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Executive Summary 

Cabrera Services, Inc. (CABRERA), under contract to the U.S. Army Field Support Command 
(FSC), performed remedial activities, characterization, and Final Status Surveys (FSSs) for 
the Transonic Range Depleted Uranium Study Area @USA) 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: 

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

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

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

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

0 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 (238U). An As Low As Reasonably 
Achievable (ALAFL4) target and remediation goal of 105 pCi/g DU and 86 pCi/g 238U 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 0 to 15 centimeters (cm) below grade surface. 

All soil sample results are below the ALARA target of 86 pCi/g 238U. The results of the soil 
samples areas show the highest 238U 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 238U. The 
FSS data indicates that the site is suitable for release for unrestricted use, without regard for 
former operations with licensed radioactive material. 
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1.0 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 (m2) 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 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 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: 

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

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. 

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. 

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 (lfoot 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. 

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. 

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. 

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. 

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

General Approach to the Transonic Site FSS 

The FSS investigations were designed using the approach outlined in MARSSIM (NRC 
2000). 
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0 

0 

Development of Derived Concentration Guideline Levels (DCGL) 

Selection of instrumentation and measurement techniques 
L 

Identification of survey units and classification areas by contamination potential 

0 Estimation of the number of measurement locations 

0 Collection of Data 

0 Evaluation of Data 

1.4 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 
(234U), Uranium-235 (235U), and Uranium-238 (238U) 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 

2 3 8 ~  Total Uranium 

1 DCGL I 230 I 190 I 

238U derived from the isotopic activity ratio of 90.4% 
ALARA: As Low as Reasonably Achievable 
pCi/g: Picocuries per gram 
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L 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. CABFERA 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 m2 to 9,800m2. These 
Survey Units are on the northern border of the Transonic DUSA. The Class 1 Survey Units 
ranged in size from 1,287 m2 to 2,000 m2 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 238U in the soil, (the primary constituent of DU) is a small fraction 
of the ALARA DCGL. For purposes of the FSS data evaluation, it is conservatively assumed 
that the reference area 238U 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 m2 and in each Class 2 
survey unit. d 
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4.2.2 

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. 

Final Report 
Radiological Final Status Survey 

Reduction in Number of Alpha Spectroscopy Soil Samples 

4.2.3 Elevated Measurement Criterion (DCGLEMC) 

MARSSIM states that, for Class 1 survey units, a dose area factor should be used to evaluate 
the magnitude by which the concentration within a small area of elevated activity can exceed 
the DCGL while maintaining compliance with the release criterion. For the purpose of 
ALARA, the DCGL, will be used as the DCGLEMC for soil. This corresponds to an area 
factor of one. Since the soil MDCscAN 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). 

u' 

Where: 

L = /  A 
0.866 N 

L = rectangular grid spacing for survey unit 

A = area of survey unit 

N = number measurement locations 

Survey Unit areas, and the associated grid spacing, (L), using the equation above are 
presented in Table 4-1. 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 

Area, m2 Number of 
Data Points, 

n 

Grid 
Spacing, L, 

m 

9698 14 28.3 

9837 14 28.5 

14 26.3 8405 

1775 14 12.1 

2000 14 12.8 

2000 12.8 

12.8 

14 

14 2000 

2000 14 12.8 ' 
12.8 14 

14 

1974 

1990 12.8 

2000 14 12.8 

12.8 14 

14 

2000 

2000 12.8 

2000 12.8 14 

14 12.8 1986 

1936 14 12.6 

1894 12.5 14 

14 10.3 1287 

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. 

Final Report 
Radiological Final Status Survey 

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 NaI detector and ratemetedscaler. 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 NaI detector. To ensure 
detection of activity well below the ALARA target of 86 pCi/g for 238U 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 238U. 

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 I-minute fixed gamma 
counts in each of the 1 square meter (rn2) grid units. The results can be seen in Figure 7. 
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5.0 RESULTS 
L' 

5.1 Soil Sample Results 

As shown in Figure 2 soil survey areas were divided into three Class 2 SUs (SU-lthrough 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 238U. Sample activity for 238U is inferred via the direct 
measurement of Th-234 decay progeny using gamma spectroscopy analysis. 

5.1. I SU-I 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 238U. The 238U 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. 

L 5. I .  2 SU-2 Results 

The results for the 14 samples (Field IDS 5 0  through62) collected and analyzed in this Class 2 
SU are below the ALARA target of 86 pCi/g for 238U. The 238U 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 238U. The 238U 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 238U. The 238U results for this SU average 
1.3 pCi/g, with a standard deviation of 1 .O 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 238U. The 238U 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. 
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5. I .  6 SU-6 Results 

The results for the 14 samples (Field IDS 105 through1 18) collected and analyzed in this Class 
1 SU are below the ALARA target of 86 pCi/g for 238U. The 238U 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. I .  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 238U. The 238U 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 238U. The 238U 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. 

L 

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 238U. The 238U 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. I .  I O  SU- I O  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 238U. The 238U 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 . I . I l  S U I 1  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 238U. The 238U 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. W 
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5. I .  I 2  SU-I 2 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 238U. The 238U 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. 
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i 

5. I .  13 SU-I 3 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 238U. The 238U 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. I4 SU-I 4 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 238U. The 238U 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. I .  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 238U. The 238U 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. 

L 

5. I .  I 6  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 238U. The 238U 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. 

5.1.1 7 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 f ~ r ~ ~ ' U .  The 238U 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. I .  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 238U. The 238U 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. W 
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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 238U 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. 

L 

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 238U uranium based on soil ppm levels may 
be calculated from the equation: 

where, 

m g k  = pprn 

2.8 x = units conversion constant 

gmw 

Tu2 

And, 

pCi/g U-238 = 0.67 

= gram molecular weight of the 238U isotope, 238.05 

= half life in years of the isotope, 4.47 x lo9 

and, 
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The naturally occurring activity of 238U in the soil is about 0.7 pCi/g. The naturally occurring 
uranium progeny 234U is in secular equilibrium with 238U and is therefore also present at levels 
of approximately 0.7 pCi/g. 

W 

The 235U isotope activity values may be estimated from the natural uranium 235U/238U mass 
ratio of 0.7/99.3 = 7.05 x 10” and the above equation: 

where, 

“ g / k  = ppm of 238U x 7 . 0 5 ~  = 1.41 x 

2.8 x = units conversion constant 

gmw 

T1/2 

= gram molecular weight of the 235U isotope, 235.04 

= half life in years of the isotope, 7.05 x 10’ 

and, 

pCi/g U-235 = 0.03 

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

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

L 

1 Sample ID I U-234 (pCilgram) I U-235 (pcilgram) I U-238 (pCilgram) I U-Total (pCi/gram)l 

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 234U, 0.193 to 0.0234 for 235U, and 0.759 to 0.839 for 238U. Table 5-2 values compare 
well with the report activity fractions and demonstrate increased 238U activity fractions, 
decreased 234U fractions in all cases, and decreased 235U fractions in all but one case. 
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S a m p l e  ID U -234 

Table 5 -2. Alpha Spectroscopy Background Adjusted Activity Fractions In 
Transonic Soil 

U -238 U - 2 3 5  
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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: 

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

(D)uplicate measurements. 

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: 

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

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

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

0 name of the equipment 

0 

0 manufacturer 

0 date of calibration 

calibration due date 

equipment identification (model and serial number) 

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

6.2.2 Sodium Iodide (’Nag Gross Gamma Systems 

Sodium iodide detectors were used directly to generate FSS data. Ludlum 44-20 NaI 
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 (137Cs) source. Response checks consisted of a one- 
minute integrated count of the I3’Cs source positioned in a reproducible geometry (Le., 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 
u 
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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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Appendix A 

Transonic DCGL Summary 
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Appendix B: 

NRC Request for Reduction in number of Alpha 
Spectroscopy Samples 
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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. 

L 

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. CABERA 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 235U and 238U components of the 
DU. The 234U 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 235U and 238U components, comprising 95 percent of the guideline soil 



L 

concentration DCGL, are readily determined by gamma spectroscopy and may 
be considered to be the primary isotopic indicators associated with a successhl 
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 238U and 
lower activity levels of 235U and 234U 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. 

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 
‘Y berdeen Proving Ground Transonic Range Depleted Uranium Study Area 
Detailed Work Plan”, Allied Technology Group Inc., September 1999. This 
work plan has been approxd 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. 

0 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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Appendix C 

APG Transonic DUSA Decommissioning Plan 

DAAA09-02-C-057 CABRERA SERVICES, INC. Appendix 



ABERDEEN PROVING GROUND 

TRANSONIC RANGE 
DEPLETED URANIUM STUDY AREA 

DECOMMISSIONING PLAN 

conducted under 

Army Research Laboratory 
NRC License No.: 

SMB- 14 1 

Revision 1 
March 1, 2000 

Allied Technology Group, Inc. 
669 Emory Valley Road 
Oak Ridge, TN 37830 



ABERDEEN PROVING GROUND 

TRANSONIC RANGE 
DEPLETED URANIUM STUDY AREA 

DETAILED DECOMMISSIONING PLAN 

lievision 1 
March 24<, 2000 

Approval Page 

Submittcd by: 
Lee Young, ATG Project Managcr Datc 

Coiicuri-ciicc: 
Arthur J. Palmer, 111, ATG QNQC Manager Datc 

liecommcnded 
[or Approval: 

Mike Styvaert, IOC Project Officer Date 

Ap p ro\c d : 
Nuclear Regulatory Commission Date 



u Allicd Tcchnology Group. Inc . 
APC: - DUSA Decommissioning Plan Rev . 1 March 24. 2000 

TABLE OF CONTENTS 

1 . BACKGROUND ....................................................................................................................... 1 

1.2 MANAGEMENT APPROACH .......................................................................................... 1 
1 . 1  RlL4SON FOR REMEDIATION ....................................................................................... 1 

2 . SITE D E S C R I ~ I O N  ............................................................................................................... 4 
2.1 TYPE AND LOCATION OF FACILITY ......................................................................... 4 
2.2 OWNEliSHIP ..................................................................................................................... 4 

2.4 STRUCTURES .................................................................................................................... 5 
BUILDING A-7 ............................................................................................................ 5 

2.4.2 X-RAY 2 .................................................................................................................... 5 
2.4.3 SECLJRITY BOXES ....................................................................................................... 5 

2.3 FACILITY DESCRIPTION ............................................................................................... 4 

2.4 .. 1 

2.5 GROUNDS AND SOILS .................................................................................................... 6 

3 . OPElIATING HISTOliY ........................................................................................................... 7 

3.3 WASTE DISPOSAL PlIACTICES .................................................................................... 8 

4 . REMEDIKTION ACTIVITIES 10 
44 . I O~~JECTTVES .................................................................................................................... 10 

SITE MOBILIZ4TIO.U AKD PIIEl'hRKl~ION ................................................................... 10 
ESTABLISH CH.41UCI'ERILVI'ION GRID IklXREYCE SYSTEM ....................................... 10 
SUIIVEY OF ~LlIF'.4CES/AlIEAS INACCESSIBLE DURING C H  .4lUCI'l<llIZYlTON ................. 10 
TFASrING OF CONTA~~IYKI'ED STRUCI'URAL sUIIFACI.Is .............................................. 10 

4.1.5 1XEMEDKrION .......................................................................................................... 1 1  
EQUIPMEET ASD DEMOBILI7ATION .......................................................................... 1 1  

4.2 RESULTS OF PlIEVIOUS SURVEYS ............................................................................. 1 1  
4.2.1 STRUCTU ............................................................................................................. 1 1  
4.2.2 SOIL ........................................................................................................................ 12 
4.2.3 UNEXPLODED ORDISANCE ....................................................................................... 12 
4.2.44 OTHER H.47AWS. .................................................................................................... 12 

M O B I L I ~ ~ I O N  AND ~ ' I ~ E I ~ A ~ ~ K ~ I O N  ........................................................................... 12 
ESTABLISH cHMAC~El l I7ATIOS GRID 1bFEREECE S\'SI-EM ....................................... 17 
SuiivEY OF INACCLWBLE SURFACES ......................................................................... 19 

4.3.4. STIIUCTUIULTESTAREA(S) ..................................................................................... 20 
4.3.5 1&14LDIATION .......................................................................................................... 22 

EQUIPMEYI' RELFASE hXD DEMOBILIZATIO~ ............................................................ 25 
4%.4 REMEDIA'I'ION WASTE ................................................................................................ 25 

3.1 LICENSING STATUS ........................................................................................................ 7 
3.2 PROCESSES ........................................................................................................................ 8 

L . 

............................................................................................... 

. 1 . 1  
4.1.2 
4.1.3 
4. . 1.4 

44.1.6 

4.3 liEh/IE13IATION PROCEDURES .................................................................................... 12 
4.3.1 
4.3.2 
4.3.3 

< (  

4.3.6 

1 



L Allicd Tcchnology Group. Inc . 
APG - DUSA Dccommissioning Plan Rcv . 1 March 24<. 2000 

4.4.1 lLm10.1 CTM.: WSIX VOLUME WIWI-B AYD HAYDLISG ..................................... 25 
4.4.2 MISCEUYEOUS LYD IXVLSTIGATION-DERIVED Warn  ........................................... 27 

5 . FINAL SIJRVEY I’ROCEDIJRES ............................................................................................ 28 
5.1 NIARSSIM ASSIJMITIONS AND PARAMlWERS ........................................................ 28 

5.1.1 1~LIXiL4TION .k XD IhYOtrT OF CLASS 1/cL4S 2 SCIIVEY ANI) SA.Ml’l,l< h F A S  .......... 29 
5.1.2 SUIIVEYS/SCANS OF CLhSS 1 A R ~ S  .......................................................................... 32 
5.1.3 SAMPLES FROM CLA4SS 1 AlIlX’j ................................................................................ 32 

5.1.5 
5.2 BACKGROUND AND QUALITY ASSURANCE SURVEYS ....................................... 35 

5.1.11? SUIIVEYS/SCANS OF CLASS 2 Ali~4S .......................................................................... 33 
SAMPLES FROM CLAS 2 Ah~ms ................................................................................ 34. 

5.3 SAMPLE ANALYSIS ........................................................................................................ 36 
5.4, IDENrTIFICI1’TION OF MAJOR CONTAR4INANT ..................................................... 37 

6 . 1UlIIOACTIVE WASTE MANAGEMENT .......................................................................... 58 

7 . SELECTED I’ROCEDURES AND EQUIPMENT ................................................................. 60 
7.1 INSTRUMENTATION .................................................................................................... 60 

7.1 1 CmBMi-IoN .......................................................................................................... 60 
7.1.2 CORRELATION ......................................................................................................... 60 
7.1.3 DAILY  POSSE ...................................................................................................... 60 

. 

7.1.4< OPERATION ............................................................................................................. 60 
7.2 INSTRUMENT SELECTION ......................................................................................... 60 

L’ 

7 7 7  8 ........................................................................................................................... . 111.. k LRENCES 62 

7 .  . 9 . Al’l’ENlIIC, lh ........................................................................................................................... 63 

11 



L Allicd Technology Group. Inc . 
APG - DIJSA Decoinmissioiiiiig Plan Rev . 1 March 24. 2000 

LIST OF TABLES 

7 7  1 able 4. . 1 Posting aiid Access Controls ......................................................................................... 18 
Table 4.2 h e a s  of h e  DUSA Potentially Requiring Remediation ................................................ 20 
Table 4.3 Areas Iiiaccessible During Characterizahori ................................................................. 20 
Table 5.1 DIJSA Volumetric DGCLW .......................................................................................... 28 
Table 5.2 1lUSA Structural DCGLs ............................................................................................. 28 
1 able 5.3 Skuctural Survey IJnits ................................................................................................. 31 
Tablc 5.4 DIJSA Sample and Analysis Recap .............................................................................. 37 
1 able 5.5 DUSA Surface DCGLs ................................................................................................ 38 
1 able 6.1 Illstrumelit Selection ..................................................................................................... 61 

. .  

7 7  

7 7  

7 7  

LIST OF FIGURES 

Figurc 5.1 
Figirc 5.2 
Figurc 5.3 
Figure 5.4 
Figure 5.5 

\-' Figure 5.6 
Figure 5.7 
Figure 5.8 
Figure 5.9 
Figure 5.10 
Figure 5.1 1 
Fi<gure 5.12 
Figxre 5.13 
Figure 5.14, 
Figure 5.15 
Figure 5.16 
Figure 5.1 7 
Figure 5.18 
Figure 5.19 

DUSA Class 2 Suney Units ................................................................................... 39 
DCJSA Class 2 Survey 1Jnit-S Verilication k e a s  ..................................................... 40 
DUSA Class 2 Suiliey Unit 1 Sample Locations .................................................... 441 
DUSA Class 2 Sun'ey Unit 2 Sample Locations .................................................... 11.2 
DUSA Class 2 Survey Unit 3 Sample Locations .................................................... 4.3 
DUSA Class 2 Survey Unit 4 Sample Locations .................................................... 44 . 
DUSA Class 2 Survey Unit 5 Sample Locations .................................................... 45 
DIJSA Class 1 Survey Units ................................................................................... 46 
Building A.7. Class 2 Sui-vey Unit . Interior ........................................................... 47 

X-Ray 2. Class 1 S u n ~ y  Unit. South Wall ............................................................. 49 
X-Ray 2. Class 1 Survey Unit. West Wall .............................................................. 50 
X-Ray 2. Class 2 Survey Unit. N o d i  Wall ............................................................. 51 
X-Ray 2. Class 2 SUI-VCJ~ Unit. East Wall ................................................................ 52 
X-Ray 2. Class 1 Survey Unit. lioof'& Ceiling ........................................................ .5 3 
X-Ray 2. Class 1 Survey Unit. Floor & Grounds .I rda 
X-Ray 2. Class 1 Survey Unit. Floor & Grounds Sample Points ............................ 55 

r *  Security Box 1 Survey Uriit(s) .................................................................................. 16 

Security Box 2 Survey Unit(s) ................................................................................. 57 

Building A.7, Class 2 Survey Unit . Exterior .......................................................... 48 

.................................................... 

