003 50402
4/16/2003 49782
4/17/2003 50251

PIF

APG-Transonic

Appendix G

QC Data
Inst#174945 Source Ser. # 1127—7
Initial Source Readings Nuclide] Cs137
Date Resuit (cpm)

3/26/2003 48564
3/26/2003 45962
3/26/2003 42920
3/26/2003 43391
3/26/2003 42872
3/26/2003 43179
3/26/2003 42953
3/26/2003 43124
3/26/2003 42944
3/26/2003 42681
Average

43859

App G TNew General Countrate Meter QC.xIs-44-20 Inst.#174945(B)



Inst.#161581

QC Daily Source

Date Result (cpm)
3/26/2003 42441
3127/2003 46415
3/28/2003 49429
3/28/2003 42801
3/31/2003 42904
4782003 48815
4710/2003 47378
4/11/2003 49544
471472003 50731
4715/2003 47616
471672003 47576
4/17/2003 46973

APG-Transonic

PIF

Appendix G
QC Data

Inst.#161581 Source Ser. #] 1127 |
Tnitial Source Readings Nuclide] Cs 137
Date Result (cpm)

4/2/2003 42265
4/2/2003 42138
4/2/2003 42269
4/2/2003 41940
4/2/2003 42181
4122003 42472
4/2/2003 42224
4/2/2003 42617
4/2/2003 42414
4/2/2003 42484

Average

42300
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Oesiner nd Monufoc s LUDLUM MEASUREMENTS, INC.

of
o . POST OFFICE BOX 810 PH. 915-235-5494
S o CERTIFICATE OF CALIBRATION 501 OAK STREET FAXNO. 915-235-4672

SWEETWATER, TEXAS 795564, US.A,

CUSTOMER ___ CABRERA SERVICES ORDER NQ. 285193/286468

Ludium Measureme s, Model 2991 SedalNo, 1! DX
Mfg. fum M menis, ing. Madel 4420 : seralNo. PR A725 (8
Cal. Datre 58ep-0r ... Cal Cue Daote S-Sap-03 Cal. Intarval 1¥egor  Meterfoce 202-159

Check mark [\Z‘fcpplles to appllicciig insle. and/for detector IAW mig, spec, T 72 _°F RH 3% At 703.8 mmHg

[ Newnshument  Instrumery Received Q{Mthln Toler. +-10% []10-20% []OutofTol [ Requiring Repair [[] Other-See comments
& Mechcnical ck. 7 Meter Zeroed [J Bockground Subtract [ Input Sens. Lnearty
[ F/sResp. ck W kessrck. M Window Operation R Geotropism
R4, Audio ck. " alarm Setting k. L4 Batt. ck. (Min. Voit) 50 VDC

Cdlibrated in accorgance witts 1 SOP 14,8 rev 12/05/89. [J<Calbrated in accordance with LMl SOP 14.9 rev 02/07/97,

Threshold mv
Instrument Volt Set 1250 voirput Sens. 10 mV Det, Cper, 1250 vV at 10 mV DialRatie. 100 =__ 10
I HV Readout 2polntsy et finst____ 2.0 ), 500 V Retfinst__20Q% / 2000 v

COMMENTS:. L e

Firmware:26-10-27

Gamma Calibration. GM detectors posilioned parpe:iniuiar t sounze excent for M 44-9 in which The front of prabe Faces sourca.

) . REFERENCE INSTRUMENT REC'D INSTRUMENT
. RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
X1000 . .._400Kcpm Yoo Yce
%1000 o IO K opim {Cc co
X 40 K.cpm S Lo
X 100 10 Kcpm, D ji%s,
X10 e AKcpm LCo Yoo
X10 .. 1Kepm /o /o,
X1 . 400 ¢pm Yo oo
X1 } 100 cpm 100 [L
. “Uncerialnty within = 10% - C. = 20% . ___AllL Range(s) Callbraled Elecironically |
“UREFERENCE .77 INSiRUMENT - INSTRUMENT. | .. . REFERENCE: “INSTRUMENT - INSTRUMENT ~: .
CAL POINT RECEIVED METER READING™ CAL. POINT RECEIVED METER READING*
R out 400K com HooB8s Y369 |5 _.500Kcpm_
40K epm _Nousd oS —_S0Kecpm
4K com Yoo [l2)Y S Keprm
400 com “E0 {eo 500 epm
40 cprn Yo o §0 cpm

