
DEPARTMENT OF THE AIR FOR 
HEADQUARTERS UNITED STATES AIR 

I WASHINGTON DC 
I 

DNMS 
I 

12 May 2005 

MEMORANDUM FOR NRC REGION IV 
ATTENTION: M R S .  BROWDER 

FROM: AFMSNSGPR 
110 Luke Avenue, Room 405 
Bolling AFB, DC 20032-7050 

SUBJECT: Final Status Survey Report of OT-10 Radiation Training Sites Located at Kirtland 
AFB, Under AF Master Material License No. 42-23539-01AF, Docket No. 030- 
2864 1. 

Please find enclosed two copies of the " Final Status Survey Report for Environmental 
Restoration Program Site OT-10 Volume 1 and 2" (Atch 1) and two CD-ROMs (Atch 2) under 
Air Force Permit NM-03 110-02/01AFP. The surveys were performed in accordance with Multi- 
Agency Radiation Survey and Site Investigation Manual (MARSSIM) survey methodology. 
Additionally, the area was properly surveyed and decommissioned in accordance with the 
guidance outlined in NUREG 1757, Consolidated NMSS Decommissioning Guidance. Any 
remaining residual radioactivity is within the limits of 10 CFR Part 20 Subpart E, and is 
ALARA. Based on these conclusions, no further remediation or actions with respect to Nuclear 
Regulatory Commission (NRC) material is required 

Radiation training sites OT-10 consist of Sites TS5, TS6, TS7 and TS8. As per our letter 
dated 25 June 2003 addressed to Mr. Cain of NRC Region IV (Atch 3), we have transferred 
training site TS8 to Defense Nuclear Weapon School of the Defense Threat Reduction Agency. 
However, we have removed all contaminated soil above the Derived Concentration Guideline 
Level of Thorium-232 from the TS8 site (outside the Bunkermuilding 28005) and 
decontaminated Building 28010 as per the radiological release criteria for unrestricted use of 10 
CFR Part 20.1402. However, Building 28005 at TS8 remains contaminated above the 
radiological release criteria. 

Please, review the attachments 1/ 2 and request that you release training sites TS5, TS6, 
TS7 and TS8 (including Building 28010) except Building 28005 for unrestricted use as per 10 
CFR Part 20.1402. 

If you have any questions or need further input, please contact me at 202-767-4306 or 
e-mail at ramachandra.bhat@pentaPon.af.mil. Our telefax is 202-404-8089. 
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Ramachandra K. Bhat Ph.D., CHP 
Health Physicist 
Radiation Protection Division and 
USAF Radioisotope Committee Secretariat 
Air Force Medical Operations Agency 
Office of the Surgeon General 

Attachments: 
1. Two Hard Copies of Final Status Survey Report of OT-10 
2. Two CD-ROMs of Final Status Survey Report of OT-10 
3. Letter Dated 25 June 2003 Addressed to Mr. Cain 

cc: 
377 MSG/CEVR (Mr. Lanz) w/o Atch 
377 AMDS/SGPB (Capt Murren) w/o Atch 
377 AMDS/SGPB (Mr. Volza) w/o Atch 
HQ AFMC/SG (Maj Martilla) w/o Atch 
AFINSGI (Lt Col Rademacher) w/o Atch 
AFIERNSDR (Mr. Renaghan) w/o Atch 
NRC REGION IV (Mr. Gaines) 



DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS UNITED STATES AIR FORCE 

WASHINGTON DC 

25June2003 

MEMORANDUM FOR NRC REGION IV 
ATTENTION: Mr. CHARLES CAIN 

FROM: AFMONSGZR 
110 Luke Avenue, Room 405 
Bolling AFB, DC 20032-7050 

SUBJECT: Supplement to Decommissioning Plan for Installation Restoration Site OT- 10 
Radiation Training Sites located at Kirtland A m ,  Under AF Master Material 
License No. 42-23539-01AF, Docket No. 030-28641. 

Your office approved the Decommissioning Plan (DP) of the referenced OT-10 site dated 
August 2002, on 8 January 2003. The DP included the decommissioning of the four training 
sites TS5, TS6, and TS7 and TS8. The actual excavation of the soil at TS5, TS6 and TS7 at the 
OT-10 site started on the first week of March 2003 and may continue until August 2003. 
Meanwhile, the Defense Threat Reduction Agency (DTRA) has made a formal request to take 
possession of training site TS8 (see the Attachments) for use as an additional training facility at 
the DTRA operated Defense Nuclear Weapon School ( D N W S ) .  Kirtland AFB has agreed to 
transfer the site to DTRA. As a result of this transfer, the demolition and disposal of the Bunker 
28005 at TS8 will not take place as stated in the ,proved DP (fourth paragraph of the page 3-19 
of the DP). However, we will remove and disk : of soil above the Derived Concentration 
Guideline Level of Thorium-232 from the TS8 site (outside the Bunker 28005), remove and 
dispose the two drums currently stored in the Bunker and vacuum inside the Bunker. We will 
also establish a baseline radiological characterization of the Bunker inside floors, walls, and 
ceilings. 

The DTRA will assume all future responsibility for clean up of the Bunker 28005 at TS8. 
The purpose of this letter is to inform the NRC of our departure from the NRC approved 
decommissioning plan. 

If you have any questions or need further input, please contact me at 202-767-4306 or 
e-mail at ramachandra.bhat@pentagon.af.mil. Our telefax is 202-404-8089. - 

Ramachandra K. Bhat Ph.D., CHP 
Health Physicist 
Radiation Protection Division and 
USAF Radioisotope Committee Secretariat 
Air Force Medical Operations Agency 
Office of the Surgeon General 

\\rammis\rammisWermitsKirtland AFB NMl030225 16\C020030625 

mailto:ramachandra.bhat@pentagon.af.mil


Attachment : 
1 .  The Letter from Mr. Lanz 
2. The DTRA Form 1 

cc: 
377 MSG/CEVR (Mr. Sillerud) 
377 MSG/CEVR (Mr. Lanz) w/o Atch 
377 AMDS/SGPB (Maj Sheely) 
HQ AFMC/SG (Maj Hoak) w/o Atch 
AFIA/SGO (Lt Col Rademacher) w/o Atch 
AFIERNSDR (Lt Col Nichelson) w/o Atch 
NRC HQ (Dr. Boby Abu Eid) 
NRC REGION IV (DR.  Spitzberg) 
NRC REGION IV ( Bob Evans) 
NRC REGION IV ( Mrs. Browder) 
NRC REGION IV (Mr. Gaines) 
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NOTICE 

This Final Status Survey Report has been prepared for the US. Air Force by MWH Americas, Inc., to aid 
in the implementation of a final remedial action under the Environmental Restoration Program (IRP). As 
the report relates to actual or possible releases of potentially hazardous substances, its release prior to an 
Air Force final decision on remedial action may be in the public's interest. The limited objectives of this 
report and the ongoing nature of the ERP, along with the evolving knowledge of site conditions and 
chemical effects on the environment and health, must be considered when evaluating this report, because 
subsequent facts may become known that may make this report premature or inaccurate. 

Government agencies and their contractors registered with the Defense Technical Information Center 
(DTIC) should direct requests for copies of this document to: DTIC, Cameron Station, Alexandria, 
Virginia 223046145. 

A copy of this document is available for public review at the Albuquerque Technical and Vocational 
Institute (TVI), Montoya Campus Library Reference Section at 4700 Moms NE in Albuquerque, New 
Mexico. 

Nongovernment agencies may purchase copies of this document from the National Technical Information 
Service (NTIS), 5285 Port Royal Road, Springfield, Virginia 22161. Inquiries regarding the associated 
postage and handling charges can be directed to the NTIS at (703) 605-6000. 
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PREFACE 

PREFACE 

This document presents the results of the final status surveys performed at Environmental Restoration 
Program Site OT-10, Radiation Training Sites, Kirtland Air Force Base, New Mexico. The report 
addresses the requirements of the U.S. Air Force statement of work, dated March 2, 2001. 

This report was prepared by MWH Americas, Inc., from January through September 2004. Rodney C. 
Arnold of the Air Force Center for Environmental Excellence served as the Contracting Officer’s 
Representative. 

MWH Project Manager MWH Task Manager 
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EXECUTIVE SUMMARY 

EXECUTIVE SUMMARY 

This report presents the results of the final status surveys performed in support of Environmental 
Restoration Program (ERP) Site OT-10, Radiation Training Sites, Kirtland Air Force Base (AFB), 
New Mexico. The OT-10 Radiation Training Sites are owned by the United States (U.S.) 
government and regulated by the Nuclear Regulatory Commission (NRC) under the U.S. Air 
Force (USAF) Master Materials License 42-23539-0 1AF. Decommissioning activities at the sites 
were performed in accordance with an NRC-approved Decommissioning Plan (USAF, 2000) and 
monitored under NRC Docket Number 030-2864 1. 

The final status surveys demonstrate that the sites meet the criteria for unrestricted use as 
specified in 10 Code ofFederaf Regularions (CFR) Part 20 Subpart E, “Radiological Criteria for 
License Termination.” The radiological criteria for unrestricted use as defined in 10 CFR 20.1402 
are 1) The total effective dose equivalent (TEDE) from residual radioactivity that is 
distinguishable from background must not be greater than 25 millirems per year (mredyr), and 
2) the residual radioactivity level must be as low as reasonably achievable (ALARA). 

The primary objectives of the final status surveys were to perform the following: 

0 Verify survey unit classification, 

0 Demonstrate that the potential dose from residual radioactivity is below the release 
criterion for each survey unit, and 

0 Demonstrate that the potential dose from small areas of elevated activity is below the 
release criterion for each survey unit. 

The primary objective of the final status survey report is to present sufficient information for 
NRC staff to determine that the site meets the radiological criteria for license termination (NRC, 
2002). Prior to remediation, contamination at the OT-10 Training Sites did not meet the release 
criteria for unrestricted use. Derived-concentration guideline levels (DCGLs) were developed to 
quantify the risks and provide evaluation criteria for the final status survey results. DCGLs for 
land areas were developed using residual radiation (RESRAD), Model Version 6.1, and for 
buildings using RESRAD-Build, Version 3.0 (NRC, 2000). The site-specific doses for exposed 
individuals were modeled using the contaminants identified during the site characterization 
surveys. The contaminants of potential concern were predominately thorium-232 and its decay 
progeny with lesser amounts of uranium-238 and uranium-235 and their decay progeny. 

Table ES- 1 presents the modified DCGLs for long-lived radionuclides in the top 15 centimeters 
of surface soil for a residential exposure scenario. 
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EXECUTIVE SUMMRY 

Table ES-1. Land Area Modified Derived-Concentration Guideline Levels, 

Notes: 
‘Uranium235 background concenlration assumed 
DCGL = dwivedancentralion guideline level 

n a r d  abundana, of 2.2 percent d uranium234 plus uraium238 activity. 

p u g  = picocuries per gram 

The DCGL for total surface activity on buildings is 250 disintegrations per minute (dpm)/lOO 
square centimeters (cm2). For thorium-232 surface contamination, 68 percent of the particle 
emissions are expected to be alpha particles and 32 percent of the emissions will be beta particles. 
This corresponds to alpha particle emission rates of 170 dpm/100cm2 and beta particle emission 
rates of 80 d d l 0 0  cm2. Removable contamination limits are 20 percent of the total, or 34 
dpd100 cm P alpha and 16 dpm/100cm2 beta. 

The final status surveys of land areas included scanning and static-gamma radiation 
measurements in Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) 
Class 1 and Class 2 survey units and soil sampling in MARSSIM Class 1 survey units (EPA, 
1997). Exposure rate measurements were also collected to define the correlation between gamma 
radiation count rates and exposure rates. Final status surveys of buildings included total and 
removable alpha radiation measurements and gamma radiation-exposure rate measurements. 
Evaluations were conducted on alpha emissions only because no contaminants of concern present 
betdgamma emissions. 

The land area final status survey data were evaluated using the Mean, Wilcoxon Rank Sum 
(WRS), Elevated Measurement Comparison (EMC), and unity rule tests. All land area survey 
units pass these statistical tests. Therefore, all land areas meet the release criteria for unrestricted 
use. 

The minimum detectable concentration (MDC) for the land area survey instruments was 
recalculated using the final status survey data. Calculations of the scanning and static MDCs 
were made using several methods. The empirically derived values of scanning and static MDCs 
comply with the MARSSIM-recommended guidance of less than 50 percent of the DCGL or 2.85 
picocuries per gram (pCi/g) thorium-232. 
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During the OT-10 decommissioning, Training Site (TS) 8 and the two buildings within its 
boundaries were transferred to the Defense Threat Reduction Agency (DTRA) for use as a 
training facility. The TS8 land area and Building 280 10 were decontaminated, and Building 
28005 was left in its contaminated state. Therefore, building final status surveys were only 
conducted at Building 28010. All final status survey measurements at Building 28010 meet the 
release criteria of 170 dpd100 cm2 total alpha and 34 dpd100 cm2 removable alpha above 
natural background. Because all measurements comply with the release criteria, no statistical 
tests were performed on the building final status survey data. 

The static MDCs for total alpha of the building survey instruments were calculated to be 12 
dpd100 cm2 and 28 dpd100 cm2. These MDCs comply with the MARSSIM-recommended 
guidance of less than 50 percent of the DCGL or 85 dpd100 cm2. The MDCs for removable 
alpha of the survey instruments ranged fiom 2.4 to 3.3 dpd100 cm2 and are well below the 
MARSSIM recommended guidance of 50 percent of the 34-dpd100 cm2 criteria 

Site conditions at TS5, TS6, TS7, Building 28010, and TS8 with the exception of Building 28005 
meet the radiological criteria for unrestricted use. During the decommissioning, TS8 was 
transferred to DTRA for use as a training facility. The TS8 land areas and Building 28010 were 
decontaminated and meet the radiological release criteria. However, Building 28005 at TS8 
remains contaminated above the radiological release criteria. Installation of a fence to segregate 
Building 28005 fiom the remainder of TS8 and prevent recontamination of the site is planned for 
the summer of 2005. 

It is recommended that a petition be submitted to the NRC for unrestricted release of TS5, TS6, 
TS7, Building 28010, and TS8 with the exception of Building 28005. 
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SECTION I 

1 .O INTRODUCTION 

This report presents the results of the final status surveys performed in support of decommissioning 
activities at Environmental Restoration Program (ERP) Site OT- 10, Radiation Training Sites, Kirtland Air 
Force Base (AFB), New Mexico. While this report presents the radiological status of the sites after 
decommissioning, it does not discuss the procedures used to decontaminate the sites. This report was 
prepared in accordance with the guidance in Nuclear Regulation (NUREG)-1757, Consolidated Nuclear 
Material Safety and Safeguards (NMSS)  Decommissioning Guidance (U.S. Nuclear Regulatory 
Commission [NRC], 2002) and NUREG-1575, Multi-Agency Radiation Survey and Site Investigation 
Manual (MARSSZM) (US. Environmental Protection Agency [EPA], 2000). This report also addresses 
the requirements in the NRC approval of the OT-10 decommissioning application and Safety Evaluation 
Report (SER) for the sites (NRC, 2003a and b). 

1.1 Authority of the Work 

The OT-10 Radiation Training Sites are owned by the United States government and regulated by the 
NRC under the U.S. Air Force (USAF) Master Materials License 42-2353941AF. Decommissioning 
activities at the sites were performed according to an NRC-approved decommissioning plan (USAF, 
2002). NRC approval of the decommissioning plan is dated January 8,2003, and referred to under NRC 
Docket Number 030-2864 1. As part of the approval process, the USAF Master Materials License was 
amended to allow decommissioning of the OT-10 sites. Following NRC approval of the 
decommissioning plan, the USAF Radioisotope Committee (RIC) approved the plan on January 23,2003. 

- 
MWH Americas, Inc. (MWH), was contracted by the Air Force Center for Environmental Excellence 
(AFCEE) under Contract F41624-97-DS013, Delivery Orders 37 and 80, to decommission the OT-10 
Radiation Training Sites. This report is a deliverable under Contract F4 1624-97-D-8013, Delivery 
Order 37. 

1.2 Final Status Survey Objectives 

The final status survey is used to demonstrate compliance with regulations. For the OT-10 sites, the final 
status surveys demonstrate that the criteria have been met for unrestricted use as specified in 10 Code of 
Federal Regulations (CFR) Part 20 Subpart E, “Radiological Criteria for License Termination.” The 
radiological criteria for unrestricted use as defined in 10 CFX 20.1402 are that the total effective dose 
equivalent (TEDE) from residual radioactivity that is distinguishable from background must not be 
greater than 25 millirem per year (mredyr) and that the residual radioactivity level must be as low as 
reasonably achievable (ALARA). 

u 
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SECTION 1 

The primary objectives of the final status surveys are to 

Verify survey unit classification, 

Demonstrate that the potential dose from residual radioactivity is below the release criterion for each 
survey unit, and 

Demonstrate that the potential doses from small areas of elevated activity are below the release 
criterion for each survey unit. 

The primary objective of the final status survey report is to present sufficient information for NRC staff to 
determine that the sites meet the radiological criteria for license termination (NRC, 2002). 

1.3 Report Organization 

This report is divided into six text sections. Section 1 provides the introduction and defines the report 
objectives. Section 2 presents a brief description and history of the sites. The operating history, license 
number, and the history of OT-10 as a NRC docket are provided. The types and quantities of radioactive 
material introduced into the sites are also presented in Section 2. 

Section 3 presents the decommissioning criteria used to support site closure and license termination. 
Training site contaminants are identified and used in residual radiation (RESRAD) dose modeling to 
establish the derivedconcentration guideline levels (DCGLs) for land areas and buildings. Area factors 
for use in the elevated measurement comparison and unity rule analysis, as determined by RESRAD, are 
also presented. Reference areas identified to support the decommissioning criteria evaluation and their 
radiological status are presented. 

The final survey procedures for land areas and building surfaces are presented in Section 4. Sampling 
methodologies, field techniques, and laboratory techniques are discussed. Analytical methods for 
quantifying radionuclides in soil using alpha spectroscopy and gamma spectroscopy are provided. 
Justification for the overall statistical approach used in the final status survey evaluation is also presented, 
including calculations for sample number determination. 

Section 5 presents the final status survey results and their interpretation. The results of the three survey 
methodologies, gamma scanning surveys, static gamma measurements, and soil sample analysis, 
employed for the final status surveys, are presented in report subsections. The survey data are subdivided 
by site into MARSSIM Class survey units. The summary statistics for each MARSSIM Class 1 and Class 
2 survey unit are presented and evaluated for compliance with the decommissioning criteria. 

