Final

Radiological Final Status Survey of Building 4006

Santa Susana Field Laboratory
Ventura County, California

Contract Number 114579

Prepared for:

-

BOLLING

The Boeing Company
Santa Susana Field Laboratory
5800 Woolsey Canyon Road
Canoga Park, CA 91304-1148

Prepared by:

CABRERA SERVICES

)
s RADIOLOGICAL - ENVIRONMENTAL - REMEDIATION

3620 N Rancho Drive, Suite 114, Las Vegas, Nevada 89130

Cabrera Project No.07-1016.00

June 2008



Building 4006 Radiological FSS FINAL

Table of Contents
1.0  Introduction and Site Back@round ............ccceecuiieiiiiiiiiieeiieecie et 8
1.1 Historical Background and Radiological OVErview .........ccccceceevevienienienienieniienieneenne. 8
1.2 REICASE CIILETIA....eeutieiieetie ettt ettt ettt et ettt sab e e b e seeeeneeas 9
2.0 Data QUAlity ODJECLIVES ....ccuiiruiieiieeiieeiieiie ettt eete et et eeteesae e bt e ssaeeseesnseenseessseenseas 12
2.1 Step 1 — State the Problem ..........c.coooiiiiiiieecceeee e 12
2.1.1 Problem DeSCIIPLiON .......cc.ueeiieriiieieeiieeie ettt ettt sae e e aeeseesabeenseeeee 12
2.1.2 Planning Team MEMmDETS .........cueevciiiiiiiieiieeciie ettt sree e e e 12
2.1.3 Primary Decision MakKer ..........ccccoviiiiiiiiiiiiiecieeiieee et e 12
2.1.4 Available Resources and Relevant Deadlines............ccocoeeriiiiiiniiiiiiniciiicniceee 12
2.2 Step 2 — Identify the DeCISION.....c..iiiuieiiieiieeii et 12
2.2.1 Principal Study QUESHION .......cccuiiieiiieciieeciie ettt e e 12
222 AIEINAtIVE ACHIONS ...ttt ettt sttt et be s 12
223 DeCiSI0N STALEMENL ....c..eiiiieiiiieiieiie ettt ettt e bee st e b e 12
2.3 Step 3 — Identify Inputs to the DeciSION.......cccueeriiiriieriierieeieeeeee e 13
2.3.1 Radionuclides 0f CONCEIN........cc.eiiiiiiiiiiiiiee e 13
232 Potentially Affected Media.........coocvviiiiiiiiiiieiiieieeeeee e 13
233 ACHION LEVEIS ...t 13
234 Measurement INPULS........coouiiiiiiieie e e 15
2.4 Step 4 — Define the Study Boundaries ..........ccccccveeeviiieniiieiiieeee et 15
24.1 Define the Target POPulation...........cocveeiieriieiiieiiieeie e 15
2.4.2 Spatial Boundaries of the Decision Statement.............cccveeeiveerieeenieeeiieeciee e 15
243 Scale of Decision MaKing...........cceevieeiiieriieiiieiie ettt 15
2.5 Step 5 — Develop a Decision Rule .........ccooeiiiiiiiiciiieceeeceeee e 16
2.6 Step 6 — Specify Limits on DeciSion Errors..........ccceeveeriienieniienieiieeie e 16
3.0 Data COllECtION .....eeiiiiiiiiie ettt ettt et e st e b e st e b e sateens 18
3.1 SUIVEY UNIES ...ttt ettt ettt b e b e e e 18
3.1.1 HIZh BaY oot e es 18
3.1.2 LabOTatory ATa....ccuieiiiieiieeiie ettt ettt ettt et e s e bt e st e et e s naeebeesabeenbeeeees 18
3.1.3 OFF1CE ATCA.....eeeiiiiiteeitee ettt ettt et ettt e st eees 19
3.14 ROOT et et e e e e et e e e e e e e ra e e eba e e areeenanes 19
3.1.5 EXEEIIOr WallS ..ottt 20
3.2 Survey and SAmMPIING .......cocviviiiiiiiiiii e 20
3.2.1 Exposure Rate Measurements. ..........ccccuueeriieeriieeniieeieeereeeireeeireesneeesneeesnee e e 21
322 SCaAN MEASUTEIMENLS .....eeeeeiiiiieeeiiiieeeeiiieeeesireeeeestaeeeestreeeessreeeeesssaeeeeesssseeeesssseeeens 21
3.23 Static MEASUIEIMENLS .....c..eiriiiiiiiiiieiteet ettt ettt sttt e seeeeeees 21
324 Smear Samples — Alpha/Beta..........cocooviiiiiiiiiiiiiiiiccce e 22
3.2.5 Smear Samples — TIItIUML......coiieriieiieeciieeie ettt e re e aeebeessaeeneeas 23
33 Background Reference ATeas ..........cocieiiiiiiienieiiiesiie ettt 24
4.0 Data EValUQtION.....ccouiiiiiieiieieeieseee ettt ettt s 30
4.1 Data Validation and Verification ...........cccccuviieiieiiiiieiiie et 30
4.2 Exploratory Data ANaLYSIS.......c.ceecciiieiiiieiiieeiiie ettt 30
4.3 Surface Residual Radioactivity Release Criterion...........coceveeverieneenienieneenieeicnene 31
5.0 QUALILY CONLIOL ..ottt ettt ettt et e beebeessaeetaessseesseessseensaesssaens 34
5.1 Precision, Accuracy, Representativeness, Comparability, and Completeness ............. 34
5.2 Field Survey InStrumentation............cceerieeciierieeiieenieeieeseeeieesieeeveeseeeeveeseeseseeneeeens 34

