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EXECUTIVE SUMMARY 
Cabrera Services, Inc. (CABERA), under contract to the US.  Army Field Support Command 
(FSC), performed remedial activities, remedial support surveys, and Final Status Surveys (FSS) 
for the Bomb Throwing Device (BTD) site at the Aberdeen Proving Ground (APG), Maryland. 
This document provides the results of post-remediation final status surveys for the structures 
associated with the BTD site. These surveys were designed so that the results of the individual 
integrated static measurements could be compared to the release criteria (DCGLw) by survey 
unit. If all of the survey units associated with a structure meet the criteria for unrestricted 
release, then the structure as a whole is considered a viable candidate for mrestricted release. 

CABERA conducted survey activities in accordance with the U.S. Nuclear Regulatory 
Commission (NRC) approved FSS work plan, prepared by CABRERA. This FSS Report addresses 
final status surveys performed on five BTD structures. The five structures are: the BTD Armor 
Reclamation Facility, Wash Rack #2, Wash Rack #3, Concrete Pad #2 located behind Building 
701, and Concrete Pad #1 located behind the DU Test Enclosure Building. 

FSS activities were designed in accordance with the Multi-Agency Radiation Survey and Site 
Investigation Manual (MARSSIM) guidance (NRC, 2000). 

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

Deconstruction of structures on the BTD site, 

Removal and shipment of remediated soils and debris to Envirocare of Utah (the 

Designation of the BTD land areas into 25 MARSSIM Class 1 Survey Units, 

FSS of the BTD site soils and structures, and 

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

e 

a Removal of plate steel for on-site recycling, . 
disposal site), . 

. 
e 

The radiological contaminant of concern was depleted uranium (DU). The derived concentration 
guideline (DCGLw) for fixed (or total) DU activity was determined to be 100 disintegrations per 
minute alpha per 100 square centimeters (dpm/100cm2). The maximum measurements from all 
of the survey units associated with the five structures were well below the DCGLw value. 

Smear samples for gross transferable alpha contamination were collected and analyzed to 
determine if transferable activity is less than 10% of total activity, to confirm assumptions in the 
release criterion. The maximum smear measurements fiom all of the survey units associated 
with the five structures were below 10% (i.e., 10 dpm/100cm2) oftotal activity. 

The FSS data indicates that the five structures are suitable for release for unrestricted use, 
without regard for former operations with licensed radioactive material. 

FSSs were also performed over a land area of approximately 46,000 square meters and on access 
roads and several support buildings situated on the BTD site. Discussions of the surveys over 
land areas are addressed in a separate FSS document. 
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1.0 INTRODUCTION 

Cabrera Services, Inc. (CABRERA) is under contract to the United States Army Field Support 
Command (AFSC) to provide support to the Aberdeen Test Center (ATC) at the Aberdeen 
Proving Ground (APG) in Aberdeen, Maryland. CABRERA performed facility demolition, 
remediation, and site wide radiological surveys of the Bomb Throwing Device (BTD) site to 
support consideration for unrestricted release. The BTD site consists of approximately 46,000 
square meters (m2) of land on the APG used for the testing of Depleted Uranium (DU) 
munitions. The BTD site also contains a number of structures used to support operations. 

For consistency with other decommissioning activities at APG, radiologically impacted soils and 
structures are addressed separately. This document presents the Final Status Survey (FSS) 
activities for five structures on site - the BTD Armor Reclamation Facility (BARF), Wash Rack 
#2, Wash Rack #3, Concrete Pad #2 located behind Building 701, and Concrete Pad #1 located 
behind the DU Test Enclosure Building. The Final Status Survey conducted on soils is 
addressed in a separate document titled, “Remediation and Final Status Survey, Bomb Throwing 
Device Site - Soils,” (CABERA, 2004). These final status surveys are designed in accordance 
with Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) guidance (U.S. 
Nuclear Regulatory Commission W C ] ,  2000). 

1.1 Site History 

APG, located in Aberdeen, Maryland, is an active U.S. Army testing and research facility. The 
APG lies along the western shore of the Chesapeake Bay in Harford and Baltimore Counties, 
Maryland, 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 191 7. 

The BTD site was used between 1982 and 1993 for the testing of DU munitions. In 1993, the 
site consisted of the BTD ARMOR RECLAMATION FACILITY, the DU Test Enclosure 
Building, the Enclosure Building High Efficiency Particulate Air (HEPA) system, the Plate 
Storage Area (PSA), Wash Racks #2 and #3, access roads, and several support buildings situated 
on approximately 46,000 square meters (m2) (11.4 acres) of land. During operations, DU 
munitions were fired at steel plate and other targets placed inside the DU Test Enclosure 
Building. The High Efficiency Particulate Air (HEPA) ventilation system equipment was 
located outside the DU Test Enclosure Building on a concrete pad (Concrete Pad #1). Its 
function was to collect and filter potentially contaminated air exiting the DU Test Enclosure 
Building after the firing of DU munitions. 

Prior to site remediation, approximately 40 tons of DU-contaminated armor plate was located 
within the DU Test Enclosure Building and surrounding grounds. Heavy equipment was used to 
transport the armor plates between the DU Test Enclosure Building and the PSA. As part of the 
remedial activities and subsequent to the removal of the armor plates, the DU Test Enclosure 
Building, the HEPA ventilation system, the footings for the DU Test Enclosure Building, the 
“White” Building, the “Rust” Building, and the Sabot Stripper were removed in their entirety 
from the site and processed separately from this report. 
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The BTD site decommissioning consisted of structure demolition, soil excavation, and removal 
of contaminated soil and demolition debris. As physical decommissioning actions were 
completed, FSSs were performed on both structures and land areas (this report addresses only 
five structures previously mentioned). Much of the plate steel that was generated during site 
cleanup and demolition (primarily the DU Test Enclosure Building) was transferred to the Army 
Research Laboratory (ARL) facility, at APG Spesutie Island, for decontamination and recycling. 
A cost analysis performed by the Army indicated that recycling was a less expensive option than 
offsite disposal of the material and that there was a beneficial reuse for the plate steel in support 
of APG’s mission. Other demolition debris and excavated soil was considered unwanted 
radioactive material and was shipped via rail to Envirocare of Utah, an NRC licensed disposal 
facility, for shallow land burial. 

During initial mobilization in February 2003, the CABERA field crew entered the BARF and 
dismantled, surveyed, and removed the DU armor plate reclamation machine (the LAB) housed 
within the BTD Armor Reclamation Facility. 

In May 2003 CABREM re-mobilized to perform a FSS on the inside of the BTD Armor 
Reclamation Facility, and demolish the DU Test Enclosure building. Most of the steel plate 
removed from the DU Test Enclosure Building was shipped across APG to the ARL Spesutie 
Island Facility for decontamination and beneficial reuse. Other steel/debris was containerized in 
intermodals for hture rail shipment to Envirocare of Utah. 

During June 2003, the CABRERA team performed remediation/FSS of Wash Racks 2 and 3, 
which included dismantling and ship out of the floor grids and left the scrap steel piled for 
transfer to ARL. or other use, as instructed by ATC personnel. Concurrent to the dismantling 
operations and through the month of August 2003, the CABRERA team completed the majority of 
the gamma walkover survey, excavated contaminated soils, and stockpiled the remediated soil 
(approximately 1,200 cubic yards) into a lay down area within Survey Units 16 and 25. 
CABRERA demobilized at the end of August 2003. 

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

In June 2004, the remainder of the soil was loadedshipped to Envirocare for disposal and both 
Concrete Pad #I and Concrete Pad #2 surfaces were remediated with a steel ball blastlHEPA 
vacuum system. Following cleaning, the surfaces were surveyed and the FSSs were performed. 

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

In the Figures section of this report, Figure 1 shows the location of the BTD Site relative to APG 
and surrounding towns. Figure 2 shows the relative locations of the five structures specifically 
addressed in this FSS Report. Appendix A contains site photos of the structures discussed 
below. 
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1.1.1 BTD Armor Reclamation Facility 

The BARF is a steel beam and sheet metal constructed building with insulated walls and roof. 
The insulation is covered with a flexible protective plastic cover. The floor is a concrete pad. 
The interior of the BARF is approximately 12 meters (m) long by 14.8 m wide with a ceiling 
height of 6 m. The building is bisected by a sheetrock wall with doors leading from one side to 
the other. There are no drains, sumps, or ventilation system penetrations other than the liquid 
abrasive blaster (LAB) HEPA ventilation system. A small heating system with insulated 
ductwork, rollup doors for equipment entry, smaller doorways for personnel entry, and electrical 
circuit boxes are other general features found in the building. 

The northern portion of the BARF contained the LAB decontamination equipment and a small 
capacity crane used to help lift and load steel plates into the LAB. The southern part of the 
building was used to store clean unused HEPA filters and small amounts of containerized 
contaminated trash. Routine radiation contamination surveys were executed on all floor areas 
within the BTD Armor Reclamation Facility, on stored boxes and containers, and occasionally 
on wall surfaces. 

The ATC utilized the BARF to house the LAB. The LAB was an enclosed system used to 
decontaminate pieces of steel plate and other small objects with water jets and abrasive. A 
ventilation system with a pre-filter demister and a HEPA filter removed airborne particulates 
prior to ventilation release to the environment. A hopper attached to the LAB retained spent 
abrasive and removed contamination. 

No contamination was found on either the LAB HEPA filter or areas downstream in the 
ventilation system ducts during removal of the LAB. Minor contamination was found within the 
LAB enclosure, the hopper which contained water and abrasive, the HEPA pre-filter, and small 
areas on the outside of the LAB enclosure near loading points. The lack of activity downstream 
of the HEPA filter indicates a well-designed system that did not release airborne radioactivity to 
the environs. Other general surveys do not show contamination on the walls of the BARF. Scan 
surveys showed only occasional activity on the floor areas surrounding the LAB. Surveys of 
selected areas overhead and on the crane are also negative with respect to contamination. 

1.1.2 Wash Rack #2 

Wash Rack #2 consists of a steel beam fiame and sheet metal walls with no interior insulation or 
wallboard. The interior is approximately 17 m long by 8 m wide with a ceiling height of 6 m. 
The floor consists of steel plate with a recessed trough running the length of the facility. The 
trough area is approximately 6 m wide by 10 centimeters (cm) deep. The trough area contains 
multiple raised (approximately 3 inches) steel beams, which were used to support steel floor 
grating. The grating, which was removed prior to this FFS, was flush with the surrounding floor 
plate. There are no drains, sumps, heating, cooling, or ventilation systems present. Steel rollup 
doors for equipment entry are located at both ends of the structure. Previously documented 
routine surveys identified minor levels of DU contamination on the floor area of Wash Rack #2. 

Since the construction of Wash Rack #2 in 1992, the ATC has utilized this facility as a 
warehouse. Wash Rack #2 has never been used as a wash rack. Instead, it was used to store 
items and equipment, some of which were contaminated with DU. Wash Rack #2 housed DU in 
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the form of penetrators, floor sweepings, liquid abrasive residue fiom previous decontamination 
activities, and range debris (e.g., paper, plastic, wood). 

Since the wash rack was used as a storage facility for contaminated materials, the primary area of 
investigation is the floor, trough area, and lower wall surfaces (2 m and below). 

1.1.3 Wash Rack #3 

Wash Rack #3 is identical to Wash Rack #2, was also built in 1992, and was used for the storage 
of uncontaminated Navy accelerator parts and the temporary housing of a cutting table 
contaminated with DU. Contamination left by the cutting table was identified in the southwest 
comer of the facility. This contamination was removed though decontamination activities prior 
to the initiation of the FSS. Past routine surveys of this structure have identified minor levels of 
DU contamination on the floor. 

Since the wash rack was used as a storage facility for contaminated materials, the primary area of 
investigation is the floor, trough area, and lower wall surfaces (2 m and below). 

1.1.4 Concrete Pad #2 (Located Behind Building 70 1) 

This concrete pad is located behind Building 701. Pad dimensions are approximately 22 m by 15 
m. The pad was confirmed to have alpha contamination and therefore would not pass release 
criteria. Its purpose was to stage or store heavy armored vehicles. 

J 

1.1.5 Concrete Pad #1 (Located Behind the DU Test Enclosure Building) 

Concrete Pad #1 is located adjacent to the DU Test Enclosure Building. It is somewhat smaller 
than Concrete Pad #2 and is approximately 10 m by 12 m. Its purpose was to provide a 
foundation for the HEPA system associated with the DU Test Enclosure Building. 

1.2 Radionuclides of Potential Concern 

The following three Final Status Survey Plans were utilized in producing this consolidated FSS 
report: 

a Final Status Survey Plan For BTD Armor Reclamation Facility, Aberdeen Proving 
Ground, Aberdeen, MD (provided in Appendix B) 

Final Status Survey Plan For Wash Rack Facilities #2 and #3, Aberdeen Proving 
Ground, Aberdeen, MD (provided in Appendix C) 

Final Status Survey Plan Bomb Throwing Device (BTD) Site, Aberdeen Proving Ground, 
Aberdeen, MD (provided in Appendix D) 

, 
v 

Section 2.2 of each FSS Plan identifies the site Radionuclides of Potential Concern (ROPC) as 
being limited to DU and its short-lived uranium progeny (decay products). The uranium ratios 
are based on isotopic uranium weight ratios used for shipments of routine DU waste fiom APG 
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(BARG, 1995). The activity fractions are calculated from the isotopic weight ratios and the 
specific activi of each uranium isotope. The result of the activity fraction calculation is a 
Uranium-234 ( U):Uranium-235 (235U):Uranium-238 (238U) ratio of 0.084:0.012:0.904. %4 

1.3 Derived Concentration Guideline Levels 

As described by MARSSIM, a Derived Concentration Guideline Level (DCGL) is a calculated 
radionuclide activity concentration within a designated survey unit that corresponds to a defined 
release criterion in radiation dose or risk units. Per the license requirement of 10 Code of 
Federal Regulations (CFR) 20 Subpart E, a release criterion of 25 millirem per year (mredyr) 
will be used for the buildings and structures included in this FSS Report. Doses from residual 
radioactivity will be kept as low as reasonably achievable (ALARA) whenever possible. Using 
MARSSIM Section 4.3.4 (equation below) and knowing that there is one alpha decay per decay 
of each uranium isotope, a single total uranium DCGLw of 100 disintegrations per minute alpha 
per 100 square centimeters (dpm alphd100cm2) was calculated for DU. This DCGLw was 
calculated using the values provided by the NRC screenin guidelines of 90.6 dpm/100cm2, 97.6 
dpm/100cm2, and 101 dpm/100cm2 for U234y U235 and U2'8, respectively, as presented in Table 
5.19 of NUREG/CR-5512 (volume 3, October 1999), NUREG 1757, and the DU activity 
fractions discussed in Section 1.2. The DCGLw is calculated as follows: 

= 100 dpm alphdl 00cm2 1 - 1 
DCGLw = 

Where: DCGL, = Combined gross activity DCGL (Le., release limit). 

fn = Activity fraction of radionuclide n 

DCGL, = DCGL of radionuclide n 

The total uranium DCGLw of 100 dpm alphdl 00cm2 was used as the action level for both static 
and scanning measurements in the buildings and on the structures. 
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2.0 FINAL STATUS SURVEY DESIGN 

The FSS performed at the BTD site was designed in accordance with Final Status Survey 
guidance from MARSSIM (NRC, 2000). FSS activities consisted of scanning surveys over 
100% of the accessible structure surfaces. Integrated direct surface measurements were 
performed at frequencies based on MARSSIM guidance. Survey activities also included direct 
and biased smear sample collection. The FSSs were designed conservatively in that the 
radiological background present in the structure materials is neglected and the measured total 
activity is used for direct comparisons to the DCGLw. 

2.1 General Structure Classification Based on Contamination Potential and Survey Unit 
Identification 

Using MARSSIM Section 5.3 as guidance, the five structures were subdivided into survey units 
and designated as Class 1, Class 2, or Class 3 survey units. The following subsections describe 
how each structure was subdivided and classified. Appendix E presents individual SU schematic 
diagrams along with direct (integrated) measurementkmear locations. 

2.1.1 BTD Armor Reclamation Facility 

The BARF was subdivided into four Class 1 SUs and one Class 3 SU as listed in Table 2-1. The 
floor and lower walls of the northern room of the BARF share similar contamination potential 
because this area housed the LAB decontamination equipment and was where the 
decontamination process was performed. Although the lab system was self-contained and 
surveys did not routinely identify transferable Contamination on the floor or walls, contaminated 
materials were moved through this room via the south rollup door to be loaded in and out of the 
LAB system. In accordance with MARSSIM guidance, the south room floor and lower walls 
were considered Class 1 SUs as well because this area was once used to store containerized 
contaminated trash. 

Since the upper wall and ceiling surfaces of the north and south rooms share similar potential for 
contamination, these areas were combined into one Class 3 SU. The potential for Contamination 
on the upper walls and ceiling surface in the north room is small because no contamination was 
identified on the LAB HEPA filter or at downstream areas in the ventilation system. The lack of 
activity downstream of the HEPA filter indicates a well-designed system that did not release 
airborne radioactivity to the environs. In addition, transferable contamination was not identified 
during routine surveys in the BTD Armor Reclamation Facility, and the primary mechanism for 
transport (ie., ventilation system) was not contaminated. 

Maps presenting the BARF SU delineations and the reference coordinate system are presented in 
Appendix E. 
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88.8 Concrete 1 

76.6 Foam / Sheet Metal 1 

76.6 Foam / Sheet Metal 1 

488 Foam / Sheet Metal 3 

Table 2-1 : BTD Armor Reclamation Facility Survey Units 

Floor South Side 

Floor North Side 

Lower Walls 

I North Room Floor Concrete I 1 I 

68 Metal 1 

68 Metal 1 

90 Metal 1 

Ceiling and Upper Walls 

2.1.2 Wash Rack #2 

346 Metal 2 

Wash Rack #2 was divided into three Class 1 SUs and one Class 2 SU as listed in Table 2-2. 
The floor and lower walls of Wash Rack #2 has a history of contamination and contamination 
potential because this structure was used to store DU waste. DU contamination has been 
identified previously on the floor of this facility during past routine surveys. The floor area in 
Wash Rack #2 was remediated for DU contamination prior to the initiation of the FFS. 

The ceiling and upper walls of Wash Rack #2 are classified as Class 2 due to remediation 
activities being performed previously on the floor of this facility. 

Maps presenting the Wash Rack #2 SU delineations and the reference coordinate system are 
presented in Appendix E. 

Table 2-2: Wash Rack #2 Survey Units 

2.1.3 Wash Rack #3 

Wash Rack #3 was divided into three Class 1 SUs and one Class 2 SU as listed in Table 2-3. 
The floor and lower walls of Wash Rack #3 has a history of contamination and contamination 
potential because this structure was used to store DU waste. DU contamination has been 
identified previously on the floor of this facility during past routine surveys. The floor area in 
Wash Rack #3 was remediated for DU contamination prior to the initiation of the FFS. 

The ceiling and upper walls of Wash Rack #3 are classified as Class 2 due to prior remediation 
activities performed on the floor of this facility. 
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Maps presenting the Wash Rack #3 SU delineations and the reference coordinate system are 
presented in Appendix E. 

Table 2-3: Wash Rack #3 Survey Units 

2.1.4 Concrete Pad #2 

Concrete Pad #2 was designated a Class 1 survey unit. Due to its size, the pad was divided into 
two survey units - North and South. Each survey unit is approximately 107 m2. 

2.1 .5 Concrete Pad # 1 

Concrete Pad #1 was designated a Class 1 survey unit. Due to its size, the pad was divided into 
two survey units - North and South. Each survey unit is approximately 60 m2. 

2.2 

Instrumentation used in the survey consisted of direct alpha scan and integrated surface 
detectors, and alphaheta smear counters. A number of both types of instruments were used due 
to the extended duration of the surveys. All instruments were properly calibrated (appendix I), 
QC checked (appendix F), and operated in accordance with standard operating procedures 
(section 4.0). 

Survey Instrumentation and Survey Techniques 

2.2.1 Direct Surface Alpha Radioactivity Scan Surveys and Integrated Direct Surface Alpha 
Radioactivity Measurements 

Direct alpha scanning was performed to identify surface locations on structures where 
contaminant concentrations may exceed the criterion for unrestricted release. Integrated direct 
measurements (i.e., static measurements) of surface alpha radioactivity were performed during 
the FSS to compare contaminant levels at discrete sampling locations on building interior 
surfaces to the release criterion and to facilitate statistical testing, if necessary. Scanning and 
integrated direct surface measurements were performed using the instruments listed in Table 2-4. 
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Table 2-4: Instruments Used for Scanning and Integrated Direct Surface Measurements 

Instrument Used 
(Meter and Probe) 

Ludlum Model 2224-1 portablf 
alphalbeta scaler/ratemeter (seria 
number [SIN] 162425) with thf 
Ludlum model 43-93 100 cm’ 
alphalbeta detector (S/N 182403) 

Ludlum Model 2224-1 portable 
alphalbeta scalerhatemeter ( S A  
162426) with the Ludlum model 43- 
59 126 cm2 alphalbeta detectoi 
(SIN 193921) 

-udlum Model 2224 portable 
ilphalbeta scalerhatemeter (SIN 
183048) with the Ludlum Model 43- 
$8 large area (126 cm2) gas 
)roportional detector (SIN 161 781 ) 
.udlum Model 2360 alphalbeta data 
ogger (SIN 193675) with the 
.udlum Model 43-37 area floor 
nonitor (SIN 161687) 

.udlum Model 2360 alphdbeta data 
igger (SIN 184938) with the 
udlum Model 43-37 area floor 
nonitor (SIN 178371) 
udlum Model 2360 alphalbeta data 
wger (Slhr 202398) with the 
udlum model 43-93 100 cm2 
Iphalbeta detector (SM 21 1706) 

Dates Used 

5/28/03, 5/29/03. 6/4/03 

611 1/03, 6/12/03, 6113103, 6/19/03 
6120103 

6/27/03 

7/9/03. 711 0103 

8/12/03 
5/5/03, 511 4/03, 511 5/03 

511 9/03, 5120103, 5/22/03, 5/28/03, 
512910 3. 61610 3 

6/9/03 

6/10/03 

611 1/03, 611 2/03, 611 3/03 

611 9/03 

320l03 

5/26/03, 6/27/03, 7/9/03, 711 0103 

3/30/04 

313 1 I04 
5/8/03 

5/7/03, 5/8/03, 5/9/03, 5/12/03. 
j/13/03, 5/14/03, 5/15/03, 6/2/03 

5/4/03, 6/5/03, 6/6/03 

j/9/03 

j/11/03, 6/12/03.6/16/03, 6/19/03 
Y20l0 3, 612 3/03, 612410 3 

i/25/03 
i/8/04,6/9/04, 6/10/04 

i18104, 6/9/04, 611 0104 

Building or Structure 
Where Used 

Wash Rack #2 

Wash Rack #3 

Wash Racks #2 and #3 

Wash Rack #3 

DU Test Enclosure Building 
BTD Armor Reclamation Facility 

Wash Rack #2 

Wash Racks #2 and #3 

DU Test Enclosure Building 

DU Test Enclosure Building anc 
Wash Rack #3 

Wash Rack #3 

DU Test Enclosure Building anc 
Nash Rack #3 

Nash Racks #2 and #3 

Nash Rack #3 

Nash Rack #2 
3TD Armor Reclamation Facility 

3TD Armor Reclamation Facility 

Nash Rack #2 

Nash Racks #2 and #3 

Nash Rack #3 

Mash Racks #2 and #3 
2oncrete Pads #I and #2 

:onCrete Pads #1 and #2 
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Smear Sample Collection and Analysis 

Gross transferable alpha contamination was collected and analyzed to determine if transferable 
activity is less than or equal to 10% of total activity as assumed in the NUREGICR-5512 and 
NUREG 1757 documents for screening level guidelines. 

Smear samples were collected over approximately 100 cm2 areas at systematic and biased 
locations identified during scanning activities. Smear samples were analyzed for alpha and beta 
radioactivity using a Ludlum Model 2929 alphaheta scintillation counter. Three different units 
were used during the field activities, as summarized in Table 2-5. 

Table 2-5: Alphameta Scintillation Counter Used for Transferable Activity Measurements 

Instrument Used 
(Meter and Probe) 

Ludlum Model 2929 alphatbeta 
scintillation counter (SIN 163827) 
with attached 43-10-1 probe (SIN 
171 322) 

.udlum Model 2929 alphdbeta 
icintillation counter (SIN 180830) 
vith attached 43-10-1 probe (S/N 
!07849) 
.udlum Model 2929 alphalbeta 
jcintillation counter (SIN 171590) 
Nith attached 43-10-1 orobe (SIN 

Dates Used 

5/5/03, 5/8/03, 5/9/03, 511 2/03 
511 3/03, 511 4/03 

511 5/03 

5/19/03, 5/20/03, 5/21/03, 
5/22/03, 5/28/03,5129/03. 5/30/03 

6/2/03, 6/3/03, 6/4/03, 6/6/03, 
6/9/03 

511 1/03, 6/12/03, 6/16/03 

5/26/03, 6/27/03 

7/8/03 

r/9/03, 711 0103 

1/30/04 

113 1 I04 

il8IO4. 6/9/04, 611 0104 

Building or Structure 
Where Used 

BTD Armor Reclamation Facility ~ 

BTD Armor Reclamation Facility, 
Wash Rack #2 

Wash Rack #2 

DU Test Enclosure Building and 
Wash Rack #2 

DU Test Enclosure Building 

Wash Rack #3 

Nash Racks #2 and #3 

Nash Rack #2 

Nash Rack #3 
Nash Rack #3 

Nash Rack #2 

bncrete Pads #1 and #2 

2.3 Number of Static Measurements 

MARSSIM provides a method to determine the number of measurement locations required in a 
given survey unit. A minimum number of measurement locations are required in each survey 
unit to obtain sufficient statistical confidence that the conclusions drawn from the measurements 
are correct. The following subsections describe the bases for and derivation of the minimum 
required measurement locations per survey unit. 
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2.3.1 Estimation of Relative Shift 

The minimum number of measurement locations required is dependent on the distribution of site 
residual radionuclide concentrations relative to the DCGL, and acceptable decision error limits 
(a and p). 
The relative shift describes the relationship of site residual radionuclide concentrations to the 
DCGL, and is calculated using the guidance found in Section 5.5.2.3 of MARSSIM. The 
relative shift is calculated as follows: 

A/g = DCGL, -LBGR 
0 

Where: DCGLw= Derived Concentration Guideline Level 

LBGR = concentration at the lower bound of the gray region. The Lower 
Bound of the Grey Region (LBGR) is the concentration at which the 
survey unit has an acceptable probability of passing the statistical 
tests. 

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

As previously stated, the DCGL, for surface alpha radioactivity is 100 dpm/100cm2. The LBGR 
was conservatively estimated at 70 dpm alpha400 crn2 based on previous studies with similar 
instruments on concrete. Without prior survey, it is reasonable to assume a coefficient of 
variation on the order of 30 percent (MARSSIM Section 5.5.2.2). Using a coefficient of 
vanation of 30 percent and the LBGR as an estimate of the sample mean, a sigma value of 21 
dpm/100cm2 is estimated. Using the parameters discussed above, the relative shift is calculated 
as 1.4. 

2.3.2 Determination of N (Number of Required Measurement Locations) 

The final number of required measurement locations per survey unit is 20 as per MARSSIM 
(Table 5.5) given a relative shift of 1.4 and an error rate for both Type I and Type I1 errors of 
five percent (Le., a = p = 0.05). The actual number of measurements taken in each survey unit 
ranges fiom 20 to 24 samples based on the size of the survey area. 

2.4 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 DCGLw will be used as the DCGLEMC, which corresponds to an area factor of one. Since the 
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scan minimum detectable concentration of the instrumentation is sensitive enough to identify the 
DCGLw with a 90% confidence limit (refer to Appendices B, C, and D), it is unlikely that small 
areas of elevated activity exceeding the DCGLw would be missed during surface scans. 

2.5 Static Measurement Locations 

Measurement locations in Class 1 and Class 2 survey units were established using a random start 
point in a systematic rectangular grid. The Class 3 survey unit measurement locations were 
randomly selected. The grid spacing for Class 1 and Class 2 survey units was determined, based 
on the measured area of the survey unit, using the following equation (Equation 5-7 from 
MARSSIM). 

Where: L = rectangular grid spacing for survey unit 

A = areaofsurvey unit 

N = number measurement locations 

Measurement spacing results (L) using the equation above are presented in Table 2-6. Maps 
presenting the SU delineations are presented in Appendix E. 

Table 2-6: Summary of Area, Number of Data Points, and Grid Spacing by SU 
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Survey Unit Description 

Upper Walls 
Wash Rack #3 - Floor South 

Number of Grid 
Unit Area, A (m') Data Points, Spacing, L 

N (m) 

1 68 20 1.859 
Side 
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3.0 RESULTS 

Field activities took place during three separate mobilizations. The first mobilization began May 
3, 2003 and ended August 27, 2003. The second mobilization began February 10, 2004 and 
ended March 31, 2004. The third mobilization began June 8, 2004 and ended June 15, 2004. 
Appendix F contains a table that documents every day that CABRERA personnel were on-site, the 
instruments used, and the activities performed. 

All raw data collected on Radiological Survey Maps for each SU (survey unit) are provided in 
Appendix G. Scan survey results are provided graphically in the Figures section of this FSS 
Report and are referenced in the following sub-sections. Additional data for each SU include 
worksheets that convert the raw data (recorded in counts per minute) to dpd100cm2 for 
integrated direct measurements (integrated one minute counts) from each one meter square grid 
with cross-reference to grid numbers) and 100 cm2 smear results from each one meter square 
grid with cross-reference to grid numbers. These worksheets are provided in Appendix H. 

3.1 BTD Armor Reclamation Facility 

3.1.1 Surface Alpha Radioactivity Scan Surveys 

The floors and the lower walls were surveyed for surface alpha radioactivity in the BTD Armor 
Reclamation Facility. All of these areas are designated MARSSIM Class 1. The ceiling and 
upper walls are designated MARSSIM Class 3. In the Figures section, Figures 3 through 11 
graphically depict the results of the scan surveys. As can be observed in the figures, no alpha 
scanning measurements exceeded the DCGL of 100 d p d l  OOcm’. 

3.1.2 Integrated Direct Surface Alpha Radioactivity Measurements 

The BARF was divided into five SUs - the North Floor Room, the South Floor Room, the North 
Room Lower Walls, and the South Room Lower Walls were Classified MARSSIM Class 1 SUs. 
The Ceiling and Upper Walls were classified MARSSIM Class 3 SUs. Twenty-four integrated 
direct surface alpha measurements were taken on the North Floor Room and the maximum 
reading was 30.1 dpd100cm2. Twenty-four integrated direct surface alpha measurements were 
taken on the South Floor Room, and the maximum reading was 20.0 dpm/100cm2. Twenty-four 
integrated direct surface alpha measurements were taken on the North Room Lower Walls and 
the maximum reading was 12.0 dpd100cm2. Twenty-four integrated direct surface alpha 
measurements were taken on the South Room Lower Walls and the maximum reading was 10.0 
dpm/100cm2. Twenty-one integrated direct surface alpha measurements were taken on the 
Ceiling and Upper Walls and the maximum reading was 14.3 dpd100cm2. Since all 
measurements were below the DCGL, no hrther statistical analysis of the data was performed. 

3.1.3 Smear Sample Collection and Analysis 

All smear samples taken from the BARF resulted in alpha measurements of less than 10 
dpm/100cm2. Twenty-four smear samples were taken on the North Floor Room and the 
maximum alpha reading was 6.5 dpm/100cm2. Twenty-four smear samples were taken on the 

DAAA 09-OOG-O002/0039 CASREM SER UCES, INC. Page I4 



. -- 

, 
W 

Bomb Throwing Device - Structures Final Report 
Aberdeen Provinq Ground Remediation and Final Status Survey 

South Floor Room and the maximum alpha reading was 6.5 dpm/100cm2. Twenty-two smear 
samples were taken on the North Room Lower Walls and the maximum alpha reading was 5.8 
dpm/100cm2. Twenty-five smear samples were taken on the South Room Lower Walls and the 
maximum reading was 4.1 dpm/100cm2. Twenty-three smear samples were taken on the Ceiling 
and Upper Walls and the maximum reading was 4.2 dpm/100cm2. 

3.1.4 Recommendation 

In accordance with the BARF FSS Work Plan and consistent with MARSSIM guidance, a SU 
can be cleared for release where all scans and integrated direct measurements are below the 
DCGL of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 
dpmi100cm2. Therefore, the North Room Floor, the South Room Floor, the North Room Lower 
Wall, the South Room Lower Wall, and the Ceiling and Upper Walls SUs are recommended for 
unrestricted release. 

3.2 Wash Rack #2 

3.2.1 Surface Alpha Radioactivity Scan Surveys 

The floor and the lower walls were surveyed for surface alpha radioactivity in Wash Rack #2. 
All of these areas are designated MARSSIM Class 1. The ceiling and upper walls are designated 
MARSSIM Class 2 and approximately 10% of the total area was scanned for alpha activity. All 
scans of ceiling and upper walls resulted in alpha counts that were equal to or below background, 
so results of these scans were not recorded on official CABRERA forms. In the Figures section of 
this FSS, Figures 12 through 16 graphically depict the results of the scan surveys on the floor and 
lower walls. As can be observed in the figures, no alpha scanning measurements exceeded the 
DCGL of 100 dpm/100cm2. 

3.2.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Wash Rack #2 was divided into four SUs - the North Floor, the South Floor, and the Lower 
Walls were classified Class 1 and the Ceiling and Upper Walls were classified Class 2. Twenty 
integrated direct surface alpha measurements were taken on the North Floor and the maximum 
reading was 15.0 dpm/100cm2. Twenty integrated direct surface alpha measurements were taken 
on the South Floor and the maximum reading was 11.9 dpm/100cm2. Twenty-four integrated 
direct surface alpha measurements were taken on the Lower Walls and the maximum reading 
was 13.9 dpm/100cm2. Twenty integrated direct surface alpha measurements were taken on the 
Ceiling and Upper Walls and the maximum reading was 10.0 dpm/100cm2. Since all 
measurements were below the DCGL, no hrther statistical analysis of the data was performed. 

3.2.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on the North Floor and the maximum reading was 2.7 
dpm/100cm2. Twen smear samples were taken on the South Floor and the maximum reading 
was 2.7 dpd100cm . Twenty-four smear samples were taken on the Lower Walls and the 
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maximum reading was 2.7 d p d l  OOcm’. Twenty integrated direct surface alpha measurements 
were taken on the Ceiling and Upper Walls and the maximum reading was 2.7 dpm/100cm2. 
Since all measurements were below the DCGL, no further statistical analysis of the data was 
perfonned. 

3.2.4 Recommendation 

In accordance with the Wash Rack FSS Work Plan and consistent with MARSSIM guidance, a 
SU can be cleared for release where all scans and integrated direct measurements are below the 
DCGL of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 
dpm/100cm2. Therefore, the North Floor SU, the South Floor SU, the Lower Walls SU, and the 
Ceiling and Upper Walls SU of Wash Rack #2 are recommended for unrestricted release. 

3.3 Wash Rack #3 

3.3.1 Surface Alpha Radioactivity Scan Surveys 

The floor and the lower walls were surveyed for surface alpha radioactivity in Wash Rack #3. 
All of these areas are designated MARSSIM Class 1. The ceiling and upper walls are designated 
MARSSIM Class 2 approximately 10% of the total area was scanned for alpha activity. All 
scans of ceiling and upper walls resulted in alpha counts that were equal to or below background, 
so results of these scans were not recorded on official CABRERA forms. In the Figures section of 
this FSS, Figures 17 through 2 1 graphically depict the results of the scan surveys on the floor and 
lower walls. As can be observed in the figures, no alpha scanning measurements exceeded the 
DCGL of 100 d p d l  OOcm’. 

4 

3.3.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Wash Rack #3 was divided into four SUs - the North Floor, the South Floor, and the Lower 
Walls were classified Class 1 and the Ceiling and Upper Walls were classified Class 2. Twenty 
integrated direct surface alpha measurements were taken on the North Floor and the maximum 
reading was 14.9 dpd100cm2. Twenty integrated direct surface alpha measurements were taken 
on the South Floor and the maximum reading was 6.8 dpm/100cm2. Twenty-four integrated 
direct surface alpha measurements were taken on the Lower Walls and the maximum reading 
was 8.8 dpm/100cm2. Twenty integrated direct surface alpha measurements were taken on the 
Ceiling and Upper Walls and the maximum reading was 10.0 dpm/100cm2. Since all 
measurements were below the DCGL, no further statistical analysis of the data was performed. 

3.3.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on the North Floor and the maximum reading was 0.9 
dpm/100cm2. Twenty smear samples were taken on the South Floor and the maximum reading 
was -0.6 dpm/100cm2. Twenty-four smear samples were taken on the Lower Walls and the 
maximum reading was 2.4 d p d l  00cm2. Twenty integrated direct surface alpha measurements 
were taken on the Ceiling and Upper Walls and the maximum reading was 0.9 dpm/100cm2. 

W 
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Since all measurements were below the DCGL, no further statistical analysis of the data was 
performed. 

3.3.4 Recommendation 

In accordance with the Wash Rack FSS Work Plan and consistent with MARSSIM guidance, a 
SU can be cleared for release where all scans and integrated direct measurements are below the 
DCGL of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 
dpm/100cm2. Therefore, the North Floor SU, the South Floor SU, the Lower Walls SU, and the 
Ceiling and Upper Walls SU of Wash Rack #3 are recommended for unrestricted release. 

3.4 Concrete Pad #2 

This 22- by 15-m pad was cleaned by shot blasting it with a Blastracm. Then the pad was 
surveyed with a floor monitor and Total Station. The pad was divided into two survey units 
(under MARSSIM requirements, this Class 1 structure was treated similar to a building interior). 
Systematic fixed count surveys with alphabeta meter were completed along with smears at those 
locations. 

3.4.1 Surface Alpha Radioactivity Scan Surveys 

One hundred percent of the surface of Concrete Pad #2 was surveyed for surface alpha 
radioactivity. Concrete Pad #2 is designated MARSSM Class 1. In the Figures section of this 
FSS, Figures 22 and 23 graphically depict the results of the scan survey. As can be observed in 
the figures, no alpha scanning measurements exceeded the DCGL of 100 dpm/100cm2. 

3.4.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Concrete Pad #2 was divided into two Class 1 SUs and they were designated North and South. 
Twenty integrated direct surface alpha measurements were taken on both the North SU and the 
South SU. The maximum measurement taken on the North SU was 27.1 dpm/lOOcmz and the 
maximum measurement taken on the South SU was 18.0 dpm/100cm2. Since all measurements 
were below the DCGL, no hrther statistical analysis of the data was performed. 

3.4.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on both the North SU and the South SU. The maximum 
measurement taken on the North SU was 2.9 dpm/100crn2 and the maximum measurement taken 
on the South SU was 1.6 dpm/100cm2. Since all measurements were below the DCGL, no 
further statistical analysis of the data was performed. 

3.4.4 Recommendation 

In accordance with the BTD FSS Work Plan and consistent with h4ARSSIM guidance, a SU can 
be cleared for release where all scans and integrated direct measurements are below the DCGL 
of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 dpm/100cm2. 
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Therefore, both the North SU and the South SU of Concrete Pad #2 are recommended for 
unrestricted release. 

3.5 Concrete Pad #1 

This pad is somewhat smaller than the pad behind Building 70 1. As with Concrete Pad #2, the 
pad was divided into two survey units, Systematic fixed count surveys with alphaheta meter 
were completed along with smears at those locations. 

3.5.1 Surface Alpha Radioactivity Scan Surveys 

Concrete Pad #1 is designated MARSSIM Class 1.  In the Figures section of this FSS, Figures 24 
and 25 graphically depict the results of the scan survey. As can be observed in the figures, no 
alpha scanning measurements exceeded the DCGL of 100 d p d l  00cm2. 

3.5.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Concrete Pad #1 was divided into two Class 1 SUs and they were designated North and South. 
Twenty integrated direct surface alpha measurements were taken on both the North SU and the 
South SU. The maximum measurement taken on the North SU was 33.2 dpm/100cm2 and the 
maximum measurement taken on the South SU was 16.3 dpd100cm2. Since all measurements 
were below the DCGL, no further statistical analysis of the data was performed. 

3.5.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on both the North SU and the South SU. The maximum 
measurement taken on the North SU was 4.2 dpm/100cm2 and the maximum measurement taken 
on the South SU was 1.6 dpm/100crn2. Since all measurements were below the DCGL, no 
further statistical analysis of the data was performed. 

3.5.4 Recommendation 

In accordance with the BTD FSS Work Plan and consistent with MARSSIM guidance, a SU can 
be cleared for release where all scans and integrated direct measurements are below the DCGL 
of 100 dpd100cm2 and all smear measurements are less than the DCGL of 10 dpm/100cm2. 
Therefore, both the North SU and the South SU of Concrete Pad #1 are recommended for 
unrestricted release. 
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4.0 FINAL STATUS SURVEY INSTRUMENT QUALITY ASSURANCE ARB 
QUALITY CONTROL 

The purpose of this section is to document the calibration of the radiological survey instruments 
used during the FSS, and the quality control tracking of each instrument as specified in the Work 
Plans (as documented in Appendices B, C, and D). 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. 

Scanning and integrated direct measurements were performed to measure surface radioactivity 
levels for total uranium. These measurements %'ere based solely on alpha emissions due to high 
specificity and sensitivity, and low background interference. For smear measurements, beta 
measurements were collected in tandem with alpha measurements as a qualitative assessment to 
confirm survey assumptions. Prior to the initiation of alpha survey activities, surfaces of interest 
were cleaned to remove dirt and grime that could shield alpha emissions from detection. 

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

0 name of the equipment 

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 equipmenthtruments were 
maintained. Instruments were calibrated at a facility possessing appropriate NRC andor 
Agreement State licenses for performing calibrations using National Institute of Standards and 
Technology (NIST) traceable sources. Copies of the calibration certificates for the sources are 
also provided in Appendix I. A chronological summary of field activities at each structure/SU 
and instrumentation is presented in Appendix F. 

QC measurements were performed on all deployed field instruments each day, before and after 
each use at a minimum. The QC 
investigation levels for count rate instruments used during the FSS were *2-sigma (20) 
(warning) and 130 (fail). Exposure rate and other radiation detection instruments were evaluated 
using a qualitative *20% against the indicated check source'response on the meter. If any single 
measurement was found to be outside of its investigation level, the measurement was repeated. 
If the second count was also found to be outside of this criterion, the instrument was investigated 
to assess whether any external biases or instrument physical damage was present. If response 
checks were found to be outside of *30, the instrument was taken out of service unless evaluated 
and approved by the Field Radiological Engineer or the Project Manager. Control charts for 

source logs for all instruments are provided in Appendix I. 

A controlled area was used to perform these checks. 

/ check source response, background count rates (where applicable), and copies of the daily check 
W 
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Gross transferable alpha contamination was collected and analyzed to determine if transferable 
activity is less than or equal to 10% of total activity as assumed in the NUREG/CR-5512 and 
NUREG 1757 documents for screening level guidelines. 

Smear samples were collected over approximately 100 cm2 areas at systematic and biased 
locations identified during scanning activities. Smear samples were analyzed for alpha and beta 
radioactivity using a Ludlum Model 2929 alphabeta scintillation counter. 

Control charts for check source response, background count rates (where applicable), and copies 
of the daily check source logs for all instruments are provided in Appendix 1. 
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Figure 2, Restricted Data Removed 
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1.0 INTRODUCTION 
Cabrera Services, Inc. (CABRERA) is under contract to the United States Army Joint Munitions 
Command (JMC) to provide support to the Army Test Center (ATC) at the Aberdeen Proving 
Ground (APG) in Aberdeen, MD. The ATC intends to remove equipment used in the 
decontamination of steel plates within the BTD Armor Reclamation Facility (BARF). The 
decontamination equipment and ancillary support systems to be removed are part of a Liquid 
Abrasive Blaster (LAB). This document presents the plans for BARF Final Status Survey (FSS) 
activities, which are designed in accordance with Multi-Agency Radiation Survey and Site 
Investigation Manual (MARSSIM) (NRC, 2000) guidance. The FSS is a survey of the interior of 
the BARF. Areas outside the BARF interior walls, floor and ceiling and land areas surrounding 
the BARF will be addressed under a separate effort. 

1.1 General History 

APG is a Government-owned and operated testing facility in Aberdeen, MD. The ATC is a 
tenant activity located at APG. The ATC possesses a Nuclear Regulatory Commission (NRC) 
license (SUB 834) for the use of depleted uranium (DU) at APG. The ATC utilized the BARF to 
house the LAB. The LAB was an enclosed system used to decontaminate pieces of steel plate 
and other small objects with water jets and abrasive. A ventilation system with a pre-filter 
demister and a HEPA filter removed airborne particulates prior to ventilation release to the 
environment. A hopper attached to the LAB retained spent abrasive and removed contamination. 

Steel plates slated for decontamination were brought to the LAB by fork lift and loaded in the 
LAB for decontamination. Since the LAB was operated as a closed system with HEPA 
ventilation the potential for spread of contamination was small. Routine radiation contamination 
surveys were performed in accordance with license requirements. 

In addition, several small boxes of slightly contaminated trash were stored in the southern 
portion of the building. Several boxes of clean unused HEPA filters were also stored in this area. 
Routine surveys were performed on all boxes and containers stored in the area. 

1.2 General Approach to Building Investigation 

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

0 

0 

0 Identify survey units 
0 Implement FSS 

Assemble sufficient data to classify areas by contamination potential 
Estimate number of measurement locations 
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2.0 SITE ASSESSEMENT 

2.1 General Areas for Investigation 

The BARF is a steel beam sheet metal constructed building with insulated walls and roof 
covered with a flexible protective plastic cover. The floor is a concrete pad. The interior of the 
BARF is approximately 12 meters long by 14.8 meters wide with a ceiling height of 6 meters. 
The building is bisected by a sheetrock wall with doors leading from one side to the other. There 
are no drains, sumps, or ventilation system penetrations other than the LAB HEPA ventilation 
system. A small heating system with insulated ductwork, rollup doors for equipment entry, 
smaller doorways for personnel entry, and electrical circuit boxes are other general features 
found in the building. 

The northern portion of the BARF contained the LAB decontamination equipment and a small 
capacity crane used to help lift and load steel plates into the LAB. The southern part of the 
building was used to store clean unused HEPA filters and small amounts of containerized 
contaminated trash. Routine radiation contamination surveys were provided on all floor areas 
within the BARF, on stored boxes and containers, and occasionally on wall surfaces. 

I 

No contamination was found on the LAB HEPA filter and areas downstream in the ventilation 
system ducts during removal of the LAB. Minor contamination was found within the LAB 
enclosure, the hopper which contained water and abrasive, the HEPA pre-filter, and small areas 
on the outside of the LAB enclosure near loading points. The lack of activity downstream of the 
HEPA filter indicates a well-designed system that did not release airborne radioactivity to the 
environs. Other general surveys do not show contamination on the walls of the BARF. Routine 
surveys showed only occasional activity on the floor areas surrounding the LAB. Surveys of 
selected areas in the overhead and on the crane are also negative with respect to contamination. 

2.2 Radionuclides of Concern 

Site Radionuclides of Concern (ROC) are limited to depleted uranium (DU) and short-lived 
uranium progeny (Appendix A). 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):Uranium-238 (238U) ratio of 
0.084:0.012:0.904. This composition is similar to the 0.190:0.021:0.790 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 Environmental Assessment Department, April 1999. 

The calculated DCGL, for the ROC is IO0 dpm of total uranium per 100 cm2 that is calculated 
using the MARSSIM technique described in section 4.1. 

DAAA09-00G-0002/0039 CABRERA SERVICES, INC. Page 2 of 16 



Final Status Survey Plan 
Aberdeen Proving Ground 

BTD Armor Reclamation Faciliv 

3.0 SURVEY INSTRUMENTATION AND TECHNIQUES 
The purpose of this section is to describe radiological survey instruments and techniques to be 
used for surveys that will be implemented during site radiological investigations. Specific 
measurementlsampling frequencies and approaches for FSSs are discussed in later sections. 

3.1 Surface Alpha Radioactivity Scan Surveys 

3. I .  I Eberline FCM4Mand Ludlum Model 43-37 

Surface scanning for alpha radioactivity will be performed to identify locations, if any, where 
contaminant concentrations exceed the criterion for unrestricted release. Alpha scanning will be 
performed on floor surfaces and lower walls using an Eberline FCM4M (active area of 728 cm2) 
gas proportional floor monitor, Ludlum Model 43-37 handheld (active area of 582 cm2) gas 
proportional detector, or equivalent. Using MARSSIM equation 5-7 and the assumptions listed 
in Table 3.1-1 (scan speeds, background, efficiency, dwell times, etc), the probabilities of two or 
more counts occurring during the survey of a contaminated area equal to the derived 
concentration guideline (DCGLw) may be computed from: 

P(n 2.2) = 1 - P(n = 0) - P(n = 1) (MARSSIM Equation 5-7) 

(GE + B)t 
60 

for A = 

where 

P ( n 1 2 )  = 

P(n=O) = 

P(n=1)  = 

G 
E 
B 
t 

- - 

- - 
- - 
- - 

probability of getting 2 or more counts during the time interval t 
probability of not getting any counts during the time interval t 
probability of getting 1 count during the time interval t 
source activity (dpm) 
detector efficiency (4x) 
background count rate (cpm) 
dwell time over source (seconds) 

Alpha scanning will be performed with these instruments by moving the active area of the 
detector over the surface of interest at or below the given scan speed (Table 3.1-1). If two or 
more counts occur over the observation interval (Table 3.1-l), a one-minute integrated 
measurement will be performed at that location prior to scanning being resumed. If the result of 
the integrated measurement is in excess of the release criteria action level (Section 4.2), the area 
will be marked for biased measurements and investigated by the Field Supervisor. 
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3.1.2 Ludlum Model 43-89 

Upper wall and ceiling surfaces may not be readily scanned using a Ludlum 43-37 handheld gas 
proportional counter due to potential long gas delivery tubing lines. These areas are class 3 areas 
having 10 percent of their areas scanned and may alternatively be scanned with a Ludlum Model 
43-89 hand held (active area 126 cm2) alpha scintillation detector, or equivalent. If the Ludlum 
Model 43-89 alpha scintillation detector is used, then MARSSIM equation J-5 and the 
assumptions listed in Table 3.1-1, with a probability of at least one count occurring while 
surveying an area of contamination equal to the DCGLw P(n2 l), will be implemented instead of 
MARSSIM equation 5-7. Using MARSSIM equation J-5 and the assumptions listed in Table 
3.1-1 (scan speeds, background, efficiency, dwell times, etc), the probability that a single count 
is sufficient to cause a surveyor to stop and investigate hrther is: 

P(n 2 1) = I-P(n = 0) = I -  e-* (MARSSIM J-5) 

GEd for A = - 
60v 

where, 

P(n21)  = 

P(n=O) = 

G 
E 
d 

- - 
- - 
- - 
- - V 

probability of getting 1 or more counts during the time interval t 
probability of not getting any counts during the time interval t 
source activity (dpm) 
detector efficiency (4x) 
width of the detector in the direction of scan (cm) 
scan speed ( c d s )  

Alpha scanning will be performed using the Ludlum Model 43-89 detector by moving the active 
area of the detector over the surface of interest at the given scan speed and assumptions shown in 
Table 3.1-1. Whenever a count is detected during the scan, the detector will be held in place 
over the location where the count was detected for approximately for the duration of the pause 
time (approximately 7-8 seconds). If a second count is detected over this location during the 
pause time, a two minute integrated count will be performed. If the result of the integrated 
measurement is in excess of the release criteria (Section 4. I), the area will be marked for biased 
measurements and investigated by the Field Supervisor. For all instruments, scanning will be 
performed with the active area of the detector at a height of 0.5 cm above the surface of interest. 

To assist in scanning, grids will be marked on surfaces requiring a surface scan. Grids on the 
floor and lower walls will be one square meter in area. Areas of elevated radioactivity identified 
during scanning will be physically marked and biased integrated measurements will be 
performed to quanti@ surface alpha activity concentrations. 
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1 728 0.15 10 16 
1 5 82 0.15 I O  20 
2 126 0.15 3 30 
4 swipe 0.30 0.5 5 

Table 3.1-1: Alpha Scan Assumptions 

3.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Integrated direct measurements (Le., static measurements) of surface alpha radioactivity will be 
performed during FSSs to compare contaminant concentrations at discrete sampling locations to 
the release criterion and facilitate statistical testing. Interior surfaces will be cleaned prior to 
surveying to remove dirt and grime that could shield alpha emissions from surfaces of interest. 
The cleaning implements used and the wastes generated during cleaning will be collected and 
stored on site and disposed in accordance with the contaminants found. Integrated measurements 
of floors and walls will be performed using a Ludlum Model 43-37 handheld (active area of 
582 cm2) gas proportional detector, Eberline FCM4M (detector surface area of 728 cm2) gas 
proportional floor monitor, Ludlum Model 43-89 hand held (active area 126 cm2) alpha 
scintillation detector, or equivalent. The estimated detector sensitivities and assumptions used 
for each of the detectors are presented in Table 3.2- 1 .  

Static measurements will be performed in accordance with CABERA procedures OP-020 
“Operation of Contamination Survey Meters, ” Rev 0, and OP-021 “Alpha-Beta Counting 
Instrumentation, ” Rev 0, and CABRERA standard radiation instrumentation templates “Alpha 
Beta Counting and Smear Worksheet ”, Rev 1. Prior to use, FSS instrumentation will be checked 
for expected response using a Chi-square distribution utilizing the CABRERA template “Chi- 
Square Worksheet”, Rev 0. 

The net count rate using the referenced templates will be determined as the difference between 
the measurement countrate and the daily background countrate measured prior to use. 

Table 3.2-1: Detector Sensitivities and Assumptions 
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Smear Sample Collection and Analysis 

Smear samples for gross transferable alpha contamination will be collected and analyzed to 
determine if transferable activity is less then 10% of total activity as assumed in the release 
criterion and to ensure compliance with the equipment release criterion of Army Regulation 
(AR) 1 1-9 presented in Appendix B. 

Smear samples will be collected over approximately 100 cm2 areas at biased locations identified 
during scanning activities, and at other biased locations such as overhead ductwork. Smear 
samples will be analyzed for alpha radioactivity using a Ludlum 2929 alphaheta scintillation 
counter or equivalent in accordance with CABRERA procedure Alpha Beta Counting 
Instrumentation, Rev 0. Based on the assumptions listed in Table 3.2-1, an alpha MDC of 
5 dpm/100cm2 will be achieved. 

3.4 Gamma Dose Rate Measurements 

Gamma dose rate measurements may be qualitatively performed during the FSSs to ensure 
worker health and safety and to identify unusual dose rate conditions. Measurements will be 
performed using a Bicron@ MicroRem tissue-equivalent scintillation detector, or equivalent, and 
will be performed in accordance with CABRERA Procedure OP-023, Operation of micro-R 
Meters, Rev 0. Measurements will be performed using the “slow” response time constant setting. 
The detector will be positioned over the area of interest and allowed to stabilize prior to 
recording the measurement. The technician will use their judgment to determine when the 
instrument has stabilized, it is estimated that this will take at least 15 seconds. Such 
measurements will typically be performed at 1 meter from and/or on contact with the surface 
being evaluated. 

3.5 Volumetric Samples and Analysis 

Volumetric samples may be collected from areas of interest (e.g., ventilation) for analysis by 
alpha spectroscopy for isotopic uranium. If samples are collected to quantify surface activity 
concentrations, the area over which the sample is collected will be noted so laboratory results can 
be converted into units of dpm/100cm2. Volumetric samples will be collected in accordance 
with CABRERA procedure OP-005 Volumetric and Material Sampling, rev 0. Samples will be 
sent to Paragon Analytics, Inc. for analysis and analyzed in accordance with Paragon’s standard 
operating procedure. 
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4.0 FINAL STATUS SURVEY DESIGN 
The FSS to be performed at the BARF is designed in accordance with Final Status Survey 
guidance from MARSSIM (NRC, 2000). FSS activities will consist of gross alpha scan surveys 
and integrated measurements on interior surfaces at frequencies based on MARSSIM guidance. 
The FSS is designed conservatively in that the radiological background present in survey 
materials (Le., concrete floor) will be neglected and the measure of total activity will be used for 
statistical comparisons to release criteria. Survey activities will also include biased smear 
sample collection and the performance of gamma dose rate measurements. Biased survey 
measurements may be performed on building systems (e.g., ventilation) and additional analysis 
of samples by alpha spectroscopy may be performed. MARSSIM area classifications will be 
reviewed and possibly revised based on the results of these surveys. 

4.1 Residual Radioactivity Limit (DCGL) 

As described by MARSSIM, a DCGL is a derived radionuclide activity concentration within a 
survey unit that corresponds to a release criterion. Per the license requirement of lOCFR2O 
Subpart E, a release criterion of 25 mredyr  per year will be used for the BARF. Doses from 
residual radioactivity will be kept as low as reasonably achievable (ALARA) whenever possible. 
Using MARSSIM Section 4.3.4, the equation below, and knowing that there is one alpha decay 
per decay of each uranium isotope, a single total uranium DCGLw of 100 dpm alpha/100cm2 was 
derived for DU. This DCGLw was calculated using the values provided by the NRC screenin 
guidelines of 90.6 dpm/100cm2, 97.6 dpm/100cm2, 101 dpm/100cm2and for U234, U235, and U , 
respectively, as presented in Table 5.19 of NUREG/CR-5512, volume 3, October 1999 and the 
DU activity fractions as presented in Section 2.2 of this FSS. 

2 3 f  

Where: DCGLw= Combined gross activity DCGL (Le., release limit). 

f = Activity fraction of radionuclide 

DCGL = DCGL of radionuclide 

4.2 Action Levels 

The total uranium DCGLw of 100 dpm alpha/100cm2 will be used conservatively as the action 
level for both static and scanning measurements. If any survey measurement results in readings 
above the DCGLw, the Field Supervisor shall be notified and the detector and survey location 
shall be evaluated. Following evaluation, a follow-up measurement shall be performed at the 
measurement location to verify the initial result. 

4.3 General Area Classification based on contamination potential 

Using MARSSIM Section 5.3 as guidance, the BARF will initially be subdivided into four Class 
I Survey Units (SUs) and one Class 3 SU as listed in Table 4.3-1. The initial classifications are 
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SU 1 
SU 2 
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North Room Floor 88.8 Concrete 1 
South Room Floor 88.8 Concrete 1 
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based on contamination potential and area size. MARSSIM recommends that interior Class 1 
SUs be less than 100 square meters in size and each of the four Class I SU range from 77.6 m2 to 
88.8 m2. The floor and lower walls of the northern room of the BARF share similar 
contamination potential because this area housed the LAB decontamination equipment and was 
where the decontamination process was performed. Although the lab system was self-contained 
and surveys did not routinely identify transferable contamination on the floor or walls, 
contaminated materials were moved through this room via the south rollup door to be loaded in 
and out of the LAB system. In accordance with MARSSIM guidance, the south room floor and 
lower walls will initially be considered Class 1 SUs as well because this area was once used to 
store containerized contaminated trash. 