... 
111 

c 



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

1 .  BACKGROUND 

Allied TechiioIoLy Group, Inc. (ATG) has been contracted by die IJ.S. Army Industrial 
Operations Command (IOC) for the remediation and decommissioning of the Deplcted Uranium 
Study Area (DUSA) of die Transonic Range located at Aberdeen Pi-oving Grounds, MD. In 
addition, the contract requires ATG to provide a filial release survey of the grounds arid structures 
to show that they meet the release criterion and to provide for packagmg, shipment, and disposal of‘ 
die resulting waste. All decommissioiiirig activities will be conducted under the requirements of 
Army Research Laboratory’s NRC liceiise (No. SMl3-141). In addition, the AliL RSO will 
o\wsee a11 related activities xid has the authority to suspend any operations deemed to be unsafe to 
workers and public or detrirneiital to die enviroiimenl. 

Thc rclease criterion can be found in die facility license provisions and “Radiological Criteria for 
Liceiise Tcrmination”, 10 C1:R 20, Subpart E, (Reference 1). The corresponding release limit for 
the an‘ected outdoor area, 230 pCi/gm, was derived by Ai-gonne National Laboratory (ANL) using 
the unrestricted release criterion, for the resident-farmer scenario, of 25 mRem/yr. The report, 
“Derived Uranium Guidelines for tlie Depleted Uranium Study Area of die Transonic Range, 
Aberdeen Proving Ground, MD”, Argonne National Laboratory, 1999, (Reference 2) is the basis 
for die volumetric DCGLs of h i s  Work Plan. The release limit for h e  structures are derived in 
accordaiice with die ‘Tederal Register/Volume 62, Number 222/Wediiesday, November 18, 
1998”, (Reference 3),  and its associated Regulatory Guide, “Demonstrating Compliancc with the 
Radiological Criteria for License Termination”, D d t  Regulatory Guide DG-4006, (lielerence 4.). 
This corresponds to Table 6.4 of “Army Regulation EM 385-1-80, Radiation Protection Manual” 
(Rel‘ercnce 5) for die material of interest, Depleted Uranium (DU). 

L’ 

1.1 REASON FOR REMEDIATION 

DU penetrator ammunition rounds were tested at the DUSA between 1973 and 1979. In 1979 
outdoor testing of the penetratoi-s ceased, however the site continues to be listed as a radiation test 
facility in the 1J.S. Army liesearch Laboratory’s (ARL) Nuclear Regulatory Commission (NRC) 
License. 1 he determination was made in 1995 to cease licensed activities at the DUSA. TO 
support h i s  determination, IOC and AliL desire to terminate (he license conditions ant1 provisions 
associated with the DIJSA. The need to perform remediatioii to support this termination is found 
in the NliC Branch Technical Position (UTP), “When to Remediate Inadvertent Coiihiniiiatioii of 
die Terrestrial Eiiviroiimeiit”, (Reference 6). According to tlie BTP, liceiisee sites which are 110 

loiiger used to conduct licensed activities should be reinediated to unrestrictcd use levels to 
preclude migration of the radioactivity. 

7 7  

1.2 MANAGEMENT APPROACH 

Thc ATC approach to the Decoiihminatioii and Decommissioiiiiig of thc DUSA is dcsigncd to 
proviclc thc customer (IOC) wid1 a top quality scnice at a reasonablc price. Wc  1iai.c proiidcd 

1 
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cii\ironmciital/ radiological rcmediatioii and wastc mailageinelit scrvices siiice ATG was founded 
in 1976, aiid have performed dicse services for tlic IOC siiice 1989. ATG will provide all aspcck 
of ori-sitc projcct managemcnt and work direction. T o  provide the best possible scnicc to tlie 
IOC, wc haw tcamed with Sanford Colieii & Associates, Inc. (SC&A) and MHF Logistical 
Scmices, Inc. (MHPLS). SC&A will provide laboratory aiid data analysis senices under thc 
dircctioii of thc ATG Project Maiiagcr. MHF-LS will provide for traiispoi-kTtion arrangements, 
also under the direction of the ATG Project Manager. 

NOTE: Tlic project organization chart aiid rcsumes of key personnel are iiicluded in the 
documcut “Spccification for the Decommissioning Plan, Transonic liaiigc - Aberdccn Proving 
Ground”, Appeiidix 1 to this work plan. 

The ATG Project Manager will oversee all on-site activities. The Project Maiiagcr is responsible 
for the safe progress of the job, oversight of tlie quality assurance aspects, Geld remediatioii 
actilitics, data/sample collection, aiid pacliagin~sliippiiig of radioactive waste. The Project 
h4an;igcr will also be die on-site Radiatioii Safety Officer (liSO). The Project Manager will report 
directly to tlie IOC Point of Contact/l’roject Oflicer. All on-site activities will require working in 
conjunction wid1 scheduled range activities as tliis facility is an active military testing faciliky. It is 
anticipated h a t  tliis work will be performed on weekends aiid early morning hours when tlie range 
is inactive. Scheduling will be coordinated widi the IOC Project Officer a id  the APG Point or 
contact. 

1 hc work force for die setup, rernediatioii activities, dala/sainple collection, ori-site analysis, 
packaging and shipping of samples, and packaging, loading and shipping of radioactive wastc will 
be uiider the direction of die ATG Project Supenisor. The Project Supervisor \,vi11 also serve as 
tlic oii-site health and safety oflicer and tlie health physics supervisor. The Project Supenisor will 
report to the ATG Project Manager. 

%-’ 
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Tlic ATG QNQC Manager will eiisurc that all work is performed in accordance with applicable 
Federal, State, arid local rcgulatioiis and requirements; the Decommissioiiiiig Work Plan; the 
provisions of the Project Quality Assurancc (QA) Plan (Appendix 2); aid tlie ATG Field 
Operating Proccdures (Appendix 3).  The QA/QC Manager will report to the ATG Project 
M;iiiagcr, however, lie will also rcport to thc ATG Corporatc W Q A  Maiiagcr who has a dircct 
reportiiig chain to tlie IOC Projcct Officer. 

Tlic ATG Hcalth, Safety, and khiironmciikil Compliaiicc Manager will eiisui-c tliat all projcct 
pcrsonnel are trained aiid qualilied in accordaiicc with applicablc Federal, Statc, and local 
rcgulaGons aiid requirements and that work is performed iii coinpliaiice with tlic Project Hcaltll 
aiid Safety Plai (Appendix 4.). Tlic HS&E Maiiagcr will report to die ATG Project Manager. 

The ATG UXO Supervisor will bc ciisure that the provisions of thc Project UXO A1,oidaiice Plcm, 
(Appentlix 5) ,  are implemented in tlic field, as applicable. He will provide tcchiiical dircctioii to 
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die UXO specialist(s) assigiied as part of die project workforce. The ATG UXO Supervisor will 
rcp01-L to thc ATG Projcct Manager. 

Individuals assigned to this project will be trained and qualified in accordaiice with die provisioiis of 
10 CFli 19.13 “Radiation Worker Traiiiiiig (liefereiice 7), 29 CFR 1910.120 “OSHA 
Construction Standards” (Reference 8), aiid applicable license provisions. Training records will be 
supplied and mairitaiiied as part of the project records in accordance die Project QA Plan. 
Training specilic to the project will be performed prior to the start of iield work by oi- under die 
direction of the ATG HS&E Managei- aiid APG personnel, as applicable. On-site training will be 
documented oii ATG Form 027 (Training Record) in accoi-dance with ATG Field Operating 
Procedures. 

Daily br-icliiig/tr;iiriirlg meetings will be coriducted, prior to die shrt  oi‘ field work, to discuss 
acti\.ities that will be performed dial day. liadiological and Iiidustrial safety coiicei-11s will be 
discussed , as well as pi-opei- Persoiiiiel Protective Equipment (PI’E) aiid contamination coiitrols. 
Compliance widi state, local, and facility motoi- vehicle laws will also be covered in tliese briefings. 

docuineiited 011 ATG Form 027 (Training Record). These briefings will also be documented 011 
the 1’re:Job Briefing for Health Physics (ATG Form 026) and the Pre-Job BrieGiig for Induskial 
Hygmie/Saf’ety (ATG Form 025), if applicable. Visitors who request access into the exclusioii 
zone will be required to attend the daily briefing (or ai equivalent briefing) and documeiit 
atteiidaiice 011 die appropriate forms. 

r 7  1 hese inectiiigs will be conducted by the Project Manager and Project Supervisor and will be 
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2. SITE DESCRIPTION 

2.1 TYPE AND LOCATION OF FACILITY 

Aberdeen Pi-oviiig Ground (APG) located at Aberdeen, MD is an active U.S. Army testing and 
rcseai-cli facility. The APG lies along die western shoi-e of the Chesapeake Hay in Harford and 
Baltimore Counties, MD, approximately 15 miles northeast of Baltimore, MD. The APG covers a 
total of 72,516 acres (land aiid water) aiid coiisisk of two distinct areas: the norllierii portion of 
APG, referred to as the Aberdeen Area (M); and the southerii portion of APG, referred to as the 
E d g e w o o d  Area (EA). The AA became a formal military post, designated as APG, in 1917. The 
EA (formerly Edgewood Arsenal) was appropriated by Presidential Proclamatioii in 19 18. The 
Depleted Uranium Study Area (DUSA) is located within tlie boundaries of die Traiisoiiic liaige in 
the AA of APG. 

2.2 OWNERSHIP 

As an activc military iiisk?llatioii, APG is the property of die U.S. Govcriimeiit, Departrneiit 01 
Dcfcnsc. It is opcrated aiid mailitailled by thc U.S. Army. 

2.3 FACILITY DESCRIPTION 

Tlic DIJSA comprises approximately 12 acres on tlic southeast end of thc Traiisoiiic liangc. Tlic 
gun locatioiis were locatcd on tlie northern portion of the site aid fired at targets to the south. The 
1)‘IJSh can bc described as a clcared relatively flat tract, surrounded by woods to tlic east, south, 
and west. Swampy arcas are found behind Ihc Transonic Raiigc catchbasin to thc south, along die 
woodcd arcas to die west, and in tlic northeast scctioii of tlie sitc. 

Tlic cast side of thc site was stabilizcd approximately ten ycai-s ago when a laycr of landscapiiig 
plast~c was laid north of building A-7 to the trce line to the cast aiid west toward X-Ray 1. A 4 to 8 
inch laycr of gravel was laid over the plashc. At about the same time, the small swampy area to thc 
north of die firing posihons was covered with 2 to 4 fect of soil so ha t  guns could bc movcd furdier 
away from h c  targets. 

1117 peiietl-ator round testing was conducted on die site from 1973 to 1979. M e r  outdoor testing 
ceased the Army Research Laboratory (ARL) health physicist conducted an initial site cleanup to 
reduce the radioactive waste iiiveiitory and to allow otlier iioii-radiological testing to be conducted 
oii the site. AliL coiiducted soil sampliiig on die site as late as 1991 as a part of their 
eiiviroiimeiital monitoring program. In 1995/96, die site was characterized by Geiieral Physics 
Corporation as a part of the preparations for decommissioning. The resulk of tliis characterization 
arc found in “Traiisoiiic Range Depleted Uranium Study Area Radiological Characterization Study 
Report”, Geiieral Physics Corporation, 1996 (liefei-elice 9). These results are used as die 
radiological bases for this work plan. 

c 
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2.4 STRUCTURES 

Thc DUSA did contain five small industrial typc structurcs. Oiie building (X-Ray 1) has becii 
remo.id sirice die characterization survey was conducted. 

2.4.1 BUILDING A-7 
Building A-7 is located 011 die southeast side of die DUSA and is constructed of concrete. Tlie 
building covers approximately 20 in2 a id  is approximately 3 meters high. Tlie nortlierii face of the 
building is covered by an earhen berm. There are 110 knomi drains from the building and no 
vcntilation system. The interior does contain work tables and storage shehw. Tlie iiistallatiori 
used A-7 to store electronics equipment. 

Thc west wall has an outer wall of lhrec inch steel plate attached to the coiicrctc and a single mchl 
box penetrating tlic wall. The east wall contains a single metal door, tlic only acccss to tlic 
structurc. Thc coricretc roof is covered with threc inch hick stcel plates, approxirnately 6 ft. lolig 
aiid 4.1 in. wide, held in place by anchor bolts imbcddcd in the concrete. 

13uilding A-7 mccts the release guidelines with thc exccptioii of the joints betiveen tlic stccl plates 011 

llic roof aiid the east exterior wall. Tlic area bctwceli the roof and tlie ivalls, tlic north extcrior wall, 
and llic west cxtcrior wall could not bc accessed for characterization aid arc thcrcforc assumed to 

c be contimiiiatcd. 

2.4.2 X-RAY 2 
X-Ray 2 is located on the southcni portion of the DUSA aiid covers approximately 58 m2 with a 
nominal wall height of approximatcly 3.5 meters. Therc arc no known drains associated with X- 
Ray 2. Tlie structure conkiiiis a lJS Army Field Elcctroiiics Trailer. The trailer is constructed of 
alurniiiuin and rcsts 011 a raised platl'orm abovc die ground. 

Thc walls of X-Ray 2 consist of fitted 2.5 in. stcel plate. The upper roof, ovcr the trailcr, is 1 in. 
thick stecl. The lower roof, wcst sidc of the structure, is 2.5 in steel. Thc south wall contains the 
acccss door and thc wcst wall has a slit cut into it for X-Ray passage. 

Significant portions of X-Ray 2 were either inaccessiblc (therefore, coiisidcred contaminated) or 
showed fixed contamination above h e  guidelines. These xcas iricludc tlie wcst ciid of Ihc south 
cxtcrior wall, thc west extcrior wall, h e  lower roof, thc uppcr roof, a id  the iiitcrior floor. 

2.4.3 SECURITY BOXES 
Sccurity Box 1 covers approxirnalely 50 m2 aid is locatcd noi-thwest of X-Ray 2 alorig thc acccss 
road. Security Box 2 occupics approxiinatcly 26 m2 aiid is located north of' the affectcd area of die 
DUSA. Bod1 are constructed of 1 in. steel, haw 4 iwik in the roof', and have a door and an 
equipment hatch in thc south facing wall. Tlicrc are 110 luioivn drains from Ihesc structures. 
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Thc Sccurity Boxes meet die rclcasc guidelines on tlic cxterior portioiis of the structures. Thc 
iiitcriors nu-e inaccessible during thc characterization and are tlicrefore consi<lcrcd to bc 
coiitaniiiated. 

2.5 GROUNDS AND SOILS 

The soil composition of the affectcd area of the DUSA is primarily a sandy loam with gravcl added 
in cci-taiii arcas. 

ARL conduc-tcd soil sampling from 1973 to 1978, and again iii 1991, as a part of thcir 
cm ii-onineiital moiiitoriiig program. Analyt~al results for soil samples collectcd from scvcral 
arcas around the radioactive wastc storagc area and behind llic backstops shoivcd lcvcls in cxccss 
of thc guideline idues for unrcstrictcd use. Most of thc soil contamination was found 111 the 
radioactil c wastc storagc area. Coriccntratioiis in this area rangcd from 10 to ,520 pCi/g. 

During die characterization surveys of the DUSA (1995/96), numerous soil samples were takeii 
and analyzed for radioactive and other hazardous components. The characterization report 
(Rcferciice 9) concluded that all areas showed soil concentrations in excess of the guideliiie level of 
35 pCi/g for depleted uranium developed for the characterizatioii study (licfei-ence 9). The highest 
a~cragc concentrations were reported in characterization grids Cl,  C2, 132, B3, Al ,  and A44. Sinal1 
areas of elevated activity were reported in characterization grids A2, B4, C4, a i d  Z2. The highest 
activity rcported (4..23 E5 pCi/g) was found in characterization grid A2. It should be rioted that h i s  
reported DU coiiceiitration will be evaluated to deteimiiie die source of die error, given that die 
spccilic activity of DU is less than 370,000 pCi/g. Much of die contamination is limited LO the top 
1111-ec iiiclics of soil. Also it appears that much of die contamination is localized to well defiiicd 

c 

arcas. 

Tlic charactci-izatioii dah also indicates Lhe potential for subsurface UXO, pardcularly in 
characterization grids Al ,  Cl ,  a i d  C2. 

r 7  1 lic charactcrizatioii samples wcrc also analyzcd and cornpucd to thc disposal sitc criteria. This 
d a ~ i  indicatcd 110 hazardous matcrial component in the soil ha t  would causc llic rcmcdiation wastc 
to bc classificd as a mixed wastc. Thcsc samplcs will be verilied prior to packaging and shipment 
of Ivastc gciieratcd in dic rernediatioii process. 

6 



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

3. OPERATING HISTORY 

3.1 LICENSING STATUS 

The Depleted Uranium Study Area (DUSA) is located within die bouiidaries of the Transonic 
Range in the AA of APG. The DUSA of the Transonic Range at Aberdeen Proving Grouiid 
(APG) is listed as a radiation test facility in the U.S. Army Research Laboratory’s (ARL) Nuclear 
Regulatory Commissioii (NRC) license (No. SMB-141). The facility has been iiivolved in testing 
of DTJ peiiehtor rounds from 1973 to 1979. Outdoor testing of the DU rounds ceased in 1979; 
liowever, (he area continues to be listed as  a 1-adiation test facility. In 1995 a determiiiatioli was 
made to cease all licensed activities at the DUSA and remove it from die list of radiation test 
facilities at APG. 