Kirtland AFB January 2005 
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Section 5 also presents the statistical evaluation of the final status survey data from each MARSSIM 
survey unit. The mean and Wilcoxon Rank Sum (WRS) test resuIts for soil radionuclide concentrations 
are presented. Results of the elevated measurement comparison (EMC) and unity rule analysis are also 
presented for areas that exceeded the soil DCGL. Judgmental and miscellaneous sample data sets that 
were not collected for performing the statistical evaluation; for example, NRC split samples, are reported 
separately in this section. 

- 

Section 6 presents the conclusions and recommendations for the report. 
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SECTION 2 

2.0 SITE DESCRIPTION 

2.1 Site Description 

In November 1961, eight radiation training sites were established at Kirtland AFB. The sites are owned 
by the United States government and are regulated by the NRC under USAF Master Materials License 
No. 42-23539-OlAF. Training sites (TS) 1 through 4 (TSl through TS4) remain active. The four inactive 
sites, TS5 through TS8, comprise ERP Site OT-10. TS5, TS6, TS7, and a portion of TS8 were 
decommissioned under this contract. During the decommissioning process, TS8 was transferred to the 
Defense Threat Reduction Agency (DTRA) for use as a training facility. Figure 2-1 shows the general 
location of the OT-10 Radiation Training Sites and the reference land area at Kirtland AFB. ERP Site 
SS-69, located within the boundaries of TS6, was approved for No Further Action by the New Mexico 
Environment Department (NMED) in a letter dated August 13,2004. 

TS8 contains two buildings, 28005 and 28010, within the fenced area, which were used as training and 
storage facilities. Each building is approximately 10 feet (ft) by 20 ft with a maximum height of 10 ft. 
The buildings have concrete floors, steel doors and front walls, and corrugated steel ceilings and back 
walls. The ceilings, side walls, and back walls are covered under earth. There are no utilities in the 
buildings. Figure 2-2 is a photograph of Building 28010 and is also representative of Building 28005. 

2.2 Operating History 

The training sites were used to train U.S. Department of Defense (DoD), U.S. Department of Energy 
(DOE), Federal Emergency Management Agency (FEMA), and other federal and state personnel to detect 
dispersed contamination resulting from nuclear weapons accidents. Known quantities of thorium oxide 
sludge were applied and tilled into site soils to simulate dispersed radiological contamination. The 
thorium oxide sludge served as a low hazard analog for plutonium. A total inventory of 1,7 10 kilograms 
(kg) of thorium sludge, containing approximately 602 kg of thorium-232, was applied to the inactive sites 
(Defense Nuclear Agency [DNA], 1994). Table 2-1 presents the estimated thorium inventory by training 
site. Analysis of the thorium sludge by the Air Force Institute for Environment, Safety and Occupational 
Health Risk Analysis (AFIERA) in 1993 quantified thorium-232 activity at 18,OOO picocuries per gram 
(pCi/g). Using the sludge thorium-232 activity of 18,000 pCUg and the sludge inventory of 1,7 10 
kilograms (kg), the total site activity is estimated to be 0.0308 Curies (Ci) thorium-232. 

Training activities were discontinued at TS5 through TS8 in 1990. Large pieces of military equipment, 
such as fuselages, vehicles, parts, and other debris, present at TS5 through TS8 were removed and 
redistributed at active sites TS1 through TS4. The military equipment was placed on TS 1 through TS4 to 
simulate accident and crash sites. 

'L 
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SECTION 2 

Training Site 
TS5 

TS6 

TS7 

TS8 

Figure 2-2. Photograph of Building 28010 at Training Site 8, 
Environmental Restoration Program Site OT-10 

Approximate Area 
[acres] 

13.4 

19 

8.4 

2.4 

Table 2-1. Training Site Acreage and Thorium-232 Inventory, 
Environmental Restoration Program Site OT-10 

I I I I 

Inventory of Thoriun 
Sludge Applied (kg) 

61 1 

872 

102 

125 

Estimated Thorium-232 
Applied Fgl" 

21 5 

307 

36 

44 
Noies 
8TThonum-232 mventayfrwn DNA, 1994 The authu of ths report used the fobvnng ~ssum&ms to determine the mass oflihmm-232 Massof bm-232 = 0 88 Mass 

DNA = Defense NucbmAgency 
kg = lubgram 
USAF = U S Ar Fwce 

thcmm W, md MBa h u m  ax&= 0 4 Mess d h u m  shdge lnventanes reported n USAF. 1997. md USAF, 1999a SB forthmum sbdge 
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SECTION 2 

On July 14,2000, the USAF submitted an application to the NRC requesting review and approval of the 
OT-10 Training Sites Decommissioning Plan. The Decommissioning Plan was revised in response to 
NRC comments and resubmitted to the NRC on November 19,2002. The NRC approved the 
decommissioning application and plan for unrestricted release of the OT-10 Radiation Training Sites on 
January 8, 2003. The USAF Master Materials License 42-23539-01AF was amended to allow 
decommissioning of the OT- 10 Radiation Training Sites, and decommissioning activities were monitored 
under NRC docket number 030-2864 1. 

- 

The OT-10 decommissioning activities were mobilized on January 20,2003. The first waste shipment 
departed the site for the Envirocare of Utah disposal facility on March 7,2003. The final waste shipment 
was on October 29,2003. A total of 373,145 cubic feet (ft3) of waste were manifested and shipped to 
Envirocare of Utah for disposal. The activity of the waste shipped for disposal was calculated to be 
0.15 18 Ci thorium-232. Site operations were demobilized during November 2003. 

- 
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SECTION 3 

3.0 DECOMMISSIONING CRITERIA 

Due to the historical practices, contamination at the OT-10 Radiation Training Sites did not meet the 
release criteria for unrestricted use. This section presents the decommissioning criteria developed to 
mitigate these risks. Based on the radionuclide mixture identified during the site characterization surveys, 
DCGLs were developed for the sites. DCGLs for OT-10 are defined as the mass or surface activity 
concentrations corresponding to a TEDE of 25 mredyr above background. The derivation of the DCGLs 
was originally presented in the Decommissioning Plan (USAF, 2002) and is summarized in the following 
sections to provide evaluation criteria for the final status survey results. 

3.1 Derived-Concentration Guideline Level Development 

DCGLs for the OT-10 land areas were developed using RESRAD, version 6.1 (NRC, 2000). DCGLs for 
the buildings were developed using RESRAD-Build, version 3.0 (Argonne National Laboratory [ANL], 
1994; NRC, 2000). The site characterization surveys identified thorium-232, uranium-238, uranium-235, 
and their decay progeny as contaminants of potential concern at the sites. These radionuclides were used 
to model site-specific doses for exposed individuals. 

w 3.1.1 Decommissioning Criteria for Land Areas 

RESRAD version 6.1 was used to calculate site-specific radiation doses posed by land areas to exposed 
individuals. Exposure scenarios were modeled for two variables, receptors and assumed land use, using 
RESRAD default, site-specific, and EPA parameters (USAF, 2002). The assumed land use is a 
residential-unrestricted use scenario. External radiation, incidental soil ingestion, inhalation of radon, and 
consumption of contaminated drinking water were the exposure pathways considered in the dose 
modeling. 

Model runs generated modified DCGLs in surface soil for thorium-232, uranium-238, and uranium-235, 
including their decay progeny. The modified DCGLs consider the dose contribution from all 
radionuclides present at the site, not just a single radionuclide. Table 3-1 presents the modified DCGLs 
for long-lived radionuclides in the top 15 centimeters (cm) of surface soil for a residential exposure 
scenario. This analysis was conducted based on a 10,000-square-meter (m’) land area (EPA, 1997). 

Y 
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Table 3-1. Land Area Modified Derived-Concentration Guideline Levels, 

Me3 
Vranium-236 background cmentraba, assumed as nalural abundance of 2 2 percent d urmvn-234 plus miurr23B Wty 
DcGL=denvebconcenfrabcflgvdebnelevd 
we = p e a u m  per g;vn 

When a radionuclide is present in background, as is the case at the OT-10 sites, the WRS test is used to 
evaluate whether site data are less than the DCGL. The modified DCGL for thorium-232, used for the 
WRS test of each MARSSIM Class 1 survey unit, is referred to as the DCGL,. As specified in the OT-10 
Decommissioning Plan, thorium-232 was measured by gamma spectroscopy using actinium-228 as a 
surrogate (USAF, 2002). All other radionuclide activities were calculated using the established 
radionuclide ratios from the site characterization surveys. 

3.1.2 Decommissioning Criteria for Buildings 

RESRAD-Build 3.0 (ANL, 1994; NRC, 2000) was used to evaluate the dose to industrial workers 
occupying the two storage buildings at TS8 (Buildings 28005 and 28010). The exposure pathways 
included in the evaluation were external radiation exposure due to the source, inhalation of airborne 
radioactive material, and inadvertent ingestion of radioactive material. Parameter analysis was based 
upon guidance provided in NUREG-5512. Volumes 1 and 3 (NRC, 1992a and NRC, 1999), and 
NUREGKR-6697 (NRC, 2000). 

Conservative surface contamination limits were based only on the presence of thorium-232 and its 
progeny that would result in a maximum dose of 25 mredyr to the site workers. Based upon RESRAD- 
Build sensitivity analysis, a mixture of the uranium-238 series and thorium-232 series would be less 
hazardous per disintegration than just the thorium-232 series. 

The RESRAD-Build modeling indicates that the total surface activity on structures must be limited to 250 
disintegrations per minute (dpm) per 100 square centimeters (cm’) to limit the dose for workers in the 
buildings to a TEDE of 25 mredyr. It is expected that 68 percent of the particles emitted by thorium-232 
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contamination would be alpha particles and 32 percent of the emissions would be beta particles. This 
corresponds to an alpha emission rate of 0.68*25O=170 dpd100 cm2 and a beta emission rate of 

u 0.32*25&80 dpd100 cm2. 

Removable activity is defined as the activity that may be removed by taking a wipe sample or by other 
nonchemical or highly abrasive methods. The removable activity corresponds to material that is more 
readily transportable from the surface and thus may lead to greater exposure. Therefore, it has a separate 
exposure limit. In RESRAD-Build dose assessment modeling, the model default assumes that 20 percent 
of the total activity is removable. Therefore, the removable alpha limit is 0.2*170=34 dpd100 cm2 and 
the removable beta limit is 0.2*80=16 dpd100 cm’. 

3.1.3 Decommissioning Criteria for Areas of Elevated Activity 

The WRS test applies only to uniform distributions of residual activity in a MARSSIM survey unit. 
Radioactive hot spots in surface soils are addressed using the EMC method and unity rule analysis 
(EPA, 1997). The primary components of the EMC include area factors and required scan minimum 
detectable concentrations (MDCs). The DCGLmC is equivalent to the DCGL, times the area factor. 

3.1.3.1 Area Factors - 
Area factors, the magnitudes by which potential elevated areas can exceed the DCGL,,,, were determined 
using RESRAD 6.1. 

The modeled training site area was replaced with a range of smaller elevated areas that may be 
encountered in the remedial action support and final status surveys. Indoor and outdoor resident exposure 
scenarios were considered. In addition, only land areas were adjusted (modifying area only) in a third 
model run. 

Table 3-2 lists the thorium-232 and uranium-238 concentrations above background that would result in a 
dose of 25 mredyr to a site resident in various areas. In the range of 1 to 110 m2, the indoor exposure 
results are the least conservative followed by the outdoor exposure and then the modifying area only. 

The modifying area only scenario is the most conservative and was adopted for the Site OT-10 
decommissioning project for the smallest elevated areas (1 to 110 m2). The three scenarios yield the same 
results in the range of 140 m2 to 1,OOO m2. 

b 

Kirtland AFB January 2005 
OT- 10 Final Status Survey Report 3-3 



SECTION 3 

60 
80 
110 
140 

Table 3-2. Area Factors for the Elevated Measurement Comparison, 
Environmental Restoration Program Site OT-10 

13.1 0.71 2.3 7.7 0.43 1.4 7.7 0.43 1.4 
11.9 0.65 2.1 7.4 0.40 1.3 7.4 0.40 1.3 
7.4 0.40 1.3 6.8 0.37 1.2 6.8 0.37 1.2 
6.7 0.36 1.17 6.7 0.36 1.17 6.7 0.36 1.17 

170 
200 
lo00 

6.6 0.36 1.15 6.6 0.36 1.15 6.6 0.36 1.15 
6.4 0.35 1.13 6.4 0.35 1.13 6.4 0.35 1.13 
5.8 0.31 1.01 5.8 0.31 1.01 5.8 0.31 1.01 

Nota: 
DCGL = denved-concentralion buideline levd 
d = square meten 
pcdg = pirocunes per p n  

3.2 Reference Areas 

The contaminants of concern, thorium-232, uranium-238, uranium-235, and their decay progeny, are 
present in background at the OT-10 sites. Therefore, reference areas were identified near the OT-10 sites 
to evaluate the final status survey data. Two reference areas were selected: one land area and one 
building. 

- 

3.2.1 Reference Land Area 

The reference land area was selected north of TS7 because that land area has soil and vegetation types 
similar to the four inactive training sites. A 2,000-m2 land area was used for the reference area, equivalent 
to the MARSSIM Class 1 survey unit adopted for OT-10 decommissioning. The location of the reference 
land area in relation to the OT-10 Training Sites is shown on Figure 2-1. 

The reference land area data used in the decommissioning evaluation were collected during the April 
2001 site characterization survey. The site characterization survey included a gamma radiation scanning 
survey, static-gamma radiation measurements, and surface soil sampling. The methods used to collect the 
survey data are presented in the OT-10 Decommissioning Plan (USAF, 2002). The results of the 
reference area surveys are summarized below. 

The gamma scanning survey data were mapped using ArcView GIS software. The spatial distribution of 
the survey data is shown in Figure 3-1. Summary statistics for the gamma scanning data are presented in 
Table 3-3. Gamma radiation scanning measurements ranged from 10,427 to 15,379 counts per minute 
(cpm) and averaged 12,407 cpm (arithmetic mean). 
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Survey Unit Reference Area 

IMean (cpm) I 12,407 I 

Survey Unit 

Mean (cprn) 

Median (cpm) 

Number of Measurements 

Maximum (cpm) 

Minimum (cpm) 

IMedian (cprn) I 12,376 I 

Reference 
Area 

12,542 

12,500 

20 

13,045 

12,102 

INumber of Measurements I 892 I 
lMaxirnum (cpm) I 15,379 I 
IMinimum (cpm) I 10,427 I 
IStandard Deviation (cpm) I 700 I 
Notes: 
cpm =counts per minute 

The locations and results of the static gamma measurements are shown in Figure 3-2. Summary statistics 
for the measurements are presented in Table 3-4. Static gamma measurements ranged from 12,102 cpm 
to 13,045 cpm and averaged 12,542 cpm (arithmetic mean). 

=Deviation (cpm) 1 300 I 
Notes. 
cpm =counts per minute 

Twenty-two soil samples were collected from the surface of the 2,000-m2 reference land area. The 
sample group consisted of 20 field samples and 2 replicate samples. The sampling frequency 
corresponds to 1 sample collected for each 100 m2. Soil samples were analyzed by Severn Trent 
Laboratories in St. Louis, Missouri, for isotopic thorium by alpha spectroscopy (National Academy of 
Sciences [NASI / U.S. Department of Energy [DOE] Method 3004/RP modified) (NAS/DOE, 1994) and 
for gamma-emitting radionuclides by gamma spectroscopy (EPA Method 901. I modified) (EPA, 1980). 
The soil sample results are presented in Table 3-5. Summary statistics for the results are presented in 
Table 3-6. The average soil concentration of thorium-232 is 0.91 picocuries per gram (pCi/g) with a 
standard deviation of 0.15 pCi/g. The soil sample locations and corresponding thorium-232 
concentrations are presented on Figure 3-3. 
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W 

Survey Unit 
Mean Thorium-232 

Median Thorium-232 
(pCilg) 

IpCilg) 
Number of Samples 
Maximum Thorium-232 

SECTION 3 

Reference Area 

0.91 

0.90 

22 

4 . 7  

Table3-6. R 
Env 

.e 

I .L (pCi/g) 

JpCVg) 0.67 Minimum Thorium-232 

Standard Deviation I 0.15 I 

3.2.2 Reference Building Area 

Building 280 11 , located east of TS8, was selected as a reference area for the building surveys. Building 
2801 1 is the Same size and is constructed of the same materials as the contaminated buildings within TS8. 
The location of reference area Building 2801 1 in relation to the OT-10 radiation training sites is shown on 
Figure 2-1. A photograph of the reference area Building 2801 1 is shown in Figure 3-4. 

Figure 3-4. Photograph of Reference Area, Building 28011, 
Environmental Restoration Program Site OT-10 
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The reference building survey data were collected during the May 30,2001, to June 1,2001, site 
characterization surveys of the TS8 buildings. The site characterization surveys included total and 
removable alpha radiation measurements. The interior surfaces of the reference building were divided 
into 1-m2 grid blocks for the survey. The methods used to collect the survey data are presented in the 
OT-10 Decommissioning Plan (USAF, 2002). 

Figure 3-5 is a drawing of the reference building. The reference building, like the TS8 buildings, is 
covered with several feet of soil on the top and back. The building is approximately 10 ft by 20 ft with a 
maximum height of 10 ft. The 1-m2 survey grid blocks were established over the floor, two walls, and the 
ceiling. Figure 3-6 presents the total alpha activity for each grid block. The average surface activity was 
0.56 cpm with a maximum surface activity of 5 cpm. 

Equation 3-1 was used to calculate the average surface activity in terms of dpd100 cm2: 

A,, = A, / ( E  * Area / loo), 

Where 

Ad is surface activity in dpd100 cm2, 

A, is surface activity in cpm, 

&is probe efficiency in cpddpm, and 

EQ. 3-1 

Area is the probe area in cm2. 

With a probe efficiency of 0.13 cpddpm and an active probe area of 76 cm2, 0.56 corresponds to an 
average surface activity of 6 dpd100 cm’, and 5 cpm corresponds to 51 dpd100 cm2, averaged over 
1 m2. 