BTD Armor Reclamation Faciliy 

SU 3 North Room Lower Wall 76.6 Foam / Sheet Metal 1 
SU 4 South Room Lower Wall 76.6 Foam / Sheet Metal 1 
SU 5 Ceilings and Upper Walls 488 Foam / Sheet Metal 3 

- 

MARSSIM does not specify area limits on Class 3 SUs. Since the upper wall and ceiling 
surfaces of the north and south rooms share similar potential for contamination, these areas were 
combined into one Class 3 SU. The potential for contamination on the upper walls and ceiling 
surface in the north room is small because no contamination was identified on the LAB HEPA 
filter or at downstream areas in the ventilation system. The lack of activity downstream of the 
HEPA filter indicates a well-designed system that did not release airborne radioactivity to the 
environs. In addition, transferable contamination was not identified during routine surveys in the 
BARF and the primary mechanism for transport (Le., ventilation system) was not contaminated. 

Maps presenting the BARF SU delineations and the reference coordinate system are presented in 
Appendix C. 

Table 4.3-1: Survey Units 
I SU# 1 Description 1 AIWI(~') 1 Material ciazur 1 

4.4 Number of Static Measurements 

MARSSIM discusses a method to determine the number of measurement locations required in a 
given survey unit. A minimum number of measurement locations are required in each survey 
unit to obtain sufficient statistical confidence that the conclusions drawn from the measurements 
are correct. The following subsections describe the bases for and derivation of the minimum 
required measurement locations per survey unit. 

4.4.1 Estimation of Relative Shift 
The minimum number of measurement locations required is dependent on the distribution of site 
residual radionuclide concentrations relative to the DCGL, and acceptable decision error limits 
(a and p). 
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The relative shift describes the relationship of site residual radionuclide concentrations to the 
DCGL, and is calculated using the following equation, found in Section 5.5.2.3 of MARSSIM. 
The relative shift is calculated as follows: 

%= DCGLw 0 -LBGR 

Where: DCGLw= the DCGL (Le., release limit). 

LBGR = concentration at the lower bound of the gray region. The Lower 
Bound of the Grey Region (LBGR) is the concentration to which the 
survey unit must be cleaned in order to have an acceptable probability 
of passing the statistical tests. 

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

0 = 

As previously stated, the DCGL, for surface alpha radioactivity is 100 dpm/l OOcm’. The LBGR 
was conservatively estimated at 70 dpm alphdl00 cm2 based on previous studies with similar 
instruments on concrete. Without prior survey, it is reasonable to assume a coeficient of 
variation on the order of 30 percent (MARSSIM Section 5.5.2.2). Using a coefficient of 
variation of 30 percent and the LBGR as an estimate of the sample mean, a sigma value of 
21 dpm/100cm2 is obtained. Using the parameters discussed above, the relative shift is 
calculated as 1.4. 

4.4.2 Determination of N (Number of Required Measurement Locations) 

The final number of required measurement locations per survey unit is 20 as per MARSSIM 
(Table 5 .5 )  given a relative shift of 1.4 and an error rate for both Type I and Type I1 errors of 
five percent (Le., a = p = 0.05). The actual number of measurements to be performed in each 
survey unit ranges from 20 to 24 samples based on the size of the survey area (Section 4.6). 

4.5 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 DCGLw will be used as the DCGLEM~ which corresponds to an area factor of one. Since the 
scan MDC of the instrumentation is sensitive enough to identify the DCGLw at least ninety 
percent of the time, it is unlikely that small areas of elevated activity exceeding the release 
criterion would be missed during scanning. 
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4.6 Static Measurement Locations 

Measurement locations in Class 1 survey units have been established using a random start point 
in a systematic rectangular grid. The grid spacing for Class 1 survey units will be determined, 
based on the measured area of the survey unit, using the following equation (Equation 5-7 from 
MARSS I M). 

Where: L = rectangular grid spacing for survey unit 
A = areaofsurvey unit 
N = number measurement locations 

Measurement spacing results (L) using the equation above, 20 systematic static measurement 
locations, and the area of the Class 1 survey units presented in Section 4.3 (77.6m2 and 88.8m2) 
results in a measurement spacing of approximately 2m. Maps presenting the BARF SU 
delineations and the reference coordinate system are presented in Appendix C. 

In accordance with MARSSIM, static measurement spacing for the Class 3 SU will be performed 
at random locations. Maps presenting the BARF SU delineations and the reference coordinate 
system are presented in Appendix C. 

4.7 Surface Alpha Radioactivity Scan Surveys 

Class 1 SU scan surveys will be performed as described in Section 4.1 and will cover 100% of 
reasonably accessible surfaces. Areas of elevated radioactivity identified during scanning will be 
physically marked and biased integrated measurements will be performed to quantify surface 
alpha activity concentrations for direct comparison to the DCGLw. Survey areas in excess of the 
DCGLw will be investigated by the Field Supervisor and flagged for additional biased sampling 
(e.g. smear sampling, alpha spectroscopy). 

Scan surveys in Class 3 SUs will cover at least 10% of surface areas and, when possible, will be 
biased toward areas with high potential for the presence of contamination. Examples of areas 
with potentially higher concentrations of contamination include ventilation intake and exhaust 
ports and areas where DU contamination may have settled from the air, such as ceiling trusses 
and joints. Areas of elevated radioactivity identified during scanning will be physically marked 
and biased integrated measurements will be performed to quanti@ surface alpha activity 
concentrations for direct comparison to the DCGLw. Since contamination is not expected in 
Class 3 areas, any biased measurements confirmed to be in excess of the DCGLw will trigger 
investigation by the Field Supervisor and a re-evaluation of the area classification. 
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4.8 Integrated Direct Surface Alpha Radioactivity Measurements 

Measurements of surface alpha radioactivity will be performed in SUs at locations selected for 
MARSSIM statistical testing and at biased locations identified prior to and during scanning 
activities. Such measurements will be performed as described in Section 3.2. 

4.9 Smear Sample Collection and Analysis 

Smear samples will be collected at biased survey locations and at least 10% of systematic survey 
locations. Smear samples will be collected as described in Section 3.3. 

4.10 Gamma Exposure Rate Measurements 

Gamma exposure rate measurements may be performed to ensure worker safety and to identify 
unusual exposure rate conditions. Gamma exposure rate measurements will be performed as 
described in Section 3.4. 
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I 5.0 EQUIPMENT RELEASE 

5.1 Survey of Equipment for Release without Restriction 

Certain equipment present inside the BARF may need to be surveyed for consideration of release 
without restriction, If necessary, CABRERA will follow the surface release limits of 1,000 
dpd100 cm2 of DU alpha activity per Army Regulation 11-9 The Army Radiaiion Sa&& 
Program. It is expected that all final release surveys of equipment will be performed by the 
licensee and these surveys will follow APG procedures. If CABRERA performs these release 
surveys for APG, then CABRERA will follow the APG procedures. 
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6.0 DATA PROCESSING 
For this FFS, it is essential that all significant events be documented and retained for future 
reference. While many types of project events have specific forms on which they are 
documented, many events occur on a routine basis during survey field activities that must be 
documented as they occur. Additionally, project data transactions must also be recorded as they 
occur. To provide a practical means of capturing this information, a project logbook will be 
initiated upon project commencement. 

Significant project events, including data transactions involving project electronic data, shall be 
recorded in the Project Logbook. Data transactions are defined as any transfer, download, 
export, copy, differential correction, sort, or other manipulation performed on project electronic 
data. Project Logbook records shall be sufficient to allow data transactions to be reconstructed 
after the project is completed. The Field Supervisor shall be responsible for maintaining the 
Project Data Logbook and will review the Project Data Logbook at least daily to report 
significant issues. 

The Project Logbook is considered a legal record and will be permanently bound and the pages 
will be pre-numbered. Pages may not be removed from the logbook under any circumstances. 
Entries shall be legible, factual, detailed, and complete and shall be signed and dated by the 
individual(s) making the entries. If a mistake is made, the individual making the entry shall 
place a single line through the erroneous entry and shall initial and date the deletion. Under no 
circumstances shall any previously entered information be completely obliterated. Use of 
whiteout in the Project Logbook is not permitted for any reason. Only one Project Logbook will 
be maintained. If a Project Logbook is completely filled, another volume shall be initiated. In 
this case, each volume shall be sequentially numbered. 

6.1 Project Electronic Data 

Much of this FSS will rely on data collected and stored electronically. Electronic data is subject 
to damage and/or loss if not properly protected. As such, all project electronic data shall be 
downloaded from its collection device (e.g., laptop computers, data loggers, etc.) on at least a 
daily basis. At the conclusion of each day's survey activities, the Field Supervisor shall back up 
all electronic data collected that day to appropriate removable media (e.g., CD, zip disk, or 
equivalent) and shall ensure the backup is removed from site. Under no circumstances shall the 
backup be stored in the same building in which the original project electronic data is stored. 

Data files shall be named according to a naming protocol designated by the field supervisor. No 
variations from this protocol shall occur without the prior concurrence of the field supervisor. 
During data download and transfer transactions, the applicable data file name(s) shall be 
included in project data logbook entries. 
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7.0 SURVEY QUALITY ASSURANCE/QUALITY CONTROL 
Activities associated with this work plan shall be performed in accordance with written 
procedures and/or protocols in order to ensure consistent, repeatable results. Topics covered in 
project procedures and protocols may include proper use of instrumentation, Quality Control 
(QC) requirements, equipment limitation, etc. Quality Assurance (QA) measures for this FSS 
are described herein. 

7.1 Instrumentation Requirements 

The Field Supervisor is responsible for determining the instrumentation required to complete the 
requirements of this work plan. Only instrumentation approved by the Field Supervisor will be 
used to collect radiological data. The Field Supervisor is responsible for ensuring individuals are 
appropriately trained to use project instrumentation and other equipment, and that 
instrumentation meets the required detection sensitivities. Instrumentation shall be operated in 
accordance with either a written procedure or manufacturers’ manual, as determined by the Field 
Supervisor. The procedure and/or manual will provide guidance to field personnel on the proper 
use and limitations of the instrument. 

7.1.1 Calibration Requirements 

Instruments used during the FSS shall have current calibratiodmaintenance records kept on site 
for review and inspection. The records will include, at a minimum, the following: 

0 name of the equipment 
0 

manufacturer 
0 date of calibration 
0 calibration due date 

equipment identification (model and serial number) 

Instrumentation shall be maintained and calibrated to manufacturers’ specifications to ensure that 
required traceability, sensitivity, accuracy and precision of the equipmenthstruments are 
maintained. Instruments will be calibrated at a facility possessing appropriate NRC and/or 
Agreement State licenses for performing calibrations using National Institute of Standards and 
Technology (NIST) traceable sources. 
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7.1.2 

Prior to and after daily use, alpha and gamma measuring instruments will be QC checked by 
comparing the instruments’ response to a designated alpha or gamma radiation source and to 
ambient background. QC source checks will be performed with the designated source positioned 
in a reproducible geometry. Background checks will be performed in an identical fashion with 
the source removed. During QC checks, instruments will be inspected for physical damage, 
current calibration and erroneous responses. The individual performing these tasks shall 
document the results in accordance with the associated instrument procedure and/or protocols. 
Instrumentation that does not meet the specified requirements of calibration, inspection, or 
response check will be removed from service. If an instrument is removed from service, any 
data obtained after the last successhl QC check will be considered suspect due to faulty 
instrumentat ion. 

Instrument QC Source and Background Checks 

Quality control source checks for the Eberline FCM4M, Ludlum 43-37, Ludlum 43-89 will 
consist of a one-minute integrated count with the designated Thorium-230 (230Th) and 
Technetium-99 (99Tc) sources. QC source checks for the Bicron@ MicroRem meter will consist 
of observing needle deflection and estimating an avera e dose rate once the instrument readings 
have stabilized (approximately 22 seconds) using a 13&s source. The acceptance criterion for 
these instrument response checks is within +/- 20% of the average response generated using ten 
initial source checks and ten measurements of ambient background performed at the beginning 
of the project. A response check outside these criteria will be cause for evaluation of conditions 
(e.g., instrument operation, source/detector geometry). The response check will be repeated once 
prior to field use of that instrument. Instruments that fail the second successive response check 
will be removed from service, Only Field Supervisors can return a failed instrument back to 
service after proper corrective actions are taken. 

Quality control source res onse checks for the Ludlum 2929 will be checked daily by evaluating 
response to designated p30Th (Alpha) and wTc (Beta) sources and ambient background. 
Response checks will consist of one-minute counts of a 230Th, 99Tc source, and a 20 minute count 
of ambient background. The acceptance criteria for instrument response will be set to two and 
three-sigma of the average response generated using ten initial source checks and ten 
measurements of ambient background. A daily response check outside the two-sigma, but within 
the three-sigma criteria will be cause for a recount prior to use. A response check outside two 
sigma on the second count will be cause for hrther evaluation and or re-performance of QC 
control values prior to continued use. Response checks falling outside acceptance criteria will be 
cause for notification of the Field Supervisor and evaluation of conditions (e.g., instrument 
operation, source/detector geometry) prior to hrther counts and/or removal of the instrument 
from service. Instruments must pass a response check prior to field use. Only Field Supervisors 
can return a failed instrument back to service after proper corrective actions are taken. 

Quality control for volumetric sample analysis will be performed in accordance with applicable 
Paragon standard operating procedures. 
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'- 7.2 Direct Alpha, Smear, and Exposure Rate Measurements 

Instrumentation will be operated in accordance with standard operating procedures and/or 
protocols. 

7.2.1 Duplicate Measurements 

Duplicate measurements will be required for 10% of the static measurement locations for each 
survey unit. Duplicate measurements will be compared to the initial analytical results by 
determining a Normalized Absolute Difference (NAD) value and comparing it against the 
performance criteria specified as follows: 

Analyses of field and laboratory duplicates will be compared to the initial analytical results by 
determining a NAD value for each data set by the following equation (PROB, 1993): 

/Sample - Duplicatd 

N A D =  Jz i -zzL 
Where: Sample = first sample value (original), 

Duplicate = second sample value (duplicate), 
~ ~ m p l e  = 20 counting uncertainty of the sample, and, 
(TDuplicate= 2 0  counting uncertainty of the duplicate 

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

W 

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

> the standard deviations, OSample and ODuplicate, represent the true standard deviation of the 
measured population 
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Appendix A: Uranium 238 Decay Series 
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Bi-2 14 

Uranium 238 Decay Series 
(Excerpted from Radioactive Decay Data Tables, David Kocher, 198 1 )  

19.7 min P 1 .o 23 
P 1.51 40 
n 3.26 19 

J 

Y 0.609 47 
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*Army Regulation 11 -9 

Effective 29 June 1999 

Army Programs 

The Army Radiation Safety Program 

United States, the Army Reserve, and Army 

w- Louis Caldera u Secretary of the Army 

History. This is a new regulation. 
Summary. This regulation prescribes Army 
radiation safety policy. It is a consolidation of 
several regulations that partially covered this 
policy. It implements DODl 6055.8 and DODl 
6055.11. It includes Army policy for the use, 
licensing, disposal, transportation, dosimetry, 
accident reporting, safety design, and inventory 
control of and radiation exposure standards for 
ionizing and nonionizing radiation sources. 
This regulation updates policy to be consistent 
with current Federal radiation safety regula- 
tions; simplifies Army radiation authorization, 
Army radiation permit, and Nuclear Regulatory 
Commission license application procedures; 
requires Army radiation authorizations for the 
use of machine-produced ionizing radiation; 
and strengthens MACOM and installation radia- 
tion safety authority. 
Applicability. This regulation applies to the 
Active Army, the Army National Guard of the 

contractors. This regulation does not apply to 
nuclear weapons (AR 50-5). 
Proponent and exception authority. The pro- 
ponent of this Army regulation is the Director of 
the Army Staff (DAS). The DAS has the author- 
ity to approve exceptions to this regulation that 
are consistent with controlling law and regula- 
tion. The DAS may delegate this authority, in 
writing, to a division chief within the proponent 
agency in the grade of colonel or civilian 
equivalent. 
Army management control process. This 
regulation contains management control provi- 
sions and identifies key management controls 
that must be evaluated. 
Supplementation. Supplementation of this 
regulation is prohibited without prior approval 
from HQDA (DACS-SF), VWSH DC 20310- 
0200. 
Suggested improvements. Users are invited 
to send comments and suggested improve 
ments on DA Form 2028 (Recommended 
Changes to Publications and Blank Forms) di- 
rectly to HQDA (DACS-SF), WASH DC 20310- 
0200. 
Distribution. This publication is available in 
electronic media only and is intended for com- 
mand level C for Active Army and D for Army 
National Guard of the United States. 

*This regulation supersedes AR 40-14, 30 June 1995; AR 40-46, 15 November 1974; AR 385-9, 
1 ADril 1982: and AR 385-1 1, dated 1 May 1980 r ~. 
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Chapter 1 
Introduction 

W 

1.1. Purpose 
This regulation establishes policies and procedures for the use of, licensing, disposal, transportation, 
safety design, and inventory control of ionizing and nonionizing radiation sources. It also provides 
radiation exposure standards and dosimetry and accident reporting instructions. Its objective is to 
assure safe use of radiation sources and compliance with all applicable Federal and DOD rules and 
regulations. 

1.2. References 
Required and related publications are listed in appendix A. 

1-3. Explanation of terms 
Abbreviations and special terms used in this regulation are explained in the glossary. 

1-4. Responsibilities 
a. The Assistant Secretary of the Army (Installations and Environment) (ASA(I&E)) establishes 

overall Army environment, safety, and occupational health policy and maintains general over- 
sight of and serves as advocate for the Army Radiation Safety Program. 

b. The Assistant Secretary of the Army (Manpower and Reserve Affairs) establishes overall Army 
health and preventive medicine policy and maintains oversight of medical and health aspects 
of the Army Radiation Safety Program. 

c. The Director of Army Safety (DASAF), Office of the Chief of Staff, Army, will- 
(1) Provide Army Staff oversight of the Army Radiation Safety Program. 
(2) Administer, direct, and integrate Army Force Protection risk management (AR 385-10). 
(3) Chair the Army Radiation Safety Council (ARSC). 
(4) In coordination with the ASA (&E), designate, in writing, a qualified nuclear medical sci- 

ence officer (SSI 72A67C) colonel to serve as Army Radiation Safety Officer (Army 
RSO). 

(1) Control NRC (Nuclear Regulatory Commission) licenses and Army radiation authoriza- 
tions for Army radioactive commodities. 

(2) Provide ionizing radiation dosimetry services (at the Army Ionizing Radiation Dosimetry 
Center (AIRDC)) that meet the requirements of 10 CFR 20.1501(c). The Chief, AIRDC, 
will- 
(a) Publish instructions for starting, maintaining, and ending personnel dosimetry 

services (SB 1 1-206). 
(b) Maintain the Army's Central Dosimetry Records Repository (CDRR). The CDRR 

will archive comprehensive dosimetry records for all Army personnel and for other 
personnel who use Army dosimetry services. Records will meet the requirements 
of 10 CFR 20.2106 and 20.2110. Records will include results of bioassays, ad- 
ministrative dose assignments (including copies of documents that make the a s  
signments), and supplementary occupational dose equivalent information (for ex- 
ample, dosimetry information resulting from off-duty employment, "moonlighting") 
that any radiation safety officer (RSO) reports. In particular, the AIRDC will meet 
the requirements of 10 CFR 20.21 06(9 for long-term retention of these records. 

(c) Provide quarterly personnel dosimetry reports (automated dosimetry record (ADR)) 
to RSOs for all personnel who received dosimetry services during the previous cal- 
endar quarter. These reports will enable supported RSOs to meet all recordkeep- 
ing requirements in 10 CFR 20.21 06. 

d. The Commanding General, Army Materiel Command (AMC) will- 
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Survey each installation and each NRC license, Army reactor permit, or Army radiation 
authorization (ARA) holder at least once every three years for compliance with applica- 
ble radiation safety and health regulations and guidance (AR 40-5). 
Establish appropriate occupational health surveillance for personnel occupationally ex- 
posed to radiation (AR 40-5). 
Perform health hazards assessments (HHAs) of commodities and systems that emit ra- 
diation or contain RAM as early as practical in development and before fielding (AR 40- 
IO). 
Provide radiation bioassay services (AR 40-5) that comply with criteria of the American 
National Standards Institute (ANSI) (see ANSI N13.30). Such services are available 
from the U.S. Army Center for Health Promotion and Preventive Medicine (CHPPM) on 
a cost-reimbursable basis. 
Provide medical support for investigations of alleged excessive radiation exposures 
(DODI 6055.11 and DA PAM 40-18). 

h. The Assistant Chief of Staff for Installation Management (ACSIM) will provide oversight for all 
radioactive contamination surveys conducted in support of base closure or installation restora- 
tion activities. 
Each MACOM commanding general will- i. 
(1) Assure installation and subordinate command compliance with conditions of AMC-held 

radioactive commodity NRC licenses and AMs.  (See para 2-1 b.) 
(2) Designate, in writing, a person to be the MACOM RSSO. 
(3) Issue ARAs as necessary (para 2-3). 
(4) As necessary, establish and employ procedures to assure that captured, purchased, 

borrowed, or otherwise obtained foreign equipment and materiel are surveyed for RAM 
and that appropriate actions are taken following discovery of any RAM in those items. 

(5) Concerning the MACOM radiation safety program: 
(a) Establish review and approval procedures for conducting risk management in ac- 

cordance with established doctrine (DODI 6055.1). 
(b) Maintain a central register of risk decisions regarding deviations from the Army 

standards of this regulation and DA PAM 40-1 8 within the command. 
(c) Assure that the complete risk management process is executed before the conduct 

of all operations. 
(6) Report excess military-exempt lasers to the Defense Reutilization and Marketing Service 

for utilization screening within DOD (DOD 4160.21-M-1). (See para 3-2c.) 

(a) Maintain accountability during the screening period. 
(b) Losing and gaining organizations will transfer excess directly between themselves. 
(c) After utilization screening is completed, identify supply system requirements for u s  

able parts. Return required parts to the supply system. 
j. Each installation commander- 

(1) MI1 designate, in writing, a qualified individual to be Installation RSO. 
(2) May establish an Installation Radiation Safety Committee (RSC). (See para 1-6.) 
(3) WII prepare and maintain historical records of location of use or storage of RAM on the 

installation and the responsible activity for that use or storage (para 2-5). 
(4) WII maintain documentation listing locations categorized as “RF controlled” and ‘RF un- 

controlled” environments as necessary (DODI 6055.1 1). 
(5 )  Issue Army radiation permits as necessary (para 2-4). 

(1) Designate, in writing, a person to be the RSO when any of the following is true. 
k. Each commander will- 

AR 11-9 @ 28 May 1999 
7 



(4) Provide radiation safety consultation to the MACOM commanding general and staff and 
to subordinate commanders and staffs. 

(5 )  Serve as MACOM radiation safety point-of-contact. 

(1) Direct the installation radiation safety program. 
(2) Assist TOE (Table of Organization and Equipment) units on the installation to meet re- 

quirements of NRC licenses and ARAs for radioactive commodities. In particular, the 
installation RSO will- 
(a) Assure that TOE unit personnel receive appropriate radiation safety training as 

necessary. 
(b) Meet all reporting requirements for accidents or incidents (para 6-2). 
(c) Assure appropriate inventory control per applicable technical publications and lo- 

gistics regulations. 
(3) Notify the AMC RSSO when a building or area that currently or formerly contained ra- 

dioactive commodities is scheduled for demolition or will no longer contain radioactive 
commodities. This is to provide AMC radioactive commodity license holders appropriate 
notice so that they can take decommissioning actions as necessary. 

0. Each RSO (or LSO), including the installation RSO, will- 
(1) Perform or be responsible for the performance of all radiation safety functions that appli- 

cable Federal, DOD, and Army regulations and NRC license, Army reactor permit, and 
ARA conditions require. 

(2) Establish plans and procedures for handling credible emergencies involving radiation 
and radioactive materials. This includes coordination with civilian and military emer- 
gency response organizations as necessary. 

(3) Coordinate with supporting medical personnel to help assure that personnel receive ap- 
propriate occupational health surveillance (AR 40-5). 

(4) For an RSO with laser safety responsibilities, assume the responsibilities of an LSO as 
listed in section 1.3.2, ANSI 21 36.1, except for occupational health responsibilities. 
(The RSO or LSO will assist the occupational health physician as necessary in meeting 
laser occupational health responsibilities.) 

n. Each Installation RSO will- 

1.5. Army Radiation Safety Council 
a. The ARSC is the Chief of Staff, Army's advisory body to provide recommendations for Army 

radiation safety directives and to gather and disseminate information about the status of the 
Army radiation safety program. 

b. Membership includes the DASAF as chair (para 1-4c(3)), the Army RSO as recorder, the Ra- 
diological Hygiene Consultant to TSG, a representative of the ACSIM (Assistant Chief of Staff 
for Installation Management), a representative of the Army Reactor Office (AR 50-7), and the 
RSSO from each MACOM, the National Guard Bureau, and the Office, Chief Army Reserve. 

c. The ARSC will meet at least once each 6 month period and at the call of the chair. 

1-6. Installation Radiation Safety Committee 
a. The installation RSC is the installation commander's advisory body to gather and disseminate 

information about the status of the installation radiation safety program. 
b. Membership includes a chair that the commander designates, the installation RSO (recorder), 

and all tenant RSOs. Installations with large numbers of TOE unit personnel that use radioac- 
tive commodities will include military representatives knowledgeable about the TOE units' ra- 
diation safety programs. 

c. Each installation RSC will meet at least once each calendar year and at the call of the chair 
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W f. Forward requests through command channels to HQDA (DACS-SF), WASH DC 2031 0-0200, 
for waivers and exceptions to Federal or DOD radiation safety regulations. Prior approval 
from HQDA (DACS-SF), WASH DC 20310-0200, is required before such requests are sent to 
a Federal agency or to DOD. Prior approval of TSG is also required before requests for waiv- 
ers or exceptions to Federal or DOD personnel radiation exposure standards are sent to a 
Federal agency or to DOD. 

Chapter 2 
Ionizing Radiation Sources 

2-1. General 
a. Materiel. AR 70-1 applies to developmental and non-developmental materiel containing radia- 

tion sources. 
b. Compliance with NRC regulations and NRC license, Army reactor permit, and ARA conditions. 

(1) All Anny personnel using RAM will comply with all applicable NRC regulations and con- 
ditions of NRC licenses, Army reactor permits, and ARAs held by their own or by an- 
other command (paras 2-2a(2) and 2-3b(2)). 

(2) Holders of NRC licenses, Army reactor permits, and ARAs will assure that all personnel 
using RAM are aware of applicable regulations and conditions as appropriate. 

c. Shielding and control designs. A qualified expert will design, review, and test shielding of and 
controls for access to radiation areas, high radiation areas, and very high radiation areas. 
Perform these procedures per applicable regulations and guidelines before routinely using ra- 
diation sources within the area. Each design for high radiation and very high radiation areas 
will receive an additional independent review by a qualified expert that the MACOM RSSO 
designates. 

d. Environmental requirements. See 10 CFR 51, 40 CFR, AR 200-1, and AR 200-2 for RAM en- 
vironmental requirements. 

2-2. Nuclear Regulatory Commission licenses 
The NRC licenses special, source, and byproduct material in the U.S. and its possessions. 

a. Send applications for new licenses, license renewals, and license amendments through com- 
mand channels to the MACOM headquarters for forwarding to the NRC. 
(1) The MACOM commanding general may allow subordinate commanders to forward a p  

plications directly to the NRC without MACOM review. 
(2) M e n  compliance with conditions proposed in the application requires efforts of person- 

nel of another command, obtain a letter of agreement from an authorized representative 
of that command (paras 14(5) and 2-1 b). 

(3) The applicant or MACOM RSSO will provide a copy of all correspondence relating to 
applications to Commander, CHPPM, Aberdeen Proving Ground, MD 21 01 0-5422. 

(4) Tenant commanders will provide a copy of each NRC license, including all amendments, 
to the installation commander. 

b. Except as specified in paragraphs 1-9f and 2-2a, all Army personnel may communicate di- 
rectly with the NRC without restriction. However, a person considering such communication 
should also consider whether information to be requested is obtainable from Army sources 
and whether information provided or obtained is of interest to the chain of command or other 
Anny organizations. 

2-3. Army radiation authorizations 
a. The Army uses ARAs to control specific Army ionizing radiation sources (including machines 

that emit ionizing radiation) that the NRC does not license. An ARA is required for all such 
sources except 
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W b. The ARP application will specify start and stop dates for the ARP and describe for what pur- 
poses the applicant needs the ARP. The installation commander will approve the application 
only if the applicant provides evidence to show that one of the following is true. 
(1) The applicant possesses a valid NRC license or Department of Energy (DOE) radiologi- 

cal work permit that allows the applicant to use the source as specified in the ARP appli- 
cation. 

(2) The applicant possesses a valid Agreement State license that allows the applicant to 
use RAM as specified in the ARP application, and the applicant has filed NRC Form- 
241, Report of Proposed Activities in Nonagreement States, with the NRC in accor- 
dance with 10 CFR 150.20, An ARP issued under this circumstance will be valid for no 
more than 180 days in any calendar year. 

(3) For NARM and machine-produced ionizing radiation sources, the applicant has an ap- 
propriate State authorization that allows the applicant to use the source as specified in 
the ARP application or has in place a radiation safety program that complies with Army 
regulations.. 

(4) For overseas installations, the applicant has an appropriate host-nation authorization as 
necessary that allows the applicant to use the source as specified in the ARP application 
and has in place a radiation safety program that complies with Army regulations. (AppC- 
cants will comply with applicable status-of-forces agreements [SOFAS] and other inter- 
national agreements.) 

c. All ARPs will require applicants to remove all permitted sources from Army property by the end 
of the permitted time. 

d. Disposal of RAM by non-Army agencies on Army property is prohibited. However, the installa- 
tion commander may authorize radioactive releases to the atmosphere or to the sanitary sew 
erage system that are in compliance with all applicable Federal, DOD, and Army regulations. 
(The installation commander also will give appropriate consideration to State or local restric- 
tions on such releases.) 

e. A sample ARP is in figure 2-2. 

2-5. Decommissioning records 
a. Holders of NRC licenses will establish and maintain decommissioning records in accordance 

with I O  CFR 30.35(g), 40.36(f), and 70.25(g), as applicable. 
b. Holders of ARAs will establish and maintain decommissioning records similar to those that the 

NRC requires. 
c. Holders of NRC licenses and ARAs will provide information about the location of use and stor- 

age of RAM to the installation commander for the installation RAM history records (para 1- 
Y (3)). 

2-6. Transfer and transport 
a. Transfer radioactive material only to persons authorized to receive and possess it. 

(I) The holder of the commodity license or ARA will in accordance with technical publica- 
tions and applicable instructions establish transfer of Army radioactive commodities. 

(2) For all other RAM, the shipper will obtain and retain appropriate evidence (for example, 
a copy of the recipient's ARA or NRC or Agreement State license) before shipping the 
RAM. 

b. Domestic shipments of RAM will be in accordance with applicable NRC ( I O  CFR 71), Depart- 
ment of Transportation (DOT) (49 CFR), and U.S. Postal Service (39 CFR) regulations and per 
DOD 4500.9-R (Part 11). International shipments of RAM will be per applicable U.S. and Inter- 
national Atomic Energy Agency (IAEA) transportation regulations. 

c. Do not transfer radium and items containing radium to non-DOD agencies or activities (except 
for disposal as radioactive waste). 
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DEPARTMENT OF THE ARMY 

HQ , MACOM 

CITY, STATE, AND ZIP CODE 

REPLY TO ATTENTION OF 

xxxx-xx (11-Xxm) 15 January 2000 

MEMORANDUM FOR Commander, U.S. Army Activity, Installation, City, 
State XXXXX-XXXX 

SUBJECT: Army Radiation Authorization (ARA) No. XXX-XX 

1. Reference memorandum, HQ, U.S. Army Activity, XXXX-XX-X, 15 Novem- 
ber 1999, subject: Application for Renewal of Army Radiation Authori- 
zation No. XXX-XX, and enclosures thereto. 

2. In accordance with referenced memorandum ARA No. XXX-XX is amended 
in its entirety to read as follows: 

a. Expiration date: 31 January 2002. 

b. Description of machine-produced ionizing radiation source and of 
radioactive material, its chemical and/or physical form, and maximum 
amount at any one time authorized under this ARA: See enclosure. 

c. Authorized use: See enclosure. 

d. Radiation Safety Officer: CPT Dan Hamilton. 

e. Conditions: See enclosure. 

3. Except as specifically provided otherwise in this ARA, conduct 
your program in accordance with the statements, representations, and 
procedures in the documents, including any enclosures, listed: refer- 
enced memorandum. 

4. Our point of contact is Mr. John A. Manfre, MACOM Radiation Safety 
Staff Officer, DSN XXX-XXXX. 

FOR THE COMMANDER: 

Encl RUPERT K. THORNE 

as LTC, GS 

Adjutant 
Figure 2-1. Sample Army radiation authorization 
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Chapter 3 
Lasers 

3-1. General 
a. The design of Army laser safety programs will follow applicable guidelines in ANSI 2136.1 and 

ANSI Z136.3. Military-exempt laser users will comply with laser safety requirements in appi- 
cable technical publications. 

b. Army laser range safety guidance is in AR 385-63 and MIL-HBK 828. 
c. Use a type-classified or commercial class lllb or class IV laser on an Army range only if the 

DOD Laser Systems Safety Working Group or CHPPM has performed a prior laser hazard 
evaluation for that specific kind of laser. 
(1) A list of approved lasers is in MIL-HDBK-828. Send requests for approval of an unlisted 

laser through command channels to Commander, CHPPM, ATTN: MCHB-DC-OLO, Ab- 
erdeen Proving Ground, MD 21 010-5422. 

(2) Use an unlisted class lllb and class IV laser on an Army range for RDTE purposes only. 
Users of such lasers will comply with paragraph a. 

d. Only a qualified expert will design, review, and test controls for access to a class lllb or IV la- 
ser facility. Meet this requirement in accordance with applicable directives before routinely us- 
ing class lllb or IV lasers within such a facility. A qualified expert will design or review for ade- 
quacy all radiation safety SOPS (standing operating procedures) for each such facility. 

e. Use only class I, class 11, and class llla lasers indoors on Army installations as hand-held laser 
pointing devices. Do not use class lllb or class IV lasers for such purposes. 

3-2. Military-exempt lasers 
a. Although exempt, military-exempt lasers will meet as many of the laser safety standards in 21 

CFR 1040 as practical. 
b. Proponents of military-exempt lasers will include laser safety requirements in technical publi- 

cations about siting, operation, and maintenance of these lasers and laser systems. 
c. Dispose of unwanted military-exempt lasers in accordance with DOD 4160.21-M-1. Do not 

dispose of potentially usable lasers or laser parts through utilization outside DOD, donation, or 
sale without the prior approval of the Deputy Undersecretary of Defense (Environmental Secu- 
rity) or designee. Send requests for such disposition through supply channels to the com- 
manding general of the appropriate materiel readiness command. 

d. Military-exempt lasers will not include lasers intended primarily for indoor classroom training 
and demonstration, industrial operations, scientific investigations, or medical applications. 

e. Commanding General, USACHPPM, will maintain records for all military-exempt lasers that 
indicate types of laser products and manufacturers. 

Chapter 4 
Radiofrequency electromagnetic radiation 

4-1. General 
a. The Army will comply with RF (radiofrequency) radiation safety program elements in DODl 

6055.1 1. Type-classified RF EMR (electromagnetic radiation) emitting system users will com- 
ply with radiation safety requirements in applicable technical publications. 

b. Adopt no practice and conduct no operation involving planned exposure of personnel to RF 
levels in excess of the applicable maximum permissible exposures in DODl 6055.11. 

c. Do not use radiofrequency protective clothing for routine use to protect personnel. Protective 
equipment, such as electrically insulated gloves and shoes for protection against RF shock 
and bum or for insulation from the ground plane is permissible where necessary for compli- 
ance with induced current limits in DODl 6055.1 1. 

AR 11-9 e 28 May 1999 
17 



(2) Personnel at Army government-owned contractor-operated (GOCO) facilities and con- 
tractor personnel who are working in Army facilities and require dosimetry will use 
AIRDC-supplied dosimeters unless a written contract specifically exempts them. (Non- 
GOCO contractor personnel working under provisions of an ARP may use contractor- 
supplied dosimetry.) 

(3) AIRDC dosimeters may be used to monitor the exposure of other personnel and for area 
monitoring. Evaluate requirements for continued use of AIRDC dosimetry for such pur- 
poses periodically (at least annually). 

(4) DA PAM 40-18 contains instructions for wearing supplemental dosimeters. 
c. Bioassay. 

(1) Monitor occupational intake of RAM and, as necessary, assess the committed effective 
dose equivalent (CEDE) for: 
(a) Adults likely to receive, in 1 year, an intake in excess of 10 percent of applicable 

annual limits of intake (ALI). The ALls for NRC-licensed RAM are in table 1, col- 
umns 1 and 2, 10 CFR 20, appendix B. The Surgeon General will provide, as nec- 
essary, ALls and related air and water concentrations for radioisotopes used under 
ARA authority and not listed in 10 CFR 20, appendix B to the Army RSO for prom- 
ulgation. 

(b) Minors and declared pregnant women likely to receive, in 1 year, a CEDE in ex- 
cess of 0.05 rem (0.5 mSv). 

(2) Intake of RAM may be monitored and the CEDE assessed for other individuals. Evalu- 
ate the requirement for continued intake monitoring periodically (at least annually). 

(3) All Government- and contractor-provided bioassay will be in accordance with proce- 
dures in ANSI N13.30. 

(1) All personnel will complete DD Form 1952, Dosimeter Application and Record of Occu- 
pational Radiation Exposure, before receiving AIRDC dosimetry or participating in a rou- 
tine bioassay program. 

(2) The RSO will provide a copy of determinations of administrative doses (para e), deter- 
minations of non-Army occupational dose histories (obtained from somewhere other 
than AIRDC), bioassay results, and results of assessing CEDE by bioassay or by de- 
termination of the time-weighted air concentrations to which an individual has been ex- 
posed [that is, derived air concentration (DAC)-hours] to the AIRDC for archiving. 

(3) The RSO will provide a copy of each DD Form 1952 and calendar year ADR for rou- 
tinely monitored personnel to the supporting medical treatment facility or occupational 
health clinic (AR 40-66). (Examples: A visitor monitored only during a short-term visit of 
a few days is not routinely monitored. A student or intern monitored over a period of a 
few months is routinely monitored.) 

(1) Only TSG may approve assigning an administrative dose in place af any AIRDC- 
recorded occupational dose equivalent that exceeds a value in table 5-1. 

(2) RSOs will estimate TEDE (total effective dose equivalent) or CEDE when they cannot 
determine it from dosimetry or bioassay (for example, if a dosimeter was lost, damaged, 
or believed to be deliberately exposed). The estimate of the administrative dose may be 
based on any of the following. 
(a) Occupancy or workload information and radiation dose levels at the radiation 

source operator location. 
(b) Data supplied by a supplemental dosimeter. 
(c) Average of the individual's previous occupational dose for the preceding 6 to 12 

months if conditions prevailed similar to those during the period for which the dose 
is being estimated. 

d. Dosimetry and bioassay records. 

e. Administrative doses. 
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J 1. From 10 CFR 20. Refer to 10 CFR 20 for detailed standards. 
2. Abbreviations: TEDE = total effective dose equivalent; DDE = deep dose equivalent; ED = 

effective dose; EDE = effective dose equivalent; CDE = committed dose equivalent; 
SDE = shallow dose equivalent. 

3. OSHA standard for occupational exposure of adults and for the lens of the eye is 1 % rem in 
calendar quarter. OSHA standard for skin of whole body is 7% rem in calendar quarter. 
OSHA standard for hands and forearms; feet and ankles is 18% rem in calendar quarter. 

4. The dose in any unrestricted area from external sources, exclusive of the dose contributions 
from patients administered radioactive material and released in accordance with applicable 
regulations, will not exceed 2 mrem (0.02 mSv) in any one hour. 
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W Table 5-3. 
Electromagnetic Radiation. 

REGlON W A  YELENG JH FREQUENCY A U J H O R l r Y  
Ionizing < 100 nm > 3 PHz NRC and 
(gamma and x rays) (E > 12.4 ev) OSHA 
Ultraviolet (UV) 100 to 380-400 nm 0.75-0.79 to 3 PHz ACGIH 
Visible (light) 380-400 to 760-780 380-390 to 750-790 THz ACGIH 

Infrared (IR) 760-780 nm to 1 mm 300 GHz to 380-390 THz ACGIH 
Radiofrequency 1 mm to 100 km 3 kHz to 300 GHz DOD 
Extremely low > 100 km < 3 kHz ACGIH 
frequency 
Static electric fields NA NA ACGIH 
Static magnetic fields NA NA ICNIRP 

nm 

Notes. 
1. Unit abbreviations: nm = nanometer (IO-’ m); mm = millimeter ( I  0-3 m); km = kilometer ( I  O3 

Hz); THz = terahertz (10” Hz); GHz = gigahertz (IO’ Hz); kHz = ki- 

2. Wavelength x frequency = speed of light = 3 x 10’ m s-’. 
3. Authority = The regulating authority for personnel exposure for the purposes of this regulation 

rn); PHz =?etahertz 
lohertz (1 0 Hz), and eV = electron volt (1 eV = 1.6 01 0 -” J). 

(para 54). 

Chapter 6 
Special reporting requirements 

6-1. General 
a. Reporting requirements of AR 40-5, AR 385-40, and DA PAM 40-18 apply for radiation acci- 

dents, incidents, and over-exposures. Additional requirements are in paras b and 6-2. 
b. IMMEDIATELY EVACUATE PERSONNEL SUSPECTED OF EXPERIENCING POTENTIALLY 

DAMAGING EYE EXPOSURE FROM LASER RADIATION TO THE NEAREST MEDICAL 
FACILITY FOR AN EYE EXAMINATION (See FM 8-50). LASER EYE INJURIES REQUIRE 
IMMEDIATE SPECIALIZED OPHTHALMOLOGIC CARE TO MINIMIZE LONG-TERM VISUAL 
ACUITY LOSS. MEDICAL PERSONNEL SHOULD OBTAIN MEDICAL GUIDANCE FOR 
SUCH EMERGENCIES FROM THE WALTER REED ARMY INSTITUTE OF RESEARCH 
DETACHMENT AT BROOKS AFB (Commercial I8001 473-3549). 

c. Notify the installation or activity public affairs officer at the onset of the accident or incident in 
order to activate public affairs contingency measures (AR 360-5). Radiation accidents or inu- 
dents attract the attention of local and national media quickly. Early disclosure of accurate in- 
formation is vital to maintaining the confidence of both the internal and external public. 

6-2. Ionizing radiation 
Federal reporting requirements for accidents, incidents, and over-exposures are in 10 CFR 20, sub- 
part M and in 29 CFR 1910.1 096(m) and 1926.53(0). 

a. Send information copies of all reports required by 10 CFR 20.2201 through 20.2205, 29 CFR 
1910.1096(m), or 29 CFR 1926.53(0) and of any other accident or incident report to the NRC 
or OSHA through command channels to HQDA (DACS-SF), WASH DC 20310-0200. 

b. Reports through command channels will meet the same time requirements, as do required re- 
ports to the NRC and OSHA. For example, if the NRC requires immediate telephonic notifica- 
tion, follow it with immediate telephonic notification through the chain of command to HQDA 
(DACS-SF), WASH DC 20310-0200. 
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W DA PAM 40-18 
Personnel Dosimetry Guidance and Dose Recording Procedures for Personnel Occupationally Ex- 
posed to Ionizing Radiation. (Cited in paras 14g(7), 1-4i(5)(b), 5-2b(4), and 6-la.) 

Defense Demilitarization Manual. (Cited in para 3-2c.) 

DOD 4500.9-R (Part II) 
Defense Transportation Regulation - Cargo Movement. (Cited in para 2-6b.) 

DODl6055.1 
DOD Occupational Safety and Health Program (Cited in para 1-4i(5)(a).) 

DODl6055.11 
Protection of DOD Personnel from Exposure to Radiofrequency Radiation and Military Exempt La- 
sers. (Cited in paras 4-la through c, 1-4g(7), 1-4j(4), and 54c.) 

Prevention and Medical Management of Laser Injuries. (Cited in para 6-1 b.) 

Battle Focused Training. (Cited in para 1-8f.) 

Staff Organization and Operations. (Cited in paras 1-8f and 1-9c.) 

IEEE C95.3 
Institute of Electrical and Electronics Engineers, IEEE Recommended Practice for the Measurement 
of Potentially Hazardous Electromagnetic Fields RF and Microwave. (Cited in para 4-2.) (This publi- 
cation may be obtained from the Institute of Electrical and Electronics Engineers, Inc., 345 East 47th 
St., New York, NY 10017.) 

Laser Range Safety. (Cited in paras 3-lb and 3-Ic(l).) (This publication may be obtained from the 
Standardization Documents Order Desk, Building 4D, 700 Robbins Ave., Philadelphia, PA I91  11 - 
5094.) 

Personnel Dosimetry Supply and Service for Technical Ionizing Radiation Exposure Control. (Cited in 
para 14d(2)(a).) 

Army Test, Measurement, and Diagnostic Equipment (TMDE) Calibration and Repair Support Pro- 
gram. (Cited in paras 14d(4) and 2-8.) 

Title 10, CFR, Chapter I 
Nuclear Regulatory Commission. (Cited in paras 14d(2), 1-4d(2)(b) through (e); 2-1 d; 2-3a(l) and 
(4); 2-3c(2); 2-4b(2); 2-5a; 5-2a(l), c(l)(a), and f; 6-2; and 6-2a.) 

Title 21, CFR, Subchapter J 
Radiological Health. (Cited in paras 3-2a.) 

Tit le 29, CFR, Part 1910 
Occupational Safety and Health Standards. (Cited in paras 1-4d(2)(d), 5-2a(2) and f, 6-2, and 6-2a.) 

Title 32, CFR, Part 655 
Radiation Sources on Army Land. (Cited in para 2-4.) 

Title 39, CFR 
U.S. Postal Service. (Cited in para 2-6b.) 

Title 40, CFR 
Environmental Protection Agency. (Cited in para 2-1 d.) 

DOD 4160.21-M-1 

FM 8-50 

FM 25-101 

FM 101-5 

MIL-HDBK-828 

SB 11-206 

TB 750-43 
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DODl6055.8 
Occupational Radiation Protection Program 

IEEE C95.1 
Institute of Electrical and Electronics Engineers, IEEE Standard for Safety Levels with Respect to 
Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz (This publication 
may be obtained from the Institute of Electrical and Electronics Engineers, Inc., 345 East 47th St., 
New York, NY 10017.) 

NBS Handbook 107 
Radiological Safety in the Design and Operation of Particle Accelerators (The National Bureau of 
Standards is now known as the National Institute of Standards and Technology) (This publication may 
be obtained from the U.S. Government Printing Office, P.O. Box 37082, Washington, DC 20013- 
7082, or from the National Technical Information Service, 5258 Port Royal Rd., Springfield, VA 
22161 .) 

NBS Handbook 111 
Radiation Safety for x-ray Diffraction and Fluorescence Analysis Equipment (This publication may be 
obtained from the U.S. Government Printing Office, P.O. Box 37082, Washington, DC 20013-7082, or 
from the National Technical Information Service, 5258 Port Royal Rd., Springfield, VA 22161 .) 

NBS Handbook 114 
General Safety Standards for Installations Using Non-Medical X-Ray and Sealed Gamma-Ray 
Sources, Energies up to 10 MeV (This publication may be obtained from the U.S. Government Print- 
ing Office, P.O. Box 37082, Washington, DC 20013-7082, or from the National Technical Information 
Service, 5258 Port Royal Rd., Springfield, VA 22161 .) 

NCRP Reports 
Approximately 100 numbered reports on a variety of radiation safety topics (These publications may 
be obtained from the National Council on Radiation Protection and Measurements, 791 0 Woodmont 
Ave., Suite 1016, Bethesda, MD 20814.) 

NRC Regulatory Guide 8.13 
Instruction Concerning Prenatal Radiation Exposure (This publication may be obtained from the US. 
Government Printing Office, P.O. Box 37082, Washington, DC 20013-7082, or from the National 
Technical Information Service, 5258 Port Royal Rd., Springfield, VA 22161 .) 

NRC Regulatory Guide 8.29 
instruction Concerning Risks from Occupational Radiation Exposure (This publication may be ob- 
tained from the U.S. Government Printing Office, P.O. Box 37082, Washington, DC 20013-7082, or 
from the National Technical Information Service, 5258 Port Royal Rd., Springfield, VA 22161 .) 

Identification of Radioactive Items in the Army 

Inspection and Certification of RADIAC Meters (Dosimeters) 

Instructions for the Safe Handling and Identification of U.S. Army Communications-Electronics Com- 
mand-Managed Radioactive Items in the Army Inventory 

Safety and Hazard Warnings for Operation and Maintenance of TACOM Equipment 

Hazard Criteria for CECOM Radiofrequency and Optical Radiation Producing Equipment 

Transportation Information for CECOM Radioactive Commodities (Use this bulletin for general guid- 
ance only; refer to 10 CFR 71 and 49 CFR for current NRC and DOT regulations.) 

TB 43-0116 

TB 43-0121 

TB 43-0122 

TB 43-0216 

TB 43-0133 

TB 43-0137 
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Appendix B 
Sample application for Army Radiation Authorization (DA Form 3337) 
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Appendix C 
Management  Control Evaluation Checklist  

C-1. Function 
The function covered by this checklist is radiation safety. 

C-2. Purpose 
The purpose of this checklist is to assist commanders and radiation safety officers in evaluating the 
key management controls listed below. It is not intended to cover all controls. 

C-3. Instructions 
Answers must be based on the actual testing of key management controls (for example, document 
analysis, direct observation, sampling, simulation, other). Answers that indicate deficiencies must be 
explained and corrective action indicated in supporting documentation. These management controls 
must be evaluated at least once every five years. Certification that this evaluation has been con- 
ducted must be accomplished on DA Form 11 QrW (Management Control Evaluation Certification 
Statement). 

C-4. Test questions 

W 

a. 
b. 
C. 

d. 
e. 

f. 

9. 
h. 
I. 

i. 
k. 

1. 

m. 

If required (para 14k(I)), has a person been designated to be radiation safety officer? 
If required (para 14k(2)), has a written radiation safety SOP been established? 
Are all personnel occupationally exposed to radiation receiving appropriate radiation safety 
training? 
Are all radiation sources secured against unauthorized use and removal? 
If the unit possesses radioactive commodities, has a written SOP been established to assure 
compliance with radiation safety requirements of applicable technical publications? 
Are all controllable quantities of radioactive material and radiation-producing sources held by 
the unit under appropriate authority (for example, a Nuclear Regulatory Commission license, 
an Army radiation authorization, or as part of a radioactive commodity)? 
Is all radioactive waste disposed of properly? 
Are all radiation survey instruments used for health and safety appropriately calibrated? 
For Army laser ranges have all type-classified or commercial class lllb or class IV lasers re- 
ceived appropriate evaluation before their use? 
Are all unwanted military-exempt lasers disposed of properly? 
Are all accidents and incidents involving excessive personnel radiation exposure or excessive 
radioactive contamination of facilities, equipment, or the environment promptly reported 
through appropriate channels? 
Do all personnel occupationally exposed to ionizing radiation or radioactive material above 
applicable levels (paras 5-2b(l) and c(1)) participate in an appropriate dosimetry or bioassay 
program ? 
Is the dose in all unrestricted areas less than 2 millirems (0.02 millisieverts) in any one hour? 

C-5. Supersession 
This is a new checklist. 

C.6. Comments 
Help make this a better tool for evaluating management controls. Submit comments to HQDA (DACS- 
SF), W S H  DC 20310-0200. 
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W CHPPM 
U.S. Army Center for Health Promotion and Preventive Medicine 

cm 
centimeter 

DA 
Department of the Army 

DAC 
derived air concentration 

DASAF 
Director of Army Safety 

DOD 
Department of Defense 

DODl  
Department of Defense Instruction 

DOE 
Department of Energy 

disintegrations per minute 

DOT 
Department of Transportation 

DSN 
Defense Switching Network 

EMR 
electromagnetic radiation 

EPA 
U.S. Environmental Protection Agency 

eV 
electron volt 

FY 
fiscal year 
GHz 
gigahertz 

GOCO 
Government-owned contractor-operated 

gray 
h 
hour 

HHA 
health hazard assessment 

HQDA 
Headquarters, Department of the Army 

dPm 

GY 

HZ 
W hertz 
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NBS 
National Bureau of Standards (now named the National Institute of Standards and Technology) 

NCRP 
National Council on Radiation Protection and Measurements 

NGB 
National Guard Bureau 

NIST 
National Institute of Standards and Technology 

nm 
nanometer 

NORM 
naturally occurring radioactive material 

N RC 
U.S. Nuclear Regulatory Commission 

NSN 
National stock number 

NVLAP 
National Voluntary Laboratory Accreditation Program 

OSHA 
Occupational Safety and Health Administration 

PHz 
petahertz 

RAM 
radioactive material 

RDTE 
research, development, testing, and evaluation 

RF 
radiofrequency 

RSC 
radiation safety committee 

RSO 
radiation safety officer 

RSSO 
radiation safety staff officer 

SB 
supply bulletin 

S I  
System6 lnternationale (International System) 

SOFA 
status of forces agreement 

SOP 
standing operating procedure 

S S I  
.W specialty skill identifier 
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ALARA 
Acronym for "as low as is reasonably achievable" means making every reasonable effort to maintain 
exposures to radiation as far below applicable dose limits as is practical consistent with the purpose 
for which the activity is undertaken, taking into account the state of technology, the economics of im- 
provements in relation to benefits to the public health and safety, and other societal and socioeco- 
nomic considerations and in relation to utilization of nuclear energy, radioactive materials, and ioniz- 
ing radiation in the public interest. 

Annual limit of intake (ALI) 
The derived limit for the amount of radioactive material taken into the body of an adult worker by in- 
halation or ingestion in a year. ALI is the smaller value of intake of a given radionuclide in a year that 
would result in a committed effective dose equivalent of 5 rems (0.05 Sv) or a committed dose 
equivalent of 50 rems (0.5 Sv) to any organ or tissue. 

Army regulation 
A directive that sets forth missions, responsibilities, and policies, and establishes procedures to en- 
sure uniform compliance with those policies. 

Army Reserve facilities 
Pertains to those facilities normally employed for the administration and training of Army Reserve 
units, in any entire structure or part thereof, including any interest in land, Army Reserve Center, and 
storage and other use areas. 

Background radiation 
Radiation from cosmic sources; naturally occurring radioactive material, including radon (except as a 
decay product of source or special nuclear material); and global fallout as it exists in the environment 
from the testing of nuclear explosive devices or from past nuclear accidents such as Chernobyl that 
contribute to background radiation. Background radiation does not include radiation from source, by- 
product, or special nuclear materials that the NRC regulates or from NARM that the Army regulates. 

Becquerel (Bq) 
The SI unit of radioactivity equivalent to one nuclear transformation per second. 

Bioassay (radiobioassay) 
The determination of kinds, quantities or concentrations, and, in some cases, the locations of radio- 
active material in the human body, whether by direct measurement (in vivo counting) or by analysis 
and evaluation of materials excreted or removed from the human body (in vitro counting). 

Byproduct material 
Any radioactive material (except special nuclear material) yielded in or made radioactive by exposure 
to the radiation incident to the process of producing or utilizing special nuclear material. 

Committed dose equivalent 
The dose equivalent to organs or tissue of reference that will be received from an intake of radioac- 
tive material by an individual during the 50-year period following the intake. 

Committed effective dose equivalent 
The sum of the products of the weighting factors applicable to each of the body organs or tissues that 
are irradiated and the committed dose equivalent to these organs or tissues. 

Commodity, radioactive 
See Radioactive commodity 

Condition 
The status of personnel and equipment (readiness) as they interact with the operational environment 
during mission planning and execution. 

Control 
Action taken to eliminate hazards or reduce their risk. 

Curie (Ci) 
A unit of radioactivity equal to 37 billion becquerels. 
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Gray (Gy) 
The SI unit of absorbed dose. One gray is equal to an absorbed dose of 1 joule/kilogram (100 rads). 

Hazard 
Any real or potential condition that can cause injury, illness, death of personnel, damage to or loss of 
equipment or property, or mission degradation. 

Hertz (Hz) 
The SI unit of frequency equivalent to one vibration (cycle) per second. 

High radiation area 
An area, accessible to individuals, in which radiation levels could result in an individual receiving a 
dose equivalent in excess of 0.1 rem (1 mSv) in 1 hour at 30 centimeters from the radiation source or 
from any surface that the radiation penetrates. 

Infrared (IR) electromagnetic radiation 
Electromagnetic radiation with a wavelength between 760-780 nm and 1 mm. 

Installation 
A grouping of facilities located in the same vicinity, which support particular functions. Installations 
may be elements of a base. Land and improvements permanently affixed thereto which are under the 
control of the Department of the Army and used by Army organizations. Where installations are lo- 
cated contiguously, the combined property is designated as one installation and the separate func- 
tions are designated as activities of that installation. In addition to those used primarily by troops, the 
term installation applies to real properties such as depots, arsenals, ammunition plants (both con- 
tractor and Government operated), hospitals, terminals, and other special mission installations. For 
the purposes of this regulation, United States Army Regional Support Commands are installations. 

Ionizing radiation 
Charged subatomic particles and ionized atoms with kinetic energies greater than 12.4 eV, electro- 
magnetic radiation with photon energies greater than 12.4 eV, and all free neutrons and other un- 
charged subatomic particles (except neutrinos and antineutrinos). 

Kilo- (k) 
An SI unit prefix indicating a factor of 1000. 