Ledium Megsuremnents. Inc. ¢orifios ihet the asaove instrurnant nas besn calibrated By standords raceabla 10 ihe National Instiutd of Stonderds and Tachnology. o 1@ the, calibration faciittes of
omar intamational Standarls Orgeniretion membary or nave been derved frém adsupiad vaties of natunal physica constonts; o have taen datved by he atie e of calibration techriques.

ihe coltaration systam conform to the reguirer oty of ANSI/NCEL Z540-1-1994 and ANSE N3Z3-1978 State of Texas Calibration License No. LO-1963
Reference instruments and/or Souices:
cs137 GammasiN (itee ez Tomses 15105 [Jmioes [Jvsr [Jessz [esst 7] Neutron Am-243 Ba S/ 7-304
M AphasN____ . ] BetaSiN o Other Ame281 ~0.92 4l
" MBOOSN 132809 _ (] Osciloscope S/N [Z Multimeter S/N 75460200
Calibrated By: (Qﬁﬂﬂf Pl M QJ‘LV}A bate _ 5§ (/,0 C

Reviewed By: é"\.&:ﬁ T A Date s %&xg Di_

s canificota snall not bo resteduced excs! o & 4thout the wiithen aparevel of LUCIUM Metsrernants, Ing, AClnst. | | passed Dislactic (HHPot) and Canfinulty Test

FORN CZ2A  1¢31/200% only Folled:




Designer and Manuiz:mnar
L of

Scientfic ond Indust
Insituments

LUDLUM MEASUREMENTS, INC.

POST OFFICE BOX 810 PH. 915-235-5494

501 QAK STREET FAX NO. 915-235-4672
SWEETWATER, TEXAS 79536, US.A,

Bench Test Data For Defector

PE 73T 3

Detector 44-20 ... Serial No.
Customer CABRERA SERVICES Order #. __2856193/266468
Counter 2221 Seriat No.__ i | S8 1 Counter Input Sensitivity 10 my
Count Time (o Zec Distance Source to Detector __3 (4 VJ Lo
Other
High sotope., l}"ﬂ' FY|  sotope sotope lsotope
Voltage - .. Backgroundt . Size 2 0 9900, Sze_ Size - . - Size
e | s i iead LT o
1200 | JE3 17575
N ELE T P 1®
I Zc0 [@SE. . i737%
(356 [65s (18227
doc 1§38  /§307
[<%e FRAT Ailo)
/
!
Signature / Oﬁ T v ;{Z; L 1’3}7"?&‘" Date _ S S €PO

FORM CdA 02/Z3/va

e Serving The Nuclear Industry Since 1962 e
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EMI Sl ond nctato CERTIFICATE OF CALIBRATION B a0 pra
InStTUMants 8501 OAK STREET FAX NQ. 915-235-4672
SWEETWATER. TEXAS 79556, US.A.

CUSTOMER ___ CABRERA SERVICES ORDER NO. 2861497266913
Migs. Ludlum Mecsuremv ents. Ing. Model 2221 Serial No._{ ] 4945
Mig. Ludiug Measrements, Inc. Model 44-20 serialNo._PR_IBI oy
Tal Dote 24-Sen-02 Cal Due Data 24-Sep-03 Cal. interval 1 Year  Meterface 202-1569
heck mark ¥ applies fo applicabie instr. and/or detector AW mifg. spec.  T.____ 72 °F RH 37 % Al 7058 mm Hg

7} New Instruraent

¥ Mechanical ck,
iy F/SResp. ck

[ Meter Zeroed
L Resefck.