The results of the wipe sample analysis are presented in Table 3-7. The net removable contamination 
readings were the calculated differences between the gross and background count rates. The average 
removable levels of contamination were 0.2 dpd100 cm2 for alpha and -9 dpd100 cm2 for beta. 
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N o h  Wall 
Back Wall 
Columns G-I 
Rows 1-6 c Front Wall 

Columns A-C 

. - d - - -----,/ Ceiling 
Columns D-F 

Figure 3-5. Reference Building 28011 Survey Areas, 
Environmental Restoration Program Site OT-10 
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Figure 3-6. Total Alpha Surface Contamination in Reference Building 28011 on Floor, Walls, 
and Ceiling,, Environmental Restoration Program Site OT-10 
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and Ceiling, Building 28011, Environmental Restoration Program Site OT-10 
1 1 1 1 

0.366 0 85 0.215 395 
0.366 0 72 0.215 335 
0.366 2.73 101 0.215 470 
0.366 0 92 0.215 428 

0.366 0 98 0.215 456 
0.366 2.73 75 0.21 5 349 

0.366 5.46 88 0.215 409 

Grid 
Location 

A-1 
A-2 
A-3 
A-4 
A-5 
A-6 
6-1 
8-2 
8-3 
8-4 
B-5 
6-6 
c-1 
c-2 
c-3 
c-4 
c-5 
C-6 
D- 1 
D-2 
D-3 
D-4 
D-5 
D-6 
D-7 
D-8 
D-9 

D-10 
D-11 
D-12 
D-13 
0-14 
D-15 
E- 1 
E-2 _ _  
E-3 
E-4 
E-5 
E-6 
E-7 
E-a 
E-9 

E-10 
E-1 1 
E-1 2 
E-1 3 
E-14 
E-1 5 
F- 1 
F-2 
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Table 3-7. Removable Surface Contamination in Reference Building Grid Blocks on Floor, Walls, 

.-..-- 

.I 

Notes: 
a = alpha 

cn+ = square centimeters 
cpm E counts per minute 
Cpm = disintegrabwls per mute 
NA= no( analyzed 
alpha background = 8 counts per hour; 0.13 c p n  
beta background = 5024 counts per hwr; 84 cpll 

p=beta 

Kirtland AFB January 2005 
OT- IO Final Status Survey Report 3-16 



SECTION 3 

The background counts were used to calculate minimum detectable activity (MDA) for alpha 
(14 dpd100 cm’) and beta (214 dpml100 cm’), using the following MARSSIM equation: 

100* (3 + 4 . 6 5 K )  
T A  

MDA = Eq. 3-2 

Where 

MDA is in dpml100 cm2, 

Sb is the standard deviation of background counts in cpm, 

Tis the counting in minutes, 

E is probe efficiency in cpddpm, and 

A is the probe area in cm2 (EPA, 1997). 

For the wipe sample, the Ludlum Model 43-10-1 alphakta tray counter had an alpha efficiency of 
0.366 cpddpm and a beta efficiency of 0.214 cpmldpm for thorium-230 and technetium-99 sources, 
respectively. Fifteen 1-minute background counts were taken with the counter. The alpha background 
averaged 0.2 cpm with a standard deviation of 0.4. The beta background averaged 83 cpm with a 
standard deviation of 10. 

c 
The average removable levels of alpha (0.2 dpd100 cm2) and beta (-9 dpd100 cm2) contamination were 
three orders of magnitude below their associated MDAs. It can be concluded that, on average, no 
detectable activity was removed from the reference building surfaces by the wipe samples. 

- 
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4.0 FINAL STATUS SURVEY PROCEDURES FOR LAND AREAS 
AND BUILDING SURFACES 

The final status surveys of land areas included scanning and static gamma radiation measurements in 
MARSSIM Class 1 and Class 2 survey units and soil sampling in MARSSIM Class 1 survey units. 
Exposure rate measurements were also collected to define the correlation between gamma radiation count 
rates and exposure rates. Final status surveys of buildings included total and removable alpha radiation 
measurements and gamma radiationexposure rate measurements. The certificates of calibration for the 
final status survey equipment are presented in Appendix E. 

4.1 Land Area Surveys 

4.1.1 Gamma Radiation Scanning Surveys , 

Gamma radiation scanning surveys were performed over 100 percent of the Class 1 and Class 2 land 
areas, using an estimated 3-ft transect spacing. Data were collected using Ludlum 44-10,2-inch by 
2-inch, sodium iodide detectors coupled to a Ludlum 2221 ratemeter/scaler set in ratemeter mode. Where 
site terrain permitted, measurements were collected using a push cart with two detectors fixed to opposing 
sides of the push cart, at 18 inches above ground surface. In areas of difficult site access, a health physics 
technician walked the survey transect holding the detector at 18 inches above ground surface. Detector 
windows were opened completely and the scalerhatemeter threshold was set at 40 (kiloelectron volt) keV. 
Scanning speed for the final status surveys was approximately 1.5 feet per second (Wsec). 

v 

During scanning, measurements were automatically collected every 2 seconds and tagged with location 
coordinates as the count rates were recorded, using a differential correction global-positioning system 
(GPS) with submeter accuracy. GPS coordinates were referenced to the central zone of the New Mexico 
State Plane Coordinate System. Similar procedures were used for data collection during the site 
characterization and remedial action support surveys. 

ArcView Geographical Information System (GIS") software was used to present the spatial distribution of 
gamma-ray counts at each training site. The gamma radiation scanning data were also downloaded into 
Microsoft Excel to facilitate statistical analysis. 

4.1.2 Static Gamma Radiation Measurements 

Static gamma radiation measurements were taken using a Ludlum 44-10,2-inch by 2-inch, sodium iodide 
detector coupled to a Ludlum 2221 ratemetedscaler set in scaler (integration) mode. At each 
measurement location, the detector was held 18 inches above the ground surface and a 1-minute 
integrated count was taken. 

Kirtland AFB January 2005 
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Static gamma radiation-measurements were used for correlation studies of gamma count rates and soil 
radionuclide concentrations during the remedial action process. Static gamma radiation measurements 
were also collected during the final status surveys at each soil sample location prior to sample collection 
and at selected Class 2 survey unit locations. The same procedures were used for data collection during 
the site characterization and remedial action support surveys. 

4.1.3 Soil Sampling 

The number of soil samples collected during the final status surveys was based on statistical analysis of 
the gamma radiation scanning survey data. The statistical methodology used for determining the 
appropriate sample group size in each survey unit is discussed in Section 4.5. 

Final status survey soil sample locations were preselected for each MARSSIM Class 1 survey unit using 
GIs0 and located at the sites using a GPS unit. The first sample location in each survey unit was selected 
at random using the random function feature of Microsoft Excel@. Remaining sample locations in the 
survey unit were selected at a set, predetermined distance from the previous sample. 

Immediately prior to soil sampling, a 1-minute static gamma radiation count was collected at each sample 
location using the Ludlum 44-10 sodium iodide detector coupled to a Ludlum 2221 ratemeter/scaler set in 
scaler (integration) mode. The bare detector was held approximately 18 inches above ground during the 
static count. The gamma count was recorded on a Final Status Sampling Form with other sample 
information. 

Surface soil samples were collected immediately after recording the static gamma radiation count. A five- 
point composite method was used to collect the samples. A 3-ftdiamter circle was drawn in the soil at 
each sample location. Soil samples were collected at the center of the circle and at four other points 
within the circle, each 9 inches away from the center. Soil was collected at each point from zero to 6 
inches below ground surface (bgs), using a Macrocore@ sampler. One plastic sample sleeve was 
dedicated to each composite sample. After sample collection, the contents of the plastic sample sleeve 
were transferred to a Ziploc bag. The probe shoe, probe cap, and 2-inch core barrel of the Macrocore@ 
sampler were decontaminated prior to collecting the next sample. The samples were then transferred 
from the site to the onsite laboratory under chain of custody. 

Replicate samples were collected at 10 percent of the soil sample locations for quality assurance/quality 
control (QNQC). These samples were thoroughly mixed onsite in a Ziploc bag and divided into two 
sample volumes. 

All samples were shipped to Severn Trent Laboratories (STL) in St. Louis, Missouri, where they were 
analyzed for gam-emitt ing radionuclides by gamma spectroscopy (EPA Method 901.1 modified) 
(EPA, 1980). 

Kirtland AFB January 2005 
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After initial analysis of the soil samples was completed by STL, 10 percent of the samples were 
forwarded by STL to Armstrong Laboratories for QA analysis. Upon sample receipt, Armstrong 
Laboratories recombined the sample portions (the samples had been homogenized, dried, and split into 
different portions by STL for analysis) and the sample was prepared following the procedures in modified 
method EPA901.1. 

W 

Both STL and Armstrong Laboratories followed the same procedures for sample analysis with the 
following exceptions: 

e STL used a 2l-day, in-growth period and Armstrong Laboratories used a 28day, in-growth period 
to allow for secular equilibrium between radium-226 and its decay progeny. 

e S”s sample size was 300 to 400 grams and Armstrong Laboratories’ sample size was 
approximately 130 grams. 

e STL’s count time was 30 minutes and Armstrong Laboratories count time was 167 minutes. 

Both laboratories used the following procedures to quantify the sample results: 

e A single nuclide was considered identified if it passed the abundance test limit of 70 percent (that 
is, 70 percent of the line abundances listed in the library were found). 

b e If a single line was found and the nuclide passed the 70 percent abundance test, that nuclide was 
calculated based upon that single line. 

e If multiple lines were found, the activity was calculated based upon the error-weighted mean of 
the lines found. 

e Activity concentrations were reported for the following gammaemitting radionuclides: 

- Actinium-228 
- Bismuth-212 
- Bismuth-2 14 
- Cesium-137 
- Cobalt-60 
- Lead-212 

- Potassium40 
- Radium-224 
- 
- Thallium-208 
- Thorium-228 (Armstrong only) 
- Thorium-234 
- 

- Lead-214 

Radium-226 (bismuth-214 to report radium-226) 

Uranium-235 and -236 (STL only) 

Kirtland AFB January 2005 
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4.1.4 Exposure Rate Measurements 

Exposure rate measurements, in microRoentgens per hour (m), were collected to develop a correlation 
between gamma count rates and gamma exposure rates. The correlation was evaluated over a range of 
gamma count rates. 

Static gamma radiation measurements were taken using a Ludlum 44-10,2-inch by 2-inch, sodium iodide 
detector coupled to a Ludlum 2221 ratemeterjscaler set in scaler (integration) mode. At each 
measurement location, the detector was held 18 inches above the ground surface and a I-minute 
integrated count was taken. Exposure rates were measured using a Ludlum Model 19 micro-R ratemeter, 
held at approximately 18 inches and 3 ft above ground. Exposure rates were recorded at 53 locations 
during the final status survey of the TS5 Class 2 survey units. Gamma counts and exposure rates at each 
location were recorded and later entered into a Microsoft Excel spreadsheet. 

4.2 Building Surveys 

During the implementation of OT-10 decommissioning activities, TS8 and the two buildings within its 
boundaries were transferred to the Defense Threat Reduction Agency (DTRA) for use as a training 
facility. The TS8 land area and Building 28010 were decontaminated. Building 28005 was kept in its 
contaminated state for use in training exercises. The following procedures were used in the final status 
survey of Building 28010. 

4.2.1 Survey Grid Areas 

All interior surfaces of Building 28010, including the double doors, were divided into grid blocks no 
larger than I m2 each. There were 28 grid blocks on the floor, 24 grid blocks on the west wall, 25 grid 
blocks on the east wall, and 44 grid blocks on the ceiling. While most grid blocks were square in shape 
and 1 m2 in area, some grid blocks were less than 1 m2 in area and irregular in shape. Figure 4-1 presents 
a schematic of Building 28010. 

4.2.2 Exposure Rate Measurements 

Gamma-ray exposure rate measurements were taken on contact at all grid intersection points with a 
Ludlum Model 19 micro-R survey meter. The Model 19 was functionchecked daily using a National 
Institute of Standards and Technology (NIST) traceable cesium-137 button source. A total of 165 
exposure rate readings were taken inside the building including 40 from the floor, 60 from the ceiling, 34 
from the east wall, and 3 1 from the west wall. Additional exposure rate readings were taken on the 
outside of the building including 35 on the front, 23 along the top ledge, and 9 on the concrete entryway 

Kirtland AFB January 2005 
OT-10 Final Status Survey Report 4-4 



SECTION 4 

Back Wall 

Front Wall 

Figure 4-1. Survey Schematic for Building 28010, 
Environmental Restoration Program Site OT-10 
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4.2.3 Alpha Survey Measurements 

Total alpha surface contamination within each grid block was measured with either a Ludlum Model 43-5 
or Ludlum Model 43-90 Zinc Sulfide (ZnS) alpha scintillation detector coupled to a Ludlum Model 222 1 
ratemeterkaler. The Model 43-5, with an active area of 76 cm2, was used to collect measurements from 
the walls and ceiling because its geometry fit into the corrugated metal of these areas. The Model 43-90, 
with an active area of 125 cm’, was used to collect measurements on the floor, outside wall, concrete 
entry stoop, and exhaust vent due to its superior efficiency. 

A 2-minute scan of each grid block was performed with the ratemeterkaler in the scaler (integration) 
mode. While scanning, the technician observed through audio level or ratemeter reading if the 
contamination level varied within the grid block. If a hot spot was observed within the grid block, a 
second static 2-minute integrated count was taken and recorded as the maximum count rate for the grid 
block. 

Equation 4-1 was used to calculate the surface activity in terms of dpd100 cm2. 

Ad =A, / ( E  * Area / lo), 

Where 

A,, is surface activity in dpd100 cm‘, 

Eq. 4-1 

A, is surface activity in cpm, 

€is probe efficiency in cpddpm, and 

Area is the probe area in cm’. 

To measure removable alpha contamination, a IOO-cm’ wipe sample was taken from each of the 121 
interior grid blocks and 69 exterior grid blocks. Wipe samples were analyzed using a Ludlum Model 
2929 scaler and a Ludlum Model 43-10-1 tray counter for 5 minutes. The alpha efficiency for all the 
detectors was determined using a NIST traceable thorium-230 source. 

The results for the total and removable surface contamination were entered into a Microsoft Excel 
spreadsheet. Accounting for detector efficiency, detector surface area, and count time, the spreadsheet 
would generate alpha Contamination results in disintegrations per minute per 100 square centimeters per 
minute (dpd100 cm2). These values were compared to the DCGLs of 170 dpd100 cm2 and 34 dpd100 
cm2 for total and removable alpha contamination, respectively. 
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1 Collimated Detector 

Data IL' 
Set Linear Equation ? (cpm) 

+4Q99 0.67 9 , m  Gamma = 977 xClhonum - 232 

TS5 =IO.59XCrhorlum-232 + 6172 0.55 12,000 

TS6 Gamma =8086chonum-232 + 5583 0.71 1o,oc@ 

+ 4526 0 - n  8,000 TS7 Gamma = 642xcrhorwm-232 

TS8 G~ZIPWU =132OXCthorlm-232 + 1947 0.75 9,OOO 
I 
1 

Notes 

4.3 Conversion of Gamma Count Rates to Derived-Concentratlon 
Guideline Levels - 

Bare Detector 

iL' 
Linear Equation (wm) 

Gamma = 2596~Ct~~,,,,,, -232 + 15427 0.61 33,000 

Gamma = 3 I 2 l ~ C ~ ~ ~ ~ ~ ~ - ~ ~ 2  + 22835 0.44 44,000 

G m  =2060~Crbnum-232 + 22081 0.54 36,000 

G W  =1652XCthonum-232 +15024 0.79 26,000 

GWNWI =3547XClhonwn-232 +8990 0.75 33,000 

Investigation levels were developed to correlate gamma radiation count rates to the thorium-232 DCGL,,.. 
During the decommissioning process, the gamma radiation investigation levels were used to guide 
excavation of soil exceeding the DCGL,. To develop the correlation, static gamma radiation 
measurements were taken using the methodology described in Section 4.1.2. Surface soil samples were 
collected at each location immediately after recording the static gamma radiation count rate. Soil samples 
were analyzed for thorium-232, using actinium-228 as a surrogate, by gamma spectroscopy. 

Investigation levels were originally developed for each training site using the site characterization survey 
data. These site-specific investigation levels were presented in Section 2.4.5.7 of the Decommissioning 
Plan (USAF, 2002) and are summarized in Table 4-1. 

During decommissioning, these site-specific investigation levels were used to guide the initial stages of 
soil excavation. 

The investigation levels, based on the site characterization survey data, are biased high due to gamma 
shine from the source material present at the sites. The gamma shine effect is illustrated by the 
relationship between the site inventory of source material and the site-specific investigation levels. The 
greater the amount of source material at a site, the greater the site-specific investigation level and 
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Sample ID 
TS5-RASS-B-70 

corresponding gamma shine effect. TS5 and TS6, with the largest inventories of thorium, had the highest 
site-specific investigation levels. 

Thorium-232 
Gamma Count Concentration 

Rate (cpm) (pCi/g) 
20262 3.90 

Following removal of the majority of the source material from the sites, a new correlation was developed 
between the gamma radiation count rate and the thorium-232 soil concentration to eliminate the gamma 
shine bias. The revised investigation level was developed from the TS5 remedial action support survey 
data using static gamma radiation measurements and soil samples collected at 26 locations. The 26 soil 
samples were analyzed by gamma spectroscopy using the onsite laboratory. The data used to develop the 
correlation are presented in Table 4-2. 

TS5-RASS-C-71 
TS5-RASS-D-72 

Table 4-2. Remedial Action Support Survey Data Used to Develop 
Investigation Levels for Environmental Restoration Program Site OT-10 

I 1 1 

- ~ 

23709 8.81 
24961 9.03 

I TS5-RASS-E-73 I 20226 I 3.70 -1 
I TSS-RASS-F-74 I 18743 I 2.46 1 
I TS5-RASS-G-75 I 24613 I 6.48 I 
I TS5-RASS-H-76 I 27485 I 10.32 I 
I TS5-RASS-K-79 I 23686 I 11.31 I 
I TS5-RASS-1-80 I 19298 I 2.64 I 
I TS5-RASS-M-81 1 21086 I 3.90 I -- 
I TS5-RASS-N-82 I 21141 I 2.70 I 
I TS5-RASS-0-83 I 26152 I 8.24 I 
I TS5-RASS-P-84 I 22185 I 3.90 I 
I TS5-RASS-85 I 23030 I 7.03 I 

Notes: 
cpm =count per minute 
ID = identifier 
PCJg = picccunes per gram 
TS = Troning Site 

Kirtland AFB January 2005 
OT- 10 Final Status Survey Report 4-8 



. __I- -- 

upper 95% - -  Confidence Lund --- 

- 
~ 

- 7 -  r , 
-52 1~+18642 ~ - 0' 

R2=0 6547 
_ . -  

- *  
t 

- * c 
r 

e 0 \ 

SECTION 4 
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-0 

Two distributions of the gamma count rate and thorium-232 concentration data were identified during the 
remedial action support surveys. One distribution occurs near background concentrations of thorium-232 
(0.91 pCi/g) and the other in soils affected by the source material. The two distributions are treated 
separately. A thorium-232 threshold of 2.0 pCdg was established as the dividing point for the two 
distributions. The data above the 2.0 pCdg threshold are believed to be representative of thorium- 
contaminated soil. The data presented in Table 4-2 are limited to thorium-232 soil concentrations of 
2.0 pCdg and above. 