Laser 
A device that produces an intense, coherent, directional beam of light by stimulating electronic or 
molecular transitions to lower energy levels. An acronym for light amplification by stimulated emission 
of radiation. Lasers are classified by degree of potential hazard (see 21 CFR 1040.10 and ANSI 
Z136.1 for comprehensive definitions of laser hazard classes). 

a. Class I lasers emit at levels that are not hazardous under any viewing or maintenance condi- 
tions. They are exempt from control measures. (However, as a matter of good safety practice 
avoid intrabeam viewing in case the laser is mislabeled.) 

b. Class II lasers (low-power) emit in the visible light portion of the electromagnetic spectrum. 
They are a potential eye hazard only for prolonged intrabeam viewing. Eye protection is nor- 
mally afforded by the aversion response including the blink reflex. 

c. Class Ill (medium-power) lasers emit in the infrared, visible, or ultraviolet portions of the elec- 
tromagnetic spectrum. They are a hazard for direct intrabeam and specular reflection viewing. 
Diffuse reflection is not normally a hazard. 
(1) Class Ilia lasers, even though they emit at class 111 power levels, have special beam 

characteristics that make them eye-safe except when viewed through magnifying optics. 
(2) Class lllb lasers are all other class 111 lasers. 

d. Class IV (high-power) lasers emit in the infrared, visible, or ultraviolet portions of the electro- 
magnetic spectrum. They are hazardous for direct intrabeam exposure and sometimes diffuse 
reflection exposure to the eyes or skin. They may also produce fire, material damage, laser- 
generated air contaminants, and hazardous plasma radiation. 
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Qualified expert 
A person who, by virtue of training and experience, can provide competent authoritative guidance 
about certain aspects of radiation safety. Being a qualified expert in one aspect of radiation safety 
does not necessarily mean that a person is a qualified expert in a different aspect. Forward requests 
for determination of whether a certain individual is a qualified expert through command channels to 
the MACOM RSSO as necessary. Forward these requests to HQDA (DACS-SF), WASH DC 20310- 
0200, for further evaluation as necessary. 

Quality factor 
The modifying factor [listed in 10 CFR 20.1004, tables 1004(b).l and 1004(b).2] that is used to derive 
dose equivalent from absorbed dose. 

Rad 
A unit of absorbed dose. One rad is equal to an absorbed dose of 0.01 joulelkilogram (0.01 gray). 

Radiation 
For the purposes of this regulation, unless otherwise specified, radiation includes both ionizing and 
nonionizing radiation. 

Radiation area 
An area, accessible to individuals, in which radiation levels could result in an individual receiving a 
dose equivalent in excess of 0.005 rem (0.05 mSv) in 1 hour at 30 centimeters from the radiation 
source or from any surface that the radiation penetrates. 

Radiation safety 
For the purposes of this regulation, a scientific discipline whose objective is the protection of people 
and the environment from unnecessary exposure to radiation. Radiation safety is concerned with un- 
derstanding, evaluating, and controlling the risks from radiation exposure relative to the benefits de- 
rived. Same as health physics and radiation protection. 

Radiation safety committee 
An advisory committee for the commander to assess the adequacy of the command’s radiation safety 
program. Same as radiation control committee and radiation protection committee. 

Radiation Safety Officer 
The person that the commander designates, in writing, as the executive agent for the command’s radia- 
tion safety program. Same as radiation protection officer or health physics officer. 

Radiation safety program 
A program to implement the objective of radiation safety. 

a. The Army’s radiation safety program includes all aspects of: 
(1) Measurement and evaluation of radiation and radioactive material pertaining to protec- 

tion of personnel and the environment. 
(2) Army compliance with Federal and DOD radiation safety regulations. 
(3) The Army’s radiation dosimetry, radiation bioassay, radioactive waste disposal, radiation 

safety training, and radiation instrument TMDE and calibration programs. 

(1) Measurement and evaluation of radiation and radioactive material within the command 
as they pertain to protection of personnel and the environment. 

(2) Compliance with Federal, DOD, and Army radiation safety regulations. 

b. A command’s radiation safety program includes all aspects of: 

Radioactive commodity 
An item of Government property made up in whole or in part of radioactive material. A national stock 
number (NSN) or part number is assigned to commodities containing radioactive material greater 
than 0.01 Ci. 
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Severity 
The expected consequence of an event in terms of degree of injury, property damage, or other mis- 
sion impairing factors (loss of combat power, adverse publicity, and so on), that should occur. 

Shallow dose equivalent 
Applies to the external exposure of the skiy or an extremity and is taken as the dose equivalent at a 
tissue depth of 0.007 centimeter (7 mg cm- ) averaged over an area of 1 square centimeter. 

S ievert (S v) 
The SI unit of any of the quantities expressed as dose equivalent. The dose equivalent in sieverts is 
equal to the absorbed dose in grays multiplied by the quality factor (1 Sv = 100 rem). 

Source material 
Uranium or thorium, or any combination thereof, in any physical or chemical form or ores that contain 
by weight one-twentieth of one percent (0.05%) or more of uranium, thorium, or any combination 
thereof. Source material does not include special nuclear material. 

Special nuclear material 
Plutonium, uranium-233, uranium enriched in the isotope 233 or in the isotope 235, or any material 
artificially enriched by any of the foregoing. 

Sustain the Force 
One of the Army’s four core capabilities. This capability includes the processes of acquiring, main- 
taining and sustaining equipment; maintaining and sustaining land operations; acquiring and sustain- 
ing infrastructure and operating installations. 

Tera- (T) 
An SI unit prefix indicating a factor of one trillion (IO’’). 

Total effective dose equivalent 
The sum of the deep-dose equivalent (for external exposures) and the committed effective dose 
equivalent (for internal exposures). 

Type classification 
A designation the Army uses to indicate acceptability for service use (AR 70-61). 

Ultraviolet (UV) electromagnetic radiation 
Electromagnetic radiation with wavelengths between 100 nm and 380-400 nm 

United States Army Reserve Center 
A home station facility, activity, or installation utilized for administration and training of United States 
Army Reserve units and personnel. 

Unrestricted area 
An area, access to which in neither limited nor controlled (for the purposes of ionizing radiation 
safety). 

Very high radiation area 
An area, accessible to individuals, in which radiation levels could result in an individual receiving an 
absorbed dose in excess of 500 rads (5 grays) in 1 hour at I meter from a radiation source or from 
any surface that the radiation penetrates. 

Visible light 
Electromagnetic radiation with wavelengths between 380-400 nm and 760-780 nm. 

Weighting factor 
For an organ or tissue, the proportion of the risk of stochastic effects resulting from irradiation of that 
organ or tissue to the total risk of stochastic effects when the whole body is irradiated uniformly. 
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1.0 INTRODUCTION 
Cabrera Services, Inc. (CABRERA) is under contract to the United States Army Joint Munitions 
Command (JMC) to provide support to the Army Test Center (ATC) at the Aberdeen Proving 
Ground (APG) in Aberdeen, MD. The ATC intends to survey two Wash Rack Facilities (WRFs) 
for unrestricted release. This document presents the plans for WRF #2 and WRF #3 Final Status 
Survey (FSS) activities, which are designed in accordance with Multi-Agency Radiation Survey 
and Site Investigation Manual (MARSSIM) (NRC, 2000) guidance. The FSS is a survey of the 
interior of both W s .  Areas outside the WRFs interior walls, floors and ceilings as well as the 
surrounding land areas will be addressed under a separate effort. 

1.1 General History 

APG is a Government-owned and operated testing facility in Aberdeen, MD. The ATC is a 
tenant activity located at APG. The ATC possesses a Nuclear Regulatory Commission (NRC) 
license (SUB 834) for the use of depleted uranium (DU) at APG. Since the construction of WRF 
#2 and WRF #3 in 1992, the ATC has utilized these facilities as warehouses. The WRFs have 
never been used as wash racks. The WRFs were used to store items and equipment, some of 
which were contaminated with DU. WRF #2 housed DU in the form of penetrators, floor 
sweepings, liquid abrasive residue from previous decontamination activities, and range debris 
(e.g., paper, plastic, wood). WRF #3 was used for the storage of uncontaminated Navy 
accelerator parts and the temporary housing of a cutting table contaminated with DU. 

1.2 General Approach to Building Investigation 

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

0 

0 

0 

0 

0 

0 Collect Data (Sections 4.7,4.8,4.9,4.10) 
0 Evaluate Data (Section 7.1) 

Select instrumentation and measurement techniques (Section 3 .O) 
Develop a Derived Concentrations Guideline Level (Section 2.2 and Section 4.1) 
Classify areas by contamination potential (Section 4.3) 
Estimate number of measurement locations (Section 4.4) 
Identify survey units (Table 4.3-1) 
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2.0 SITE ASSESSEMENT 

2.1 General Areas for Investigation 

The WRFs are similar in construction and consist of steel beam frame and sheet metal walls with 
no interior insulation or wallboard. The interior of the W s  are approximately 56’ long by 26’ 
wide with a ceiling height of 20’. The floors consist of steel plate with a recessed trough running 
the length of the facilities. The trough area is approximately 20’ wide by 4” deep. The trough 
area contains multiple raised (-3”) steel beams which were used to support steel floor grating. 
The grating, which was removed prior to this FFS, was flush with the surrounding floor plate. 
There are no drains, sumps, heating, cooling, or ventilation systems in these facilities. Steel 
rollup doors for equipment entry are located at both ends of these facilities. 

Since the WRFs were used as storage facilities for contaminated materials, the primary area of 
investigation is the floor, trough area, and lower wall surfaces (6’ and below). WRF #2 housed 
DU in the form of penetrators, floor sweepings, liquid abrasive residue from previous 
decontamination activities, and range debris (e.g., paper, plastic, wood). Some of these 
contaminated materials may have been spilled prior to packaging and loose contamination could 
be transferred to the facility. WRF #3 was used for the storage of uncontaminated Navy 
accelerator parts and the temporary housing of a cutting table contaminated DU. Contamination 
left by the cutting table was identified in the southwest corner of the facility. This contamination 
was removed though decontamination activities prior to the initiation of the FSS. Past routine 
surveys of the WRFs have identified minor levels of DU contamination on the floor areas of 
these facilities. 

2.2 Radionuclides of Concern 

Site Radionuclides of Concern (ROC) are limited to depleted uranium (DU) and short-lived 
uranium progeny (Appendix A). 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 (234~):~ranium-235 (235~):~ranium-238 ( 2 3 8 ~ )  ratio of 
0.084:0.012:0.904. This composition is similar to the 0.190:0.02 1 :0.790 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”. 
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W 
3.0 SURVEY INSTRUMENTATION AND TECHNIQUES 
The purpose of this section is to describe radiological survey instruments and techniques to be 
used for surveys that will be implemented during site radiological investigations. For this FSS, 
scanning and integrated direct measurements performed to measure surface radioactivity 
concentrations will be based solely on alpha emissions. Beta measurements will be collected in 
tandem with alpha measurements and presented for qualitative review in an appendix of the FSS 
report, Specific measurementlsampling frequencies and approaches for the FSS are discussed in 
later sections. 

Prior to the initiation of survey activities, interior surfaces will be cleaned to remove dirt and 
grime that could shield alpha emissions from detection. The cleaning implements used and the 
wastes generated during cleaning will be collected and stored on site and disposed in accordance 
with the contaminants found. 

3.1 Surface Alpha Radioactivity Scan Surveys 

Surface scanning will be performed to identify locations, if any, where contaminant 
concentrations exceed the criterion for unrestricted release. Scanning will be performed with the 
active area of the detector at a height of 0.5 cm above the surface of interest using the detector 
specific assumptions listed in Table 3.1-1. Scanning measurements will be performed in 
accordance with CABRERA procedures OP-020 “Operation of Contamination Survey Meters, ” 
Rev 0. 

3. I. I Ludlum Model 43-3 7 and Eberline FCM4M 

Scanning will be performed on floor surfaces and lower walls using an Eberline FCM4M (active 
area of 728 cm2) gas proportional floor monitor, Ludlum Model 43-37 handheld (active area of 
582 cm2) gas proportional detector, or equivalent. Using MARSSIM equation 5-7 and the 
instrument specific assumptions listed in Table 3.1-1, the Scan MDC is determined to be equal to 
DCGLw. Using the detector specific assumptions presented in Table 3.1-1, the chance of 
detecting a concentration equal to the DCGLw would be 91% and signified by the incidence of 
two alpha counts occurring within the dwell time of that instrument. 

P(n 2 2) = 1 - P(n = 0) - P(n = 1) (MARSSIM Equation 5-7) 

= 1 - (e-A)x (1 + A) 

(GE + B)t 
60 

A =  

where 
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P ( n 2 2 )  = 

P(n=O)  = 

P ( n = l )  = 

G 
E 
B 
t 
A 

- - 
- - 
- - 
- - 
- - 

probability of getting 2 or more counts during the time interval t 
probability of not getting any counts during the time interval t 
probability of getting 1 count during the time interval t 
source activity (dpm) 
detector efficiency (4n) 
background count rate (cpm) 
dwell time over source (seconds) 
detector area (cm’) 

If two or more alpha counts occur during the dwell time, a one-minute integrated measurement 
will be performed at that location. If the result of the integrated alpha measurement is in excess 
of the release criteria action level (Section 4.2), the area will be marked for biased measurements 
and investigated by the Field Supervisor. 

3.1.2 Ludlum Model 43-89 and Ludlum Model 43-93 

Upper wall and ceiling surfaces may not be readily scanned using a Ludlum 43-37 handheld gas 
proportional counter due to potential long gas delivery tubing lines. These areas may 
alternative1 be scanned with a Ludlum Model 43-89 (active area 126 cm2) or Ludlum Model 43- 
93 (100 cm ) active area scintillation detectors, or equivalent. Y 

Using MARSSIM equation J-5 and the instrument specific assumptions listed in Table 3.1-1, the 
Scan MDC is determined to be equal to derived concentration guideline (DCGLw). The chance 
of detecting a concentration equal to the DCGLw would be 90% and signified by the incidence 
of one alpha count occurring within the pause time of that stationary instrument. 

P(n 2 1) = 1- P(n = 0) = 1- e-* (MARSSIM J-5) 

GEd for A = - 
60v 

where, 

P( n 2 1) = 

P( n = 0) = 

G = source activity (dpm) 
E = detector efficiency (4~) 
d 
V = scan speed (cm/s) 
A = detector area (cm2) 

probability of getting 1 or more counts during the time interval t 
probability of not getting any counts during the time interval t 

= width of the detector in the direction of scan (cm) 

Whenever an alpha count is detected during the scan, the detector will be held in place over the 
location where the count was detected for approximately for the duration of the pause time 
(approximately 7-8 seconds). If a second alpha count is detected over this location during the 
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pause time, a two minute integrated count will be performed. If the result of the integrated 
measurement is in excess of the release criteria (Section 4.1), the area will be marked for biased 
measurements and investigated by the Field Supervisor. 

Table 3. I - I :  Alpha Scan Assumptions 

Wash Rack Facilities #2 and #3 

3.2 

Integrated direct measurements (i.e., static measurements) of surface alpha radioactivity will be 
performed during FSSs to compare contaminant concentrations at discrete sampling locations to 
the release criterion and facilitate statistical testing. Integrated measurements of floors and walls 
will be performed using a Ludlum Model 43-37 handheld (active area of 582 cm2) gas 
proportional detector, Eberline FCM4M (detector surface area of 728 cm2) gas proportional floor 
monitor, Ludlum Model 43-89 hand held (active area 126 cm2) alpha scintillation detector, 
Ludlum Model 43-93 hand held (active area 100 cm2) alpha scintillation detector or equivalent. 
The estimated detector sensitivities and assumptions used for each of the detectors are presented 
in Table 3.2-1. 

Integrated Direct Surface Alpha Radioactivity Measurements 

Static measurements will be performed in accordance with CABRERA procedures OP-020 
“Operation of Contamination Survey Meters, I ’  Rev 0, and OP-02 1 “Alpha-Beta Counting 
Instrumentation, ” Rev 0, and CABRERA standard radiation instrumentation templates “Alpha 
Beta Counting and Smear Worksheet ”, Rev 1. Prior to use, FSS instrumentation will be checked 
for expected response using a Chi-square distribution utilizing the CABRERA template “Chi- 
Square Worksheet”, Rev 0. 

The net count rate using the referenced templates will be determined as the difference between 
the measurement count rate and the daily background count rate measured prior to use. 

Table 3.2- I :  Detector Sensitivities and Assumptions 

2929 I 4 0.30 0.5 5 J 
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W 
3.3 Smear Sample Collection and Analysis 

Smear samples for gross transferable alpha contamination will be collected and analyzed to 
determine if transferable activity is less than or equal to 10% of total activity as assumed in the 
DCGLw (Section 4.1) and to ensure compliance with the equipment release criterion of Army 
Regulation (AR) 1 1-9 presented in Appendix B. Smear results for beta activity will be collected 
in tandem with alpha activity measurements and recorded for qualitative assessment. 

Smear samples will be collected over approximately 100 cm2 areas at biased locations identified 
during scanning activities. Smear samples will be analyzed for alpha and beta radioactivity 
using a Ludlum 2929 alphaheta scintillation counter or equivalent in accordance with CABRERA 
procedure OP-02 1 “Alpha-Beta Counting Instrumentation, ” Rev 0.  Based on the assumptions 
listed in Table 3.1-1, an alpha MDC of 5 dpm/100cm2 will be achieved. 

3.4 Gamma Dose Rate Measurements 

Gamma dose rate measurements may be qualitatively performed during the FSSs to ensure 
worker health and safety and to identify unusual dose rate conditions. Measurements will be 
performed using a Bicron’ MicroRem tissue-equivalent scintillation detector, or equivalent, and 
will be performed in accordance with CABRERA Procedure OP-023, Operation of micro4  
Meters, Rev 0.  Measurements will be performed using the “slow” response time constant setting. 
The detector will be positioned over the area of interest and allowed to stabilize prior to 
recording the measurement. The technician will use their judgment to determine when the 
instrument has stabilized, it is estimated that this will take at least 15 seconds. Such 
measurements will typically be performed at 3’ from and/or on contact with the surface being 
evaluated. 
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Wash Rack Facilities #2 and #3 

4.0 FINAL STATUS SURVEY DESIGN 
The FSS to be performed at the WRFs are designed in accordance with Final Status Survey 
guidance from MARSSIM (NRC, 2000). FSS activities will consist of gross alpha and beta scan 
surveys and integrated measurements on interior surfaces at frequencies based on MARSSIM 
guidance. The FSS is designed conservatively in that the radiological background present in 
survey materials (Le., floor and walls) will be neglected and the measure of total activity will be 
used for statistical comparisons to release criteria. Survey activities will also include biased 
smear sample collection and the performance of gamma dose rate measurements. MARSSIM 
area classifications will be reviewed and possibly revised based on the results of these surveys. 

4.1 Residual Radioactivity Limit (DCGL) 

As described by MARSSIM, a DCGL is a derived radionuclide activity concentration within a 
survey unit that corresponds to a release criterion. Per the license requirement of lOCFR20 
Subpart E, a release criterion of 25 mredyr  per year will be used for the WRF. Doses from 
residual radioactivity will be kept as low as reasonably achievable (ALARA) whenever possible. 
Using MARSSIM Section 4.3.4, the equation below, and knowing that there is one alpha decay 
per decay of each uranium isotope, a single total uranium DCGLw of 100 dpm alpha/100cm2 was 
derived for DU. This DCGLw was calculated using the values provided by the NRC screenin 
guidelines of 90.6 d p d l  00cm2, 97.6 d p d l  OOcm’, 10 1 dpmll 00cm2 and for U234, U235 , andU , 
respectively, as presented in Table 5.19 of NUREGKR-5512, volume 3, October 1999 and the 
DU activity fractions as presented in Section 2.2 of this FSS. As noted in the NUREGKR-55 12 
document, screening level guidelines are based on the assumption that the fraction of removable 
surface contamination is ten percent. 

2 3 f  

Where: DCGLw= Combined gross activity DCGL (i.e., release limit). 

f = Activity fraction of radionuclide 

DCGL = DCGL of radionuclide 

4.2 Action Levels 

The total uranium DCGLw of 100 dpm alpha/100cm2 will be used as the action level for both 
static and scanning measurements. If any survey measurement results in readings above the 
DCGLw, the Field Supervisor shall be notified and the detector and survey location shall be 
evaluated. Following evaluation, a follow-up measurement shall be performed at the 
measurement location to verify the initial result. 

4.3 General Area Classification Based on Contamination Potential 

Using MARSSIM Section 5.3 as guidance, the WRFs will be divided into individual survey units 
and classified by contamination potential. Initially, WRF #2 will be divided into three Class 1 
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4 WRF #2 Ceiling and Upper Walls Metal 2 346 20 13.7 
1 WRF #3 Floor South Side Metal 1 68 20 6.1 
2 WRF #3 Floor North Side Metal 1 68 20 6, l  
3 WRF #3 Lower Walls Metal 1 90 24 7.0 
4 WRF #3 Ceiling and Upper Walls Metal 2 346 20 13.7 - 

Final Siaius Survey Plan 
.4 berdeen Proving Ground 

Wash Rack Facilities #2 and #3 

Survey Units (SUs) and one Class 2 SU as listed in Table 4.3-1. WRF #3 also be divided into 
three Class 1 SUs and one Class 2 SU as listed in Table 4.3-1. 

The initial classifications are based on contamination potential and area size. MARSSIM 
identifies Class 1 areas as having, or had prior to remediation, a potential for radioactive 
contamination or known contamination. MARSSIM suggests that interior Class 1 SUs be less 
than 100 square meters in size. The floor and lower walls of the WRFs share a similar history of 
contamination and contamination potential because these facilities were used to store DU waste. 
DU contamination has been identified previously on the floors of these facilities during past 
routine surveys. The floor area in WRF #2 was remediated for DU contamination prior to the 
initiation of the FFS. 

MARSSIM identifies Class 2 areas as having, or had prior to remediation, a potential for 
radioactive contamination or known contamination but are not expected to exceed the DCGLw. 
MARSSIM suggests that interior Class 2 SUs be less than 1000 square meters in size. The 
ceiling and upper walls of WRFs are initially classified as Class 2 due to remediation activities 
being performed previously on the floor of these facilities. 

Maps presenting the WRFs SU delineations and the reference coordinate system are presented in 
Appendix C. 

4.4 Number of Static Measurements 

MARSSIM provides a method to determine the number of measurement locations required in a 
given survey unit. A minimum number of measurement locations are required in each survey 
unit to obtain sufficient statistical confidence that the conclusions drawn from the measurements 
are correct. The following subsections describe the bases for and derivation of the minimum 
required measurement locations per survey unit. 

4.4.1 Estimation of Relative Shij 
The minimum number of measurement locations required is dependent on the distribution of site 
residual radionuclide concentrations relative to the DCGL, and acceptable decision error limits 
(a and p). 
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The relative shift describes the relationship of site residual radionuclide concentrations to the 
DCGL, and is calculated using the guidance found in Section 5.5.2.3 of MARSSIM. The 
relative shift is calculated as follows: 

4/, = DCGL, - LBGR 
0 

Where: DCGL,= Derived Concentration Guideline Level 

LBGR = concentration at the lower bound of the gray region. The Lower 
Bound of the Grey Region (LBGR) is the concentration at which the 
survey unit has an acceptable probability of passing the statistical 
tests. 

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

(5 = 

. 

As previously stated, the DCGL, for surface alpha radioactivity is 100 dpm/100cm2. The LBGR 
was conservatively estimated at 70 dpm alphdl00 cm2 based on previous studies with similar 
instruments on concrete. Without prior survey, it is reasonable to assume a coefficient of 
variation on the order of 30 percent (MARSSIM Section 5.5.2.2). Using a coefficient of 
variation of 30 percent and the LBGR as an estimate of the sample mean, a sigma value of 
21 dpm/100cm2 is estimated. Using the parameters discussed above, the relative shift is 
calculated as 1.4. 

4.4.2 Determination of N (Number of Required Measurement Locations) 

The final number of required measurement locations per survey unit is 20 as per MARSSIM 
(Table 5.5)  given a relative shift of 1.4 and an error rate for both Type I and Type I1 errors of 
five percent (Le., a = p = 0.05). The actual number of measurements to be performed in each 
survey unit ranges from 20 to 24 samples based on the size of the survey area (Section 4.6). 

4.5 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 DCGLw will be used as the DCGLEMC, which corresponds to an area factor of one. Since the 
scan MDC of the instrumentation is sensitive enough to identify the DCGLw at least ninety 
percent of the time (see Section 3.1), it is unlikely that small areas of elevated activity exceeding 
the release criterion would be missed during scanning. 
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4.6 Static Measurement Locations 

Measurement locations in Class 1 and Class 2 survey units have been established using a random 
start point in a systematic rectangular grid. The grid spacing for Class 1 and Class 2 survey units 
will be determined, based on the measured area of the survey unit, using the following equation 
(Equation 5-7 from MARSSIM). 

Where: L = rectangular grid spacing for survey unit 
A 
N = number measurement locations 

= area of survey unit 

Measurement spacing results (L) using the equation above are presented in Table 4.3-1. Maps 
presenting the WRFs SU delineations and the reference coordinate system are presented in 
Appendix C. 

4.7 Surface Alpha Radioactivity Scan Surveys 

Class 1 SU scan surveys will be performed as described in Section 4.1 and will cover 100% of 
reasonably accessible surfaces. Areas of elevated radioactivity identified during scanning will be 
physically marked, and biased integrated measurements will be performed to quantify surface 
alpha activity concentrations for direct comparison to the DCGLw. Survey areas in excess of the 
DCGLw will be investigated by the Field Supervisor and flagged for additional biased sampling 
(e.g., smear sampling). Beta scans will be performed in tandem with alpha measurements and 
recorded for qualitative purposes. 

Scan surveys in Class 2 SUs will cover at least 10% of accessible surface areas and, when 
possible, will be biased toward areas with high potential for the presence of contamination. 
Examples of areas with potentially higher concentrations of contamination include horizontal 
and difficult to access areas where DU contamination may have accumulated, such as trusses and 
floor joints. Areas of elevated radioactivity identified during scanning will be physically 
marked, and biased integrated measurements will be performed to quantify surface alpha activity 
concentrations for direct comparison to the DCGLw. Since contamination in excess of the 
DCGLw is not expected in Class 2 areas, any biased measurements confirmed to be in excess of 
the DCGLw will trigger investigation by the Field Supervisor and a re-evaluation of the area 
classification. Beta scans will be performed in tandem with alpha measurements and recorded 
for qualitative purposes. 

4.8 Integrated Direct Surface Alpha Radioactivity Measurements 

Measurements of surface alpha radioactivity will be performed in SUs at locations selected for 
MARSSIM statistical testing and at biased locations identified prior to and during scanning 
activities. Such measurements will be performed as described in Section 3.2. Beta 
measurements will be performed in tandem with alpha measurements and recorded for 
qualitative purposes. 
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4.9 Smear Sample Collection and Analysis 

Smear samples will be collected at biased survey locations and at least 10% of systematic survey 
locations. Smear samples will be collected as described in Section 3.3. Beta measurements will 
be performed in tandem with alpha measurements and recorded for qualitative purposes. 

4.10 Gamma Exposure Rate Measurements 

Gamma exposure rate measurements may be performed to ensure worker safety and to identify 
unusual exposure rate conditions. Gamma exposure rate measurements will be performed as 
described in Section 3.4. 
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5.0 EQUIPMENT RELEASE 

5.1 Survey of Equipment for Release Without Restriction 

All equipment inside the WRFs should have been removed prior to FFS. If equipment is present 
that requires surve for unrestricted release, CABRERA will follow the surface release limits of 
1,000 dptd100 cm of DU alpha activity per Army Regulation 11-9 The Army Radiation Safey 
Program. It is expected that all final release surveys of equipment will be performed by the 
licensee and these surveys will follow APG procedures. If CABRERA performs these release 
surveys for APG, then CABRERA will follow the APG procedures. 

1 
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6.0 DATA PROCESSING 
This section describes how project events and data will be retained for this FSS. 

6.1 Project Log Book 

All significant events which occur during this FSS be documented and retained for future 
reference. While many types of project events have specific forms on which they are 
documented, many events occur on a routine basis during survey field activities that must be 
documented as they occur. Additionally, project data transactions must also be recorded as they 
occur. To provide a practical means of capturing this information, a project logbook will be 
initiated upon project commencement. 

Significant project events, including data transactions involving project electronic data, shall be 
recorded in the Project Logbook. Data transactions are defined as any transfer, download, 
export, copy, differential correction, sort, or other manipulation performed on project electronic 
data. Project Logbook records shall be sufficient to allow data transactions to be reconstructed 
after the project is completed. The Field Supervisor shall be responsible for maintaining the 
Project Data Logbook and will review the Project Data Logbook at least daily to report 
significant issues. 

The Project Logbook is considered a legal record and will be permanently bound and the pages 
will be pre-numbered. Pages may not be removed from the logbook under any circumstances. 
Entries shall be legible, factual, detailed, and complete and shall be signed and dated by the 
individual(s) making the entries. If a mistake is made, the individual making the entry shall 
place a single line through the erroneous entry and shall initial and date the deletion. Under no 
circumstances shall any previously entered information be completely obliterated. Use of 
whiteout in the Project Logbook is not permitted for any reason. Only one Project Logbook will 
be maintained. If a Project Logbook is completely filled, another volume shall be initiated. In 
this case, each volume shall be sequentially numbered. 

6.2 Project Electronic Data 

Much of this FSS will rely on data collected and stored electronically. Electronic data is subject 
to damage and/or loss if not properly protected. As such, all project electronic data shall be 
downloaded from its collection device (e.g., laptop computers, data loggers, etc.) on at least a 
daily basis. At the conclusion of each day’s survey activities, the Field Supervisor shall back up 
all electronic data collected that day to appropriate removable media (e.g., CD, zip disk, or 
equivalent) and shall ensure the backup is removed from site. Under no circumstances shall the 
backup be stored in the same building in which the original project electronic data is stored. 

Data files shall be named according to a naming protocol designated by the field supervisor. No 
variations from this protocol shall occur without the prior concurrence of the field supervisor. 
During data download and transfer transactions, the applicable data file name(s) shall be 
included in project data logbook entries. 
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7.0 INTERPRETATION OF SURVEY RESULTS 
The results of individual integrated static measurements performed for this FSS will be evaluated 
to compare the residual radioactivity present in the WRFs SU’s to the release criteria (DCGLw). 
This comparison will determine if the WRFs can be considered for release without radiological 
restriction. If all of the SU’s of a WRF meet the criteria for unrestricted release, the WRF as a 
whole will be considered a viable candidate for unrestricted release. 

In accordance with MARSSIM guidance, a preliminary data review will be performed to identifj 
patterns, relationships, and potential anomalies present in the survey data. In this review, basic 
statistics including the mean, median, standard deviation, maximum and minimum values will be 
calculated for each SU. A graphical review of the alpha data will be performed consisting of 
posting plots and histograms. Posting plots will be used to review the spatial independence of 
measurements within survey units, while histograms will be employed to review the overall 
symmetry of the data. 

Once the data have been reviewed, all of the static alpha measurements for each SU will be 
compared to the DCGLw. If all of the static alpha measurements for a SU are below the 
DCGLw, the survey unit meets the release criteria. If the average residual radioactivity in an 
individual SU is greater than the DCGLw, the SU does not meet the release criteria. If any alpha 
measurements in a SU are greater than the DCGLw and the average residual radioactivity in that 
survey unit is below the DCGLw, the Sign test will be performed as described in MARSSIM to 
compare the median concentration of residual radioactivity in individual survey units to the 
DCGLw. If the results of that survey unit pass the Sign test, that SU meets the release criteria. 
Finally, a retrospective power curve will be computed to measure the power of the Sign test 
based on the results of the measurements performed. The results of all of these statistical 
processes will be provided in the FSS Report. 
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8.0 SURVEY QUALITY ASSURANCE/QUALITY CONTROL 
Activities associated with this work plan shall be performed in accordance with written 
procedures and/or protocols in order to ensure consistent, repeatable results. Topics covered in 
project procedures and protocols may include proper use of instrumentation, Quality Control 
(QC) requirements, equipment limitation, etc. Quality Assurance (QA) measures for this FSS 
are described herein. 

8.1 Instrumentation Requirements 

The Field Supervisor is responsible for selecting the instrumentation required to complete the 
requirements of this work plan. Only instrumentation approved by the Field Supervisor will be 
used to collect radiological data. The Field Supervisor is responsible for ensuring individuals are 
appropriately trained to use project instrumentation and other equipment, and that 
instrumentation meets the required detection sensitivities. Instrumentation shall be operated in 
accordance with either a written procedure or manufacturers’ manual, as determined by the Field 
Supervisor. The procedure and/or manual will provide guidance to field personnel on the proper 
use and limitations of the instrument. 

8.1.1 Calibration Requirements 

Instruments used during the FSS shall have current calibratiotdmaintenance records kept on site 
for review and inspection. The records will include, at a minimum, the following: 

name of the equipment 
0 

0 manufacturer 
0 date of calibration 
0 calibration due date 

equipment identification (model and serial number) 

Instrumentation shall be mair..-lined and calibrated to manufacturers’ specifics-ions .J ensure tha 
required traceability, sensitivity, accuracy and precision of the equipmenthstruments are 
maintained. Instruments will be calibrated at a facility possessing appropriate NRC and/or 
Agreement State licenses for performing calibrations using National Institute of Standards and 
Technology (NIST) traceable sources. 
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8. I .2 

Prior to and after daily use, alpha and gamma measuring instruments will be QC checked by 
comparing the instruments’ response to a designated alpha or gamma radiation source and to 
ambient background. QC source checks will be performed with the designated source positioned 
in a reproducible geometry. Background checks will be performed in an identical fashion with 
the source removed. During QC checks, instruments will be inspected for physical damage, 
current calibration and erroneous responses. The individual performing these tasks shall 
document the results in accordance with the associated instrument procedure and/or protocols. 
Instrumentation that does not meet the specified requirements of calibration, inspection, or 
response check will be removed from service. If an instrument is removed from service, any 
data obtained after the last successful QC check will be considered suspect due to faulty 
instrumentation. 

Instrument QC Source and Background Checks 

Quality control source checks for the Eberline FCM4M, Ludlum 43-37, Ludlum 43-89, and 
Ludlum 43-93 will consist of a one-minute integrated count with the designated Thorium-230 
(23?h) and Technetium-99 (99Tc) sources. QC source checks for the Bicron@ MicroRem meter 
will consist of observing needle deflection and estimating an average dose rate once the 
instrument readings have stabilized (approximately 15 seconds) using a 13’Cs source. The 
acceptance criterion for these instrument response checks is within +/- 20% of the average 
response generated using ten initial source checks and ten measurements of ambient background 
performed at the beginning of the project. A response check outside these criteria will be cause 
for evaluation of conditions (e.g., instrument operation, source/detector geometry), and the 
response check will be repeated once prior to field use of that instrument. Instruments that fail 
the second successive response check will be removed from service and corrective actions will 
be taken. Only Field Supervisors can return a failed instrument back to service after proper 
corrective actions are taken and documented. 

Quality control source res onse checks for the Ludlum 2929 will be checked daily by evaluating 
response to designated y30Th (Alpha) and %Tc (Beta) sources and ambient background. 
Response checks will consist of one-minute counts of a 230Th, 99Tc source, and a 20 minute count 
of ambient background. The acceptance criteria for instrument response will be set to two and 
three-sigma of the average response generated using ten initial source checks and ten 
measurements of ambient background. A daily response check outside the two-sigma, but within 
the three-sigma criteria will be cause for a recount prior to use. A response check outside two 
sigma on the second count will be cause for further evaluation and or re-performance of QC 
control values prior to continued use. Response checks falling outside acceptance criteria will be 
cause for notification of the Field Supervisor and evaluation of conditions (e.g., instrument 
operation, source/detector geometry) prior to hrther counts and/or removal of the instrument 
from service. Instruments must pass a response check prior to field use. Only Field Supervisors 
can return a failed instrument back to service after proper corrective actions are taken and 
documented. 

Quality control for volumetric sample analysis will be performed in accordance with applicable 
Paragon standard operating procedures. 
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8.2 Direct Alpha, Smear, and Exposure Rate Measurements 

Instrumentation will be operated in accordance with standard operating procedures and/or 
protocols. 

8.2.2 Duplicate Measurements 

Duplicate measurements will be required for 10% of the static measurement locations for each 
survey unit. Duplicate measurements will be compared to the initial analytical results by 
determining a Normalized Absolute Difference (NAD) value and comparing it against the 
performance criteria specified as follows: 

Analyses of field and laboratory duplicates will be compared to the initial analytical results by 
determining a NAD value for each data set by the following equation (PROB, 1993): 

Isample - Duplicate1 
NAD = JxFzz 

Where: Sample = first sample value (original), 
Duplicate = second sample value (duplicate), 
GSmpIe = 20 counting uncertainty of the sample, and, 
0Dupllcate = 2 0  counting uncertainty of the duplicate 

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

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

b the standard deviations, GSmple and CDuplicate, represent the true standard deviation of the 
measured population. 
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Appendix A: 
Uranium 238 Decay Series 
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Uranium 238 Decay Series 
(Excerpted from Radioactive Decay Data Tables, David Kocher, 198 1 )  
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1.0 INTRODUCTION 
Cabrera Services, Inc. (CABRERA) is under contract to the United States Amy Joint Munitions 
Command (3h4C) to provide support to the Aberdeen Test Center (ATC) at the Aberdeen 
Proving Ground (APG) in Aberdeen, MD. CABRERA will perform radiological surveys of the 
Bomb Throwing Device (BTD) site to support consideration for unrestricted release. The BTD 
site consists of approximately 46,000 square meters of land on the APG. Tbere are several 
support facilities and access roads located on the BTD site that were used for the testing of 
Depleted Uranium munitions. This document presents the plan for the BTD site Final 
Status Survey (FSS) activities, which are designed in accordance with Multi-Agency Radiation 
Survey and Site Investigation Manual (MARSSIM) (NRC, 2000) guidance. This final status 
survey specifically addresses the survey of approximately 46,000 square meters of BTD site soil, 
two conmete pads, and three steel test structures located within the boundary of lbe BTD site. 
Buildings and other enclosed structures located on the BTD site will be addressed under a 
separate effort. 

Bomb Throwing Device Site 
Aberdeen Proving Ground 

1.1 Siefiistory 
Aberdeen Proving Ground, located in Aberdeen, MD, is an active U.S. Army testing and 
research facility. The Aberdeen Proving Ground (APG) lies along the western shore of the 
Chesapeake Bay in Harford and Baltimore counties, MD, approximately 15 miles northeast of 
3altimore. The APG covers a &tal of 72,516 acres (land and w-ater) and consists of two distinct 
meas: 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, 
designatedas the APG, in 1917. 

The BTD site was used between 1982 and 1993 for the testing of DU munitions. The site 
consists of the Building Annor Reclamation Facility (BARF), Building 701 @U Test Enclosure 
Building which has been recently removed), Plate Starage Area (PSA), access roads and several 
support buildings situated on approximately 46,000 square meters of land. e g  use, 
munitions were fired at steel plate and ather -gets placed inside tbe DU Test Enclosure 
Building. The ATC tested DU munitions utilizing an enclosure with high efficiency particulate 
air (HEPA) equipment, used to collect potentially contaminated air exiting the building. 

Prior to remediation of the site, approximately 40 tons of DU-contaminated armor plate was 
located within the building and murounding grounds. Heavy equipment was used to transport 
the m o r  plates between the PSA and the DU Test Enclosure Building. The DU Test Enclosure 
Building, which was recently demolished, had dimensions of approximately 25 by 50 feet with a 
height of 20 feet, will be disposed of at an appropriate facility. Associated HEPA equipment 
including filers and ductwork are also scheduled fa removal and appropriate disposition. A 
€EPA motor may remain on the site. 

1.2 
The FSS inveStigations are designed using the approach outlined in MARSSIh4 (NRC, 2000). 

General Approach to the BTI) Site FSS 

Development of Dcrived Concentrations Guideline Levels 
0 selectiop of instrumentation and measurement techniques 
0 Identificathn of survey units and classify arees by contamhation potential 
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Estimation of the number of measurement locations 
0 Collection of Data 

Evaluation of Data 
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2.0 SITE ASSESSEMENT 

2.1 Area of Investigation 

The focus of this FSS is the radiological assessment of the top six inches of surface soil over the 
entire 46,000 square meters BTD site and the surface activity on unenclosed structures located 
within the BTD site boundaries. The land area associated with the BTD site consists of open 
grassy areas with one area of standing trees, Originating near the center of the BTD site is a 
wetland ravine. The ravine is approximately 140 meters in length and often has water covered 
surkes  averaging up to several meters in width. Water depths in the ravine range from several 
centimeters to approximately 15 centimeters. 

Roy F. Weston (Weston) provided a radiological characterization for the BTD site in 2001 
(Weston, 2001). The Weston characterization encompassed the BTD site and divided the site 
into Class 1, 2, and 3 areas. Soil samples were taken from each area and compared to the NRC 
soil screening value of 14 pCi/g for uranium-238. Both surface (0-0.25 ft) and subsurface 
samples (1-1.5 fi) were taken. All values exceeding the soil action level as described in this 
report were found to exist in the surface soil (0-0.25 e). An exception was the presence of 
several subsurface samples taken in the vicinity of the DU Test Enclosure Building that showed 
levels of soil contamination in excess of the soil action level. The removal of the DU Test 
Enclosure buildmg by the CAB= remediation and subsequent soil remediation activities Will 
ensure that these areas of soil contamination have been addressed. In addition, the Weston 
characterization classified the majority of the BTD site as Class 3. The CmRERA remediation 
and FSS conservatively assumes the entire site is a Ciass 1. 

The BTD site structures of interest rue two concrete pads and three unenclosed steel structures. 
A motor associated with the HEPA filtration system is expected to remain onsite at its current 
location. The northern concrete pad is approXimately 230 square meters size while the southern 
concrete pad is approximately 130 square meters in size. The unenclosed structures consist of a 
steel gun mount, a "Sabot Stripper", and a "Back Stop Plate". The bases of these structures are 
approxhnately 25 square meters each with an additional 20-25 square meters of vertical surface 
area. The E P A  motor is several square meters in overall area. 

The land areas surrounding the facilities and structures where testing and transport of materials 
was perfomed are expected to have a greater potential for surface soil contamination than other 
areas. DU contamination below the top six inches are not expected in soil due to the trajectory 
and containment of the targets used during ordnance testing. Prior BTD site characterization 
study (Weston, 2001), confirms the presence of DU contamination in the upper six inches of the 
soil. DU contamination below the concrete pads and steel test structures are not expected as 
these structures were in place prior to testing protocols. 

2.2 Radionuclides of Potential Concern 
Site Radionuclides of Potential Concern (ROPC) are b i t e d  to DU and short-iived uranium 
progeny (Appendix A). For brevity, Appendix A does not show the radionuclides from the 
actinium decay series as parent uranium-235 contributes a vanishingly small fraction of the 
radioactivity and mass. The uranium ratios are based on isotopic uranium weight ratios used for 

~~ 
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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 
Unmhm-234 (”U): Uranium-235 (235v): Uranium-238 (a8U) ratio of 0.084:0.012:0.9O4. This 
composition is similar to the 0.190:0.021:0.790 average ratio from tbree DU soil samples 
described in the APG report (Am 1999) entitled “Derived Uranium Guideline for the Depleted 
Uranium Study Area of the Transonic Range, Aberdeen Proving Ground, Maryland”, Argonne 
National Laboratory Environmental Assessment Department, April 1999. 

23 Residual Radioactivity Limit (DCGL) 
As described by MARSSIM, a DCGL is a derived radionuclide activity concentration Within a 
survey unit that corresponds to a dose-based release criterion. For this FSS, separate DCGLw’s 
were developed for soil and structure surfaces. The release criteria for miscellaneous equipment 
(e.g. Back Stop Plate, HEPA Motor, etc) are discussed in Section 5.0. 

Soil DCGLp 

A soil DCGL of 230 pci/g total DU (resident-farmer scenario) developed for the Transonic 
Range is considered applicable for the BTD site based on a report prepared by CABRERA and 
included as Appendix B (CABRERA, 2003). The report evaluates site-specific RESRAD 
parameterdpathways, the similarity of both locations, and the equivalence of the radiological 
isotopic DU mixes at both locations. Use of the appmved BTD soil DCGL will ensure that the 
potential dose to a hypothetical individual will not exceed 25 mrem in any one year over a 1,000 
period consistent with 10 CFR Part 20 Subpart E requirements. For this FSS, a soil DCGLw of 
105 pCi/g total DU in soil will be used based on the ALARA principle of as-low-as-reasonably- 
achievable to provide assurance that hypothetical doses are limited to a fiaction of the 25 
mredyear requirement. 

Structure Based DCGLW 

A release Criterion of 25 mdyr per year will be used for the unenclosed structures per the 
requirement of lOCFR20 Subpart E. Doses from residual radioactivity will be kept as low as 
reasonably achievable (ALARA) whenever possible. Using MARSSIM Section 4.3.4, and the 
equation below, and knowing that there is one alpha decay per decay of each uranium isotope, a 
single total d u m  DCGLw of 100 dpm alpha/lOOcmz was derived for DU. This DCGLW was 
calculated using the values provided by the NRC screenh~8@delmes of 90.6 dpm/100cm2, 97.6 
dpm/lOOcmz, 101 dpd100cm2 and for Urn, UZu, andU , respectively, as presented in Table 
5.19 of NUREGER-5512, Volume 3, October 1999 and the DU activity fractions as presented in 
Section 2.2 ofthis FSS. As noted in the NuREG/CR-5512 document, screening level guidelines 
are based on the assumption that the fraction of removable surface contamination is ten percent. 

Where: DCGL= Combined gross activity DCGL (i.e., release limit). 
f = Activityfhctionofradionucfide 

DAAA09-OOGM)o2/0039 CABRERA SERVICES, WC. Page 4 of 24 



Final SIarus Survey Pian Bomb Thi-owing Device Site 
Aberdeen Proving Ground 

DCGL = DCGL of radionuclide 

2.4 Action Levels 

For soil, the soil ALARA DCGLw of 105 pCi/g will be used as the action level for scanning 
measurements. If any scan measurement results in readings above the soil DCGLw (Section 
3.1), the Field Supervisor shall be notified and the detector and survey location shall be 
evaluated. Following evaluation, the immediate area will be rescanned to verify the initial result. 
If the verified result is greater than the DCGLw, the location will be marked and remediated to 
ensure that the soil DCGLW of 105 pCi/g is not exceeded. Additional scans of the area will be 
performed to verify that the additional remediation has removed soil above the action level of 
105 pCi/g. 

For unenclosed non-equipment structures (e.g., concrete pads), the structural DCGLw of 100 
dpm alphd100 cm2 for total uranium will be used as the action level for both scanning and 
integrated measurements (Section 3.2 & 3.4). If any survey measurement results in readings 
above this DCGLw, the Field Supervisor shall be notified and the detector and survey location 
shall be evaluated. Following evaluation, a follow-up measurement shall be performed at the 
measurement location to verify the initial result. If the result of the verification measurement is 
in excess of the DCGLw, a biased smear sample (Section 3.6) will be performed at that location. 
Follow-up remediation and survey scan and integrated measurements will be provided at the 
subject location as necessary. 

For equipment, the DCGLw will be based on equipment release criteria of 1,000 dpm alphd100 
cmz removable contamination and 5,000 dpm alpha/lOo cm2 total contamination in accordance 
with Army Regulation 11-9 (ARI 1-9, 1999) Table 5-2 (Section 5.0). E any survey measurement 
results in readings above this DCGLw, the Field Supervisor shall be notified and the detector and 
survey location shall be evaluated Following evaluation, a folIow-up measurement shall be 
performed at the measurement location to veri@ the initial result. If the result of the verification 
measurement is in excess of the DCGLw, a biased smear sample (Section 3.6) will be performed 
at that location. In certain cases, the equipment may be removed from the site and the small area 
beneath the equipment will be resurveyed in accordance with the soil DCGLw. 
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3.0 SURVEY INSTRUMENTATION AND TECHNIQUES 

Bomb Throwing Device Site 
Aberdeen Proviiig Ground 

The purpose of this section is to describe radiological survey instruments and techniques that will 
be used for surveys irnplemeated during site radiological investigations. Specific 
measurement/sampling fiequencies and approaches for the FSS are discussed in later sections. 

For the soil FSS, ambient gamma scanning, discrete soil sampling, offsite laboratory analyses of 
the soil, and dose rate measurements will be performed to measure radioactivity concentrations 
of total uranium in surface soil. Implements used to collect soil samples will be cleaned and 
surveyed after each sample is collected to minimize cross-contamination of samples. 

For unenclosed structures, scanning and integrated direct measurements will be performed to 
measure surface radioactivity concentrations of total uranium. These measurements will be 
based solely on alpha emissions. Beta measurements will be collected in tandem with alpha 
measurements and presented for qualitative review in an appendix of the FSS report. Prior to the 
initiation of alpha survey activities on unenclosed structures, surfaces of interest will be cleaned 
to remove dirt and grime that could shield alpha emissions from detection. The clean* 
implements used to clean surfaces will be collected and stored on site and disposed in 
accordance with the contaminants found. 

3.1 Gamma Walkover Surveys (GWS) 
A GWS will be performed over soil to identify surface soil DU contamination. These surveys 
will provide position-correlated gross gamma count rate data proportional to the gross gamma 
fluence rate at the ground surface. The results of these surveys will be used to detect areas of 
elevated activity and select locations for biased soil sampling. 

The GWS will be performed using a Ludlum Model 44-20 3” x 3” Nal gamma scintillation 
detector (or equivalent) coupled to a Ludlum Model 2221 rate meter (OT equivalent). These 
instruments will be linked with differential global positioning system (DGPS) 
receiveddataloggers. The gamma detection systems will be setup to measure gamma 
interactions in the NaI crystal that are discemable from electronic noise. Specifically, the 
detection systems will be calibrated with no lower level discriminator and no upper level 
dwmmmtor @e., open window). This system will log the gross gamma reading and position 
every second in State Plane Coordinates. 
. . .  

Using NUREG-1507 as guidance, a minimu detectable scanning concentration CpvIDcsc~’) and 
scanning sensitivity was calculated using Microshield@. The results of these calculations are 
presented in Table 3.1-1. The action level of 6,800 cpm above ambient gamma background was 
calculated by multiplying the instrument scanning sensitivity by the DCGLw of 105 pCYg. 

The calculations performed and the assumptions made in the sensitivity estimates are presented 
in Appendix C. The assumptions include an ambient gamma background of lOuR/hr and a 56 
cm diameter soil source term uniformly contaminated to a deptb of 15 cm as described by 
NUREG-1507. The Ludlum Model 44-20 instrument sensitivity and scanning evaluation 
incorporates 18 energy response groups covering the energy range associated with DU. The 
sensitivity evaluation also assumes that scanning will be performed in accordance with 
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MARSSIM protocol by walking straight parallel lines over an area while moving the detector in 
a serpentine motion, approximetely 10 an above the ground surface. Survey passes Will be 
approximately 1 meter apart and the scan rate will be approximately 0.5 meters per second. The 
CABRERA General Countrate Meter QC ternpiate will be used to assure proper instrument 
operability prior to daily scanning. 

. 

The action level of 6,800 cpm above background, the instrument scanning sensitjvity, and the 
MDC, values are shown in Table 3.1 - 1. 

3.2 
Direct alpha scanning will be performed to identify surface locations on structures where 
contaminant concentrations may exceed the criterion far unrestricted release. Scanning surveys 
for alpha activity will also be performed to determine if radiologid surface contamhation is 
present on soil sampling equipment. Scanning will be performed using a Ludlum Model 43-93 
(100 cm2) active area scintillation detectors, OT equivalent. Scanning will be performed with the 
active area of the detector at a height of 0.5 cm above the surface of interest using the detector 
specific assuinptions listed in Table 3.2-1. Scanning measurements will be performed in 
accordance with CABRERA procedures OP-020 ‘‘@eration of ContaminariDn Survey Meters, ” 
Rev 0 and use CABRERA General Countrate Meter QC template. 

Direct Alpha Radioactivity Scan Surveys 

Using MARSSIM equation J-5 and the instrument specific assumptions listed in Table 3.1-2, the 
M D C m  is determined to be equal to the structural DCGLw. The chance of detecting a 
concentration equal to the DCGLW would be 90% and signified by the incidence of one alpha 
count occurring within the pause time of that stationary instrument. 

where, 

P( n 2 1) = 

P( n = 0) = 

G = source activity (dpm) 
E = detector efficiency ( 4 ~ )  
d 
V = scanspeed(cds) 
A = detector area (cm’) 
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Whenever an alpha count is detected during the scan, the detector will be held in place over the 
location where the count was detected for the duration of the pause time (approximately 7 
seconds). If a second alpha count is detected over this location during the pause time, a two 
minute integrated count will be performed If the result of the integrated measurement is in 
excess of the structural DCGLw (Section 2.3), the area will be marked and further investigated 
by the Field Supervisor. 

The net count rate will be determined as the difference between the measurement count rate and 
the daily background count rate measured prior to use. 

3 3  SoiSampling 
Soil samples will be collected to measure surhce soil contaminant concentrations at discrete 
iocations. The soil samples will be analyzed for total uranium and ?he results will be used to 
facilitate statistical testing. Discrete sampling locations will be identified using the Trimble 
DGPS system to get the appropriate Easthg and Northing coordinates (North American Datum 
System). Samples will be sent to Paragon Analytics, ~nc.  (Paragon) for analysis for isotopic 
uranium and analyzed in accordance with Paragon’s standard operating procedure. Volumetric 
samples will be collected in accordance with CABRERA procedure UP-005 Volurnerric and 
Materiul Sampling, rev 0. 

Soil samples will be collected using surface scraping tools such as troweIs or spoons. In general, 
surface soil samples wi1l be collected from the top six inches of soil. The sample will be 
transferred into a stainless steel bowl, where it will be thoroughly mixed to homogenize the 
sampled media. Visually identifiable mu-soil components such a6 stones, twigs, and foreign 
objects will be manually separated in the field and excluded from the laboratory samples to avoid 
biasing results. Samples will not be preserved in the field, as thm are no preservation 
requirements for the radiological analyses. All sampling equipment, mixing utensils, and 
homogenizing bowls will be deconcaminaed using distilled water after each sarnple to avoid 
cross contamhathg the subsequent sample. A Ludlum 43-93 detector and smear sample will be 
used to ascertain that no cross-contaminaton occurs between samples. The presence of less than 
1 ,OOO dpm/lOO cm2 of DU alpha activity on a Smear is sufficient to show non-contamhation of 
vohmetric samples from the sampling equipment thus limiting cross-contamination between soil 
samples. 

Soil will be collected in 500 ml sample containers. These containers will hold sufficient sample 
material as to allow detection of radioactive materials at the MDC values specified 
(approximately 4 pCi/gram DU). The analysis lab has indicated this amount to be equivalent to 
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approximately 500 grams of soil. Each filled 500 ml container will hold more than 500 grams of 
soil. 

Samples will be marked to show the sample identification number. Sample identification 
number, northing and easting coordinates, and other p e h e n t  data will be recorded on 
appropriate field data recording sheets. Samples will be collected in accordance with the 
Paragon Laboratories applicable chain of custody procedures. 

3.4 

Integrated direct measurements (ie., siatic measurements) of surface alpha radioactivity will be 
performed during the FSS to compare contarninant concentrations at discrete sampling locations 
on construction materials (Le., concrete pad) to the release criterion and facilitate statistical 
testing. Model 43-93 hand held (active area 100 cm2) alpha scintillation detector or equivalent. 
The estimated detector sensitivity and the assumptions used for this detector are presented in 
Table 3.4- 1. 

Integrated Direct Surface Alpha Radioactivity Measurements 

Static measurements will be performed in accordance with CABRERA procedures OP-020 
“Operation of Coniamination Survey Meters,” Rev 0, and OP-021 ‘2Alpha-Beta Counting 
Instrumentation, ” Rev 0, and CAEIRERA standard radiation instrumentation templates ‘‘ARlpha 
Beta Counting and Smear Worhheet ”, Rev 2. Prior b field mobilization, FSS instrumentation 
will be checked for expected response using a Chi-Square distribution utilizing the CABRERA 
template “Equipmen1 Chi-square Distribution Worhheer ”, Rev 0. 

The net count rate will be determined as the difference between the measurement count rate and 
the daily background count rate measured prior to use. 

3.5 Gamma Dose Rate Measurements 
Gamma dose rate measurements may be qualitatively performed hring tbe FSSs to ensufe 
worke~ health and safety and to identi@ unusual dose rate conditions. Measurements Will be 
performed using a Bimn MimRem tissue-equivalent scintillation detector, or equivalent, and 
will be performed io accordance with CABRERA Procedure OP-023, @mufbn of micro42 
Meters, Rev 0. Measurements wil l  be performed using the “slow” response time constant Setting. 
The detector will be positioned over the area of interest and allowed to stabilize prior to 
recordhg the measurement. The technician will use their judgment to determine when the 

.- 
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instrunlent has stabilized, it is estimated that this will take at least 15 seconds. Such 
measurements will typically be performed at 30 cni from and/or on contact with the surface 
being evaluated. 

3.6 
For non-equipment structural smear samples (e.g., concrete pads), gross transferable alpha 
contamination will be collected and analyzed to determine if transferable activity is less than or 
equal to 1 oo/o of total activity as assumed in the NUREGKR-55 12 document for screening level 
guidelines. 

Smear Sample Collection and Analysis 

For equipment smear samples, gross transferable alpha contamination will be collected and 
analyzed to ensure compliance with equipment release criterion of Army Regulation 11 -9 of 
1,000 dpm/l00 cm2. 

Smear samples will be collected over approximately 100 cm2 areas at systematic and biased 
locations identified during scanning activities. Smear samples will be analyzed for alpha and 
beta radioactivity using a Ludlum 2929 alphdbeta scintillation counter or equivalent in 
accordance with CABRERA procedure OP-02 1 “Alpha-Beia Counting Instrumenfalion, ” Rev 0. 
Based on the assumptions listed in Table 3.4-1, an alpha MDC of 6dpm/100cm2 will be 
achieved. 
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4.0 FINAL STATUS SURVEY DESIGN 
The FSS to be performed at the BTD site is designed in accordance with Final Status Survey 
guidance from MARSSIM (NRC, 2000). FSS activities will consist of scanning surveys over 
100% of the reasonable accessible s u r f k e  soil and structure surfaces. Discrete soil sampling and 
integrated direct surface measurements will be performed at fi-equencies based on MARSSIM 
guidance. Survey activities will also include biased smear sample collection. The FSS is 
designed conservatively in that the radiological background present in the soil will be neglected 
and the measure of total activity wiil be used €or statistical comparisons to the respective 

Bomb Throwing Device Sire 
Aberdeen Proving Ground 

DCGLw. 

4.1 

Using MARSSIM as guidance, the BTD site will be divided into 29 Class 1 survey units (SU). 
The initial SU classifications are based on sample matrix, area, and contaniination potential. 
Table 4.1-1 lists each SU by matrix type, area, number of samples to be collected in that SU, and 
the distance between each sample using a triangular grid pattern. 