Nier outdoor tcstiiig ccascd in 1979, ARL coiiductcd an initial sitc cleanup to rcducc tlic 
radioactive wastc invciitory and allow other non-radiological tcstiiig to bc coiiductcd at die DUSA. 
This effort included removing shot target and other materials from the radioacti\c matcrial storage 
area. This iiiihal effort also included suneying and removing coiitaminated soil, sand, and othcr 
matcrials. Based on diese “scopiiig” surveys and site history, it was estimated that approximatcly 
12 acres should be considered suspcct areas for DU contamination. 

JVlien tlic decision was made to cease licensed activities and remove the DUSA from the list of 
radiation test facilities, Gciieral Physics Corporation was contracted to perform a radiological 
“cliaracteri%atioii” survey of the site. 1 he report of this characterization, “Traiisoiiic Range 
Depleted Uranium Study Area Radiological Characterization lieport”, General Physics 
Corporation, 1996, (Reference 9) reached die following coiiclusioiis : 

L 

r 7  

* Based on thc radiation surveys no removable coiitamiiiatioii was found on die structures 
suilieyed at DUSA. However, fixed radiation levels in A-7, X-Ray 1 aiid 2 arc in excess of 
die guideliiie values. 

* Soil data does not show the preseiicc of radioiiuclidcs olher than isotopcs of TJ-238 and TJ- 
235 ab01 c ambient levcls. The approximate distribution of tlic uranium isotopcs is that 01 
dcplcted uranium. 

* All arcas showed soil concentrations in excess of guideline valucs for depletcd uranium with 
thc lighcst coiiceiitratioils in grids Cl ,  C2, 132, B3, Al ,  and A4. Much of thc 
coiitamiiiatioii is limited to the top tliree inches of soil. Also it appcars dial much of the 
contamination is localizcd to well defined areas. Any remcdial actions will require carcful 
planning aiid implementation as it is likely that subsurfacc UXO will bc encountcred. In 
particular, grids Al ,  C1, and C2 showed high concentrations of fcrrous arid lion-ferrous 
meLd from die magnctomeky sumcy. 
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7 7  * I lie soil does not contiin hazardous materials, pesticides, hci-bicidcs, or explosives above 
tlie rcgulatory limit. 

NOTE: The guideline values referred to in the characterizatioii rcport arc not necessarily the 
guidelines used in this work plan. Thc guidelines uscd in tliis work plan wcrc derived in 
accordance with die most cui-rent guidance, i.e., “Multi-Agency Radiation Survey and Site 
Inicstigation Manual” (MAIISSIM), NUREG-1575 (Refercnce 10) for soil and “Demoiistrating 
Compliance with the Radiological Criteria for License Termination”, Draft Regulatory Guide 
DG-4<006 (Reference 4) for structures. 

Based 011 die scoping and characterization data IOC contracted Argon~ie Natiolial Laboratory 
(ANIS to provide die volumetric Derived Concentration Guideline Levels (DCGL) applicable to 
DIJSA iii accordaiice witli die guidaiice coiitaiiicd in MAIISSIM. The report, “Derived Uranium 
Chidclines for die Depleted Uranium Study Area of the Transonic Range, Aberdeen Proving 
Grouiid, NID”, Argoiiiie Natioiial Liboratory, 1999, (Reference 2) is the basis for die volumetric 
DCGLs of this Work Plan. 

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

v 3.2 PROCESSES 

The DUSA is located on the soutlieast elid of die Transonic Rmgc and was uscd for DIJ tcstiiig 
from 1973 to 1979. Tcsting consisted of gun launching DU pelletrator rounds from two locations 
011 the northerii portion of h e  site at targets mounted adjacciit to tlic X-Ray units to the south. 
Sh-ippciYdellcctor plates located in between the lauiich or shooting locahoiis were designed to strip 
or deflect die sabot away from the penetrator while in flight to thic targct. Penes-ators were citlier 
stopped in the target or penetrated die target aiid impacted into a backstop located a short distance 
bchiiid the kirgcts. 

As a rcsult of tlie testing, most of tlic DU rneltcd into die targct and backstops. However, somc 
DIT Icll oiito die soils around thc targels or was scattered into tlic surrounding area. Test 
tcchiiicians wore protcctivc clothing and dosimetry while in die test area and moiiitored activities 
lor radioactwe contamination. Shot targets aiid other designated materials wcrc mairitairicd oil sltc 
in a radioactive materials storage area locatcd to thc cast of die impact zoiie. While tlic shot larget 
illid other dcsigiiated materials have been remediatcd, recycled, and/or disposcd of as radioactive 
wastc, the wooded storage site is still posted “Radioactive Materials Area”. 

3.3 WASTE DISPOSAL PRACTICES 

During opcratioii of die DUSA as a DU test range, radioactive wastes, except for shot targets and 
otlicr dcsigiiated matcrials, werc handled through established radioactivc wastc disposal chaliiicls, 
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i.e., packaged and shipped to a licensed disposal site. Shot targets and other desigiiated materials 
were maiiiLTiiied 011 site in a radioactive waste storage area. After testing ceased, tlie AliL health 
physicist conducted an initial site cleaiiup to reduce die radioactive waste iiiveiitory and allow other 
noii-radiological testing to be conducted at die DUSA. This eirort iiicluded removing shot target 
aiid other materials from die radioactkze material storage area. 1 he shot target a i d  odier 
designated materi;als have been remediated, recycled, and/or disposed of as radioactive wask at a 
licenscd disposal site. 

r 7  
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4. REMEDIATION ACTMTIES 

4.1 OBJECTIVES 

r -  1 hc objective of this project is die decon~ininatioi~remediatioii of the Depleted Ui-aniuin Study 
Area (DUSA) of tlie Trailsonic Raiige at Aberdeen Proving Grounds, including facilities and 
equipment, to acceptable ALAIW (as low as is reasonably achievable) levels for unrestricted 
release. The criteria for this release shall be the Derived Conceiitratioii Guideline Levels 
(DCGLs) developed in compliance with Ihe “Multi-Agency Radiation Survey and Site Iiivestigation 
Manual” (MARSSIM), NUREG-1575, (Rei‘erence 10) for the soil arid Army lieplation EM 385-1- 
80, “Radiation Protection Manual”, Table 6-4 (Reference 5) for facilities aiid equipment. This 
objective will be accomplished by perfoi-ming the following aclivilies and tasks: 

NOTE 1 : It is estimated that the waste volume from this activity will be 2,500 ft3 

NOTE 2: All work activitics will be pcrformed in accordaiice wid1 h i s  Dccommissioiiiiig Work 
l’laii, ATG Field Operating Procedui-cs, aiid thc requirements of tlie Sitc Lcciisc. 

4.1.1 SITE MOBILIZATION AND PREPARATION 
Mobilize pcrsoiincl and equipment 
Pi-o\ide on-site training 
Collect bioassay sarnplcs and issuc dosimetry 
Establish work sclicdule 
Obtain ncccssaiy work permits 
Establish UXO protocol for range activitics 
Lstablish h r  Sampling protocol for range activitics 

L 

4.1.2 ESTABLISH CHARACTERIZATION GRID REFERENCE SYSTEM 
Preliminary UXO Sweep 
lic-establish die grid boundarics used during thc characterizatioii 
Verily tlic grid boundaries dirougli radiation surveys 
Post arca boundaries (Radiological, HAZMAT, UXO) 

4.1.3 SURVEY OF SURFACE~AREAS INACCESSIBLE DURING CHARACTERIZATION 
IJXO SuiTcy 
Laydowii arca suivcy and establishment 
Obstruction removal 

4.1.4 TESTING OF CONTAMINATED STRUCTURAL SURFACES 
Idciitilicatioii of Represeiitativc Coiitamiiiated Surfaces 
Dctei-mination of Coiitamiiiation Dcptli 
ApprosiInatioii of Background 
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4.1.5 REMEDIATION 
IJXO Support 
Scgre~atiori/Exca\iatioii 

4.1.6 EQUIPMENT AND DEMOBILIZATION 
Surveys aiid Samplcs 
l<quipmcnt Rclcasc 
Dcmobilizatioii 

Note: Tlic activitics, iiicludiiig grid layout and suivcyslsamples, associatcd with dic final rclcase of 
tlic DUSA are discussed in Scctioii 5 of this work plan. 

4.2 RESULTS OF PREVIOUS SURVEYS 

Erivironmental and work area surveys were conducted in the area of the Traiisoiiic Range during 
die full time operation of the range aiid during die interim period, i.e., prior to die decision to cease 
liceiised activities. In late 1995 and early 1996 die site was characterized (“Ti-aiisoiiic Range 
l3epleted CJi-aiiium Study Area Radiological Characterization Study Report”, Geiieral Physics, 
1996, Refcrence 9) to determine the extent of radioactive contamination ,and other hazards. ‘l’he 
rcsults of h i s  characterization is die basis for thc remediation and decommissioning activities in 
this work plan. As part of the decommissioning activities these results d l  be verified and used to 
focus specific remediation tasks. 

b’ 

4.2.1 STRUCTURES 
Thcrc arc four structures remaining on die Traiisoiiic Range, Depleted Uranium Study Area 
(DUSA). Nolie of the accessiblc areas of tliesc structures sliowcd loose surfacc coritainiiiatioii iii 
cxccss of thc guidelines contained in Army Regulation EM 385- 1-80, “Radiation Protection 
Manual”, Table 6-4. For purposes of plaiiiiiiig die iiiaccessiblc arcas arc assurned to contain loosc 
surl‘acc coiitamiiiatioii abovc die guidelines. In addition fixed coiitamiiiatioii abovc dic guidcliiies 
was dctectcd or assumed to be prcseiit as oulliiied below. 

4.2.1.1 Building A-7 
Building A-7 meets the relcasc guidelines with the exception of the joints betwccn tlie stccl plates 011 

the roof and the cast exterior wall. The area between the roof and the walls, the north exterior ivall, 
and the west exterior wall could riot bc accessed for characterization aiid are therefore assumed to 
bc coiitxninated. 

4.2.1.2 X-Ray 2 
Significaiit portions of X-Ray 2 wcrc cillicr iiiacccssible (Lhcrcforc, coiisidercd contaminated) or 
sliowcd fixed contamination abovc tlic guidcliiics. Tliese areas include die wcst elid of die south 
cxtcrior wall, the west extcrior wall, the loivcr roof, thc upper roof, and die interior floor. 

1 1  
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4.2.1.3 Security Box 1 
Sccurity Box 1 meets die release guideliiies on die exterior portions of die building. The interior 
was inaccessible during the characterization and is dierefore coiisidered to be contaminated. 

4.2.1.4 Security Box 2 
Security Box 2 meets the release guideliiies oii the exterior portions of the building. The interior 
was inaccessible during the chwactcrizatioii aiid is thcreforc considered to bc contaminated. 

4.2.2 SOIL 
Thc 1996 Cliaractcrizahoii of thc DUSA showed lhirtceii (13) soil arcas wilh dcplctcd ui-aiiium 
(1lU) conceiitrahons tliat exceed tlic A U R A  target 01 105 pCdg (sce Tablc 5.1 and Scctioii 5.1 of 
this work plan). Trvclve (1 2) of tlicsc locaboiis are 1-clatively small, wilh arcas ranging from 4 to 10 
m’. The liiial location is a largc ai-ca of elevatcd activity of about 250 m2. 

7 7  1 Iic grids of coiicciii are A-1, A-2, A-4,13-2, B-3, B-4,, C-1, C-2, C-4, and 2-2. Tlic largc area of 
clcvatcd activity extends over the juncturc of grids C-1/2, wid1 small areas of elcvated aclivity 
spottcd over die rcmaiiiiiig g d s .  Thc highest exposure rates and corresponding soil actilrity 
appear in grids A-2 and %-2. 

4.2.3 UNEXPLODED ORDINANCE 
As a prclirninary pliase of thc chai-acterizatioii of tlic DUSA, die sitc was surveyed for aiid clcared 
oP sui-face uricsploded ordinaiicc (UXO). Additioiial subsurface magnetometry scaiis nu-c 
conductcd during the characterization. The results of thcse sweeps and surveys iiidicatc that 
cncouiitcriiig subsui-face UXO is likely, particularly in grids A-2 and C 1/2. 

L 

4.2.4 OTHER HAZARDS 
Iii tlic cliaracterization process tlic collectcd soils wcre analyzed for compathlity d i  disposal sitc 
critcria. This cvaluation iiicluded aiialyscs for the prescnce of materials regulated uiidcr 40 CFR 
261, Refei-ciice 11 (Hazardous Matci-ials) as well as an cvaluation of physical propertics. The 
characterizatiori shows that thc soil on tlic DUSA does no1 contain hazardous materials, pcsticides, 
Iierbicidcs, or explosives abovc thc regulatoiy limits. In those iiistanccs where liazai-dous materials 
wcre detectcd, only trace levcls wcre found, which were well bclow the coinpoiieiit limit. If 
additional information werc to show ha t  otlier hazardous materials (e.g., metals, scmi-volatiles, aiid 
volatiles) wcre prescnt, spccilic stcps will be takcii in conducting additional characterization for 
H&S purposes aiid waste disposal. Thc USA-IOC Project Officcr aiid AliL lis0 will be iiotiiied 
of such liiidiiigs aiid any additional characterization el’f’orts will be conductcd only witli IOC aiid 
ARI, approval. 

4.3 REMEDIATION PROCEDURES 

4.3.1 MOBILIZATION AND PREPARATION 

4.3.1.1 Mobilization 
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Kl-G will physically mobilize upon die rcceipt of the Notice to Procccd. Nccessary equipment and 
material will be assembled and sliippcd/traiisported to APG. The necessary skiff will mobilize aiid 
assemble at a predesignated location in thc area of APG to facilitate access. 

Personnel: All persoiiiiel assigiecl to h i s  project shall have completed the 40 hour Basic 
Hazardous Waste Training Program and, if needed, die 8 hour refresher Training in 
accordance with 29 CFR 1910.120, “OSHA Standards”, Referciice 8. 
* Supervisors shall have completed the 8 hour Supervisors Training Program iii accordance 

with 29 CFR 1910.120. 
All personnel will be required to provide evidence of training in accoi-dance with 29 CFR 
1910.120 e.6. 
All personnel will be required to provide eiidcnce of R4edical Certification in accordance 
with 29 CFR 1910.120 f. 
All respirator wearers will be trained and have documentation required for respirator use in 
accordance with 29 CFR 19 10.134, 

* 

* 

* 

Equipment: Tools and equipment necessary for die completioii of this prqject shall be 
mobilized as needed. This is expected LO include: 
- Radiation Survey Iiistrumciits 
* Radiation Counting Equipment 
* Air Sampling Iiistrumeiits 

EscaLTation Equipment, eg., Backhoe, Front Eiid Loader 
Sainpling Equipment (iiicluding coiicretc 1)oriiig tools) 

Cutting Torch 
Vcntilatioii Equipment 
Scabbliiig Equipment 
Air Compressor 

- Hand Tools 

- Gcricrator 

Facilities: APG will provide ofiice facilities and supplies, i.e., office space, 1-estroom, telcphonc 
lines, fax cquipmcnt, and access to a copy machine. ATG will establish a ficld officc in tlus 
location. Copics of a11 prqjcct records will be maiiitaiiiccl at this location for field use, Base, 
IOC, and rcgulatory review. 

4.3.1.2 Training 
In addition to the training specified above all persolillel shall reccivc the follolvliig training as a 
prelimiiiaiy to field work. All on site training will be documented on a Training Record (ATG 
Form 027) and be kcpt as a part of thc permaiicnt project file. 

Site Specific OSHA (29 CFR 19 10.120) Training, including: 

* 
Work Plan aiid Associated Documcnts 
Site Health and Safety Plan 
Site Specilics (APG) 
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liadiatioii Worker (1 0 CFli 19.13, licfereiice 7) Training, including: 
Radiation Workcr RighLs 
Sources of Radiation arid Containiiiatioii 
Typcs of Radiation and Contamination 
Units of Radiation and Radioactivity 
1’1-cnatal Exposure (Rcg. Guidc 8.13, “Prcnatal Exposure”, Reference 12) 
Biological Effects of liadiatioii 
Radioactivc Contamiriatioii Coiibol 
Use of hiti-C Clothing 
AIARA Concepts 
Emergciicy Procedures 
Iisc of Radiation and Contamination Dctcctioii Iiistrumciits 

4.3.1.3 Monitoring 
Performalice of decommissioning activities on chc Transonic Range is iiot expectcd to result in 
mcasurable dosc equivalent to die workcrs. Pel-soinicl dosimchy (TLDs) arid bioassay shall bc 
used to vcrify h a t  this condition is, in fact, h-uc. TLDs will bc issued and bascliiic bioassays will be 
collectcd during the mobilization phase. 

’v 

Personnel monitoring methods will include: - Dosimetry - Work crews will be required to wear TLDs during work activitics at the site, 
visitors will bc issued sc1i:rcading dosimeby (SRDs) during inspection or briefing tours. 
Bioassay - All workers will bc rcquii-ed to provide a urine speciincn for analysis prior to 
start of work (bascline) and at die completion of thc projcct. 