Instrument Received [j"»’\’/i'wn Toler. +10% {7]10-20% [JQut of Tol. [] Requiring Repalr [ ¢ther-See comments

1 Bogkground Subtiact
& Window Operation’

¥ Input Sens. Linearity
W Seotropism

L Audio ck. [0 Alarm Setting ck. A Batt, ck Qvin. Vait) 50 VDC -
TG-CEibrated In accardance with LMi SOP 14,8 rav 12/05/8%. [ Callbrated In accordance with LM SOPT;’A 9 hre;é 02/07/97 v
resho! m
sirument Voitset_ L] 5© v inputSens. 1O mv Det. Oper (13 VvV at___| O mv Didrato oo = [0
G HY Readout (2 points)  Ref./inst,___ ‘t 919 / 500 V Ref/Inst__2.00.3 / 2000 Vv
SOMMENTS: _ . _ . R e -
. . Peak zettings . Gros= C:x,nts . Model 2221 curzently set
High Volrage: JHO I Y O for (rross Cowonts
Thrasheld dial: 642 100 {10mv) High voltaae set with cetcctor
Wwindow dial: 40 n/a connected.
window Positicn:. "IN "ouT®
lesolution for Cs137: = {14 % n/a Fimmware: 26 (O 277
alibrated W/5 f+ cable
smma Calibration: GM detectors positioned perpendicular 10 Soures axcapt for M 44-3 In which ihe frant of prebie faces sourse,
REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
%1000 400 Kepm 4 00 400
X.J000 100 Kepm OO {C0
X100 40 Kepbm 200 L ole)
X100 13 Kepm [ 1ol6) 10G
X 10 4 Kepm YO0 40
X0 1. Kepm 100 180
X IR 00 T oyolss) 400 Hoo
X1 100 com (o2 {oC
*uUncarmainty within + 10%  C.F. within = 20% ALL Ecmge(s) Caiibrated Elecfronically
| REFERENCE" " INSTRUMENT ", 'INSTRUMENT - - .~ REFERENCE" “- INSTRUMENT | . INSTRUMENT.-. ..
CAL. POINT RECENVED METER READING™ CTAL POINT RECEIVED METER READING*
igitol ' Lo
shoout 40D K com 39 Z 1 l L '} 39 17UE) |99 _sonxcpm Hqp 490
A0 Kepm ) 50X.com Y2 Lo
4Kenm ?C{‘{CO) 39 4) __5Kepm 3 g
400 cpm RE IO 3 @) 500 cpm 772 520
40 com Y (o) Yy (o) 50 com S5 3.5

iurn Mecsurements, Inc. certifies that tho obave Inttrumeant has besn coergtad by standards raceable to tha Nationol Institute of Standands and Technolagy, ¢x 13 the catibration facififies of
ner Imternational Standoids Crgonizotien memben, or have been detivad frem dceeptad values of natural physical constants or have been derved by the ratio fype of callbration techniques.
1@ calibretion systern confonms ta the requinamonts of ANSINCSL 2540-1-1094 ond ANS N323-1978

Reference Instruments and/or Sources:

25137 Gommo s [Iie2 Clenz Omses T sios [Inoos [11e7e Cessz Cess

State of Texas Callbrafion Ucenss No, LO-1963

] Neutron Am-241 8s S/N T-304

(] Alpha $/N [J Beta S/N [} Other
[ v 500 S/N 81084 . i71cllloscope S/N 7 Multimeter S/N 80040300
Colibrated By: 4 A A o { et Date Z 4 '\5 CHo ol

- 2eviewed By _—?\M \Cn-w.:u

pate _2.5 3\«'—@

his cortificata choll not be raprocucsed Bxeop! in full, without rhe wiittan gpproval of Ludium Magsuremionts, ine.