Ares Classification Based OD Contamination Potential 

For soil areas, MARSSTM suggests that outdoor Class 1 SUs be not more than 2,000 square 
meters in size. For unenclosed structures (concrete pads), SU size was limited to aplrroximately 
100 square meters that MARSSIM suggests for interior SUs. This more restrictive size was 
selected for unenclosed structures based on the possibility that enclosures m y  be built upon 
existing concrete pads and around test equipment in the future. To accommodate the interior SU 
s h ,  collctete pads remaining in place were divided into two separate SUs of equal she. 

Three pieces of steel test equipment and a KEPA motor are considered equipment and will be 
released based on A m y  Regulation 1 1-9 as described in Sections 4.2 and 5.1. 

MARSSIM identifies Class 1 areas as having, or had prior to remediation, a potential for 
radioactive contamination or known contamination. Initially, all survey units will be considered 
Class 1 survey units based on the process involved (ie., the testing and firing of DU munitions), 
the mount of DU present on the BTD site (ie., approximately 40 tons of contaminated plate 
armor), the on-site transport of contaminated materials, the length of time the BTD site was used 
to test munitions. This is a conservative assumption. 
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Table 4.1-1: Survey Units 

4.2 Number of Static MeasuremenWSoil Samples u’ 
MARSSIM provides a method to determine the number of measurement locations required in a 
given survey unit. A minimum number of measurement locations are required in each survey 
unit to obtain sufficient statistical confidence that the conclusions drawn from the measurements 
are correct. The following subsections &scribe the bases for and derivation of the minimum 
required measurement locations per survey unit. 

Estimation of Relative Shiji 

The minimum number of measurement locations required is dependent on the distribution of site 
residual radionuclide concentrations relative to the DCGL, and acceptable decision mor limits 
(a and P). 
The relative shift describes the relationship of site residual radionuclide concentrations to the 
DCGL, and is calculated using the guidance found in Section 5.5.2.3 of MARSSIM. The 
relative shift is calculated as follows: 

A/* = DCGL, - LBGR 
d 
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Where: DCGL= Derived Concentration Guideline Level 

LBGR = concentration at the Iower bound of the gray region. The Lower 
Bound of the G~ey Region (LBGR) is the concentration at which the 
survey unit has 811 acceptable probability of passing the statistical 
tests. 

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

d = 

The DCGL, for surface soil radioactivity is 105 pCi/g. The LBGR is estimated at 52.5 pCUg 
which is half of the DCGL, 8s suggested by MARSSIM. Using an estimated coefficient of 
variation of 30 percent and the LBGR as estimate of the sample mean, a sigma value of 
15.8 pCYg is calculated. Using the parameters discussed above, the relative shift is calculated as 
3.3. 

The unenclosed concrete pad DCGL, for surface alpha radioactivity is 100 dpm/100cm2. The 
LBGR was conservatively estimated at 70 dpm alphd100 cm2 based on previous studies with 
similar instruments on concrete. Without prior survey, it is reasonable to assume a coefficient of 
variation on the order of 30 percent (MARSSIM Section 5.5.2.2). Using a coefficient of 
variation of 30 percent and the LBGR as an estimate of the sample mean, a sigma value of 
21 dpm/100cm2 is estimated. Using the parameters discussed above, the relative shift is 
calculated as 1.4. 

The unenclosed steel structures and HEPA motor are considered equipment and will be released 
based on Army Regulation 11-9, submitted as part of the APG ATC NRC License document 
SUB-834. Table 5-2 of Army Regulation 11-9 provides for surface radioactivi values of up to 

associated &cay products. These values are the same as provided by Regulatory Guide 1.86. 
1,000 dpm1100 cmz removable and 5,000 dpm/lOO cm2 total activity for 23% and 238u and 

Determination of N (Number of Required Measurement Locations) 

For soil SUs, the final number of suggested measurement locations per survey unit is 14 as per 
MARSSIM (Table 5.5) given a relative shift of 3.7 and an error rate for both Type I and Type II 
mrs of five percent (i.e., a = B = 0.05). The actual D u m b e r  of measurements to be performed 
in each survey unit ranges from 14 to 17 samples based on the size and geometry of the SU and 
are presented in Table 4.1-1. 

For unenclosed concrete structures, the fioal number of direct surface required measurement 
locations per survey unit is 20 as per MARSSIM (Table 5.5) given a relative shift of 1.4 and an 
error rate for both Type I and Type II errors of five percent (Le., a = p = 0.05). The actual 
number of measurements to be performed in each concrete survey unit is 20 samples based 011 
the size and geometry of the survey area. 
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43 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, wbile maintaining compliance with the release criterion. For the purpose of ALARA, 
the DCGL, will be used as the DCGLmc for both soil and structures. This corresponds to an 
area factor of one. Since soil and structure MDCsM 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. 

Bomb Throwing Device Sire 
Aberdeen Proving Ground 

4.4 Static Measurement Locations 

Measurement locations in Class 1 survey units will be established using a random start point in a 
systematic triangular grid. The grid spacing for Class 1 suvey units will be determined, based 
on the measured area of the survey unit, using the following equation (Equation 5-7 from 
MARSSIM). 

A 
0.866 N 

Where: L = rectangular grid spacing for survey unit 
A = areaofsurveyunit 
N = number measurement locations 

Measurement spacing results (L,) using the equation above are presented in Table 4.1-1. Maps 
presenting the BTD site SU delineations and the reference coordinate system are presented in 
Appendix D. 

4.5 Gamma Walkover Surveys 

GWS will be performed as described in Section 3.1 over 100% of reasonably accessible soil SU 
areas. If a scan measurement exceeds the soil adion level, the Field Supervisor shall be notified 

' and the detector and survey location shall be evaluated Following evaluation, the immediate 
area will be rescanned to verify the initial result. If the verified result is greater than the action 
level, the location will be msrked for further remediation followed by additional surveying of the 
location. 

As described previously in section 2.1, the ravine area site feature has water covered surEaces 
that range from several c e n t h m  to appmxhtely 15 centimeters in depth. Scan surveys over 
soil areas covered by more than 13 cm of water may result in a MF)& sensitivity less than the 
soil DCGLW of 105 pCi/g. To compensate for potential reduced instrument sensithi@ in these 
areas, streambed sediment samples Will be taken. The GWS for the area will be provided up to 
the ~ueas of standing water. Sediment samples will be taken in the center of the streambed ravine 
where GWS measurements stop. Section 4.7 provides additional details associated with the 
sediment sampling. 
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4.6 

Alpha scan surveys will be performed as described in Section 3.2 and will cover 100% of 
reasonably accessible structure surfaces. Areas of elevated radioactivity identified during 
scanning will be physically marked and biased integrated measurements will be perfomied to 
quantify surface alpha activity concentrations for direct comparison to the DCGLw. Survey 
areas in excess of the DCGLw will be investigated by the Field Supervisor and flagged for 
additional biased sampling (e.g., smear sampling). Beta scans will be performed in tandem with 
alpha measurements and recorded for qualitative purposes only. 

Bomb Throwing Device Sile 
Aberdeen Proving Ground 

Surface Alpha Radioactivity Scan Surveys 

4.7 Soil Sampling 
Sampling of surface soil will be performed in soil SUs at locations selected for MARSSIM 
statistical testing and at biased locations identified during the GWS. Such measurements will be 
performed as described in Section 3.3. Collected samples will be sent to an offsite laboratory for 
isotopic uranium analysis. 

Sediment samples will be taken in the streambed of the ravine to provide additional assurance 
that the soil action levels are not exceeded for this area. The sediment samples coIlected may 
take the place of systematic soil samples that may be co-located in streambed areas covered by 
water. Sediment samples will be taken in the approxinlate center of the ravine streambed at a 
rate of 1 sediment sample for every 7 linear meters of the ravine. This will result in a statistically 
significant number of samples (20 samples) based on the estimated total length of the ravine of 
140 meters. The locations for these samples will be determined in the field due to the transient 
nature of the water in the ravine area 

4.8 

Measurements of surface alpha radioactivity will be performed on structures at locations selected 
for MARSSIM statistical testing and at biased locations identified prior to and during scanning 
activities. Beta 
measurements will be performed in tandem with alpha measurements and recorded for 
qualitative purposes. 

Integrated Direct Surface Alpha Radioactivity Measurements 

Such measurements will be performed as described in Section 3.4. 

If any alpha survey measurement results in readings above the structure DCGLw, the Field 
Supervisor shall be notified and the detector and survey location shall be evaluated. Following 
evaluation, a follow-up measurement shall be performed at the measurement location to verify 
the initial result. If the result of the verification measurement is in excess of the DCGLw, 
remediation of the surface followed by biased sampling will be performed at that location. 

4.9 Gamma Dose Rete Measurements 
Gamma dose rate measurements will be performed at locations selected for MARSSIM statistical 
testing and at biased locations identified during scanning. At soil locations, dose rate 
measurements will be prior to soil samples being drawn. Gamma dose rate measurements may 
be performed to ensure worker safety and to identify unusual dose rate conditions. Gamma dose 
rate measurements will be performed as described in Section 3.5. 
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4.10 

Smear samples will be collected at biased survey locations and at least 10% of systematic survey 
Iocatjons. Smear smples will be collected as described in Section 3.6. Beta measurements will 
be perfomied in tandem with alpha measurements and recorded for quaIitative purposes. Smear 
samples will also be collected on soil sampling equipment between sampling. 

Bomb Throwing Device Sile 
Aberdeen Proving Ground 

Smear Sample Collection and Analysis 
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5.0 EQUIPMENT RELEASE 

Bomb Throwing Device Size 
Aberdeen Proving Ground 

5.1 

Certain equipment present within the BTD site boundaries may need to be surveyed for 
consideration of release without restriction, CABRERA will follow the surface release limits of 
1,000 dpd100 cm2 removable DU alpha activity and 5,000 dpm/lOO cm2 total DU alpha activity 
per Amy Regulation 11-9, “The Amy Radiation Safety Program”. It is expected that all final 
release surveys of equipment will be performed by the licensee and these surveys will follow 
APG procedures. If CABRERA performs these release surveys for APG, then CABERA will 
follow the APG procedures. 

Survey of Equipment for Release Without Restriction 
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6.0 DATA PROCESSING 
This section describes how project events and data will be retained for this FSS. 

Bomb Throwing Device Sire 
Aberdeen Proving Ground 

6.1 Project Log Book 
All significant events which occur during this FSS be documented and retained for future 
reference. While many types of project events have specific fomis on which they arc 
documented, many events OCCUT on a routine basis during survey field activities that must be 
documented as they occur. Additionally, project data transactions must also be recorded as they 
occur. To provide a practical means of capturing this information, a project logbook will be 
initiated upon project commencement. 

Significant project events, including data transactions involving project electronic data, shall be 
recorded in the Project Logbook. Data transactions are defined as any transfer, download, 
export, copy, differential correction, sort, or other manipulation performed on project electronic 
data. Project Logbook records shall be sufficient to allow data transactions to be reconstructed 
after the project is completed. The Field Supervisor shall be responsible for maintaining the 
Project Data Logbook and will review the Project Data Logbook at least daily to report 
significant issues. 

The Project Logbook is considered a legal record and will be permanently bound and the pages 
will be pre-numbered. Pages may not be removed from the logbook under any circumstances. 
Entries shall be legible, fkctual, detailed, and complete and shall be signed and dated by the 
individual(s) making the entries, If a mistake is made, the individual making the entry shall 
place a single line through the erroneous entry and shall initial and date the deletion. Under no 
circumstances shall any previously entered infomation be completely obliterated. Use of 
whiteout in the Project Logbook is not permitted for any reason, Only one Project Logbook will 
be maintained. If a Project Logbook is completely filled, another volume shall be initiated In 
this case, each volume shall be sequentially numbered. 

6.2 Project Electronic Data 
Much of this FSS will rely on data collected and stored electronically. Electronic data is subject 
to damage andor loss if not properly protected, As'such, all project electronic data shall be 
downloaded f h m  its collection device (e.g., laptop computers, data loggers, etc.) on at least a 

'daily basis. At the conclusion of each day's survey activities, the Field Supervisor shall back up 
all electronic data collected that day to appropriate removable media (e.g., CD, zip disk, or 
equivalent) and shall ensure the backup is removed from site. Under no circumstances shall the 
backup be stored in the same building in which the original project electronic data is stored. 

Data files shall be named according to a naming protocol designated by the Field Supervisor. No 
variations from this protocol shall occur without the prior concurrence of the field supervisor. 
During data download and transfer transactl 'om, the applicable data file name(s) shall be 
inchded in project data logbook entries. 
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7.0 INTERPRETATION OF SURVEY RESULTS 
The results of individual soil and sediment samples and direct integrated alpha measurements 
performed for this FSS will be evaluated statistically and compared to the release criteria. This 
comparison will determine if the BTD site can be considered for release without radiological 
restriction. If all of the SUs of the BTD site meet the criteria for unrestricted release, the entire 
BTD site as defined in this FSS will be considered a viable candidate for unrestricted release. 

Background in the sampled matrix is not considered during interpretation of individual soil 
samples, concrete smear samples, or the integrated alpha count measurements associated with 
soil, sediment, and concrete at the BTD site. This is a conservative approach and is appropriate 
since the background for these media are small compared to the DCGL, levels. 

In accordance with MARSSIM guidance, a preliminary data review will be performed to identify 
patterns, relationships, and potential anomalies present in the survey data. In this review, basic 
statistics including the mean, standard deviation, maximum, and minimum values will be 
calculated for each SU. A graphical review of the data will be performed consisting of posting 
plots and histograms. Posting plots will be used to review the spatial independence of 
measurements within survey units, while histograms will be employed to review the overall 
symmetry of the data. 

Once the data have been reviewed, soil sample or direct integrated alpha measurement results for 
each SU will be compared to the respective DCGLw. If all of the results for a SU are below the 
DCGLw, the survey unit meets the release criteria. If the average residual radioactivity in an 
individual SU is greater than the DCGLw, the SU does not meet the release critda. If any 
results in a SU are greater than the DCGLw and the average residual radi0aCtivit-y in that survey 
unit is below the DCGLw, the Sign test will be perfomed as described in W S I M  to compare 
the median concentration of residual radioactivity in individual survey units to the DCGLw. If 
the results of that survey unit pass the Sign test, that SU meets the release criteria Finally, a 
retrospective power curve will be computed to measure the power of the Sign test based on the 
results of the measurements performed, The results of all of these statistical processes will be 
provided in the FSS Report. 

~~ 
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8.0 SURVEY QUALITY ASSUMNCE/QUALITY CONTROL 
Activities associated with this work plan shall be performed in accordance With written 
procedures andor protocols to ensure consistent, repeatable results. Topics covered in project 
procedures and protocols may include proper use of instrumentation, Qualily Control (QC) 
requirements, equipment limitation, etc. Implementations of Quality Assurance (QA) measures 
€or this work plan are described herein. 

Bomb Throwing Device Sire 
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8.1 Instrumentation Requirements 

The Field Supervisor is responsible for selecting the instrumentation required to complete the 
requirements of this work plan. Only instrumentation approved by the Field Supervisor will be 
used to collect radiological data. The Field Supervisor is responsible for ensuring individuals are 
appropnately trained to use project instrumentation and other equipment, and that 
hsbvmentah meets the required detection sensitivities. Instrumentation shall be operated in 
accordance with either a written procedure or manufacturers’ manual, as determined by the Field 
Supervkor. The procedure and/or manual will provide guidance to field personnel on the proper 
use and limitations of the instrument. 

Calibration Rquirementr 

Instruments used during the FSS shall have current calibratiodmintenance records kept on site 
for review and inspection. The records will include, at a minimum, the following: 

name of the equipment 
equipment identification (model and serial number) 
manufacturer 
date of calibration 

0 calibration due date 

Instrumentation shall be maintained and calibrated to manufacturers’ specifications to ensure that 
required traceability, sensitivity, accuracy and precision of the equiprnedhtnments are 
maineained Instruments Will be calibrated at a fscility possessing apprMate NRC and/or 
A p m e n t  State licenses for performing calibrations using National Institute of Standards and 
Technoiogy (NET) traceaMe sources. 

8.2 

The following subsections describe the techniques that will be used to evaluate accuracy and 
precision of measurements obtained with project instrumentation. Daily inStnrment response 
check data and calibrarion certificates for each instrument will be included in BD appendix of the 
FSS. 

Instrument QC Source and Background Checks 

Sodium Iodide (Nd) Gross Gamma S’tem 

NaI detectors coupled to count rate meters and DGPS systems will be used to perform gamma 
walk-over surveys and integrated fuced location measurements. Instruments will be calibrated at 
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least annually at a facility possessing appropriate NRC andor Agreement State licenses for 
performing calibrations using NIST-traceable standards. 

Instruments will be response checked daily for quality control by comparing the instrunlent 
response to a designated 137Cs source. Response checks will consist of a one-minute integrated 
count of the 137Cs source positioned in a reproducible geometry (ie., a jig). The acceptance 
criterion for these instrument response checks is within +/- 20% of the mean response generated 
using ten initial source checks and ten measurements of ambient background. A response check 
outside these criteria will be cause for evaluation of conditions (e.g., instrument operation, 
sourcddetector geometry). The response check will be repeated once prior to field use of that 
instrument. Instruments that fail the second response check will be removed fiom service. 
Durhg daily response checks, hstnunents will be inspected for physical damage, battery voltage 
levels, current calibration and erroneous readings. 

Background checks will be performed daily for each instrument. These checks will be 
performed to monitor fluctuations in ambient gamma background that could impact the 
interpretation of the gross gamma measurements, not to monitor the performance of the 
instruments. The results of the background measurements will be recorded and presented on a 
control chart. 

MicroRem Meter 

A MicroRem meter will be to pmvide gamma dose rate infomation during performance of area 
radiation surveys. The instrument was calibrated at least annually by a facility possessing 
appropriate NRC and/or Agreement State licenses for performing calibrations using NIST- 
traceable standards. 

Instruments will be checked daily for quality control by comparing response to a designated 
137C~ source. Response checks will consist of exposing the instrument to a designated 137Cs 
source positioned in a reproducible geometry and location. The acceptance criterion for these 
instruments is response within a +/- 20% of the mean response generated using ten initial source 
checks and ten measurements of ambient background A response check outside these criteria is 
cause for evaluation of conditions (e.g., instrument operation, sourcddetector geometry). The 
response check is repeated once prior to field use of that instrument. Instruments that fail the 
second response check will be removed from service pending evaluation. During daily response 
checks, the instrument used to obtain radiological data was also inspected for physical damage, 
battery voltage IeveIs, current calibration and moneous readings in accordance with CABRERA 
procedures. 

Alphdeta  Detector 

Quality control source checks for the Ludlum 43-93 will consist of a one-minute integrated count 
with the designated Thorium-230 (230Th) and Technetium-99 e9Tc) sources. The acceptance 
criterion for this instrument response is within +/- 20% of the average response generated using 
ten initial source checks and ten measurements of background performed at the beginning of the 
project. A response check outside these criteria will be cause for evaluation of conditions (e-g., 
instrument operation, source/detector geometry), and the response check will be repeated once 
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prior to field use of that instrunlent. Instruments that fail the second successive response check 
will be removed from service and corrective actions will be taken. Only Field Supervisors can 
return a failed instrument back to service after proper corrective actions are taken and 
documented. 

A Ludlum Model 2929 smear counter will be used for on site analysis of radiological 
contamination smears in conjunction with project soil sampling. The instrument will be 
calibrated at least annually at a facility possessing appropriate NRC and/or Agreement State 
licenses for performing calibrations using MST-traceable standards. 

Instruments will be checked daily for qual@ control by comparing response to designated 230Th 
(Alpha) and wTc (Beta) NIST-traceable sources and to ambient background Response checks 
will consist of a one-minute count of the 230Th and 99Tc sources positioned in a reproducible 
geometry and location within the detector system. Background measurements will be performed 
in an identical fashion for a twenty-minute count, with the source removed. The acceptance 
criteria for b tmnen t  response will be set to two and threesigma of tbe mean response 
generated using ten initial source checks and ten measurements of ambient background. A 
response check outside the two-sigma, but within the three-sigma criteria will be cause for a 
recount prior to further evaluation, A response check outside two sigma on the second count or 
three-sigma on the initial count will be cause for Mer evaluation prior to continued use. A 
response check outside these criteria is cause for notification of the Field Supervisor and 
evaluation of conditions (e.g., instrument operation, source/detector geometry) prior to further 
counts andor removal of the instnunent from service. Instruments must pass a response check 
prior to field use. During daily response checks, instruments used to obtain radiological data will 
also be inspected for physical damage, battery voltage levels, current calibration and erroneous 
readings in accordance with C A B ~ I U  procedures. 

Digital Global Positioning *stern 

DGPS point features will be 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 will be compared to the 
mean of a Series of sequential initial positions. This data will be entered into a spreadsheet and 
examined to ensure no more than one-meter variability occurs. A feature count outside these 
criteria is cause for notification of the Site Supervisor and evaluation of conditions prior to 
further counts and/or removal of the GPS from service. GPS units must pass a feature count 
prior to field use. During daily feature counts, GPS systems will also be inspected for physical 
damage, battery voltage levels and erroneous readings in accordance with SOPS. 

8.3 Duplicate Measurements 
Instrumentation will be operated and sampling performed in accorbce with standard opemthg 
procedures and/or protocols. 
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Duplicate Measurements 

Duplicate measurements wilI be required for 10% of the total soil sample collected from all 
survey units. Duplicate measurements will be compared to the initial analytical results by 
determining a Normalized Absolute Difference (NAD) value and comparing it against the 
performance criteria specified as follows: 

Bomb Throwing Device Site 
Aberdeen Proving Ground 

Analyses of field and laboratory duplicates will be compared to the initial analytical results by 
determining a NAD value for each data set by the following equation: 

Where: Sample = first sample value (original), 
Duplicate = second sample value (duplicate), 
awle = 2a counting uncertainty of the sample, and, 
ombCc = 20 counting uncertainty of the duplicate 

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

P h e  sample measurement aad duplicate or replicate measurement are of the same 
normafly distributed population. 

the standard deviations, u~ampl~ and awhh represent the true standard deviation of the 
measured population. 
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Uranium 238 Decay Series 
(Excerpted from Radioactive Decay Data Tables, David Kocher, 1981) 
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Aberdeen Proving Ground DCGL ar BTD Area 

EXECUTlVE SUMMARY 

The depleted uranium @U) derived concentration guideline level (DCGL) developed for the 
Transonic Range is considered applicable to and adequately protective for the BTD Site on tbe 
basis of comparable site-specific RESRAD pararneters/pathways, &be similarity of both locations, 
and the equivalence of the radiological isotopic DU mixes at both locations. Use of the approved 
Transonic DCGL at the BTD Site will ensure that the potential dose to a hypothetical individual 
will not exceed 25 mrem in any one year over a 1,000 period consistent with 10 CFR Part 20 
Subpart E requirements. 

On these bases, the proposed DCGL for the BTD Site in soil is 230 pCi /g  total DU (resident- 
farmer scenario). This evaluation utilizes the more conservative resident-farmer scenario. 
Additionally, the ALARA principle of as-low-as-reasonably-achievable is applied to provide 
assurance that hypothetical doses are limited. The ALARA action level has been set at 105 pCi/g. 
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Aberdeen Proving Ground DCGL a1 BTD Area 

DERIVED CONCENTRATION GUlDELINE LEVEL (DCGL) 
DETERMINATION FOR U. S. ARMY GARRISON, ABERDEEN 

PROVING GROUNDS (APG) BOMB THROWING DEVICE SITE 

1.0 BACKGROUND 

The Aberdeen Test Center (ATC) Bomb Throwing Device (BTD) site was used between 1982 
and 1993 for the testing olDepleted Uranium (DU) munitions. The site consists of the BTD Butt 
Enclosure, access roads, Plate Storage Area (PSA), and several support buildings situated on 
approximately 4-5 acres of land. The BTD Bun Enclosure has dimensions of approximately 25 
by 50 feel with a height of 20 feet. WESTON previously performed a MARSSIM type 
characterization at the BTD Site. Data from that characterization has been utilized in this 
evaluation. The total BTD site land area is approximately 10 acres. 

During testing at the site, munitions were fired at either steel plate targets or vehicles placed 
inside the BTD Butt Enclosure. A HEPA ventilation system associated with the BTD Butt 
Enclosure was designed to filter potentially contaminated air exiting the building. Heavy 
equipment was used to transport the mor plates between the PSA and the BTD Butt Enclosure. 
Currently, approximately 40 tons of DU-contaminated m o r  plate is located within the BTD Site. 

A characterization study was initiated to identify DU and other enviromental contaminants 
currently present in the soil as well as gamma radiation levels at the site. This is in preparation 
for remmaI of the BTD Butt Enclosure and decommissioning of the BTD Site currently covered 
by NRC LICENSE #. The WESTON characterization study provided quantitative activity 
concentration levels of a% and in soil and identified MARSSIM class 1, 2, and 3 areas 
based on comparison of results to NRC screening derived concentration guideline levels 
(DCGLS). 

Results from the WESTON BTD Site characterization arc compared in this evaluation to 
characterization data from the Transonic Range. The Transonic Range Decommissioning Plan 
@P) developed by ATG utilized the characterization data and DCGL dose analysis as provided 
by Argome National Laboratory. NRC has approved this DP. 

2.0 SCOPE/PURPOSE 

The purpose of this evaluation is to contrast and compare the parameters used to develop the DU- 
contaminated soil (DCGL) applied at the Transonic Range to the BTD Site. This evaluation will 
be used to demonstrate that the DCGL used at the Transonic Range may be equelly applied at the 
BTD Site. 

3.0 DCGL EVALUATION 

The DCGL for the DU Study Area of the Transonic Range is based on a site-specific uranium 
guideline derived on the basis of a 50-year Total Effective Dose Equivalent (TEDE) to a 
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W Aberdeen Proving Ground DCGL at BTD Area  
hypothetical individual not exceeding 25 inrem in any one year and evaluated over a 1,000 year 
time interval. 

3.1 DCGL Derivation from Transonic DP 

The results of a previous DU DCGL developed for the Transonic Range were submitted lo NRC 
as part of a DP for the Transonic Range and was approved. The computer wdc, RESRAD, 
Version 5.82 (ANL 1999) used to develop DCGLs for the Transonic Range. The RESRAD code 
parameledpathways used in the Transonic Range evaluation was set up to consider nine 
exposure pathways: 

I f  Direct exposure from contaminated soil, 

2) Internal dose ffom inhalation ofconlaminakd dust, 

3) Internal radiation from the inhalation of emanating radon-222, 

4) Internal radiation from the ingestiou ofplant foodstuffs grown in contaminaled soil 
and irrigated with groundwater drawn from a well located within the decontaminated 
area, 

5 )  Internal radiation from the ingestion of meat from livestock fed fodder 
decontaminated area and irrigated with groundwater from the decontaminated area, 

6) Ingestion of milk from milk animals raised with fodder and irrigation groundwater 
dram from the decontaminated area, 

in the 

7 )  Internal radiation from ingestion of fish h m  a pond drawing water  om the 
decontaminated area, 

8) h m a l  dose from the ingestion of on-sile soil, and 

9) Internal radiation from dnnking water drawn fiom an on-site well. 

Two potential exposure scenarios were considered using combinations of the above pathways. 
These are the industrial-worker scenario and the resident-Wer scenario. The industiial-wwka 
scenario assumes the continued industrial use of the site. The scenario assumes 2,000 hours per 
year at the site with 6 hours per day spent indoors and 2 hours per day spent outdoors. No plant 
f o m ,  meat, milk, fish, or water is consumed from the site. The dose is assumed to arise 
only from the Contaminated soil. This scenario reflects the current use and is a likely future use 
ScenruiO. 

The resident-her scenario has a subsistence h e r  who lives on the site and consumes 
foodstuffs grown on the site. This includes on-site groundwater for drinking and irrigation, 
vegetables, fruits, livestock meat, milk, and 50% of the fanner’s fish consumption. At the present 
time, no agricultural activity occllfs on the site.. This scenario is plausible but considered an 
unlikely future use. Table 1 provides a summary ofthe exposure pathways by scenario. 
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Aberdeen Proving Ground DCGL at BTD Area 

Pathway 

Exlcrnal gamma exposure 

lnhalation of soil 

TABLE 1 - Applicable Pathways for Industrial-Worker and Resident-Farmer 
Scenarios 

Applicable Pathways 

Industrial-worker Resident-Farma 

YCS Yes 

YCS Yes 

lnhalation of radon 

Ingestion of soil 

Yes Ye6 

Yes Yes 

Y cs I No I Ingestion of plant foodstuffs 

Ingestion of meat No Yes 

Ingestion of milk 

lugestion of fish 

Ingestion of water 

3 2  Evaluation of Applicability of Transonic Range DCGL to BTD Site 

No Yes 

No Yes 

No YW 

Since the BTD Site and the Transonic Range are within a few miles of each other at APG, the 
climate, meteorology, irrigation rates, the type, growth rate, and root depths of vegetation, type of 
meat and milk producing animals, fish and aquatic organisms, and the geology and soil 
characteristics are considered to be similar in nature for purposes of this evaluation Additicmally, 
the types of work activities causing the contamhatiou of the soil are s h i h  and result in like soil 
surface and vextical distributions. Table 2 provides a munmary comparison of the parameters. 

The DU contaminated soil at the Transonic Range was characterized from the analysis of 100 
total soil samples collected from 1-3 inch and 3-6 inch depths. The samples were analyzed for 
u*v, ?J, and isatopes by alpha spectroscopy. 
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Aberdeen Proving Ground DCGL ar BTD Area 

Region h a  Soil Vcgelation W a k  Meat Milk Fish W o n  D i r d  
cover Pond Soil 

Inad. 

Soil Meteor- h l o g y l  
lnhsl ology Soil 

Char. 

I I I I I 

Transonic 
Range 

BTD Sjle 

A soil characlerizatjoii (WESTON) was completed at the BTD Site in 2001. As with the 
Transonic Range soil samples, soil was collected from the surface and near surface. At the BTD 
Site soil was collected from the surface to a depth of 3 inches. Samples were collected in areas 
designated as class I ,  class 2, and class 3 areas following MARSSIM definition and an assumed 
NRC screening DCGL. A total of 44 samples &om the class 1 area had detectable =%; 36 
samples h m  the class 2 area had detectable a%; and 20 samples fiom the class 3 area had 
detectable 23hLJ activity concentrations. In addition, 13 samples fiom a background area had 
detectable a% activity concentrations. 

12 none Site paraineters are those indigenous to the eastern shore area of Maryland at APG 
acre 

10.5 
acre 

none Due to geographic proximity of both sites and type of work activities causing soil activily, BTD Site 
parametas are considered the same 

For the purpose of contaminant magnitude and isotopic mixture evaluation, the BTD Site class 1 
and class 2 mea characterization results were lumped together as me category because of the 
significant levels of uranium identified in these areas, The listed class 3 area results were similar 
in magnitude to that observed in the background area and had Uk.J/2MU ratios fhat are indicative 
of natural uranium concentrations as opposed to typical DU ratios. These areas are not 
considered further in this evaluation. 

The BTD Site class 1 and class 2 area data was analyzed in the s8mt fashion as the Tnmwnic 
Range soil samples, namely case 1 included all samples, case 2 included samples greater than 1 
pCi/g, and case 3 excluded samples greater than l,W&i/g ?J. Since the BTD Site analysis 
was based on gamma spectroscopy, only the =%J and isotopes arc identified. A comparison 
of the soil concentration activity ranges and wU/mU activity ratios at the Transonic Range and 
the BTD Site for the 3 cases is shown in Table 3. 

The comparison indicates that the u?J/nv activity concentration ratio at the BTD Site is similar 
to that detected at the Transonic Range. This is expected because the DU utilized at both 
locations has the same depletion. At both the Transonic Range and the BTD Site the activity 
ratio of indicates that the uranium is in $ct DU since the activity ratio ranges from 
0.013 to 0.028 while natural uranium has a '3%J/a&u activity ratio of 0.045. 
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1' 

1 TABLE 3 - Transonic Range and BTD Site Soil Data Activity Ratio Comparison I 

Average 
Activify 0.211 0.0205 0.768 0.027 
Fraction 

I Transonic Range 

3' 

3' 

Nat. 
U 

0.19- 0.001 - 0.19- Activity 

W g e , P W  46 6.3 290 

Average 
Activity 0.222 0.0193 0.759 0.025 
Fraction 

Activity 
FmliM 0.489 0,022 0,489 0.045 

1 1: 1 1 6.7- 1 :$; 1 45-  I b S C , P W  49,000 370,000 

Avmge 
Activity 0.138 0.0234 0.839 0.028 
Fraction 

1 

l'U 

No 
results 

provided 

No 
m l ( S  

provided 

NO 
results 
provided 

0.489 

' For case 1. all rampks were grouped together 

' For case 3, hot samples were m o v e d ,  and tbe remaining samples were grouped together 
For case 2, only samples with activity grater then 1 pC9g wen grouped togaher 

The soil activity conoentrations were not determined for the BTD Site since analysis was 
performed using gamma spectroscopy. However, the dose fraction assigned to a hypothetical 
individual from the % isotope is a small fraction of the total dose. Tables 4 and 5 summarize 
the maximum dose-to-source concentration ratio (dose conversion factor OT DCF) as a function of 
pathway and scenario at Transonic range as derived from ANL 1999. Since the maximum dose 
occurs immediately after remediation, the dose from the inhalation of radon, water ingestion, and 
fish @ d o n  pathways are zero (ANL 1999). Sinoe the BTD Site depth to ground water is 
deeper than at the Tnmsoaic w e ,  it is logical that the breakthtougb time for the BTD area 
would be longer than at Transonic. The bnakthrough rime (ie., time it takes the uranium to 
reach the water table) does not occur within 1,000 years (ANL 1999). 
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External gamma exposure 

Inhalation of dust 

Inhalation of radon 

Ingestion of soil 

Aberdeen Proving Ground DCGL at BTD Area 

8.3E-5 1SE-1 2.652 4.7E-4 

432-3 4.OE3 3.8E-3 3.6E-1 

0 0 0 

2.4E3 2 2 5 3  2.3E-3 3.5E-1 

Tlie % dose conlribution DCF for the industrial-worker and the resident-farmer scenarios 
immediately following remedial action is small, being on the order of 3.4% and 6.5% of the total 
uranium DCF respectively. Tables 4 and 5 list the fractional DCF for =U compared to total 
uranium D C F  for the Transonic Range. Based on the information in these two tables, the 
DCF components are expected to be generally smaller or coinparable to the ?J and ”*U DCFs. 
Tberefore the ’% DCF may be estimated for the BTD Site as being the same as the Transonic 
Range without incumng any significant calculation differences. 

Total 

TABLE 4 - Maximum DosdSource Concentration Ratios for the Industrial-Worker 
Scenario at the Depleted Uranium Study Area of the Transonic Range 

Maximum Dose/Source Concentration Ratios’ (mrerdyr)/@Ci/g) 

6.753 1.65 1 3.2E-2 3.4E-2 

‘All values are rcported to two significant figurcs. Maximum dose/wourcc cancentration ratios would occur 
immediately following remedial action for all lllaamm isotopes. This value is the dose conversion factor. DCF. 
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Ingestion of meat 

hgesfjoa of waka 

lngestion of milk 

Ingestion of fish 

ingestion of soil 

Total 

Aberdeen Proving Ground DCGL ai BTD Area 

3.28-3 3.053 3.OE-3 3 .551  

0 0 0 

82E-3 7.7B3 7 . s - 3  3.5E-1 

0 0 0 

7.7B-3 7.3E-3 7.4E3 3.4E-1 

4.OE2 4.751 I.lE1 6.5E-2 

The residual radioactive material guideline is the concentration of contaminated material that may 
remain in a dtconcaminated area and still allow for umestricted use of t he  area. The residual 
radioactive material guideline, or derived concenmtion guideline level @CGL) for a given dose 
limit, DL, to a hypothetical individual derived from the soil data at the Transonic Range may be 
calculated as 

DCGL = DL/DCF 

Where, 

DCGL = Derived Concentration Guideline Level, pCi/g in soil 

DL = NRC Dose Limit for unrestricted use, 25 m r d y e a r  for both industrial-worker and 
resident-farnjer 

DCF = Dose conversion factor to transform volumetric concentdon to dose rate, 
(m&year>/@CQg) 
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DCGL at BTD Area Aberdeen Proving Ground 

7'Yu 

Natural Uranium 

The DCF ratios listed in Table 6 were used in turn lo detcnnine the allowable residual 
radioactivity for uraniuin in soil at the Transonic Range usin the above relarimship. The 
resulting DCGL for each radionuclide is shown in Table 7. The"U isotope may be used as an 
indicator radionuclide by multiplying the Table 7 individual depleted uranium DCGL guideline 
by the appropriate ?J activity concentration fixaction. This allows for use of the readily 
identified field indicator, =U, to be used as the indicator radionuclide DCGL. 

3 2 - 2  1.1E-1 

2.2E2 8.352 

TABLE 6 - Total DodSource Concentration Ratios for Uranium at the Depleted 
Uranium Study Area of t h e  Transonic Range 

Maximum DosdSource Concentration Ratios' 
( m d y  M P C i k )  

Dcpleced uraniumd 

Depleted Uranium' 

-~~ 

Radionuclide ~ I Indusirial-Workab I Resident-Farmer' 

2.9E-2 1 .OE- 1 

3.1E-2 1.1E-1 

6.78-3 1- -~ 4.OE-2 

2% I 1.651 I 4.7E-I 

1.OE1 I 2.98-2 

'All values arc reportal to hvo sigdimnt figut.es. Maximum dosc/saurce concentration ratios would occur 
immediately following medial  action for all d u m  isotopes 
Indnstrial-Wow no consumption ofwater or food obtained on the site (currcot use scenario) 

from an on-site well (an unIilccly bul pkusibk tUbm use scmario) 
The TtflIljam isotopes tub, w, and %) m present m thc aaiVity ratio of 0.768:0.21l:0.0205 
Tbe uranium isotopes {?.I, ?J, and %) are jmsent in tbc activity nrtio of 0.839:0.138:0.0234 

'The uranium isotopes (""u, -U, and usU) an present in the rlivity ratio of 0.759:0.2ZZ:O.0193 

' Residcot-Farmer : Wata used for drinking honschold purposes, livestoc)5 wntuing, and irrigation assumed to be 
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Induslrial- W arlrerb Radionuclide 

Aberdeen Proving Ground DCGL 01 BTD Area 

Resident-Farmer' 

%I 

Natural Uranium 

Depletod Uraniumd 

3,700 630 

160 54 

7w 230 

1,100 300 

860; (660)' 250; (190)o 

Depleted Uraniumc 

Dqlctcd Uranium' 

4.0 SUMMARY 

800; (670)' 230; (190)8 

880; (670y 250; (190y 

Since the BTD Site and the Transonic Range are within close proximity of each other, the 
climate, meteorology, irrigation rates, the type, growth rate, and root depths of vegetation, type of 
meat and milk producing animals, fish and aquatic organisms, and the gtology and soil 
characteristics are considered to be similar in nature. Additionally, since the type of work 
activities and the DU isotopic activity fractions at both locations are similar they result in surface 
and vertical distributions of DU that arc comparable at both the Transonic Range and the BTD 
Site. 

The DCGL developed at the Transonic Range is considered applicable to aud adequately 
protective for the BTD Site on the basis of comparable site-specific RESR4.D 
parametedpathways, the similarity of both locations, and the equivalence of the radiological 
isotopic DU mixes. Use of the approved Traasonic DCGL at the BTD Site Will ensure that the 
potential dose to a hypothetical individual will not exceed 25 mrem in any One year over a 1,000- 
year period. The DCGL for the BTD Site soil is 230 pcilg total DU (resident-farmer scenario). 
Additionally, the ALARA principle of as-law-as-reasonably-achievable is applied to provide 
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Aberdeen Proving Ground DCGL at BTD Area 

assurance that hypolhelical doses are limited. The ALARA action level DCGL has been set at 
105 pCi/g total DU. 

5.0 REFERENCES 

1. ANL 1999 Derived Uranium Guidelines for the Depleted Urmiium Study Area of rhe 
Transonic Range, Aberdeen Proving Ground, Maryland, ANL Rad 
Health Risk Study, M. Picel and S. Kamboj, April 16,1999 

2. WESTON Radiological Characrerimtion for the Bomb Throwing Device Interim 
Report Aberdeen Tesr Center Aberdeen Proving Ground, AD, 
Addendum to the BEST Contract General Safety and Health Program, 
Rev. 2 September 1999, Contract No. DAAD05-97-D-7004, Delivery 
Order No. 191, dated September 2001 
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Appendix C: 

Ludlum NaI 3”x3” MDCscAN and Instrument Sensitivity 
Results Calculated Using Microshield@ 

DAAA09-00G-0002/0039 CABRERA SERVICES, J.Nc. Appendix C 



/ 
\ 

Bomb Throwing Device Area 3x3 Nal Calibration Factor (DU) 

M D C ~ N :  38 pCi/g 

Assumed bkg: 10 uWhr 
Sensitivity: 65 cpm per pCi/g 

Source Distribution per: NUREG1507 (56 cm dia sail uniformly contaminated to a depth of 15 cm) 
DU Activityfractions: 84.7% U238; 14.2% U234; 1.1% U235 

BTDA 3x3 Nal Scan for DU @ 1 pCilg total Uranium wl no soil cover at 15 cm thick x 28 cm RADIUS 
Fluence rate to exposure rate (FRER, no units) = - (1 uRlh)l(Ey)(u.,,/p)air 



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

Probability = 1 _e-(dpN'(')@Na) 

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

x = 7.6 cm 
p = 3.67 glcm' 

i 



I 

Relative Detector Response 

2700 
Estimated Ludlum 44-20 7.6 cm dia x 7.6 crn thick Nal response for Cs-I37 i! 

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

Energy,, keV (udp),,, cm2/s 
662 0.0294 

Energy,, keV W P h t  cm2/s 
662 0.0780 

FRER - 
Probability = 

RDR = 

cpmluFUhr 

0.0514 

0.88 

0.0455 



For this detector the response to another energy is based on the ratio of the relative detector responw, RDR, to the Cs-137 energy 
com/vR/h, E, = (cpm,.137)’(RDRa)l(RDRc~.,~,) 

MDC for Cs-137 energy 

Assume I O  pWhr bkg then have 27,000 cpm 

minimum detectable exposure rate = 

b =  450 counts 
MDCR = 1756 cpm 

MDCR-r = 2484 CPm 

0.92 f l h r  



/' 

Minimum Detectable Exposure Rate = 

MDCR suweyor/(cpm/pr/hr) 
0.281 jdhr 

and MDC for DU and SPyear equilibrium progeny based on a normalized 1 pCVg total uranium 

Scan MDC = (Assumed MDC UT(X&Conc) x (Exposure Rate MDCR-)l(Exposum Rate.,-w-) 

Scan MDC = 38.08 pCi/g 
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Final Status Survey Plan Bomb Throwing Device Sire 
Aberdeen Proving Ground 

Appendix D: 

Survey Unit Maps and Sample Locations 
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Revision 0 Volumetric and Material Samplina 

1.0 PURPOSE 

This procedure establishes the requirements Cabrera Services, Inc. (CABRERA) 
implements for the collection of volumetric and material samples for analysis. 

2.0 APPLICABILITY 

The applicability of this procedure is limited to collecting volumetric and material 
samples on CABRERA field projects. It also applies to volumetric samples taken 
for the purpose of analysis for radioactivity. This procedure is applicable to all 
volumetric and material samples taken by CABRERA to fulfill a requirement for 
sampling. 

3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 

3, l  Precautions 

3.1.1 Special situations such as evaluating trends or airborne deposition, 
determining contamination profiles, and measuring non-radiological 
contaminants, necessitates special sampling procedures. These 
special situations are evaluated and incorporated into site specific 
survey plans as the need arises. 

The shipping container (e.g., box, cooler, or equivalent) should be 
lined with plastic and approved absorbent material prior to placing 
samples inside the shipping container if the samples are to be 
shipped for analysis. A load rating stamped o the bottom of the 
shipping container should be noted. This rating shall not be 
exceeded to prevent degradation of the box during shipment. The 
PM or designee shall approve packaging material and method. 

3.2 Limitations 

3.2.1 Do not exceed load rating for containers when shipping samples to 
prevent degradation of the container during shipping. 

3.3 Requirements 

3.3.1 Direct surface radiation measurements are to be performed at each 
location before initiating sampling. This may identify the presence of 
gross contamination, which may require that samples and equipment 
be treated as radioactive and handled in accordance with 
appropriate procedures. 
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Revision 0 Volumetric and Material Sampling 

3.3.2 Material sampling requires documentation as follows: 

0 Record forms 

0 Sample Chain of Custody forms 

0 Field Sample Logbook 

4.0 REFERENCES 

RSP 
SHSP 
SWP 
NUREG/CR-5512 

0 40CFR192 
AP-001 
OP-008 

0 MARSSIM 

Radiation Safety Program 
Site Health and Safety Plan 
Site Work Plan 
Residual Radioactive Contamination from 
Decommissioning 
Code of Federal Regulations 
Record Retention 
Chain of Custody 
Multi-Agency Radiation Survey and Site Investigation 
Manual 

5.0 DEFINITIONS AND ABBREVIATIONS 

L- 

5.1 Sediment - Sediment is solid material that has settled to the bottom of a 
liquid, usually water (MARSSIM). 

5.2 Surface Soil - The top layer of soil that is available for direct exposure, 
growing plants, re-suspension of particles for inhalation, and mixing from 
human disturbances (MARSSIM). Surface soil may also be defined as the 
thickness of soil that can be measured using direct measuring techniques 
(MARSSIM). Typically, this layer is represented as the top 15 cm (6 inches) 
of soil (40 CFR 192). 

5.3 Subsurface Soil - Subsurface soil is any soil not considered surface soil, 
typically anything greater than 15 cm (6 inches) below the ground surface 
(MARSSI M). 

5.4 Volumetric Sample - A sample of material, taken for the purpose of 
determining the radioactivity content in units of activity per unit volume or 
mass. This does not apply to loose surface material sampled using a cloth 
smearkwipe, or to activity present only on the surface of solid materials. 
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6.0 EQUIPMENT 

6.1 Volumetric Sampling 

The following is a list of the minimum equipment required to perform field 
volumetric sampling under this procedure. 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

A Lietz level log book 81 52-50 or the equivalent; 

Survey map(s); 

Chain of Custody and Record Forms; 

Decontamination detergent (e.g., Alconox); 

Sample Containers; 

Indelible marker; 

Distilled Water; 

Clean towels (paper); 

Brushes for decontamination; 

Sample location markers; and 

Digging implement: garden trowel, shovel, spoons, post-hole digger, etc. 

Special sampling apparatus (cup cutter, shelby tube, etc.) as required 

Plastic bags, approximately 10 cm diameter x 30 cm long 

Cardboard “ice cream” containers (1 quart size) or geology sample bags 

Twist-ties 

Masking or duct tape 

Record forms 

Labels and security seals 

Applicable sample collection equipment. 
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For collecting water samples, the following may also be required: 

0 pH meter; and 

0 Nitric acid preservative. 

For sample packing and shipping, at a minimum, the following may be 
required: 

Box, Coolers, or the equivalent; 

Clear packing tape; 

Zipper locking plastic bags; 

Packaging material ( vermiculite or use preformed poly-foam liner or 
equivalent) 

Self adhesive labels; 

“Fragile” and “This Side Up” stickers; 

Chain of Custody and Record Forms as required; 

Ice and; 

Mailing labels. 

Equipment is chosen based on the type of material to be sampled. The 
following list represents some possibilities: 

Paint sampling: heat gun, paint stripper solution, hammer 
and chisel 

0 Drains or pipes: plumber’s snake, swabs 

0 Residues: trowels, scoops 

0 Concrete or asphalt: core boxes, hammer, and chisel 

0 Metals: emery cloth or scraping tool 

0 Dusts: scraping tool and plastic bags 
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7.0 RESPONSIBILITIES 

7.1 Project Manager (PM) - The PM is responsible for ensuring that personnel 
assigned the task of collecting volumetric and material samples are familiar 
with this procedure, adequately trained in the use of this procedure, and 
have access to a copy of this procedure. 

7.2 Radiation safety Officer (RSO) - The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in obtaining material 
samples described in this procedure. 

7.3 Radiological Field Supervisor (RFS) - During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented. When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 

7.4 Health Physics Technicians (HPT) - The HPT collecting volumetric and/or 
material samples is responsible for knowing and complying with this 
procedure. 

7.5 Sample Collectors - Sample Collectors are responsible to follow the 
instructions of the RFS and Health Physics technicians and to ensure 
compliance with this procedure. 

8.0 INSTRUCTIONS 

8.1 General - Collection of Samples 

This section is applicable to surface subsurface, sediment, surface water, 
ground water, and other sample collections. 

8.1 .I Survey maps shall be used to document soil sample location, and 
any survey results related to the particular sample (i.e. loose surface 
activity of sample container or sampling equipment). 

8.1.2 Sample locations should be clearly identified with a stake or other 
appropriate marker, and labeled with a corresponding sample 
number when available. 

8.1.3 Ensure that the sample container is of adequate type and size prior 
to collecting a sample. The sample size may depend on the type of 
analysis being performed, and the desired detection sensitivity. 
Consult with the laboratory performing the analysis for proper sample 
container type and size. 
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8.1.4 

8.1.5 

8.1.6 

8.1.7 

8.1.8 

8.1.9 

If multiple samples are taken, bring appropriate cleaning materials 
along for cleaning the sampling equipment. Refer to the applicable 
section of this procedure for instructions regarding sampling 
equipment decontamination. 

A field-sampling logbook shall be used to document pertinent 
information about the sampling event. Note any significant 
observations during the sampling event in the field-sampling 
logbook. 

Seal the container with a tamper proof seal. The sampling technician 
shall initial and date the seal. 

Initiate the sample chain of custody record for the sample. 

Identify the sample location with a stake or other appropriate marker. 
Document the sample location on a survey in such a manner that the 
location can be easily and accurately re-identified. 

Clean the sampling equipment prior to collecting another sample in 
accordance with requirements of this procedure. 

8.1 . I O  Survey sampling equipment to ensure no removable contamination 
exists, which could result in cross-contamination of samples. 

8.1. I O .  1 Samples that require gamma, beta, or alpha spectroscopy 
or isotopic discrimination of any type shall be sent to an 
approved laboratory for analysis. 

8.1.10.2 Samples that can fit into a 1/8" x 2" planchette that require 
gross alpha and/or beta/gamma results may be counted in 
a Ludlum 2929 or equivalent.Ensure that minimum 
counting system sensitivity requirements are met by 
calculating MDA values for alpha and beta, as applicable. 

8.1.10.2.1 Place the sample into a planchette with the surface to be 
measured facing upward. 

8.1.10.2.2 Count sample for an appropriate length of time. 

8.1.10.2.3 Record count and counting time data, and calculate 
activity estimates. Record information and data on 
appropriate Survey Form. 
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8.1,11 If the collected sample is suspected to contain radioactivity above 
background levels, survey the sampling equipment for loose surface 
activity prior to using the equipment to collect another sample. 
Document the results on a survey map. 

8.2 Collection of Surface Samples 

8.2.1 

8.2.2 

8.2.3 

8.2.4 

8.2.5 

8.2.6 

Surface Soil Samples shall be collected using appropriate equipment 
(stainless-steel hand auger, post-hole digger, shovel, etc.) 

Ensure that the sampling equipment which makes contact with the 
soil (Le. split-spoon sampler, shovels, post-hole digger, sieves, 
sample containers, etc.) is free from radioactive material 
contamination. Perform a loose surface activity survey of the 
sampling equipment if necessary. Document the results on the 
survey map corresponding to the sample. 

Fill the sample container to the top with surface soil. 

Remove large rocks, vegetation, and foreign objects (these items 
may also be collected as separate samples, if directed). It may be 
necessary to use a sieve or screen tu remove large objects. 

Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with “SS” followed by a 
series of numbers, where “SS” indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 

Ensure that the sample is properly labeled and secure the sample 
container. 

8.3 Collection of Subsurface Samples 

8.3.1 Subsurface Soil Samples shall be collected using appropriate 
equipment (stainless-steel hand auger, post-hole digger, shovel, 
etc.) 

8.3.2 Ensure that the sampling equipment which makes contact with the 
soil (Le. split-spoon sampler, shovels, post-hole digger, sieves, 
sample containers, etc.) is free from radioactive material 
contamination. Perform a loose surface activity survey of the 
sampling equipment if necessary. Document the results on the 
survey map corresponding to the sample. 
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8.3.3 Fill the sample container to the top with surface soil. 

8.3.4 Remove large rocks, vegetation, and foreign objects (these items 
may also be collected as separate samples, if directed). It may be 
necessary to use a sieve or screen to remove large objects. 

8.3.5 Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with "SS" followed by a 
series of numbers, where "SS" indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 

8.4 Collection of Sediment Samples 

8.4.1 

8.4.2 

8.4.3 

8.4.4 

8.4.5 

8.4.6 

Sediment samples shall be collected using the appropriate 
equipment (i.e. stainless steel Ponar dredge, sample containers, 
etc.). 

Ensure that the sampling equipment which makes contact with the 
sediment (i.e. stainless steel Ponar dredge, sample containers, etc.) 
is free from radioactive material contamination. Perform a loose 
surface activity survey of the sampling equipment if necessary. 
Document the results on the survey map corresponding to the 
sample. 

It is important to minimize disturbance of the sediment caused by 
sampling activities. Move slowly when approaching the sample 
location. Approach the sampling location from downstream (for 
moving water) and downwind (for stationary water). 

Remove the sediment slowly and gently from the water using the 
appropriate sampling equipment. Fill the sample container. 

Remove large rocks, vegetation, and foreign objects (these items 
may also be collected as separate samples, if directed). It may be 
necessary to use a sieve or screen to remove large objects. 

Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with "SS" followed by a 
series of numbers, where "SS" indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 
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8.5 Collection of Surface Water Samples 

8.5.1 

8.5.2 

8.5.3 

8.5.4 

8.5.5 

8.5.6 

Surface water samples shall be collected using the appropriate 
equipment (i.e. ladle, scoop, pond sampler, funnel, etc.) or by 
submerging the sample container. 

Ensure that the sampling equipment which makes contact with the 
surface water (i.e. ladle, scoop, pond sampler, funnel, etc.) is free 
from radioactive material contamination. Perform a loose surface 
activity survey of the sampling equipment if necessary. Document 
the results on the survey map corresponding to the sample. 

It is important to minimize disturbance of the sediment caused by 
sampling activities. Move slowly when approaching the sample 
location. Approach the sampling location from downstream (for 
moving water) and downwind (for stationary water). 

Rinse the sampling equipment and sampling container with distilled 
water, or in the same water to be sampled if possible. Remove the 
water slowly and gently using the appropriate sampling equipment, 
and fill the sample container. If the water is deep enough, surface 
water samples can be collected by dipping the polyethylene sample 
container directly into the water body. 

Test the pH of the water sample. If the pH is greater than 2.0, add 
nitric acid to reduce the pH to 2.0 or less. 

Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with "SS" followed by a 
series of numbers, where "SS" indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 

8.6 Collection of Ground Water Samples 

8.6.1 Ground water samples shall be collected using the appropriate 
equipment (i.e. peristaltic pump, bailer, etc.). 

8.6.2 Ensure that the sampling equipment which makes contact with the 
surface water (i.e. tubing, sample containers, pH probe, etc.) is free 
from radioactive material contamination. It may be helpful to dedicate 
sampling equipment, such as Teflon tubing, to each monitoring well. 
Perform a loose surface activity survey of the sampling equipment if 
necessary. Document the results on the survey map corresponding 
to the sample. 
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8.6.3 It is important to minimize disturbance of the sediment caused by 
sampling activities. Use a low flow peristaltic pump, or slowly sample 
with a bailer, to avoid increased sample turbidity. 

8.6.4 Rinse the sampling equipment and sampling container with distilled 
water. 

8.6.5 Purge standing water in the well until flow from the surrounding 
aquifer is established. Draw water into an intermediate container and 
test periodically for pH, conductivity, and temperature during the 
purging. 

8.6.6 Repeat step 8.6.5 until the pH, conductivity, and temperature 
readings are within f 10% of the previous reading for three 
consecutive measurements. 

8.6.7 When the criteria in Step 8.6.6 are met, the sample container can be 
filled. 

8.6.8 Test the pH of the water sample. If the pH is greater than 2.0, add 
nitric acid to reduce the pH to 2.0 or less. 

8.6.9 Assign a unique sample identification number to the sample. For 
surface samples, the identifier shall begin with "SS" followed by a 
series of numbers, where "SS" indicates surface soil as the sample 
matrix. Additional numerical/alphanumerical designators will be 
added to indicate the sampling location and number. Label the 
sample container with the sample number using a permanent 
marker. 

8.7 Collection of Other Samples 

8.7.1 For the purposes of this procedure, "other" refers to any type of 
sample not previously defined in this document. 

8.7.2 Other samples shall be collected using the appropriate equipment 
(Le. peristaltic pump, bailer, etc.). 

8.7.3 Consult with the analytical laboratory, and the responsible 
radiological engineer, prior to collecting the sample, for specific 
instructions on taking any other sample types. 

8.7.4 Ensure that the sampling equipment which makes contact with the 
media is free from radioactive material contamination. Perform a 
loose surface activity survey of the sampling equipment if necessary. 
Document the results on the survey map corresponding to the 
sample. 
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8.7.5 Obtain the sample using appropriate techniques. Transfer the 
sample to the appropriate sample container. 

8.7.6 Foreign objects, which are not representative of the desired sample 
matrix, or which may effect the laboratory analysis, shall be removed 
from the sample. 

8.7.7 Assign a unique number to the sample. The unique sample number 
shall identify the media sampled, the location, and the number as 
appropriate. Label the sample container with the sample numbers 
using a permanent marker. 

8.8 Material Sampling 

Methods for collecting miscellaneous samples should be determined based 
upon the characteristics of the sample media. Care should be taken to limit 
the potential for spreading contamination during sample collection. Sample 
quantities should be determined based upon the following: 

8.8.1 Type of analyses required 

8.8.2 Number of analyses requested 

8.8.3 Detection sensitivity required of analytical result 

8.8.4 Estimated activity level of material 

8.8.5 Consult with the analytical laboratory, and the responsible 
radiological engineer, prior to collecting the sample, for specific 
instructions on taking any other sample types. 

8.8.6 Ensure that the sampling equipment which makes contact with the 
media is free from radioactive material contamination. Perform a 
loose surface activity survey of the sampling equipment if necessary. 
Document the results on the survey map corresponding to the 
sample. 

8.8.7 Remove material to be sampled by using the tools required and 
contamination control techniques to prevent loss of material from the 
sampled area. 