* 

4.3.1.4 Scheduling 
During mobilization, crew work schcdulcs will be cstablished based on the iiecds of die sitc. 11 is 
uiidcrslood that the Transonic liaiigc is an activc firing range aiid that the mission of tlic base is 
paramount. Consequently, thc schcdule will have the necessary flexibility to mainkiin a minimum 
forty (4,O) hour work week during the hours die range is down. 

Arrmgemciits and schedules for sui-\eys of the Security Box interiors will be establislicd during die 
mobilization phase. 

4.3.1.5 Site Permits 
During tlic mobilizatioii phase basc required pcrinits will be obtziined (or arrangcinciib made to 
expcditc “as needed” rcceipt). Anticipated basc permits arc: 

DARP - A Dcpartmeiit of thc Army Radiation Permit is rcquired ror thc iiish-urnciit check 
sources h a t  will be needed for day-to-day activities. 
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Radiation Work Pcrmit - A site issucd Radiation Work Permit (RWP) is rcquired for work on 
the Transonic liange. An ATG liW’ (ATGF-002) will also be preparcd and issucd in 
accordance with ATG Ficld Opcrating Procedurcs, Appendix 3. 

SafeQ~ Work I’crmit - A site issuctl Safcty Work Permit (SWP) is rcquircd for work on thc 
Transonic Range. 

Cutting, Burning, Grinding I’crmit - Certain decontiimination actilrities may rcquire a “Hot” 
Work Permit, ix., cutting, burning, and grinding. Rase requirements will be asccrhined 
during the mobilization phasc. 

Excavation PermiL - Remediatiori activities may require the issuancc of a basc Excavation 
Pcrmit. Basc requiremcnts \vi11 bc ascertaincd during thc mobilization phase. 

Ohcr  - Othcr pcrmits and authorizations may be rcquired for certain rcmcdiation activities on 
thc Transonic liangc. Basc requirements will bc asccrtaincd during thc mobilization phasc. 

4.3.1.6 UXO Procedures 
During the characteiization of the DUSA, conducted in 1996, surface UXO was detected and 
properly disposcd of. The characterization indicated that encountering subsurface UXO is highly 
likely, particularly in grids A1 and C1/2. It is the policy of ATG and die Department of Defense 
(DoD) to provide the maximum possible protection to personnel and property from die damaging 
effects of potential accidents involving ammunition and explosives. Consequently, all activities 
coiiducted during the remediation of the Transonic liange will be preceded by die corresponding 
level of IJXO Avoidance Activity (Project UXO Avoidance Plan, Appeiidix 5). 

-W 

Work Site Eskiblishment - U S 0  personncl shall assist in thc cstablishmcnt of thc work sitc 
bouiidaries and control zones. 

IJXO Swecps and Sunrevs - Prior to initial work area entry and any excavation activitics UXO 
pcrsonnel shall perform llie appropriatc sweep or survey for the activity. 

UXO Support - A UXO qualified individual shall be present during and monitor all 
excavatioidsoil disturbancc activities. 

IJXO Qualifications - A UXO Technician is a graduate of the US Naval EOD School, Indian 
Hcad, WID, arid has a minimum of 5 ycars of combincd active duty EOD and coinmcrcial 
UXO cxperience. 

4.3.1.7 Air Sampling Procedures 
Sampling and analysis of Lhe air in work arcas containing rddioactivc contamination is requircd to 
cnsurc that workers and the gcncral public do not rcceive an uptake of radioacti1.e material or that 
any such uptake is accounted for and documented. 
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Air samples will bc collectcd in tlie gcrieral area aiid breatliiiig zone of workers during 
evolutions h i t  have the potential foi- producing airborne radioactivity (e.g., soil or surface 
disturbiiig activities, coiitaiiier loading, etc.) . 

At a minimum two low voluinc (nominal now rate 1 CFM) air samplers will be positioncd 
tloivli iviiid of thc work area. Onc wdl bc positioned as closc to the work ai-ca as possible, while 
inainhiiiiiig ciiough distaiicc to prevent cross contaminahon from tlic work. The sccoiid will 
bc placed at tlie closest downwind boundary of ttic work arca. 

A lapel sampler will be placed on at least one crew member to represent thc bi-eahing zone of 
thc workcrs. 

Tlicse air samples will bc collcctcd arid analyzed in accord,mcc wid1 ATG Field Operations 
Procedure HP-OP-010, “Air Sampling aiid Analysis”. Although no airborne radioactivity is 
anticipatcd from this remediatioii and dccommissioiiiiig activity, these samplcs provide 
rcprcscntTtive and reproduciblc data and will serve to quantify any rclcasc of radioactive 
materials 01- workcr uptakc of radioactive materials should airborne transport occur. 

Thc general area air samples will be collcctcd at 3 to 6 feet of1 tlie ground. The lapcl samples 
will bc collcctcd as close to tlic individuals face as possiblc. 

The liealtli physics teclmician obtaining die scampies will be rcsponsiblc for ensuring drat while 
llic samples are being obtaiiicd they arc maintained in a representative sample zoiic. 

7 7  1 hc a priori calculation with thc below parameters shows tliat an air sample drawn for eight 
hours at a ilow rate of 1 CFM wdl have a Lower Limit of Detection (LLD) of less diaii 2 x 10 
uCi/ml or 0.1 Derived h r  Conccntration (DAC) for U-238 (or 2.0 x 10” uCi/ml, Class Y 
Compouiids). Thc basis and calculation, using bch counting, assumc: 

LLD = 

l 3 r  = 1.89 Wdis (DU) 
C. = beta counter efficiency, 12% 
t\ = sample couiitiiig time, 5 min. 
b, = background counting timc, 10 min. 
111, = background couiit-ratc, 4<0 cpm 
F, = samplc flow rate, 1 CFM or 28,317 mumin. 
S, = sample duration, 8 lir 
S,  = sample volume, 1.36 x lo’ ml 
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2.22E+06 = Number of dpm per uCi 

r ,  1 hc LLD for a sample taken and evaluated under these conditions is about 2.0 x 10-" uCi/ml, 
i.c., less than 10% ofthe DAC for U-238. Thc investigative limit for airborne activity will bc 
0.5 DAC for DU or 1 x 10'" uCi/ml, 

* If this limit is approached or exceeded tlie cause will be investigated and corrective actions 
identified. 
If this limit is exceedcd work will be stopped uiitil corrective actions ha\c becn Liken. 
If 0.5 DAC is exceeded inlialation doses will be calculated arid assigned to iiidividuals as 
appropriate. 
If this limit is exceeded the base conhct, die IOC Point of Cont;lcl;/Project Manager, die 
ATG Project Mariagcr/RSO, and die NRC will be notified as soon a s  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, institute the 
appropriate corrective actions, and determine if perimeter monitoring (Transonic Range 
Boundaries) need to be established. All resulting findings will be fully documented and 
notificatioiis will be made to thc ARIA RSO. 
All events of elevated airboi-iic activity will be diol-ouglily docurnented in die project logs 
and on the procedural forms. 

* - 
- 

* 

* 

A r  samplcs will bc collectcd evcry worlung shift (8 hours) and analyzed to cnsurc that clevatcd 
activity e\.ents are documentcd as sooii as possible. 

All persolinel performing work in the area will submit a urine sample for analysis prior to the 
cominciicemciit of work (bascline) a id  upon completion of work, as a vcrilication of the 
accuracy of the air sampling program. 

Rcspiratory protection will be required in areas tliat excced 0.5 DAC. 

DAC-hour traclung will bc rcquired for all pcrsoniiel wcariiig respiratoi-y protccGon. 

4.3.2 ESTABLISH CHARACTERIZATION GRID REFERENCE SYSTEM 
Note 1 : Prior to any range activities or charige in range activities, e.g., change from surfacc work 
to cxcalvation, the requirements of the ATG "UXO Avoidance Plan" will be implcincntcd and mct. 

Note 2: All on sitc work will be done in accoi-dancc with h e  Project Health and Safety Plan, the 
Projcct Quality Assurance Plan, and the ATG Field Operating Procedui-cs, which are an iiitegi-a1 
part of this plan, and arc submitted as Appcndix 4, Appendix 2, arid Appendix 3. All stop work 
conditions, radiological and hazardous material, safcty and industrial hygienc analysis arc discussed 
111 tlic Sitc Health and Safety Plai. 
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POSTING 

Note 3: All persoiiiiel with uiiescorted access to Ihc work area will be rcquired to wear TLDs 
during work actiyities at the site. Exposurc Rate information from the charactcrizabon of die 
Trailsonic Range indicates that persoiiiicl cxposure during remediation and decommissioning will 
bc minimal. The highest indicatcd exposurc rate is less than 0.1 inrein/ hr. A coiisciwtit’c 
cstimatc of individual exposurc is: 12 hours per day for 20 days, yielding 12 * 20 * 0.1 or 24. mrem 
CrEm). 

UNESCORTED ACCESS REQUIREMENTS 

Note 4: All matcrial, tools, equipmciit, and persoiiiiel exiting the postcd radiological work arca 
must be survcycd to prevent h c  sprcad of contamination. 

- _ _ _ ~ ~  - 

Radioactive Matei-ials Area 
(10 CFR 20, Refcreiice 13) 
Aulliorizcd Eiit~y Oiily 
(29 CFR 19 10, Refcrciicc 8) 

Note 5: Pur samples will be collected in the general area aiid breatliiiig zoiie of workers during 
cvolutioiis that have die potential for producing airborne radioactivity (e.g., soil or surface 
tlisturbing activities, coiitaiiier loading, etc.). See Section 4.3.1.7 ‘Air Sampling Procedures” and 
Appendix 3 “A’I’G Field Operations Procedures”. 

- 
Rad Worker Training 
Dosimeby (TLD)Signed on RWlW 
HA%MAT Training 
Projcct Document Ti-aiiiiiig (Work Plan and Appendices) 

Note 6: Protective clothing will be required, as per die RWP, in areas or during activitics where 
Ihc potential for pel-sonnel coiitamiiiatioil exists (c.g., soil iritrusion/exca\/ation, decontamination). 

Note 7: During excavation or 0 t h -  intrusive action of conkminated soils a source of water (e.& 
spray tank) will be maiiitaiiicd in the arca to minimize dusty conditions that could sprcad 
contarnina~oii. 

1 Iic work arca \vi11 bc barriercd and postcd as “Radioacti\~c Materials Area” and “Autliorized Entry 
Oiily” bascd 011 visual assessmeiit of itlcntdiablc landmarks. Access to thcsc areas during work 
actnitics is as follows: 

*- 
c _ I  

l3iush aiid other vegetation which would interfere wid1 the identification of the origiiial grids and/or 
surveys will be cleared with hand operated equipment (e.g., weed wackers, chain saws). The use of 
a busti hog or similar piece of equipment may be required depending on the tliichiess of die blush 
a id  vegetation. Removed materials will be suneyed, to ensure h e  radioactivity levels are below 
the guidelines, and removed from the immediate work area. 

Establish a preliminary original grid pattern based on physical landmarks or othcr identifiablc 
poirib of rcfcrcncc. Oiie of the objcctives when establishing this grid will be to correlatc grid 
locatioiis with the cliaractcrizaboii grids. A GPS (Global Positioiiirig Satellite) traclung systcin may 
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L 

bc used during die gridding proccss to assist in idcntifying grid locations. Based 011 survey data a id  
odicr available information rc-establish, if necessary, die original characterization grids for 
rcfc1-cncc. 

Characterization Grid Description 

C l  and c2 

%2 Oiic debris pile 

A2 

A4 and A5 

13 3 

133 

13 4 

Large area of elevatcd activity near the dirt road 

Onc area southeast of the sandpile near a dctonatioii crater 

Sevcral small isolated areas wid1 elevated bcta readings 

Area bctween buildings X-Ray 1 and X-Ray 2 

Arca surrounding dirt hill that covcrs the clcctroriics buildiiig A-7 

Area in the vicinity ofX=250’, Y=575’ (southeast corner of grid) 

Coiiduct a remedial action support and verificatioii survcy of the identified grids using a Ludlum 
Model 2221 with a Model 4<4-10 2 x 2 NaI(1-I) Detector (or equivalent). The objective of the 
remcdial action support and veriiicatioii survey will be to verify locations of areas requiring 
remediation identified in the 1996 characterization report (Reference 9) and ensure that these 
locations are remediated to levels below die site-specific ALARA level of 105 pCi/g. Table 4.2 lists 
areas at die site that may require remediation based 011 the results of die characterization survey. 
All data will be documented on ATGF-001, “liadiological Survey Report” in accordaiice with ATG 
Field Operations Procedures. Mark (red surveyors flag or equivalent) any areas exceediiig die site- 
specific ALAlIA level for further investigation or remediation. 

Dcvelopctl using data from “Transonic Range Dcplcted Uranium S~utly Area” (Reference 91, ilppcndix A, pages 16 ant1 
17. 

Conduct a I-emcdial action support arid iwificatioii survey of die accessible areas of die range 
stn~cturcs usiiig a Ludlum Modcl 222 1 with a Modcl43-69 Gas Flow I’roportioiial Detcctor (or 
equivalent). Particular attention should be paid to xeas  found to be above the site-specific DCGLs 
during die characterizatioii sui-veys. All data will be documented on ATGF-001, “liadiological 
Suixy Report” in accordaiice with ATG Field Operations Procedures. Mark (red paint or 
equivalcnt) any areas exceeding die site-specific DCGL for further iiivestigation or 
decoiihmination. 

l3ascd on survey data and other available information re-establish, if neccssary, dic work arca 
boundaries (Radiological, HAZMAT, and Exclusion Areas). 

C 
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4.3.3 SURVEY OF INACCESSIBLE SURFACES 

Note 1: Prior to any range acti\ltics or changc in range activities, e.g., change from surface work 
to cxcavatioii, die requirements of thc KIT “UXO Avoidance Plan” will bc implcmciited and mct. 

Note 2: All 011 site work will be done in accordance with the Site Health aiid Safety Plan, tlic 
I’rojcct Quality Assurance Plan, aiid dic ATG Field Operating Procedures, which arc ail integd 
part of this plan. All stop work conditions, radiological and hazardous matcrial, safcty aiid 
industrial hygiene analysis are discussed in the Site Hcalth 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 die 
1 raiisoiiic liange indicates that personnel exposure during i-emediatioii and decommissioning will 
bc miiiiIna1. The highest iiidicated exposure rate is less than 0.1 m r e d  hr, as a conservative 
assumption. For scopiiig purposes, the dose to a hypothetical individual is estimated to be: 

r 7  

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

Oiicc initial radiation sui-vey ctduations are conducted in each ai-ca schcduled for rcmediation, the 
abovc cstimate will be updated using actual measurement rcsults. 

Note 4: All material, tools, equipment, and persoiiiiel exiting the posted radiological work area 
must bc suncyed to prevent tlic sprcad of contamination. 

<-+ 

Note 5: Air samples will be collected in the general area and breathing zoiic 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 
die potential for personnel contamination exists (e.g., soil iiitrusioiJexca~/atoii, decontamination). 

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

Uascd 011 survey data and other available information establish lay-down arcas for clcan, 
contaminatcd, and potentially contaminated matcrials in preparation for acccssing unexposcd 01 

iiiacccssiblc ai-cas of the range structurcs. 

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

h e a s  luiowii to have been inaccessible during characterization include: 
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Building A-7 
Building A-7 

Table 4.3 Areas Inaccessible During Characterization 
I STRUCTURE I LOCATION 

roof under the steel plate 
nortli exterior wall 

1 Building A-7 I eaves Le.. area between the walls aiid roo0 I 

X-Ray 2 
Sccuritv Box 1 

interior floor 
interior 

I 13uiltline A-7 I wcst cxtcrior Wiill I 

I Security BOX 2 I interior 1 
Building materials removed to gain acccss will be suneyed to detcrmine status. Materials abovc 
tiic DCGLs will be marked (e.g., rcd paint) held for decoiitaminatioii or disposed of as IAOW Lcvcl 
Radioactive Waste (LLRW). All data will be documented on ATGF-001, “Radiological Sunicy 
Report” in accordance with ATG Field Operations Procedures. 

If tlic mcthod used to gain ~ C C C S S  hiis tlic potcntial to ciiuSc airbornc radioactivity (c.g., grinding or 
chippiiig 011 coiitarninatcd structures), a coiitaiiimeiit will be built around tlie structurc or arca 
prior to commcricing the aggrcssivc activity. 

Soil rcmovcd to gain access to building cxtcriors will be surveycd using a Ludlum Modcl2221 with 
a Modcl44-10 2 x 2 NaI(T1) Dctcctor (or cquivalcnt) to determine status. If tlic indiciited activity 
is a b o i ~  tlie DCGL, move it away from tlic building and resurvey. All dak? will bc documciited 011 

ATGF-00 1, “Radiological Survey Report” in accordance with ATG Field Opcratioiis Procedures. 

L 

Thc newly exposed surfices will be surveyed using a Ludlum Model 2221 widi il Model 43-68 Gas 
Now Proportional Detector (or equi\:aleiit) for Gxed contamination and representative 100 cm2 
swipes for loosc surface conk~mination. Tlie swipes will be field counted using a Ludlum Model 
2221 witli a Model 44-9 GM Detector (or equivalent) and returned to die oflice area for laboratoiy 
couritiiig with a Ludlum Model 2929 Scaler with a Model 43-1 0-1 ZiiS(Ag)/plastic Sci11tilli~ti011 
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 activitics or change in range activities, c.g., change from surface work 
to cxcavatioii, tlic rcquircmeiits of tlic ATG “UXO Avoidance Plan” will be implcrnentcd aid met. 