FOR’M C2ZA  10/31/200

AC Inst,
- Only

L Passed Dialectic (Mi-Pobh) ang Communy Test
3 falied:
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LUDLUM MEASUREMENTS, INC.
Designer and Mcenufachurer POST OFFICE BOX 810 PH, 915.238-5494
of ' 501 OAK STREET FAX NO, 015-238-4672

Scientiflc ond ln:i_usfrial .. SWEETWATER, TEXAS 79556, U.S.A.
Instruments

Bench Test Data For Detector

Detector 44-20 serial No._P Rig240% .
Customer CABRERA SERVICES Order #. ___286149/266913
Counter ______ 2221 SefigiNo._ 1 14494 5 Counter Input Senstivity [ O mV
CountTime __{p 48L. Distance Source to Detector __ Surfac e
Other :

High isotope QA - 24| sotope .. lsotope lsotope

Vollage - Background SzeZ Q. 1Tty | SZel. . . Size . Ske_

00 (2% | HLH2
50 lio54 117
100 1638 |G 4é
750 2399 23497
800 | 24998 318G
850 | 32272 | tyw18
q o0 320C | {{Hill
Q58 | 32.1% 12348

~ 1000 | 3388 | 9640
w8050 3243 20060
oo | 3365 20832,

-——> 1150 | 3295 20173

1200 13356 | 20086
(250 | 345 20582
1300 [ 3558 1 26219 .. | -

1350 (8172 | 22275

| ' ' L
Sigﬁo’rure Wzﬂ{(/ \4 dAW— . Date_Z.9 =4 c/n" oL

S FORM Can, 02/23/94

s Serving The Nuclear Indusiry Since 1962 »
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Designer and Manfachurr : LUDLUM MEASUREMENTS, INC.
“ ° POST OFFICE BOX 810 PH, 915-235-5494
SC'G”TI‘:S%Q”C' '“g"““""" CERTIFICATE OF CALIBRATION 501 OAK STREET FAX NO. 915-235.4672
o wmen : SWEETWATER, TEXAS 79556, U.S A.
CUSTOMER  CABERA SERVICES ORDER NQ. 287245/267454
Mfg. Ludlum Meosurements, Inc. Model 2221 SerdaiNo._| T 2 452
Mfg. __ Ludium Measurements, Inc, Model 4420 Serlal NOP_R' 1873 408
Cdal. Date 18-0ct-02 Caol Due Date 18-Oct-03 Cal. Interval ___1 Year Mefterface 209-15
Check mark @'opplles 1o applicable Instr. and/for detector IAW mfg. spec. T.__ 78 °F RH__ 30 % Alf 6%9.8 _ mm Hg
[ Newlnstrument  Instument Recelved fthin Toler, +-10% [ 10-20% [] OutofTol. [] Requling Repair [ ] Other-See comments
& Mechanlcal ck, G Meter Zeroed [0 Background Subtract M Input Sens. Lineartty
A FrsResp. ck R4 Resstck. [ Window Operation 4 Geokoplsm
g A ck. ] Aerrn Setfing ¢k, G Bait. ck. (Min. Voity ____ 50 vDC
dlibrated In accordance with LVl SOP 14.8 rev 12/05/89. O Callbraied In dccordance with LM SO%]‘ 4-Zhrel\é 02/07/97. v
resho m
instrurment Vot Set_C.o mmestSy Input Sens. _Cab_-ffﬁv Det. OperLammentts V ot Copmend§ny  Diol Ratie_ QO = 1O
7l HV Readiout (2 points)  Ref./inst. 9449 500 V Reffinst_ ]9 & 4 2000 Vv
COMMENTS:
. Peak.settings . Gross CO\L}DT’.B Model 2221 curxently set
High Voltage: 73y 1so for (ryod3 Counts
Threshold dial: 642 100 {(10mv} Bigh voltage sat with detector
Window dial: 40 nfa connected.
window Positiom: "IN "QUT”
Resolution for Csi37: = | 7Z,.5% n/a Firmware: 2.6 1€ 27
Calibrated w/ 10 foot calibrates
Gamma Calibration: GM detestors poattioned perpendicular io source excent forM 44-8 In which lhe tront of praba faces source,
REFERENCE INSTRUMENT REC'D INSTRUMENT
N RANGE/MULTIPLIER CAL POINT YAS FOUND READING" METER READING*
X.1000 400 Kepm “4 o0 H oo
X 1000 100 Kepm (o0 o
X 100 40 Kepm oo Hoo
X100 — 10Kepm (3OO Lz e
%10 4 Kcpm 00 qgpo
X 10 1 Kepm oYX 100
X1 400 epim OO L0
X1 100 cpm [{=Yo) log
“Uncertainty within = 0% C.F. within = 20% ALl Range(s) Calitwated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT" INSTRUMENT
CAL. POINT RECEIVED METER READING® CAL POINT RECEIVED METER READING*
Digital L
Readout _ 400K com 39 S _3985\¢0) |28 __sw0Kepm M50k SHSo K
__40Kepm = 397 oy _297%3{0 __50Kepm. 50K 50 U5
4K epm 34969 - 3asalo) 5K cpm N S 1t
400 ¢pm 39 {o) 39 (o) A 500 cpm 06 .
40 com H (D Heel f 50 cpm DO 1s)