8.8.8 Assign a unique number to the sample. The unique sample number 
shall identify the media sampled, the location, and the number as 
appropriate. Label the sample container with the sample numbers 
using a permanent marker. 
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8.8.9 Clean all sampling tools before proceeding to the next sampling 
location. 

8.9 Sample Equipment Decontamination 

8.9.1 Sample equipment must be clean before use. Used sample 
equipment must be decontaminated before a sample is taken to 
prevent cross contamination between samples. Perform the following 
steps, in order, to properly decontaminate sampling equipment. 

8.9.1 .I Remove loose debris from the subject sampling equipment. 

8.9.1.2 Wash the sample equipment with an inert detergent solution 
such as Alconox or the equivalent. 

8.9.1.3 Rinse the sample equipment several times with distilled 
water. 

8.9.1.4 Allow the sample equipment to dry prior to use. Perform a 
loose surface activity survey of the sampling equipment if 
necessary. Document the results on the survey map 
corresponding to the sample. 

8.9.1.5 Collect the rinsate in a drum or authorized container. Label 
the drum or container “Rinsate-Awaiting Sampling Results” 
and “Possible Internal Contamination”. 

8.10 Sample Packing and Shipping 

8. IO. 1 Sample Labeling Instructions 

8.10.1.1.1 Place self-adhesive labels on appropriate sample 

8.10.1.2 

8.10.1.3 

8.10.1.4 

8.10.1.5 

containers . 

Record sample identification, date, and time of sample 
collection on label. 

If sample containers contain water (e.g., preserved with 
ice) place clear plastic tape around the label. 

Collect sample as per appropriate section of this 
procedure. 

If necessary, wipe the outside of the sample container to 
decontaminate prior to packing. 
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8.1 1 Packaging and Shipping 

8.1 1 . l  Prepare coolers for shipment as follows: 

8.1 1.1.1 Tape container openings such as box seams and cooler 
drains (when used) shut. 

8.1 1.1.2 Affix “This Side Up” labels on all four sides, and “Fragile” 
labels on at least two (2) sides of each shipping container. 

8.1 1.1.3 Place mailing label with laboratory address on the top of 
container(s). 

8.1 1.1.4 Fill bottom of container(@ with about three inches of 
absorbent material (e.g.,Vermiculite) or use preformed 
poly-foam liner or an equivalent and authorized packing 
material. 

8.1 1.2 Arrange decontaminated sample containers in groups by sample 
number. 

8.1 1.3 Arrange samples in shipping containers so that they do not touch 

8.1 1.4 If ice is required to preserve the samples, cubes should be 

and the potential for motion is minimized. 

repackaged in double zipper locking bags and placed on and around 
the sample containers. 

8.1 1.5 Fill remaining spaces with absorbent material. 

8.1 1.6 Sign chain-of-custody form (or obtain signature) and indicate air bill 

8.1 1.7 Separate copies of forms. Seal proper copies in large zipper lock 

number if applicable. 

plastic bags and tape to the inside of the appropriate container top or 
lid as necessary. 

latch. 
8.1 1.8 If a cooler serves as the shipping container, close the lid and secure 

8.1 1.9 Tape the container shut on both ends, making several complete 
revolutions with strapping tape. 

8.1 1-10 

8.1 1.1 1 

Relinquish samples to the shipper. 

Sample collection and shipment documentation is kept for the 
project file. 
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8.12 Shipment of Samples 

Shipments of samples containing potentially hazardous or radioactive 
materials may require specific packaging and shipping precautions not 
specified above. Consult the RSO or duly authorized representative, the 
analytical laboratory, or other pertinent resources for instruction when 
shipping these samples. 

NOTE: Do not exceed load rating for containers when shipping samples 
to prevent degradation of the container during shipping. 

CAUTION: Samples should be contained within an outer protective cover to 
prevent cross-contamination of samples. 

9.0 QUALITY ASSURANCElRECORDS 

9.1 Quality Assurance 

9.1.1 Instruments used for measurements required by this procedure shall 
be checked with standards and verified to have current calibration. 

9.1.2 Surveillance of this procedure (in use) shall be performed at least 
annually to verify that operations are within the guidelines of this 
procedure. Any time this procedure is in effect, the PM should 
ensure by personal observation that samples are collected and 
controlled appropriately. 

9.2 Records 

9.2.1 Documented information shall be legible written in ink. 

9.2.2 Data shall not be obliterated by erasing or using white-out. Incorrect 
entries shall be corrected by striking a single line across the entry. 
The correction shall be entered, initialed and dated. 

9.2.3 The HPT shall ensure that the attachments are of the most current. 

9.2.4 The HPT shall review completed attachment forms for accuracy and 
completeness. 

9.2.5 Entries on forms must be dated and initialed by the HPT to be valid. 

9.2.6 The RSO or duly authorized representative shall review any 
applicable completed forms. The review shall be for accuracy and 
completeness. 
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W 

10.0 ATTACHMENTS 

OP-005-01 Sample Status Log 
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OP-005-01 

Sample Status Log 

Reviewed By: 
Name Title Date 
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Revision 0 Operation of Contamination Survev Meters 

1.0 PURPOSE 

This procedure provides the methods for operating alpha/beta survey meters 
when performing contamination surveys. Adherence to this procedure will 
provide reasonable assurance that the surveys performed have reproducible 
results. 

2.0 APPLICABILTY 

This procedure will be used by Cabrera Services, Inc. (CABRERA) personnel to 
measure fixed and removable alpha and/or beta emitting radioactive material on 
facility surfaces, equipment, waste packages, personnel, personnel protective 
clothing, etc. 

3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 

3.1 Precautions 

3.1.1 Ensure that the thin Mylar or mica window on the probe face is 
protected from punctures during survey operations. 

3.1.2 If any instrument inconsistencies are observed (e.g., unusually high 
or low background readings, source checks outside the acceptable 
range, etc.), remove the instrument from use, label it "OUT OF 
SERVICE" and report the condition to the Radiation Safety Officer 
(RSO) or duly authorized representative. 

3.2 Limitations 

None 

3.3 Requirements 

3.3.1 Calibration sources shall be traceable to the National Institutes of 
Science and Technology (NET). 

3.3.2 A battery check, general observation of instrument condition and 
source check shall be performed each day before instrument use 
and daily following work activities as a final verification. 

3.3.3 Survey instrument calibrations shall be performed by an NRC or 
Agreement State licensed calibration facility. 
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4.0 REFERENCES 
RSP Radiation Safety Program 
AP-001 Record Retention 
OP-001 Radiological Surveys 
OP-009 Use and Control of Radioactive Check Sources 

5.0 DEFINITIONS AND ABBREVIATIONS 

5.1 Restricted Area - An area containing radioactive material(s) to which access 
is controlled to protect individuals from exposure to ionizing radiation. 

5.2 Alpha/Beta Contamination Survey - A survey technique to determine fixed 
and removable alpha/beta contamination. 

5.3 Acceptance Range - A range of values that describe an acceptable daily 
instrument source check result. 

6.0 EQUIPMENT 

6.1 For Alpha Surveys Ludlum Model 43-5 probe and Ludlum Model 3 survey 
meter or equivalent meter/probe combination. 

6.2 For Beta Surveys Ludlum Model 44-9 probe and Ludlum Model 3 survey 
meter or equivalent meter/probe combination. 

7.0 RESPONSIBILITIES 

7.1 

7.2 

7.3 

7.4 

Project Manager (PM) - the PM is responsible for ensuring that personnel 
assigned the task of operating contamination survey meters are familiar 
with this procedure, adequately trained in the use of this procedure, and 
have access to a copy of this procedure. 

Radiation safety Officer (RSO) - The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in the use of 
contamination survey meters described in this procedure. 

Radiological Field Supervisor (RFS) - During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented. When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 

Health Physics Technicians (HPT) - The HPT operating contamination 
survey meters are responsible for knowing and complying with this 
procedure. 
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'- 
8.0 OPERATION 

8.1 Instrument Inspection 

8.1 . I  Select the contamination survey meter and probe to be used in the 
survey. 

8.1.2 Before each use, perform the following checks: 

8.1.2.1 Verify the instrument has a current calibration label. 

8.1.2.2 Visually inspect the instrument for physical damage or 
defects. 

8.1.2.3 Position the meter switch to "BAT". Check to see that the 
needle falls within the "Bat Test" checkband. 

If the needle falls below the "Bat Test" checkband, install 
new battery(s). 

If the needle still falls outside the "Bat Test" checkband 
after the installation of new battery(@, tag the instrument 
"Out of Service" and notify the RSO or duly authorized 
representative. 

8.1.2.4 Check alpha detectors for light leaks by pointing the mylar 
window of the detector toward a light source and observing 
no change in the meter indication. 

8.1.3 Remove and tag the instrument "Out of Service" if it fails any of the 
criteria in Step 8.1.2.1 through 8.1.2.44 and notify the RSO or duly 
authorized representative. 

NOTE: Any defects, damages or other physical abnormalities require that the 
instrument be removed from service and the RSO or duly authorized 
representative be notified. 

8.2 Pre-operation of instrument 

8.2.1 Position the meter fasUslow (I'F/S'') switch to "S". 

8.2.2 Position the meter switch to the appropriate range scale. 

8.2.3 Obtain an OP-020-01 Form. 

8.2.4 If a Quality Control (Q.C.) acceptance range has not already been 
calculated on the OP-020-01 Form, then follow the instructions 
below, other wise proceed to step 8.2.5. 
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8.2.4.1 Ensure the source and detector are in documented 
reproducible positions, which will be used each time this 
check is performed. Document this position on Form OP- 
020-01. 

8.2.5 Place the QC check source and detector in the documented position 
on Form OP-020-01. 

8.2.6 Allow the instrument reading to stabilize (approximately 30 seconds). 
Compare the reading to the response check criteria on Form OP- 
020-01. If the response reading falls outside of the acceptance 
range, tag the instrument ”Out of Service” and notify the RSO or duly 
authorized representative. 

8.3 Contamination Survey Techniques 

Caution: The window area of alpha detectors are covered with a very thin (1 
mg/cm2) aluminized Mylar window and beta detector windows are 1.7 
mg/cm2 mica. Either window can be easily when surveying areas, 
which have protruding fragments that might puncture the detector face. 
Remove these fragments before performing surveys. 

Note: 

Note: 

To maintain the calibrated detection efficiency, the detector must be 
held at the appropriate height, determined during calibration, when 
surveying. For example, if a beta probe’s efficiency was calculated at 
112 inch from the calibration source, the detector must be held at 1/2 
inch from the surface being surveyed to maintain calibrated detection 
efficiency. 

Avoid contacting the detector probe to the area being surveyed. This 
potentially could contaminate the probe. 

8.3.1 Verify the instrument selector switch is in the X 0.1 position. 

8.3.2 For a stationary reading, place the detector over the area to be 
measured and allow meter to stabilize. Record the average meter 
indication in either CPM dPA (probe area) or CPM p/PA on 
applicable forms. 

8.3.3 For a scan survey move the detector slowly over the surface (less 
than one detector width per second). Observe meter indication. If 
increased readings are observed return to the area and obtain a 
stationary reading. Record maximum area meter indication in either 
CPM a/PA or CPM p/PA, on applicable forms. 

8.4 Final Verification 

Upon completion of work activities, repeat steps 8.1 2.1 through 8.2.2.4 and 
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8.2.5 through 8.2.6, as a final verification that the instrument is working 
properly 

8.5 Interpretation of Results 

The meter reading on the alpha and beta survey meters must be corrected 
for detector efficiency and detector surface area before comparing results 
with the contamination units in Section 3.6 of the Radiation Safety Program. 
The conversion from CPM a/PA or CPM p/PA to DPM al l00 cm2 or p / lOO 
cm2 is performed using the following equation. 

(AxB 1 (DPM /100cm ’) = ~ 

C 

Where: A = Alpha or Beta survey meter indication in net CPM a/PA or Q/PA 
(Le. Gross Alpha or Beta Survey Counts minus background 
counts = Net CPM/PA) 

100 cm2 divided by the effective detector surface area in cm2. 
With an effective surface area of 50 cm2 for the Ludlum 43-5 
alpha detector, the value of B is approximately 2 or for the 15 
cm2 for the Ludlum 44-9 beta detector, the value of B is 
approximately 6.7. 

B = 

C = Detector efficiency (expressed as decimal). 

9.0 QUALITY ASSURANCElRECORDS 

9.1 Quality Assurance 

9.1.1 The health physics technician performing the survey shall ensure 
that this procedure is the most current and approved revision. 

9.2 Records 

9.2.1 Documented information shall be legibly written in ink. 

9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means. Incorrect entries shall be corrected by striking a single 
line across the entry. The correction shall be entered, initialed, and 
dated. 

9.2.3 The HPT performing the survey shall review Form OP-020-01 and 
any other applicable forms for accuracy and completeness. 

9.2.4 Entries on Form OP-020-01 and any other pertinent forms must be 
dated and initialed by the HPT performing the survey to be valid. 
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9.2.5 The RSO or duly authorized representative shall review any 
applicable completed forms. The review shall be for accuracy and 
completeness. 

10.0 ATTACHMENTS 

OP-020-01 Survey Meter Source Check 
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Date: 
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Revision 0 Abha-Beta Countina Instrumentation 

1.0 PURPOSE 

This procedure provides instruction on the operation and setup of an alpha/beta 
sample counter. Adherence to this procedure will provide reasonable assurance 
that the surveys performed have reproducible results. 

2.0 APPLICABILITY 

This procedure will be used by Cabrera Services, Inc., (CABRERA) personnel 
operating an alphalbeta sample counter during surveys. Types of surveys that 
may use an alpha/beta sample counter are: 

0 Smear surveys performed to determine the removal of alpha and beta 
contamination on facility surfaces, equipment, waste, and source packages, 
etc. 

0 Air sample surveys performed in a workers breathing zone to determine alpha 
and beta air concentrations. 

3.0 PRECAUTIONS, LIMITATIONS, AND REQUIREMENTS 

3.1 Precautions 

3.1 .I If any instrument inconsistencies are observed (e.g., unusually high 
or low background counts, source checks outside the tolerance 
range, etc.), remove the instrument from use and report the condition 
to the RSO or duly authorized representative. 

3.1.2 Individuals performing work with an alphalbeta counter shall be 
familiar with the requirements set forth in the current and approved 
version of this procedure. 

3.2 Limitations 

3.2.1 This instrument should be set up for use in low background area as 
determined by the RSO or duly authorized representative. 

3.3 Requirements 

3.3.1 Calibration sources shall be traceable to the National Institutes of 
Science and Technology (NET). 

3.3.2 Survey instrument calibrations shall be performed by an NRC or 
Agreement State licensed calibration facility. 
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3.3.3 A battery check, general observation of instrument condition and 
source check shall be performed each day before instrument use 
and daily following work activities as a final verification. 

4.0 REFERENCES 

RSP Radiation Safety Program 
AP-005 ALARA Program 
AP-001 Record Retention 
AP-013 Packaging Radioactive Material 
OP-001 Radiological Surveys 
NUREG-1556 Consolidated Guidance About Material Licenses (Vol. 1 1) 

5.0 DEFINITIONS AND ABBREVIATIONS 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

Restricted Area - An area to which access is controlled to protect 
individuals against undue risks from exposure to radiation and radioactive 
materials. 

Smear sample survey - a technique using a two-inch diameter filter papers 
to determine removable contamination of alpha and/or beta emitting 
radioactive material. 

Air sample survey - a technique in which particulates are collected from a 
known volume of air drawn through a filter paper and concentrations of 
airborne alpha and beta activity associated with the particulates is 
determined by sample counting. 

Plateau - portion of a voltage curve where changes in operating voltage 
introduce minimum changes in the counting rate. 

Chi-square test - A statistical test to evaluate the operation of a sample 
counter by determining how data fit a series of counts to a Poisson 
distribution. 

Daily calibration - A determination of alpha and beta sample counting 
efficiency by counting National Institute of Standard Technologies (NET) 
radioactive standards. 

6.0 EQUIPMENT 

Ludlum model 2929 or equivalent 
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7.0 RESPONSIBILITIES 

7.1 

7.2 

7.3 

7.4 

Project Manager (PM) -the PM is responsible for ensuring that personnel 
assigned the task of operating alpha/beta sample counters are familiar with 
this procedure, adequately trained in the use of this procedure, and have 
access to a copy of this procedure. 

Radiation Safety Officer (RSO) - The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in the use of 
alphaheta sample counters described in this procedure. 

Radiological Field Supervisor (RFS) - During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented. When the 
RSO is not on site, the RFS will act as the RSO's duly authorized 
representative for radiological issues. 

Health Physics Technicians (HPT) - The HPT using alphaheta sample 
counters are responsible for knowing and complying with this procedure. 

8.0 OPERATION 

8.1 Instrument Inspection 

8.1.1 Before each use, perform the following checks: 

8.1.1.1 Verify the instrument has a current calibration label. 

8.1.1.2 Visually inspect the instrument for physical damage or 

8.1.2 Remove and tag the instrument "Out of Service" if it fails any of the 
criteria in Step 8.1.1.1 through 8.1.1.2 and notify the RSO or his duly 
authorized representative. 

Any defects, damages or other physical abnormalities require that the 
instrument be removed from service and the RSO or his duly authorized 
representative be notified. 

defects. 

NOTE: 

8.2 Initial Startup. 

8.2.1 Turn high voltage potentiometer to its lowest position (fully 
counterclockwise). 

8.2.2 Turn instrument on. 
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8.2.3 The operator can select one of four operational procedures 
depending on the function to be performed. Before performing any 
of the following complete steps 8.1.1 to 8.1.2. 

a) Plateau Curve - The Plateau Curve is used to find the proper 
operating voltage of the instrument and will be performed at the 
discretion of the RSO or duly authorized representative. This test 
shall be documented on the attached Form OP-021-01 or 
equivalent. 

b) Chi-square Test - The Chi-square Test will be performed at the 
discretion of the RSO or duly authorized representative in order 
to test the operational adequacy of the instrument and will be 
recorded on Form OP-021-02. This test statistically evaluates the 
sample counter against a Poisson distribution. 

c) Daily Calibration Check - This portion of the procedure is 
performed before samples are counted on any day the instrument 
is in use. 

8.3 Plateau Curve 

NOTE: Before beginning, record the previous calibration high voltage values. 

8.3.1 

8.3.2 

8.3.3 

8.3.4 

8.3.5 

8.3.6 

8.3.7 

Set up the instrument in a low background area. 

Rotate the high voltage potentiometer slowly clockwise until the 
meter indicates proper voltage. This proper voltage is approximately 
500 volts. 

Set time multiplier switch to “xl.”  

Set the instrument-preset timer to one (1) minute. 

Insert an alpha calibration standard into the center of the sample 
tray, slide the sample tray under the detector and depress the 
”COUNT button to obtain a one minute count. 

Upon completion of the count, record high voltage reading and digital 
counts appearing in the instrument alpha display in the indicated 
columns on Form OP-021-01 (Plateau Data Sheet) 

Continue increasing high voltage by 50-volt increments, as described 
above, obtaining counts and recording data until the end of the 
plateau is reached. If rapid increase in count rate is observed, 
proceed to step 8.3.8. If not, notify the RSO or duly authorized 
representative. 
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8.3.8 Remove the alpha source and replace with a beta source. 

8.3.9 Reduce high voltage reading to the voltage level chosen during Step 
8.3.2 by turning potentiometer counterclockwise. 

8.3. I O  Perform one-minute counts at 50-volt increments and record the data 
on Form OP-020-01, until the end of the plateau is reached. If a 
rapid increase in count rate is observed reduce the high voltage. 

8.3.1 1 Using linear graph paper or equivalent plotting system, plot alpha 
and beta counts on the “Y” axis and the voltage for the indicated 
count on the “X” axis. 

8.3.12 Select an operating voltage 113 the distance beyond the knee of the 
plateau curve by marking the voltage on the graph and on the 
plateau data sheet. 

8.3.13 Sign and date Form OP-021-01 and forward the results along with 
any graphs produced to the RSO or duly authorized representative 
for review. 

8.4 Chi-square Test 

8.4.1 

8.4.2 

8.4.3 

8.4.4 

8.4.5 

8.4.6 

8.4.7 

8.4.8 

Set up the Instrument in a low background area. 

Ensure the high voltage potentiometer is positioned according to the 
posted instrument label. Adjust if necessary. 

Set the time multiplier switch to “XI”. 

Set the instrument-preset timer to one (1) minute. 

Insert the alpha calibration standard into center of the sample tray, 
slide the sample tray under the detector and depress the “COUNT” 
button to obtain a one minute count. 

Upon completion of the count, record digital counts appearing in the 
alpha display in the “Xi” column on Form OP-021-02 ( Chi -Square 
Data Sheet). 

Repeat counting sequence without changing settings until a total of 
20 counts have been taken and recorded in the “Xi” column on Form 
OP-021-02. 

Add the 20 counts recorded in the “Xi” column and record in the 
“Sum” column. Then divide by 20 to obtain the mean number of 
counts (Xm) and record on the line “Xm”. 
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8.4.9 Calculate the individual count “Xi” difference from the mean (Xm) 
value and record in the ”(Xi-Xm)” column on Form OP-021-02 for all 
20 values. 

8.4.10 Calculate (Xi-Xm)2, sum the “(Xi-X,)2 ” column, and record on Form 
OP-020-02. 

8.4.1 1 Calculate the value of Chi- Square using the following formula. 

8.4.12 The value of Chi-square should be between 8.91 and 32.8 
(represents a probability between 0.025 and 0.975). Record this 
value at “X2”. If the Chi-square value falls outside this range, contact 
the RSO or duly authorized representative for further instructions. 

8.4.13 Sign and date Form OP-021-02 and forward the results to the RSO 
or duly authorized representative for review. 

8.5 Daily Calibration Check 

8.5.1 Ensure the high voltage potentiometer is positioned according to the 
posted instrument label. Adjust, slowly, if necessary. 

8.5.2 Set time multiplier switch to “XI”. 

8.5.3 Set the instrument-preset timer to five (5) minutes. 

8.5.4 Record the source type to be used and corresponding serial number 
on the proper line indicated on Form OP-021-03. Use separate rows 
of the form for each source efficiency to be calculated. 

8.5.5 Insert a blank sample into the center of the sample tray, slide the 
sample tray under the detector and depress the “COUNT” button to 
obtain a five minute background count. 

8.5.6 Calculate and record the background total counts and count rate in 
the columns labeled “Total Counts” and “BKG CPM” respectively, 
under Background Information on Form OP-021-03. The 
background count rate in CPM (counts per minute) can be calculated 
as follows: 

Total Counts 
Total Time 

CPM = 
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8.5.7 Remove the blank sample and insert the alpha or beta calibration 
standard into the center of the sample tray, slide the sample tray 
under the detector and depress the "COUNT button to obtain a five 
minute count. 

8.5.8 Upon completion of the measurement, calculate and record the total 
counts and count rate in the columns labeled "Total Counts" and 
"CPM" respectively, under Source Information on Form OP-02 1-03. 
The count rate (CPM) can be calculated as listed in Step 8.5.6. 

8.5.9 Calculate Net Source CPM as below and record on Form OP-021-03 
under "Net CPM". 

Net Source CPM = CPM - BKG CPM 

NOTE: Obtain activity (DPM) value from the source certification papenrvork. 
Decay correct activity, if needed. 

8.5.10 Use the source disintegration per minute (DPM) to calculate the 
efficiency as shown below and record as a decimal on Form OP-021- 
03. 

*loo Net Source CPM 
DPM 

% ESficiency = 

8.5.1 1 To calculate the efficiency for the next source, remove the current 
source standard, insert a new source standard and repeat steps 
8.5.1 through 8.5.10, as necessary. 

8.5.12 Remove calibration standards and place in source holders. 

8.5.13 Generate a control chart tracking the daily efficiencies and notify the 
RSO or duly authorized representative if any point falls outside of 20 
variance. 

NOTE: For the first day on control chart use five data points to begin trend 
line. 

9.0 QUALITY ASSURANCEIRECORDS 

9.1 Quality Assurance 

9.1.1 The alpha/beta sample counter will be checked for proper calibration 
daily with a NlST traceable source when in use. 

9.1.2 Chi-square and plateau tests are verified and noted as currently 
valid. 
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9.1.3 The HPT shall ensure that the attachments are of the most current. 

9.2 Records 

9.2.1 

9.2.2 

9.2.3 

9.2.4 

9.2.5 

Documented information shall be legible written in ink. 

Data shall not be obliterated by erasing or using white-out. Incorrect 
entries shall be corrected by striking a single line across the entry. 
The correction shall be entered, initialed and dated. 

The HPT shall review completed attachment forms for accuracy and 
completeness. 

Entries on forms must be dated and initialed by the HPT to be valid. 

The RSO or duly authorized representative shall review any 
applicable completed forms. The review shall be for accuracy and 
completeness. 

10.0 ATTACHMENTS . OP-021-01 Plateau Data Sheet . OP-021-02 Chi-square Data Sheet 

OP-021-03 Daily Calibration Check 
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Voltage Alpha Voltage Alpha Voltage 
Setting Counts Setting Counts Setting 

OP-021-01 

Plateau Data Sheet 

Date: Recommended Operating Voltage: 

Instrument: Serial Number: 

Alpha Source Serial No. 

Beta Source Serial No. 

Activity (dpm) 

Activity (dpm) 

Beta Voltage Beta 
Counts Setting Counts 

Prepared By: Date: 
PrinVSign 

Reviewed By: Date: 
PrinVSign 
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16 

OP-021-02 

I I 

Chi-square Data Sheet 

17 

X2 
Date: Instrument: Serial Number: 

I I 

? No./Activity: 
1 

18 I 

20 

Sum 

X m  

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

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

Date: Prepared By: 
Print/Sign 

Date: Reviewed By: 
Print/ Sign 
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OP-021-03 

Daily Calibration Check 
Instrument Serial No. 

Date: Prepared By: 
Print/Sign 

Date: Reviewed By: 
P ri nt/S ig n 
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Revision 0 ODeration of micro-R meters 

1.0 PURPOSE 

The purpose of this procedure is to provide instruction for the operation of the 
micro-R meter for gamma radiation surveys. Adherence to this procedure will 
provide reasonable assurance that the radiological surveys performed have 
reproducible results. 

2.0 APPLICABILITY 

This procedure will be used by Cabrera Services, Inc. (CABRERA) personnel 
operating the micro-R meter during gamma radiation surveys. The micro-R 
meter is used to determine gamma radiation levels from facility surfaces, 
equipment, waste and source packages, etc., containing gamma emitting 
radioactive materials. 

3.0 PRECAUTIONS, LIMITATIONS AND REQUIREMENTS 

3.1 Precautions 

3.1. I Individuals performing work with the micro-R meter shall be familiar 
with the requirements set forth in the current and approved version of 
this procedure. 

3.1.2 If any instrument inconsistencies are observed (e.g., unusually high 
or low background readings, source checks outside the acceptable 
range, etc.), remove the instrument from use, label it "OUT OF 
SERVICE" and report the condition to the Radiation Safety Officer 
(RSO) or duly authorized representative. 

3.2 Limitations 

None 

3.3 Requirements 

3.3.1 Calibration sources shall be traceable to the National Institutes of 
Science and Technology (NIST). 

3.3.2 A battery check, general observation of instrument condition and 
source check shall be performed each day before instrument use 
and daily following work activities as a final verification. 

3.3.3 Survey instrument calibrations shall be performed by an NRC or 
Agreement State licensed calibration facility. 
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4.0 REFERENCES 

RSP Radiation Safety Program 
ALARA ALARA Program 
AP-001 Record Retention 
OP-001 Radiological Surveys 
OP-009 Use and Control of Radioactive Check Sources 
OP-020 Operation of Contamination Survey Meters 
NUREG-1556 Consolidated Guidance About Material Licenses (Vol. 1 1) 

5.0 DEFINITIONS AND ABBREVIATIONS 

5.1 Restricted Area - An area to which access is controlled to protect 
individuals against undue risks from exposure to radiation and radioactive 
materials. 

5.2 Gamma Radiation Survey - A survey technique to determine gamma 
radiation levels from radioactive material(s) in facilities, materials, 
landmasses, etc. 

5.3 Acceptance Range - A range of values that describe an acceptable daily 
instrument source check result. 

6.0 EQUIPMENT 

Ludlum Model 19 or equivalent 

7.0 RESPONSIBILITIES 

7.1 

7.2 

7.3 

7.4 

Project Manager (PM) - the PM is responsible for ensuring that personnel 
assigned the task of operating a micro-R meter is familiar with this 
procedure, adequately trained in the use of this procedure, and have 
access to a copy of this procedure. 

Radiation safety Officer (RSO) - The RSO is responsible for verifying that 
personnel comply with this procedure and are trained in the operation of a 
micro-R meter described in this procedure. 

Radiological Field Supervisor (RFS) - During field assignments, the RFS is 
responsible for ensuring that this procedure is implemented. When the 
RSO is not on site, the RFS will act as the RSO’s duly authorized 
representative for radiological issues. 

Health Physics Technicians (HPT) - The HPT operating the micro-R meter 
are responsible for knowing and complying with this procedure. 
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8.0 OPERATION 

8.1 Instrument Inspection 

8.1 . I  Before each use, perform the following checks: 

8.1. I. 1 Verify the instrument has a current calibration label. 

8.1. I .2 Visually inspect the instrument for physical damage or 
defects. 

8.1 .I .3 Position the meter switch to "BAT". Check to see that the 
needle falls within the "Bat Test" checkband. 

0 If the needle falls below the "Bat Test" checkband, install 
new battery(s). 

0 If the needle still falls outside the "Bat Test" checkband 
after the installation of new battery@), tag the instrument 
"Out of Service" and notify the RSO or duly authorized 
representative. 

8.1.2 Remove and tag the instrument "Out of Service" if it fails any of the 
criteria in Step 8.1 . I  .I through 8.1 . I  .3 and notify the RSO or duly 
authorized representative. 

NOTE: Any defects, damages or other physical abnormalities require that the 
instrument be removed from service and the RSO or duly authorized 
representative be notified. 

8.2 Pre-operation of instrument 

8.2.1 Position the meter fast/slow ('IF/SI') switch to "S" 

8.2.2 Position the meter switch to the appropriate range scale. 

8.2.3 If a Quality Control (Q.C.) acceptance range has not already been 
calculated, then follow the instructions below, other wise proceed to 
step 8.2.5. 

8.2.3.1 Ensure the source and detector are in documented 
reproducible positions, which will be used each time this 
check is performed. Document this position on appropriate 
form. 

8.2.4 Place the QC check source and detector in the documented position 
on appropriate form. 
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8.2.5 Allow the instrument reading to stabilize (approximately 30 seconds). 
Compare the reading to the response check criteria. If the response 
reading falls outside of the acceptance range, tag the instrument 
"Out of Service," and notify the RSO or duly authorized 
representative. 

8.3 Operation of the instrument 

8.3.1 Grid Surveys 

8.3.1.1 Turn the audio switch to the "On" position. 

8.3.1.2 Verify the instrument selector switch is on the lowest scale 
(usually the pR position). Turn the instrument selector 
switch to the next higher scale only if meter indication is off 
scale. 

8.3.1.3 For a stationary grid reading in a facility or land mass, 
position the instrument one meter above the surface to be 
surveyed and allow meter to stabilize. With the instrument 
toggle switch set in the "SLOW' position, the meter reaches 
90% of its final reading in 22 seconds. Record the average 
meter indication in pR/hr on appropriate form(s). 

Note: Two survey methods (step 8.3.1.4 or 8.3.1.5) can be used to obtain 
contact readings in the survey grids. The survey method used will be 
specified in the site specific work plan. 

8.3.1.4 For a scan survey, make sure the meter response is set to 
fast and suspend the instrument from a strap which locates 
the detector at surface or ground level. Move the instrument 
slowly over the surface while walking in an "S" pattern 
unless otherwise instructed by the RSO or duly authorized 
representative. Areas, which could concentrate radioactive 
materials such as drainage ditches, floor cracks, and 
wall/floor joints, should be surveyed. Observe meter 
indication and listen for increases in audible clicks from the 
speaker. If elevated readings above background are 
observed, a stationary survey shall be performed (atone- 
meter height and at the surface) at the point of elevated 
activity. Record area meter indications above background in 
pR/hr on appropriate form. 
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8.3.1.5 As an alternate to the "S" pattern survey used in step 
8.3.1.4, the survey grid can be divided into subgrids and 
readings taken as directed by the site work plan. Elevated 
measurements should be performed in the same manner as 
above (i.e., at one meter and at the surface). The readings 
from each measurement are recorded on appropriate form. 

8.3.2 Waste Container Surveys 

8.3.2.1 Set the instrument scale to accommodate the highest 
expected radiation level. If radiation levels may approach 
5000 pRIhr (5 mR/hr) obtain an instrument with appropriate 
range before performing any radiation surveillance. 

8.3.2.2 Slowly scan the total surface of the package and record the 
maximum contact reading obtained on appropriate forms. 

8.3.2.3 Obtain instrument readings at one meter from all sides of the 
package and record the maximum reading obtained on 
appropriate form. 

8.3.3 Final Verification 

Upon completion of work activities, repeat steps 8.1.1.1 through 
8.2.2 and 8.2.4 through 8.2.5, as a final verification that the 
instrument is working properly 

8.3.4 Additional Information 

8.3.4.1 In a uniform background radiation field (without interfering 
sources of radiation), methods such as selectively shielding 
the detector, soil sample analysis, etc., can be used to 
differentiate between extraneous radioactive sources (e.g., 
skyshine or radioactive waste shipment containers), naturally 
occurring radioactive material andlor radioactive 
contamination. 

radioactive material and could cause elevated background 
radiation levels in localized areas. 

8.3.4.2 Note the location of installed devices, which contain 

8.3.4.3 Land mass surveys might contain areas with naturally 
occurring radioactive materials, which will elevate 
background radiation levels. 

OP-023 Cabrera Services, Inc. Page 5 of 6 



Revision 0 Operation of micro-R meters 

9.0 QUALITY ASSURANCElRECORDS 

9.1 Quality Assurance 

9.1.1 The health physics technician performing the survey shall ensure 
that this procedure is current. 

9.2 Records 

9.2.1 Documented information shall be legibly written in ink. 

9.2.2 Data shall not be obliterated by erasing, using white-out, or by any 
other means. Incorrect entries shall be corrected by striking a single 
line across the entry. The correction shall be entered, initialed, and 
dated. 

9.2.3 The health physics technician performing the survey shall review 
appropriate forms and any other applicable forms for accuracy and 
completeness. 

9.2.4 Entries must be dated and initialed by the health physics technician 
performing the survey to be valid. 

9.2.5 The RSO or duly authorized representative shall review any 
applicable completed forms. The review shall be for accuracy and 
completeness. 

10.0 ATTACHMENTS 

None 
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Appendix E: Survey Unit Maps and Sample 
Locations 
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BTD Daily Instrument and Building Summary 

5/5/2003 Model3 79511 44-9 137499 Y Instrument Log BARF setup 
5/5/2003 Model3 89973 44-9 084781 Y Instrument Log BARF setup 
5/5/2003 2224-1 162426 43-93 193921 Y Instrument Log BARF setup 
5/6/2003 Model3 89973 44-9 084781 Y Instrument Log BARF setup 
5/7/2003 Model3 89973 44-9 084781 Y Instrument Log BARF setup 
5/7/2003 2360 193675 43-37 161687 Y Instrument Log BARF setup; Chcsquare counts 
5/8/2003 2929 163827 43-10-1 171322 Y Instrument Log BARF setup 
5/8/2003 Model3 89973 44-9 084781 Y Instrument Log BARF setup 
5/8/2003 2360 193675 43-37 161687 Y Instrument Log BARF setup 
5/8/2003 2224 183048 43-68 161781 Y Instrument Log BARF setup 
5/9/2003 Model3 89973 44-9 084781 Y Instrument Log BARF setup 
5/9/2003 2360 193675 43-37 161687 Y Instrument Log BARF setup 
5/9/2003 Model 3 79511 44-9 137499 Y Instrument Log BARF setup 
5/9/2003 2929 163827 43-10-1 171322 Y Instrument Log BARF setup 

5/12/2003 2929 163827 43-10-1 171322 Y Instrument Log 
BARF statlc, smears, floors N & S rooms; floor surveys N 6 S rooms; smears S room and lower 2m of E. s, 
W walls of S room. 

5/12/2003 Model3 89973 44-9 084781 Y Instrument QC Files 

5/12/2003 2360 193675 43-37 161687 Y Instrument w walls of s room. 
BARF static, smears, floors N & S rooms; floor surveys N & S rooms; smean S robm and lower 2m of E, S, 

5/12/2003 Micro Rem C853F - - Y Instrument QC Files 

5/12/2003 Model 3 79511 44-9 137499 Y 

5/13/2003 2929 163827 43-10-1 171322 Y 

BARF static, smears, floors N & S rooms; floor surveys N & S rooms; smears S room and lower 2m of E. S.  
w walls of s room. 
BARF Finish N r w m  floor survey. static readings on lower 2m of walls S (L N rooms; S mom lower 2m w s t  
wall . half of lower 2m S wall survey comDlete 

Instrument 

'nstrument Log 

BARF Finish N room floor survey, statlc readings on lower 2m of walls S 6 N rooms. S room lower 2m west 
wall , half of lower 2m S wall survey complete Log 5/13/2003 2360 193675 43-37 161687 Y 

5/13/2003 Model3 79511 44-9 137499 Y Instrument QC Files 
5/13/2003 Model3 89973 44-9 084781 Y Instrument QC Files 
5/13/2003 Micro Rem C853F - - Y Instrument QC Files 

BARF finish S room S. N. E walls lower 2m. plus N room N, E, W wall lower 2m, upper wall /ceiling SUNeyS 
5/14/2003 2929 163827 43-10-1 171322 Y 'nsWument Log completed S room 

BARF finish S room S, N. E walls lower 2m, plus N room N E. W wall lower 2m. upper wall /ceiling Surveys 
Instrument Log completed s room 
Instrument Log 

BARF finish S room S ,  N, E walls lower 2m. plus N room N. E, W wall lower 2m, upper wall /ceiling SUNeyS 
completed S room 

5/14/2003 2360 193675 43-37 161687 Y 

5/14/2003 2224-1 162426 43-93 193921 Y 

5/14/2003 Model3 89973 44-9 084781 Y Instrument QC Files 
5/14/2003 Micro Rem C853F - - Y Instrument QC Files 

5/15/2003 2360 193675 43-37 161687 Y 
BARF Wash Rack (WR) #2 Survey lower 2m S wall of N room (BARF). upper walls & ceiling of N room 
(BARF), lower 2m wall ( ~ ~ 1 2 )  Instrument Log 

5/15/2003 2224-1 162426 43-93 193921 Y Instrument QC Files 

5/15/2003 2929 163827 43-10-1 171322 Y 
BARF WR#Z Survey lower Zm S wall of N room (BARF); upper walls & ceiling of N room (BARF); lower Zm 

Instrument Log wall (WRLYP) 
5/15/2003 Model3 89973 44-9 084781 Y Instrument QC Files 
5/15/2003 Micro Rem C853F - - Y Instrument QC Files 
5/19/2003 2929 163827 43-10-1 171322 Y Instrument Log Disassemble WR#2 
5/19/2003 Model 3 79511 44-9 137499 Y Instrument Log Disassemble WR#2 
5/19/2003 2224-1 162426 43-93 193921 Y Instrument L i  Disassemble WR#2 
5/19/2003 Micro Rem C853F - - Y Instrument QC Files 

BTD Daily Instrument and Building Summary 
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BTD Daily Instrument and Building Summary 

5/20/2003 2929 163827 43-10-1 171322 Y Instrument Log Disassemble WR#2 
5/20/2003 Model 3 79511 44-9 137499 Y Instrument Log Disassemble WR#2 
5/20/2003 Model3 89973 44-9 084781 Y Instrument Log Disassemble WRX2 
5/20/2003 2224-1 162426 43-93 193921 Y Instrument Log Disassemble WR#2 
5/21/2003 2929 163827 43-10-1 171322 Y Instrument Log Disassemble WR#2 
5/21/2003 Model3 79511 44-9 137499 Y Instrument Log Disassemble WR#2 
5/21/2003 Model3 89973 44-9 084781 Y Instrument Log Disassemble WR#2 
5/22/2003 2929 163827 43-10-1 171322 Y Instrument Log Disassemble WR#2 
5/22/2003 Model 3 79511 44-9 137499 Y Instrument Log Disassemble WR#2 
5/22/2003 Model3 89973 44-9 084781 Y Instrument Log Disassemble WR#2 
5/22/2003 2224-1 162426 43-93 193921 Y Instrument Log D isassem ble WR#2 
5/28/2003 2929 163827 43-10-1 171322 Y Instrument Log Continue disassemble WR#2 
5/28/2003 Model3 89973 44-9 084781 Y Instrument QC Files 
5/28/2003 Model3 79511 44-9 137499 Y Instrument Log Continue disassemble WR#2 
5/28/2003 2224-1 162426 43-93 193921 Y Instrument Log Continue disassemble WR#2 
5/28/2003 2224-1 162425 43-93 182403 Y Instrument Log Continue disassemble WR#2 
5/29/2003 2224-1 162425 43-93 182403 Y Instrument Log Continue disassemble WR112 
5/29/2003 2224-1 162426 43-93 193921 Y Instrument QC Files 
5/29/2003 2929 163827 43-10-1 171322 Y Instrument Log Continue disassemble WR#2 
5/29/2003 Model 3 79511 44-9 137499 Y Instrument QC Files 
5/29/2003 Model3 89973 44-9 084781 Y Instrument QC Files 
5/30/2003 2929 163827 43-10-1 171322 Y Instrument Log Continue disassemble WR#2 (note out of scope work items in wkly SRs 
6/2/2003 2929 163827 43-10-1 171322 Y Instrument Log BARF bias fued rate counts 13 locations. DU Test Endosure Building demo 
6/2/2003 2360 193675 43-37 161687 Y Instrument Log 
6/3/2003 2929 163827 43-10-1 171322 Y Instrument Log WR#2. DU Test Endosure Building demo 
6/4/2003 2929 163827 43-10-1 171322 Y Instrument Log WR#Z. 100% scan walls (EW. 112 ww); DU Test Endosure Building demo 
6/4/2003 2360 193675 43-37 161687 Y Instrument Log WR#2, 100% scan walls (EW, 112 ww); DU Test Endosure Building demo 
6/4/2003 Model3 79511 44-9 137499 Y Instrument Log WR#2, 100% scan walls (EW. 1/2 ww); DU Test Endosure Building demo 
6/4/2003 Model3 89973 44-9 084781 Y Instrument Log WR12. 100% scan walls (EW, 112 ww); DU Test Endosure Building demo 
6/4/2003 2224-1 162425 43-93 182403 Y Instrument Lop WR#2, 100% scan walls (EW, 112 W; DU Test Enclosure Building demo 
6/5/2003 2360 193675 43-37 161687 Y Instrument Log WR#2 plasma cutter hot spots + scan W 8 NW; DU Test Enclosure Building demo 
6/6/2003 2360 193675 43-37 161687 Y Instrument Log WR#2 scan floor; DU Test Enclosure Building demo EW & WW 
6/6/2003 2224-1 162426 43-93 193921 Y Instrument Log WR02 scan floor; DU Test Endosure Building demo EW & WW 
6/6/2003 Model 3 79511 44-9 137499 Y Instrument Log WR#2 scan floor; DU Test Enclosure Building demo EW & W 
6/6/2003 Model3 89973 44-9 084781 Y Instrument Log WR#2 scan floor; DU Test Endosure Building demo EW 8 W 
6/6/2003 2929 163827 43-10-1 171322 Y Instrument Log WR#2 scan floor; DU Test Endosure Building demo EW & W 
6/9/2003 2360 193675 43-37 161687 Y Instrument Log WR#2 scan floor, walls; equip moved to WR#3. scan 112 WW; DU Test Endosure Building demo 
6/9/2003 2224-1 162426 43-93 193921 Y Instrument Log WR#2 scan floor, walls. equip moved to WR#3, scan 1/2 WW; DU Test Endosure Building demo 
6/9/2003 Model 3 79511 44-9 137499 Y Instrument Log WR#2 scan floor, walls; equip moved to WR#3. scan 112 W; DU Test Endosun Building demo 
6/9/2003 Model3 89973 44-9 084781 Y Instrument Log WR#2 scan floor, walls; equip moved to WR#3. scan 112 WW; DU Test Enclosure Building demo 
6/9/2003 2929 163827 43-10-1 171322 Y Instrument Log WR#2 scan floor, walls; equip moved to WR#3, scan 112 WW; DU Test Endosure Building demo 

6/10/2003 2224-1 162426 43-93 193921 Y Instrument Log DU Test Endosure Building demo 
6/10/2003 Model3 79511 44-9 137499 Y Instrument Log DU Test Endosure Building demo 
6/10/2003 Model3 89973 44-9 084781 Y Instrument Log taken out of service, light leak 
6/10/2003 2929 163827 43-10-1 171322 Y Instrument Log DU Test Endosure Building demo 
6/11/2003 2360 193675 43-37 161687 Y Instrument Log WR#3 complete acan WW. 112 EW; continue DU Test Endosure Building demo 
6/11/2003 2224-1 162425 43-93 182403 Y Instrument Log WR#3 complete scan W. 112 EW; continue DU Test Endosure Building demo 
6/11/2003 2224-1 162426 43-93 193921 Y Instrument Log WR#3 complete scan W, 112 EW; continue DU Test Endosure Building demo 
6/11/2003 Model3 79511 44-9 137499 Y Instrument Log WR#3 complete scan W. 112 EW; continue DU Test Endosure Building demo 

BTD Daily Instrument and Building Summary 
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BTD Daily Instrument and Building Summary 

6/12/2003 2224-1 162425 43-93 182403 Y Instrument Log WR#3 finish scan EW, NW. SW, conbnue DU Test Endosure Building demo 
6/12/2003 2224-1 162426 43-93 193921 Y Instrument Log WR#3 finish scan EW. NW, SW. conbnue DU Test Endosure Building demo 
6/12/2003 Model 3 79511 44-9 137499 Y Instrument Log WR#3 finish scan EW, NW, SW, conbnue DU Test Endosure Building demo 
6/12/2003 2929 163827 43-10-1 171322 Y Instrument Log WR#3 finish scan EW, NW, SW, continue DU Test Endosure Building demo 
6/13/2003 2224-1 162425 43-93 182403 Y Instrument Log conbnue DU Test Endosure Building demo, dean floor WR#3 (out of scope) 
6/13/2003 2224-1 162426 43-93 193921 Y Instrument Log conbnue DU Test Endosure Building demo, dean floor WR#3 (out of scope) 
6/13/2003 Model3 79511 44-9 137499 Y Instrument Log conbnue DU Test Endosure Building demo, dean floor WR#3 (out of scope) 
6/16/2003 2929 163827 43-10-1 171322 Y Instrument Log WR#3 finish 25% of floor scan, conbnue DU Test Endosure Budding demo 
6/16/2003 2360 193675 43-37 161687 Y Instrument Log WR#3 finish 25% of floor scan, conbnue DU Test Enclosure Building demo 
6/19/2003 2360 193675 43-37 161687 Y Instrument Log WR#3 finish 50% of floor scan 
6/19/2003 2224-1 162425 43-93 182403 Y Instrument Log WR#3 finish 50% of floor scan 
6/19/2003 2224-1 162426 43-93 193921 Y Instrument Log WR#3 finish 50% of floor scan 
6/19/2003 Model3 79498 44-9 073106 Y Instrument Log WR#3 finish 50% of floor scan 
6/19/2003 Model3 79511 44-9 137499 Y Instrument Log WR#3 finish 50% of floor scan 
6/19/2003 Micro Rem C853F - - Y Instrument Log WR#3 finish 50% of floor scan 
6/20/2003 2360 193675 43-37 161687 Y Instrument Log WR#3 finish 100% floor scan. conbnue DU Test Endosure Building demo 
6/20/2003 2224-1 162425 43-93 182403 Y Instrument Log WR113 finish 100% floor scan, continue DU Test Endosure Building demo 
6/20/2003 2224-1 162426 43-93 193921 Y Instrument Log WR#3 finish 100% floor scan, continue DU Test Endosure Budding demo 
6/20/2003 Model3 79498 44-9 073106 Y Instrument Log WR#3 finish 100% floor scan. conbnue DU Test Endosure Building demo 
6/20/2003 Model3 79511 44-9 137499 Y Instrument Log WR#3 finish 100% floor scan, conbnue DU Test Endosure Building demo 
6/23/2003 2360 193675 43-37 161687 Y Instrument Log WR#3 complete sans, start static counts 
6/24/2003 2360 193675 43-37 161687 Y Instrument Log WR#3 complete 112 stabc counts 
6/25/2003 2360 193675 43-37 161687 Y Instrument Log WR#3 complete stabc counts 6 those accessible in W # 2 .  conbnue demo Rust Vault 
6/26/2003 2224-1 162426 43-93 193921 Y Instrument L o g  WRX2/3 stabc counts upper walls/ceilings. demo Rust Vault, Transonic X-Ray2 roof 
6/26/2003 Model 3 79511 44-9 137499 Y Instrument Log WR#2/3 stabc counts upper walls/ceilings, demo Rust Vault, Transonic X-Ray2 roof 
6/26/2003 2929 163827 43-10-1 171322 Y Instrument Log wR#2/3 stabc counts upper wallslceilings, demo Rust Vault, Transonic X-Ray2 roof 
6/27/2003 2224-1 162425 43-93 182403 Y Instrument Log WR#2/3 complete all static counts, police junk around both vaults. transonic X-Ray2 roof 
6/27/2003 2224-1 162426 43-93 193921 Y Instrument Log WR#2/3 complete all stabc counts, police junk around both vaults, transonrc X-Ray2 roof 
6/27/2003 Model3 79498 44-9 073106 Y Instrument Log WR#2/3 complete all stabc counts. police junk around both vaults, transonic X-Ray2 roof 
6/27/2003 Model3 79511 44-9 137499 Y Instrument Log WRW3 complete all static counts, police junk around both vaults, tranaonr X-Ray2 roof 
6/27/2003 2929 163827 43-10-1 171322 Y Instrument Log WR#2/3 complete all statrc counts, policelunk around both vaults, transonic X-Ray2 roof 
7/8/2003 2929 163827 43-10-1 171322 Y Instrument Log CraneMlashRackrr2 scanned, conbnue demo Vaults 
7/9/2003 2224-1 162425 43-93 182403 Y Instrument Log WR#3 count smears, conbnue demo Vaults, survey Sabot Stnpper and Backstop Plate 
7/9/2003 2224-1 162426 43-93 193921 Y Instrument Log WR#3 count smears, continue demo Vaults, survey Sabot Stnpper and Backstop Plate 
7/9/2003 Model 3 79498 44-9 073106 Y Instrument Log WR#3 count smears, conbnue demo Vaults, survey Sabot Stnpper and Backstop Plate 
7/9/2003 Model 3 79511 44-9 137499 Y Instrument Log WR#3 count smears, conbnue demo Vaults. survey Sabot Stnpper and Backstop Plate 
7/9/2003 2929 163827 43-10-1 171322 Y Inrrtrument Log WR#3 wunt smears, conbnue demo Vaults, survey Sabot Stnpper and Backstop Plate 
7/10/2003 2224-1 162425 43-93 182403 Y Instrument Log Survey of electncal boxes, complete demo of Vaults. cut first secbon of HEPA removed 
7/10/2003 2224-1 162426 43-93 193921 Y Instrument Log Survey of electncal boxes, complete demo of Vaults, cut first secbon of HEPA removed 
7/10/2003 Model3 79498 44-9 073106 Y Instrument Log Survey of e l m 4  boxes, complete demo of Vaults. cut first secbon of HEPA removed 
7/10/2003 Model 3 79511 44-9 137499 Y Instrument Log Survey of electncal boxes, complete demo of Vaults. cut first d o n  of HEPA removed 
7/10/2003 2929 163827 43-10-1 171322 Y Instrument Log Survey of electncal boxes, comdete demo of Vaults. cut first secbon of HEPA removed 
7/11/2003 Model 3 79511 44-9 137499 Y Instrument Log second section of HEPA removed and loadeed into intermodal container 
7/14/2003 Model3 79511 44-9 137499 Y Instrument Log remove plywood from intenor of shed east of DU Test Endosure Bldg, cut up HEPA system from BARF 
7/15/2003 Model3 79511 44-9 137499 Y Instrument Log p repare for gamma walkover surveying (GWS), conbnue demo 
7/16/2003 Model3 79511 44-9 137499 Y Instrument Log p repare for GWS, contmue demo 
7/17/2003 Model3 79511 44-9 137499 Y Instrument Log GWS SU2O/part of SU17, continue demo 
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8/12/2003 Model3 79511 44-9 137499 Y Instrument Log GWS SU6 complete, conbnue demo footsrs DU Test Endosure Building 
Instrument Log GWS SU6 complete, conbnue demo f w t e n  DU Test Endosure Building 8/12/2003 Micro Rem C853F 

8/13/2003 Model3 79511 44-9 137499 Y Instrument Log Soil sampling SU6, conbnue demo fwters DU Test Endosure Building 
8/13/2003 Micro Rem C853F - - Y Instrument Log Soil sampling SU6, continue demo fwters DU Test Endosure Building 
8/14/2003 Model 3 79511 44-9 137499 Y Instrument Log GWS SU5 done, start SU3. soil sampling SU485 
8/14/2003 Micro Rem C853F - - Y Instrument Log GWS SU5 done, start SU3, soil sampling SU485 
8/15/2003 Model 3 79511 44-9 137499 Y Instrument Log GWS SU213812 complete. GWS S U l l  60% complete 
8/15/2003 Micro Rem C853F - - Y Instrument Log GWS SU283812 complete. GWS SUI 1 60% complete 
8/18/2003 Model 3 79511 44-9 137499 Y Instrument Log GWS SUll113&14815 complete 

Y Instrument Log GWS SUll813814815 complete 8/18/2003 Micro Rem C853F 
6/19/2003 Model3 79511 44-9 137499 Y Instrument Log GWS SU21-25 complete 
8/19/2003 Micro Rem C853F - - Y Instrument Log GWS 51121-25 complete 
8/20/2003 Model3 79511 44-9 137499 Y Instrument Log Remediate hot spots SUs 11 to 15, sampled SU21 815. conhnue demo footerdstockpile 

8/21/2003 Model3 79511 44-9 137499 Y Instrument Log Sample soil SUs 13814. demo crew found 4 2 chemical mortar (phosgene, CNS, or Chlonne). wait for EOD 

8/22/2003 Model3 79511 44-9 137499 Y Instrument Log Remediate SUs 2, 9. 10, sampled S U l l  812 
8/23/2003 Model3 79511 44-9 137499 Y Instrument Log Daily QC 
8/24/2003 Model 3 79511 44-9 137499 Y Instrument Log Daily QC 
8/25/2003 Model3 79511 44-9 137499 Y Instrument Log Finish remediabon SU9, GWS SU9, sample SU3, remediate SU2 
8/26/2003 Model 3 79511 44-9 137499 Y Instrument Log Sample SU9, GWS SU10. remediate SUlO 
8/26/2003 2929 163827 43-10-1 171322 Y Instrument Log Sample SU9, GWS SU10, remediate SUlO 
8/27/2003 Model 3 79511 44-9 137499 Y Instrument Log GWS SU2. remediate SU2 8 SU25. post GWS SU2 8 SU25. sample SU2 
2/10/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/10/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/10/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/10/2004 Micro Rem B837Y - - Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 

2/11/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/11/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/11/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/11 /2004 Micro Rem B837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/12/2004 2929 180830 43-10-1 207849 N Instrument Log Soil removal. rail shipments, handling RAD waste to demob 315 
2/12/2004 Model3 135696 44-9 145224 N Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/12/2004 Model3 89973 44-9 084781 N Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/12/2004 Micro Rem B837Y - - N Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 

2/16/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 

Y - - 

- - 
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2/16/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/17/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/17/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/17/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rad shipments, handling RAD waste to demob 315 
2/17/2004 Micro Rem B837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/18/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal. rail shipments. handling RAD waste to demob 3/5 
2/16/2004 Model 3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/18/2004 Model3 89973 44-9 084781 Y Instrument Log Sod removal, rail shipments. handling RAD waste to demob 3/5 
2/18/2004 Micro Rem 0837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/19/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal. rail shipments, handling RAD waste to demob 315 
2/19/2004 Model 3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/19/2004 Micro Rem 6837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/20/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/20/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/20/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/20/2004 Micro Rem 8837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/23/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal. rail shipments, handling RAD waste to demob 3/5 
2/23/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/23/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/23/2004 Micro Rem 6837Y - - Y Instrument L o g  Soil r8movaJ, raiJ shipments. handling RAD waste to demob 3/5 
2/24/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal. rail shipments, handling RAD waste to demob 315 
2/24/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/24/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/24/2004 Micro Rem B837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/25/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 3/5 
2/25/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/25/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 3/5 
2/25/2004 Micro Rem B837Y - - Y Instrument Log SoiJ removaJ, rail shipments, handling RAD waste to demob 3/5 
2/26/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
2/26/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 3/5 
2/26/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
2/26/2004 Micro Rem 6837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
2/27/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal. rail shipments. handling RAD waste to demob 3/5 
2/27/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 3/5 
2/27/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 3/5 
2/27/2004 Micro Rem B837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
3/1/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal. rail shipments, handling RAD waste to demob 3/5 
3/1/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
3/1/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
3/1/2004 Micro Rem B837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
3/2/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
3/2/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 3/5 
3/2/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
3/2/2004 Micro Rem 0837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
3/3/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 
3/3/2004 Model3 135696 44-9 145224 Y Instrument LOQ Soil removal, rail shipments, handling RAD waste to demob 3/5 
3/3/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
3/3/2004 Micro Rem 6837Y - - Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 315 
3/4/2004 2929 180830 43-10-1 207849 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 315 
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BTD Daily Instrument and Building Summary 

3/4/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments. handling RAD waste to demob 3/5 
3/4/2004 Micro Rem B837Y - - Y Instrument Log Soil removal, rad shipments, handling RAD waste to demob 3/5 
3/5/2004 Model3 135696 44-9 145224 Y Instrument Log Soil removal. rail shipments, handling RAD waste to demob 3/5 
3/5/2004 Model3 89973 44-9 084781 Y Instrument Log Soil removal, rail shipments, handling RAD waste to demob 3/5 

3/29/2004 2224-1 162426 43-93 193921 Y Instrument Log excavate SU16 L SU22 
3/29/2004 2360 193675 43-37 161687 Y Instrument Log excavate SU16 8 SU22 

3/30/2004 2360 193675 43-37 161687 Y ~ ~ ~ ~ ~ ~ ~ " '  Wash Rack#3 survey, smear counbng 

3/30/2004 2929 180830 43-10-1 207849 Y Instrument Log Wash Rack #3 survey. smear counbng 
3/30/2004 2224-1 162426 43-93 193921 Y Instrument Log Wash Rack #3 survey. smear counbng 

3/31/2004 2360 193675 43-37 161687 Y Files' Wash Rack #2 smear survey, Demob 

3/31/2004 2929 180830 43-10-1 207849 Y Instrument Log Wash Rack #2 smear survey, Demob 
3/31/2004 2224-1 162426 43-93 193921 Y Instrument Log Wash Rack #2 smear survey, Demob 
6/2/2004 Model 3 79498 44-9 073106 Y QC Files. Daily reports Project mobiluabon, set-up, and logisks 
6/2/2004 Model 3 166511 44-9 073107 Y QC Files. Daily reports Project mobiltzatwan. set-up, and logisbcs 
6/2/2004 2360 184938 43-37 178371 Y QC Files, Daily reports Project mobiluation. set-up. and logistics 
6/2/2004 2360 202398 43-93 21 1706 Y QC Files. Daily reports Project mobiluabon, set-up, and logistm 
6/2/2004 Micro Rem B985Y - - Y QC Files. Daily reports Project mobilizabon set-up, and logistics 
6/3/2004 Model 3 79498 44-9 0731 06 Y QC Files. Daily reports Health 6 Safety audit. receive and inspect rental equipment, project logisbu 
6/3/2004 Model 3 16651 1 44-9 073107 Y QC Files, Daily reports Health 8 Safety audlt, receive and Inspect rental equipment, pro)ect logisbcs 
6/3/2004 2360 184938 43-37 178371 Y QC Files, Daily reports Health L Safety audit. receive and inspect rental equipment. project l o g i s h  
6/3/2004 2360 202398 43-93 21 1706 Y QC Files. Daily reports Health 6 Safety auda, receive and inspect rental equipment. project logistlcs 
6/3/2004 Micro Rem B985Y - - Y QC Files, Daily reports Health 8 Safety audlt. receive and inspect rental equipment, project loglsbcs 
6/4/2004 Model 3 79498 44-9 073106 Y QC Files. Daily reports Gamma walkover survey in SU 125, remediate hotspots wlthin SU #16 
6/4/2004 Model 3 16651 1 44-9 073107 Y QC Files. Dally reports Gamma walkover survey in SU #25, remediate hotspots wtthin SU #16 
6/4/2004 2360 184938 43-37 178371 Y QC Files. Daily reports Gamma walkover survey in SU #25. remediate hotspots wtthin SU 116 
6/4/2004 2360 202398 43-93 211706 Y QC Files, Daily reports Gamma walkover survey in SU 925, remediate hotspots wtthin SU #16 
6/4/2004 Micro Rem B985Y - - Y QC Flles. Daily reports Gamma walkover survey in SU 125, remediate hotspots wh in  SU #16 
6/6/2004 Model 3 79498 44-9 073106 Y QC Files. Daily reports Attempt water ramoval and drying of SU #16 and concrete pad, parbal GWS of SU 1125 
6/6/2004 Model 3 16651 1 44-9 073107 Y QC Files, Daily reports Attempt water removal and drying of SU 116 and concrete pad, parbal GWS of SU #25 
6/6/2004 2360 184938 43-37 178371 Y QC Files. Daily reports Attempt water removal and drying of SU #16 and concrete pad, parbal GWS of SU #25 
6/6/2004 2360 202398 43-93 21 1706 Y QC Files. Daily reports Attempt water removal and drying of SU #16 and concrete pad, parbal GWS of SU 125 
6/6/2004 Micro Rem B985Y - - Y QC Files, Daily reports Attempt water removal and drying of SU #16 and concrete pad, parbal GWS of SU #25 
6/7/2004 Model 3 79498 44-9 0731% Y QC Files. Daily reports Surface dean concrete pads, complete GWS of SU 125 
6/7/2004 Model 3 166511 44-9 073107 Y QC Files. Daily reports Surface dean concrete pads, complete GWS of SU 125 
6/7/2004 2360 184938 43-37 178371 Y QC Files, Daily reports Surface dean concrete pads, complete GWS of SU 125 
6/7/2004 2360 202398 43-93 211706 Y QC Files. Daily reports Surface dean concrete pads, complete GWS of SU #25 
6/7/2004 Micro Rem B985Y - - Y QC Files, Daily reports Surface dean concrete pads, complete GWS of SU #25 
6/8/2004 Model 3 79498 44-9 073106 Y QC Files, Daily reports Sand-blasting concrete pads, concrete pad surveying SU #9, pad layout and hotspot flagging 
6/8/2004 Model 3 16651 1 44-9 073107 Y QC Files. Daily reports Sand-blasting concrete pads, concrete pad surveying SU #9, pad layout and hotspot flagging 
6/8/2004 2360 184938 43-37 178371 Y QC Files. Daily repofts Sand-blasbng concrete pads, concrete pad surveying SU #9, pad layout and hotspot flagging 
6/8/2004 2360 202398 43-93 21 1706 Y QC Files. Daily reports SanbMasbng concrete pads, concrete pad surveying SU #9, pad layout and hotspot flagging 
6/8/2004 Micro Rem B985Y - - Y QC Files. Daily reports Sand-blasting concrete pads, concrete pad surveying SU #9. pad layout and hotspot flagping 
6/9/2004 Model 3 79498 44-9 073106 Y QC Files, Daily reports Survey concrete pads of SUI #9 and #16. GWS of SU C16, soil sampling of SUI #25. C22, C2. #9, and # l o  
6/9/2004 Model 3 16651 1 QC F k s .  Daily repotts Survey concrete pads of SUI #9 and #16. GWS of SU #16, soil sampling of SUs #25.#22. K?, #9, and # l o  
6/9/2004 2360 QC Files, Daily reports Survey concrete pads of SUI #9 and 116, GWS of SU #16, soil sampling of SUs m5.1122, #2, #9, and #IO 
6/9/2004 2360 202398 43-93 21 1706 Y QC Files. Daily reports Survey concrete pads of SUs #9 and #16, GWS of SU 116. soll sampling of SUI X25. #22. #2, #9, and 110 

Survey Maps 

44-9 073107 Y 
184938 43-37 178371 Y 
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Appendix G: Radiological Survey Maps 
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Appendix H: Survey Unit Worksheets and Data 
Summaries 



i CABRERA SMEAR CO lf. ,NG WORKSHEET (Rev 4) 
BARF BUILDING NORTH FLOOR - SMEAR RESULTS 

a eff p eff 
0.4060 I 0.2400 

Sample Count Time (min) Daily Background Count Time (min) 
I 2.0 I I 20.0 I 

I dpmll00 cmZ 1 

q Tech. 