The linear regression obtained by using the method of least squares is shown in Figure 4-2 along with 
upper and lower 95* percentile confidence lines. 

W 

** 
0 

c 

Gamma Count Rat@ vs. Tb-232 Concentration 
with Upper & Lower 95% Conildenee 
Unshidded 4410 (PR150507), 18" High, One Minute 

- 

Lower 95% 
Confidence Lirmt 

3 0  4 0  s o  6 0  7 0  B O  9 0  10 0 11 0 12 0 2 0  

Thorium-232 (oCi/e) 

Figure 4-2. Correlation between Thorium-232 Soil Concentrations and Static Gamma Radiation 
Measurements for Contaminated Soil, Environmental Restoration Program Site OT-10 
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The linear regression has the form y = mx + b. The method used for calculating the confidence interval 
of y for each x is described in Probability and Statistics for Engineers and Scientists (Wapole and Myers, 
1985, p.289). The linear regression relationship is presented in equation 4-1. 

Gamma Counts = 652.1 * C ~0”um232 + 18,642, Q. 4-2 

Where 

Gamma counts are in counts per minute (cpm), and 

C is concentration in pCi/g. 

The equation is linear, with squared Pearson’s Correlation (r2) of 0.65. 

Using equation 4-2, the thorium-232 concentration of 6.61 pCi/g, equal to the DCGL, plus background, 
produces a gamma count rate of approximately 23,000 cpm. To account for the uncertainty in the 
correlation, the investigation level for the 6.61 pCi/g thorium-232 was set to the intercept with the lower 
95* percentile confidence line or approximately 20,000 cpm. This 20,000cpm investigation level was 
used for the mean and median evaluation of the final status survey data. The 23,000-cpm level was used 
in the EMC and unity rule analysis of the final status survey data. 

Using equation 4-2, a third gamma count rate was calculated for the thorium-232 concentration of 21.7 

gamma count rate of approximately 33,000-cpm. The 33,000-cpm level was used to visually identify 
areas that are potentially above the D C G L E ~ ~  for a one square meter area. 

pCUg, equal to the DCGLmc for a one square meter area plus background. This calculation produces a I 

4.4 Classification of Areas into Multi-Agency Radiation Survey and Site 
Investigation Manual (MARRSIM) Survey Units 

Using the excavation boundaries of the decommissioning activities and final status survey investigation 
level of 20,000 cpm, the sites were divided into MARSSIM class areas. The MARSSIM class areas 
presented in this report differ from and encompass a larger land area than the provisional MARSSIM 
class areas presented in the Decommissioning Plan (USAF, 2002). Each MARSSlM class area is 
considered an individual survey unit. MARSSIM classifies areas by contamination potential. Affected 
areas are areas that have some potential for containing contaminated material. They are divided into the 
following three classes: 

0 Class 1 Areas: Class 1 areas are affected areas that, prior to remediation, are expected to have 
concentrations of residual radioactivity that exceed the DCGL,. 

0 Class 2 Areas: Class 2 areas are affected areas that, prior to remediation, are not likely to have 
concentration of residual radioactivity that exceed the DCGL,. 

Kirtland AFB January 2005 
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W 

0 Class 3 Areas: Class 3 areas are affected areas that have a low probability of containing residual 
radioactivity or that are expected to contain levels of residual radioactivity at a small fraction of 
the DCGL,. 

Consistent with MARSSIM, any area that was remediated was identified as a Class 1 area. Survey unit 
size was assigned in accordance with the MARSSIM suggested areas for survey units (EPA, 1997). Class 
1 land areas were given a uniform size of 2,000 square meters (m2). Class 2 land areas were established 
around the perimeter of the Class 1 areas and were given a maximum size of 10,OOO m2. No site areas 
were classified as Class 3 areas. Buildings 28005 and 28010 at TS8 were each classified as Class 1 areas. 

The MARSSIM survey units and decommissioning excavation boundaries for each site are presented in 
Figures 4-3 through 4-6. Figures 4-7 through 4-10 present the site characterization survey data, collected 
prior to decommissioning, and the MARSSIM survey units for each site. Due to the large inventory of 
source material placed at TS5 and TS6 and the resultant gamma shine from the source material, these 
figures should be used with caution. Areas at TS6 exceeding the 20,000cpm investigation level located 
outside the Class 1 survey unit boundaries result from gamma shine. 

4.5 Statistical Sample Size Determination 

The number of soil samples required from each Class 1 survey unit was based on statistical analysis of the 
gamma scanning survey data. The method used to calculate the number of soil samples is consistent with 
the guidance provided in MARSSIM (EPA, 1997). 

w 

When a radionuclide is present in background, the Wilcoxon Rank Sum (WRS) test is used to evaluate 
whether site data are significantly less than the DCGL,. The WRS test is a non-parametric test and is 
independent of the distribution of the underlying data. The null hypothesis used in this determination is 
that the radionuclide activity in the survey unit exceeds background by more than the DCGL,. 

The null hypothesis is structured such that the burden of proof is to show that the survey unit contains 
radionuclide activities that are statistically lower than the DCGL,. This requires a minimum number of 
samples. The required sample number increases as the average activity in the survey unit approaches the 
DCGL, and/or as the variability in the data increases. Parameters required to determine the number of 
samples include the standard deviation of the data, the width of a gray region where decision errors have a 
low consequence (known as the shift), and acceptable levels of errors in decision making. 
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4.5.1 Number of Samples Required for Class 1 Land Areas 

The equation used to calculate the number of samples for land-based Class 1 Survey Units, where soil is 
the contaminated medium, is as follows: 

N =  + Z1-p 1’ 
3(P, -0.5)* 

Eq. 4-3 

Where 

Z1-a - - Critical value for the normal distribution for the error rate alpha, where alpha is 
the potential for a false positive (where the survey unit is released as being below 
the DCGL,, even though the average activity is above the DCGL,); 

ZI-p = Critical value for the normal distribution for the error rate beta, where beta is the 
potential for a false negative (where the survey unit is classified as being above 
the DCGL,, even though the average activity is below the DCGL,); and 

Pr - - Probability that a random measurement from the survey unit exceeds a random 
measurement from a background reference area by less than the DCGL,, under 
certain conditions. 

The parameters a and p are specified for the site, whereupon ZI., and Z1-p can be determined from 
Table 5-2 in MARSSIM (EPA, 1997). The parameter Pr is dependent upon the standard deviation and 
shift of the data. 

The values Zl-a and Z1+ are dependent upon a and fi. The parameter a represents the probability of 
making a Type I decision error, releasing a survey unit, even though the average radionuclide activity 
exceeds background by an amount greater than the DCGL,. The parameter fi is the power of the test. It 
reflects the likelihood of making a Type I1 decision error, failing to release a survey unit, even though the 
level of radioactivity is less than the DCGL, above background. The result of a Type I1 error is that 
additional unnecessary remediation is performed. The consequence of a lower p value is an increase in 
the number of samples. A value of 0.05 was established for both cc and 
Plan (USAF, 2002). The corresponding values of Zl -a  and Zl.p are 1.645 from Table 5.2 in MARSSIM 
(EPA, 1997). 

in the OT-10 Decommissioning 

P, is the probability that a random measurement from the survey unit exceeds a random measurement 
from a background reference area by less than the DCGL, under certain conditions. One of these 
conditions is that the survey unit median is above background by an amount known as the lower bound of 
the gray region (LBGR). Above the LBGR, the likelihood of making a Type I1 error increases above p. 
The difference between the DCGL, and the LBGR is known as the shift (A). The starting point for the 
value of A under MARSSIM is half the DCGL,. With a DCGL, of 5.7 picocuries per gram (pCi/g), both 
A and the LBGR equal 2.85 pCi/g. A larger value of A (a lower LBGR value so that it is further from the 
DCGL,) requires a greater number of samples to be collected in order to increase the confidence that the 
survey unit will pass the WRS test. With a smaller value of A (a higher LBGR value closer to the 
DCGL,), fewer samples are collected, increasing the risk of failing the WRS test. 

- 
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The actual value of A is less important than the relative shift. The relative shift is equal to the A divided 
by the standard deviation (0). The value of (T is an estimate of the standard deviation of the data collected 
during the final status survey, in units of pCi/g. For planning purposes, o must be inferred from the data 
available prior to conduct of the final status survey. Once WIS is estimated, the value of P, can be 
determined from Table 5-1 in MARSSIM (EPA, 1997). If the value of Wo is outside the range of 1 to 3, 
the value of A (and the LBGR) is reconsidered. 

u 

The WRS test is conducted using laboratory analyses of the soil activity of specific radionuclides. 
However, prior to soil sample collection, the primary data available were gamma radiation survey results. 
Thus, it was necessary to establish a correlation between the gamma survey data and soil radionuclide 
concentrations. 

At OT-10, scanning gamma surveys were performed over 100 percent of the Class 1 survey units. As 
mentioned in Section 4.3, two distributions of the gamma radiation count rate and thorium-232 
concentration data were identified during the remedial action support surveys. The two data distributions 
required that two correlations be developed for the OT-10 sites. One correlation focused on areas with 
radionuclide concentrations near or above the DCGL,; the second correlation focused on samples with 
concentrations only slightly elevated with respect to background. Two correlations were necessary 
because local contamination creates a gamma shine that elevates the gamma survey results for nearby 
clean soil. Thus, clean soil adjacent to more clean soil will have lower gamma count rates than clean soil 
adjacent to contaminated soil. 

The high-end correlation used collocated static gamma survey measurements and soil samples collected 
during a TS5 remedial action support survey. Twenty-six soil samples were analyzed in an onsite 
laboratory and the results are presented in Table 4-3. These locations were biased high, with the lowest 
gamma rate being 18,743 cpm. Most of the samples in this data set had count rates of 20,000 cpm or 
higher whereas only about 5 percent of the total TS5 gamma scanning survey measurements were at least 
20,000 cpm. Thus, the collocated data are representative of the highest gamma measurements collected 
during the remedial action support survey. 

v 

A linear regression was performed using the 26 samples and is shown in Figure 4-1 1. This is the same 
correlation used to develop the investigation level. The relationship between the thorium-232 soil 
concentration and gamma count rate is defined by Equation 4-4. 

Soil concentration thorium-232 (pCi/g) = (Gamma Count Rate (cpm) - 18,642y652.1 Eq.44 

The r2 value for this regression is 0.65. 

v 
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Table 4-3. High-End Correlation Data for Thorium-232 Soil Concentrations and Static Gamma 
Radiatio ite OT-10 

Note3 
cpm = counts per minute 
ID = identiher 

TS = lrrning site 
pcug pcccunes per gram 

-- 
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Figure 4-11. High End Correlation Between Thorium-232 Soil Concentrations and Static Gamma 
Radiation Measurements, Environmental Restoration Program Site OT-10 
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TS7-SS-48 
TS7-SS-51 
TS7-SS-52 
TS7-SS-63 
TS7-SS-72 
TS7-SS-77 

A similar analysis was performed for thorium-232 concentrations near background. Nineteen samples 
were collected from TS7 with static gamma counts ranging from 10,855 to 17,488 cpm. The soil samples 
were analyzed using the onsite laboratory and the results are presented in Table 4-4. The linear 
regression of the data is shown in Figure 4-12. The relationship between thorium-232 soil concentration 
and gamma count rate is defined by Equation 4-5. 

0.68 12881 
0.95 13915 
0.58 14168 

0.65 15191 
1 26 12112 
0.25 12008 

Soil concentration thorium-232 (pCi/g) = (Gamma Count Rate (cpm) - 11,609)/2,933.8 Eq.4-5 

The r’ value for this regression was 0.63 
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Figure 4-12. Low End Correlation Between Thorium-232 Soil Concentrations and Static Gamma 
Radiation Measurements, Environmental Restoration Program Site OT-10 

To estimate a standard deviation for the total population within a Class 1 unit, all of the gamma survey 
data were converted to pCi/g, using the appropriate regression. The data were kept in separate 
populations, based on which regression relationship was used, and the standard deviations of these 
subpopulations were calculated. However, it was recognized that the calculated standard deviation might 
not account for the total variability that could be observed in the final status survey data. This is because 
the calculated standard deviation alone does not account for the scatter that exists in converting the data to 
pCi/g. Consequently, the standard deviations of the two subpopulations were multiplied by the standard 
error of the calculated slope factor in the respective regressions. These were factors of 1.15 for the higher 
subpopulation and 1.18 for the lower subpopulation.The overall standard deviation for the data set was 
estimated using the following formula for a pooled standard deviation: 

m + n - 2  
a. 4-6 
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Where 

m - - Number of data points in sub-population I ,  

SI - - Estimated standard deviation for sub-population 1 ,  

n - - Number of data points in sub-population 2, and 

s2 - - Estimated standard deviation for sub-population 2. 

For example, at TS5-1, there were 3,416 samples with gamma survey counts less than 18,750 and 15 
samples with gamma survey counts greater than 18,750. After converting the data using the respective 
regressions, the lowcount subpopulation had a standard deviation of 0.498 pCi/g. Increasing this by 18 
percent, the adjusted standard deviation of this subpopulation is 0.588 pCi/g. For the higher 
subpopulation, the standard deviation was 1.02 pCi/g; multiplying by 1.15 yields an adjusted standard 
deviation for this subpopulation of 1.17 pCi/g. In summary: 

1.17 pCi/g - - SI 

3.416 - n - 

0.59 pCi/g - - S? 

The pooled standard deviation is then: 

(15-1)(1.17)2 +(3,416-1)(0.59)’ 
15 + 3,416 - 2 

= 0.59 pCi/g Eq. 4-7 

Using a value for A of 2.85 pCi/g (as described above), the relative shift is calculated as, 

No = 2.85 pCi/g +OS9 pCi/g = 4.8 Eq. 4-8 

The MARSSIM design goal for the relative shift is I <  No < 3. This value is outside the range of 1 and 3; 
thus, i t  was appropriate to adjust the shift (A) downward. Doing so increased the number of samples to be 
collected in the final status survey, decreasing the probability that the Class I unit would fail the WRS 
test. Adjusting the shift (A) value down to 1.84 pCi/g results in a relative shift (No) of approximately 3 .  
Using the relative shift value of 3 ,  Table 5. I of MARSSIM indicates that P, is 0.983. The value of N was 
then calculated from the following parameters: 
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Z1.a - - 1.645, and 

Z1-6 = 1.645. 

From these input parameters, the number of samples to be collected in the final status survey was 
calculated as: 

= 15.5 
(1.645 + 1.645)’ 

N =  
3(0.983 - 0.5) ’ Eq. 4-9 

MARSSIM recommends applying a 20-percent safety factor to ensure that enough samples are collected. 
Using this factor, at least 19 samples would need to be collected, with half to come from the Class 1 unit 
and half to come from the reference area. Thus, 10 samples were collected from this Class 1 unit. In fact, 
at most Class 1 units, it was necessary to reduce the value of A such that the relative shift would equal 3; 
therefore, 10 samples were collected from most Class 1 units. There were a small number of units where 
more than 10 samples were collected. The actual sample number calculations for each Class 1 survey unit 
are presented in Section 5.1 of this report. 

4.6 Significant Changes from the Decommissioning Plan 
Y 

Several changes were made in the final status surveys from what was originally proposed in the 
decommissioning plan (USAF, 2002). These changes included: 

0 A decrease in the gamma radiation investigation level from 33,000 cpm to 20,000 cpm. The new 
investigation level was developed to eliminate the gamma shine bias resulting from the pre- 
remediation source material present at the sites. 

0 An increase in the number of MARSSIM Class 1 survey units at each training site. The areal extent 
of soil contamination above the DCGL, was greater than originally identified in the decommissioning 
plan. 

v 
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SECTION 5 

5.0 FINAL STATUS SURVEY RESULTS AND INTERPRETATION 

5.1 Land Area Survey Results 

This section presents the land area final status survey results, judgmental and miscellaneous sample 
results, and the calculation of the minimum detectable concentration (MDC) for the land area surveys. 

5.1.1 Gamma Radiation Scanning Surveys 

The results of the gamma radiation scanning surveys were mapped using Arcview@ GIS software. 
Figures 5-1 through 5-4 present the scanning gamma radiation measurements at TS5 through TS8, 
respectively. Figures 5-5 through 5-8 present the gamma scanning data superimposed on the MARSSIM 
survey units. A data presentation threshold corresponding to the 20,000cpm investigation level is used to 
identify areas potentially above 6.61 pCi/g of thorium-232 (DCGL, plus background). Very few areas at 
the sites remain above the investigation level. The major exception is the gamma radiation anomaly 
present at TS8 in survey unit 3. Because building 28005 will remain in use as a training facility, the 
interior of the building will remain contaminated. Gamma shine from the contaminated building affected 
the gamma scanning survey results in the building vicinity. W 

Gamma scanning survey data gaps exist in several locations. At TS5, data gaps are visible in survey units 
5, 10, 14, 17, 18, and 19. The data gaps in survey units 5, 10, and 14 result from excavated burial pits 
present in these areas. Therefore, soil samples were collected from the burial pits as part of the final 
status surveys. The data gaps in survey units 17, 18, and 19 result from bushes or shrubs in these areas. 
Areas that were not scanned due to the presence of shrubs or bushes were small in area and represented a 
small fraction of the survey unit area. These areas were not expected to have significantly different 
residual contamination than closely adjacent areas. 

At TS6, data gaps are prominent in survey units 4,9, and 16. These data gaps result from the arroyo bank 
in these areas. The arroyo bank areas were outside of the contaminated area identified during the site 
characterization surveys and were considered to be noncontaminated. Data gaps present in the TS8 
survey data result from bushes or shrubs in these areas. Areas that were not scanned due to the presence 
of shrubs or bushes were small in area and represented a small fraction of the survey unit area. These 
areas were not expected to have significantly different residual contamination than closely adjacent areas. 