Ludium Measuroments, Inc. cerlifies ot the above Instrurnent hes basn calitroled by standards Hecacble to the Netional ingtitute of Stondards ond Techiology, of 10 the callbretion fackities of
other Infsmational Standards Onganizatién members. or hove Been derved Hrom asgepted values &f natural physlcd ¢onstants or have boon detivad by ihe 1010 Type of callbration technicques.

The colibration system confoims 1o the requloments of ANSI/NCSL, Z540-1-1994 ae ANSINS23-1978 Stote of Taxas Colbration License No. LO-1963
Reference Instruments and/or Sources:
Cs-137 Gamma SN [J11s2 o112 [Imses [lsos [tioos [1ere Tlessz [Jesss (] Newtron Am-241 Bo $/N T-304
O AphasiN ] Beta$/N ] other
[sf” m &S00 S/N 81084 scliloscope S/N M Mulfimeter S/N 80040300
«__/ Cullorated By: : 4 o 7 4 4 — pate _[8 - Ot O 2
Reviewed By; 'Q\S\»_Nﬁsk( HO\M_/ Date _t- 2 DQX‘ o,

This certficoty ol not be reprocueed except In full, without the writen approval of Ludium Measurerants, inc. [ ACWnst. [ ] passed Disisctic (H-Po) ond Continulfy Test
FORM C22A  10/31/2001 Orly [ ] Faieg:
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of

Designer and Manufaciurer

LUDLUM MEASUREMENTS, INC.

POST OFFICE BOX 810 PH. 915-235-5494

801 OAK STREET

FAX NQ. 915-235-4672

SWEETWATER, TEXAS 79586, US.A.

Bench Test Dafa For Detecior

Detector 44-20 serialNo._ PR LR2 405
Custorner CABERA SERVICES Order #, 287245/267454
Counter 2221 SerialNo._ | 7 9 52 Counter Input Sensitivity 10 Y
CountTime (2 Se & Distance Source to Detector _Su ¥ fme <
Other

High kotope _Am-2H1 (sotope lsotope Isctope

Voltage Background Size = 0. 77uC;  Sze Size Sze

7150 | 2800 | 3082 ] - —

goo | 3183/ 15%05

8BS0 | 3196 | 16687

900 | 32¢¢ | 18 949

Q50 | 3275 | 19992

looo | 3249 | 206 26

050 | 3355 20481

1HHeoo] 3381 20615

T 1{fo | 3425 2064 2.

1200 | 83345 201772

12801 33285 2p753

[200| 38249 Aoqwo

1350 | 4474 213 8%

1top | L2.62| 22066
Signature %L-/j j j/mavm-_— Date _[B-Oet ~ 02

FORM Caa 02/25/04

@ Sewing The Nucleor industry Since 1962 «
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