CABRERA SMEAR CO( ING WORKSHEET (Rev 4) 
BARF BUILDING SOUTH FLOOR - SMEAR RESULTS 

* Morning Daily Count 

Background Total Tech. 
seq. # Sample ID# and Description Date Counts’ Sample Total Counts Background (cpm) Sample Counts (cpm) Sample (dpm1100 em’) > a fhg > B fig Inltlal 

1 BARF SF 1 5/12/2003 7 I 828 5 107 0.4 41.4 2.50 54 5.3 50 KvH 
2 BARF SF 2 5/12/2003 7 828 0 103 0.4 41.4 0.00 52 -0.9 42 KvH 
3 BARF SF 3 5/12/2003 7 828 1 95 0.4 41.4 0.50 48 0.4 25 KvH 
4 BARF SF 4 5/12/2003 7 828 2 110 0.4 41.4 1 .00 55 1.6 57 KvH 
5 BARF SF 5 5/12/2003 7 828 2 98 0.4 41.4 1 .oo 48 1.6 28 KvH 

, 6  BARF SF 6 511212003 7 828 6 105 0.4 41.4 3.00 53 6.5 46 KvH 
7 BARF SF 7 5/12/2003 7 828 1 91 0.4 41.4 0.50 46 0.4 17 KvH 
8 BARF SF 8 5/12/2003 7 828 2 95 0.4 41.4 1 .oo 48 1.6 25 KvH 
9 BARF SF 9 5/12/2003 7 828 2 103 0.4 41.4 1 .oo 52 1.6 42 KvH 
10 BARF SF 10 5/12/2003 7 828 4 116 0.4 41.4 2.00 58 4.1 69 KvH 
11 BARF SF 11 5/12/2003 7 828 5 117 0.4 41.4 2.50 59 5.3 71 KvH 
12 BARF SF 12 5/12/2003 7 828 0 80 0.4 41.4 0.00 40 -0.9 -6 KvH 
13 BARF SF 13 5/12/2003 7 828 1 117 0.4 41.4 0.50 59 0.4 71 KvH 
14 BARF SF 14 5/12/2003 7 828 2 107 0.4 41.4 1 .oo 54 1.6 50 KvH 
15 BARF SF 15 5/12l2003 7 828 2 90 0.4 41.4 1 .oo 45 1.6 15 KvH 
16 BARF SF 16 5/12/2003 7 828 1 85 0.4 41.4 0.50 43 0.4 5 KvH 
17 BARF SF 17 5/12/2003 7 828 0 102 0.4 41 .4 0.00 51 -0.9 40 KvH 
18 BARF SF 18 5/12/2003 7 828 4 85 0.4 41.4 2.00 43 4.1 5 KvH 
19 BARF SF 19 5/12/2003 7 828 2 93 0.4 41.4 1 .oo 47 1.6 21 KvH 
20 BARF SF 20 5/12/2003 7 828 2 83 0.4 41.4 1 .oo 42 1.6 0 KvH 
21 BARF SF 21 5/12/2003 7 828 2 85 0.4 41.4 1 .oo 43 1.6 5 KvH 
22 BARF SF 22 5/12/2003 7 828 1 103 0.4 41.4 0.50 52 0.4 42 KvH 
23 BARF SF 23 5/12/2003 7 828 2 96 0.4 41.4 1 .oo 48 1.6 28 KvH 
24 BARF SF 24 5/12/2003 7 828 3 95 0.4 41.4 1.50 48 2.8 25 KvH 
25 

a B a B a B a B a B 

PaQ I 

a eff p eff Sample Count Time (min) Daily Background Count Time (min) 
0.4060 I 0.2400 I 2.0 1 1 20.0 I 

I d p d l  00 cm’ I 
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CABRERA SMEAR CO d ,NG WORKSHEET (Rev 4) 

BARF BUILDING NORTH ROOM LOWER WALLS - SMEAR RESULTS 



CABRERA SMEAR CO( . ING WORKSHEET (Rev 4) 
BARF BUILDING SOUTH ROOM LOWER WALLS - SMEAR RESULTS 

d p d l  00 cm 

I a eff p eff Sample Count Time (min) Daily Background Count Time (min) 
0.4060 I 0.2400 I 2.0 I 1 20.0 1 



f CABREM SMEAR Cod. ,NG WORKSHEET (Rev 4) 
BARF BUILDING CEILING AND UPPER WALLS - SMEAR RESULTS 

dpml100 cm 

t a eff p eff Sample Count Time (min) Daily Background Count Time (min) 
1 0.2400 2.0 I I 20.0 I 0.4060 



CABRERA STATIC CO( ANG WORKSHEET (Rev 5) pag e( 
BARF NORTH FLOOR - INTEGRATED DIRECT MEASUREMENTS 

19 
20 
21 
22 
23 
24 

NFl9 5/12/2003 4 478 10 1131 0.2 23.9 10.00 1131 9.9 76 1 KP 
NF20 5/12/2003 4 478 6 808 0.2 23.9 6.00 808 5.9 539 KP 
NF2 1 5/12/2003 4 478 4 758 0 2  23.9 4.00 758 3.6 505 KP 
NF22 5/12/2003 4 478 9 722 0.2 23.9 9.00 722 8.9 480 KP 
NF23 5112/2003 4 478 a 699 0.2 23.9 8.00 699 7.9 464 KP 
NF24 5/12/2003 4 478 6 606 0.2 23.9 6.00 606 5.9 400 KP 



CABRERA STATIC Cod. ,NG WORKSHEET (Rev 5) 
BARF SOUTH FLOOR - INTEGRATED DIRECT MEASUREMENTS 

* Morning Daily Count 
Background Total 

req. # S8mpb IN 8nd D.8CriptiOn D8t. Counts. Sample Total Counts kckground (cpm) Sampb Counts (cpm) Sampb (dpm1100 cm') > a fl.9 > $ flrg 
a B a B a B a B a B 

527 1 SF1 5112l2003 4 470 4 1  79 1 0.2 23.9 4.00 791 3.0 
2 SF2 ~ ~ 2 ~ a a 3  4 478 20 ] 779 0.2 23.9 20.00 779 20.0 51 9 
3 SF3 5/12/2003 4 470 9 '  700 0.2 23.9 9.00 700 0.9 465 
4 SF4 5/12/2003 4 470 10 885 0.2 23.9 1a.00 665 10.0 441 
5 SF5 5/12/2003 4 470 10 60 1 0.2 23.9 10.00 601 9.9 452 
6 SF6 5/12/2003 4 478 16 675 0.2 23.9 16.00 675 16.0 447 

SFl  5/12/2003 4 410 9 660 0.2 23.9 9.00 660 0.9 431 
SFB-  ~ 5/12/2003 ~ 4 ~~ 470 10 134 0.2 23.9 10.00 734 9.9 400 

7 
0 
9 SF9 5/12/2003 4 470 0 019 0.2 23.9 8.00 a19 7.9 546 
10 SF10 5/12/2003 4 478 9 064 0.2 23.9 9.00 064 0.9 511 
11 SF11 5/12/2003 4 470 11 922 0.2 23.9 11.00 922 10.9 617 
12 SFl2 5/12/2003 4 470 6 606 0.2 23.9 6.00 606 5.9 455 ~ 

13 SF1 3 5/12/2003 4 470 10 687 0.2 23.9 10.00 607 9.9 456 
14 SF14 5/12/2003 4 470 4 696 0.2 23.9 4.00 696 3.0 462 
15 SF15 5/12/2003 4 470 9 783 0.2 23.9 9.00 703 8.9 522 
16 SF16 5/12/2003 4 410 6 046 0.2 23.9 6.00 046 5.9 585 

1a SFI 0 5/12/2003 4 478 7 71 3 0.2 23.9 7.00 713 6.9 474 
19 SF19 5/12/2003 4 418 11 633 0.2 23.9 1 1 .OO 633 10.9 419 
20 SF2O 5/12/2003 4 470 10 720 0.2 23.9 10.00 120 9.9 410 
21 SF21 5/12/2003 4 470 10 1029 0.2 23.9 10.00 1029 9.9 691 
22 SF22 5/12/2003 4 470 5 053 0.2 23.9 5.00 053 4 9  510 
23 SF23 Y12/2003 4 470 9 76 1 0.2 23.9 9.00 761 0.9 507 
24 SF24 5l12/2003 4 470 7 734 0.2 23.9 7.00 734 6.9 400 

_ _ _ _  

- 

11 S F I l  5/12/2003 4 4713 11 730 0.2 23.9 11 .OO 730 10.9 I 485 

I Static Count Time (min) 
1 1.0 I 582 i Detector Active Area (cm') 

Tech. 
1nlU.l 

KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 



page ( ( CABRERA STATIC C o t  ilNG WORKSHEET (Rev 5) 
BARF NORTH ROOM LOWER WALLS - INTEGRATED DIRECT MEASUREMENTS 

* Morning Daily Count 
Background Total Tech. 

req. # Sample ID# and Description Date Counts' Sample Total Counts Etackground (cpm) Sample Counts (cpm) Sample (dpml100 cm') > a fhg > B fhg 1nitl.l 
a B a B a B a B a B 

1 NRNWI 5/13/2003 3 560 12 697 0.2 20.0 12.00 697 12.0 460 KP 
2 N R N W  5/13/2003 3 560 4 663 0.2 20.0 4.00 663 3.9 436 KP 
3 NRNW3 Y132003 3 560 4 624 0.2 20.0 4.00 624 3.9 410 KP 
4 NRNW4 5/1312003 3 580 2 635 0.2 20.0 2.00 635 1.9 417 KP 
5 NRNW5 5/13/2003 3 560 1 59 1 0.2 20.0 1 .oo 59 1 0.9 307 .KP 
6 N R N W  5/13/2003 3 560 3 560 0.2 20.0 3.00 560 2.9 366 KP 
7 DNRNWl 5/13/2003 3 560 10 61 9 0.2 20.0 10.00 619 10.0 406 KP 

9 NREWB 5/13/2003 3 560 5 676 0.2 20.0 5.00 676 4.9 445 KP 
10 NREWS 511312003 3 560 6 673 0.2 20.0 6.00 673 5.9 443 KP 
11 NREW10 5/13/2003 3 560 7 69 1 0.2 20.0 7.00 691 6.9 456 KP 
12 DNREWlO 5/13/2003 3 560 4 594 0.2 20.0 4.00 594 3.9 309 KP 
13 NRSW1 1 5/13/2003 3 560 4 670 0.2 28.0 4.00 670 3.9 447 KP 
14 NRSW12 5/13/2003 3 560 9 639 0.2 20.0 9.00 639 0.9 420 KP 
15 NRSW13 5/13/2003 3 560 5 632 0.2 20.0 5.00 632 4.9 41 5 KP 
16 NRSW14 5/13/2003 3 560 3 583 0.2 28.0 3.00 503 2.9 30 1 KP 
17 NRSW15 5113/2003 3 560 4 589 0.2 20.0 4.00 509 3.9 306 KP 
18 NRSWl6 5/13/2003 3 560 5 659 0.2 20.0 5.00 659 4.9 434 KP 
19 DNRSW12 5/13/2003 3 580 10 677 0.2 20.0 10.00 677 10.0 446 KP 
20 N R W 1 7  5/13/2003 3 560 7 699 0.2 20.0 7.00 699 6.9 46 1 KP 
21 N R W 1 0  5/13/2003 3 560 5 709 0.2 20.0 5.00 709 4.9 460 KP 
22 N R W 1  9 5/13/2003 3 560 7 644 0.2 20.0 7.00 644 6.9 423 KP 
23 N R W O  511312003 3 560 4 547 0.2 20.0 4.00 547 3.9 357 KP 
24 D - N R W l 7  5/13/2003 3 560 4 699 0.2 20.0 4.00 699 3.9 461 KP 

__ ___ 
0 N R E W  5/13/2003 3 560 2 71 1 0.2 20.0 2.00 711 1.9 469 KP 

Stak Count Time (min) 
I 1.0 I 

Detector Active Area (an2) 
502 i 

dpN1 00 cm' 
aily Background Count Time (min) 

I 20.0 1 



CABRERA STATIC Cob ING WORKSHEET (Rev 5) page 

BARF SOUTH ROOM LOWER WALLS - INTEGRATED DIRECT MEASUREMENTS 

I Static Count Time (min) 
I 1.0 I 

Detector Active Area (cm') 
582 I 

dpm/100 cm' 
Daily Background Count Time (min) 

I 20.0 1 
* Morning Daly Count 
Background Total 

Sample ID# and Dercriptlon Counts. Sample Total Coun Sample Counts (cpm) Sample (dpm1100 cm') 



page CABRERA STATIC Cod rNG WORKSHEET (Rev 5) 
BARF CEILING AND UPPER WALLS - INTEGRATED DIRECT MEASUREMENTS 

d p d l  00 cm 

I Static Count Time (min) Daily Background Count Time (min) 
I 1.0 1 I 20.0 I Detector Active Area (cm’) 

100 



CABRERA STATIC Cod. ,NG WORKSHEET (Rev 5) Page 4 
BARF BIAS LOCATIONS - INTEGRATED DIRECT MEASUREMENTS 

dpmll00 cm 

I I Static Count Time (min) Daily Background Count Time (min) 
I 1.0 I I 20.0 I 

Detector Active Area (cm’) 
582 

* Morning Daily Count 

5 882 6/2/2003 5 560 7 574 0.3 28.0 7.00 574 6.8 375 AC 
6 DB 6/2/2003 5 560 4 590 0.3 28.0 4.00 590 3.8 386 AC 
7 EWSRB 6/2/2003 5 560 1 488 0.3 28.0 1 .oo 488 0.8 316 AC 
8 NWSRB 8/2/2003 5 560 6 466 0.3 28.0 6.00 466 5.8 301 AC 
9 M R B 1  6/2/2003 5 560 8 626 0.3 28.0 8.00 626 7.8 41 1 AC 
10 M R B 2  6/2/2003 5 560 5 538 0.3 28.0 5.00 538 4.8 35 1 AC 
11 WWSRBl 6/2/2003 5 560 4 484 0.3 28.0 4.00 484 3.8 31 3 AC 
12 WWSRBP 6/2/2003 5 580 7 530 0.3 28.0 7.00 530 6.8 345 AC 
13 W R B 3  6/2/2003 5 560 7 527 0.3 28.0 7.00 527 6.8 343 AC 



CABRERA SMEAR C o t  JNG WORKSHEET (Rev 4) 
CONCRETE PAD #I (SUOS) NORTH - SMEAR RESULTS 

dpm/100 cm’ 
a Fla a eff p eff Sample Count Time (min) Daily Background Count Time (min) 

0.3850 I 0.2650 2.0 I I 20.0 I 



CABRERA SMEAR C o d  NG WORKSHEET (Rev 4) 
CONCRETE PAD #I (SUOS) SOUTH - SMEAR RESULTS 

seq. I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

dpm/100 cm 

I u eff p eff Sample Count Time (min) Daily Background Count Time (min) 
0.3850 I 0.2650 I 2.0 I I 20.0 1 

Sample ID# and DescripUon 

6530 
6531 
6532 
6533 
6534 
6535 
6536 
6537 
6538 
6539 
6540 
6541 
6542 
6543 
6544 
6545 
6546 
6547 
6548 
6549 

Morning Daily Count 



CABRERA STATIC Cod rNG WORKSHEET (Rev 5) Page ( 
CONCRETE PAD #I (SUOS) SOUTH - INTEGRATED DIRECT MEASUREMENTS 

Detector Active Area (crn’) a eff p eff 
126 0.1879 I 0.3200 

Static Count Time (min) 
[ 1.0 I 1 aily Background Count Time (min) 

I 20.0 I 
* Morning Daily Count 
Background Total 

Sample ID# and Description Background (cpm) Sample Counts (cpm) Sample (dpm1100 cm’) 



i CABRERA STATIC C o d  NG WORKSHEET (Rev 5) page 2( 
CONCRETE PAD #I (SUOS) NORTH - INTEGRATED DIRECT MEASUREMENTS 

Detector Active Area (cm2) 
126 

Static Count Time (min) 
I 1.0 I I Daily Background Count Time (min) 

I 20.0 I 
* Morning Daily Count 



i 
CABRERA SMEAR C o d  rNG WORKSHEET (Rev 4) 

CONCRETE PAD #2 (SU16) NORTH - SMEAR RESULTS 

a eff p eff Sample Count Time (min) Daily Background Count Time (min) 
0.3850 I 0.2650 I 2.0 I I 20.0 I 

I dpm/100cm2 I 
a Fla t7wy53-1 



CABRERA SMEAR C o d  AG WORKSHEET (Rev 4) 
CONCRETE PAD #2 (SU16) SOUTH - SMEAR RESULTS 

I a eff p eff 
0.3850 I 0.2650 

Sample Count Time (min) Daily Background Count Time (min) 
I 2.0 1 I 20.0 I 

I d p d l  00 cmz 3 
a Fla l+l 

* Morning Daily Count 

Background Total 
Sample ID# and Description Background (cpm) Sample Counts (cpm) Sample (dpmllW cm') 



i 

Detector Active Area (cm2) 
126 

page ( CABRERA STATIC Cod rNG WORKSHEET (Rev 5) 
CONCRETE PAD #2 (SU16) SOUTH - INTEGRATED DIRECT MEASUREMENTS 

Static Count Time (min) 
I 1.0 I I 

* Morning Daily Count 
Background Total 

seq. # Sample ID# and Description Date Counts' Sample Total Counts Background (cpm) Sample Counts (cpm) Sampk (dpml100 em') > a m g  > B f b 4  
a B a B a B a B a B 

1 6490 6/10/2004 3 200 1 168 0.2 10.0 1 .oo 168 4.0 502 
2 6491 6/1012004 3 200 1 182 0.2 10.0 1 .oo 182 4.0 546 
3 6492 6/10/2004 3 200 2 121 0.2 10.0 2.00 121 8.6 352 
4 6493 811012004 3 200 1 114 0.2 10.0 1 .oo 114 4.0 330 
5 6494 6IlOI2004 3 200 3 107 0.2 10.0 3.00 107 13.3 308 
6 6495 811012004 3 200 1 121 0.2 10.0 1 .oo 121 4.0 352 
7 6496 811012004 3 200 2 119 0.2 10.0 2.00 119 8.6 346 
8 6497 8110/2004 3 200 2 129 0.2 10.0 2.00 129 8.6 378 
9 6498 6IlOl2004 3 200 1 129 0.2 10.0 1 .oo 129 4.0 378 
10 6499 6/10/2004 3 200 3 137 0.2 10.0 3.00 137 13.3 403 
11 6500 8110/2004 3 200 1 139 0.2 10.0 1 .oo 139 4.0 410 
12 6501 6/1012004 3 200 3 129 0.2 10.0 3.00 129 13.3 378 
13 6502 6I1012004 3 200 1 112 0.2 10.0 1 .oo 112 4.0 324 
14 6503 811012004 3 200 1 142 0.2 10.0 1 .oo 142 4.0 419 
15 6504 811012004 3 200 1 341 0.2 10.0 I .oo 341 4.0 1051 
16 6505 811012004 3 200 2 306 0.2 10.0 2.00 306 8.6 940 
17 6500 6/10/2OM 3 200 4 229 0.2 10.0 4.00 229 18.0 695 
18 6507 6I1012004 3 200 3 158 0.2 10.0 3.00 158 13.3 470 
19 6508 6/10/2004 3 200 1 109 0.2 10.0 I .oo 109 4.0 314 
20 6509 6/10/2004 3 200 1 103 0.2 10.0 1 .oo 103 4.0 295 

aily Background Count Time (min) 
I 20.0 1 

Tech. 
Initl.l 

JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 



Page 2( CABRERA STATIC C o d  NG WORKSHEET (Rev 5) 
CONCRETE PAD #2 (SU16) NORTH - INTEGRATED DIRECT MEASUREMENTS 

* Morning Daily Count 
Background Total 

req. # Sample ID# and Description Date Counts’ Sample Total Counts Background (cprn) Sample Counts (cpm) Sample (dpml100 cm’) > a m g  
a B a B a B a B a B 

1 6510 6/10/2004 4 800 4 289 0.2 40.0 4.00 289 17.7 790 
2 651 1 6/10/20M 4 800 3 336 0.2 40.0 3.00 336 13.1 940 
3 6512 6/10/2004 4 aoo 4 306 0.2 40.0 4.00 306 17.7 a44 
4 6513 8/10/2004 4 a00 1 29 1 0.2 40.0 1 .oo 291 3.7 797 
5 6514 6/10120M 4 800 3 144 0.2 40.0 3.00 144 13.1 330 
6 6515 8/10/2004 4 800 2 116 0.2 40.0 2.00 116 8.4 24 1 
7 6516 6/10/2004 4 800 6 230 0.2 40.0 6.00 230 27.1 603 
8 6517 8/10R004 4 800 3 128 0.2 40.0 3.00 128 13.1 279 
9 6518 6/10/2004 4 800 2 135 0.2 40.0 2.00 135 8.4 302 
10 6519 6/10/2004 4 800 2 143 0.2 40.0 2.00 143 8.4 327 
11 6520 B11012004 4 800 4 137 0.2 40.0 4.00 137 17.7 308 
12 652 1 6/10/2OM 4 800 0 116 0.2 40.0 0.00 116 -0.9 24 1 
13 6522 8/10/2004 4 800 4 176 0.2 40.0 4.00 176 17.7 432 
14 6523 6/10/2004 4 800 5 156 0.2 40.0 5.00 156 22.4 368 
15 6524 6/1OROM 4 800 0 156 0.2 40.0 0.00 156 -0.9 368 
16 6525 8/10/2004 4 800 0 90 0.2 40.0 0.00 90 -0.9 159 
17 6526 6/10/2004 4 800 1 163 0.2 40.0 1 .oo 163 3.7 390 
18 6527 6/10/20M 4 800 5 158 0.2 40.0 5.00 158 22.4 375 
19 6528 6/10/2004 4 800 0 147 0.2 40.0 0.00 147 -0.9 340 
20 6529 8HO12004 4 800 3 160 0.2 40.0 3.00 160 13.1 381 

Static Count Time (min) 
I 1.0 I 

Detector Active Area (cm’) 
126 I 

Tech. 
> B firg Initial 

JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 
JAC 

Daily Background Count Time (min) 
I 20.0 1 



CABRERA SMEAR C o d  NG WORKSHEET (Rev 4) 
WASH RACK #2 NORTH FLOOR - SMEAR RESULTS 

I a eff p eff 
0.3300 I 0.2800 

Sample Count Time (min) Daily Background Count Time (min) I 2.0 I I 20.0 I 



CABRERA SMEAR COlf ,NG WORKSHEET (Rev 4) 
WASH RACK #2 SOUTH FLOOR - SMEAR RESULTS 

t a Fla a eff p eff Sample Count Time (min) Daily Background Count Time (min) 
0.3300 I 0.2800 1 2.0 I I 20.0 I 



WASH 

I a eff p eff 
0.3300 I 0.2800 

CABRERA SMEAR COU ,NG WORKSHEET (Rev 4) 

Sample Count Time (min) Daily Background Count Time (min) 
I 2.0 I I 20.0 I 

RACK #2 CEILING AND UPPER WALLS - SMEAR RESULTS 

page g 



CABRERA SMEAR CO lf ,NG WORKSHEET (Rev 4) 
WASH RACK #2 LOWER WALLS - SMEAR RESULTS 

I doml100 cmZ 1 

I a eff p eff Sample Count Time (min) Daily Background Count Time (min) 
0.3300 I 0.2800 1 2.0 I I 20.0 I 



CABRERA STATIC C O l  ING WORKSHEET (Rev 5) Page ( 
WASH RACK #2 NORTH FLOOR - INTEGRATED DIRECT MEASUREMENTS 

Detector Active Area (cm2) 
582 

Static Count Time (min) 
I 1.0 I I Daily Background Count Time (min) 

I 20.0 I 

seq. t 

1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
i a  
19 
20 

* Morning Daily Count 

Background Total Tech. 
Sample ID# and Dercrlption Date Counts" Sample Total Counts Background (cpm) Sample Counts (cpm) Sampb (dpm1100 cm') > a  flag > fl flag Inltial 

a B a B a B a B a B 
W A F - 1  6/27/2003 4 a i9  a a29 0.2 41.0 8.00 829 7.9 542 KP 
WR2-NF-2 6/27/2003 4 a i9  7 1121 0.2 41 .O 7.00 1121 6.9 742 KP 
w - N F - 3  6/27/2003 4 a i9  10 1345 0.2 41.0 10.00 1345 9.9 a96 KP 
W A F 4  8/27/2003 4 ai9 9 1500 0.2 41.0 9.00 1500 8.9 1003 KP 
W N F - 5  8/27/2003 4 a i9  5 729 0.2 41.0 5.00 729 4.9 473 KP 
W A F S  6/27/2003 4 a i9  7 659 0.2 41.0 7.00 659 6.9 425 KP 
W A F - 7  8/27/2003 4 ai9 5 580 0.2 41.0 5.00 580 4.9 370 KP 
WRZ-NF-8 6/27/2003 4 ai9 12 a57 0.2 41.0 12.00 a57 11.9 561 KP 
WRZ-NF-9 6/27/2003 4 a i9  5 a71 0.2 41 .O 5.00 a71 4.9 570 KP 
WRZ-NF-10 6/27/2003 4 ai9 6 917 0.2 41.0 6.00 917 5.9 602 KP 
WR2-NF-11 6/27/2003 4 a i9  4 593 0.2 41.0 4.00 593 3.8 379 KP 
WRZ-NF-12 8/27/2003 4 ai9 5 556 0.2 41.0 5.00 556 4.9 354 KP 
w - N F - 1 3  6/27/2003 4 ai9 4 696 0.2 41.0 4.00 696 3.8 450 UP 
WRZ-NF-14 8/27/2003 4 a i9  9 686 0.2 41 .O 9.00 686 8.9 443 KP 
WRZ-NF-15 6/27/2003 4 a i9  15 778 0.2 41.0 15.00 778 15.0 507 KP 
WRZ-NF-16 6/27/2003 4 a i9  11 689 0.2 41.0 11 .oo 689 10.9 445 KP 
WRZ-NF-17 6/27/2003 4 a i9  7 627 0.2 41.0 7.00 627 6.9 403 KP 
m - w - i a  6/27/2003 4 a i9  6 698 0.2 41.0 6.00 m a  5.9 452 KP 
w - N F - 1 9  6/27/2003 4 a i9  12 612 0.2 41.0 12.00 612 11.9 392 KP 
WRZ-NF-20 6/27/2003 4 a i9  5 713 0.2 41.0 5.00 713 4.9 462 KP 



page d CABRERA STATIC CO d A G  WORKSHEET (Rev 5) 
WASH RACK #2 SOUTH FLOOR - INTEGRATED DIRECT MEASUREMENTS 

~ ~ 

etector Active Area (cm2) a eff p eff 
582 0.1700 I 0.2500 

Stabc Count Time (min) 
1 1.0 I 1 Daily Background Count Time (min) 

I 20.0 I 
* Morning Daily Count 
Background Total 

seq. # Sample ID# and Description Date Counts' Sample Total Counts Background (cpm) Sample Counts (cpm) Sample (dpm1100 cm') > a  mg B f h d  
a B a B a B a B a B 

1 W S F - 1  6/27/2003 4 a19 5 594 0.2 41 .O 5.00 594 4.9 380 
2 W S F - 2  6/27/2003 4 ai9 7 703 0.2 41.0 7.00 703 6.9 455 
3 W S F - 3  6127/2003 4 ai9 4 687 0.2 41 .O 4.00 687 3.13 444 
4 W S F 4  6/27/2003 4 a i9  10 673 0.2 41.0 10.00 673 9.9 434 
5 W S F - 5  6/27/2003 4 a19 9 692 0.2 41 .O 9.00 692 8.9 447 
6 W S F - 6  6/27/2003 4 a19 7 694 0.2 41 .O 7.00 694 6.9 449 

a w - s F - 8  6/27/2003 4 a19 12 1272 0.2 41 .O 12.00 1272 11.9 846 
9 W S F - 9  8/27/2003 4 a i9  7 1147 0.2 41 .O 7.00 1147 6.9 760 
10 W S F - 1 0  8/27/2003 4 819 5 92 1 0.2 41 .O 5.00 921 4.9 605 
11 wR2-SF-11 6127/2003 4 819 8 827 0.2 41.0 a.oo a27 7.9 540 
12 W S F - 1 2  6/27/2003 4 a19 3 712 0.2 41.0 3.00 712 2.8 46 1 -~ 

13 W S F - 1  3 W2712003 4 ai9 9 802 0.2 41 .O 9.00 a02 8.9 523 
14 WRZSF-14 W27/2003 4 a i9  6 753 0.2 41.0 6.00 753 5.9 489 
15 W S F - 1  5 6/27/2003 4 a19 11 769 0.2 41.0 11 .oo 769 10.9 500 
16 W S F - 1 6  8/27/2003 4 a19 10 652 0.2 41 .O 10.00 652 9.9 420 
17 W - S F - 1 7  8/27/2003 4 819 5 6% 0.2 41.0 5.00 696 4.9 450 
18 WSF-I a 6/27/2003 4 819 6 723 0.2 41 .o 6.00 723 5.9 469 
19 W S F - 1 9  6/27/2003 4 a i9  4 1  649 0.2 41.0 4.00 649 3.8 418 
20 W S F - 2 0  6/27/2003 4 ai9 8 1  698 0.2 41.0 8.00 m a  7.9 452 

7 W S F - 7  8/27/2003 4 a19 7 74 1 0.2 41 .O 7.00 74 1 6.9 4a 1 

Tech. 
Initl.1 

KP 
KP 
KP 
KP 
KP 
KP 

KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 
KP 

KP 



i CABREM STATIC COL ING WORKSHEET (Rev 5) page ( 
WASH RACK #2 CEILING AND UPPER WALLS - INTEGRATED DIRECT MEASUREMENTS 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

I I Static Count Time (min) Daily Background Count Time (min) 
I 1.0 I I 20.0 1 

Detector Active Area (cm2) 
100 

North Wall 8126/2003 [ 0 0 1 100 0.0 0.0 1 .oo 100 5.0 500 KP 
ceiing 6/26/2003I 0 0 2 77 0.0 0.0 2.00 77 10.0 385 KP 
Ceiling 6/26/2003 0 0 0 84 0.0 0.0 0.00 84 0.0 420 KP 
Ceiling 6/26/2003 0 0 0 93 0.0 0.0 0.00 93 0.0 465 
Ceiling 6/26/2003 0 0 0 96 0.0 0.0 0.00 96 0.0 480 KP 

South Wall 8/26/2003 0 0 1 82 0.0 0.0 1 .oo 82 5.0 410 KP 
North Wall 8/26/2003 0 0 0 85 0.0 0.0 0.00 85 0.0 425 KP 

Ceiling 8/26/2003 0 0 0 01 0.0 0.0 0.00 91 0.0 455 KP 
Ceiling 6/26/2003 0 0 1 92 0.0 0.0 1 .oo 92 5.0 460 KP 
Ceiling ' 6/26/2003 0 0 1 98 0.0 0.0 1 .oo 98 5.0 490 KP 
Ceiling 6/26/2003 0 0 2 97 0.0 0.0 2.00 97 10.0 485 KP 

south wall 6/26/2003 0 0 0 92 0.0 0.0 0.00 92 0.0 460 KP 
West Wall 6/26/2003 0 0 0 91 0.0 0.0 0.00 91 0.0 455 KP 
west wen 6/26/2003 0 0 2 105 0.0 0.0 2.00 105 10.0 525 KP 
west w a n  6/26/2003 0 0 0 98 0.0 0.0 0.00 98 0.0 490 KP 
west wan 6/26/2003 0 0 1 72 0.0 0.0 1 .oo 72 5.0 360 KP 

1 

---- -______--. ----- 

-------,-. ----_.__ 

Q Fla } = I  



CABRERA STATIC Cod .NG WORKSHEET (Rev 5) page ( 
WASH RACK #2 LOWER WALLS - INTEGRATED DIRECT MEASUREMENTS 

. * Morning Daily Count 

Background Total Tech. 
seq. # Sample ID# and Description Date Counts’ Sample Total Count8 Background (cpm) Sample Counts (cpm) Sample (dpm1100 cm’) a a fhg > p flag Initial 

a B a B a B a B a B 
1 North Wall 6/25/2003 5 854 14 543 0.3 42.7 14.00 543 13.9 344 KP 

3 North Wall 6/25/2003 5 854 8 530 0.3 42.7 8.00 530 7.8 335 KP 

5 East Wall 6/25/2003 5 854 11 581 0.3 42.7 11.00 56 1 10.9 356 KP 

8 East Wan 6/25/2003 5 854 9 574 0.3 42.7 9.00 574 8.8 365 KP 
East Wall 6/25/2003 5 a54 6 550 0.3 42.7 6.00 550 5.8 349 KP 

2 North Wall 6/25/2003 5 854 9 523 0.3 42.7 9.00 523 8.8 330 KP 

North wall 6/25/2003 5 854 7 517 0.3 42.7 7.00 517 6.8 326 KP 4 

6/25/2003 5 854 9 602 0.3 42.7 9.00 602 8.8 384 KP 6 East Wan 
58 1 - ~ 0.3 -- 42.7 14.00 581 13.9 370 KP 7 East WaH 6/25/2003 5 854 14 

9 
East wall 6/25/2003 5 854 7 568 0.3 42.7 7.00 568 6.8 361 KP 10 

East Wall 6/2512003 5 854 8 578 0.3 42.7 8.00 578 7.8 368 KP 11 

East Wall 6/25/2003 5 854 5 583 0 3  42.7 5.00 583 4.8 37 1 KP 12 

13 south Wall 6/25/2003 5 854 6 545 0.3 42.7 6.00 545 5.8 345 KP 
14 

16 
17 

19 

~ ~ 

south wall 6/25/2003 5 854 5 525 0.3 42.7 5.00 525 4.8 33 1 KP 
15 south Wall 6/25/2003 5 854 9 499 0.3 42.7 9.00 499 8.8 314 KP 

South Wall 6/25/2003 5 854 11 573 0.3 42.7 11.00 573 10.9 364 KP 
west wan 6/25/2003 5 854 8 581 0.3 42.7 8.00 581 7.8 370 KP 

18 west Wan 6/25/2003 5 854 12 589 0.3 42.7 12.00 589 11.9 375 KP 
westwan 6/25/2003 5 854 10 515 0.3 42.7 10.00 545 9.9 345 KP 

20 west Wan 6/25/2003 5 854 11 503 0.3 42.7 11.00 503 10.9 316 KP 
21 west Wan 6/25/2003 5 854 5 574 0.3 42.7 5.00 574 4.8 365 KP 
22 westwan 8/25/2003 5 854 10 580 0.3 42.7 10.00 560 9.9 356 KP 

24 WestWan 6/25/2003 5 I 854 8 555 0.3 42.7 8.00 555 7.8 352 KP 
23 west Wan 6/25/2003 5 854 8 582 0.3 42.7 8.00 582 7.8 37 1 KP 

dpm/100 un 

i Static Count Time (min) Daily Background Count Time (min) 
I 1.0 I I 20.0 I 

Detector Active Area (cm’) 
582 



L CABRERA SMEAR CO - .  ING WORKSHEET (Rev 4) 
WASH RACK #3 NORTH FLOOR - SMEAR RESULTS 



CABRERA SMEAR Cod. ,NG WORKSHEET (Rev 4) 
WASH RACK #3 SOUTH FLOOR - SMEAR RESULTS 

dpm1100 cm 
a eff p eff Sample Count Time (min) Daily Background Count Time (min) 

0.3300 I 0.2800 I 2.0 I I 20.0 I 



I CABRERA SMEAR Cod. ,NG WORKSHEET (Rev 4) 
WASH RACK #3 CEILING AND UPPER WALLS - SMEAR RESULTS 

I 
d p d l  00 cm 

a eff p eff Sample Count Time (min) Daily Badground Count Time (min) 
0.3328 I 0.2789 I 2.0 I I 20.0 I 



i 

WASH RACK #3 NORTH FLOOR - INTEGRATED DIRECT MEASUREMENTS 

1 Static Count Time (min) 
I 1.0 I 

Detector Active Area (cm2) 
582 1 dpmli 00 cm' 

Daily Background Count Time (min) I a Fla g , p Flag I 
I 20.0 I 100 5000 

* Morning Daily Count 

I 

I 



CABRERA SMEAR Cod. .NG WORKSHEET (Rev 4) 

10 WR3-EW-6 
11 vIR3-Ew-7 
12 WR3-EM 
13 WR3-SWl 
14 WR3sW2 
15 W R 3 s W  
16 m3-Sw-4 
17 w R 3 - W l  
10 W R 3 - W 2  
19 M 3 - V w - 3  
20 wR3-ww-4 
21 v v R 3 - W 5  
22 w3-w 
23 w R 3 - W 7  
24 m3-Vw-8 
25 

WASH RACK #3 LOWER WALLS - SMEAR RESULTS 

3/30/2004 4 965 1 106 0.2 40.3 0.50 53 0.9 17 KP 
3/30/2004 4 965 0 93 0.2 40.3 0.00 47 -0.6 -6 KP 
3/30/20M 4 965 0 09 0.2 40.3 0.00 45 -0.6 -1 3 KP 
3/30/2004 4 965 0 94 0.2 40.3 0.00 47 -0.6 4 KP 
330/2004 4 965 0 92 0.2 40.3 0 00 46 -0.6 -0 KP 
33012004 4 965 2 95 0.2 40.3 1 .oo 40 2.4 -3 KP 
3l30l2004 4 965 1 01 0.2 40.3 0.50 41 0.9 -20 KP 
3/30/2004 4 965 0 90 0.2 40.3 0.00 45 -0.6 -12 KP 
3/30/2004 4 965 1 00 0.2 40.3 0.50 44 0.9 -1 5 KP 
3/30/2004 4 965 0 105 0.2 40.3 0.00 53 -0.6 15 KP 
mono04 ~ 4 965 0 04 0.2 40.3 0.00 42 -0.6 -22 KP 
3B012004 4 965 1 09 0.2 40.3 0.50 45 0.9 -1 3 KP 
3/30/2004 4 965 0 102 0.2 40.3 0.00 51 -0.6 10 KP 
3/30/2004 4 965 0 09 0.2 40.3 0.00 45 -0.6 -1 3 KP 
3l3ono04 4 965 1 92 0.2 40.3 0.50 46 0.9 -0 KP 

a eff p eff Sample Count Time (min) Daily Background Count Time (min) 
0.3300 I 0.2000 I 2.0 I I 20.0 I 

I dpmIl00 cm2 I 



Appendix I: Survey Instrument Quality Control and 
Calibration Certificates 



w I ltISW79498 Tc-99 ltISt.lY79498 TC-99 
Initial Source Readin 

Date I Result(c&) 
6/16/2003 I 2.600 

source ser. #I 3974-02 
Nuclidel Tc-99 

BTD General Meter QC 0403 
lnst.#79498 Tc-99 



Date 
3/30/2004 
3/30/2004 
3/3im)W 

I I 
I 

I 

I 1 

Result (cpm) 
123 
1 39 
142 

BTD General Meter QC 0304 
lnst.#162426 Beta Background 



-~ -- - -  _ _ _ _ _ ~  

Inst.#l62426 Beta Background, Daily QC Trend Graph 
180 
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QC Date 
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W I l1W.#162426 Th-230 I 

BTD General Meter QC 0304 
lnst.#162426 Th-230 
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b’ I lnst.11162426 Tc-99 I 
QC Daily Source 

Date I ResultIcml I PI t  

3/31/2004 2,671 

BTD General Meter QC 0304 
lnstM62426 Tc-99 



~~ - 
~~ 

Inst.#l62426 Tc-99, Daily QC Trend Graph 
3,500 

3,000 

2,500 

2,000 

E a 
0 

1,500 

1,000 

500 

0 

+Value 
-+20 % 
-Average - -20% 

3/29/04 3l30104 3130104 313OlO4 3130104 3l30104 313 1 104 313 1 Io4 

QC Date 
~ ~~~ ~- 



lnst.#79498 Tc-99, Daily QC Trend Graph 
3,500 

3,000 

2.500 

2,000 

1,500 

1.000 

500 

611 3/03 611 8/03 6123103 6128103 

QC Date 

7/3/03 7/8/03 711 3/03 



-- BTD General Meter QC 0403 
lnst.#79511 Tc-99 



lnst.#79511 Tc-99, Daily QC Trend Graph 
3.500 

3,000 

2,500 

2,000 

1.500 

1,000 

500 

0 
4/9/03 4/29/03 511 9/03 6/8/03 6/28/03 711 8/03 8/7/03 8/27/03 9/16/03 
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WASH RACK #3 SOUTH FLOOR - INTEGRATED DIRECT MEASUREMENTS 

* Morning Daily Count 

Background Total Tech. 
seq. # Sample ID# and Description Date Counts’ Sample Total Counts Background (cpm) Sample Counts (cpm) Sample (dpm1100 cm’) > a  flag > B flag Initial 

a B a B U B a B a B 
1 WR3-SF-1 6/23/2003 5 866 5 808 0.3 43.3 5.00 808 4.8 526 KP 
2 WR3-SF-2 6/23/2003 5 866 3 758 0.3 43.3 3.00 758 2.8 49 1 KP 
3 wR3-SF-3 6/23/2003 5 866 6 561 0.3 43.3 6.00 561 5.8 356 KP 
4 WR3-SF-4 6/23/2003 5 866 7 1005 0.3 43.3 7.00 1005 6.8 66 1 KP 
5 WR3-SF-5 6/23/2003 5 866 2 258 0.3 43.3 2.00 258 1.8 148 KP 
6 WR3-SF6 6/23/2003 5 866 2 647 0.3 43.3 2.00 647 1.8 415 KP 
7 VkR3-SF-7 6/23/2003 5 866 3 665 0.3 43.3 3.00 665 2.8 427 KP - -  ~~ - ~ -  - ~ _ _ _ _ ~  --- 
8 WR3-SF-8 6/23/2003 5 866 1 569 0.3 43.3 1 .oo 569 0.8 361 KP 
9 W F - 9  6/23/2003 5 866 6 880 0.3 43.3 6.00 880 5.8 575 KP 
10 WR3-SF-10 6/23/2003 5 868 4 940 0.3 43.3 4.00 940 3.8 616 KP 
11 wR3-SF-11 6/23/2003 5 866 2 558 0.3 43.3 2.00 558 1.8 354 KP 
12 WR3-SF-12 6/23/2003 5 866 3 551 0.3 43.3 3.00 551 2.8 349 KP 
13 WRSF-13 6/23/2003 5 866 2 434 0.3 43.3 2.00 434 1.8 269 KP 
14 WRNF-14 6/23/2003 5 866 4 1283 0.3 43.3 4.00 1283 3.8 852 KP 
15 WR3-SF-15 6/23/2003 5 866 7 1076 0.3 43.3 7.00 1076 6.8 710 KP 
16 WR3-SF-16 6/23/2003 5 866 4 572 0.3 43.3 4.00 572 3.8 363 KP 
17 WR3-SF-17 6/23/2003 5 866 4 620 0.3 43.3 4.00 620 3.8 396 KP 
18 WR3-SF-18 6/23/2003 5 866 4 576 0.3 43.3 4.00 576 3.8 366 KP 

20 WR3-SF-20 6/23/2003 5 888 4 664 0.3 43.3 4.00 664 3.8 427 KP 
19 WR3-SF-19 6/23/2003 5 866 7 683 0.3 43.3 7.00 683 6.8 440 KP 

dpd100 ern' I a Flag , Flag I 
100 5000 

Static Count Time (rnin) Daily Background Count Time (rnin) 
[ 1.0 1 [ 20.0 I 

Detector Active Area (cm’) 
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WASH RACK #3 CEILING AND UPPER WALLS - INTEGRATED DIRECT MEASUREMENTS 
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WASH RACK #3 LOWER WALLS - INTEGRATED DIRECT MEASUREMENTS 
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CERTIFICATE OF CALIBRATION 

Idlmctroplrtd Nph8 Stand8rd 

S.0.t 3863 
P.O.# 02-055 

Demript ion  of Standard: 

Model No. DNS-11 Serial No. 3973-02 Isotope Th-230 

Electroplated on polished SS disc, 0.79 mm thick. 

Total diameter of 4.77 cm and an active diameter of 4.45 cm . 
The radioactive material is permanently fixed to the disc by heat treatment without any 
covering over the active surface. 

Umasurement Mmthod : 

The 2pi alpha emission rate was measured using an internal gas flow proportional 
chamber. . Absolute counting of alpha particles emitted in the hemisphere above the 
active surface was verified by counting above, below, and at the operative voltage. 
The calibration is traceable to NIST by reference to an NIST calibrated alpha source 
S/N 2393/91 

masurment b a u l t :  

The observed alpha particles emitted from the surface of the disc per minute (cpm) on - the calibration date was: 
+ 265 8,860 - 

The total disintegration rate (dpm) assuming 1.5% backscatter of alpha particles from 
the surface of the disc, was: 

17 , 500 - + 52 3 ( 0.00786 W i  1 

The uncertainty of the measurement is 3 %, which is the sum of random counting 
error at the 99% confidence level, and the estimated upper limit of systematic error in 
this measurement. 

Calibrated by: ART REUST 

Calibration Technician: 

Calibration Date: 4-29-2002 Reviewed Date: 

Analytlcal Serrlcat 
7021 Pan Amerlcan Freeway NE 

(505) 345-3461 Fax (505) 761-5416 
Toll Free (866) RAD-LABS (723-5227) 

wwrr.eberlIneterrlcss.com 

Albuquerque, New MeXlCO 17108-4238 

http://wwrr.eberlIneterrlcss.com
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CERTIFICATE OF CALIBRATION 
Electroplated Beta Standard 

S . O . #  3863 
P . O . #  02-055 

Description of Standard: 

Fodel No. DNS-12 Serial No. 3974-02 I sot ope Tc- 9 9 

Electroplated on polished ss disc, 0.79 m thick. 

Total diameter of 4.77 cm and an active diameter of 4.45 cm . 
The radioactive material is permanently fixed to the disc by heat treatment without any 
covering over the active surface. 

Measurement Method: 

Tie 2pi beta emission rate was measured using an internal gas flow proportional chamber. 
Absolute counting of beta particles emitted in the hemisphere above the active surface was 
verified.by counting above, below, and at the operative voltage. The calibration is 
traceable to NIST by reference to an NIST calibrated beta source S/N 2148/90 

Measurement Result: 

-' 

The observed beta count rate from the surface of tke disc per minute (cpm) on the 
calibration date was: 

f 4 14 10,400 - 

The total disintegration rate (dpm) assuming 25 % backscatter of beta particles from 
the scrface of the disc, was: 

16,600 - + 663 ( 0.00747 K i  1 

The uncertainty of the measurement is 4 8 ,  which is the sum of random counting error 
at the 99% confidence level, and the estimated upper limit of systematic error in this 
r.easurement . 

Ca 11 brat e'd by : ART REUST Reviewed 

Caiibration Technician: Q.A. Representati 

4-25-2002 Reviewed D a t e : A m  c . -  Calibration Date: 

Analytical Services 
7021 Pan American Freeway NE 

Albuquerque, New Mexico 87109-4238 
(505)  345-3461 Fax (505)  761-5416 

Tol l  Free (866) RAD-LABS (723-5227) 
www.eberlineservices.com 

http://www.eberlineservices.com
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CERTIFICATE OF CALIBRATION 
Electroplated Beta Standard 

S.0.) 3863 
P.O.0 02-055 

Description of Standard: 

Model No. DNS-12 Serial No. 3975-02 I sot ope Tc-99 

Electroplated on polished SS disc, 0.79 mn thick. 

Total diameter of 4.77 cm and an active diameter of 4.45 cm. 

The radioactive material is permanently fixed to the disc by heat treatment without any 
covering over the active surface. 

Maarurement Method: 

The 2pi beta emission rate was measured using an internal gas flow proportional chamber. 
Absolute counting of beta particles emitted in the hemisphere above the active surface was 
.verified by counting above, below, and at the operative voltage. The calibration is 
traceable to NIST by reference to an N I S T  calibrated beta source S / N  

Measurement Result: 

2148/90 
u 

The observed beta count rate from the surface of the disc per minute (cpm) on the 
calibratipn date was: 

+ 441 11,000 - 
The total disintegration rate (dpm) assuming 25 % backscatter of beta particles from 
the surface of the disc, was: 

17,700 - + 706 ( 0.00796 ltCi 1 

The uncertainty of the measurement is 4 %, which is the sum of random counting error 
at the 99% confidence level, and the estimated upper limit of systematic error in this 
measurement. 

Calibrated by: ART MUST 

Calibration Technician: 

Calibrati'on Date: 4-25-2002 Reviewed Date: L/;39dA 
Anrlytltrl Services 

7021 Pan American Freeway NE 
Albuquerque, New Mexico 87109-4238 

(505) 345-3461 Fax (505) 761-5416 
Toll Free (866) RAO-LABS (723-5227) 

w w w . ~  berllneservices.com 

http://berllneservices.com


24937 Avenue Tibbitts 
Valencia, California 91355 = Isotope Products 

L Laboratories 
Tel 661*309*1010 
Fax 661*257*8303 An Eckert & Ziegler Company 

CERTIFICATE OF CALIBRATION 
GAMMA STANDARD SOURCE 

Radionuclide: Eu-I 52 Customer: CABRERA SERVICES, INC. 
Half-life: 4933 f 11 days P.O. No.: 01-414 
Catalog No.: GF-152 Reference Date: 15-Oct-01 12:OO PST 
Source No.: 81 2-99-2 Contained Radioactivity: 0.9640 pCi 35.67 kBq 

Physical description: 
A. Capsule type: D 
B. Nature of active deposit: 
C. Active Diameter: 5 rnm 

E. Cover: Acrylic 

Evaporated metallic salt 

D. Backing: EPOXY 

Radiuimpurities: 

Gd-153 = 2.25%; Eu-154 1.30% on 15 Oct 01 

Method of Calibration: .-' 
This source was prepared from a weighed aliquot of solution whose activity in pCi/g was determined 
using gamma ray spectrometry. 
Peak energy used for integration: 
Branching ratio used: 

344.3 keV 
0.266 gammas per decay 

Uncertainty of Measurement: 
A. Type A (random) uncertainty: f 0.7 % 
E. Type B (systematic) uncertainty: f 3.0 % 
C. Uncertainty in aliquot weighing: f 0.6 % 
D. Total uncertainty at the 99% confidence level: f 3.1 % 

Notes: 
- See reverse side for leak test(s) performed on this source. 
- IPL participates in a NlST measurement assurance program to establish and maintain implicit traceability 

for a number of nuclides, based on the blind assay (and later NlST certification) of Standard Reference 
Materials (As in NRC Regulatory Guide 4.15). 

- Nuclear data was taken from IAEA-TECDOC-619,1991. 
- This source has a working life of 5 years. 

Quality Control IPL Ref. No.: 812-99 

I S 0  9001 CERTIFIED 

Medical Imaging Laboratory Industrial Gauging Laboratory 
24937 Avenue Tibbitts Valencia,California 91 355 1800 North Keystone Street Burbank,California 91504 
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Bomb Throwing Device - Structures 
Aberdeen Provina Ground 

Final Report 
Remediation and Final Status Survey 

EXECUTIVE SUMMARY 
Cabrera Services, Inc. (CABRERA), under contract to the U.S. Army Field Support Command 
(FSC), performed remedial activities, remedial support surveys, and Final Status Surveys (FSS) 
for the Bomb Throwing Device (BTD) site at the Aberdeen Proving Ground (APG), Maryland. 
This document provides the results of post-remediation final status surveys for the structures 
associated with the BTD site. These surveys were designed so that the results of the individual 
integrated static measurements could be compared to the release criteria (DCGLw) by survey 
unit. If all of the survey units associated with a structure meet the criteria for unrestricted 
release, then the structure as a whole is considered a viable candidate for unrestricted release. 

CABRERA conducted survey activities in accordance with the U.S. Nuclear Regulatory 
Commission (NRC) approved FSS work plan, prepared by CABRERA. This FSS Report addresses 
final status surveys performed on five BTD structures. The five structures are: the BTD Armor 
Reclamation Facility, Wash Rack #2, Wash Rack #3, Concrete Pad #2 located behind Building 
70 1, and Concrete Pad # 1 located behind the DU Test Enclosure Building. 