Note 2: All 011 site work will be done in accordance bvi t l i  the Site Healtli and Safcty Plan, tlie 
Projcct Quality Assurance Plan, aiid tlic ATG Field Operating Proccdurcs, which arc an integral 
part of this plan. All stop work conditions, radiological aiid liazardous material, safety aid 
iiidustrial liygienc analysis are discusscd in tlic Site Hcalth aiid Safety Plan. 
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Note 3: All persolinel with uiiescorted 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 
1 raiisonic Range indicates that personnel exposure during remediation and decommissioning will 
be minimal. The highest indicated exposure rate is less than 0.1 mreml hr, as a coiisei-vativc 
assumption. For scopiiig purposes, die dose to a hypothetical individual is estimated to bc: 

7 7  

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

Oiicc initial radiation survcy e\.aluations are coiiducted in each area sclicdulcd for rcmcdiation, die 
abovc cstimate will be updatcd using actual mcasuremeiit results. 

Note 4: All material, tools, equipmcnt, and personnel exiting thc posted radiological work arca 
must bc sunrcycd to prevcnt die sprcad of contamination. 

Note 5:  Air samples will be collected in the general area and breathing zo~ic of workers during 
ci.olutions tliat have tlie potciitial for producing airborne radioactivity (e.g., soil or surface 
disturbing activitics, container loading, ctc.). 

Note 6: Protcctivc clothing will bc requircd, as per the RWP, in areas or during activities wlicrc 
tlic potciitial for persoiiiicl contaminatioii exists (c.g., soil iiitTusioii/exca\‘atioii, dccontatnination). 

L Note 7: During cxcavation of contaminated soils a source of water (e.g., spray tmk) will be 
maiiitaiiicd in Ihe area to minimize dusty conditions that could spread contamination. 

7 7  1 hc dcptli of contamination on concretc <and steel surfaces are of concern in identifying an 
appropriate background refercncc area for the structures. To address tlicse conccriis sinall tcst 
areas will be decontaminated to detcrminc the depth of the contamination. 

An arca of about oiic meter by oiic mcter will be selected on the interior of building A-7. This arca 
should bc representative of thc lcvcls of lixcd contamination found 011 the iiitcrior. 

This arca \vi11 be enclosed to prevent cxcessivc airborne contamination during thc dccoiitarninatiori 
proccss. 

The cxishng conditions will bc documented with at lcast 5 direct mcasuremcnts using a Ludlum 
Modcl222 1 with a Model 43-68 Gas Flow Proportional Detector (or equivalcnt). All dah will be 
documcntcd on ATGF-00 1, “Radiological Survey Report” in accordaiicc with ATG Ficld 
Opcrations Procedures. 

A thin laycr will be removed by scabbling (or other surface removal mctliod) and tlic 
nieasurcments will be repcated and documcntcd. 
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This tlccontaminatioii process will bc repeated until all five measurements are less Ihan 500 cpm 
(i.c., die estiinatcd background plus 1.5 standard deviations). 

If iiecessaiy to estiiblish the coiitamiiiatioii depth, core samples will be obtained of thc coiici-etc 
surlaccs. 

Tlie proccss will be repeated for die exterior surface of building A-7 

At lcast 30 measurements will be obtained and documented in the decoiitamiriated arcas to providc 
ill1 cstimatc of background for evaluating tlie remediatioilldeconL,uninatioii data. 

If tlic coiltamination depth appcars to vary significantly (more than +50%) in X-Ray 2, theii h i s  
proccss will be rcpcated in that. structure. 

4.3.5 REMEDIATION 

Note 1: Prior to any range activities or ch,ange in range activities, e.g., change fi-om surface work 
to excavation, the requirements of the ATG “UXO Avoidance Plan” will be implcmented arid mct. 

Note 2: All on site work will be done in accordance with the Site Health and Safety Plan, tlic 
Prqjcct Quality Assurance Plan, aiid tlic ATG Field Operating Procedures, which are ai1 intcgral 
part of this plan. All stop work conditions, radiological and hazardous material, sai‘cty aiid 
industrial hygiene analysis arc discussed in the Site Health and Safety Plan. 

- 
Note 3: All persoiiiiel with uiiescorted access to the work area will be required to wear TLDs 
during work activities at the site. Exposure Rate iiiformation from the characterization of tlie 
I raiisonic Raiige indicates that persoiiiiel exposure during remediation arid decommissioning will 
be minimal. l’he highest indicated exposure rate is less than 0.1 mrem/ hr, as a consei-vative 
assumption. For scopiiig purposes, the dose to a hypothetical individual is estimated to be: 

7 7  

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

Oiicc initial radiation sunicy evaluations are coiiductcd in each area schcdulcd for remediation, the 
abo\.c cstimatc will bc updated using actual measurcincril results. 

Note 4: All material, tools, equipment, and persoiiricl exiting the postcd radiological work area 
must be suncyed to prcveiit die sprcad of contamination. 

Note 5: A r  samples will be collccted in die general area and breathing zone of workers during 
cvolutions that have the potential for producing airborne radioactivity (e.g., soil or surface 
disturbing activities, coiitairicr loading, ctc.). 
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Note 6: Protective clotliing will bc required, as per the RWP, in areas or during activitics where 
thc potential for pcrsoiinel coiitamiiiatioii exists (e.g., soil iiill.usioii/exca'('atioii, dccontamination). 

Note 7: During cxcavatioii of coiitamiiiated soils a source of water (e.g., spray tank) will be 
maiiihined in the area to miiiimizc dusty coiiditioiis that could spread contamination. 

Based 011 verificatioii survey data aiid anticipated area volumes, lay down area(s) will bc cstablishcd 
for tlic roll-off conkainers to bc used for low level radioactive waste (LLRW). 

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

4.3.5.1 Structures 
1 he contamiiiatctl arcas ideiitified in tlic \crilication surveys of the DUSA struclui-cs will bc 
decoiitarninatcd using thc least intrusive incaiis that is effective. 

r -  

AI1 contaminated materials removed and dccoiitamiiiation supplics will bc contained for disposal 
as LLRW. 
In-proccss suiveys, using a Ludlum Model 2221 with a Model 4<4-10 2 x 2 NaIVl) Detector (01- 

cquivaleiit), of die area(s) being decoiitamiiiated will be taken to determine the end point of Llic 
decoiitamiiiatioii effort. 

If tlic mctliod uscd for decoiitamiiiatioii has the potential to cause airborne radioactivity (c.g., 
griiidiiig or chipping 011 contaminated structures), a coiitaiiimeiit will be built ;iround thc structure 
or arca prior to commencing tlic aggressive activity. 

In cases where decoritamiiiatioii of small items and structural pieces is not cost effective, thcse 
items may bc disposcd of as LLRW. 

Upon complction of decontamination, tlic last in-process survey will bc documented. Thc 
documciitatioii will be rioted that tlie area is ready for Glial release survey. 

4.3.5.2 Small Areas 
The 1-cmediation method used in the small areas will dcperid on the extent of contamination found 
during the verification surveys. 

For small, isolated spots, hand rcmedialioii using a shovel and pail or wheelbarroiv is the prefcrrcd 
mctliod. Hand remediation minimizes the chance of UXO encounters and miiiimizes LLRW. 

For more extensive spots, heay equipment (c.g., back-hoc, front-end loadcr), cultiiig 
approximatcly 1 foot of material per pass is morc effective aiid cxpcdient. 

All rcmoved material wiIl be placed into h e  staged roll-off containers. 
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111-proccss sui-veys, using a Ludlum Model 2221 with a Model 44-10 2 x 2 NaI(T1) Detector (or 
equivalcrit), of die area(s) being remediated will be taken to determine die end point of thc 
rcmedialioi~dccorik~inatioii effort. 

I Jpon complctioii of rcmediatioii/decoiitmiiiatioli, the last in-proccss survcy will be documcnted. 
Tlic documciitatioii will be iiotcd that the area is rcady for filial release survey. 

4.3.5.3 Large Area 
‘I’hc large affected area will be bounded based on thc vcrification surveys aiid olhcr pcrtinent data. 

A silt h-cncli will bc established around die arca to prevent additional eiivirorimenhl containiliatioil 
and/or cross coritamiiiation of additioiial areas. 

Giiwi appropriate UXO clearance to proceed, this arca will be excavated, using hcavy cquipmeiit 
(c.g., back-hoe, liwit-end loader) LO a d e p h  of approximately one foot. 

The excavated matcrial will bc placcd in tlic staged roll-off containers for disposal as LLRW. 

During aiid upon completion of cxcavatioii an in-process survey, using a Ludlurn Model 222 1 wilh 
a Model 44-10 2 x 2 NaI(T1) Detector (or cquivalent), will be taken to detei-mine thc effectiveness 
of thc rcincdiation and the area status. 

Any arcas found to be above the site-specific A L A M  level of 105 pCi/g will be flagged (red 
sui-vcyors llag or equivalent) for additional remediation. L 

llcpciidiiig on clic extent of any rcmaiiiing areas, lialid or meclianical rcmediation will be continued 
until no aclditioiial areas cxcecdiiig thc sitc-spccilic A U R A  level are identified. 

Upon completion of remediatioii/decontamination, the last in-process survey will bc documcnted. 
Tlic documcnhtion will be noted chat the area is ready for filial release s u n q .  

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 documenled on ATGF-00 1, “Radiological Survey Report” in accordance with ATG 
Ficld Operations Procedures. 

Rclcasc of material from the sitc will bc iiotcd in tlic pi-ojcct logs with reference to the survey 
iiumber for trackiiig purposcs. 

4.4 REMEDIATION WASTE 

4.4.1 RADIOACTIVE WASTE VOLUME ESTIMATES AND HANDLING 
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Contaminated soils will be excavated using a backhoc and front end loader, whilc for somc areas, 
waste rcmovals will be done manually dcpcnding UXO clearaiicc requiremcnts. Coiitamiiiatcd 
structures (i.c., Building A-7, X-Ray 2, and both Security Boxes) will be decoiitamiiiatcd using 
scabblcrs, cut using oxyacetylenc torches, or otherwise dismantlcd. 

c _ I  1 lie wastc gciierated from tliese activities \.Vi11 be packaged in hard covered roll-of” intermodal 
transport containers (WC) using a &mil Ihicli insert liner. ITC coiitaiiiers meet die DOT 
definition of a strong tight container. Each coiitairier will be inspected for damages before use, 
including overall integrity, cracks, damaged gasket seals, and fitness of top cover. Once loaded, die 
top cover will be put in place and bolted down to ensure a tiglit-gasketed seal. The coiilainers will 
be skiged in the loading area 011 transport trucks or on cleared ground. All partially full coiitainers 
will be covered at the end of the work day, or if work is suspended for more than 2 hours. The 
cxact staging locations will be determined jointly with the Range Control Officer arid ARL RSO. 
During on-site storage aiid uiitil shipment, tlie storage area will be posted as a “Radioactive 
Materials Storage Area” and “Authorized Entry Only”. An emergency call list will be developed to 
itlciitify organizations a id individuals to contact in die event of emergencies or unusual coiiditioiis. 
The call list will be coordinated with die Firing Range Oflicer and ARL RSO. 

All extcrior surfaces of tlie containers and transport vehicles will be verified to be free of loose 
surfacc contamination prior to shipment from die DUSA. All conkiiiiers will be sui-veyed prior to 
shipmcnt in accordance with ATG Field Operating Procedures aiid in compliance with 49 CFR 
Part 171-179. Maximum external dose rates containers are expected to be less than 1,000 ulVhr. 
I lie geiieral area (30 cm) dose rate is anticipated to be between 20 and 100 u l V l ~ ,  depending 011 
the tliskibutioii of DU in the containers aiid packages. Radiation levels from contaminated items 
and 1’1% discarded as radioactive waste are expected to be non-distinguishable from ambient 
background radiation exposure rates. 

u 
r 7  

The lighcst waste activity levels are expected to tie less than die specific activity of DU, about 3.7 
E+5 pCi/g. While lower DCJ conceiitratioiis are expected to range from noii-detectable levels to 
about520 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 tlian 0.05% by 
wciglit of source material. Waste will be scampled and analyzed onsite using an MCA as it is being 
generated. A composite sample will be prepared from each of die iiiiie ITC coiilaiiiers and 
analyzed by an offsite laboratory for isotopic U by alpha spectroscopy and for IJ and T h  decay 
products by gamma spectroscopy. The analysis will be used to confirm that only DU is prescnt 
aiid that I J  and T h  decay product concentrations are associated with naturally occurring 
radioactivity, iiicludiiig K-40. The same samples will be uscd for TCLP analysis. 111 both cases, 
the analyses will be conducted by laboratories certified by disposal sites or listed by USA-IOC. 

Approximately 2,500 ft“ of solid radioactive waste will be generated during remediation activities. 
The totzil amount shipped for disposal is estimated to be higher, about 3,125 ft’ assuming growth 
factor of about 1.25, applied to die base cstimate of 2,500 ft”. Waste will be packaged in nine ITC 
containers. Expected waste forms are expected to include soils, concrete, wood, steel, and 
miscellaneous 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 

u 
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absorbed with an approved desiccant prior to shipment for disposal. If excessive amounts of 
liquids arc found in the waste, sampling and aiialysis will be performed in accordaicc with Ihc 
ATG Field Operating Procedurcs. Arrangemcnts for the processing and disposal of liquids wastes 
will bc coordiiiated with the USA-IOC Project Officcr and AliL RSO. 

Bascd 011 prior charactci-ization data, no odier typcs of hazardous materials are expected dial would 
rcsult in the waste being classified as a mixcd waste. However, should the presericc of other types 
of hazardous malerials bc found (e.g., lcad), ATG will iinmediatcly inform die USA-IOC Projcct 
Officer a d  ARL RSO. Any subscqueiit cliaracterizatioii efforts will be conducted uiidcr USA- 
IOC a d  ARL lis0 approved methods. hi addition, speciiic arrangements will be made for the 
disposal of such wastes, as needcd. 

All data gcneratcd in support of waste cliaractcrization and packaging will tic recorded to latcr 
prcpare dic requircd shipping manifcsts (NRC Form 54<1 - Uniform Low-Lcvcl Radioactive Waste 
Maiiifcst) ant1 dcrnoiistratc compliarice with die waste accephncc criteria of the disposal facilities 
(En\ irocare and/or WCS). Thc data rccorded will include exteriial surface radiation exposurc 
ratcs, container surface contamination lcvcls, typc, weight and volume of conkTincr, DU 
concentration, total DU iriveritory, RQ, wastc class, physical aiid chemical form, type of absorbents 
if uscd, transport iiidcx, and shipment melhods. 

Tlic full coiitaiiicrs will be traiisportcd from APG to a local rail spur for trans-shipment (or directly 
011 h c  transport truck) to Eiivirocarc or WCS of Texas. MHF-Logical Solutions, Inc. (or an 
cqually qualified company) will provide transportation services to the disposal sitcs. All sliipmcnts 
will rncct tlic DOT requiremciits and comply witli the IOC Standard Operating Proccdui-es - 
“Shipping Procedures for Uiiwaiited Radioactive Material”. In addition, all activitics associatcd 
with packaging, loading, survey, and shipment will be conducted in accordance wih thc ATG Field 
Opcrating Procedures. The drivers will be qualified aiid trained in accordance with DOT 
rcgulatioris under 4<9 CFR Part 172.700. 

L’ 

The broker used for the waste shipments will be USA-IOC certified in accordance with the IOC 
Standard Operatiiig Procedure - “Shipping Procedures for Unwanted liadioactive Material”. 11 is 
anticipated that waste generated during remediation activities will be shipped on a coriliriual basis, 
thereby, leaving only small amounts ofwaste 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, 
llemonstratirig Compliance With tlie Radiological Criteria for License Termination arid with 
Army Regulatioii EM 385-1-80. Equipment, tools, and materials not meeting the free release 
criteria \,vi11 be decoritamiiiated or disposed of as radioactive waste. Used PPE and other related 
wastes will be managed and disposed of with contaminated soils. 

Liquid wastcs arc not expected during tlie conduct of remediation activitics, nor arc any liquid 
efllucnts. Any natural moisture contained in soils gcnerated during rernediatioii activities will be 
absorbcd with desiccant prior to shipment for disposal. If liquids are found, sampling aid analysis 

W 
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will be pcrl'ormcd iii accordaiicc wid1 the ATG Field Opcrating Procedures, which are bascd on 
thc rcquircmenb of 10 CFR Part 20, Table 2, Col. 2. Compliance with thesc requirements will be 
documented. 

Similarly, airborne effluents are not expected as a result of project activities. An air sampling 
program will be cstablished in accordance with Section $.3 of the Decommissioning Plan following 
tlic rcquircineiits ol' 10 CFR Part 20, Tablc 2, Col. 1. Compliance with these requirements will be 
docurnentcd. 