Contract No. 114579 CABRERA SERVICES, INC. Page i



Building 4006 Radiological FSS FINAL

5.2.1 Calibration and Mainte@nance ............c.eeeeeerieerieeiiienieeieeniee et esiee e seee e eseeseneeneeas 34
5.2.2 INStrument RESPONSE .......ueiiiiiiiiieeiiiiie et e e e e e 35
523 DeteCtion SENSIEIVILY ..cc.veeriieriieiieiieeite e eiee ettt e te et e ereeeeesabeebeessaeeseesaseenseenens 35
53 Analytical Laboratory Performance...........cccooovieeiiiieiiieciiie e 36
54 Data QUAlity ASSESSIMENL ....c.eecuieriiieiieiiieeiieniie et estteeteenteeebeesteesereesseeenbeeseesnseeseennns 36
6.0 Summary and COoNCIUSION ........cocviiiiiieeiie et e e et e e e e e ereeeenns 38
TiO REIEIEIICES . ...ueiutiiieieete ettt ettt et st be et st sb et ettt et 40

Figure 1-1 BUilding 4006 ...........coouiiieiiiieeiieeeiieeeee ettt et e et e e st eessteeessaeeesaseeensaeesnsaeesnseeennnes 9
Figure 3-1 Building 4006 High Bay Sampling Grids ..........ccccceevieriiiiieiiieiiecieeiee e 25
Figure 3-2 Building 4006 Laboratory Sampling Grids..........ccceeeeiieeiiiieriiieeiiee e e 26
Figure 3-3 Building 4006 Office Sampling Grids .........cccccvieriieriieriieiieiieeieecie et 27
Figure 3-4 Building 4006 Exterior Walls Sampling Grids .........cccceeeeivieriiiieniieeieeeiee e 28

List of Tables

Table 1-1 Surface Residual Radioactivity Guidelines for SSFL Facilities..........ccceveviieniiennnnnn. 10
Table 2-1 Background Count RateS............ceeviiieiiieiiiieciie ettt e e sree e 13
Table 2-2 ACHON LEVEIS....cccciiiiiiiiiieiieeie ettt ettt ettt e e ateenbeessaeesaesaneens 15
Table 2-3 DecisSion RUIES.......cocuiiiiiiiiiiieece ettt 16
Table 3-1 Summary of Static Measurement Results............cccoeouieiiiiiiiiniiiniieieieecee e 22
Table 3-2 Summary of Alpha/Beta Smear Sample Data ...........ccceeeeiieeiiiieiiiecieeeeeeeeee e 23
Table 3-3 Summary of Tritium Smear Sample Data ..........ccceeeeiieiieiiiienieiieeieee e 23
Table 4-1 Summary of Sum of Fractions Calculations.............ccccveeeiieeriieeiieeeiee e 32
Table 5-1 CABRERA Operating Procedures Used for Survey Data Collection .........c..cccevvennnnee. 34
Table 5-2 Field INStrumentation. .........coiuiiiiiiiiaiiee ettt et s e s 34
Table 5-3 Field Instrumentation Detection SeNSItIVITIES ......cc.eeeeveeeeiieeeiieeeiieeecieeeeieeeeieeeevee e 35
List of Appendices