FSS activities were designed in accordance with the Multi-Agency Radiation Survey and Site 
Investigation Manual (MARSSIM) guidance (NRC, 2000). 

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

Deconstruction of structures on the BTD site, 

Removal of plate steel for on-site recycling, 

Removal and shipment of remediated soils and debris to Envirocare of Utah (the 
disposal site), 

Designation of the BTD land areas into 25 MARSSIM Class 1 Survey Units, 

FSS of the BTD site soils and structures, and 

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

0 

0 

e 

e 

e 

0 

The radiological contaminant of concern was depleted uranium (DU). The derived concentration 
guideline (DCGLw) for fixed (or total) DU activity was determined to be 100 disintegrations per 
minute alpha per 100 square centimeters (dpm/100cm2). The maximum measurements from all 
of the survey units associated with the five structures were well below the DCGLw value. 

Smear samples for gross transferable alpha contamination were collected and analyzed to 
determine if transferable activity is less than 10% of total activity, to confirm assumptions in the 
release criterion. The maximum smear measurements from all of the survey units associated 
with the five structures were below 10% (Le., 10 dpm/100cm2) oftotal activity. 

The FSS data indicates that the five structures are suitable for release for unrestricted use, 
without regard for former operations with licensed radioactive material. 

FSSs were also performed over a land area of approximately 46,000 square meters and on access 
roads and several support buildings situated on the BTD site. Discussions of the surveys over 
land areas are addressed in a separate FSS document. 

DAA409-00G-0002,'0039 CABRERA SERVICES, INC. Page i 



. 

Bomb Throwing Device . Structures 
Aberdeen Provinu Ground 

Final Report 
Remediation and Final Status Survev 

TABLE OF CONTENTS 
Section Page 

EXECUTIVE SUMMARY ............................................................................................................. i 

1 . 0 INTRODUCTION .............................................................................................................. 1 

1.1 Site History ..................................................................................................................... 1 

BTD Armor Reclamation Facility .......................................................................... 3 

Wash Rack #2 ......................................................................................................... 3 

Wash Rack #3 ......................................................................................................... 4 

1.1.1 

1.1.2 

1.1.3 

1.1.4 

1.1.5 

Concrete Pad #2 (Located Behind Building 701) ................................................... 4 

Concrete Pad #1 (Located Behind the DU Test Enclosure Building) .................... 4 

Derived Concentration Guideline Levels ........................................................................ 5 
1.2 

1.3 

Radionuclides of Potential Concern ................................................................................ 4 

2.0 FINAL STATUS SURVEY DESIGN ................................................................................ 6 

2.1 General Structure Classification Based on Contamination Potential and Survey Unit 
Identification ............................................................................................................................... 6 

BTD Armor Reclamation Facility .......................................................................... 6 

Wash Rack #2 ......................................................................................................... 7 

Wash Rack #3 ......................................................................................................... 7 
Concrete Pad #2 ...................................................................................................... 8 
Concrete Pad #1 ...................................................................................................... 8 

Survey Instrumentation and Survey Techniques ............................................................ 8 

Direct Surface Alpha Radioactivity Scan Surveys and Integrated Direct Surface 

Smear Sample Collection and Analysis ................................................................ 10 

Number of Static Measurements ................................................................................... 10 

Estimation of Relative Shift .................................................................................. 1 1  

2.1 . 1 

2.1.2 

2.1.3 

2.1.4 

2.1 . 5 

2.2 

2.2.1 
Alpha Radioactivity Measurements ........................................................................................ 8 

2.2.2 

2.3 

2.3.1 

2.3.2 Determination of N (Number of Required Measurement Locations) ................... 1 1  

Elevated Measurement Criterion (DCGLEM~) .............................................................. 1 1  2.4 

2.5 Static Measurement Locations ...................................................................................... 12 

3.0 RESULTS ......................................................................................................................... 14 

3.1 BTD Armor Reclamation Facility ................................................................................ 14 
DA.4.4 09-00G-0002 0039 CABRERA SERVICES. INC . Page i 



. 

W 

Bomb Throwing Device . Structures 
Aberdeen Provino Ground 

Final Report 
Remediation and Final Status Survey 

3.1.1 

3.1.2 

3.1.3 

3.1.4 Recommendation .................................................................................................. 15 

Wash Rack #2 ............................................................................................................... 15 

Surface Alpha Radioactivity Scan Surveys .......................................................... 14 

Integrated Direct Surface Alpha Radioactivity Measurements ............................ 14 

Smear Sample Collection and Analysis ................................................................ 14 

3.2 

3.2.1 
3.2.2 
3.2.3 Smear Sample Collection and Analysis ................................................................ 15 

3.2.4 Recommendation .................................................................................................. 16 
Wash Rack #3 ............................................................................................................... 16 

Surface Alpha Radioactivity Scan Surveys .......................................................... 16 
Integrated Direct Surface Alpha Radioactivity Measurements ............................ 16 

Surface Alpha Radioactivity Scan Surveys .......................................................... 15 

Integrated Direct Surface Alpha Radioactivity Measurements ............................ 15 

3.3 

3.3.1 

3.3.2 
3.3.3 Smear Sample Collection and Analysis ................................................................ 16 

3.3.4 Recommendation .................................................................................................. 17 
Concrete Pad #2 ............................................................................................................ 17 

Surface Alpha Radioactivity Scan Surveys .......................................................... 17 

3.4 
3.4.1 

3.4.2 

3.4.3 Smear Sample Collection and Analysis ................................................................ 17 

3.4.4 Recommendation .................................................................................................. 17 

Concrete Pad # 1 ............................................................................................................ 18 

3.5.1 Surface Alpha Radioactivity Scan Surveys .......................................................... 18 

3.5.2 Integrated Direct Surface Alpha Radioactivity Measurements ............................ 18 

3.5.3 Smear Sample Collection and Analysis ................................................................ 18 

3.5.4 Recommendation .................................................................................................. 18 

Integrated Direct Surface Alpha Radioactivity Measurements ............................ 17 

3.5 

4.0 FINAL STATUS SURVEY INSTRUMENT QUALITY ASSURANCE AND QUALITY 
CONTROL .................................................................................................................................... 19 

5.0 REFERENCES ................................................................................................................. 21 

FIGURES 
APPENDICES 

DAA4 09-00G-0002.0039 CABRERA SERVICES. INC . Page ii 



Bomb Throwing Device - Structures 
Aberdeen Provinu Ground 

Final Repod 
Remediation and final Status Survey 

LIST OF TABLES 
Title Page 

Table 2-1 : BTD Armor Reclamation Facility Survey Units .......................................................... 7 

Table 2-2: Wash Rack #2 Survey Units ......................................................................................... 7 

Table 2-3: Wash Rack #3 Survey Units ......................................................................................... 8 

Table 2-4: Instruments Used for Scanning and Integrated Direct Surface Measurements ............ 9 

Table 2-5: AlphaBeta Scintillation Counter Used for Transferable Activity Measurements ..... I O  

Table 2-6: Summary of Area, Number of Data Points, and Grid Spacing by SU ....................... 12 

LIST OF APPENDICES 

Appendix A: Building Photographs 

Appendix B: Final Status Survey Plan For BTD Armor Reclamation Facility, Aberdeen Proving 

Appendix C: Final Status Survey Plan For Wash Rack Facilities #2 and #3, Aberdeen Proving 

Appendix D: Final Status Survey Plan, Bomb Throwing Device (BTD) Site, Aberdeen Proving 

Appendix E: Survey Unit Maps and Sample Locations 

Appendix F: Daily Instrument/Building Summary 

Appendix G: Radiological Survey Maps 

Appendix H: Survey Unit Worksheets and Data Summaries 

Appendix I: Survey Instrument Quality Control and Calibration Certificates 

Ground, Aberdeen, MD 

Ground, Aberdeen, MD 

Ground, Aberdeen, MD 

D~L-t409-00G-0002 00039 CABRERA SERVICES, INC. Page iii 



Bomb Throwing Device - Structures 
Aberdeen Proving Ground 

Final Report 
Remediation and Final Status Survev 

ACRONYMS AND ABBREVIATIONS 

AFSC 

ALARA 

APG Aberdeen Proving Ground 

US. Army Field Support Command 

As Low As Reasonably Achievable 

ARL 

ATC 

BARF 

BTD 

CABRERA 

CFR 

cm 

DCGL or DCGLw 

dpm alphdl 00cm2 

DU 

FSC 

FSS 
W 

HEPA 

LAB 

LBGR 

m 

m2 

MARSSIM 

mrem/yr 

NAD 

NIST 

NRC 

PSA 

Army Research Laboratory 

Aberdeen Test Center 

BTD Armor Reclamation Facility 

Bomb Throwing Device 

Cabrera Services, Inc. 

Code of Federal Regulations 

Centimeters 

Derived Concentration Guideline Level 

Disintegrations per minute alpha per 100 square centimeters 

Depleted Uranium 

U.S. Army Field Support Command 

Final Status Survey 

High Efficiency Particulate Air filter 

Liquid Abrasive Blaster 

Lower Bound of the Grey Region 

Meters 

Square Meters 

Multi-Agency Radiation Survey and Site Investigation Manual 

Millirem per year 

Normalized Absolute Difference 

National Institute of Standards and Technology 

U. S. Nuclear Regulatory Commission 

Plate Storage Area 

QA Quality Assurance 

QC Quality Control 

L- D.-idM09-00G-0002 0039 CABRERA SERVICES, INC. Page iv 



Deslgnet and Manufacturer LUDLUM MEASUREMENTS, INC. 
of POST OFFICE BOX 810 PH. 9152355494 

Cf R77FlCA T f  OF CA L /BRA 77ON 501 OAK STREET 
SWEETWATER, TEXAS 79556, USA.  

FAX NO. 91 52354672 

ORDER NO. 291 453/269534 - rTOMER CABRERA SERVlCES __ 
SerialNo. I t % g 2 7  Mfg . Ludlum Measurements. Inc. Model __ 2929 

Mfg . Ludlum Meam rements. Inc. M o d e l  43-10-1 SerlalNo. O R  171 qaa 
Cal. Date 21 -Jan03 C d  Due Date 21 -Jan44 Cal. Interval 1 Year Meterface xM-014 

Check mark @applies to applicable Instr. and/or detector IAW rnfg. spec. 1. 76 "F RH 20 % Alt 700.4 mmHg 

0 New Instrument Instrument Received m t h l n  Toler. +-lo% CJ 10-20% Out of 101. a Requlrlng Repab 0 Other-See comments 

3 Audo ck. 
Mechanlcal ck. d Window Operatlon 

Meter Zeroed Alphr2SenslWtty 175 mV BetaSensmvlty 4 mV BetaWindow 50 mV 

$Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Callbrated In accordance wlth LMI SOP 14.9 rev 02/07/97. 

Instrument Volt Set 8 2 5 V = 3. a on Hlgh Vottage dlal. Hlgh Volt-e set with detector connected. 

&HV Readout (2polnts) RefJlnst. 50 b / 500 V Ref./lnst. a 0 1 0  / 2 o o o V  

COMMENTS: 
Th230 X2748 
C u r r e n t  Activity: 6130dpm 
Source count minus background: 277 c p  
Eff: 45 %(4pi) 

REFERENCE CAL POINT 
Alpha Channel 
Digital Readout 400K cDm 

A 
a 
A 
a 

v 

REFERENCE CAL POINT 
BetWGarnma Channel 

DigRal Readout a 
--% 

-4KcDm 
---- 

-. 40 cDm 

INSTRUMENT RECEIVED 

39t39u co) 3 
INSTRUMENT RECEIVED 

q o o i a  C 01 

INSTRUMENT METER READING' 

399ctcJ C d  

___- --5L I_ 

INSTRUMENT METER READING' 

yo0 I x Lo) 

'UncertolniywlMini108 C F  wIttthi20% 
budurn MeawementS Inc ceftHk3? mat We abwe instrument has been cubrated b y  stonduds troceob'e to the Nallond IWte ol standubs ma Technology or to ?he cd&~o?km focllltes of 
othef lnternononal S t m W d  Orptollcm members. cf how, been dertved frcm mepted  vdues ol m a l  phrJcol conrtants o( have been M v e d  by me ratla trpe d mllbranOn lechrrlg~es 
lhe cdibrmn system conforms la fhe rfq&ements of ANSllNCSL W 1 - 1  W4 and ANY N323-1978. 

Reference Instruments and/or Sources: 

Cs-I37GammoS/N 0 1 1 6 2  0 6 1 1 2  OM555 J5lm ~ T l C O 3  U T 8 7 9  oE562 OESl 

State of Texas Calbrotbn Lkense No LO1 963 

0 Neutron Am241 Be S/N 1-304 

@ AlphaS/N Th?N #2748 d bet as/^ T c 9 9  NI-EV, C14 GV47 1 0 ottwf 

d m 500 S/N 57885 a Oscllloscope SIN d Multimeter S/N 7 1 300353 

Date  21- S u n  - 0 3  

Date  zc 
^ollbrated By 

&ewed By - 
Rs cemflcate mal not be reproduced except In fun, Whwt me M e n  opproVar of Ldm Meaarrernents. Inc AC Inst (3/Passed DielecM (HIPot) and Coniinulty Test 
FCXMCZS 10/31/XO1 I ontv a Faled 



LUDLUM MEASUREMENTS, INC. 
Designer and Manufacturer POST OFFICE BOX 81 0 PH. 9152355494 

of 501 OAK STREET FAX NO. 9152354672 
SWERWATER TEXAS 79556, USA. Sclentlfk and lndustrbl 

lnsiruments 
u 

Bench Test Data For Detector 

- .  

- _  
_ _  

- 

I 

Detector 43-10-1 Serial NO.- Order #. - 2914531269534 

Customer CAMERA SERVICES Alpha Input Sensttlvity 175 mV 

Counter 2929 Serial No. 1 G 3 827 Beta Input %nsitivlty 4-- 
Count mme 1 Minute Beta Window s o  mV 

mer ___ - Distance Source to Detector T P O  b 

Isotope T h  l ~ o  isotope IY Isotope T.. qq 
High Background Size Ske 3qo & size a a  . L+, 

KMMC4B 12/09/97 
0 Sewing The Nuclear Industry Slnce 1962 0 



Designer and Manufacturer LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 

SWEETWATER. TEXAS 79556, U.S.A. 

PH. 3252355494 of a ""ntik;ik~""' CERTlFlCA Tf OF CALIBRA 77ON 501 OAK STREET FAX NO. 3252354672 

JSTOMER CABRERA SERVlCES ORDER NO. x)6689 / 277045 
L 

2929 
Mfg. __  Ludlum Measurements. Inc. Model 43-10-1 Serial No. 

Mfg . Ludlum Measurements. Inc. Model 

ThU certficate shol not be rep&& except in fun. wmwt the written approval or L u d l m  Meowrements. Inc 
FORM U 5  04/0)/2XI03 

Cd D a t e  -. ___ 19-NOV-03 Cal Due Date 19-NOV-04 Cal. Interval 1 Year  Meterface 202-01 4 

Check mark @applies to appllcable Instr. and/or detector IAW mfg. spec. T. 73 "F RH 3 3 %  Alt 708.8 mmHg 

!J Requlrlng Repalr 0 Other-See comments 0 New instrument Instrument Recebed J&!W%ln Toter. +-lo% 0 1C-2wb 0 Out of Td. 

Mechanical ck. Window Operation 
Audo ck. 
Meter Zeroed AlphaSensitivlty 175 mV BetaSensitlvlty 4 mV BetaWlndow 50 mV 
4 
&@allbroted in accordance with LMI SOP 14.8 rev 12/05/89. 0 Callbrated In accordance with LMI SOP 14.9 rev 02/07/97. 

Instrument Volt Set 17-f V = 3. on Hlgh Voltage dial. High Voltage set wtth detector connected. 
/ $ HVReadout (2polnts) Ref./lnt. 500 / y--~ V Ref./lnst. Moo / 3 d 1 5  V 

COMMENTS: 

1 AC Inst. @l Passed Diektrlc (HIpot) and Continuity Test 
Onb' 0 FoiW: 

REFERENCE CAL POINT INSTRUMEM RECEIVED INSTRUMEM METER READING* 

Digital Readout e- ~ 344 9 59 m 
40K cpm Yaoos - LJ&709 

A YG G ---$ab-- 

Alpha Channel 

4K cDm L/oo- - _ _  YGO s 

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

- 2 7  
Beta/Gamma Channel 

Dlgital Readout 400K cpm 

A -A A 
40 cDm q?? 

'Uncertoln~ within i 10% C F wlMin 20% 
Ludlum M e w e m e n t l  Inc ce* thd ttw above instrument has been callbated by stondadr hoceable to the Natmd M i u t e  of SfandorQ aW Technology, a lo me cOabrotron foaliilaj d 
other ln terndwd Storduds Orgonhotlon mer&en. M hove been d e w  frun accepted vdues d n d u o l  phyWcal coratanb M hove been deftved by the r a t b  tvpe of cdlbratlm techrqmt 
The colimonon system conforms to me requlrernents of ANSllNCSL ml 1994 ard AN9 N323-1978 

Reference Instruments and/or Sources: 
Stote of Texas Cafbrafbn Ucense No LO4963 

1162 9 6 1 1 2  OM565 0 5 1 0 5  CTlQXOT879 CE552 D E 5 5 1  E Neutron Am241 Be S/N T-30d 

2 Y? 12.blC-0 . -&~s/N Tc'F? / L/ 31G-p- ((7 7 J, 84,- 0 Other 
L 

m500S/N 102799 c] Oposcope ;/Pi d Multimeter SIN 68260348 



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

FAX NO. 3252354672 .- of 501 OAK STREET 
SclentlRc and Industrial 

lmirunents SWEETWATER TEXAS 79556. U.S.A. 

v 
Bench Test Data For Detecfor 

Voltage Alpha Beta Alpha Beta Alpha Bet0 

j i3 . f  d lYL/ 4 t w  v/ Y / L  Q Y77 
5 i ( b  0 Q8 70 39 1 /t' @? 

e 635 A ? G T - , -  7th I2 3633 
A- 0 6 4  ?8&l-ZZ-m 2 L./ 795q 
r7tC 0 6 (  fkS-9  3 q 3  B7W 
- - 1 
- 

- 

Customer CABRERA SERVICES 

Counter - 2929 Serial No. !7 15-90 

Npho Beto 

I 1 3 2  SI 
/ 1726% 

3 2 z e /  
0 2 6 Y 3 2  
I '3 Z/G3 

i 

A I W ~  Input Sensitivity /3>1 mv 

Beta Input Sensitivity _ _ _ _ ~  Y mV 
Beta Window S-L mv 

Other Dlstance Source to Detector n o  \ I  

e Serving The Nuclear lndustfy Slnce I962 e 



Designer and Monufacfwer LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 325-235-5494 of 

Scientific and Indushiol CERTIFICATE OF CALIBRATION 501 OAK STREET FAX NO. 325-235-4672 
Instruments 

SWEEPNATER. TEXAS 79556, U.S.A. 

20801 7 L/JJSTOMER ~~ CABRERA SERVICES ..~ ~ .~ ORDER NO.__.. -__ .- 

Mfg. - -.Ludlum Mgaxements, Inc. Model ~ 2929 - ~~~ SeriaiNo. I gb 830 
Mfg. Ludlum Measurements, Inc. Model 4 3 - 1 0 . ~  - Serial No. --P$ ILh3 s k _ -  
Cal. Date 15-Dec-03 .- Cal. Interval . I  Year Meterface ~ 202-014 CalDueDate 1SDec-04 

Check mark ,$applies to applicable instr. and/or detector IAW mfg. spec. T. 72 "F RH--. . 25 % Alt. 694$- mm Hg 

171 Other-See comments :a New lnshument 

135 Mechanical ck. Window Operation 
'~ Audio ck. 

& Meterzeroed 
@I Calibrated in accordance with LMI SOP 14.8 rev 12/05/89, 

Instrument Received c Within Toter. +-lo% 0 10.20% u Out Of 101. 1;: Requiring Repair 

Alpha Sensitivity 175 rnV BetaSensitivity . 4 mV Beta Window 50 mV 

2 Caiboted in accordance with LMI SOP 14.9 rev 02/07/97. 

instnrment Volt Set 675 V = 2 .8  I on High Voltage dial. High Voltage set with detector connected. 

HV Readout (2 points) RefJlnst. -~ ~ _5_00_-~--~- / ~~ ~~~ ~ ~ V Ref./lnst. ~. 2000 - - J  - 1 9 9 k V  
~~ 

COMMENTS: 

&wnma Cdibrmn GM de$cton pmrhawd prpendicuhr to sauce except fa M 449 in whch the hont of probe fax 50um 

REFERENCE CAI POINT INSTRUMENT RECEIVED INSTRUMENT METER READING' 
Alpha Channel 
Digital Readout 400K cprn __ *043 r tb4  

4K cpm - 3 3 7 -  

40 cBm ____ + b  - 

4N Cpm- ~ ~ - _ -  3 3 ? ? 2  
b 

4 06 400 cpm _- _ _ _ _ _ _  

REFERENCE CAL POINT INSTRUMENT RECEIVED INSTRUMENT METER READING' 
Beta/Gamma Channel 
Digital Readout 400K cDm -__ _ -  - $ ? 4 9 _ _  

40K cDm - _  r)d-o?L! _ _  

4K corn 4 S O Y  

400 cpm +as 
40 cDm _. % 

'Uncertainty within f 10% C F wfhn f 20% 
Ludlum Measuements IK c&ifes that the above lnstrurneni 1 0 s  been eollbrafed by rfandords traceable to the NoPono1 lnstliute of Stondards and l echnolugy ci ta the callbation facll tes of 
other lnlmaibnol Siandards Organuotlon memben, or hove been derived accepted volues of natural phyacol co1stonis OT Pave been denved by the rotb h/pe 01 callbratan techniques 
me cab-ohon system contomr to the reqytementf of ANSllNCSL2540-1 1994 and ANSI N323-1978 State of Teras Calibration bcense No LO-1963 

Reference Instruments and/or Sources: 
- - 

Cs-l37GammaS/N 111162 lAG112 UM565 IJ5105 U T l G O 8 1 1 8 7 9  l~E552 r E 5 5 l  I 1 7 2 0  i734 -1616 Neutron Am 241 Be SIN T-304 

14 AlphaS/N 4337 Pu239 15.7kcpm d  beta^/^ 1659 C l 4  635183 Tc99 c7 Other ____ __ 

id m 500 S/N 141244 11 Oscilloscope S/N fi Multimeter S/N ___ 68 160950 

_ _  Date s- fia- 0 3 _ _ _ _ _ _ _  - 

________ Dote D L - = -  
AC h t  TPassed 7 Dielectnc (Hi-Pot} and Confinuity Test 1 Only L, Failed ___ ___ __ - - ___- 

Lda!!3 '-olibrated By 

.eviewed By 
L 

Tha ce4 ficate rhall ?ot be repoduced except in full w (hour the wntten aplxovol of LLdlJrn Measurements Inc 
FORM C25 I I /26/2003 



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

Scientific and Industrial 
Instruments 

Of 501 OAK STREET FAX NO, 325-235-4672 

SWEETWATER, TEXAS 79556, U.S.A. 

Bench Test Data For Detector 
- 

Serial NO. PR 07 847 Detector . 43-10-1 - 

Customer CABRERA - -- SERVICES 

Counter - 2929 Serial NO. _ - I  80 8 3 0 
Count nrne 'Minute . -  

._- Other 

Order #. 

Alpha Input Sensitivity 

Beta Input Sensitivity 

Beta Window 

Distance Source to Detector 

, 
- __ - 

I 
r- -, - __ -. - - 

I I 
I I I -- 

I - -  _ _  - i- 
I I 

I I 
I 

I I 

+. _- - _ _  - -~ - - -L , 
I 

_ - __ 
Gas Proportional detector count rate decreased 
Gas proportional detector count rate decreased 5 10% after 5 hour static test using 39" cable and alphalbeta counter 

10% offer 15 hour static test using 39' cable 

n 

Signature 

u 
FOKM CIR 04/09/7003 

0 Serving The Nuclear Industry Since 1962 0 



Ddgner ond Monufoctumr LUDLUM MEASUREMENTS, INC. 
of posl OFFICE BOX 810 PH. 325-235-5494 

CERTIFICATE OF CAllBRAnON 501 OAK STREET FAXNO. 3252354672 
WEWATER TEXAS 79556. USA. 

STOMER CABRERA SERVlCES OMXR NO. 29W/272290 

ma. L u d u n r e m e n t s .  Inc. Model 3 serial NO. 7 3  44 8 
Mfg- MeasurementS Inc. Model 449 serlaiNo. 4R073406 
Cd.Date P-Mav-03 CdDueDate 9-MaV-04 Cd,lntenral l Y e a r  Meterface 2M-002 

0 New Instrument Instrument Recelved 0 Wllhln Toler. t 1 0 %  0 1@20% 0 Out of Tol. &quklng Repdr 0 Other- comments 
a Mechmlcdck. [a MeterZeroed 0 BockgrwndSubtract 0 Input Sens. Unearlty 

#EZk." 0 AlQmsetthlgck. Psatt. ck (Mln. Voit) 2.2 VDC 

Check mark d a m  to ap@lcde Instr. and/or detector IAW mfg. spec. T. 73 'F A l t 6 9 7 . 8 m H g  

Resetck. WlndowOperatbn a -tropism 

Calibrated In accordance w#h LMI SOP 14.8 rev 12/05/69. 0 Calibrated in accordance wllh LMI SOP 14.9 rev 02/07/97. 
Threshold mV 

hshwnentVoRSet 900 V InputSens. 7 8  mV Emtoper. 900 V a t  z? mV DMRatlo 

a HV R e o d o u t  Q polnts) Ref./lnst. I v Ref./lnst. 1 v 

GmcrpCaSbrabm GM deledm poelmd perpendarlv to WUEB empIiorM 444 h whchhefmnld ~ l s c e r s a r r c e  

REFERENCE INSTRUMENT REC'D INSTRUMENT 
RANGE/MlJLTIPUER CAL. POINT 
xloo - 1- 
xlo AOk- 
L 1- 
1(1 4kCOm 
L - 
_xo.1 

u 

lOOcom 

' U m * a l W  C.F.wiIMt2119( All Range($) cdkahd Ekctronkalty 
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING. 



LUDLUM MEASUREMENTS. INC. 
m n e ; I I b t u m r  

ScbntMc and lndurtrfol 

POST OFflCE BOX 810 

WEEWATER TEXAS 79556 USA. 

PH. 3252355494 
of 501 0 A K m  FAXNO. 325235-4672 

L 

CONVERSlON CHART 

Customer CABRERA SERVICES Date 9-Maya Order 1. 297060/272290 

Model 3 SerlalNo. 79 4Sq m t e c t o r m l  469 walw. Q k013 106 

0-137 19-4 -137 30 mCI Hlgh Vohge 9 o o v  Source 

Input SensttMty 28, mv 

Reference Polnt 
"As Found" Readings (CPM): 

MeterWlng I Range/Scale 

150 mRm 

50 mR/hr 

16 mRhr 

5 mR/hr 

1.5 mRhr 

1 .O mR/hr 

After AdJustment Readings (CPM): 
MeterReodkrg I Range/Scale 

n 

/ 
- 

FORM C17-1A OPE912003 
0 Setvlng The Nuclear IndusW slnce 7962 0 



Deslgner and Manufacturer 

Scienhfic and Industrial 
Instruments 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 3252355494 
501 OAK STREET FAX NO. 3252354672 
WEWATER, TEXAS 79556, USA. 

of 

CERTFCATE OF CALlBRATlON 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' 

Dlgltal 
Readout 

USTOMER CABRERA SERVICES - ORDER NO. 216307/281793 

3 

Serlal setlol No. No,* 

-Mfg. Ludlum Meow remenk. Inc. Model 

Mfg. Ludlum Measurements, Inc. Model 44-9 
Cal. Date 19-May-04 Cal Due Date 19-MC~05 Col. Interval 1 Yea  Meterface 202-002 

Check mark @applies to applicable In&. and/or etector IAW mfQ. spec. T. 75 "F RH 45 % Alt 698.8 m m ~ g  

New Instrument Instrument Received Wltbln Tder. t10% 0 10-20% 0 Out of Td. 0 Requlrlng Repolr Other-See comments 

a Mechanlcal ck. u Meterzeroed 
@ F/S Resp. ck Resetck. 
@ Audiock. 0 Alum Semng ck. Bott. ck. (Mln. Vdt) 7.2 VDC 

0 Background Subtract 
0 Wlndow Operatton La Geotropism 

IJ' Input Sens. Wearity 
d 

Calibrated In accordance wlttr LMI SOP 14.8 rev 12/05/89. 0 Callbrcrted In accordance wlth LMI SOP 14.9 rev 02/07/97. 
mV - - Threshold 

Instrument Volt Set 900 V Input Sens. 29 mV Det. 0 p e r . L  V at ?- 9 mV Dlal Ratlo 

d 
0 HV Readout (2 points) Ref./lnst. / V Ref./lnst. / V 

4 p i  e f f i c i e n c y  f o r  Tc-99  as follows: 
COMMENTS: 

source count = 5 0 O O ~ o n ,  background count = 
= 22600 , SN of source = MT-FV 4 p i  e f f i c i ency  = 4 
6 '  QabL- 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' 

L o g  
Scale 

Gamma Calhabm GM detectocs positioned pecpendcular to source excep( for M 44-9 in whch Ihe fmnt d poba laces scum 

REFERENCE INSTRUMENT REC'D INSTRUMENT 

400kcpm 

40kcpm 

m 

m 

RANGE/MULTIPUER CAL. POINT 
J100 
xloo 
x10 

x 10 1Okcpm 
x1 
x1 1 k w m  

L 1 m m  

1 mkCDm u 

xo.1 

inis W M e  rhdl not be reptoduced except h flll wtlhwl ltw Witen apptowl Of Ludm Measurements. lnc 
FORM C22A 1 I /26/i€G3 

Ac 1 " s ~ ~  Paned Dielectric (HI-Pot) and Continuity Test 
OnM 0 Foiled. 

I 

~ ~~ ~~ ~ 

Reference Instruments and/or Sources: 
C s - l 3 7 G o m S / N  0 1 1 6 2  a6112 OM565 D51(35 (71TlW 0 1 8 7 9  DE552 WE551 0 7 2 0  0 7 3 4  0 1 6 1 6  ~NeutronAm-24IBeS/NT-304 

3 AlphoS/N 0 BetaS/N 0 Other _ -  



Designer ond Manufacturer 
of 

Scleniilk and Industrial 
instruments 

Meter Reading 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 81 0 
501 OAKSTREET FAX NO. 325-235-4672 
SWEETWATER, TEXAS 79556. U.S.A. 

PH. 3252355494 

RangelScale 

-/- 
CONVERSION CHART 

Customer CABRERA SERVICES Date 19-May44 Order #. 216307/281793 

Model 3 SerlalNo. 7 44911 DetectorModel 44-9 Serial No. PRo73106 
Source __ 0 - 1 3 7  194.6 mCI Cs-137 70 mCi 

Reference Polnt 
"As Found" Readings (CW:  

Meter Reading 1 Range/Scale 

150 mR/hr 

50 mR/hr 

15 mR/hr 

5 mR/hr 

W 1.5 mR/hr 
~ 

1 .O mR/hr 

High Voltage 9 o o v  

Input Sensitlvlty 

I 

I 

b 

FORM C 17-1 A 04/07/2003 
Serving The Nuclear lndustry Since I962 



Deslgnerand Manutoctwec LUDLUM MEASUREMENTS, INC. 
or POST OFFICE BOX 810 PH. 9152355494 

CERTlFlCAE OF CAUBRATlON 501 OAKSTFEET FAX NO. 91 5235-4672 
SWEETWATER TEXAS 79556 U.S.A. 

Gama CpWrP(lm GM &kcim posltbnedperpendlcuhrarlo s w m ~  lor M 44-8 h whwl the front d p r t b  iam WIW 

REFERENCE INSTRUMENT REC'D INSTRUMENT 
RANGE/MULTIPUER CAL. POINT 

loo Kcprn 
-- 

W xloo 
L 
x10 10 K q x o  
x1 4 Kcm 
x1- -- 
L l O O c D m  

40 KCDm 

rlk 

Range($) CalRxded Ekcfronlcaly 

CAL POINT RECEIVED METER READING' CAL. POINT RECEIVED MEER READING' 

'UncerldntywlMhilO% C.F.wlmhip9L 

INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT RRRENCE 



LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK SmEET 
SWEETWATER TEXAS 79554 U.S.A. 

PH. 915235-5494 
FAX NO. 9152354672 

of 
ScbntMc and lndumbl 

Meter Readlng RangdScale Meter Reading 

CONVERSION CHART 
b 

Rangelkale 

Source -137 194.6 mcI -137 20 mCI 

3 -3 x 

Hlgh Voltage 90 o v 

Input Senslity Jv mV 

I #  

Reference Polnt 

150 mR/hr 

50 rnRm 

1s mRm 

s mR/hr 

1.5 mR/hr 
W 

1 .O mR/hr 

W n g  The Nuclear Industry Since I962 



Desbnwand Monufaclumr 
of 

CERl7FICATE OF CALIBRATION 

REFERENCE INSTRUMENT INSTRUMENT 
CAL POINT RECEIVED METER READING' 

IXJltal 
ReodOut 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK STREET FAXNO. 9152354672 
SWEHWATER TMAS 7 9 W  U.S.A. 

PH. 915235-5494 

INSTRUMENT INSTRUMENT REFERENCE 
CAL. PONT RECEIVED METER READING' 

!$%e 

GsmmaCallbraaon.GMmposltionedpecpandc uhrlosarce PCcepttorY 44-9 In nNch hetmntd probehaa 3001~8 

REFERENCE INSTRUMENT REC'D 
RANGE/MULTIPUER CAL. POINT "AS F O F  READING" - *a 

15 mWhr - 
x1 

1 .O mR/hr L 
616 cwn - x1 

xo.1 

xloo 5 

x10 5 mR/hr S l t O E p m  ~Eg!t?% W 

-- 
e 

INSTRUMENT 
METER READING' 

I 
I 

0 Neutron Am241 Be SN 1-304 



COMMENTS 
EFF: f0.r TC-99#NI-EV act.22,600dp wov..lr -6360 -7 



UJDLUM MEASUREMENTS, INC. 
posl OFFICE BOX 810 
501OAKSTREEl 
S\hrSEIWATER & 79566. U S A  

PH. 325-235-5494 
FAXNO. 325-235-4672 

I 

' Retferencepdnt Meter Reodlng 

~~ 

CONVERSION CHART 

_. . RangeIScale Meter Reading Range/sWle 

-L a -  _ .  

Source Cs- 137 194.6 mCi CS-137 M 

W 

I 

I 

a Servlng The Nuclear Industry Since 1962 a 



CERTIFICATE OF CALlSRAT/ON 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' 

Digital 
Readout 

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

PH. 325-235-5494 
FAX NO. 325-2-4672 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED Mt3ER READING. 

LOe 
Scale 

USTOMER CABRERA SERVICES OROER NO. 207741 /277558 

1- Inc. Modd 3 ser ia i~o .  !b6 51 I W Mfg. 

Cal. Date 16Dec-03 Cal Due Date l4DecM Col. Interval 1 Year Meterface 202402 
Check mark dapplies to applkable instr. and/oc detecior IAW mfg. spec. 1. 74 O F  RH 20 X Alt 71QLmmHg 

0 New Instrument Instrument Received *thin Toler. + - l a  0 lWO% 0 Out of Tol. 0 Requnng Re@ 0 Other-See comments 
@ Mechanical ck. @f Meterzeroed 0 Background Subtract &I Input Sens. ~lnearlty 
&I F/S Resp. ck 
@ Audlo ck. 
$Calltxated in occordance with M I  SOP 14.8 rev 12/05/89. 

Mfa. Mod@ 44-9 SeriaiNo. PR 07 31 07 

@f Reset ck. &J Geotropism 
0 Alarm Semng ck. F k E g  2.2 VDC 

alibrated In accordance with LMI SOP 14.9 rev 02/07/97. 
mV 

r 
Threshdd 

InstrumentVoltSet 900 V Inputsens. 3c mV Det.0per. 900 V at -< mV OialRat[o 

HV Readout (2 points) Ref./lrut. / V Ref./lnst. I V 

t 
1' 

COMMENT& 

GamrCalbrabar G M m p i W P W d W  1m b mfca 8ccspl kr M U 9  In whM lha fmntdm bm WuKx 

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

X l o o  r - gT 6 **+ L A  

LA 
4kQm L A  

u X l o o  ' lOOkcpm tic * -- 
L 
x1 
x1 
xo.1 - 1- 

4mm 
lOOCpm 



Designer and Manufacturer 
of 

ScienmC and lndurMd 
Inrtnrmenntt 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 325-235-5494 
501 OAK STREET 
SWEETWATER, TEXAS 79556, U.S.A. 

FAX NO. 325-235-4672 

- 
CONVERSION CHART 

Customer CABRERA SERVICES Date 1 &Doc43 Order Y. 207741/277558 

Model 3 Serial t-40.~- Detector Model 44-9 Serial No. P R O 7  3 \ 0 3  

Source cs-I37 20 e 

Reference Point 
"As Found" Redings (CPM): 

Meter Reading 1 Range/Scde 
~ 

I50 mR/hr 

50 mRhr 

15 mR/hr 

5 mR/hr 

1.5 mRhr 

1 .O mR/hr 

- 

I 

High Voltage m v  

Input Sensitivity 35 mV 

After Adjustment Readings (CPM): 
Meter Reading I Rangekale 

n I 

8 Sewing The Nuclear Jndustry Since 1962 e 



Desgnec and Manufccturer LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 

SWEETWATER. TEXAS 79556, U S.A. 

PH. 915-2355494 of 

C€RW/CAT€ OF CALIBRATION 501 OAKSTREET FAX NO. 91 52354672 

REFERENCE INSTRUMENT INSTRUMENT 
CAL POINT RECEIVED METER READING' 

DlgRal 
Redout 

- 

SUSTOMER CABRERA SERVlCES ORDER NO. 291453l2695.34 

u Mfg. Blcron Model MICRO REM Serial~o. C S S; 3F - ___ 

Mfg. ___ _- Model Serial No. 

Cal. Date 2CJan-03 CUI Due Date 20-Jan-04 Cd. Interval 1 Year Meterface @-em 

Check mark dopplles to oppllcable Instr. and/or detector IAW mfg. spec. 1. 76 O F  RH 20 '% Att 700.8 mmHg 

- 

New Instrument Instrument Received @thin Toler. +-lo% 0 10-20% 0 Out of 101. @ Requlrlng Repalr 0 Other-See comments 

Mechanlcal ck. ;a Meterzeroed 0 Background Subtract 0 Input Sens. Linearity 
0 F/SResp.ck 7 Resetck. Wlndow Operation Geotropism 
0 Audlock. il AlarmSefflngck. 0 Bait. ck. (Mln. Volt) VDC 
0 Calibrated In accordance wHh LMI SOP 14.8 rev 12/05/89. @bllbrated In accordance wlth LMI SOP 14.9 rev 02/07/97. 

mV - Threshold 
Inshment Volt Set V inputsens. mV Det. Oper. V a t  mV DIdRatk-  - 

V -- HV Readout (2 points) Ref./lnst. / V Ref./lnst. / 

REFERENCE INSTRUMENT INSTRUMENT 
CAL POINT RECEIVED METER READING' 

__ Log 
Scale 

- 

COMMENTS: 

0 Neutron Am-241 Be S/N 7-304 

0 AlphaS/N 0 BetaS/N d o t h e r  CG 137 ZQ+C; 
0 m500S/N a Oscllloscope S/N 0 Multlmeter S/N 

%rated By: Date 20 - T a m  -0% 

-4lewed By. %&- - Date Zr & u3 
T h o  certitlcote shd not be reproduced except in hrll wlmout the wilten approvd ot Ludlwn Measurements Inc 1 AC IM. 0 Possed Dtelecinc (HCPot) and ConRnuily Test 

__-- FORMC27A 10/31/2cOl / ow 0 Foiled: 



CE R77FCA TE OF CA LIBRA TlON 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAKSTREET FAX NO. 325-235-4672 
SWEETWATER, TEXAS 79556, USA. 

PH. 325-2355494 

SUSTOMER CABRERA SERWCES ORDER NO. 298393/272921 

w Mfg. Bluon Model MICRO REM Serial No. \ 3g37.y 
Mfg. Model Serial No. 

Col. Date bJun-03 Cal Due Dote kJunG4 Col. Interval 1 Year Meterface 0-2oOureml 

Check mark @applies to applicable instr. and/or detector IAW mfa. spec. 1. 73 "F RH-- 59 % AH 701.8 mmHg 

0 New Instrument 

@ Mechanlcal ck. [a Meterzeroed 0 Background Subtract 0 Input Sens. Unearity 
[s F/SResp.ck @ Reset ck. 0 Window Operatlon 0 Geotroplsm 

0 Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 

Instrument Recelved Within Toler. +-lo% 1@x)% 0 Out of 101. 0 Requlrlng Repalr 0 Other-See comments 

GiJ Audlo ck. TJ Alarm Sefflng ck. @ Batt. ck. (Mln. Volt) VDC 
0 Callbrated In accordance with LMI SOP 14.9 rev 02/07/97. 

mV - Threshold 
Instrument VoR Set V input Sens. mV Det.Oper. v a t  mV Dial RaRo - 
0 HV Readout (2 points) Ref./lnst. / V Ref./lnst. / v 

COMMENTS: 

GmnaCaWxabm GMdelectas~perpendlcu l  ar to soum ex@ for M 44-9 in whkh the hml ol fecm wna 

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

x loo0 150 mR/hr 
50 mR/hr 
15 mR/hr d7 

u xlooo- 
xloo .- 

xloo 5 mR/hr 
x10 -1500uRlhr 
x10 --- 

x l  1 S O u R l h r  
xl 100 uRlhr 

xo.1 1 5 -  

'Uncertoiniy within i 10% C.F. vMin i 20% - Range(r) Callbroted ElectronicaRy 

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

0 m500S/N 9 MultlmeterS/N . 3 

rated By: Date 6-Tm u3 - 



Desboer and Mawfocturer LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 

WEWATER TEXAS 79556. USA. 

PH. 3252355494 Of 

CERTlFlCA E OF CALlBRATlON 501 OAK STREET FAX NO. 3252354672 

REFERENCE INSTRUMENT INSTRUMENT 
CAL POINT RECEIVED METER READING' 

DlQltd 
Readout . .. 

LUSTOMER CABRERA SERVICES ORDER NO. 208949 1278168 

Mfg. 
Mfe. Model serld No. 
Cd. Date 13-JanOl CalDueDate lNcm-06 . Cd.lntefvd l Y e a  Meterfoce @2QhemL 

0 New lnshument 

Blcron Model M S ~ M N ~ .  B985Y \' 

Check mark ~ o p p l i e s  to applrcoble INh. andlor detector IAW mfg. spec. 1. 76 T RH 20 % Alt 711,8 mmHg 

lnstnment Recelved @klthh Toler. t10$ 0 1G2096 0 Out of Tol. 0 Requlrlng Repolr 0 Other-% comments 
Mechanlcdck. Ca Meterzeroed 0 BackgroundSublract 0 Input Sens. Unearlty 

Audlock. 0 AlarmSemngck. 
0 FRResp.ck Resetck. 0 WlndowOperatlon 0 Geotroplsn 

, ck. Win. V M  VDC 
Cdbrated in accordance wlth LMI SOP 14.9 rev 02/07/97. 

Threshold mV 
V a t  rr?V DlalRatlo = 

r 0 Callbated In accoidonce with LMI SOP 14.8 rev 12/06/89. 

InStNment volt set V InputSens. rnV Det.Oper. * 
HV Reodout Q polnts) Ref./M. / V Ref./lnst. I v 

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

Log 
Scale 

7 
*. 

-7 

COMMENTS: 

0 O~~lllosoopeSIFI MuHlrneterSlN . , . 

rated By: &- Date 1 3 * 3 A N * O J  
L 

Revlewed By Date / 



J 

CERTIFICATE OF CALIBRATION 

Eloctroplrted Alpha Stmdard 

Deacription of Standard: 

S.0.n 3740 
e . 0 . t  01-267 

Model No. DNS-11 Serial No. 2888-01 I sot ope Th-230 

Electroplated on polished Ni disc, 0.79 mm 
thick. 

Total diameter of 4.71 cm and an active diameter of 4 . 4 5  
cm . 
The radioactive material is permanently fixed to the disc by heat treatment without any 
covering over the active surface. 

M.rsur.mrnt Method : 

The 2pi alpha emission rate was measured using an internal gas flow proportional 
chamber. Absolute counting of alpha particles emitted in the hemisphere above the 
active surface was verified by counting above, below, and at the operative voltage. The 
calibration is traceable to NIST by reference to an NIST calibrated alpha source S / N -  
2393/91 

Meanurdnt Result: 
u 

The observed alpha particles emitted from the surface of the disc per minute (cpm) on 
the calibration date was: 

t 4 03 10,100 - 
The total disintegration rate (dpm) assuming no backscatter of alpha particles from the 
surface of the disc, was: 

20,200 - + 807 ( 0.00909 K i  1 

The uncertainty of the measurement is 4 %, which is the sum of random counting 
error at the 99% confidence level, and the estimated upper limit of systematic error in 
this measurement. 

Calibrated by: ART REUST Reviewed by: 

Calibration Technician: Q . A .  Representative 

Calibration Date: 5-01-2001 Reviewed Date : 03/&/@{ 
I ' 

Analytical Services 
7021 Pan Amcricrn Freeway NE 

Albuquerqre, New Mexico 87109-4238 
(505) 345-3461 Fax (505) 761-5416 

1- Toll Free (866) RAD-LABS (723-5227) 
www.eberlinasenlccs.com 

http://www.eberlinasenlccs.com


CERTIFICATE OF CALIBRATION 
Electroplated B e t a  Standard 

S.0.I) 3740 
P . 0 . i  01-267 

Description of Standard: 

Model N o .  DNS-12 Serial No. 2889-01 Isotope Tc-99 

nun thick. Electroplated on polished ss disc, 0.79 

Total diameter of 4.77 cm and an active diameter of , 4.45 cm. 

The radibactive material is permanently fixed to the disc by heat treatment without any 
covering over the active surface. 

Measurement Method: 

The 2pi beta emission rate was measured using an internal gas flow proportional chamber. 
Absolute counting of beta particles emitted in the hemisphere above the active surface was 
verified by counting above, below, and at the operative voltage. The calibration is 
traceable to NIST by reference to an NIST calibrated beta source S/N 2148/90 

Measurement Result: 

T h e  observed beta count rate from the surface of the disc per minute (cpm) on the 
calibration date was: 

13,400 - + 402 

The total disintegration rate (dpm) assuming 25- % backscatter of beta particles from 
the surface of the disc, was: 

21,400 . - + 643 ( _ .  ’ 0.00966 PCi 1 

The uncertainty of the,measurement is 3 %, which is the sum of random counting error 
at the 99% confidence level, and the estimated upper limit of systematic error in this 
measurement. 

Calibrated by: ART REUST Reviewed by: 

Calibration Technician: Q.A. Representative: 

Calibration Date: 5-01-2001 Reviewed Date: @S/flZ./pj/ 

Analytical Services 
7021 Pan American Freeway NE 

(505) 345-3461 Fax (505) 761-5416 
Toll Free (866) RAD-LABS (723-5227) 

www.ebarlinssaruIcsr.com 

Ailbuquarqt!a, New Mexico 87109-4238 

http://www.ebarlinssaruIcsr.com


CERTIFICATE OF CALIBRATION 

Electroplated Alpha Standard 

s.0.l) 3759 
P.O.1)  01-325 

Description of Standard: 

Model No.. DNS-11 Serial N o .  2897-01 Isotope Th-230 

Electroplated on polished ss disc, 0.79 m thick. 

Total diameter of 4.77 cm and an active diameter of 4.45 tan. 

The radioactive material is permanently fixed to the disc by heat treatment without any 
covering over the active surface. 

Measurement Method: 

The 2pi alpha emission rate was measured using an internal gas flow proportional 
chamber. 
active surface was verified by counting above, below, and at the operative voltage. The 
calibration is traceable to N I S T  by reference to an N I S T  calibrated alpha source S/N- 
2393/91 

Mea8utament Rosult: 

Absolute counting of alpha particles emitted in the hemisphere above the 

- The observed alpha particles emitted from the surface of the disc per minute (cpm) on 
the calib-ration date was: 

11,400 - + 343 

The total disintegration rate (dpm) assuming no backscatter of alpha particles from the 
surface of the disc, was: 

22,800 - + 685 ( 0.0103 ccci 1 

The uncertainty of the measurement is 3 %, which is the sum of random counting ~ 

error at the 99% confidence level, and the estimated upper limit of systematic error in 
this measurement. 

Calibrated by: AAT M U S T  Reviewed by: 

Calibration Technician: Q.A. Representative: 

Calibration Date: 6-11-2001 Reviewed Date: 

Analytical Services 
7021 Pan American Freeway NE 

Albuquerque, New Mexlco 87109-4238 
(505) 345-3461 Fax (505) 761-5416 

Toll Free (866) RAD-LABS (723-5227) 
www.eberllneservicer.com 

http://www.eberllneservicer.com


%E RERUN SERVICES E 

CERTIFICATE OF CALIBRATION 

Electroplated Alpha Standard 

Description of  Standard: 

S . O . #  3863 
P . O . #  02-055 

Mocel Nc. DNS-11 - Serial No. 3972-02 Isotope Th-230 

Electroplated on polished ss disc, 0.79 m thick. 

Total diameter of 4.77 cm and an active diameter of 4 .45  Clr.. 

The radioactive material is permanently fixed to the disc by heat treatnent without any 
covering over the active surface. 

Measurement Method: 

The 2pi alpha emission rate was measured using an internal gas flow proportional 
chamber. Absolute counting of alpha particles emitted in the hemisphere above the 
active surface was verified by counting above, below, and at the operative voltage. 
The calibration is traceable to NIST by reference to an NIST calibrated alpha source 
S/N 2393/9> 

Measurement Result: u 
The observed alpha particles emitted from the surface of the disc per minute (cpm) on 
the calibration date was: 

7,970 - + 398 

The total disintegration rate (dpm) assuming 1.5% backscatter of alpha particles from 
the surface of the disc, was: 

15,700 - + 785 ( 0.00708 PCi) 

The wcertainty of the measurement is 5 %, which is the sum of random counting 
error at the 99% confidence level, and the estimated upper limit of systematic error in 
this measurement. 

CaLibrated by: ART REUST 

Calibration Technician:[ e Q p A - - 9  Q.A. Representat 

/- 

/ 

-9 ' i  
' 

Calibration Date : 4 -29-2002 Reviewed Date: 4-d 4 $2 

Analytical Services 
7021 Pan American Freeway NE 

Albuquerque, New Mexico 87109-4238 
(505) 345-3461 Fax (505) 761-5416 

Toll Free (866) RAD-LABS (723-52271 
www.e berlineservices.COm 

http://berlineservices.COm
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IM1 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' 

798&? I *I! 

Dlgltal 
Readout 800kwm 

Designer and Manufacturer 
of 

SclentfRc and lndustrbl 
Imtruments 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' 

Log 
Scale 

CER77FlCA TE OF CA LlSRA T/ON 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK STREET 
SWEETWATER, TEXAS 79556. USA. 

PH. 3252355494 
FAX NO. 325235-4672 

iSTOMER CABRERA SERVICES ORDER NO. 295451 I271487 

Serial No. 
k 

Mfg. Ludlum Measurements, Inc. Model 2224-1 

Mfg . Ludlum Measurements. Inc. Model 43-93 SerlolNo. PAjtCYb3 ~ 

Cal. Interval 1 Year Meterface 202-848 Col. Date 15ADr-03 Cal Due Date 15ADr-04 

Check mark gapplles to oppllcable In&. and/or detector IAW mfg. spec. T. 78 'F RH 38 % Alt 700.8 mmHg 

0 New Instrument Instrument Recelved m l h l n  Toler. +-lo% 0 10-20% 

a Mechanlcd ck. @f Meter Zeroed 0 Background Subtract 0 Input Sens. Linearity 
0 F/SResp.ck Reset ck. 

@Calibrated In accordance with LMl SOP 14.8 rev 12/&/89. 

Out of Tol. 0 Requlrlng Repolr 0 Other-See comments 

iJ Window Operation Ga Geotropism 

u Callbrated In accordance wlth LMI SOP 14.9 rev 02/07/97. 
Audiock. 0 Alarm Setting ck. @ Batt. ck. (Mln. Volt) 2.7 VDC 

mV - Threshold 
Instrument Volt Set 900 V Input Sens. Comment mV Det. Oper. 900 V at Comment mV Dlal Ratio - 

a HVReadout(2polnts) Ref./lnst. 500 / .%O V Ref./lnst. 1500 /fi*. ~~ V 

COMMENTS: 
AT: 12Omv 
BT: 3.5mv 
BW: 30mv 
OL set to simulated light leak 
Firmware: 390094 

&hkduba d/abh? 

Gamma Cdibntim. GM de$dm positland perpendcuhr to s~um emcept foc M 44-9 In vrMch the fmnl ot pmbe lam sourn. 

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

300kcpm 
80kwm 
70kcDm 
BkcDm 
PkcDm 

8 0 0 c m  ...- - 
~~ ~ 

I - __ -mi 8b bo 
Ludlum Meawrementl. inc cemfiac thot lhe above lmment has men cdbroted by s t o m  traceable to the Notlonol M e  of Stond& and Techndcgy. u to me cdlbrotia focllWi 01 
omer Internanand Sta-dordr CkgmcOncm memben OT m e  been d e M  from accepted vob~ues Ol natwal phvwcal constmts 01 hove been dertved by the mtlo tvpe of Canbrdlon techrkwes 
IheooRbrollmsystemcmfams to IhereqllrementsotANPlNCSL25401-1W4ondANSlN3231Q70 State of Texas Colibruhon Lkense No LO1963 

Reference Instrument8 and/or Sources: 
Cs-137GommaSM 0 1 1 6 2  0 6 1 1 2  OM565 0 5 1 0 5  OTlCCB OW9 DE552 nE551 0 Neutron Am241 Be S/N T 3 M  

AlphaS/N Pu-239 2928-01 Beta S I N G . P ~ ~ ~  wc. ~ - W , W ~ V  Other 

!Tf m500S/N - 134709 IJ Oscilloscope SIN- &j" Multlmeter S/N 57390613 _ _ _ _  

brated By:- - Date &%rd 

Reviewed By Date LL-0 3 
L 

Thlr celtifknte ShoU not be repcduced except h tuk v8llWui lhe wmten opprovol of Ludlun Meclarements Iry (HI-Pot) and Continuity Test 
FORMCZZA C4/09/2DU 



Deslgner and Manufacturer 
of 

Scientific and lndustrlal 

u 

j ~- 

- -~ 

Instruments 

1 I 
.- 

- 

__ 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK STREET 
SWEETWATER. W S  79556, USA. 

PH. 325-235-5494 
FAX NO. 3252334472 

e 
Bench Test Datu For Detector 

Detect0 r 43-93 ___ Serial No. //!82 Yo3 Order #. 295451 1271487 

O~~Iomer CABRERA SERVICES _. Alpha Input Sensltlvlty /20 mV 

Counter 2224- 1 Serial NO. & Z W  Beta Input Sensltivlty ?f mV 

Count Time 1 Minute Beta Wlndow ;k mV 

Other Distance Source to Detector & A c e  

Date & 
_ -  - A- 

J 

FORMGIB 04/09/2003 
Serving The Nuclear Industry Slnce I962 



Deugner ond Manufacturer LUDLUM MEASUREMENTS, INC. 
of POST OFFICE BOX 810 PH. 9152355494 Cf RT/F/CAT€ OF C A M  RA TlON 501 OAKSTREET FAX NO. 91 KBM672 

SWEETWATER. TD(AS 79556, USA. 
jTOMER CABREW SERVlCES ORDER NO. 2893861268534 

Ludbm Measurements. Inc, Model 2224-1 Serial No. /&A 4 2  6 ~- W 
Mfg. 