The gamma scanning survey data for each site was subdivided by survey unit. The summary statistics for 
each Class 1 survey unit are presented in Tables 5-1 through 5-4. The mean and median gamma count 
rates for all Class 1 survey units are below the 20,000-cpm investigation level. The summary statistics for 
each Class 2 survey unit are presented in Tables 5-5 through 5-8. The mean and median gamma count 
rates for all Class 2 survey units are also below the 20,000cpm investigation level. 
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SECTION 5 

Survey Unit TS5-1 

Table 5-1. Gamma Scanning Data Summary Statistics for Class 1 Survey Units, 

TS5-2 TS5-3 TS5-4 

Median (cpm) 

Number of measurements 

Maximum (cpm) 

IMean (cpm) I 13,9501 14,1751 13,4121 14,998 

13,630 14,017 13,857 149,04 

3,431 2,876 3,893 2,782 

21,093 20,680 19,540 20,103 

14,440 

3,518 

22,963 

IMinimum (cpm) I 9,9731 10,0861 8,3421 11,581 

~~~ 

15,022 14,586 15,210 14,779 14,303 

3,077 2,708 2,340 2,873 3,318 

22,546 20,438 20,096 23,543 20,705 

IStandard deviation I 1,5021 1,4111 2,0091 1,351 

Minimum (cpm) 

Standard deviation 

:ion Program Site OT-10 

11,251 10,988 10,720 10,802 10,490 10,193 9,646 8,620 10,667 

1,455 1,270 1,326 1,399 1,518 1,364 1,567 901 794 

TS5-5 I TS58 I TS5-7 I TS5-8 I TS5-9 1 TS5-10 I 
14,5951 15,1331 14,7451 15,321 1 14,9381 14,4331 

10,7301 11,1601 10,6711 11,6331 10,9531 9,9781 

1,4761 1,3951 1,4551 1,4411 1,4021 1,3891 

Kirtland AFB January 2005 
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SECTION 5 

- Survey Unit TS6-1 TS6-2 TS6-3 TS6-4 TS6-5 TS6-6 TS6-7 TS6-8 

Mean (cpm) 14,296 13,720 12,640 11,080 12,428 13,056 12,702 12.475 
IMedian (cprn) I 14,1311 13,6131 12,2871 10,9341 12,3421 12,8711 12,5341- 12,2681 

Minimum (cpm) 

Standard deviation 

!Number of measurements I 4,4271 3,7721 3,9581 3,0041 3,9041 4,6091 4,3671 3,901 I 

10,735 9,592 8,641 7,380 9,547 9,184 9,032 8,645 
1.361 1.465 1,843 1,165 948 1.439 1.621 1.346 

Maximum (cprn) 1 19,7141 21,2731 20,4801 16,5011 17,3061 22,1071 20,6151 19,167 

Suwey Unit 

Mean (cpm) 

TS6-9 TS6-10 TS6-11 TS6-12 TS6-13 TS6-14 TS6-15 TS6-16 

11,502 12,609 13,163 12,616 11885 14,045 14,094 14,054 
Median (cpm) 

Number of measurements 

Maximum (cpm) 

Minimum (cprn) 

11,399 12,533 13,054 12,643 11814 14,105 13,860 13,894 
2,865 4,370 3,777 3,358 4812 4,344 4,827 3,098 
15,774 20,337 18,659 18,859 16538 19,888 19,983 21,309 
7,700 0 9,720 8,023 8698 9,163 10,343 9,998 

Standard deviation 

Survey Unit 

1,236 1,724 1,125 1,333 965 1,894 1,457 1,614 
TS6-17 TS6-18 TS6-19 TS6-20 TS6-21 TS6-22 TS6-23 TS6-24 

. .  . I I I 1 I 1 I 

Number of measurements1 4,5441 3,9161 4,3721 4,1791 3,4431 3,7251 3,8811 3,152 

Mean (cpm) 

Median (cpm) 

13,158 14,809 15,1071 15,183 13,552 14,245 14,770 15,618 
13,027 14,698 14,9441 15,149 13,413 14,141 14.631 15,583 

l*an (cpm) I 13,8011 14,1651 14,8961 14,1281 13,2391 14,3431 14,5601 12,811 

Maximum (cpm) 

Minimum (cpm) 
Standard deviation 

v 

Suwey Unit 

18,643 21,925 22,221 29,010 18,441 20,846 21,141 23,699 
9,338 11,040 11,697 10,359 10,170 10,236 11,351 10,330 
1,181 1,408 1,268 1,578 1,241 1,355 1,225 1,473 

1-25 TS6-26 TS6-27 TS6-28 TS6-29 TS6-30 TS6-31 TS6-32 

Median (cpm) 

Number of measurements 

Maximum (cpm) 

13,578 14,040 14,695 13,920 13,046 14,325 14,430 12,483 
4,040 3,756 4,306 3,739 4,917 4,383 3,671 3,465 
21,198 23,742 26,291 21,277 20,273 19,848 19,740 18,434 

/Mean (cprn) I 12,7181 14,4081 13,2521 

~~~~ ~ 

Standard deviation 

Survey Unit 

[Minimum (cprn) 1 8,9371 10,2871 9,4021 

1,673 1,622 1,464 1,3161 1,5341 1,5141 1,2011 1,733 
TS6-33 TS6-34 TS6-35 

IStandard deviation I 1,5741 1,5531 1,0961 

Median (cpm) 
Number of measurements 

Maximum (cpm) 

Notes: 
cpn = counts perminule 
TS =Training Site 

12,441 14,228 13,141 
4,379 3,674 3,595 
19,500 20.106 20,309 

Kirtland AFB 
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SECTION 5 

Survey Unit 
Mean (cpm) 

TS7-1 TS7-2 TS7-3 TS7-4 TS7-5 

12,958 13,603 13,076 14,078 12,903 

]Median (cpm) I 12,700( 13,3941 12,9657 137956112,7341 

Standard deviation 

Survey Unit 

INumber of measurements I 5,4121 4,9971 5,2741 ~ 477Gl- 

~ 

1,459 1,618 1,478 1,263 1,349 

TS7-6 TS7-7 TS7-8 TS7-9 TS7-10 

IMaximum (cpm) I 19,2611 21,7921 19,7111 19,2&18,9831 

Maximum (cpm) 

Minimum (cprn) 

Standard deviation 

IMinimum (wm) I 9,8431 9.6971 9.1881 10.1501 9 5 d  

18,444 17,600 17,674 19,815 18,748 

8,581 9,587 9,250 9,425 9,524 

1,211 981 1,020 1,670 1,459 

IMean (cpm) I 12,2261 12,4891 12,1711 13,2451 12,8211 

IMedian (cpm) I 12,0721 12.3331 12.0771 13.0301 

INumber of measurements I 4,8461 3,9621 4.606I 4.8751 5.452) 

Table 5-4. Gamma Scanning Data Summary Statistics for Class 1 Survey Units, 
Training Site 8, Environmental Restoration Progr am Site OT-10 

Notes: 
cpm counts per miIHJte 
TS = Tmn~ng Sle 

Kirtland AFB January 2005 
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SECTIONS 

Mean (cpm) 

Median (cpm) 

Number of measurements 

Maximum (cprn) 

Minimum (cpm) 

Standard deviation 

W 

13,387 13,430 12,956 

13,252 13,433 12,960 

1 1,920 1 1,722 2,910 

19,726 17,385 15,527 

9,742 10,043 10,220 

1,124 894 66 1 

Table 5-5. Gamma Scanning Data Summary Statistics for Class 2 Survey Units, 
lhining Site 5, Environmental Restoration Program Site OT-10 

I TS5.20 I TS5-21 I TS5-22 1 Survey Unit 

Mean (cpm) 

Median (cprn) 
Number of measurements 

Maximum (cpm) 

Minimum (cprn) 

Standard deviation 

11,219 12,713 12,502 

1 1,206 1 2,687 12,374 

17,485 16,136 12,413 

16,388 18,660 21,144 

7,391 8,126 7,745 

1,114 1,203 1,359 

Table 5-6. Gamma Scanning Data Summary Statistics for Class 2 Survey Units, Training Site 6, 

Survey Unit TS7-11 
Mean (cpm) 13,008 
Median (cpm) 12,870 

Number of measurements 12,493 

Maximum (cpm) 19,684 

Minimum (cpm) 9113 

Standard deviation 1,241 

- 
Environmental Restoration Program Site OT-10- 

[survey Unit I TS6-36 I TS6-37 I TS6-38 I 

* 
Kirtland AFB January 2005 
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SECTION 5 

Table 5-8. Gamma Scanning Data Summary Statistics for Class 2 Survey Units, Training Site 8, 

Notes: 
cpm counts per minute 
TS Tmning Site 

The number of final status survey soil samples required from each Class 1 survey unit was based on 
statistical analysis of the gamma scanning survey data. The method used for the calculations was 
discussed in Section 4.5 of this report. Tables 5-9 through 5-12 present the values used in the sample 
number calculation for each Class 1 survey unit. The pooled standard deviation for 70 of the 71 Class I 
survey units was below the thorium-232 background concentration of 0.91 pCilg. This low standard 
deviation required that the shift (A) be adjusted downward to achieve a relative shift (No) between 1 
and 3. The relative shift values were rounded down to a value included in MARSSIM Table 5.1 (EPA, 
1997). 

5.1.2 Static Gamma Radiation Measurements 

Static gamma radiation-measurements were taken at each soil sample location prior to sample collection. 
Seven hundred thirteen static radiation measurements were taken in Class 1 survey units: 190 at TS5,350 
at TS6, 100 at TS7, and 73 at TSS. Static gamma radiation measurements were also taken at 11 3 points in 
Class 2 survey units. The static gamma locations at each site and their respective measurements are 
presented on Figures 5-9 through 5-12. Tables 5-13 through 5-16 present the summary statistics for each 
survey unit. The static gamma measurements are presented in Appendix A. 
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SECTION 5 

,Median (cpm) I 14,4881 14,6141 14,261 

Table 5-13. Static Gamma Measurement Summary Statistics for Training Site 5, 

,Number of measurements I 101 101 i a  
~~ 

 maximum (cpm) 17,616 15,625 16,262 

Minimum (cpm) 12,318 13,506 13,174 

Standard deviation 1,666 679 884 

Survey Unit TS5-1 

Mean (cDm) 14,620 

TS5-2 TS5-3 

14,596 14,593 

Survey Unit TS5-7 TS5-8 

Mean (cpm) 14,594 16,133 

Median (cDm) 14,454 15,833 

1 Site OT-10. 

TS5-9 TS5-10 TS5-11 TS5-12 

15,986 15,252 15,186 14,786 

16,151 15,447 15,099 14.738 

15,732 16,065 

~~ ~ 

Median (cpm) 

Number of measurements 

Maximum (cpm) 

Minimum (cpm) 

Standard deviation 

15,5501 15,934 

~ ~~ 

13,891 12,855 12,559 12,123 

10 15 15 4 

14,600 14,410 14,166 12,902 

13,198 11,331 11,543 11,445 

503 1,061 835 630 

101 1c 

17,267 18,528 

14,588 14,147 

1,122 

T S M  

15,139 

15,001 

i o  
___ 

16,396 

13,743 

91 1 

Number of measurements I 101 101 101 101 101 101 

IMaximum (cpm) I 17,2701 18,1751 17,7031 17,3251 17,4611 17,114) 

(Minimum (cpm) I 13,4601 14,2421 14,4771 13,0641 13,635) 13,0031 

[Standard deviation I 1,1321 1,461 I ' 9961 1,3631 1,2251 1,4271 

[survey unit I TS5-19 I TS5-20 I TS5-21 1 TS5-22 I 

Mes: 
c p  =counts per minute 
TS =Training Site 

Kirtland AFB January 2005 
5-25 OT- 10 Final Status Survey Report 



SECTION 5 

Table 5-14. Static Gamma Measurement Summary Statistics for Training Site 6, 
Environmental Restoration Program Site OT-10. 

Mean (cpm) 14,242 14,051 13,603 1 1,456 13,153 13,356 

Survey Unit TS6-1 TS6-2 TS6-3 TS6-4 TS6-5 TS6-6 

Median (cpm) I 13,998) 14,1141 12,5271 11,2631 12,9471 13,268 
~~ ~ 

Number of measurements 10 10 10 10 10 ia 

Maximum (cpm) 15,765 15,351 19,345 14,388 14,836 14,641 

Minimum (cpm) 12,431 11,877 10,521 10,080 12,449 12,172 

Standard deviation 1,118 954 3,030 1,200 75 1 827 

Median (cpm) I 13,270 

Number of measurements I ia 

Maximum (cpm) I 15,86C 

Minimum (cpm) I 11,480 

Standard deviation I 1,718 

12,732 11,777 12,918 13,325 

15,1901 13,103) 15,6851 15,65(1 

12,1951 10,9951 11,lssl 12,109 

1,1611 727) 1,206) 963 

14,6971 

10,9301 

1,2821 
r- I 

I I 
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-- 

Survey Unit 

Mean (cpm) 

Median (cpm) 

SECTION 5 

TS6-25 TS6-26 TS6-27 TS6-28 TS6-29 TS6-30 

13,488 14,623 15,958 14,186 13,415 14,140 

13,262 14,677 15,779 14,076 13,473 14,174 

L- 

~ 

Minimum (cprn) 

Standard deviation 

~~ 

10,539 10,995 

91 8 1,062 

~~ 

IMaximurn (cpm) I 15,0441 16,2851 18,4151 15,0751 15,2481 15,5231 

IMinimum (cpm) I 13,3051 12,351 I 10,811 I 12,1921 12,7631 8,3641 

(Standard deviation I 1,481 I 1,3181 1,5701 1,8751 7691 1,1311 

Survey Unit I TS6-37 I TS6-38 

Y IMedian (cpm) I 11,7841 12,0691 

INumber of measurements I 151 151 

IMaximum (cpm) I 13,6061 14,2091 

Kirtland AFB January 2005 
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SECTION 5 

Survey Unit 

Table 5-15. Static Gamma Measurement Summary Statistics for Training Site 7, 

TS7-7 TS7-8 I TS7-9 I TS7-10 TS7-11 

]Standard deviation I 1,5771 1,7291 1,279) 1,2491 

Median (cpm) 

Number of measurements 

Maximum (cpm) 

13,032 12,823 14,452 12,971 13,055 

10 10 10 10 15 

14,223 14,837 17,488 17,521 16,970 

IMean (cpm) I 13,1741 12,9681 14,4971 13,7141 13,2351 

~~ 

Standard deviation 563 1 695 1,413 1,713 1,313 

IMinimum (cprn) ~ 12,4781 12,4251 12,9351 12,2521 11 : 6 4  

Survey Unit TS8-7 

Mean (cpm) 13523 

Median (cpm) 13,574 

TS8-8 TS8-9 

13,061 12,551 

13,157 12,610 

~~ 

Standard deviation 44 1 

INumber of measurements I 101 151 41 

636 698 

Itvlaxirnum (cpm) I 13,9991 13,7091 13,2621 

rinimum (cpm) I 1,28201 1 1,0381 11,721 I 
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SECTION 5 

The mean and median of the static gamma measurements for each survey unit were below the 
20,000-cpm investigation level. - 
5.13 Soil Sample Results 

Eight hundred fifty nine soil samples were collected during the final status surveys, including 7 13 
randomly located final status survey samples, 71 replicate samples, and 75 samples collected from 
excavation pit areas on TS5 and TS6. The numbers of soil samples collected in Class 1 survey units by 
site were 256 samples from TS5,413 samples from TS6, 110 samples from TS7, and 80 samples from 
TS8. No soil samples were collected at the 113 static gamma radiation measurement locations in Class 2 
survey units. 

The soil sample locations at each site and their respective thorium-232 concentrations are shown on 
Figures 5-13 through 5-16. Summary statistics of the training site-sample results are presented in Tables 
5-17 through 5-20. Histograms for thorium-232 soil concentration data at each site are presented in 
Figures 5-17 through 5-20. 

The complete soil sample analytical results are presented in Appendix B. The data validation report for 
the analytical data is presented in Appendix C. 

The mean and median thorium-232 soil concentrations in all survey units are below the DCGL, plus 
background of 6.61 pCi/g. Only 1 out of the 859 soil samples, TS6-SS-379-0000, had a thorium-232 
concentration above the DCGL, plus background. The release criteria for this location was satisfied by 
using the EMC and unity rule analyses as presented in sections 5.3.2 and 5.3.3. 

- 
Out of 859 soil samples, three sample analyses (TS6-SS-379, TS6-SS-383, and TS6-SS-97) reported 
thorium-234 concentrations significantly higher than expected. Severn Trent Laboratories reevaluated the 
spectra from the three samples and determined that interference from the thorium-232 decay series 
introduced these anomalies. 

\ 
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Number of samples 
Minimum Thorium-232 (pig) 
Maximum Thorium-232 (pcilg) 
Average Thorlum-232 (pCi/g) 
Median Thorium-232 (pCVg) 
Standard deviation 

Table 5-17. Summary Statistics for Final Status Survey Soil Samples at TS5, 

256 

0.44 

3.02 

1.13 

1.05 
0.39 

TS-5 Summary I I 
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TS-6 Summary 

Number of samples 413 

Minimum Thorium-232 (pCi/g) 0.29 

Maximum Thorium-232 16.5 

Average Thorium-232 (pCi/g) 1.13 

Median Thorium-232 (pCi/g) 0.97 

Standard deviation 0.96 

jpci/g) 
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Vg) 

IpCVg) 
Average Thorium-232 
Ipcilg) 

, pcVg) 

Maximum Thorium-232 

Median Thorium-232 

Standard deviation 

Statistics for Final Status Survey Soil Samples at TS7, 

, ,4 

0.84 

0.805 

0.18 

Statistics for Fiial status Survey Soil Samples at TSS, 

TSB Summary I 
1 8 0  

Minimum Thorium-232 I o.53 

January 2005 
5 4 1  
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5.1.4 Judgmental and Miscellaneous Sample Data Sets 

Several data sets were collected as part of the NRC approval and inspection process. The data sets 
included analyses of reference area soil samples for uranium-238, as required in the NRC approval of the 
Decommissioning Plan (NRC, 2003a), and two sample groups collected as part of NRC inspection of the 
decommissioning activities. 

The NRC approval of the Decommissioning Plan requested that the reference area soil concentrations of 
uranium-238 be reviewed as part of the final status survey report (NRC, 2003). Nine of the twenty 
reference area samples from the site characterization survey were archived and available for uranium 
analysis. These nine samples were analyzed for uranium isotopes using alpha spectroscopy by Method 
NASDOE 3050/RP (NAS/DOE, 1994). 

The isotopic uranium analytical results from the reference area soil samples are presented in Table 5-21. 
The summary statistics for the uranium-238 sample results are presented in Table 5-22. The mean 
uranium-238 soil concentration in the reference area samples is 0.73 pCi/g. 

The NRC collected soil samples during the May and November 2003 inspections of the decommissioning 
project. Soil samples were collected at biased locations in areas of highest residual gamma activity. The 
soil samples were split between the NRC and Kirtland AFB. Seven samples were collected during the 
May 2003 inspection: one from the reference area and six from TS7. All seven samples were submitted 
for analysis. 

Forty-nine samples were collected during the November 2003 inspection: 15 at TS5. 16 at TS6,7 at TS7, 
and 11 at TS8. Fifteen samples, approximately 30 percent of the total, were submitted for analysis by the 
Air Force. 

- 

The Kirtland AFB sample portions were analyzed by Severn Trent Laboratory for gamma-emitting 
radionuclides by Method 901.1 (EPA, 1980). The results of the Air Force sample portions are presented 
in Tables 5-23 and 5-24. 