Appendix A Field Measurement Results

Appendix B Field Survey Data Sheets — Electronic Files
Appendix C Laboratory Analytical Results

Appendix D Field Survey Instrumentation QC Data

Contract No. 114579 CABRERA SERVICES, INC. Page ii



Building 4006 Radiological FSS

FINAL

Bg/cm’
Boeing
CABRERA
cm
cm/sec
cm?
cpm

Cs
DoD
DOE
DPH
dpm
DQO
EDA
EPA
ETEC
£

FSP
FSS

H

HSA

K

keV

Kr
LSC

m

m?
MARSSIM
mCi
MDC
Mn

ml
mrem/yr
Na
NASA
NELAP
NIST
NRC
Pb
pCi/g
Pu

QC

Ra
RMDF
RMHF

List of Acronyms, Abbreviations, and Units of Measurement

Becquerel per square centimeter

The Boeing Company

Cabrera Services, Inc.

centimeter

centimeters per second

square centimeters

counts per minute

Cesium (e.g., 9¢cs)

U.S. Department of Defense

U. S. Department of Energy

California Department of Public Health
disintegration per minute

Data Quality Objective

Exploratory Data Analysis

U. S. Environmental Protection Agency
Energy Technology Engineering Center
square foot

Field Sampling Plan

Final Status Survey

Hydrogen (e.g., *H or tritium)
Historical Site Assessment

Potassium (e.g., K)

kilo electron Volts

Krypton (e.g., ¥Kr)

Liquid Scintillation Counting

meter

square meters

Multi-Agency Radiation Survey and Site Investigation Manual

millicurie

Minimum Detectable Concentration
Manganese (e.g., >*Mn)

milliliter

millirem per year

Sodium (e.g., ?Na)

National Aeronautics and Space Administration
National Environmental Laboratory Accreditation Program
National Institute of Standards and Technology

U. S. Nuclear Regulatory Commission
Lead (e.g., *°Pb)

picocurie per gram

Plutonium (e.g., >**Pu)

Quality Control

Radium (e.g., **°Ra)

Radioactive Materials Disposal Facility
Radioactive Materials Handling Facility

Contract No. 114579

CABRERA SERVICES, INC.

Page iii



Building 4006 Radiological FSS FINAL
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TPU Total Propagated Uncertainty
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EXECUTIVE SUMMARY

This report presents the results of the radiological survey performed of Building 4006 at the
Santa Susana Field Laboratory (SSFL) in Ventura County, California. The survey was
performed in May, 2008 by Cabrera Services, Inc. (CABRERA). Radiological data were collected
in accordance with the Multi-Agency Radiation Survey and Site Investigation Manual
(MARSSIM) (EPA, 2000) and the Field Sampling Plan for the Radiological Final Status Survey
of Building 4006 (FSP, Cabrera, 2008). The purpose of the survey was to verify the building
meets the Approved Sitewide Release Criteria for Remediation of Radiological Facilities at the
SSFL (Rocketdyne, 1999). These criteria for release to unrestricted use have been approved by
the U.S. Department of Energy (DOE) and California Department of Public Health (CDPH).

The building was cleaned by Boeing personnel prior to performing the radiological survey. The
interior of the building was divided into three Class 3 survey units; the high bay, laboratory, and
office areas. The exterior of the building was divided into two additional Class 3 survey units;
the roof and exterior walls. The building was divided into grids and survey data were collected
from a minimum of 15 randomly selected grids in each survey unit. Survey data were also
collected from targeted areas selected based on professional judgment. Targeted areas included
floor drains, ventilation exits, and entry doors.