28 



.e Allied Tcclinology Group, Inc. 
Al’G - DUSA Decommissioning Plan Rev. I 

CONDITION 

March 24.. 2000 

DCGLw pCi/g 

5. FINAL SURVEY PROCEDURES 

ANL (Rcf. X) U-238 DCGL 
ANL (Ref’. X) U-238 DCGL (ad.justec1 for DU and daughters) 

5.1 MARSSIM ASSUMPTIONS AND PARAMETERS 

230 
190 

Thc surveys and samples collected to demonstrate compliance with the release criterion have been 
desigied using tlic guidance provided in die “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 
Compliaiice with the Radiological Criteria for License Termination” Draft Regulatory Guide D G  
4<006, (Reference 4J. The release criterion for tliis 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 witliin a survey unit illat correspond to die release criterion. DCGLs are required 
for volumetric (ix., soil) contamination and structural surface contamination as an average activity 
level (DCGL) and for small areas of elevated activity (DCGLnlc). Tlie volumetric DCGLs for the 
Depleted Uranium Study Area (DUSA) of tlie Aberdeeii Proving Ground ( M G )  Transonic Rangc 
were derived by Argonne National Laboratory (ANL) using the unrestricted release criterioii, lor 
die resident-farmer scenario, of 25 mRem/yr. Tlie 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) is the basis Cor die volumetric DCGLs of 
this Work Plan. The ALARA target in Table 5.1 was selected based on the characterization 
rcsults (Reference 9) .’ The Noii-Detectable LxgeL is Laken from Table 6 “Nlinimum Detectable 
Concentrations witli Typical Radiation Survey Instruments for Various Contaminates and Field 
Conditions” (Reference 17). Army Regulation EM 385-1-80 provides the basis for tlie surface 
DCGLs - see Table 5.2. Depending on NRC requirements, site-specific surface contamination 
limits may be cieveloped using other tools, such as RESBUILD and DandD. 

L 

’ Tlic results oT die charactcrizatioii study provide tlrawiiigs identilying areas oftlie DUS.A that exceed35 pCi/g, 
70 pCi/g, and 105 p C i g .  35 pCi/g is below die dclection limit Tor the field measurcments, aiitl 70 pCi/g is esseiitially 
equal to die tlctcction limit. 105 pCi/g was selected as die NAR.4 limit ;tiid rcmcdiatioii goal because arcas cxccctliiig 
diis coiicciitrations are identified by the cliaractcrizatioii s u ~ ~ e y  rcsults, can be dcLcctcd using Iicld mcasuremciit 
techniques, ;uid this coiicentration is approximately half of‘the DCGL,,.. 
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ALARA Target 
Non-Detectable Target 

105 
60 

r 7  1 he DCGLM~ is not a single value, but a family of values developed for the site using the scam 
modeling assumptions and parameter values but reducing the size of the area containing the 
acti14y. MARSSIM defines die ratio of the DCGLM to the DCGLW as the area factor. Sirice the 
scaii MDC is less h i  the DCGLY, the area factors do not aPfect the development aid design of thc 
release sunrey. In the event that small areas of elevated contamination are evideiit after 
remediation of die DUSA, conservative DCGL~CS will be developed based on the relative size of 
the areas a id  die guidance provided in “Maiiual for Conducting Radiologcal Surveys in Support of 
Lcense Termination”, NUliEG-584.9 (Reference 14) to determine die need for additioiial 
remediation. 

CONDITION LIMIT 
Loose Surfacc Coiitamiriatioii 
Fixed Contanination, Average 
Fixed Contamination, Maxiinurn 

< 1,000 (lpin/100 cm2 (a, l3) 
< 5,000 dpin/100 cm2 (a, l3) 
< 15,000 dem/100 cm2 (a. fl) 

The DUSA occupies approximately 50,000 m2. Areas with DU activity greater than 105 pCi/gm, 
as identified in die characterization report arid redefined in the confirmation suneys will be 
remediated (See Section 6, Rernediation Activities). MAliSSIM recommends that 1-emediated 
areas receive a survey unit desigiiatioii of Class 1. Areas of die DUSA tliat :ire 1-ernediated will be 
tlesigiiateetl as Class 1 areas. Areas of the DUSA that do not require remediatioil will be designated 
as Class 2 areas. The results of the characterization survey indicate that die majority of die 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. 

L 

DCGLL 
DCGLw 
DCGLnic 

Sunrcy units are areas of specified sizc and shape for which a separate decision will bc made 
whetlicr the unit attains the site-specific DCGLW. Survey units are formed by grouping contiguous 
sitc areas with a similar use history and the same classification. It is expected, based 011 the 
charactcrization results, that most of die DUSA will be classificd as Class 2. 

r 7  1 lie sample variability in the DUSA was estimated to be approximately 26 pCi/g using thc 
expected range of the data following remediation (0 pCi/g to 105 pCi/g) divided by four. Thc 
skliidard deviation for the characterization data less than 105 pci/g for the five rows on die 
characterization grid ranged from 11 pCi/g for row 5 (grids A5, 135, and C5) to 30 pCi/g for row 2 
(grids 22, 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 (Ll3GlI) as the activity where die user would 
like to luiow the probability of failing to release a “clean” survey unit For the DUSA the LBGli 
was selected to be 105 pCi/gm because this was die cut of1 for identifying areas h a t  require 
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remediation, so the probability of failing to release a site with activity below this level should be low. 
1 lic 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]/26). MAliSSIM recommends rounding down to 3.0 
when die relative shift exceeds 3. Therefore, 3.0 was used to determine die number of 
riicasuremeiits per sui-vey unit. The acceptable Type I and Type I1 decision error rates were 
sclccled a s  0.05. This means there is a 5% chalice that a survey unit with an actual coiicciitratioii 
of 190 pCi/g of DU would be determined to have a coriceiitratioii less tlian 190 pCi/g. It also 
meaiis that diere is a 5% chance that a survey unit with an actual concentration of 105 pCi/g would 
be detcnniiied to have a concentration greater dian 190 pCi/g. MARSSIM, Table 5.5, lists 14 
riieasuremeiits for a I-elative shift of 3.0 and decision error rates of 0.05. This ineaiis dial 14* 
samplcs will be collected in each Class 1 survey unit greater than 140 m2 a i d  in each Class 2 
survey unit. 

7 7  

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 tlie sui-vey unit size match die modeling assumptions used to develop the DCGLs. Sirice the 
ANL, report does not list the area of exposure used, the RESRAD default value of 10,000 m2 was 
used to divide the site into 5 Class 2 survey uiiib of approximately 60 x 180 metcrs. This valuc 
(10,000 in4 is consistent with the guidance found in MARSSIhd. These survey units will roughly 
coi-respond to the rows (Le., 1 through 5) of tlie characterization maps, adjusted to keep the areas 
approximately equal in size. The sunley units will be designated and marked for ideiitificatioii (c.g., 
color coded metal stakes) in the iiortli-west corner. (The DUSA does not lay perfectly aligned 
iiortli and south. The perpeiidicular fi-om die east-west axis will be designated as “Survey North”.) 
Eich s u n t y  unit will be subdivided and marked (e.g., color coded wood steaks) at ten meter 
intci-txls lor reference and establishment of sampling arid measurement locations. Two 400 in‘ 
areas will bc ideiitified aiid marked, in each Class 2 survey unit, as verification arcas. 1 hese areas 
will be raiidomly selected, but skewed to not coincide with Class 1 survey units (including (he 
“bullici-”) or structures. A GPS (Global Positioning Satellite) traclung system may be used during 
the gridding process to assisl in identifying grid locations. Example sample locations havc been 
determined aiid placed on the figures using a random-start triaiigular grid system. S,mple 
locations that fall witliiii structures or wiyithin Class 1 survey units (including tlie “buf‘i‘er”) will be 
eliminated arid replaced, if necessary, w ih  additioiial randomly selected locations to maink%iii Ihc 
correct number of measurements. 

r l  

Figurc 5.1 shows die expccted bouridarics of thc live Class 2 sunicy units. Figure 5.2 depicts thc 
expcctcd locatioiis of the Verification Areas Ivithiii chc Class 2 sui-vey unib. Figures 5.3 through 
5.7 show cxamples of sainplc locations on a random-start kiangalar grid in Class 2 sui-vcy units 1 
tlirough ti, respectively. The actual survey uiiit boundaries, areas, and sample locatioiis cannot be 
liiializcd uiitil after the remedial action support sui-icy when thc area classifications are finalizcd. 
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For remediation purposes, diere were diirteeii areas of coiicerii (Class 1 areas), i.e., one large area 
aiid twclve small areas. Due to proximity and orientation, for final survey planning purposcs these 
arcas correspond to three Class 1 survey units of greater than 1 OOm’. The exact dimensions of the 
units will be determined by Geld surveys (remedial action support surveys). For work planning 
purposes the large area is expected to be approximately 250 m2 with two smaller areas of 
approximately 120 in’ each. If, based on Iield conditions, isolated sinal1 areas exist outside the 
bouiids of these three areas, they will be marked a id  bounded as described below. While die 
Class 1 survey unit bounclaries cross over iiidividual Class 2 survey unit boundaries, all of the 
Class 1 survey units are i‘ully coiitained within Class 2 survey units. The area surrouiidiiig each 
Class 1 survey unit, in Class 2 survey units, will receive 100% scan coverage. The width of this 
“buffer” d l  be dependent upon die relative size of die Class 1 survey unit. At a minimum, die 
width of this area will be 10 % of die maximum dimension of die remediated area. The perimeter 
and interior of the Class 1 s u n q  units (including die “buffern) will be delineated aiid marked, as 
they kill within die Class 2 sun’ey units, using die same system as the Class 2 survey units. The 
Class 1 su i~ey  units and the associated “b~f’fer’~ will be differentiated from the Class 2 survey units 
using dilTereiit color boundary indicators (e.g., green stakes - Class 2, yellow stakes - huh-, red 
stakes - Class 1). The sample locatioiis will be Geld determined and placed using a randomstart 
triangular grid system. It is likely that some small areas of elevated activity will be ideiitified aiid 
rcmcdiated during the remedial aclioii support and verification survey with areas less than 140 m2. 
MARSSIM guidance states that special considerations may be iiecessary for laiid areas less tliari 
approximately 100 m2. Remediated areas smaller than 140 m2 aiid larger diaii 1 m2 will have one 
sample collected for every 10 in’. The number of sarnples will not be sufficient to support die 
assumptions of the statistical tests so these results will be compared directly to the DCGLw. Areas 
less dim 1 in‘ will not have any samples collected, but will receive a l-minute direct count \v ih  tlie 
iVaI(T1) detector. All Class 1 survey units will receive 100% scan coverage. Thc 1 m2 area is 
selected to correspond with the area of elevated activity used to develop die scanning sensitivity. A 
scaii speed of 0.5 mn/sec is expected to be able to identify a 1 m2 area widi a coiicenh-ation of 60 
pCi/g 95% of tlie time. 

-.* 

Figure 5.8 depicts die cxpectcd Class 1 sui-vey uiiits and their relationship to die Class 2 survey 
units. 

5.1.1.2 Structural Survey Units 
1 hci-e arc tcii structural survey units based on thc characterization survey data. (Two additional 
suri~cy units may be necessary based oii the results of tlic inaccessible area suncys of the security 
box interiors.) Survey units h a t  cxccedcd the characterization criteria are identified as Class 1 
survey units, the remaining surfaces are identified as Class 2 survey units. 

7 7  

Building A-7 will be divided into two survey units. The entire interior of the structure will bc 
corisitlcred as one Class 2 sui-vey unit. The ciitirc exterior of the building and thosc areas 
coiisidcrcd inaccessible during thc characterization survey will bc designated as one Class 1 sui-vcy 
uiiit. Figures 5.9 and 5.10 depicl the sui-vcy units for building A-7. 
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SURVEY UNIT SURVEY 
CLASS 

AI1 interior surfaces 2 

Building X-Ray 2 will be divided into six sun‘ey units. ‘I’he interior aiid exterior of’ the iiorlli wall 
will be desigiated as one Class 2 survey unit, as will the interior and exterior of the east wall. The 
interior and exterior of die south wall will be designated as one Class 1 survey unit, as will the 
interior and exterior of die west wall. The ceiling and roof will be designated as a Class 1 survey 
unit. T h e  filial survey unit (Class 1) will be comprised of the floor and the ground immediately 
(approximately 1 meter or the width of die excavation necessary to expose inaccessible surfaces) 
outside of the walls. Figures 5.1 1 through 5.16 depict the suilrey units for building X-Ray 2. 
Figurc 5.17 shows die Class 1, Iloor and ground, suney unit with the sample locations marked. 

A-7 
X-Ray 2 
X-Rav 2 

r 7  1 hc cxtcrior (aiid interior) surfaces of each Security Box will be dcsignated as a Class 2 survey 
unit. If corikxninalion is detcctcd during the survey of inacccssiblc arcas, the iritci-iors will be 
dcsignatcd as Class 1 survcy uniLs. Figurcs 5.18 and 5.19 depict thc sumcy units for Ihc Security 
Boxcs. 

All exterior and iiiaccessible surfaces 
South wall - interior and exterior 
West wall - interior and exterior 

1 
1 
1 

7 7  1 hc structural surfaccs will be gi-idded at 1 mcter intends for suncy pui-poscs. The grid lilies will 
be marked using a readily identifiable and repealable system (e.g., paint or chalk lines). The floor 
and cxtcrior g-round of X-Ray 2 will bc gi-idded using 1 meter grid intcnds, but trcatcd for 
sampling locatioii purposes as a Class 1 soil survey unit, Le., 14 locations placcd using a random- 
start triaiigular grid system. 

X-Ray 2 
X-Ray 2 
X-Ray 2 
X-Ray 2 
SecuritJr Box 1 
Security Box 1 
Securitv Box 2 

North wall - interior and exterior 2 
East wall - interior and exterior 2 
Ceiling and roof 1 
Floor (soil) and ground outside die walls 1 
Exterior 2 
Interior 
Exterior 2 

* 

I Security Box 2 I Interior 

* The classification of the interior surfaces of die Sccurity Boxes will be determined during 
die veriiication surveys taken during the licmcdiatiori Phase. If no contamiliation is 
dctectcd during the verification, they will be combined with the cxterior surfaccs as a Class 
2 sun’cy unit. If contamination is detccted, hey will be considcred as individual Class 1 
survcy units. 
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5.1.2 SURVEYS/SCANS OF CLASS 1 AREAS 

5.1.2.1 Soil Survey Units 
1 hc scan covcragc for cach Class 1 suilrey unit will tie 100%. This will bc docurncrited bascd on 
the sub-grids establishcd in the field layouts. This scan will be conductcd using a Ludlum Modcl 
2221 ivitli a Model 44-10 2 x 2 NaI(T1) Detector (or cquivalent) with a scan specd of lcss than 0.5 
m/s cc. 

7 7  

Dircct measurements using a Ludlum Model 2221 with a Model 44-10 2 x 2 NaI(T1) Detector (or 
cquivalcnt) will be taken at each sample location prior to collecting thc surface soil samplc. These 
dircct mcasuremcnts will be integrated one miiiutc counts. 

Dose i-atcs will bc obtaincd at cach samplc location using a Ludluin Model 19 pR inctcr (or 
ccluivaleiit). Dose rates will bc obhincd at contact witli thc surface prior to collcchilg die soil 
samplc and at waist level (1 meter). 

If, bascd 011 Iicld conditions, isolatcd small areas cxist outside the bounds of tlic tlu-ee anticipated 
Class 1 survcy units of greater tlian 100 In2, one direct measurement aiid dose rate point will bc 
markcd for each 10 m2 of surface area. Thcse direct measurement results will bc compared 
directly to die DCGLW and will not use tlie statistical tests to demonstrate compliancc and eligibility 
for release. A minimum of three measui-ements aiid dosc rates will bc obtaincd in cach limitcd 
arca idcntilictl. \.-- 

5.1.2.2 Structural Survey Units 
1 hc scan covci-agc for each Class 1 s u n q  unit will bc 100% using a Ludlum Model2221 witli a 
Modcl43-69 Gas Flow Proportional Dctcctor (or equivalent). This scan will be conduclcd at a 
scan spccd 1101 to cxcccd % probc widtli per sccond (approximately 2” pcr second). 

7 7  

A clircct incasuremenl will be obtained horn each 1 meter squarc grid, at the point of tlic higlicst 
scan count rate, using a Ludlum Model 2221 with a Model 43-69 Gas Flow Proportional Dctcctor 
(or cquidcnt). These direct measurements will bc integrated one rninutc counts. 

5.1.3 SAMPLES FROM CLASS 1 AREAS 

5.1.3.1 Soil Survey Units 
Surface soil samplcs will bc collectcd from cacli of the 14+ locations in cach Class 1 sun.ey units 
greater tlian 100 m‘. 

r _ l  1 liese samples will bc approximately 1 kg (2.2 lb) from tlic top six inches of soil at tlie sampling 
location. 
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Tlic sampling tool (e.g., garden trowel) will bc cleaiicd betwecn sainplcs to prevent cross 
contiinination of samples. 

Chain-of-Custody (COC) will be estkdished and maintained in accordance wid1 ATG Ficld 
Opcratiiig Procedures (Appendix 3) .  

Samplcs analysis will include gamma spectroscopy on all samples (42) and alpha spectroscopy 011 

15% ofthc samplcs (7). 

5.1.3.2 Structural Survey Units 

A 100 crn2 smcar (swipe) sample will bc obtaincd from each square meter grid for stmctural Class 
1 suncy units. 

Srncar samples will be ficld couiitcd usiiig a Ludlum Model 2221 with a Model 44-9 GM Detector 
(or equivalent) and returncd to tlic office arca for analysis d i  a Ludlum Modcl 2929 Scaler widi a 
Model 43-1 0-1 %nS(Ag)/plastic Scintillation Detector (or equivalent). 

Mcdia samplcs will be obtained from each Class 1 sunrcy unit including: core bore samplcs and/or 
chips from thc concrete surfaces, pieces of steel (approximately 100 cm2 samples), and soil from 
llie soil surfaccs of X-Ray 2. Anticipatcd distribution of samplcs is: soil 14, conci-etc 4, and steel 
2) .  ‘A 

7 7  I Iic lloor a id  exterior grounds of X-Ray 2 will be gridded using 1 mcter grids and sarnplcd using 
die protocol cstablishcd for thc Class 1 soil suncy units, Le., 14 soil sainplcs from locations field 
dctcrmined and placed using a random-skirt triangular grid system. 