The results of the May 2003 NRC inspection samples were all below the DCGL, plus background of 6.61 
pCi/g thorium-232. Several of the results from the November 2003 NRC inspection samples were above 
the DCGL,, However, all samples from the November 2003 inspection were below the DCGLmc of 20.8 
pCi/g thorium-232 for a 1-m2 area. The NRC inspection soil sample results that exceeded the DCGL, 
plus background of 6.61 pCi/g thorium-232 were located in the following survey units: TS5-2, TS5-11, 
TS6-18, and TS8-3. 

Kirtland AFB January 2005 
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Reference Area 

Number of sam~les 

Table 5-22. Summary Statistics for 
Reference Area Uranium-238 Analytical Results - 

Uranium-238 

9 

(Minimum uranium-2% ( ~ C V Q )  I 0.48 I 
Maximum uranium-238 (pCi/g) I 1.55 
Averaae uranium-238 IDCVCI) 0.732 

b n d a r d  deviation I 0.330 I 
Notes: 
NCSIDOE, 1994 
pcug = picaculies per grim 
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543 OT-10 Final Status Survey Report 



SECTION 5 
~~~ ~ 

Table 5-23. Sample Data from May 2003 U.S. Nuclear Regulatory Commission Inspection Soil 

NO(es: 

ID = idenhfiec 
EPA, 1 9m 

J = esbmated value 
KAFB = ffiflmd k r  Force Base 
P ’ g  = pcocunes per g;m 
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Table 5-24. November 2003 Nuclear Regulatory Commission Inspection Soil Samples, 

January 2005 
5 4 5  
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Table 5-24. November 2003 Nuclear Regulatory Commission Inspection Soil Samples 

Notes: 
€PA. 1980 
ID = Idensnec 
KAFB=Kirl!andkrForceBase 
pcuo = P i c ~ U ~  Petm 

5.1.5 Exposure Rate Results 

Exposure rate measurements were taken at 53 locations during the final status surveys. Measurements 
were taken at both 18 inches (as was done during the site characterization survey) and 3 ft above ground 
surface. The exposure rate and the static gamma radiation measurements are presented in Table 5-25. 
Evaluation of the exposure rate measurements taken at 18 inches and 3 ft above ground surface shows 
that they are statistically the s a .  

The dynamic range of the exposure rate measurements taken during the final status survey was too small 
to develop a correlation between the gamma radiation count rate and the exposure rate. Therefore, the 
exposure rate measurements taken during the site characterization survey were merged with the final 
status survey data to develop the correlation. The site characterization survey exposure rate 
measurements are presented in Table 5-26. 

Figure 5-21 presents the graph of the 72 measurements taken during the final status survey and site 
characterization survey. A strong linear correlation exists between the gamma radiation count rates and 
the exposure rates, with a Pearson’s Correlation (r2) of 0.99. The equation of the line is as follows, with 
gamma radiation measured in cpm and exposure rates in microRoentgens per hour (pwhr):  

Exposure Rate = (0.001* gamma count rate) + 0.5035 Q. 5-1 

Equation 5-1 was used to convert the gamma count rates to exposure rates. Maps of site exposure rates 
are presented in Figures 5-22 through 5-25. 

Kirtland AFB January 2005 
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Table 5-25. Final Status Survey Static Gamma and Exposure Rate Mea 

Noles: 
cpn t counts per minute 
)rwhr microAoentgens per hour 

Isurements, 

L 

January 2005 
5-47 
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Table 5-26. Site Characterization Survey 
Static Gamma and Exposure Rate Measurements, 
Environmental Restoration Program Site OT-10 

Exposure 

Location 
Count (cpm) 

I TS-5 17 

TS-5 I 28.825 I 26 . -  - I I 

TS-5 I 86.496 I 70 
I 

TS-5 1 131,962 I 140 
TS-5 I 263,596 1 290 

TS-5 I 16.400 I 16 
~~ 

i 

TS-6 I 27,673 I 26 

I TS-6 I 33,014 1 32 

TS-6 I 87.232 I 85 

t TS-6 I 42,865 I 42 
I 

TS-6 I 27,010 I 26 
TS-7 I 13.257 I 14 

I 

TS-7 1 16,653 I 16 

TS-7 I 23,654 I 24 
TS-7 I 41.588 I 42 

143,565 

36,648 

20,352 

TS-7 12,472 
Notes: 
cpm =counts per minute 
pWhr = mcroRoentgens per hour -/- 
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Exposure Rate and Static Gamma Count Correlation 
y = 0.001x + 0.5035 

R2 = 0.9916 
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5.1.6 Calculation of Minimum Detectable Concentration 

The MDCs for thorium-232 in soil were originally presented in the OT-IO Decommissioning Plan 
(USAF, 2002). However, MARSSIM guidance recommends that the MDCs be determined in the field 
using data collected during the decommissioning process. 

Static MDCs can easily be determined in the field by determining the detector efficiency from integrated 
count times, the natural background count rate, and thorium-232 concentrations determined from soil 
sample analyses. It is more difficult to measure the scanning MDCs. Guidance on the empirical 
determination of the scanning MDCs is given in Section 9.3.6 of Decommissioning Health Physics, A 
Handbook fur MARSSZM Users (Abelquist, 2001). Suggested methods include flagging gamma emission 
“hot spots” and taking soil samples. In this method, the lowest concentration is recommended as an 
indicator of the MDC. 

Extensive effort was made during decommissioning to evaluate the ability to predict thorium-232 
concentrations in surface soil. Static 1-minute gamma radiation counts were made above soil sampling 
locations to assess detector response per unit soil concentration. This resulted in a correlation between 
the gamma count rate (static) and the thorium-232 soil concentration. The static MDC can be determined 
using the correlation, the background count rate, and the detector efficiency. 

During soil removal, technicians used gamma radiation detectors to scan land areas and identify soils that 
were believed to exceed the DCGL,. Remedial action support surveys (RASS), using GPS-based survey 
equipment to scan the area, were performed to document the progress of soil removal. Gamma radiation 

unable to detect. Therefore, a combination of real-time excavation control monitoring by technicians and 
periodic RASS was used to complete the work. The scanning MDC in this report is based on the data 
from the RASS because these data were used to confirm that excavation was complete. 

maps produced by the RASS often showed areas requiring further cleanup that the technicians were -.- 

The sensitivity of the RASS is illustrated by the results of the first RASS at TS-5, as shown in 
Figures 5-26 and 5-27, where the data are displayed in color intervals of 1,OOO cpm and 2,000 cpm, 
respectively. The plots clearly demonstrate that areas of elevated contamination exhibit increasing count 
rates toward the center of the elevated area. Areas exhibiting 1,OOO to 2000 cpm above the contiguous 
areas can be identified in the gamma radiation maps. 

The scanning data from the RASS are as sensitive in predicting soil concentrations as individual static 
gamma radiation count rate measurements. This allowed simple methods commonly employed for 
determining MDCs for static methods to be used to estimate the scanning MDC. 

5.1.6.1 Comparison of Static and Scanning Measurements in Predicting Soil Concentrations 

The final status survey data for TS5 have been selected to compare scanning data to 1-minute static 
counts. The final status survey consists of gamma scanning data over 100 percent of the training site 
area, static 1-minute integrated gamma radiation counts at each soil sample location, and soil sample 
analytical data. The final status survey gamma scanning data for TS5 are contoured in 1,000-cpm 
increments and presented in Figure 5-28. 
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For comparison, the 1-minute integrated gamma radiation measurements were classified and presented in 
Figure 5-28 as dots at the sampling locations using the same 1,000cpm increment color scheme as the 
scanning data contours. Most of the colors representing the 1-minute counts in the figure fall within the 
contours of similar color, indicating that the two data sets agree. For most situations where the colors 
disagree, the sampling locations are near the edge of the contour. It should also be noted that the spatial 
locations are determined using GPS receivers with only sub-meter accuracy. This could also be 
responsible for some of the disagreement in the data ranges. Figure 5-28 shows that the two gamma- 
radiation data sets generally agree. 

As an additional test, the average gamma count rates were calculated from the scanning data for the 26 
soil sample locations with the highest thorium-232 concentrations. The averages were obtained by 
considering the gamma scanning data within a 3-ft radius of the soil sample location. The data were then 
compared to the 1-minute integrated count at the soil sample location. The ratios between the two were 
calculated and the mean and standard deviation of the ratios were determined to be 0.96 and 0.06, 
respectively, as shown in Table 5-27. This positive agreement indicates that any relationship developed 
for the 1-minute integrated counts should also apply to the mean count rate of the scanning data for the 
corresponding area. This confirms that the use of static data in calculating the scanning MDC is 
appropriate when using scanning data maps to display scanning data. 

Table 5-27. Comparison of Average Count Rate from TS5 Final Status Survey Gamma Scanning 

Mean: I 0.962 
Std. Dev.:l 0.059 

Note: 
cpm = cwnls per minuleGPS = global posiliorung system 
ID =identifier Sld. Dev. = standard deviation 
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5.1.6.2 Minimum Detectable Concentration Calculation 

The MDC is easiest to calculate for the case where the frequency distribution is normal for measurements 
made in an uncontaminated area (reference area) and where it is reasonable to assume that the variance is 
constant for the range between background levels and the level corresponding to the MDC. The 
frequency dlstributions of several TS5 gamma-scanning surveys are shown in Figure 5-29. 

0.30 

+TS-5 FSS (Enfirc Site) 0.25 

0.20 

0.15 

0.10 

0.05 

0.00 
8 8 8 8 8 

2- 3 
N 

2- 
N 2 3 - s n 3 8 

ca 2- 2 
Gamin8 Count Rate 

(CPM) 

Figure 5-29. Frequency Distributions for Gamma Scanning Surveys, 
Environmental Restoration Program Site OT-10 

I 

The frequency distributions were developed by creating histograms of 500 cpm width and normalized so 
that the area beneath each curve is equal to 500. Distributions were plotted for the reference area, the first 
remedial action support survey at TS5 (TS5 RASS-I), and two data sets from the TS5 final status survey, 
(TS5 FSS Inside Fence and TS5 FSS Entire Site). 

The frequency distribution for the scanning data fiom the reference area is shown in Figure 5-29. The 
mean and standard deviation for the 892 records are 12,400 cpm and 700 cpm, respectively. The 
coeficient of variation for the background gamma count rate records is 0.06. Histogram, Skewness and 
Kurtosis, and the Shapiro-Francia Tests for Normality were applied and fbiled to show that the data were 
not normally distributed. The 20 soil samples from the reference area averaged 0.91 pCi/g thorium-232 
with a standard deviation of 0.15 pCi/g. Th~s coefficient of variation of 0.16 is significantly larger than 
that for the gamma records (0.06) taken within the reference area. u 
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The frequency distribution plot for the TS5 RASS-1 data shown in Figure 5-29 indcates the frequency 
distribution for TS5 after most of the contaminated material had been removed from the site. As 
anticipated, the distribution is skewed to the higher count rates because of the contaminated material still 
present at the site. The gamma radiation investigation level of 20,000 cpm was used as a threshold for 
removal of additional soil that could potentially exceed the thorium-232 DCGL. A final status survey 
within the fenced area resulted in the frequency distribution labeled TS5 FSS (Inside Fence). The curve 
labeled TS5 FSS (Entire Site) reflects all data in the Class 1 areas of TS5 and includes a large area outside 
the fence boundary that is near background levels. 

- 

A plot of the gamma radiation count rate and the corresponding thorium-232 concentration for the TS5 
final status survey soil samples is presented in Figure 5-30 and shows a large scatter at near-background 
concentrations. A si&icant contribution to this scatter arises from the analytical error in the soil sample 
analysis at near-background levels. There is also a gamma shine influence on the gamma radiation count 
rates for soil samples taken in background areas adjacent to slightly contaminated areas. For the 
calculation of the scanning MDC, we considered all the data presented in Figure 5-30, and then 
considered only the data associated with soils contaminated with the thorium source material at 
concentrations of 1.5 pCdg Thorium-232 or greater. 

19,000 
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2 ti 
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Figure 5-30. Training Site 5 Final Status Survey, Thorium-232 Soil Concentration 
and Static Gamma Count Rates, Environmental Restoration Program Site OT-10 
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MDCs using all data from Final Status Survey at TS5 - The final status survey soil analytical data and the 1-minute integrated gamma radiation counts for TS5 
are plotted in Figure 5-30. As expected, most of the thorium-232 concentration values are near natural 
background concentrations. 

An area corresponding to the mean i 3 standard deviations for the reference area is shown as a dotted 
rectangle in Figure 5-30, corresponding to the soil sample thorium-232 concentrations and the gamma 
radiation count rates from the scanning surveys. All data within the dotted lines are within the variations 
for the reference area and thus should be considered natural background levels. An explanation as to why 
there is a larger variation in the gamma count rates at these low thorium-232 values was given previously 
and was attributed to gamma shine from nearby contaminated areas. It is also known that the variation in 
the thorium-232 soil concentration includes the errors from the laboratory analysis. The reported 
laboratory standard deviation (counting error) is approximately 10 to 15 percent of the reported 
concentration at this concentration level. The 1-minute counts for the data shown in Figure 5-30 have less 
than 1 percent statistical uncertainty (1 standard deviation) and, therefore, the statistical error is 
negligible. 

A least-squares-fit often places excessive weight on outlying data. To minimize this phenomenon, data 
pair values corresponding to the mean concentration and mean count rate were calculated for each datum 
falling between gamma radiation count-rate ranges of 1,OOO cpm The least-squares-fitted line was then 
calculated and plotted using the mean values as shown in Figure 5-30. The equation of the least-squares- 
fitted line of the mean values is given by 

'v y = 4794x + 9079 EQ. 5-2 

Where 

y is the count rate in cpm, and 

x is the thorium-232 concentration in pCi/g. 

The y-intercept should be close to the mean background for the reference area. In this case, the value 
13,440 cpm, calculated using the reference area mean thorium-232 concentration of 0.91 pCi/g, compares 
favorably to the mean count rate of 12,400 cpm for the reference area. 

In the simplest form, where the distributions of the background concentrations and the measurement of 
the constituents are normally distributed, the MDC is expressed as the net level, LD, such that the 
probability that an estimate of L is 5 LC is equal to p, or 

L 
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Where 

& is the critical level, defined as the level such that the probability of exceeding 
than a if the constituent is absent, or LC = ZI-~CT, .  

is no greater 

In the preceding formula, 6, is the variance of the net when the true value is zero. For the case where the 
variance is constant between L = 0 and L = LD and a = = 0.05, then 

The variance in the net count rate is equal to the sum of the variances of the background and the true 
value. For the situation where the variances are constant, adding the variances in quadrature results in 
o0= Jz ~g or 

LD = 4.65 Eq. 5-5 

Where 

0: is the variance of the measurements. 

Using the standard deviation for the reference area data, of 700cprn, LD equals 3,255 cpm. Dividing by 

of the fitted line, which appears (from the data scatter) to be large. However, when high density gamma 
survey contours are used to delineate areas of increased gamma emissions, areas averaging 1,000cpm to 
2,000cpm above background are very evident from the survey maps. A measure of the possible error in 
determining the slope of the line is obtained by a least-squares-fitted line to the raw data. The least- 
squares-fitted line calculated from the raw data is given by 

the slope, 4,794 cpm/pCi/g, yields a net MDC of 0.7 pCi/g. This method ignores the variance in the slope I 

y = 2036.4~ + 12,477 

Where 

y is the gamma count rate in cpm, and 

x is the thorium-232 concentration in pCi/g. 

The least-squares-fitted line from the raw data is also shown on Figure 5-30. 

Q. 5-6 

Using equation 5-6 resulted in a slope of only 2,036 cpm/pCi/g. The calculated MDC for this c libra 
factor is 1.59 pCi/g. This is a reasonable best estimate of the upper limit of the net MDC for surveys 
conducted in areas having minimal contamination. 

ion 
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MDCs for More Highly Contaminated Areas 

A more analytical approach to estimating the MDC from empirical data is suggested in the “Compendium 
of Analytical Nomenclature, Definitive Rules 1997” (International Union of Pure and Applied Chemistry, 
1997). They develop a relationship of the MDC to the least-squares-fitted calibration data such as the 
gamma count rate and soil concentration data that exist for TS5 and other OT-10 training sites. They 
show that when the variance is constant, the MDC can be approximated by the equation 

+- 

Where 

6,. is the critical value from the Student t distribution function corresponding to the confidence level, 
1 - a and degrees of freedom, v; 

r(a,b) is the negative of the linear correlation coefficient for the best-fit line; 

y = bx + a. aa and op are the variances of the intercept and slope, respectively; and 

o,, is the variance of the net count when the concentration is zero. 

Again, because the variance is assumed constant over the low concentration range, the variance of the net 
count can be estimated as twice the variance of the background count or twice the square of the standard 
deviation (2*7OO2 =9.8E5 cpm). 

From the formulae that calculate the linear regression (Walpole and Myers, 1985) and associated 
confidence intervals, it can be shown that when x is the independent variable, 

2 

k x i  
X o2 oa2 = i=l 

n x t ( x i  -if 
i=l 

i= l  

S,-bxS,  

n-2 
o =  

Eq. 5-8 

Eq. 5-9 

Q. 5-10 
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and 

I -  

s w = c y i  - 
i=l 

(2YJJ rrl 

n 

Eq. 5-11 

&. 5-12 

The data for the 26 points in TS5 having the highest soil concentration were used to illustrate the method 
of calculating the net MDC, knowing only the calibration curve and the variance in the gamma count rate 
for the reference area. The plot of the data and least-squares-fit line is shown in Figure 5-3 1 where 