Each randomly selected or targeted grid was scanned for alpha- and beta-emitting surface
residual radioactivity over 100% of accessible surfaces. A 1-minute static measurement of total
alpha and total beta radioactivity was performed near the center of the grid, and then a dry smear
was collected from a 100 cm” area at the same location as the static measurement. A wet smear
was collected to evaluate the potential presence of tritium from a 100 cm’ area adjacent to the
static measurement location. A dose rate reading was taken on contact at the same location as
the static measurement. If the scanning within the grid identified any location with detectable
radioactivity above background (i.e., greater than 2,500 dpm/100 cm®) a static measurement, dry
smear, and dose rate measurement were performed at that location.

Measurements confirmed surface residual radioactivity to be below the levels given in the
Approved Sitewide Release Criteria for Remediation of Radiological Facilities at the SSFL
(Rocketdyne, 1999). Based on the measured surface residual radioactivity levels, Building 4006
can be released for unrestricted use.
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1.0 INTRODUCTION AND SITE BACKGROUND

This report presents the results of the radiological survey performed of Building 4006 at the
Santa Susana Field Laboratory (SSFL) in Ventura County, California. The survey was
performed in May, 2008 by Cabrera Services, Inc. (CABRERA). Radiological data were collected
in accordance with the Multi-Agency Radiation Survey and Site Investigation Manual
(MARSSIM) (EPA, 2000) and the Field Sampling Plan for the Radiological Final Status Survey
of Building 4006 (FSP, Cabrera, 2008). The purpose of the survey was to verify the building
meets the Approved Sitewide Release Criteria for Remediation of Radiological Facilities at the
SSFL (Rocketdyne, 1999). These criteria for release to unrestricted use have been approved by
the U.S. Department of Energy (DOE) and California Department of Public Health (DPH).

The Boeing Company (Boeing) contracted with CABRERA to perform the survey. Boeing
operates Area IV of the SSFL for the DOE. Under the authority of the Atomic Energy Act
[42 United States Code (U.S.C.) 201 et seq.], DOE is responsible for establishing a
comprehensive health, safety, and environmental program for managing facilities. As an
Agreement State under the Atomic Energy Act, the State of California has jurisdiction over non-
DOE radiological activities at the SSFL. Data of sufficient type, quantity, and quality were
needed to satisfactorily demonstrate to the California DPH, formerly the Department of Health
Services, that residual radioactivity in Building 4006 demonstrates compliance with the approved
release criteria for unrestricted use.

1.1  Historical Background and Radiological Overview

In the late 1940s, North American Aviation acquired land in the Simi Hills between the Simi and
San Fernando Valleys. That land, now known as SSFL, was used primarily for the testing of
rocket engines. Atomics International, a division of North American Aviation, was formed in
1955 and part of Area IV at SSFL was set aside and used for nuclear reactor development and
testing. In 1984 Atomics International merged with Rocketdyne. Boeing purchased Rocketdyne
in 1996. Area IV of the SSFL is used for DOE-sponsored activities. Boeing, the National
Aeronautics and Space Administration (NASA), and the U.S. Department of Defense (DoD)have
used the balance of the SSFL for rocket and laser testing.

Activities in Area IV started in the mid 1950s. Until 1964, these activities were primarily related
to sodium-cooled nuclear power plant development and development of space power systems
with sodium and potassium as coolants. The Energy Technology Engineering Center (ETEC,
originally known as the Liquid Metal Engineering Center) was formed in the mid 1960s as an
Atomic Energy Commission (now DOE) laboratory for the development of liquid metal heat
transfer systems in support of the Liquid Metal Fast Breeder Reactor Program. Nuclear
operations at Area IV included 10 nuclear research reactors, seven critical facilities, the Hot
Laboratory, the Nuclear Materials Development Facility, and various test and nuclear material
storage areas. All nuclear operations ended in 1988. Since that time DOE-funded activities have
focused on decontamination and decommissioning of the ETEC facilities.