SerlalNo. It- / ? ? 9 z r  Mfg . Ludlum Measurements, Inc. Model 43-93 

Cal. Dote - 15Jon43 Cal Due Dote 15Jan-04 Col. Interval 1 Year Meterface 202-848 

Check mark @applies to applicable In&. and/or detector IAW mfg. spec. T. 72 "F RH 20 % Alt 709.8 mmHg 

Instrument Recelved j&&llhln Toler. +-lo% 0 10-20% 0 Out of Tol. 0 Requlrlng Repolr 0 Other-See comments 0 New Instrument 

@' Mechonlcol ck. Meter Zeroed 0 Background Subtract Input Sens. Unearlty 
FISResp. ck Reset ck. a Wlndow Operalion Geotropism 

udlo ck. Alarm Sefflng ck. @ B ~ t t .  ck. (Mln. Volt) 2.2 VDC 
accor once wlih LMI SOP 14. rev 12/05/89. with LMI SOP 14.9 rev 02/07/97. loo V Inputsens. khb~4~ mV Det. Oper. fid V at Gkl lu ,  mV Dial Ratlo - 

3 Callbrated in accordon 
mV - Threshold 

HV Readout (2 points) Ref./lnst. 5zr  / 5130 V Ref./lnst. /573 / 1 w x  V 

COMMENTS: 

I 

'Uncertantywlthh * IC?& C F within i20% - Range($) Calibrated Electronkally 
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT 
CAL POINT RECEIVED METER READING' CAL POINT RECEIVED METER READING' 

____ - 
Dlgital 
Readout - BOQkcpm 

_ 3 9 k ~ m  9orr'i " o l L 9  i n  ____ - __ 
-m goi3 " 90  I 3  '1 

8Qcam I(o-_L_ go 
--luaxn m* Scr  c F k  

L u d m  Meapuremenh. Inc owlines thot me m e  lnmwnent hos been cdibated by rtondnds trace&& to the Ndlond hstitute d Stcrdodr and Tedvdogy a to the cdbranon faclWles of 
other hltemonond Shmdards ~gmtzatkm m b e n  OT hove been d e w  tran occepted vdua) of ndwol @@cd constmh a hove been derfved by the r d l o  tVpe d cdbrotlon tecWqres 
The coYbotlcn system canfarrs to the reqldremenh ot ANU/NCSL z5pOl 1994 ond ANSI N323-1978 State of Texas Callbrdlon Ucense No LO-1963 

Reference Instruments andlor Sources: 
C s - l 3 7 G a m S / N  0 1 1 6 2  n G 1 1 2  OM565 0 5 1 0 5  bTlW U T 8 7 9  OEW nE551 0 Neutron Am-241 Be S/N 7 3 0 4  

0 AlphoS/N __ - 0 BetaS/N 0 Other ~- 
m500S/N 54680 M Multimeter SIN 691 0 1 832 

_ _ _ _ _  me / Y  bh 6' 

- -  Date \ b  b 03 
IJ 

Ac I& 0 Passed Dielecirlc (HIPot) and Continuity T e s t  1 
J Only Foiled ~ 

This certlfkate rha~ not tx rqxduced except h M wlmout me wrttten approval of Lu- Memurementr hc 
FORMCZLA 10/31/2001 



LUDLUM MEASUREMENTS, INC. 
Deslgnec and Monufaciurer POSTOFFICE BOX 810 PH. 915-235-5494 

of 501 OAK STREET FAX NO. 9152334672 
SWEETWATER. TEXAS 79556, U SA. ScienMic and lndustrol 

lnstlumenls 

v 
Bench Test Datu for Detector 

Voltage NPho Beta Alpha Beta 

9 56 0 47  r/7L c 347 
7 7( 0 ;#/ 511 0 3 7c 

- 8 6  0 / 1 4 7  H 7 L  4J 5/ 
83 f 0 

350 I 39 R 57Yf L? 5.9 
24 9 56 7 3  46 9 

u-- 
- 

Gas Proportional detector count rate decreased 5 10% after 15 hour 

Detector 43-93 Serial No. Order #. 289386/268534 

Customer CABRERA SERVICES Alpha input Sensitivity 12 0 mV 

Counter 2224- 1 Serial No. l1,XLfNp Beta Input Sensitivlty 3. b mV 

Count Time 1 Minute Beta Window 30 mV 

Other - Dlstance Source to Detector I-?4.p 

Bet0 Alpha Beto 

7 $5?$ 0 / /  770 
Alpha 

4 $570 ' * / 5bS/  

/ o  _ -  44 06, 5 /945/ 

If 5 6  9U a 3 3  523 
/ /  5GSd 3 2'6 a4 

~ ~ - 

- 

static test uslng 39" cable 

F W C 4 B  12/09/97 
" 
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Designer and Manufacturer 
of 

Scientific and lndurtiol 
Instruments 

CERTFlCATE OF CALIBRATION 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 91 523-5494 

FAX NO. 915-235-4672 501 OAK STREET 
SWEETWATER, TEXAS 79556. U.S.A. 

vUSTOMER CABRERA SERVICES ORDER NO. 282597 __ 

Mfg. Ludlum Measurements, Inc. Model 2224 serial NO. I 4 30 CI $3 
Mfg. Ludlum Measurements. Inc. Model 

Cal. Date -. 15-JUl-02 Cal Due Date ~ ~~ 15-JuIG Cal. Interval 1 Year Meterface 202-783 
_--4368 ~ ~ ~ Serial No. -P_k I b 17 GI 

36 % Alt .. 702.8 mm H g  Check mark @applies to applicable instr. and/or detector IAW mfg. spec. T. 74 OF RH 

@ New Instrument 

0 F / S  Resp.ck Reset ck. Window Operation Geotropism 
[a Audio ck. Alarm Setting ck. !a Batt. ck. (Min. Volt] 2.2 VDC 
riCalibrated in accordance with LMI SOP 14.8 rev 12/05/89. 

Instrument Received 0 Within Toler. +-lo% 13 10.20% Out of 101. fl Requiring Repair 0 Other-See comments 

Mechanical ck. Meter Zeroed n Background Subtract 7 Input Sens. Linearity 

0 Calibrated in accordance with LMI SOP 14.9 rev 02/07/97. 
Threshold mV 

Instrument Volt Set - 1575 V Input Sens. Comment mV Det. Oper.1575.-_- V at Comment mV Dial Ratio = 

HV Readout (2 points) Ref./lnst. 500 -~~ ~ f -  500 V Ref./lnst. 1511 ~~ 1500 . v 

COMMENTS: 
Alpha sensitivity-120mV Pu 239 s/n 4337 ; 30,900 dpm is 1 21.2% 4pi 
Beta sensitivity=3,5mV Tc 99 s/n 635/83 ; 22,900 dpm is 9 29.59% 4pi 

Beta window= 35mV Ni 63 s/n 91N13100509; 258,890dpm is = 6.33% 4pi 
Overload not set. C 14 s/n 1-659 ; 311,649dpm is 2 7.69% 4pi 
Count time set to 60 sec. All efficiencies are NET efficiencies. (without backgroucd) 
High Voltage set with detector connected. All readings for efficiencies were taken with 
Firmware +I390063 source placed a+ the surface and centered against the 
Plateau'd asing 5 ft. cable. protective screen of the 43-68 probe. 

Gamma Cdibmbon GM dekclws posibned perpendculrv to scum except fa M 44-9 in whch the hont of pmbe facas sourc~ 

REFERENCE INSTRUMENT REC'D INSTRUMENT 
RANG E/ M U LTI PLI ER CAL. POINT "AS FOUND READING' METER READING* 
- xl OOO - 400kcDm yoo_---- - 

XI000 - 1 OOkcpm -~ --&a2 
x 100 - 40kc~m _ _  _L_ 

~- 1 OkCDm _- - __ 
~ _ _ _ _  XI 0 4kCDm L(00 
- XlO 1 kCDm ~~ ~ &a __ ____ 

~~~ xl ~- 400c~m -~ yoo-- __ _- 
XI 1 OOcpm io0 

v 
- 

XI00 

'Uncertainty whin f 10% C.F. within t 20% - -  -~ ALL Range(s) Calibrated Electronically 

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

Digital 
Readout 400kcpm 

4Okc~m _- - q OD& (0 I - __ 

. 400cprn - Yo lo) 
40cprn ____ s 

___- 
______ __ ~ 4 k ~ m  400 ( 0 )  

- ~~ ~ _ _ -  - _  

Ludlum Meorurernents Inc certfies that the above klshment has b w n  calitwoted by standuds traceable to ihe Natbnal lnstltute of Standards cnd Technology CI to the colluation facdilles oi 
other Intematmonal Standards Organhation rnemben. cf have been d&ed from accepted values of natual phyxal Constants ci have been denved by I h e  rat10 type of caiitxalwn Iechnlques 
T h e  cabation sytern c o n f m  to the requtements of ANSINCSL Z W 1  1994 and ANSI N3Z-1978 State of Texas Calibrahon License No LG1963 

Reference Instruments and/or Sources: 
0 - 1 3 7  Gamma S/N I162 0 G112 M565 5105 I T1008 u T879 E552 u E551 U Neutron Am-241 Be S/N 1-304 

@ Alpha S/N 4337.Pu239 @ Beta S/N 635/83,Tc99~5030,Sr9ov90 Oiher 

Oscilloscope S/N Multimeter S/N- 501 0058 1 

d 

Date / 5  , od. - 

/7si; (& 'L, - 
/ 

- Date 
*C Inst. Passed Dielectric (Hi-Pot) ond Continuity Test , n opproval oi Ludlurn Measurements lhc 

--J Only 6 Failed FORM C n A  10/31Ro01 
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LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 915-235-5494 

FAX NO. 9 15-235-4672 501 OAKSTREET 
SWEETWATER, TEXAS 79556, U.S.A. 

Bench Test Dota For Detector 

Detector - 43-68 -~ Serial NO. Ok\ \o I 1  8! 
Customer CABRERA SERVICES 

282597 Order #. __ 

Alpha Input Sensitivity lao mV 

mV 

Beta Window 3 5  ~ mV 

Beta Input Sensitivity - . 3.5. 

High 
Voltage 

Isotope p -V a3q Isotope ______ -ic44 Isotope 
Size &7000m Size Ic(,Soocgm Size bS5O Cprn Background 

Alpha Beta Aloha Beta Abha Beta AlDhO Beta 

Signature 

F O R M  C40 12/0?/P7 
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Designer and Manufacturer 
of 

Scientifc and Industrial CERWICATE 
Instruments 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' 

Digital Readout 400kcpm ~- 39998q 
- _  - 40kcpm 

4kcpm 
4oQCa!n 

~ _NS?E~ - +F 

OF CALIBRATION 

REFERENCE INSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING' 

Egle 
~ -~ _____ ~- 

- _-___ . ~- - _ _ _  - 

-_ -_- - 
__ 

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

PH. 325-235-5494 
FAX NO. 325-235-4672 

~ ORDER NO. 295475 _ 
HOMER CSTE-DTC-AT-CS-SO - 

Mfg. . Ludlum Measurements, Inc. Model _ 2360 Serial NO. ___ 

Mfg. LudlurnM!asurements. Inc. Model 43-37 Serial NO. ?2T&R7 
Cal. Date __ 29-Aor-03 Cal Due Date 29-AM44 Cal. Interval 1 Year Meterface 202-855 

Check mark mapplies to applicable instr. and/or detector IAW mfg. spec. T. 75 O F  RH - ___ 37 % Alt 6 m  m m n g  
J' New Instrument Instrument Received Within Toler. +-lo% 10-20'% Out of Tol. I 1 Requiring Repair I I Other-See comments 

Mechanical ck. Meter Zeroed 3 Background Subtract j i Input Sens. Linearity 
1 F/S Resp.ck a Reset ck. a Window Operation id Geotropism 

ra Alarm Setting ck. 4 Batt. ck (Min. Volt) Z V D C  
in accordance with LMI SOP 14 8 rev 12/05/89. 3 Calibrated in accordance with 1MI SOP 14 9 rev 02/07/97. 

Instrument Volt Set 130 D v 
a HV Readout (2 points] Ref./lnst. 500 / ,5&3 V Refdlnst. . 2000 . 1 .mag V - 

Firmware Version: 3 7 $/ON25 
Alpha Threshold: 
Beta Threshold: 
Beta Window: 

(EEPROM Settings) 
User Time: 
Alpha Alarm: &@a 
Beta Alarm: --- ~ 

A/B Alarm: 
Model 2360 D a ~ 3 ~ $ i - f f ~ ~ ~  
Calibration Date Due: -2. -2 dd ~_ ~ __  

-. -*- 
. _ _  - 

COMMENTS: 

_ _ - -  Date - 

_ _  

~ , Only Foiled ___ _ _  - 

I,/ m 500S/N 

ilibrated By ~ 

Reviewed By 

FORM C Z S  M/09/X1)3 
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Instruments 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK STREET 

PH. 325-235-5494 
FAX NO. 325-235-4672 

SWEETWATER. TEXAS 79556, U.S.A. 

L 

Bench Test Data for Detector 

Order #. 

Alpha Input Sensitivity 

Beta Input Sensitivity - ~- 4 mV 

Beta Window A 4' ~ rnV 

Other _ _  - - -  Distance Source to Detector 

, 
~ -. 1- - 

13 Gas Proportional detector count rate decreased * 10% after 15 hour static test using 3 9  cable 

L 6 a s  proportional detector count rate decreosed * IO% after 5 hour static test using 39' cable and alpha/beta counter 

0 Serving The Nuclear 
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LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAKSTREET FAX NO. 3252354672 
WEWATER TD(As 7- USA. 

De- and Manufacturer 
of 

PH. 325-235-5494 4 ~ b n ~ ~ - g ~ l  CERTIFICATE OF CALlBRATlON 

-aTOMER CABRERA SERVICES OROER NO. 21 3520/280435 
2340 

InC. 4337 serld -lNo8%%TE- No. 
Mfa. L u d l u m l w .  Model 

w. Model 
Cal. Dote 1 -Am44 C d  Due Date 1 -Am* Cal.lntervd l Y e a r  Meterfoce 2MB5s 

0 New InStnvnd Inmment Wmh Tdm. +-IO96 0 1K!O9b 0 Out of Td. 0 Rqulr ln~ Repah 0 Oth~See comments 
Check mark aapplles to appllcabk hstr. detector IAW mfg. spec. T. 73 'F RH a0 % AN 710.8 mmHg 

Mechanlcdck. &I Meterzeroed 0 Backgroundsubtract 0 Input sens. unearlty 
IJ' Reset ck. Wlndow Operation ca -tropism 8 El::k.ck 0 AlmSemngck. [a Batt. ck. (Mln. Volt) 2.2 VDC 

CaUbrated In accordance Wtth LMI Sop 14.8 rev 12/05/89. 

uHVReadout(2pohts) Ref./lnst. 500 / g o o  V Ref./lnst. 2ooo / %Boo v . 

Alpha Threshold: 

Beta Wlndow: 'yo m u  8etaAlcn-n: m o o o  

Instrument calibrated wHti a 3 q " cable. Model 2360Date: 0 q/O I b o  
Hlghvoltogesetwmdetector fie 4 CoNnee h A *  Callbrotlon Date Due: 

0 Cdbrated In accordance wHh LMI SOP 14.9 rev 02/07/97. 

instrumentvokset I675 v 

Flrmware Version: 3 1 " $ p 4  0 - 25 

Beta Threshold: " L d  . Alpha Ala~m: 

overload L \ r c ~  b& d c  4 A/BAIarm: sp 0 0 0  

COMMENTS: 

v . 
Revlewed By: Date 



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

IMtlWMtlt3 SWEETWATER, TMAS 79556. USA. 

Of 
ScIenltnc ad IndUsMd 501 OAK STREET F A X  NO. 3252354672 

u 

Bench Test Datu For Detector 

Order t .  21 

loo -=:: Alpha Input Sensttlvtty C M m e r  CABRERAsERvlCEs 

Counter 2360 ~ e r l d ~ o .  18'I938 Beta Input Sensitivity 

Count ~ i m e  1 Minute Beta Wlndow w mV 

Other Distance Source to Detector 9 u- e 

Isotope QR-asq Isotope TC -s? isotope St  Y-lo 

voltage 8.to Bot0 Alpha Beta 

High Background Be l l r C O O c ! *  Size I3fuor?,. Size -q%ZmttI* 

W 

Gas Roportlond detectar comt rate decreased I; 10% after 15 hour statlc test uslng 34 cable. 
el Gas proportional detector count rate decreased 5 1096 after 5 hour statlc test uslng 39" cable and dpha/beta counter. 
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LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK SmEET 
SWEEMlATER TEXAS 79556. USA. 2 1 6 67 9 

oeslgner and Manufacturer 
Of 

ScCnMc and lndurmd 
InmUmentS 

PH. 3262355494 
FAX NO. 325-235-4672 C€RT/FlCA TE OF CALIBRA TlON 

21 47 1 8/281492 ORDER NO. W I O M E R  CABRERA SERVICES 

Mfg. Model 2360 -NO. 202349 
m. Model -NO. fR211706 
Cal.Date 26Mav-04 CalDueDate %MQv-OS Cd,hterval l Y e a r  Metertoce 202-655 

Check mark dappttes to applicable In&. and/or detector IAW mfg. spec. T. 72 *F RH 5 6 %  AR 696emmHg 
Instrument Received 0 W t M  Toler. +-lo% 0 1@20% Out of Tol. 0 Requlrlng Repdr 0 Oiher-See comments New Instrument 

La Mechanlcalck. [a MeterZeroed 0 Bockground Subtract hput sen% Llneoftty 
0 F/SResp.ck [a Resetck. &I Wlndow Operanon &l Geotroplsn 

[a AlarmSefflngck. Batt. ck. Win. Vott) 2.2 VDC 
~~~~~ In acwdance with LMI Sop 14.8 rev 12/05/89. 0 Callbfated In accordance wlth LMI Sop 14.9 rev 02/07/97. 

lnstrUmentV~set 725 v 
~HVReadout(2pohts) Ref./lnst. 500 / 5-00 V Ret./lnst. 1500 / I5Q0 v 
FlrmweVenlon: 39010So\'fl (EEPROM S e t t l n ~ s )  
Alpha Threshold: I xo uv User Tlme: 1.0 
Beta Threshold: 3*5* \I AlphaAlorm: 5 0 0 0 0  
Beta Wlndow: B e t a r n :  S O 0 0 0  

HlQh Voltwe 50t detectof A& CQ:&. Callbration  ate ~ u e :  ~ S / ~ ~ A O O S  

overiood Act M U  Ir A/BAlm: 5 0 0  0 0  
tnstmment calibrated wlm a 5' ca Model 2360 Date: os/ 2b/ZOs4 

COMMENTS: 
4 pi efficiencies (Refer to plateau sheet at set voltage for details) 
Th-230 - 19.49%, Tc-99 = m1f2y!, SrY-90 = 30.9770 , Ni-63  - a.'ls% . 



LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAK STKn 
SWEETWATER TWAS 79536, USA. 

PH. 325-235-5494 
FAX NO. 3252354672 

b' 
Bench Test Data For Detectof 

7 

W 

2 l b 6 7 ' f  
Order #. 216718/281992 

Alpha input Sensmvlty 120 mv 

Beta Input Sensitivity 315 mv 

Beta Window 30 mV 
Dbtance source to Detector S d b e  

0 Gas Roportlond detectof count rate decreased 5 10% after 15 hourstanc test uskrg 39' coble. 
0 Gos proportional detector count rate decreased 5 10% after 5 hour statk test using 39' cable and dpha/beta counter. 
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WDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 
501 OAKSTREET FAX NO. 325235-4472 
SWEETWATER TEXAS 79556, USA.  

PH. 3252355494 

u 
Bench Test Datu For Detector 

2\ bb74 
Detector 43-93 SerialNo. 991r17o4, Order #. 216718/281992 

Alpha input SensitMty I Lo mV cuf8Omer CABRERASERVlCES 

Counter 2360 serial NO. 2 02398 Beta Input Sensmvih/ L mv 
Beta Wlndow 30 mV Count nm 1 Mnute 

Other Dlstance Source to Detector 4 WkCe 

Isotope 
Slze 

Isotope Isotope 
Hlgh Background &e 9q4!2bdfn size 

-3 

W 

Gas Proportbnd detector count rote decreased s 10% after 15 hour static test uslng 3 4  cable. 
0 Gas ptoportlonal detector count rote decreased 5 10% after 5 hour stalk test uslng 39" cable and alpha/beta counter. 

I 
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Final Report 
Remediation and Final Status Survey 

Bomb Throwing Device - Structures 
Aberdeen Pmvinu Ground - 
ROPC Radionuclides of Potential Concern 
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Sigma 
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Uranium-234 

Uranium-235 
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Bomb Throwing Device - Structures 
Aberdeen Provinu Ground 

Final Report 
Remediation and Final Status Survey 

1.0 INTRODUCTION 

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

For consistency with other decommissioning activities at APG, radiologically impacted soils and 
structures are addressed separately. This document presents the Final Status Survey (FSS) 
activities for five structures on site - the BTD Armor Reclamation Facility (BARF), Wash Rack 
#2, Wash Rack #3, Concrete Pad #2 located behind Building 701, and Concrete Pad #1 located 
behind the DU Test Enclosure Building. The Final Status Survey conducted on soils is 
addressed in a separate document titled, “Remediation and Final Status Survey, Bomb Throwing 
Device Site - Soils,” (CABRERA, 2004). These final status surveys are designed in accordance 
with Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) guidance (U.S. 
Nuclear Regulatory Commission [NRC], 2000). 

W 

1.1 Site History 

APG, located in Aberdeen, Maryland, is an active U.S. Army testing and research facility. The 
APG lies along the western shore of the Chesapeake Bay in Harford and Baltimore Counties, 
Maryland, approximately 15 miles northeast of Baltimore. The APG covers a total of 72,5 16 
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 19 17. 

The BTD site was used between 1982 and 1993 for the testing of DU munitions. In 1993, the 
site consisted of the BTD ARMOR RECLAMATION FACILITY, the DU Test Enclosure 
Building, the Enclosure Building High Efficiency Particulate Air (HEPA) system, the Plate 
Storage Area (PSA), Wash Racks #2 and #3, access roads, and several support buildings situated 
on approximately 46,000 square meters (m2) (1 1.4 acres) of land. During operations, DU 
munitions were fired at steel plate and other targets placed inside the DU Test Enclosure 
Building. The High Efficiency Particulate Air (HEPA) ventilation system equipment was 
located outside the DU Test Enclosure Building on a concrete pad (Concrete Pad # I ) .  Its 
hnction was to collect and filter potentially contaminated air exiting the DU Test Enclosure 
Building after the firing of DU munitions. 

Prior to site remediation, approximately 40 tons of DU-contaminated armor plate was located 
within the DU Test Enclosure Building and surrounding grounds. Heavy equipment was used to 
transport the armor plates between the DU Test Enclosure Building and the PSA. As part of the 
remedial activities and subsequent to the removal of the armor plates, the DU Test Enclosure 
Building, the HEPA ventilation system, the footings for the DU Test Enclosure Building, the 
“White” Building, the “Rust” Building, and the Sabot Stripper were removed in their entirety 
from the site and processed separately from this report. 

L D.4.44 09-006-0002~’0039 CABRERA SERVICES, INC. Page I 



Bomb Throwing Device - Structures 
Aberdeen Provinq Ground 

Final Report 
Remediation and Final Status Survey 

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

During initial mobilization in February 2003, the CABRERA field crew entered the BARF and 
dismantled, surveyed, and removed the DU armor plate reclamation machine (the LAB) housed 
within the BTD Armor Reclamation Facility. 

In May 2003 CABRERA re-mobilized to perform a FSS on the inside of the BTD Armor 
Reclamation Facility, and demolish the DU Test Enclosure building. Most of the steel plate 
removed from the DU Test Enclosure Building was shipped across APG to the ARL Spesutie 
Island Facility for decontamination and beneficial reuse. Other steel/debris was containerized in 
intermodals for future rail shipment to Envirocare of Utah. 

During June 2003, the CABRERA team performed remediatiodFSS of Wash Racks 2 and 3, 
which included dismantling and ship out of the floor grids and left the scrap steel piled for 
transfer to ARL or other use, as instructed by ATC personnel. Concurrent to the dismantling 
operations and through the month of August 2003, the CABRERA team completed the majority of 
the gamma walkover survey, excavated contaminated soils, and stockpiled the remediated soil 
(approximately 1,200 cubic yards) into a lay down area within Survey Units 16 and 25. 
CABRERA demobilized at the end of August 2003. 
In February and March 2004, the CABRERA team returned to the BTD site, performed data 
collection for survey gaps, and accomplished 95% of the remediated soil load out. The soil was 
packed into intermodal containers, and the intermodals were shipped via rail to Envirocare of 
Utah. 
In June 2004, the remainder of the soil was loaded/shipped to Envirocare for disposal and both 
Concrete Pad # I  and Concrete Pad #2 surfaces were remediated with a steel ball blast/HEPA 
vacuum system. Following cleaning, the surfaces were surveyed and the FSSs were performed. 

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

In the Figures section of this report, Figure I shows the location of the BTD Site relative to APG 
and surrounding towns. Figure 2 shows the relative locations of the five structures specifically 
addressed in this FSS Report. Appendix A contains site photos of the structures discussed 
below. 
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1. I .  1 BTD Armor Reclamation Facility 

The BARF is a steel beam and sheet metal constructed building with insulated walls and roof. 
The insulation is covered with a flexible protective plastic cover. The floor is a concrete pad. 
The interior of the BARF is approximately 12 meters (m) long by 14.8 m wide with a ceiling 
height of 6 m. The building is bisected by a sheetrock wall with doors leading from one side to 
the other. There are no drains, sumps, or ventilation system penetrations other than the liquid 
abrasive blaster (LAB) HEPA ventilation system. A small heating system with insulated 
ductwork, rollup doors for equipment entry, smaller doorways for personnel entry, and electrical 
circuit boxes are other general features found in the building. 

The northern portion of the BARF contained the LAB decontamination equipment and a small 
capacity crane used to help l i f t  and load steel plates into the LAB. The southern part of the 
building was used to store clean unused HEPA filters and small amounts of containerized 
contaminated trash. Routine radiation contamination surveys were executed on all floor areas 
within the BTD Armor Reclamation Facility, on stored boxes and containers, and occasionally 
on wall surfaces. 

The ATC utilized the BARF to house the LAB. The LAB was an enclosed system used to 
decontaminate pieces of steel plate and other small objects with water jets and abrasive. A 
ventilation system with a pre-filter demister and a HEPA filter removed airborne particulates 
prior to ventilation release to the environment. A hopper attached to the LAB retained spent 
abrasive and removed contamination. 

No contamination was found on either the LAB HEPA filter or areas downstream in the 
ventilation system ducts during removal of the LAB. Minor contamination was found within the 
LAB enclosure, the hopper which contained water and abrasive, the HEPA pre-filter, and small 
areas on the outside of the LAB enclosure near loading points. The lack of activity downstream 
of the HEPA filter indicates a well-designed system that did not release airborne radioactivity to 
the environs. Other general surveys do not show contamination on the walls of the BARF. Scan 
surveys showed only occasional activity on the floor areas surrounding the LAB. Surveys of 
selected areas overhead and on the crane are also negative with respect to contamination. 

1.1.2 Wash Rack #2 

Wash Rack #2 consists of a steel beam frame and sheet metal walls with no interior insulation or 
wallboard. The interior is approximately 17 m long by 8 m wide with a ceiling height of 6 m. 
The floor consists of steel plate with a recessed trough running the length of the facility. The 
trough area is approximately 6 m wide by 10 centimeters (cm) deep. The trough area contains 
multiple raised (approximately 3 inches) steel beams, which were used to support steel floor 
grating. The grating, which was removed prior to this FFS, was flush with the surrounding floor 
plate. There are no drains, sumps, heating, cooling, or ventilation systems present. Steel rollup 
doors for equipment entry are located at both ends of the structure. Previously documented 
routine surveys identified minor levels of DU contamination on the floor area of Wash Rack #2. 

Since the construction of Wash Rack #2 in 1992, the ATC has utilized this facility as a 
warehouse. Wash Rack #2 has never been used as a wash rack. Instead, it was used to store 
items and equipment, some of which were contaminated with DU. Wash Rack #2 housed DU in 
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the form of penetrators, floor sweepings, liquid abrasive residue from previous decontamination 
activities, and range debris (e.g., paper, plastic, wood). 

Since the wash rack was used as a storage facility for contaminated materials, the primary area of 
investigation is the floor, trough area, and lower wall surfaces (2 m and below). 

1.1.3 Wash Rack #3 

Wash Rack #3 is identical to Wash Rack #2, was also built in 1992, and was used for the storage 
of uncontaminated Navy accelerator parts and the temporary housing of a cutting table 
contaminated with DU. Contamination left by the cutting table was identified in the southwest 
comer of the facility. This contamination was removed though decontamination activities prior 
to the initiation of the FSS. Past routine surveys of this structure have identified minor levels of 
DU contamination on the floor. 

Since the wash rack was used as a storage facility for contaminated materials, the primary area of 
investigation is the floor, trough area, and lower wall surfaces (2 m and below). 

1.1.4 Concrete Pad #2 (Located Behind Building 70 1) 

This concrete pad is located behind Building 701. Pad dimensions are approximately 22 m by 15 
m. The pad was confirmed to have alpha contamination and therefore would not pass release 
criteria. Its purpose was to stage or store heavy armored vehicles. 

1.1.5 Concrete Pad #1 (Located Behind the DU Test Enclosure Building) 

Concrete Pad #I  is located adjacent to the DU Test Enclosure Building. It is somewhat smaller 
than Concrete Pad #2 and is approximately 10 m by 12 m. Its purpose was to provide a 
foundation for the HEPA system associated with the DU Test Enclosure Building. 

1.2 Radionuclides of Potential Concern 

The following three Final Status Survey Plans were utilized in producing this consolidated FSS 
report: 

0 Final Status Survey Plan For BTD Armor Reclamation Faciliv, Aberdeen Proving 
Ground, Aberdeen, MD (provided in Appendix B) 

0 Final Status Survey Plan For Wash Rack Facilities #2 and #3, Aberdeen Proving 
Ground, Aberdeen, MD (provided in Appendix C) 

0 Final Status Survey Plan Bomb Throwing Device (RTD) Site, Aberdeen Proving Ground, 
Aberdeen, MD (provided in Appendix D) 

Section 2.2 of each FSS Plan identifies the site Radionuclides of Potential Concern (ROPC) as 
being limited to DU and its short-lived uranium progeny (decay products). The uranium ratios 
are based on isotopic uranium weight ratios used for shipments of routine DU waste from APG 
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W 
(BARG, 1995). The activity fractions are calculated from the isotopic weight ratios and the 
specific activi of each uranium isotope. The result of the activity fraction calculation is a 
Uranium-234 ( ty34 U):Uranium-235 (235U):Uranium-238 (238U) ratio of 0.084:O.O 12:0.904. 

1.3 Derived Concentration Guideline Levels 

As described by MARSSIM, a Derived Concentration Guideline Level (DCGL) is a calculated 
radionuclide activity concentration within a designated survey unit that corresponds to a defined 
release criterion in radiation dose or risk units. Per the license requirement of I O  Code of 
Federal Regulations (CFR) 20 Subpart E, a release criterion of 25 millirem per year (mredyr) 
will be used for the buildings and structures included in this FSS Report. Doses from residual 
radioactivity will be kept as low as reasonably achievable (ALARA) whenever possible. Using 
MARSSIM Section 4.3.4 (equation below) and knowing that there is one alpha decay per decay 
of each uranium isotope, a single total uranium DCGLw of 100 disintegrations per minute alpha 
per 100 square centimeters (dpm alphd100cm2) was calculated for DU. This DCGLw was 
calculated using the values provided by the NRC screenin guidelines of 90.6 dpd100cm2, 97.6 
dpm/l OOcm’, and 10 1 d p d l  00cm2 for U234, U235 , and U2g8, respectively, as presented in Table 
5.19 of NUREGKR-5512 (volume 3, October 1999), NUREG 1757, and the DU activity 
fractions discussed in Section 1.2. The DCGLw is calculated as follows: 

= 100 dpm alpha/ 1 00cm2 1 - - 1 
DCGLw = 

Where: DCGLw = Combined gross activity DCGL (Le., release limit). 

fn = Activity fiaction of radionuclide n 

DCGL, = DCGL of radionuclide n 

The total uranium DCGLw of 100 dpm alpha/100cm2 was used as the action level for both static 
and scanning measurements in the buildings and on the structures. 
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2.0 FINAL STATUS SURVEY DESIGN 

The FSS performed at the BTD site was designed in accordance with Final Status Survey 
guidance from MARSSIM (NRC, 2000). FSS activities consisted of scanning surveys over 
100% of the accessible structure surfaces. Integrated direct surface measurements were 
performed at fiequencies based on MARSSIM guidance. Survey activities also included direct 
and biased smear sample collection. The FSSs were designed conservatively in that the 
radiological background present in the structure materials is neglected and the measured total 
activity is used for direct comparisons to the DCGLw. 

2.1 General Structure Classification Based on Contamination Potential and Survey Unit 
Identification 

Using MARSSIM Section 5.3 as guidance, the five structures were subdivided into survey units 
and designated as Class 1, Class 2, or Class 3 survey units. The following subsections describe 
how each structure was subdivided and classified. Appendix E presents individual SU schematic 
diagrams along with direct (integrated) measurementkmear locations. 

2.1.1 BTD Armor Reclamation Facility 

The BARF was subdivided into four Class 1 SUs and one Class 3 SU as listed in Table 2-1. The 
floor and lower walls of the northern room of the BARF share similar contamination potential 
because this area housed the LAB decontamination equipment and was where the 
decontamination process was performed. Although the lab system was self-contained and 
surveys did not routinely identify transferable contamination on the floor or walls, contaminated 
materials were moved through this room via the south rollup door to be loaded in and out of the 
LAB system. In accordance with MARSSIM guidance, the south room floor and lower walls 
were considered Class 1 SUs as well because this area was once used to store containerized 
contaminated trash. 

Since the upper wall and ceiling surfaces of the north and south rooms share similar potential for 
contamination, these areas were combined into one Class 3 SU. The potential for contamination 
on the upper walls and ceiling surface in the north room is small because no contamination was 
identified on the LAB HEPA filter or at downstream areas in the ventilation system. The lack of 
activity downstream of the HEPA filter indicates a well-designed system that did not release 
airborne radioactivity to the environs. In addition, transferable contamination was not identified 
during routine surveys in the BTD Armor Reclamation Facility, and the primary mechanism for 
transport (i.e., ventilation system) was not contaminated. 

Maps presenting the BARF SU delineations and the reference coordinate system are presented in 
Appendix E. 
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North Room Floor 

South Room Floor 

North Room Lower Walls 

South Room Lower Walls 

Ceilings and Upper Walls 

W 

88.8 Concrete 1 

88.8 Concrete 1 

76.6 Foam / Sheet Metal 1 

76.6 Foam / Sheet Metal 1 

488 Foam / Sheet Metal 3 

Table 2-1: BTD Armor Reclamation Facility Survey Units 

Floor South Side 

Floor North Side 

Lower Walls 

Ceiling and Upper Walls 

68 Metal 1 

68 Metal 1 

90 Metal 1 

346 Metal 2 

2.1.2 Wash Rack #2 

Wash Rack #2 was divided into three Class 1 SUs and one Class 2 SU as listed in Table 2-2. 
The floor and lower walls of Wash Rack #2 has a history of contamination and contamination 
potential because this structure was used to store DU waste. DU contamination has been 
identified previously on the floor of this facility during past routine surveys. The floor area in 
Wash Rack #2 was remediated for DU contamination prior to the initiation of the FFS. 
The ceiling and upper walls of Wash Rack #2 are classified as Class 2 due to remediation 
activities being performed previously on the floor of this facility. 

Maps presenting the Wash Rack #2 SU delineations and the reference coordinate system are 
presented in Appendix E. 

Table 2-2: Wash Rack #2 Survey Units 

2.1.3 Wash Rack #3 

Wash Rack #3 was divided into three Class 1 SUs and one Class 2 SU as listed in Table 2-3. 
The floor and lower walls of Wash Rack #3 has a history of contamination and contamination 
potential because this structure was used to store DU waste. DU Contamination has been 
identified previously on the floor of this facility during past routine surveys. The floor area in 
Wash Rack #3 was remediated for DU contamination prior to the initiation of the FFS. 

The ceiling and upper walls of Wash Rack #3 are classified as Class 2 due to prior remediation 
activities performed on the floor of this facility. 
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Maps presenting the Wash Rack #3 SU delineations and the reference coordinate system are 
presented in Appendix E. 

Table 2-3: Wash Rack #3 Survey Units 

2.1.4 Concrete Pad #2 

Concrete Pad #2 was designated a Class 1 survey unit. Due to its size, the pad was divided into 
two survey units - North and South. Each survey unit is approximately 107 m2. 

2.1.5 Concrete Pad #1 

Concrete Pad # I  was designated a Class 1 survey unit. Due to its size, the pad was divided into 
two survey units - North and South. Each survey unit is approximately 60 m2. 

2.2 

Instrumentation used in the survey consisted of direct alpha scan and integrated surface 
detectors, and alphaheta smear counters. A number of both types of instruments were used due 
to the extended duration of the surveys. All instruments were properly calibrated (appendix I), 
QC checked (appendix F), and operated in accordance with standard operating procedures 
(section 4.0). 

Survey Instrumentation and Survey Techniques 

2.2.1 Direct Surface Alpha Radioactivity Scan Surveys and Integrated Direct Surface Alpha 
Radioactivity Measurements 

Direct alpha scanning was performed to identify surface locations on structures where 
contaminant concentrations may exceed the criterion for unrestricted release. Integrated direct 
measurements (Le., static measurements) of surface alpha radioactivity were performed during 
the FSS to compare contaminant levels at discrete sampling locations on building interior 
surfaces to the release criterion and to facilitate statistical testing, if necessary. Scanning and 
integrated direct surface measurements were performed using the instruments listed in Table 2-4. 
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Table 2-4: Instruments Used for Scanning and Integrated Direct Surface Measurements 
I ~ ~ Instrument Used 

(Meter and Probe) 
Ludlum Model 2224-1 portable 

.- 

alphahta scalerlratemeter (serial 
number [SIN] 162425) with the 
Ludlum model 43-93 100 m2 
alphabeta detector (SIN 182403) 

Ludlum Model 2224-1 portable 
alphaeta scalerlratemeter (SIN 
162426) with the Ludlum model 43- 
89 126 cmz alphalbeta detector 
(SIN 193921) 

Ludlum Model 2224 portable 
alphatbeta scalerlraterneter (SIN 
183048) with the Ludlum Model 43- 
68 large area (126 cm’) gas 
proportional detector (SIN 161781) 
Ludlum Model 2360 alphalbeta data 
logger (SIN 193675) with the 
Ludlurn Model 43-37 area floor 
monitor (SIN 161687) 

Ludlum Model 2360 alphabeta data 
logger (SIN 184938) with the 
Ludlum Model 43-37 area floor 
monitor (SIN 178371) 
Ludlum Model 2360 alphalteta data 
logger (SIN 202398) with the 
Ludlum model 43-93 100 cm2 
alphatbeta detector (SIN 21 1706) 

Dates Used 

5/28/03. 5/29/03, 6/4/03 

611 1103, 6/12/03, 6/13/03, 6/19/03 
6120103 

6/27/03 

7/9/03, 711 0103 

8/12/03 
5/5/03, 5/14/03, 511 5103 

511 9/03, 5/20/03, 5/22/03, 5/28/03, 
5/29/03. 6/6/03 

6/9/03 

611 0103 

611 1/03, 6/12/03, 611 3103 

611 9/03 

6120103 

6/26/03, 6/27/03, 7/9/03, 711 0103 

3130l04 

313 1 lo4 
5/8/03 

5i-7103, 5/8/03, 5/9/03, 5/12/03, 
5/13/03, 5/14/03, 5/15103,6/2/03 

6/4/03, 6/5/03, 6/6/03 

6/9/03 

611 1103, 6/12/03, 6/16/03, 6/19/03 
6/20/03,6/23/03, 6/24/03 

6/25/03 
6/8/04, 6/9/04, 611 0104 

6/8/04, 6/9/04, 611 0104 

Building or Structo 
Where Used 

Wash Rack #2 

Wash Rack #3 

Wash Racks #2 and #3 

Wash Rack #3 

DU Test Enclosure Building 
BTD Armor Reclamation Fa 

Wash Rack #2 

Wash Racks #2 and #3 

DU Test Enclosure Building 

DU Test Enclosure Buildi 
Wash Rack #3 

Wash Rack #3 

DU Test Enclosure Buildi 
Wash Rack #3 

Wash Racks #2 and #3 

Wash Rack #3 

Wash Rack #2 
BTD Armor Reclamation Fac 

BTD Armor Reclamation Fa( 

dash Rack #2 

Nash Racks #2 and #3 

sash Rack #3 

#ash Racks #2 and #3 
2oncrete Pads #1 and #2 

2oncrete Pads #1 and #2 
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2.2.2 Smear Sample Collection and Analysis 

Gross transferable alpha contamination was collected and analyzed to determine if transferable 
activity is less than or equal to 10% of total activity as assumed in the NUREGICR-5512 and 
NUREG 1757 documents for screening level guidelines. 

Smear samples were collected over approximately 100 cmz areas at systematic and biased 
locations identified during scanning activities. Smear samples were analyzed for alpha and beta 
radioactivity using a Ludlum Model 2929 alphaheta scintillation counter. Three different units 
were used during the field activities, as summarized in Table 2-5. 

Table 2-5: Alpha/Beta Scintillation Counter Used for Transferable Activity Measurements 

Instrument Used 
(Meter and Probe) 

Ludlum Model 2929 alphalbeta 
scintillation counter (SIN 163827) 
with attached 43-10-1 probe (SIN 
171322) 

Ludlum Model 2929 alphalbeta 
scintillation counter (SIN 180830) 
#ith attached 43-10-1 probe (SIN 

Ludlum Model 2929 alphalbeta 
scintillation counter (SIN 171590) 
with attached 43-10-1 probe (SIN 
17481 3) 

207a49) 

Dates Used 

5/5/03, 5ia103, 5/9/03, 5/12/03, 
511 3/03, 511 4/03 

511 5/03 

5/19/03, 5/20/03, 5/21/03, 
5/22/03, ~12a103,5129i03,5i30103 

6/2/03, 6/3/03, 6/4/03, 6/6/03, 
6/9/03 

611 0103 

611 1103, 6/12/03, 6/16/03 

6/26/03, 6/27/03 

71aio3 

7/9/03, 711 0103 

3I30l04 

313 1 104 

6/8/04, 6/9/04, 611 0104 

Building or Structure 
Where Used 

BTD Armor Reclamation Facility 

BTD Armor Reclamation Facility, 
Wash Rack #2 

Wash Rack #2 

DU Test Enclosure Building and 
Wash Rack #2 

DU Test Enclosure Building 

Wash Rack #3 

Wash Racks #2 and #3 

Wash Rack #2 

Wash Rack #3 
Wash Rack #3 

Wash Rack #2 

Concrete Pads #1 and #2 

2.3 Number of Static Measurements 

MARSSIM provides a method to determine the number of measurement locations required in a 
given survey unit. A minimum number of measurement locations are required in each survey 
unit to obtain sufficient statistical confidence that the conclusions drawn from the measurements 
are correct. The following subsections describe the bases for and derivation of the minimum 
required measurement locations per survey unit. 
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2.3.1 Estimation of Relative Shift 

The minimum number of measurement locations required is dependent on the distribution of site 
residual radionuclide concentrations relative to the DCGL, and acceptable decision error limits 
(a and p). 
The relative shift describes the relationship of site residual radionuclide concentrations to the 
DCGL, and is calculated using the guidance found in Section 5.5.2.3 of MARSSIM. The 
relative shift is calculated as follows: 

A/o = DCGL, - LBGR 
0 

Where: DCGLw= Derived Concentration Guideline Level 

LBGR = concentration at the lower bound of the gray region. The Lower 
Bound of the Grey Region (LBGR) is the concentration at which the 
survey unit has an acceptable probability of passing the statistical 
tests. 

W 

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

As previously stated, the DCGL, for surface alpha radioactivity is 100 dpm/100cm2. The LBGR 
was conservatively estimated at 70 dpm alphd100 cm2 based on previous studies with similar 
instruments on concrete. Without prior survey, it is reasonable to assume a coefficient of 
variation on the order of 30 percent (MARSSIM Section 5.5.2.2). Using a coefficient of 
variation of 30 percent and the LBGR as an estimate of the sample mean, a sigma value of 21 
d p d l  00cm2 is estimated. Using the parameters discussed above, the relative shift is calculated 
as 1.4. 

2.3.2 Determination of N (Number of Required Measurement Locations) 

The final number of required measurement locations per survey unit is 20 as per MARSSIM 
(Table 5.5) given a relative shift of 1.4 and an error rate for both Type I and Type I1 errors of 
five percent (i.e., a = p = 0.05). The actual number of measurements taken in each survey unit 
ranges from 20 to 24 samples based on the size of the survey area. 

2.4 Elevated Measurement Criterion (DCGLEM~) 

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 DCGLw will be used as the DCGLEMC, which corresponds to an area factor of one. Since the 
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scan minimum detectable concentration of the instrumentation is sensitive enough to identi@ the 
DCGLw with a 90% confidence limit (refer to Appendices B, C, and D), it is unlikely that small 
areas of elevated activity exceeding the DCGLw would be missed during surface scans. 

2.5 Static Measurement Locations 

Measurement locations in Class 1 and Class 2 survey units were established using a random start 
point in a systematic rectangular grid. The Class 3 survey unit measurement locations were 
randomly selected. The grid spacing for Class 1 and Class 2 survey units was determined, based 
on the measured area of the survey unit, using the following equation (Equation 5-7 from 
MARS SIM). 

W 

A 
0.866N 

Where: L = rectangular grid spacing for survey unit 

A = areaofsurvey unit 

N = number measurement locations 

Measurement spacing results (L) using the equation above are presented in Table 2-6. Maps 
presenting the SU delineations are presented in Appendix E. 

Table 2-6: Summary of Area, Number of Data Points, and Grid Spacing by SU 
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Number of Glid 
Survey Unit Descriptlon 
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3.0 RESULTS 

Field activities took place during three separate mobilizations. The first mobilization began May 
3, 2003 and ended August 27, 2003. The second mobilization began February 10, 2004 and 
ended March 31, 2004. The third mobilization began June 8, 2004 and ended June 15, 2004. 
Appendix F contains a table that documents every day that CABRERA personnel were on-site, the 
instruments used, and the activities performed. 

All raw data collected on Radiological Survey Maps for each SU (survey unit) are provided in 
Appendix G.  Scan survey results are provided graphically in the Figures section of this FSS 
Report and are referenced in the following sub-sections. Additional data for each SU include 
worksheets that convert the raw data (recorded in counts per minute) to dpm/100cm2 for 
integrated direct measurements (integrated one minute counts) from each one meter square grid 
with cross-reference to grid numbers) and 100 cm2 smear results from each one meter square 
grid with cross-reference to grid numbers. These worksheets are provided in Appendix H. 

3.1 BTD Armor Reclamation Facility 

3.1.1 Surface Alpha Radioactivity Scan Surveys 

The floors and the lower walls were surveyed for surface alpha radioactivity in the BTD Armor 
Reclamation Facility. All of these areas are designated MARSSIM Class 1. The ceiling and 
upper walls are designated MARSSIM Class 3. In the Figures section, Figures 3 through 1 1  
graphically depict the results of the scan surveys. As can be observed in the figures, no alpha 
scanning measurements exceeded the DCGL of 100 d p d l  OOcm’. 

3.1.2 Integrated Direct Surface Alpha Radioactivity Measurements 

The BARF was divided into five SUs - the North Floor Room, the South Floor Room, the North 
Room Lower Walls, and the South Room Lower Walls were Classified MARSSIM Class 1 SUs. 
The Ceiling and Upper Walls were classified MARSSIM Class 3 SUs. Twenty-four integrated 
direct surface alpha measurements were taken on the North Floor Room and the maximum 
reading was 30.1 dpm/100cm2. Twenty-four integrated direct surface alpha measurements were 
taken on the South Floor Room, and the maximum reading was 20.0 dpm/100cm2. Twenty-four 
integrated direct surface alpha measurements were taken on the North Room Lower Walls and 
the maximum reading was 12.0 dpm/100cm2. Twenty-four integrated direct surface alpha 
measurements were taken on the South Room Lower Walls and the maximum reading was 10.0 
dpm/100cm2. Twenty-one integrated direct surface alpha measurements were taken on the 
Ceiling and Upper Walls and the maximum reading was 14.3 dpm/100cm2. Since all 
measurements were below the DCGL, no further statistical analysis of the data was performed. 

3.1.3 Smear Sample Collection and Analysis 

All smear samples taken from the BARF resulted in alpha measurements of less than 10 
dpm/100cm2. Twenty-four smear samples were taken on the North Floor Room and the 
maximum alpha reading was 6.5 dpd100cm2. Twenty-four smear samples were taken on the 
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South Floor Room and the maximum alpha reading was 6.5 dpm/100cm2. Twenty-two smear 
samples were taken on the North Room Lower Walls and the maximum alpha reading was 5.8 
dpm/100cm2. Twenty-five smear samples were taken on the South Room Lower Walls and the 
maximum reading was 4.1 d p d l  00cm2. Twenty-three smear samples were taken on the Ceiling 
and Upper Walls and the maximum reading was 4.2 dpm/100cm2. 

3.1.4 Recommendation 

In accordance with the BARF FSS Work Plan and consistent with MARSSIM guidance, a SU 
can be cleared for release where all scans and integrated direct measurements are below the 
DCGL of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 
dpm/100cm2. Therefore, the North Room Floor, the South Room Floor, the North Room Lower 
Wall, the South Room Lower Wall, and the Ceiling and Upper Walls SUs are recommended for 
unrestricted release. 

3.2 Wash Rack #2 

3.2.1 Surface Alpha Radioactivity Scan Surveys 

The floor and the lower walls were surveyed for surface alpha radioactivity in Wash Rack #2. 
All of these areas are designated MARSSIM Class 1. The ceiling and upper walls are designated 
MARSSIM Class 2 and approximately 10% of the total area was scanned for alpha activity. All 
scans of ceiling and upper walls resulted in alpha counts that were equal to or below background, 
so results of these scans were not recorded on official CABRERA forms. In the Figures section of 
this FSS, Figures I2 through 16 graphically depict the results of the scan surveys on the floor and 
lower walls. As can be observed in the figures, no alpha scanning measurements exceeded the 
DCGL of 100 dpm/100cm2. 

3.2.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Wash Rack #2 was divided into four SUs - the North Floor, the South Floor, and the Lower 
Walls were classified Class 1 and the Ceiling and Upper Walls were classified Class 2. Twenty 
integrated direct surface alpha measurements were taken on the North Floor and the maximum 
reading was 15.0 dpm/100cm2. Twenty integrated direct surface alpha measurements were taken 
on the South Floor and the maximum reading was 11.9 dpd100cm2. Twenty-four integrated 
direct surface alpha measurements were taken on the Lower Walls and the maximum reading 
was 13.9 dpm/100cm2. Twenty integrated direct surface alpha measurements were taken on the 
Ceiling and Upper Walls and the maximum reading was 10.0 dpm/100cm2. Since all 
measurements were below the DCGL, no further statistical analysis of the data was performed. 

3.2.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on the North Floor and the maximum reading was 2.7 
dpd100cm2. Twen smear samples were taken on the South Floor and the maximum reading 
was 2.7 dpm/100cm . Twenty-four smear samples were taken on the Lower Walls and the 7 
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maximum reading was 2.7 dpm/l 00cm2. Twenty integrated direct surface alpha measurements 
were taken on the Ceiling and Upper Walls and the maximum reading was 2.7 dpm/100cm2. 
Since all measurements were below the DCGL, no hrther statistical analysis of the data was 
performed. 

3.2.4 Recommendation 

In accordance with the Wash Rack FSS Work Plan and consistent with MARSSIM guidance, a 
SU can be cleared for release where all scans and integrated direct measurements are below the 
DCGL of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 
dpm/100cm2. Therefore, the North Floor SU, the South Floor SU, the Lower Walls SU, and the 
Ceiling and Upper Walls SU of Wash Rack #2 are recommended for unrestricted release. 

3.3 Wash Rack #3 

3.3.1 Surface Alpha Radioactivity Scan Surveys 

The floor and the lower walls were surveyed for surface alpha radioactivity in Wash Rack #3. 
All of these areas are designated MARSSIM Class 1. The ceiling and upper walls are designated 
MARSSIM Class 2 approximately 10% of the total area was scanned for alpha activity. All 
scans of ceiling and upper walls resulted in alpha counts that were equal to or below background, 
so results of these scans were not recorded on official CABRERA forms. In the Figures section of 
this FSS, Figures 17 through 21 graphically depict the results of the scan surveys on the floor and 
lower walls. As can be observed in the figures, no alpha scanning measurements exceeded the 
DCGL of 100 dpm/l 00cm2. 

3.3.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Wash Rack #3 was divided into four SUs - the North Floor, the South Floor, and the Lower 
Walls were classified Class 1 and the Ceiling and Upper Walls were classified Class 2. Twenty 
integrated direct surface alpha measurements were taken on the North Floor and the maximum 
reading was 14.9 d p d l  00cm2. Twenty integrated direct surface alpha measurements were taken 
on the South Floor and the maximum reading was 6.8 dpd100cm2. Twenty-four integrated 
direct surface alpha measurements were taken on the Lower Walls and the maximum reading 
was 8.8 dpm/100cm2. Twenty integrated direct surface alpha measurements were taken on the 
Ceiling and Upper Walls and the maximum reading was 10.0 dpm/100cm2. Since all 
measurements were below the DCGL, no further statistical analysis of the data was performed. 

3.3.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on the North Floor and the maximum reading was 0.9 
dpm/100cm2. Twenty smear samples were taken on the South Floor and the maximum reading 
was -0.6 dpm/100cm2. Twenty-four smear samples were taken on the Lower Walls and the 
maximum reading was 2.4 d p d l  00cm2. Twenty integrated direct surface alpha measurements 
were taken on the Ceiling and Upper Walls and the maximum reading was 0.9 dpm/100cm2. 
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Since all measurements were below the DCGL, no further statistical analysis of the data was 
performed. 

3.3.4 Recommendation 

In accordance with the Wash Rack FSS Work Plan and consistent with MARSSIM guidance, a 
SU can be cleared for release where all scans and integrated direct measurements are below the 
DCGL of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 
dpm/100cm2. Therefore, the North Floor SU, the South Floor SU, the Lower Walls SU, and the 
Ceiling and Upper Walls SU of Wash Rack #3 are recommended for unrestricted release. 

3.4 Concrete Pad #2 

This 22- by 15-m pad was cleaned by shot blasting it with a Blastractm. Then the pad was 
surveyed with a floor monitor and Total Station. The pad was divided into two survey units 
(under MARSSIM requirements, this Class 1 structure was treated similar to a building interior). 
Systematic fixed count surveys with alphaheta meter were completed along with smears at those 
locations. 

3.4.1 Surface Alpha Radioactivity Scan Surveys 

One hundred percent of the surface of Concrete Pad #2 was surveyed for surface alpha 
radioactivity. Concrete Pad #2 is designated MARSSIM Class 1. In the Figures section of this 
FSS, Figures 22 and 23 graphically depict the results of the scan survey. As can be observed in 
the figures, no alpha scanning measurements exceeded the DCGL of 100 dpm/100cm2. 

3.4.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Concrete Pad #2 was divided into two Class 1 SUs and they were designated North and South. 
Twenty integrated direct surface alpha measurements were taken on both the North SU and the 
South SU. The maximum measurement taken on the North SU was 27.1 dpm/100cm2 and the 
maximum measurement taken on the South SU was 18.0 dpm/l 00cm2. Since all measurements 
were below the DCGL, no further statistical analysis of the data was performed. 

3.4.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on both the North SU and the South SU. The maximum 
measurement taken on the North SU was 2.9 dpm/100cm2 and the maximum measurement taken 
on the South SU was 1.6 dpm/100cm2. Since all measurements were below the DCGL, no 
further statistical analysis of the data was performed. 

3.4.4 Recommendation 

In accordance with the BTD FSS Work Plan and consistent with MARSSIM guidance, a SU can 
be cleared for release where all scans and integrated direct measurements are below the DCGL 
of 100 dpm/lOOcm* and all smear measurements are less than the DCGL of 10 dpm/100cm2. 
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Therefore, both the North SU and the South SU of Concrete Pad #2 are recommended for 
unrestricted release. 

3.5 Concrete Pad #1 

This pad is somewhat smaller than the pad behind Building 70 1. As with Concrete Pad #2, the 
pad was divided into two survey units. Systematic fixed count surveys with alphaheta meter 
were completed along with smears at those locations. 

3.5.1 Surface Alpha Radioactivity Scan Surveys 

Concrete Pad #1 is designated MARSSIM Class 1 .  In the Figures section of this FSS, Figures 24 
and 25 graphically depict the results of the scan survey. As can be observed in the figures, no 
alpha scanning measurements exceeded the DCGL of 100 dpm/100cm2. 

3.5.2 Integrated Direct Surface Alpha Radioactivity Measurements 

Concrete Pad # I  was divided into two Class 1 SUs and they were designated North and South. 
Twenty integrated direct surface alpha measurements were taken on both the North SU and the 
South SU. The maximum measurement taken on the North SU was 33.2 dpm/100cm2 and the 
maximum measurement taken on the South SU was 16.3 dpm/100cm2. Since all measurements 
were below the DCGL, no hrther statistical analysis of the data was performed. 

W 

3.5.3 Smear Sample Collection and Analysis 

Twenty smear samples were taken on both the North SU and the South SU. The maximum 
measurement taken on the North SU was 4.2 dpm/100cm2 and the maximum measurement taken 
on the South SU was 1.6 dpm/100cm2. Since all measurements were below the DCGL, no 
hrther statistical analysis of the data was performed. 

3.5.4 Recommendation 

In accordance with the BTD FSS Work Plan and consistent with MARSSIM guidance, a SU can 
be cleared for release where all scans and integrated direct measurements are below the DCGL 
of 100 dpm/100cm2 and all smear measurements are less than the DCGL of 10 dpm/100cm2. 
Therefore, both the North SU and the South SU of Concrete Pad #I  are recommended for 
unrestricted release. 
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4.0 FINAL STATUS SURVEY INSTRUMENT QUALITY ASSURANCE AND 
QUALITY CONTROL 

The purpose of this section is to document the calibration of the radiological survey instruments 
used during the FSS, and the quality control tracking of each instrument as specified in the Work 
Plans (as documented in Appendices B, C, and D). Data collection activities were performed in 
accordance with written procedures andor protocols in order to ensure consistent, repeatable 
results. The Project Engineer ensured that individuals were appropriately trained to use project 
instrumentation and other equipment, and that instrumentation met the required detection 
sensitivities. 

Scanning and integrated direct measurements were performed to measure surface radioactivity 
levels for total uranium. These measurements were based solely on alpha emissions due to high 
specificity and sensitivity, and low background interference. For smear measurements, beta 
measurements were collected in tandem with alpha measurements as a qualitative assessment to 
confirm survey assumptions. Prior to the initiation of alpha survey activities, surfaces of interest 
were cleaned to remove dirt and grime that could shield alpha emissions from detection. 

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

0 name of the equipment 
0 

manufacturer 

0 date of calibration 

0 calibration due date 

equipment identification (model and serial number) 

Instrumentation was maintained and calibrated to manufacturers’ specifications to ensure that 
required traceability, sensitivity, accuracy and precision of the equipment/instruments were 
maintained. Instruments were calibrated at a facility possessing appropriate NRC and/or 
Agreement State licenses for performing calibrations using National Institute of Standards and 
Technology (NIST) traceable sources. Copies of the calibration certificates for the sources are 
also provided in Appendix I. A chronological summary of field activities at each structure/SU 
and instrumentation is presented in Appendix F. 

QC measurements were performed on all deployed field instruments each day, before and after 
each use at a minimum. The QC 
investigation levels for count rate instruments used during the FSS were i2-sigma (20) 
(warning) and *30 (fail). Exposure rate and other radiation detection instruments were evaluated 
using a qualitative *20% against the indicated check source response on the meter. If any single 
measurement was found to be outside of its investigation level, the measurement was repeated. 
If the second count was also found to be outside of this criterion, the instrument was investigated 
to assess whether any external biases or instrument physical damage was present. If response 
checks were found to be outside of So, the instrument was taken out of service unless evaluated 
and approved by the Field Radiological Engineer or the Project Manager. Control charts for 
check source response, background count rates (where applicable), and copies of the daily check 
source logs for all instruments are provided in Appendix I. 

A controlled area was used to perform these checks. 
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Gross transferable alpha contamination was collected and analyzed to determine if transferable 
activity is less than or equal to 10% of total activity as assumed in the NUREGKR-55 12 and 
NUREG 1757 documents for screening level guidelines. 
Smear samples were collected over approximately 100 cm2 areas at systematic and biased 
locations identified during scanning activities. Smear samples were analyzed for alpha and beta 
radioactivity using a Ludlum Model 2929 alphaheta scintillation counter. 

Control charts for check source response, background count rates (where applicable), and copies 
of the daily check source logs for all instruments are provided in Appendix I. 

~~~ ~ 
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