Chain-of-Custody (COC) will be established and maintained for incdia samplcs in accoi-dance widl 
ATG Ficld Opcratiiig Procedures. 

Samplcs analysis will include alpha and gamma spectroscopy on all samplcs (20). 

Tlic rcleasc limits idciitiiicd in Tablc 5.2 will be uscd for the purpose of disposing of materials 
clcarcd by thc above noted sumcy methods. Depending 011 NliC rcquireinents, site-spccific 
surlacc contamination limits may bc deiclopcd usiiig other tools, such as 1iESBUILD and DaidD. 

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 (exclusivc of: area taken up by structurcs, Class 1 
sun’cy units, and vcrification areas), will be a minimum of 10%. The minimum scan coverage of 
10% is cxpccted to be adequatc for the Class 2 areas bccause a scan sunrey with 100% coveragc 
was performcd as pait of the characterization. The 10% scan coverage in tlie Class 2 survey units 
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and Ihc 100% scan coverage in the verification areas will bc performed to vcrify tlic rcsults of the 
cliaracterization survey and provide an addihonal lcvel of codidelice that all areas of coiicerii haw 
becii idciitilicd arid addressed. This will bc documented based 011 the sub-grids established in the 
ficld layouts. This scan will be conducted using a Ludlum Model 2221 witli a Model 44-10 2 2; 2 
NaI(T1) Dctcctor (or cquivalcnt) with a scan speed of  lcss tliaii 0.5 m/scc. 

r 7  I he scaii coverage for each verificatioii area (2 ea. 400 in2 areas per Class 2 survey unit) will be 
100%. This will be documented based on the sub-grids established in the field layouts. This scan 
will be conducted using a Ludlurn Model 2221 with a Model 4<4‘-10 2 x 2 NaI(T1) Detector (or 
cquivalcnt) with a scan speed of less than 0.5 m/sec. Suspect areas, Le., readings greater than the 
field action level, will be flagged for further iiivestigatioii. 

llirect measurcmciits using a Ludlum Model 2221 with a Model 44-10 2 x 2 NaI(T1) Dctcctol- (or 
equiwlent) will bc kiken at each samplc location prior to collecting die surfacc soil samplc. These 
(111-cct incasurcincnts will bc intcgratcd oiic minute counts. 

Dosc ratcs will bc obtained at each sample locatioii (including suspect spots ideritiIied in tlic 
vcrification areas) using a Ludlum Model 19 pli mctcr (or equivalent). Dosc ratcs will be obtaiiicd 
at contact with die surface prior LO collecting thc soil samplc arid at waist level (1 meter). 

5.1.4.2 Structural Survey Units 
I lie scan coverage for each Class 2 survcy unit will be 100% using a Ludlum Modcl 2221 with a 
Model 4<3-69 Gas Flow Proportional Dctector (or equivalcnt). This scan will be coiiductcd at a 
scan speed not to cxcccd Y2 probc width per second (approximately 2 pcr second). 

L r 7  

NOTE: The scan covcragc for uiircstrictcd relcase, in accordaricc with licfcrciiccs 4+ arid 5, is 
iiitcndcd to cncompass 100% of tlic surface. If tlic documentation of tlic vcriiication of 
charactcrization and rcmedial action support surveys eiicompasscs 100% of die surface, a 10% 
scan arid rcfcrcncc to diose survcys will bc considered to meet the intent of tlic regulations. 

A dirccl incasui-cmeiit will be obtaiiied from cach 1 metcr square grid, at thc point of tlic highest 
scan count ratc, using a Ludlum Model 222 1 with a Model 43-69 Gas Flow Proportional Detcctor 
(or equivalent). Tliesc dircct mcasurcmeiits will be integrated oiic minute counts. 

5.1.5 SAMPLES FROM CLASS 2 AREAS 

5.1.5.1 Soil Survey Units 
Surkice soil sarnplcs will bc collectcd from each of thc 14* locations in cach of the 5 Class 2 survcy 
units. 
Surface soil samples will also bc collected, for iiiveshgative purposcs, from any suspcct spots 
identified in tlic verific a ti on areas. 
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Thesc samples will bc approximatcly 1 kg (2.2 1b) from tlie top six inches of soil at thc sampling 
locallon. 

The sampling tool (e.g., garden trowel) will be cleaned between samples to prevciit cross 
cont;lminatioii of samples. 

Chain-of-Custody (COC) will be cstablishcd and inailitailled in accordaiicc with ATG Ficld 
Opcratiiig Proccdures. 

Samplcs analysis will iiiclude gamma spcctroscopy oii all samplcs (70) and alpha spectroscopy 011 

15% of tlic sainplcs (1 1). The total iiumbcr of samples submittcd for alpha spcctroscopy may be 
rcwscd if it can be sliomi that a lesscr number of samplcs will not impact the quality of the dak? and 
iiitcrprctation of the results in confirining that D&D objectivcs have been mct. 

Samples aiialysis will include gamma spectroscopy on all samples and alpha spcctroscopy 011 15% 
01' the samplcs collected foi- iincstigativc purposes. 

5.1.5.2 Structural Survey Units 
A 100 cin' smcar (sivipc) samplc will bc obkiiiied from each square meter grid for structural Class 
2 sui-vcy uiiits. 

L Sinear samples will bc field counted using a Ludlum Model 2221 with a Model 44-9 GM Detcctor 
(or cqui-valent) and rcturiied to die office arca for analysis witli a Ludlum Modcl 2929 Scalcr ividi a 
Nlodcl 43-1 0- 1 ZnS (Ag)/plastic Sciiitillatioii Detectoi- (or cquivaleiit). 

5.2 BACKGROUND AND QUALITY ASSURANCE SURVEYS 

In ordci- to eiisure quality, measurcs will be instituted to evaluate all ficld measurements and 
corresponding analyses for sainplcs sciit OUL to an off site laboratory. In addition, iiishvmeiit 
rcspoiiscs will bc bencli-marked during mobilizatioii to dctermirie background couritiiig i-atcs, aiid 
to dcvclop instrument specific relationships, c.g., cprn vs. pCi/g, uli/hi- vs. pCi/gin. Thcsc 
relationships will bc used to delelop and cstablisli "field action levels" to gvidc die D&D aiid die 
liiial status surveys. 

Thesc iiistruineiit relationships ivill be dcvelopcd i-clating thc respoiisc (cpm or uli/lii-) to luioivii 
soil coiitarniiiatiori levels (pCi/g). A series of rcgressioii aiialyses will be dcveloped to cxpress die 
response to speciiic measureincnt geometry, soil matrix, aiid surfacc condition. Iiistrumeiit 
I-csponse may be expressed as a poivci- fuiictioii in the form: 

CD" - - a (cpm or uR/lir)", where: 

C D U  - - Lab derived DU soil concentration, pCi/g, 
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cpm, uW1r = Iiistrumcnt rcspoiisc, net cpm or uR/hr, corrcsponding to sampling 
location, 

a, b - - Regression coefficicnts, qualified with coeff icieiits of dctermination, 
r .  2 

These relatioiisliips will take into account that the associated uncertainty between field and 
laboratory analyses will iiicrease a s  radioactivity lei& decrease. A total of 25 samplcs will be 
collccted for this purpose and sent out for gamma arid alpha spectroscopy analysis. In addressing 
tliis aspcct, the melhod will identify ways to compensate for tliese uncertainties, e.g., increasing 
couritiiig times for fixed integrated measuremerits or decreasing scan rate. 1 liese relationships 
txtweeii soil activity levels and instrumelit 1-esponsc will be full documented to widistarid technical 
and regulatory scrutiny. 

7 7  

Tlic pcrformaice of the scanning and direct measurement insminerits will bc monitored in die 
k l d  using daily performaiicc checks and background plotted on control charts. The pcrformaiicc 
of the rneasuremeiit system will be evaluated by replicating 5% of the direct measurements and 
sc;111s. 

r ,  1 he depth of conhmiiiatiori on concrete and steel surfaces aiid ideiitifjriiig ai appropriate 
tnckground uiidcr iield coiiditioiis will be addressed as a part of die D&D/ER process. Small test 
areas (ix., 1 m9 will be ideiitificd on the interior and exterior of Building A-7. Thc existirig 
conditions will be documented with 5 direct readings from the surface(s). A thin layer will be 
removed by scabbliiig (or other surface removal technique) a id  the measurements will be 
repeated. This process will be repeated until all 5 readings are less than 500 cpm (ix., die 
estimated background plus 1.5 standard deviations). Once the depth of coiitamiriatioii has been 
determined for each area, these areas will provide a background reference area. At least 30 direct 
ineasuremeiits will be performed in the reference areas to estimate the background for refereiice 
and data cvaluation. 

L. 

The analytical laboratory will provide infoi-matioii oii die historical performancc of tlic alpha and 
gamma spectroscopy procedures and demonstrate that the measuring systems were operating 
ivitliin these historical parameters during die analysis of surface soil samples. In addition, 25 
collocated surface soil samples will be collected aiid seiit to die laboratory for analysis. These 
sarnples locations will be randomly selected from the Class 1 aiid Class 2 filial s h t u s  survey 
locations. (Analysis will replicate the analysis of' die original sample.) These collocated samples 
will be used to provide an estimate of tlie overall precision associated with die survey design for the 
exterior survey units. The results of these analyses will be used to evaluate the overall uiicertaiiity 
associaled with the decisions made based on the survey results. 

5.3 SAMPLE ANALYSIS 
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SAMPLE APPROXIMATE 
TYPE/LOCATION NUMBER * 

Class 1 Survey Units 44 2 

Class 2 Survey Units 70 

Q.4 Collocated 25 

QA Kelatioiiship 25 

Iiives tigatirre 50 

Structural (Includes Soil) 20 

Allied Tcclinology Group, Iiic. 
APG - 1lUSA Decommissioning Plan Rev. 1 March 24, 2000 

ANALYSIS 
REQUIRED 

Gamma Spcc - 100% (42) 
Alpha Spcc - 15% (7) 
Gamma Spec - 100% (70) 

Gamma Spec - 100% (25) 

Gamma Spcc - 100% (25) 

Gamma Spec - 100% (50) 
Alpha Spec - 15% (8) 
G,mma Spec - 100% (20) 
Alpha Spec - 100% (20) 

Alpha Spcc - 15% (1 1) 

Alpha Spcc - 15% (44 

Alpha Spcc - 100% (25) 

c 1  1 ablc 5.44 provides a recap of tlic analysis rcquircd on tlie soil samplcs taken to demonstmte 
compliance with the DCGLs. Thcse sainplcs iiiclude final status suncy samplcs, iiircstigativc 
samples, survey dcsign pi-ecision estimation, and instrument relationships. 

5.4 IDENTIFICATION OF MAJOR CONTAMINANT 

Bascd upon available iiiformatioii aiid hstoric assessment of site operations and on die results of 
tlic 1996 characterization surveys and sampling the significant radiological contaminate in the 
Transonic Range Dcpleted Uranium Study Area (DUSA) has been detcrmiricd to be Depleted 
Uranium (DU). The isotopic diskibutioiis of U-234, U-235, arid U-238 appear to bc tliosc 
dcscribed for DU siiice die U-238 activity is grcatcr lhan 80% with U-23$ at lcss tlian 20%. If thc 
acti\ity wcre natural uranium tlie U-238 and U-234 activities would be equal, siiice thc daughtcr, 
U-234,, would bc in natural equilibrium with die parent, U-238. 

For this cffort, tlie radioiiuclidcs of coiiccrii from the DU are U-238, U-234, Th-234, Pr-234, and 
Pr-234m. Thc rrhorium aiid 1’i-otiKlinium isotopcs arc sliort l i d  daughter products from chc 
decay of U-238. 
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CONDITION 

hllicd Tcchnology Group, Inc. 
APG - DUSA Decommissioning Plai Rcv. 1 March 24,2000 

LIMIT 

Characterization samples were. also analyzed for gamma emitting radioiiuclides arid Tecliiiecium 
99 (Tc-99). No other significant gamma emitting radionuclides were detected. Tc-99 was not 
dctccted in the smplc. 

h o s e  Surface Conkmination 
Fixed Contamination, Avcrage 
Fixed Contamination, Maximum 

0 1 1  thc basis of tlic combination of containiiiatcs, the DCGLs for building, cquipmciit, aid 
material surfaccs are coiisidercd to be equivalciil to tlie accephblc surface conixniiiatioii lcvcls for 
Uranium listcd in Table 6-4 of Refcrcnce 5. Thesc levcls are recapped in Table 5.5. 

< 1,000 dpm/100cm2 (a, R) 
< 5,000 dpm/100cm2 (a, 13) 
< 15,000 dpm/100cm2 (a, B) 

DCGLL 
DCGLw 
DCGLmc 
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6.0 RADIOACTIVE WASTE MANAGEMENT v 

All equipment, supplies, and materials leaving die site will be surveyed in accordance with die 
protocol established in ATG Field Operating Procedures (Appendix 3). Release limits will be 
thosc esbblished in DG 4006, Demonstrating Compliance with the Radiological Criteria for 
License Termination (Reference 4) arid Army Regulation EM 385-1-80. Equipment, supplies, and 
malerials riot mectirig die free release criteria will be decontaminated or disposed or as radioactive 
was Le. 

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 desicaiit prior to shipment of die remediated material for 
disposal. If liquid samples are required, hey will be performed in accordance with ATG Geld 
Operating Procedures which are based on the regulations and limitations of 10 CFR 20 (Reference 
13). 

No airborne eIllueiits arc expected LO bc gciieratcd as a result of’ this projcct. Howcvcr, an h r  
Sampling Program will bc established in accordaiicc witli Sectioii 4 of this Work Plan and 
Appciidix 3. The 1-csults of die samplcs will be used to document compliance i v i h  10 CFli 20. 

Approximately 2,500 ft3 of solid radioactive waste (soil aiid debris) is anticipated to bc gcncrated as 
a rcsult of this projcct. Based on thc characterization data, therc arc 110 othcr hazardous 
compoiieiits tliat would rcsult in the ivastc being classiIied as a mixed waste. This data will bc 
\wilied prior to packaging aid disposal oftlie waste generated in tlic remediation proccss. This 
waste will bc liandlcd, packaged, storcd, and disposed of as follows. 

\u 

7 7  1 hc highest samplc activity, rccordcd iii dic characterization data, was 4.23 E5 pCi.g. While thc 
;mticip;itcd averagc concentration is much lowcr, h i s  activity will bc uscd for planning purposcs. 

‘l’he waste gcnerated from this projcct will be packagcd in hard covered roll-off coritaiiicrs with a 6 
mil liricr. These containers will be stagcd in the loading area on transport trucks or on clearcd 
ground. Staging will be based 011 field conditions. 

Coiitajiiers will be covered and sealed upon completion of loading. All partially full coiitaincrs will 
be covcred at thc end of the work day, or if work is suspended for more than 2 hours. 

All cxtcrior surfaces of the coiitaincrs, and Uic transport vehicles, will be vel-ilicd to bc frec of loosc 
surfacc contaminatioii prior to rcmoval from h c  DUSA. 

If on-sitc storagc is nccessary prior to shipment, tlic storage area will bc barriercd arid postcd 
“liadioactive Materials Storage Area” aiid Authorized Enby Only”. 

All corihiiiers will be suneyed prior to shipmcnt in accordance with ATG Field Operating 
Procedurcs and in compliaiice witli 49 CFR 17 1 - 179 (Reference 15). Maximum cxpcctcd dose 
ratcs on die cxtenor of the containers is 1,000 uR/hr. The general arca (30 cm) dose ratc is 
anticipated to be betwcen 20 and 100 uR/hr, depciidiiig on thc distribution of DU inside the 
conl;llllcr. 

v 
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The full coiilaiiiers will be transported from APG to a rail spur for trans-shipment (or 
dircclly on the transport truck) to WCS of Texas or other licensed and appro~wl disposal 
site. Tlic final mode of transportation will be field determined. 

N1 shipments will meet the DOT requirements of Reference 15 and comply midi die IOC 
Staiidarcl Operating Procedure - Shipping Procedure for Uiiwanted liadioactive Material, 
(Reference 16). In addition, all activities associated with packaging, loading, sui-vcy, arid 
shipment will be conducted in accordaiice with the ATG Field Operating Procedures. 

Thc broker for this wastc will be IOC approvcd in accordaiice with Refei-ciicc 16. 

0 It is aiihcipated that all tvastc gciierated during tlis project will be slipped bcforc thc ciid of 
the projcct. 



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

7.0 SELECTED PROCEDURES AND EQUIPMENT b 

7.1 INSTRUMENTATION 

7.1.1 CALIBRATION 

Electronic and sourcc calibratioiis of Gcld iiistrumciits used for decommissioning aiid unrcstrictcd 
releasc of facilities arid sites will be performcd by die manufacturer or by anothcr appi-oved vcndor 
laboratory. 

c 7  I liird party analytical laboratories will pi-o\de iiiformatioii oil Ihc calibrahon and historical 
pcrformaiicc of aiialytical cquipmeiit and demonstrate that the measurcmcirt systcm was operating 
within thcsc parameters duriiig Ihc analysis of project samplcs. 

Copies of thc calibration data will bc maiiitaiiicd in thc field officc as a part of thc field iiish-umeilt 
control data file. 