The Historical Site Assessment of Area IV, Santa Susana Field Laboratory, Ventura County,
California (HSA, Sapere, 2005) describes the history and use of Building 4006. Building 4006
is centrally located in Area IV and was operated as a non-nuclear sodium laboratory. Its
principal function was research and development for sodium systems and components. While
the building was predominantly a non-radiological facility, there are records of minor uses of
radioactive materials, including encapsulated cylinders of uranium oxide powder, components
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activated with Manganese-54 (**Mn), tritiated titanium foils in gas chromatographs, and sodium
loop level gauges possibly employing Cesium-137 (**’Cs) sources. Several minor radiation
surveys have been performed in the past related to these activities. No radioactivity was
detected. In addition, soil sampling following removal of the building septic tank and leach-field
did not detect any contamination. The building is not a designated or posted radiological facility.
Only limited amounts of radioactivity were used in Building 4006 and results of historical
radiological monitoring activities detected no contamination in Building 4006. The potential for
detectable levels of residual radioactivity to be present in Building 4006 is very low. Therefore,
Building 4006 is classified as a Class 3 area based on MARSSIM guidance.

Building 4006 is shown in Figure 1-1. It was constructed with a steel frame and walls and
measures 1,234 square meters (m®). The building is oriented length-wise on a northwest to
southeast axis. It was closed for operations in 1999.

Figure 1-1 Building 4006

2t

- RO - s
(southeast end of building; view from south corner) (northeast side of building; view from south corner)

1.2 Release Criteria

The criteria for releasing Building 4006 for unrestricted use is found in the Approved Sitewide
Release Criteria for Remediation of Radiological Facilities at the SSFL (Rocketdyne, 1999),
specifically the surface contamination and ambient gamma exposure rate guidelines presented in
Sections 4 and 5, respectively. These criteria have been approved by the DOE and California
DPH.

Based on the Historical Site Assessment (HAS), the radionuclides of concern that may be present
as residual radioactivity in Building 4006 are Uranium-234 (234U), 233y, 8y, ¥7Cs, **Mn, and
Tritium. The surface residual radioactivity guidelines for these radionuclides are given in Table
1-1. The ambient gamma exposure rate guideline is 5 microRoentgen per hour (uR/hr) above
natural background, measured at one meter above the surface.

Since a combination of alpha-emitting (i.e. uranium isotopes), beta/gamma-emitting (**Mn and
97Cs), and tritium surface residual radioactivity may be present, the sum of fractions rule was
applied to demonstrate compliance with the approved release criteria. Using the sum of fractions
rule, the release criterion for surface residual radioactivity is met where the sum of fractions is
less than or equal to unity.

Contract No. 114579 CABRERA SERVICES, INC. Page 9
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Table 1-1 Surface Residual Radioactivity Guidelines for SSFL Facilities
Average Maximum
Type of over1m? | over 100cm? | Removable
Radionuclide Radiation | (dpm/100 cm?) | (dpm/100 cm?) | (dpm/100 cm?)

uranium (~°U, ~°U, 2°U) alpha 5,000 15,000 1,000
mixed fission products (137Cs) beta, gamma 5,000 15,000 1,000
activation products ("*Mn) | beta, gamma 5,000 15,000 1,000
tritium beta -— - 10,000

Contract No. 114579
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20 DATA QUALITY OBJECTIVES

Data Quality Objectives (DQOs) were developed to define the purpose of the radiological
survey, clarify what data should be collected to satisfy the purpose, and specify the performance
requirements for the quality of information to be obtained from the data.

2.1  Step 1 - State the Problem
2.1.1 Problem Description

Building 4006 is identified in the Historical Site Assessment (Sapere, 2005) as radiologically
impacted. Radiological data are needed to verify that the building meets the guidelines in the
Approved Release Criteria (Rocketdyne, 1999) for release of the building for unrestricted use.

2.1.2 Planning Team Members

CABRERA is responsible for developing this work plan and providing the necessary materials,
consumables, and qualified personnel, including qualified radiation survey technicians, to
conduct the radiological survey. Boeing provides information on current and past activities in
the form of historical radiological data.

2.1.3 Primary Decision Maker
The primary decision maker is the Boeing Project Manager.
2.1.4 Available Resources and Relevant Deadlines

Sufficient resources have been allocated for CABRERA to develop and implement this work plan.
The radiological Final Status Survey (FSS) will be performed once the Field Sampling Plan
(FSP) is approved. Upon completion of the radiological FSS, a report will be prepared
summarizing the survey data and documenting the conclusion regarding the suitability of
Building 4006 for release for unrestricted use.