R2 = 0.303, slope = 1,234 and y-intercept is 13,994. The data, formulae, and results for calculating the 
MDC and confidence limits for these 26 points are presented in Tables 5-28 and 5-29. For this example, 
the net MDC of 2.6 pCi/g above background was calculated using the above equations. 

Notes: 
cpm = counts per mute 
PcJg = p l cocm per 
TS = Trawng We 
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Table 5-29. Calculation of Confidence Limits and Minimum Detectable Concentration 

Parameter 

n 2 

s , = c x i  - 
: - 1  

( 2  i = l  x i ) 2  

Result 

6 

y '=(bx  + a )  - 1.7 I X  S x 

1 ( X i - x y  y " = ( b ~ + a ) + l . 7 l x S x  1 + - +  
c d n  s, 

XY 
LJ 

b- 
s, 

S , - b x S ,  
0 =  

n - 2  

0' 
rTa2 = 2 

n X Z ( X ;  -;) 
;=I 

2 
0 0  

27,710,280 

6,804 

See Table 5-28 

See Table 5-28 

1,234 

804,678 

622,O 12 

5,614 

980,000 

r 0.303 

t,, for n=26 and a=0.05 1.71 

W MDC =: (2t,,v0Jb)(WI) 2.6 pCi/g (Eq. 5-6) 
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Figure 5-31. Gamma Count Rate vs. Concentration Correlation with Upper and Lower 95% 
Confidence Lines for Highest 26 Thorium-232 Concentration Values From Final Status Survey at 

Training Site 5, Environmental Restoration Program Site OT-10 

lgm 1’4 16 18 20 22 24 28 28 30 

5.1.43 Summary of Minimum Detectable Concentration Determinations 

32 

The use of highdensity scanning data maps greatly improves the ability to identify slightly contaminated 
areas, and the scanning MDC obtained in this manner is approximately equal to the static MDC. 
Empirical estimates of the scanning h4DC (and thus the static MDC) were 0.7 pCi/g, 1.6 pCi/g, and 
2.6 pCi/g. These results compare hvorably to the static and scanning MDCs of 0.4 pCi/g and 1.3 pCi/g, 
respectively, which were presented in the Decommissioning Plan (USAF, 2002). 

5.2 Building Survey Results 

This section describes the final status survey measurements from Building 28010 at TS8. 

As described in the OT-10 Decommissioning Plan, the release criteria for structures are 170 dpm/100cm2 
total alpha activity and 34 dpd100 cm2 removable alpha activity (USAF, 2002). These criteria assume 
all alpha activity arises from thorium-232 and decay progeny, which is considered to be a conservative 
assumption since uranium, radium, and radon progeny are likely to be present in the building. While the 
decommissioning plan also presents criteria for beta activity from thorium-232, no beta activity 
measurements were collected during the hal status surveys. 
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5.2.1 Survey Grid Areas 

All interior and exterior surfaces of the building, including the double doors, were divided into grid 
blocks no larger than 1 m2 each. The interior of the building was divided into a total of 121 grid blocks: 
28 on the floor, 24 on the west wall, 25 on the east wall, and 44 on the ceiling. The exterior of the 
building was divided into 69 grid blocks: 34 on the exterior wall, 12 on the top ledge, 10 on the back side 
of the ledge, 10 on the concrete stoop, and 3 on the building vent. While most grid blocks were square 
and 1 m2, some grid blocks were less than 1 m2 and irregular. 

5.2.2 Alpha Survey Measurements 

5.2.2.1 Building Interior Survey 

Total Aluha Measurements 

All grid blocks were 100 percent surveyed for total alpha surface contamination using a 2-minute 
scanning time. The technician listened to the audio signal of the count rate to monitor for any areas of 
elevated activity. The results of the building interior scanning surveys are presented in Figures 5-32 
through 5-35. The total gross alpha data from the interior survey are summarized in Table 5-30. 

Table 5-30. Summary Statistics for Total Gross Alpha Measurements, 
Interior Survey of Building 28010, Environmental Restoration Program Site OT-10 

Location Number of Lowest Activi Highest Activity Average 
Measurements (dpdl00 cm ) (dpmIlO0 cm2) +I- l a  

Floor 28 0 72 16 +I- 13 
West wall 24 0 39 13 +/- 14 

East wall 25 0 72 30 +I- 24 

Ceiling 44 0 81 19 +I-20 
Ndes: 
cm'=squarecentime$rs 
dpm = dslnteqalions pec mnute 

All total alpha measurements collected from the interior of Building 28010 were below the 
decommissioning criteria of 170 dpm/cm2. 
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Location 

Removable AlDha Measurements 

Measurement Lowest Activity Highest Activity Average 
S ( d p d  00 cm2) (dpm/lOO cm2) 4- l a  

Removable activity was measured in the building interior by collecting swipe samples from each of the 
121 grid blocks inside building 28010. Swipes were counted for 5 minutes on a Ludlum Model 2929 with 
a Ludlum Model 43-10-1 tray counter. 

Front 

Ledge 

Figures 5-32 through 5-35 depict the removable surface activity in the interior of building 28010. The 
data from this survey are summarized in Table 5-3 1. All removable alpha swipe measurements were 
below the 34 dpd100 cmz decommissioning criteria. 

Table 5-31. Summary Statistics for Removable Gross Alpha Measurements, 

34 10 1 75 68 4- 35 

22 18 277 120 +I- 86 

Interior Survey of Building 28010, Environmental Restoration Program site OT 

Concrete stoop I 10 

Location Number of Lowest Activi Highest Activity Average 

Floor 28 0 5 1 +/- 1 

West wall 24 0 5 2 +I- 2 

East wall 25 0 4 2 +/- 1 

Measurements (dpmIl00 cm ) (dpdl00 cm2) +/- l o  

18 131 I 64 +I- 35 

Ceiling 44 0 6 1 +/- 1 
Nolea: 

5.2.2.2 Building Exterior Survey 

LO 

Total Alpha Measurements 

The exteriors of Building 28010 and the reference Building 28011 were not surveyed as part of the 2001 
site characterization surveys. However, exterior surveys of both buildings were performed as part of the 
final status survey activities. The pre-remediation or site characterization survey results for the exterior of 
Building 28010 are presented in Figure 5-31. A summary of the site characterization data is presented in 
Table 5-32. 

Table 5-32. Summary Statistics for Pre-Remediation Total Gross Alpha Measurements, Exterior of 
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Location 

Front 

Ledge 
Mean of metal 

surfaces 

Concrete stoop 

Nine of the 69 grid blocks had activity above the 170 dprd100 cm2 decommissioning criteria for total 
alpha contamination. Decontamination of the ledge and vent areas was conducted using an acid wash and 
a wire brush. Following decontamination, the grid blocks were resurveyed and six of the grid blocks still 
exhibited total alpha contamination above the decommissioning criteria. The post-remediation survey 
results are presented in Figure 5-37. 

u 

Number of Lowest Activity Highest Actlvity Average 
Measurements (dpm1100 cm', (dpmll00 cm', 4- la 

8 66 197 106 4- 52 

7 84 320 174 4- 90 

15 66 320 138 +I- 

8 55 115 75 +I- 20 

A summary of the post-remediation survey results is presented in Table 5-33. Several of the Building 
28010 exterior measurements did not comply with the release criteria due to elevated background activity. 
Therefore, the exterior of the reference building was surveyed to determine background activity. 

Table 5-33. Summary Statistics for Post-Remediation Total Gross Alpha Measurements, Exterior of 

Notes: 
ern'= squarecenbrnelen 
dpm = dontegralmm per minute 

Measurements were taken from the exterior of the reference Building 2801 1 on the building front, top 
ledge, and concrete stoop. The data from the reference building are summarized in Table 5-34. The 
activity observed from these locations was consistent with the measurements taken from Building 28010. - 

Table 5-34. Summary Statistics for Total Gross Alpha Measurements, Exterior of Reference 
Building 28011, Environmental Restoration Program Site OT-10 

I I I I I i 

The elevated activity observed at reference Building 2801 1 supports the conclusion that elevated activity 
at building 28010 is due to radon daughters and not long-lived alpha contamination. 

Average count rates were calculated for the metal and concrete surfaces at reference Building 2801 1. The 
front, ledge, and vent areas of the buildings are metal surfaces and the stoop is a concrete surface. The 
net activity at Building 28010 was calculated by subtracting the reference building mean activity from the 
post-remediation activity measurements. The calculated net activity values are presented in Figure 5-37. 
All net activity values are below the release criteria of 170 dprd100 cm2. 

* 
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SECTION 5 

Removable Aluha Measurements 

u Removable alpha activity on all of the 121 grid blocks was below the release criteria of 34 dpm1100 cm2. 

Removable activity was measured on the building exterior by collecting swipe samples from the 69 grid 
blocks outside the building. The post-remediation removable activity for each grid block is shown in 
Figure 5-36. The data from this survey are summarized in Table 5-35. 

Table 5-35. Removable Gross Alpha Measurements, Exterior of Building 28010, 

Measurements 

Notes: 
c+ = square centlmeten 
cpm. esntegraam permute 

Removable alpha activity on all of the 69 grid blocks was below the release criteria of 34 dpd100 cm2. 

5.2.3 Calculation of Minimum Detectable Concentration 

Total alpha surface contamination within each grid block was measured with either a Ludlum Model 43-5 
or Ludlum Model 43-90 alpha scintillation detector coupled to a Ludlum Model 2221 ratemeterlscaler. 
The Model 43-90 was used to collect measurements on the floor due to its superior efficiency and larger 
detection area. The Model 43-5 was used to collect measurements from the walls and ceiling because the 
geometry of the detector fit better into the corrugated shape of these areas. The MDC for each instrument 
was calculated from the following equation: 

b 

mc = 2.71+3.29.\11(Rh~,x I + T - J T ~ ~ ~  
effr area CF* T, 

Where 

Rb is the background count rate; 

T, and Tb are the count times of the sample and background, respectively; 

eff is the efficiency; and 

area CF is a conversion factor to convert detector area to an area of 100 cm2. 

Eq. 5-13 

*- 
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On the first day the survey was conducted, the background on the Model 43-90 was 5 counts in 10 
minutes and the efficiency was 0.2 1 cpddpm. Assuming a 2-minute count time for each grid block and 
the given instrument parameters, the MDC for this instrument on this day was 12 dprd100 cm2. The 
background on the Model 43-5 was 4 counts in 10 minutes, and the efficiency was 0.14 cpmldpm Again, 
given these parameters and a 2-minute count time of each wall and ceiling survey grid, the MDC for this 
instrument was 28 dpd100 cm2. The MARSSIM guidance recommends an MDC of less than 50 percent 
of the release criteria. Using the release criteria for total surface activity of 170 dpml100 cm2. it is 
evident that both instrument sets meet this guidance. 

To calculate the MDC for the removable activity, equation 5-13 was modified by omitting the area 
conversion factor (0. Using a 600-minute background, the MDCs for the Ludlum Model 2929s over 
the three days used to count the swipe samples ranged from 2.4 to 3.3 dpd100 cm’. These MDCs are 
below the MARSSIM guidance of less than 50 percent of 34 dpd100 cm2 release criteria. 

5.2.4 Exposure Rate Measurements 

Gamma-ray exposure rate readings were taken on contact at all grid intersection points on the inside of 
the building. One hundred sixty five exposure rate measurements were taken inside the building 
including 40 from the floor, 60 from the ceiling, 34 from the east wall, and 3 1 from the west wall. 
Exposure rate measurements ranged from 8 to 13 p R h ,  inclusive of background, which are similar to 
measurements collected in reference Building 280 1 1. 

The exposure rate measurements for the inside of building 28010 are presented on Figures 5-32 through 
5-35. -/ 

Gamma-ray exposure rate readings were taken on contact at all grid intersection points on the building 
exterior. Sixty seven exposure rate readings were taken outside the building. All readings ranged 
between 9 and 17 pR/hr, inclusive of background, which are similar to readings observed in the reference 
building, building 28011. The exposure rate measurements for the outside of building 28010 are depicted 
on Figure 5-37. 

5.3 Statistical Evaluation of Final Status Survey Results 

The land area final status survey results were statistically evaluated to determine if the OT-10 sites meet 
the release criteria. The building survey results were not statistically evaluated because all measurements 
were below the release criteria after background was subtracted. 

The statistical evaluation consists of three components: 

The first component is whether soil concentrations at each MARSSIM Class 1 survey unit are less 
than the DCGL,. In other words, on average, are radionuclide concentrations at a Class 1 survey unit 
less than the release criterion? This is evaluated using the mean concentrations and the WRS Test. 
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0 The second component is when individual samples exceed the DCGL,, do they exceed the elevated 
measurement comparison DCGLmc? In other words, are there individual locations that have a high 
enough concentration to be of concern, even if they do not cause the average concentration at the 
survey unit to exceed the DCGL,,,? This analysis was extended to both the final status survey soil 
samples and areas above the 23,000cpm investigation level from the final status gamma scanning 
surveys. 

0 The third component of the statistical analysis is whether there are areas of contamination that are 
greater than typical for a specific Class 1 survey unit, which, while not a concern individually, causes 
a concern when considered together. This is based on a unity rule analysis. The following sections 
describe these analyses. 

5.3.1 Mean and Wilcoxon Rank Sum Tests 

Each MARSSIM Class 1 survey unit was evaluated using the mean and the WRS test. The DCGL,,, is 
intended for comparison to the mean. The WRS test is actually a test of the median. However, if a large 
portion of a Class 1 survey unit exceeds the DCGL, by a small amount, the median is also a sensitive 
indicator regarding whether the final status survey criteria have not been met. 

The mean thorium-232 activity in each MARSSIM Class 1 survey unit is summarized in Tables 5-17 
through 5-20. The mean of all of the units is less than the DCGL,,,, and thus, all of the units meet this 
criterion. 

Under the WRS test, the null hypothesis is that the Class 1 survey unit exceeds background by at least the 
DCGL. The WRS test is performed by adding the DCGL, to each of the background measurements to 
provide “adjusted reference area measurements.” The adjusted reference area measurements are then 
pooled together with the Class 1 survey unit data and ordered from lowest to highest. The lowest result is 
given a rank of 1, the second lowest a rank of 2, etc. The ranks of the Class 1 survey unit data are 
summed and compared to those for the adjusted reference area data. In order to reject the null hypothesis, 
the s u m  of the adjusted reference area ranks must be above a critical value taken from MARSSIM Table 
1.4 @PA, 1997). 

The WRS test was performed using a and fl of 0.05. The parameter a is the level of significance and is 
the maximum probability of rejecting the null hypothesis when it is, in fact, true. The parameter f3 is the 
probability that the null hypothesis will be accepted when it is, in fact, false; 1-f3 represents the power of 
the test to detect a false nu11 hypothesis. 

A requirement for using the WRS test under MARSSIM is that nondetects must not exceed 40 percent of 
either the reference area or site data. Additionally, in accordance with MARSSIM, all detections below 
the highest reporting limit are also assigned the same value, and these are treated as tied data. For 
example, if one result is 4 . 9  pCi/g and a second result is 0.7 pCi/g, these results are treated as ties. 

Finally, if all of the Class 1 survey unit data are less than the DCGL,,,, then all the Class 1 survey unit data 
are less than all adjusted reference area measurements. When this happens, the null hypothesis will 
always be rejected, and the Class 1 survey unit will pass the WRS test. For example, 10 samples were 
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collected at most Class 1 survey units, and there are 20 reference area samples. If all of the Class 1 
survey unit data are less than the DCGL,, they will have ranks 1 through 10, while the ranks of the 
adjusted reference area data will be 11 through 30. In this example, a critical value of 347 is obtained 
from MARSSIM Table 1.4 and the sum of the ranks for the adjusted reference area data is 410. The sum 
of the ranks for the adjusted reference area data is above the critical value and therefore the null 
hypothesis for the survey unit is rejected. Thus, as long as the Class 1 survey unit data are less than the 
DCGL,, it is known that the Class 1 survey unit passes, even without performing any calculations. 

Each of the MARSSIM Class 1 survey units was evaluated using the WRS test. The evaluation used the 
analytical results from the randomly selected soil sample locations and those from burial pit sample 
locations. Survey units with burial pit samples include TS5 survey units 2, 5 ,  10, and 14 and TS6 survey 
units 23,27, and 30. The summaries of the WRS test results for each site are presented in Tables 5-36 
through 5-39. 

The WRS evaluation for each Class 1 unit is presented in Appendix D. All of the Class 1 units passed the 
WRS test. There is a potential for failing the WRS test only when there is detection above the DCGL,. 
There was only one soil sample result above the DCGL. This was at TS6 at unit TS6-1 with a thorium- 
232 concentration of 16.5 pCi/g. This unit passed the WRS test. 

As previously discussed, the WRS test is not to be employed if there are more than 40 percent nondetects. 
For some survey units, for example TS7 survey units 5,6,7,8,  and 9, nondetects, in combination with 
detections less than the maximum reporting limit, exceed this limit. However, this did not generally 
invalidate the use of the WRS test when all data were less than the DCGL. When all samples are less 
than the DCGI.,,,,, the site automatically passes the WRS test, and nondetects are not an issue. 
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6 

20 
10 
30 
465 

41 0 
347 

SITE 
PASSES 

5 
9 

FALSE 

Table 5-36. Summary of Wilcoxon Rank Sum Test Results for TS5, Multi-Agency Radiation Survey 

7 

20 
10 

30 
465 
41 0 
347 

SITE 
PASSES 

5 
10 

FALSE 

Site Investigation Manual (MARSSIM) Class 1 Survey Units, 
u 

Value' then Site Passes WRS Tesr, Where 'Sum 
of Reference Area Ranks' < 'Critical Value' then 

- anks' 'Critical Value' then 

the survey unit are less than', the WRS Test 

the survey unit are "less than', the WRS Test 

Notes. 
MARSSSIM = Mdb-Agercy Radabon Sufvey and Slte InveJbgabon Manual (EP4 1997) 
ND = Non detgts 
TS = Traunng *e 
WRS z Wilcoxm RXI~ SUIT 

I I I 1 I 

- 

13 

20 

10 

30 
465 

410 

347 
SITE 

PASSES 

5 
10 

FALSE 

14 

20 
17 

37 
703 
550 
434 
SITE 

PASSES 

5 
12 

FALSE 
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Number of Reference Area Samples: 
Number of Site Samples: 

Total Number of Samples: 

Sum of Ranks: 

Sum of Reference Area Ranks: 
Critical Value (for alpha = 0.05) 