7.1.2 CORRELATION 

Instrumelit responses will be bcnchmarked, on a projcct specific basis during mobilizatioii aiid 
sctup, LO dctcrmiile backgrouiid rates and establish iiistrumeiit specific rclationships (e.g., cpin vs. 
pCi/gm and/or ulVhr vs. pCi/gm) used to establish Geld action levels arid end points. 

Tllesc respoiiscs will be documciited as a part of the Iield iiistrumeiit control data Glc. 
L 

7.1.3 DAILY RESPONSE 

All Iield iiistrumciits will be respoiisc checkcd on a daily basis. The minimum chccks will include: 
a visual surl’ey for physical damage, a vci-ificatioii h a t  the calibration arid pcrformaiice chcck 
stickers ai-c i i i t x t ,  vcriiicatioii h a t  die instrument is in calibration, i.c., the calibratioii due date has 
iiot passcd, a battci-y chcck, aiid respoiisc check to a known source. 

Thc rcsponse check dala will be rccorded in accordance with ATG Ficld Operating Procedures, 
Appendix 3, on ATGF-003. 

The background aid source check data for lield aid laboratory instruments will be plottcd 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 bc replicated. The locatioiis of replicate measurements will be dctermiiied on a biased 
randoin basis. 
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Indicated Meter Detector Detector 
Use Type 

AlIlliil Suncy Ludlum Ludlum Sciiitillator 

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

Minimum 
Efficiency Detectable 

Concentration 
15 % 90 dpm/l00 an2 

7.1.4 OPERATION 

Alpha Sunfey 

Bcta Suncy  

Field iiistrumciits will bc operated in accordaiice with the ATG Field Operatiiig Procedures. 

Model 3 $3-65 ZiiS(Ag) 
Ludlum Ludlum Gas Flow 15 % 50 dpm/100 cm2 
Model 2221 43-68 Proportional 
Ludlum Ludlum G-M 20 % 1080 d p d 1 0 0  cm2 

Iiistruments obtained for use on a specific project, (e.g., leased, borrowcd) h a t  are not a part of the 
ATG inventory, will bc operatcd in accordance with thc operating procedure provided by the 
\~cndor/owiier. 

13eh Suney 

7.2 INSTRUMENT SELECTION 

Model 3 4s4-9 
Ludlurn Ludlum Gas Flow 20 % 4.20 dpmn/100 cm2 

To ensure quality of measuremeiiki and lhat the measurements meet the intent of the applicable 
g-uidcliiies and regulations (ix., can detcct die levels of radioactivity required for relcase), 
ii~s~-urnciits for die DUSA project have been selected using die rele\mt guidelines of “Multi- 
Agency Iiadiatioii Survey and Site Investigation Manual” (MARSSIM), NUREG-1575, (Reference 
10) and “Minimum Detectable Concentdons with Typical Radiation Survey Instruments for 
Various Contaminates and Field Conditions”, NIJlIEG-1507, (lieference 17). 

Allilia Sui-facc 

Tablc 6.1 lists llic instruments to be uscd for tlie DUSA sun’cy activitics along with tplcal 
opcrating paramctci-s. While specific Typcs/Models of iiistrumeiits and detcctors are listcd, this 
does not preclude the use of equivalent mekrs or detectors. Substitution may be made for a uricty 
of reasons includiiig equipmciit availability and opcrational coiisidcrations. 

Model 2221 43-68 Proportioiial 
Ludlum Ludlum Scintillator 35 % 1\50 dpm/100 cm2 

Achri ty 
Ucci Surface 
Activity 
Gamma Scan 

Gamma 
Dosc liatc 

Model 2929 43-10-1 ZnS (Ag)/Plast. 
Ludlurn Ludlum Scintillator 30 % 727 dpm/100 cm2 
Model 2929 43-10-1 ZiiS (Ag)/Plast. 
Ludlum Ludlum Scintillator N/A 56 pCi/gm 
Model 2221 44-10 2 x 2 NaI(TT1) 
Ludlum Integral Scintillator N/A 1 uR/hr 
Model 19 1 x 1 NaI(T1) 
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APPENDIX D 
APG TRANSONIC DUSA FSS SOIL SAMPLE 

I I I I I I I 

Notes: 
( I )  "U" result is less than the sample specific MDC or less than the associated TPU 

'2'U-238 results are inferred via measurement of Th-234 progeny, assuming full equilibrium 
(I) Total Propagated Uncertainty 
(4) TPU reported at the 95% confidence level 
(" Minimum Detectable Concentration 
(6) Sample Field ID 287 was renamed 62a; results unchanged 

"LT" result is less than the requested MDC; greater than the sample specific MDC 

APG Transonic DUSA FSS Final Report Appendix D 7 



Appe, JX D 
APG - Transonic DUSA 

Alpha Spectroscopy Results 

Notes: 

( I )  "LT" result is less than the requested MDC; greater than the sample specific MDC in sample ID 229 
(2) U-238 results are inferred via measurement of Th-234 progeny, assuming full equilibrium 
(3) Total Propagated Uncertainty 
(4) Errors reported at the 95% confidence level 
( 5 )  Minimum Detectable Concentration 

APG Transonic DSUA FSS Final Report 
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Duplicate Soil Sample Analysis 2-Score Results 
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APPENDIX E 
APG Transonic DUSA Replicate Soil Sample Analysis Z-Score Results 

Paragon 
Initial 

Sample 
Value 

I I 
Paragon 
Duplicate 

Twos Sample Twos 
Error of Value 234Th, Error of 

Fail if Z- 
score > 
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Appendix F 

APG Transonic NaI 3 x 3 Scan for DU 

Tables 1 through 5 
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APPENDIX F 
APG Transonic Nal3 x 3 Scan for DU 

20 

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

0.516 0.0969 

TABLE 1 

I I E R  Energy,. keV ~u~JoL, , ,  cmZ/q 
15 1 2 9  n 1-1517 

30 0.147 0.2268 
40 
50 
60 
80 

through end of detector for given energy is 

~ 

0.064 0.3906 
0.0384 0.5208 
0.0292 0.5708 
0.0236 0.5297 

Enerav.,. keV P JuIo)N.I, cm'lq - 
15 47.4 1 .oo 

30 
40 
5n 

7.45 1 .oo 
19.3 1 .oo 
i n  7 I nn 

60 6.62 I .oo 
80 I 3.12 1 .oo 



APPENDIX F 
APG Transonic Nal3 x 3 Scan for DU 

for Ludlum 3x3 Model 44-20 7.6 cm dia x 7.6 cm thick Nal crystal 
x = 7.6 cm 
p = 3.67 g/cm3 

use aluminum window per Ludlum -0.05 inch thick 

Relative Detector Response 

Estimated Ludlum 44-20 7.6 cm dia x 7.6 cm thick Nal response for Cs-137 is 2700 

Use same methodology and interpolating for Cs-137 response have: 

cpmluRlhr 

Energy,, keV (Uen/P)a,r, cm% 
662 0.0294 

Energy,, keV ( P / P ) N ~ ~ ,  cm% 

662 0.0780 

FRER - 

Probability = 

RDR = 

0.0514 

0.89 

0.0455 



APPENDIX F 
APG Transonic Nal3 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-I 37 energy 
cpml!-Mh, Ei = (c~m,,.,,,)*(RDR~i)l(RDRc,.i37) 

MDC for Cs-137 energy 

Assume 10 FRlhr bkg then have 27,000 cpm 

minimum detectable exposure rate = 

450 
MDCR = 1756 

MDCR,",,, = 2484 

b. = 

0.92 WRlhr 



APPENDIX F 
APG Transonic Nal3 x 3 Scan for DU 

Table 5 

Microshield Exposure Rate, I Percent of 
Nal detector 

600 1.309E-04 3005 53 0.6% 
800 9.470E-04 21 75 279 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% 

Minimum Detectable Exposure Rate = 

MDCR surveyorl(cpmlpr/hr) 
0.281 prlhr 

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

Scan MDC = (Assumed MDC UTOTALConc) x (Exposure Rate MDCRs,,,,)/(Exposure Rateassumed Cone) 

Scan MDC = 38.08 pCi/g 

c 
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Instrument Calibration Control Data 
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lnst.#176952 
QC Dailv Source I 

APG-Transonic 

Appendix G 
QC Data 

_ _  _... 

3/27/2003 45084 
3/27/2003 
3/27/2003 44477 
3/27/2003 
3/27/2003 
3/27/2003 
3/27/2003 44616 
312712003 
3/27/2003 44677 

Average 
44665 

App G TNew General Countrate Meter QC.xls-44-20 Inst.#l76952 
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APG-Transonic 

Appendix G 
QC Data 

App G TNew General Countrate Meter QC.xls-44-20 Inst.#l74945(B) 



Appendix G 
QC Data 

Inst.#161581 

esu t cpm 
4/2/2003 42265 
4/2/2003 421 38 

L 

APG-Transonic 
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9f P O 3  OFFICE BOX 81 0 PH. 915235-5494 

CERT/FICATE OF CALlBRATlON 501 OAK STREET FAX NO. 915-2354672 
SWEETVVATEI?, TEXAS 79556. U.S.A, 

v 
CUSTOMER CABRERA SEm/lCS- ,- ORDER NO. 28531 9 3 1 2 w  

Mfg. Ludlum M e ~ ~ ~ u r e  mO:?h, !K.. ___ Model 44-20 serial NO. FR ,7.3.5 i S 
Cal. Date SSePl2," .-,- Cal Cue Date 5-SerMN Cd. Interval 1 Ysor Metwfuce 202-1519 

Check mark dappiles to appllcc ?sir. ondlor Uetemr IAW mlg. spec. T. ' 77- "F R H A %  Aif 703.8 rnmflg 
E New Instrument Requiring Repair Omer-See comments 
a Mechcniccl ck. 

Ludlun Measurem Model 2221 Sei-ialNo, IG I 5 . Y  I , , 

Insrrumerr! l ixsived d w l m l n  Tder. +-lo95 0 10-2wb 0 Out of ToJ. 
0 Background Subtrad a Input Sens. unearity ---7 .< iv?eTt"r Zeroed .. . ,. 

F/SRe@.ck ~--. J :iewck. @ Window Op8raffOn Geotropism 
udio ck. ; .m.irn7 SeNng ck. Mtt. ck. (MI?- Volt) 5.0 VDC 

Calibrated In accordance \vi Mi SUP 14.8 rev 12/M/89. Callbrated In a c c o r d a n c e  with LMI SOP 14.9 rev 02/07/97. 
Ylyeshold mV 

v at io rnv D i a l R ~ f l o  100 = 1g - 
k?* 

Instrument Volt Set 1250 ',.; 'iyut Sens.  10 mV Det. Oper. 1250 

a HV Readout (2 points: !?:: ,%ci. .yCo J 2 V Ref./tnst. .gaC? 1 2000 v 
. .  , .  . .  . . .  . . .  

. .  . 0. 
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:. . .. . I .  . .  
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AFBCA ENVIRONMENTAL PAGE Ei2 09/39/2882 ll:B? 91€€435888 

VI POST OFFICE BOX 81 0 PH: 91 5-2355494 
Sclentlflc and tndatrbl CERTiFICA TE OF CA lBRA TlON 501 OAK STREET FAX NO. g15-235-4672 Imrurnem 

SWEETWATER. TEXAS 79556, U.S,A. 
CUSTOMER CAaRERA SERVCES ORDER NO. 2861 49126691 3 - Mi$;. Ludlurn Measurements. lnc. Model 222 1 Serial NO. [ 7 4 CT Y .5 
ivlig. L u m m x w m u e m e n  ts, Inc. M o d e l  4-20 Serial N~.B 18 ,? rt uy. 
Cnl. Cote 24S-e&@ CaI Due Dats 2P-Sep-03 Cat. Interval 1 Year Meterface 202- 
heck rriork gapplies to applicable instr. andlcr deieclQr IAW mfg. spec. T. 72 'F RH 37 Sb AP 705.8 mm big 

! -.., I New Instrument 
;fi blechaniccl ck. Meter Zeroed !I Gockground Subtract 

F/S Resp. ck jz Addlock. a Alarm Setling ck. Butt. ck. (Mln. Volt) 5,O ,"TIC 
9CZ:lbrated In accordance wlth LMI SOP 14.8 r9v 12/05/89. 

lsirument VoltSot I I 5 0  v inputSens. , f 0 rnV Bet. Oper: f 150 V at ! 0 rnV Dia! Ratio&O = 10 mV 

.-. Instrument Received m M l n  Toler. t1 G% a 10.2C% D Out of Tol. 0 Requiring Repalr Other-See comments 
Input Sens. Llneariiy - 

Resetck. Wlndow Operatton' Geotropism ,.-_ 

(3 Calibrated In accordance wl'th LMI SOP 18.9 rev 02/07/97. 
Threshold 

a t4V Readout (2 points) Ref./[nst; Lt 9 ? / , V R E f . / l n S t . 2 0 0 , 3  /A. v 
-. 

. .  .'. .. . .  SQMMENTS: . . .  
Peak sett inqs : . Gr,o,s? 'G3,cnts , . . ,Wodei '222:1. C U r . r - e n t i \ l  set . . . " 

for Gko&S Cevnt .5  
Nigh voltacje s e t  w i t h  detector 

Eiiph Vo::age: 780 1150 
Thrsshclid dial: 642 100 (1Dmv) 

Window dial: 40 n/i: 

Iesolu-iion fcx Cs137: = 11.7 % il/a 
Nindar Poslticn: "IN" "GUT" 

i, 

0 Neutron Am- id1  He S/N T304 



89:30/2302 :I: a2 9166i135am AFBCA ENVIRONMFNThI POGF GI? 

LUDLUM MEASUREMENTS, fNC. 
DwgnQr and Mcnufocrurer POST OFFICE BOX 81 0 PH. 91 5-2355494 

FAX NO. 91 5-2354672 or 501 OAK STREET 
Sqc-,ti:ic and industrial 

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

- 
u 

Bench Te5t Datu For Defector 

Detector d.4-20 Serial  NO.^&! 
Cuslomer CABRERA SERVICES Order #. 286149/266913 

4 5  Counter Input Sensltivlty 10 mV Counter .2221 Serial NO. I 7 Y 9 
Count Time (n~~p-(*..  Distance Source to Detector &.J P7% r e. 

Signature Date 2 7 -,5 ,-= ,, , - 0 2  



Designbr and Munvfociunr LUDLUM MEASUREMENTS, 1K. ~ 

of posr OFFICE BOX 81 o PH. 91 smsaw 
CE/?T/F!CATE OF CALIBRA77ON 501 OAK STREET FAX NO. 915235.4672 

SWEETWATER, TEXAS 79556, U.S.A. 
287U5f 267454 u 

CUSTOMER CABERA SERVICES ORDER NO 
MfQ. Ludlum M e w  rements. lnc Model 2227 Serjal ~ o . - j S i .  
Mfg. 

l8-0d- Cal, Intwval 1 Year Meterface 262-159 Cal D a t e  1 rnctQ2 Col Due Date 03 

0 New Instrument Requlrlng Repair 3 Other-See comments 
[;II Mechanlcal c k ,  MeferZeroed 0 Background Subtract lJ' Input Sens. Unearlty 
p , c k  Resetck. pJ Window Operatien Geokoplsm 

Ludlum Meusurement6Jnc. Model 44-20 Serlol NoP 9 ! 3 9 5 .F 

Zheck murk dapplles fo oppllcable lostr andlor detector IAW rnfg. spec. T. 78 O F  RH 39 x At- 6 9 9 8 m H g  
Instrummnf Received &der. +-lo95 0 10-20% 0 Out of Tol. 

a Alarm Settlng ck. &r Butt Ck. (Mln. Volt) 5.0 W C  
Callbrated In accordance with MI SOP 14.9 rev 02/07/97. alibrcrtsd in accordance with LMI SOP 14.8 rev 12/05/89. 

Threshold mV 
instrument Volt S t  &3 M=@V Input Sens. ffmh@?& Det. O p e r w  V e &&mV Diol Ratio I 0 = 10 

HV Readout (2 points) Ref./lnst 4 4 7  l V Ref./h$. f qh /.2ooo V 

COMMENTS: 
Gross Cou ts Model 2221  currently set  

I I S O f  for  GLOSS- cbonrS. 
Peak set t ings  

Klgh voltage: 7 3 @  
Threshold dial: 642 100 (1Omv) High voltage set with detector 

Window dial: 40 n/a connected. 
window Position: "TN" "our" 

RtSOlUtiQn for Cs137: 0 1 24% n/a Firmware: z G  I 0 47 

Reference Instruments and/or Sources: 
Cs-l37GcmmaS/N 07162 0 6 1 1 2  [7NIS45 m5105 U T l O O S  nT879 UE552 DE551 

AlphaS/N a BetaS/N 0 Other 

iJ' m 500 S/N Multlrneter S/N 8Q&lO3oa 

Collbroted By: D a t e  f8-5~f-O 
Revlswed By, Date 2 2  DO 0% 
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LUDLUM MEASUREMENTS, INC. 
Designer and Manufucrursr POST OFFICE BOX 810 PH. 915-235-5494 

FAX NO. 91 5-235-4672 501 OAKSTREET 
SWE€IWATER TEXAS 79556, USA, 

Of 
%iantific and Industrial 

Ihstrmnts , 

Bench Test Data For Defecfoor 

Detector 4.4-20 Serial NO,- J Y 05 
C h t O m e r  CABERA SERVfCES Order #, 287245/267454 

Counter 2221 Serial N o . & S F  Counter Input SensWlvlty to mV 

Count Time 6 .5 4. C Dlstance Source to Detecbr u UP* c. e, 

Other 

I 
FORM- M12%94 

Sewing The Nucleur,lndustry Sjnce 1962 e 
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