2.2  Step 2 - Identify the Decision
2.2.1 Principal Study Question

The principal study question is: “Do the levels of residual radioactivity in Building 4006 meet
the guidelines in the Approved Release Criteria (Rocketdyne, 1999)?”

2.2.2 Alternative Actions
The following alternative actions will result from resolution of the principle study question:

= If the levels of residual radioactivity meet the guidelines (see Section 1.2), then the
building will be considered suitable for release for unrestricted use.

= [f the levels of residual radioactivity do not meet the guidelines, then the primary
decision maker or designee will be consulted to determine further action. Such action
may include recommendations for remediation, additional survey data collection,
and/or the calculation of incremental risk or dose.

2.2.3 Decision Statement

Based on the principal study question and the alternative actions listed above, the decision
statement is: Determine whether or not the levels of residual radioactivity in Building 4006 meet
the guidelines for release for unrestricted use.

Contract No. 114579 CABRERA SERVICES, INC. Page 12
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2.3  Step 3 - Identify Inputs to the Decision
2.3.1 Radionuclides of Concern

The radionuclides of concern that may be present as residual surface radioactivity in Building
4006 are 234U, 23 5U, 23 SU, 137Cs, 54Mn, and tritium.

2.3.2 Potentially Affected Media

The potentially affected media are the interior and exterior building surfaces, which primarily
consist of the following materials: corrugated metal, structural steel, sheet metal, concrete,
sheetrock, linoleum, carpet, and acoustical ceiling tile.

2.3.3 Action Levels

Action levels, shown in Table 2-1, have been established that will cause further evaluation of
identified areas of elevated surface residual radioactivity.

The action level for scan measurements specified in the FSP was three standard deviations above
the mean. Since the scan data were not recorded, it was not possible to calculate a mean and
standard deviation. Therefore, the action level for scanning was changed to be any detectable
alpha or beta radiation. The minimum detectable concentration (MDC) for scanning, or scan
MDC, is determined by the background count rate. The background count rate varies for
different media, so the scan MDC varies for different media.

Background measurements were performed for the different media found in Building 4006 by
performing 1-minute static measurements on non-impacted materials. Table 2-1 lists the results
of the background measurements on different media.

Table 2-1 Background Count Rates

Medium Background Count Rate (counts per minute)
Concrete Floor 225
Tile Floor, Drywall, Ceiling Tile 140
Carpet 185
Sheet Metal, Lights, Vents 180
Porcelain Sinks 289
Tar and Gravel Roof 210

MARSSIM provides guidance on calculating scan MDCs for alpha-emitting radionuclides
(MARSSIM Appendix J). The alpha scan MDC is based on the probability of detecting a single
count when a known activity concentration is present. The equation for calculating the
probability of detecting a single count (MARSSIM Equation J-5) is:

GEd

Ph>1)=1-e
Where:
P(n>1)= probability of observing one or more counts

G = source activity (1,000 dpm)
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= 4-1t detector efficiency (0.216)

d = width of the detector in the direction of scanning (10 cm)
v = scan speed (5 cm/sec)
60 = conversion factor (sec/min)

The probability of observing at least 1 count when scanning an area larger than 100 cm® with an
activity of 1,000 dpm/100 cm’ is greater than 0.99, or 99%. Therefore, the scan speed of
5 cm/sec is adequate for detecting activity concentrations equal to the release criterion. The
actual scan MDC for alpha-emitting radionuclides can be calculated by setting the probability of
observing one or more counts to 95% and solving the equation for the source activity, G. The
equation becomes:

_ GEd

0.05=¢ 60

Inserting the values for E, d, and v listed above, the equation simplifies to:
In 0.05=-0.0072x G

Solving this equation for G results in a value of 420 dpm/100 cm®. There is a 95% probability
that the surveyor will stop and investigate alpha activity greater than or equal to 420
dpm/100 cm” while scanning. Therefore, the scan MDC for alpha-emitting radionuclides is 420
dpm/100 cm’.