IF "Sum of Reference Area Ranks' > 'Critical 
Value'then Site Passes WRS Tesr, Where 
"Sum of Reference Area Ranks' < 'Critii l 
Value' then Site Faits WRS Test 

Number of Non-Detects: 

Table 5-37. Summary of Wilcoxon Rank Sum ' 
Site Investigation Manual ( 

20 20 
10 10 

30 30 
465 465 

390 410 
347 347 

SITE SITE 
PASSES PASSES 

5 6 

:est Results for TS6, Multi-Agency Radiation Survey 
MARSSIM) Class 1 Survey Units, 

Number of Non-Detects + Values < Max ND 

40% of the data from either the reference area or 
Reporting hlit: 

11 14 

FALSE TRUE 

mnnot be used. I 
lthe survey unit are 'less than', the WRS Test I I 

TS6 MARSSIM Unit1 8 9 

Number of Reference Area Samples: 
Number of Site Samples: 

Total Number of Samples: 
SumofRanks: 

Sum of Reference Area Ranks: 
Critical Value (for alpha = 0.05) 

IF 'Sum of Reference Area Ranks' 5 'Critical 
Value" then Site Passes WRS Test', Where 
"Sum of Reference Area Ranks" < 'Critical 
Value" then Site Faits WRS Test 

Number of Non-Detects: 

20 

20 20 
10 10 
30 30 

465 465 

41 0 410 

347 347 

SITE SITE 
PASSES PASSES 

6 5 

10 

30 
465 
401 

347 

SITE 
PASSES 

Reporting h i t :  
40% of the data from either the reference area or 
the survey unit are 'less than'. the W RS Test 
cannot be used. 

TS6 MARSSIM Unit 

Number of Reference Area Samples: 
Number of Site Samples: 

Total Number of Samples: 
SumofRanks: 

Sum of Reference Area Ranks: 
Critical Value (for alpha = 0.05) 

IF 'Sum of Reference Area Ranks' > "Cr ib1 
Value" then Site Passes WRS Test', Where 
'Sum of Reference Area Ranks' < 'Critical 
Value" then Site Fails W RS Test 

Number of Non-Detects: 

5 

TRUE 

15 

20 
10 

30 
465 

410 

347 

SITE 
PASSES 

5 

14 

TRUE 

TRUE 

10 

20 
10 
30 

465 

410 

347 
SITE 

PASSES 

TRUE FALSE TRUE FALSE 

6 

16 

20 

10 

30 
465 
410 

347 

SITE 
PASSES 

17 18 19 

20 20 20 
10 10 10 

30 30 30 
465 465 465 

410 41 0 410 

347 347 347 

SITE SITE SITE 
PASSES PASSES PASSES 

20 

20 
10 

30 
465 

410 

347 

PASSES SITE 

I t Number of Non-Detects + Values Max NDI 9 

21 

20 
10 
30 

465 

410 

347 

PASSES SITE 

Reporting Limit: 
40% of the data from either the reference area or 
the survey unit are "less than', the WRS Test 
cannot be used. 

FALSE FALSE TRUE TRUE 

I I I I 1 I 
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'v 

Table 5-37. Summary of Wilcoxon Rank Sum Test Results for TS6, Multi-Agency 
Radiation Survey Site Investigation Manual (MARSSIM) Class 1 Survey Units, 

Notes: 
MARssSlM = MUlli-Agency Radiation Survey and s(te Imtlgatron Manual (EP4 1997) 
ND=Nmdetects 
TS = M m q  site 
WRS = wllcoxm Rank Sun 
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Table 5-38. Summary of Wdcoxon Rank Sum Test Results for TS7, Multi-Agency Radiation Survey 
Site Investigation Manual (MARSSIM) Class 1 Survey Units, 

Value' then Site Passes WRS Tesr, Where 
,'Sun of Reference Area Ranks' < 'Critical 

Notes: 
MARSSSIM I Multi-Agency RadiaUon Suwey and Site lnvesbpation Manual (EPA. 1997) 
ND-NOndetecb 
TS = Training sile 
WRS = WilcOxOn Rank SUn 
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Table 5-39. Summary of Wdcoxon Rank Sum Test Results for TSS, Multi-Agency Radiation Survey 
Site Investigation Manual (MARSSIM) Class 1 Survey Units, - 

. then Site Passes WRS Tesr, Where 
e Area Ranks" 'Critical 

from either the 

Wes: 
MARSSSlM = Mult l -Apcy Radation Survey and Site InVesUgaUon Manud (EPA. 1997) 
HD=NlXldetects 
TS = T M i  sile 
WRS = WilCoxotl R i ~ k  S U ~  

5.3.2 Elevated Measurement Comparison 
w 

Elevated measurement comparisons are made to ensure that, even if a Class 1 survey unit may have 
average activity less than the DCGL,,,, there are no localized areas of contamination that remain a 
concern. In general, the elevated measurement comparison takes the form of 

DCGLmc = DCGL,xF Eq. 5-14 

Where 

F is a factor dependent upon the size of the elevated area. 

The values of F were calculated in the OT-10 Decommissioning Plan (USAF, 2002) and are presented in 
Table 3-2 of this report. 

As required by MARSSIM, the elevated measurement comparison was performed on the systematic- 
sampling grid, and locations were identified by the gamma scanning surveys (EPA, 1997). For the soil 
samples collected during the final status survey, the typical Class 1 unit has 10 samples from a 2,000-m2 
area. Therefore, each measurement represents approximately 200 m2. The value of F for a 200-m2 area is 
1.13, resulting in a DCGLmc of 6.4 pCi/g. 
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Only one final status survey soil sample, TS6-SS-379, exceeded the DCGL, and was evaluated using the 
elevated measurement comparison. The analytical result of 16.1 pCi/g also exceeds the DCGLmC of 
6.4pCi/g for a 200-m2 area. Further evaluation of the area surrounding the sample location failed to 
identify any elevated gamma activity. All gamma radiation measurements in the vicinity were below the 
20,000cpm investigation level. The elevated soil concentration appears to be limited to the sample 
location. Therefore, assuming an elevated measurement area of 200-m2 is believed to be overly 
conservative; all final status survey sam les were 5-point composites collected within a 3-ftdiameter 
circle. The area factor of 3.65 for a l-m area is closest to the sample area. The DCGLmc of 20.8 pCi/g 
for the 1-m2 area is greater than the TS-SS-379 sample result of 16.1 pCi/g. Using an area factor of 3.65, 
the TS6-SS-379 soil sample result passes the elevated measurement comparison test. 

Y 

The gamma scanning surveys identified numerous areas above the 20,000cpm investigation level at all 
training sites. At TS8, the area of elevated activity is associated with the contaminated building 28005 
and, therefore, was not evaluated. Areas at TS5, TS6, and TS7 above 6.61 pCi/g thorium-232 or 
approximately 23,000 cpm, were evaluated using the elevated measurement comparison. 

The gamma scanning surveys collected over 2,000 measurements in each MARSSIM Class 1 survey unit, 
so that each measurement represents 1-m2 or less. In applying the elevated measurement comparison to 
the amma scanning survey data, it was noted that no area factors (F) were derived for areas smaller than 
l-m . Consequently, around each elevated measurement, a 1-m2 polygon was constructed with the 
elevated measurement at the center. The elevated measurements above 23,000 cpm identified at TS5 and 
TS6 are shown in Figures 5-39 and 540. No gamma radiation measurements above 23,000 cpm were 
identified at TS7. All gamma measurements within the polygon were converted to net thorium-232 soil 
concentrations using the linear regression equations for the two data distributions. Gamma count rates 
greater than 18.750 were converted to thorium-232 concentrations using the Equation 5-15. 

$ 

y = 652 .1~  + 18,642 
_ -  

Eq. 5-15 

Where 

y is the gamma count rate, and 

x is thorium-232 concentration in pCi/g. 

Gamma count rates less than 18,750 were converted to thorium-232 concentrations using Equation 5-16. 

y = 3,177.8~ + 10,979 Eq. 5-16 

The thorium-232 concentrations were then averaged together to estimate the soil concentration in the 
polygon. The net mean thorium-232 concentration (concentration minus background) was then compared 
to the DCGLEMc of 20.8 pCi/g for a 1-m’ area. 

If the net mean thorium-232 concentration is less than 20.8 pCi/g, then the area passes the elevated 
measurement comparison test. Table 5-40 summarizes the results of the elevated measurement 
comparison for the gamma scanning survey data. A11 elevated areas identified from the gamma scanning 
surveys pass the elevated measurement comparison test. 
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Training 
Site 

Table 5-40. Elevated Measurement Comparison using the Final Status Survey Gamma Scanning 

polyson 
Rate 

Data, Environmental Restoration Program Site OT-10 
I I I 

Net Thorium-232 Net Mean Thorium- 
concentration 232 in the Elevated 

(PCW Area (PCW 

3 
I 

23,543 6.61 4.07 

16.747 0.91 

22,293 

I 19.328 I 0.1 4 I 

4.69 

6 23,699 1.70 

16,619 

19.261 0.04 

2 29.010 

I 16,003 I 0.67 I 

14.99 7.57 

3 

I 23.742 I 6.91 I 

16,772 0.91 

16,548 0.84 

23.551 6.62 6.02 

3 

I 26.291 I 10.82 1 

22,194 4.54 

21.630 3.67 5.31 

18.400 1.43 

20.8 I PASS I 

20.8 PASS 

20.8 PASS 

c 

MI a r e a c m  are based upon a 1 4  area. 
Cot-umed calculabofr? are the avecage d c s h  m&&d value comrerted lo cmentraiion less background For values geater than 18,750 the equation y = 652 1x t 18,642 and lor 
v d u e s ~ t h s 1 1 8 , 7 ~ y = 3 , 1 7 7 B x t 1 0 . 9 7 9  
cpm = cwnb per minule 
D C G k  = dmwd-cmentratlon g~idelme l i m n  for elevated measurement comparison 

N = mbef d gamma radabm mmsuremenb in the 1-m' area. 
ID = Mbfier 

Pug = pcocurles per gam 
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5.3.3 Unity Rule Analysis 
.4 

Survey units where isolated areas of elevated activity exist in addition to residual activity distributed 
relatively uniformly across the site have the potential to exceed the release criterion. The elevated 
measurement comparison was used to examine whether these elevated measurements, taken alone, posed 
a concern. The unity rule is used to evaluate the significance of elevated areas and the residual activity in 
a survey unit. For example, if there is a 1-m2 area with an activity of 10 pCi/g, this concentration is below 
the elevated measurement comparison value of 20.8 pCi/g above background, and the area complies with 
the requirements of the Decommissioning Plan. However, if there are five elevated areas, it is possible 
that they would pose a risk in combination, although none of them pose a concern individually. The unity 
rule is used to examine this potential. Mathematically, the unity rule is expressed as: 

G/DCGL, + (average concentration in elevated area - S)/[F*DCGL,] e 1 Eq. 5-17 

Where 

S is a conservative estimate of the net mean concentration (concentration minus background) for 
the survey unit as a whole, assuming that the contamination is relatively evenly distributed. 
Where there are multiple areas of elevated activity, a separate term is included for each area. 

Unity rule calculations were performed on only the gamma scanning survey data. There was no need to 
perform these calculations on the soil samples, as there was only one elevated measurement in all of these 
data. Because the purpose of the unity rule is to evaluate the combined effect of multiple elevated 
measurements, its application to the soil samples would have produced no new insights. 

b- 

For the gamma scanning survey data, the unity rule analysis used the elevated measurements identified 
for the elevated measurements comparison. The elevated measurements identified at TS5 andTS6 are 
shown in Figures 5-39 and 540. Table 5 4 1  presents the values used for the unity rule analysis. The 
analysis uses the net mean thorium-232 concentrations (concentration minus background) for each 
elevated area developed during the elevated measurement comparison. These elevated area 
concentrations are divided by the DCGLmc of 20.8 pCi/g to determine the elevated area fraction. The 
survey unit fraction is calculated by dividing the net mean survey unit concentration by the DCGL, of 5.7 
pCi/g. For a given survey unit, the survey unit fiaction and all the elevated area fractions are added to 
determine the sum of the fractions. If the sum of the fractions is less than 1, the survey unit passes the 
unity rule analysis. All the Class 1 survey units pass the unity rule analysis. 

v 
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SECTiON 5 

w 5.4 Quality Assurance/Quality Control Process for Comparison of 
Severn Trent and Armstrong Laboratories Data 

This section presents the results of comparison of analytical data for soil samples analyzed by Severn 
Trent Laboratories (STL) of Earth City, Missouri and Armstrong Laboratories of Brooks City Base, 
Texas. STL provided the primary analytical support and Armstrong Laboratories served as the quality 
assurance (QA) laboratory for this project. The QA samples are listed in Table 5 4 2  and represent 10 
percent of the total number of final status survey samples. The samples were prepared and analyzed by 
both laboratories using their internal standard operating procedures (SOPS) for gamma emitting 
radionuclides using modified method EPA 901.1 (EPA, 1980). 

After initial analysis of the soil samples was completed by STL, the samples scheduled for QA analysis 
were forwarded by STL to Armstrong Laboratories. Upon sample receipt, Armstrong Laboratories 
recombined the sample portions (the samples had been homogenized, dried, and split into different 
portions by STL for analysis), prepared, and analyzed the samples in accordance with their SOPS. 

Activity concentrations were reported for the following gamma-emitting radionuclides: 

Y 

Actinium-228 
Bismuth-212 
Bismuth-2 14 
Cesium- 137 
Cobalt40 
Lead-2 12 
Lead-2 14 
Potassium40 
Radium-224 
Radium-226 (Bismuth-2 14 to report Radium-226) 
Thallium-208 
Thorium-228 (Armstrong only) 

Uranium 235 and 236 (STL only) 
Thori~~n-234 

W 
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Table 5-42. Quality Assurance Samples at E 

Training Site 5 
TS5-SS-31-0000 

TS5-SS-41-0000 

TS5-SS-71-0000 

TS5-SS-91-0000 

TS5-SS-131-0000 

TSS-SS-141-0000 

TS5-SS-181-0000 

TS5-SS-191-0000 

TS5-SS-201-0000 

TSBSS- 161 -0000 

TS5-SS-171-0000 

TS5-SS-121-0000 

TS5-SS-8 1 -0000 

TS5-SS-51-0000 

TS5-SS-2 1 -oooO 
TS5-SS-61-OOOO 

TS5-SS-101-0000 

TS5-SS-111-0000 

TS5SS-15l-OooO 

TS5-SS-216-0000 

TS5-SS-226-0000 

TS5-SS-230-0000 

TS5-SS-240-0000 

TS5-SS-248-0000 

89: 
=Training si$ 

Training Site 6 
TS6-SS-73-0000 

TS6-SS-113-0000 

TS6-SS-83-0000 

TS6-SS-93-0000 

TS6-SS-63-0000 

TS6-SS-373-0000 

TS6-SS-383-0000 

TS6-SS-133-oooO 

TS6-SS-273-0000 

TS6-SS-293-0000 

TS6-SS- 1 73-0000 

TS6-SS-363-0000 

TS6-SS-333-0000 

TS6-SS-53-0000 

TS6-SS-393-0000 

TS6-SS-103-0000 

TS6-SS-123-OOOO 

TS6-SS-143-0000 

TS6-SS-213-OOOO 

TS6-SS-243-0000 

TS6-SS-153-0000 

TS6-SS-163-0000 

TS6-SS-183-0000 

TS6-SS-193-0000 

TS6-SS-203-0000 

TS6-SS-233-0000 

TS6-SS-313-0000 

TS6-SS-323-0000 

rironmental Restor1 

Training Site 7 
TS7-SS-41-0000 

TS7-SS-51-0000 

TS7-SS-61-0000 

TS7-SS-71 -oooO 
TS7-SS-101-0000 

TS7-SS-111-0000 

TS7-SS-21 -oooO 
TS7-SS-31-0000 

TS7-SS-81-0000 

TS7-SS-91-0000 

ion Program Site OT-10 

Training Slte 8 
TS8-SS-21-0000 

TS8-SS-31-0000 

TS8-SS-41-0000 

TS8-SS-54-0000 

TS8-SS-64-0000 

TS8-SS-74-0000 

TSBSS-84-0000 

TS6-SS-223-0000 

TS6-SS-253-0000 

TS6-SS-263-0000 

TS6-SS-283-0000 

TS6-SS-303-0000 

TS6-SS-343-0000 

TS6-SS-353-0000 

The STL and Armstrong Laboratories sample results are listed in Tables 5-43 through 546. The relative 
percent difference (RPD) and replicate error ratio (RER) were calculated between the STL and Armstrong 
Laboratories results for those analytes that were detected above the MDC in both samples. 

If an analyte was detected in only one of the samples, the RPD was not calculated and the RER was 
calculated using the minimum detectable concentration (MDC) as the concentration (for the sample that 
was nondetect). It should be noted that Armstrong Laboratories does not have the software capability to 
determine the error for nondetect samples; therefore, the MDC was applied as the error (based on 
guidance provided by Armstrong Laboratories). 
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The equations that were used to calculate the RPDs and RERs are shown below: 
Y 

Where 
RPD = (  IA -Bl ) x 1 0 0  

[A+B] /2  

A and B are the reported concentrations for sample duplicate analyses. 

Eq. 5-18 

Eq. 5-19 

Where 

S = Sample value, 

Es = Sample counting error (at 2 sigma), 

R = Replicate value, and 

ER = Replicate counting error (at 2 sigma). - 
The calculated RPDs and RERs were compared to the quality control limits used for data verification for 
field replicates. The criterion used for the RPD evaluation was 35 percent and the criterion used for RER 
evaluation was 1.0. In most cases, the RPDs were within the evaluation criterion of 35 percent. If the 
RPD was outside the evaluation criterion, the RER was then compared to the evaluation criterion of 1.0. 
In almost all cases, the RER was within the acceptance criterion. For those cases where the RER was 
outside the evaluation criterion, it was primarily because the sample concentrations were less than five 
times the MDC or because the uncertainty in the sample concentration was relatively high. Based on the 
results of this evaluation, the data between STL and Armstrong are comparable. 

The next component of this evaluation was to assess whether both laboratories detected the same analytes 
in the same samples. The results of this evaluation indicate that both laboratories detected the same 
analytes at similar concentrations. In most cases where an analyte was detected by one laboratory and not 
the other the reported concentration was at or near the MDC. 

The result of the QA evaluation between the STL and Armstrong Laboratories sample data indicates that 
the data for this project are precise and are comparable. This evaluation also indicates that the data are of 
sufficient quality to support the project-specific data quality objectives. 
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SECTION 6 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

Site conditions at TS5, TS6, TS7, Building 28010, and TS8 with the exception of Building 28005 
meet the radiological criteria for unrestricted use. During the decommissioning, TS8 was 
transferred to DTRA for use as a training facility. The TS8 land areas and Building 28010 were 
decontaminated and meet the radiological release criteria. However, Building 28005 at TS8 
remains contaminated above the radiological release criteria. 

The final status survey soil sample data indicate that the radionuclide concentrations are near 
background levels and that all survey units pass the MARSSIM-recommended tests. The gamma 
scanning data indicate that no contaminated areas exist that would cause the survey units to fail 
the elevated measurement comparison and unity rule tests. Therefore, final site conditions may 
be described as having uniformly low concentrations of radionuclides in soil near background 
concentrations. 

The regulations in 10 CFR Part 20, $1402, require that the concentrations of contaminants be 
reduced to as low as reasonably achievable (ALARA) levels. Since all areas that had 
significantly elevated gamma emission rates have been removed, we believe that further removal 
of soil would not result in a proportional reduction in the radiation dose to future occupants of the 
site. This condition clearly demonstrates compliance with the ALARA policy. 

It is recommended that a petition be submitted to the NRC for unrestricted release of TS5, TS6, 
TS7, Building 28010, and TS8 with the exception of Building 28005. The petition should include 
a Certificate of Disposition of Materials (NRC Form 3 14) and a copy of the Final Status Survey 
Report. 

Installation of a fence at TS8 to segregate Building 28005 and prevent recontamination of the site 
is planned for the summer of 2005. A copy of the Final Status Survey Report should be provided 
to DTRA as documentation of the existing TS8 radiological conditions. 
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