MARSSIM also provides guidance on calculating scan MDCs for beta/gamma-emitting
radionuclides (MARSSIM Section 6.7.2.1). The beta/gamma scan MDC for surfaces is based on
a 2-stage scanning process described by signal detection theory. The two stages of scanning are
continuous monitoring for areas where the instrument response is consistent, followed by
stationary counting when the technician observes an increase in the count rate. The equation for
calculating the beta-emitting radionuclide scan MDC (MARSSIM Equations 6-8, 6-9, and 6-10)

is:
d'x\/Ex6%

Scan MDC =
probe area
100 cm
Where:
d’ = index of sensitivity (2.32, assumes 25% false positives)
b; = background during counting interval (max 289 cpm = 9.63 counts/2 sec)
i = observation interval (10 cm wide by 5 cm/sec = 2 sec)
p = surveyor efficiency (0.5 from MARSSIM)
€i = instrument efficiency (0.224)
€s = surface efficiency (0.500 from ISO 7503)
probe area = Ludlum Model 43-68 (126 cm?)

Contract No. 114579 CABRERA SERVICES, INC. Page 14
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Since the scan MDC is directly proportional to the square root of the background count rate, the
maximum background count rate will result in the maximum scan MDC. The maximum
background count rate is 289 counts per minute (cpm). The scan MDC corresponding to a
background of 289 cpm is approximately 1,300 dpm/100 cm® (1287.7 dpm/100 cm?) above
background. Therefore, the scan MDC for beta/gamma-emitting radionuclides is adequate for
detecting activity concentrations equal to the release criterion.

The action levels for static and removable measurements of alpha- and beta-emitting surface
residual radioactivity are given in units of disintegrations per minute per 100 square centimeters
(dpm/100 cm?) and are based on one-half the surface residual radioactivity guidelines for
average and removable residual radioactivity given in Table 1-1.

Table 2-2 Action Levels

Action Levels®
Scan Measurements | Static Measurements | Removable Measurements®

any detectable activity| 2,500 dpm/100 cm” 500 dpm/100 cm”
Note:

(a) Values given are distinguishable from background for both alpha and beta radiation.
(b) Does not apply to tritium measurements.

The action level for gamma exposure rate measurements is 5 pR/hr above background based on
the Approved Release Criteria (Rocketdyne, 1999). There is no action level for tritium surface
residual radioactivity since this type of radioactivity cannot be reliably measured in the field.

2.3.4 Measurement Inputs

Static measurements of alpha- and beta-emitting surface residual radioactivity, smear samples
analyzed for gross alpha and beta radioactivity and tritium, and gamma exposure rate
measurements will be used as quantitative inputs to the principal study question. Scan
measurements of alpha- and beta-emitting surface residual radioactivity will be used as
qualitative inputs to the principal study question.

2.4  Step 4 — Define the Study Boundaries
2.4.1 Define the Target Population

The target population is the surface residual radioactivity concentrations of the radionuclides of
concern and ambient gamma exposure rates.

2.4.2 Spatial Boundaries of the Decision Statement

Survey data will be collected from exposed, accessible floor, wall, and ceiling surfaces in each
survey unit. Biased survey data will also be collected equipment, systems, and components
inside and outside the building such as roof vents, conduit, piping, ductwork, and entry doors,
which are considered to have been susceptible to radioactive contamination from building
activities.

2.4.3 Scale of Decision Making
Decisions will be made on two fundamental levels:

=  [ocalized areas — a decision to collect additional data will be made for discrete areas
where measurement results exceed one or more action levels.
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= Survey unit — a decision will be made for each survey unit as to the suitability of the
survey unit for release for unrestricted use or, alternatively, the need for remediation,
additional data collection, and/or calculation of incremental risk or dose.

2.5  Step 5- Develop a Decision Rule

The decision statement resulted in the decision rules, listed in Table 2-3, for data collection and
analysis using the statistical test and retrospective power analysis. If no alternative to the action
(i.e., “then” statement) given in Table 2-3 was listed, no action was required.

Table 2-3 Decision Rules

Parameter IF THEN
Scan Areas where activity above Select one or more biased measurement locations
Measurements | background was detected during |in each identified area; collect:
the scan survey, = alpha and beta static measurements, and
= alpha/beta smear samples.
Static Residual radioactivity exceeds | Perform 100% scan coverage (if not already done)
Measurements | 2,500 dpm/100 cm” alpha or of 4 m” area around measurement; select four
beta, biased measurement locations; collect:

Smear Samples |Residual radioactivity exceeds |® alpha and beta static measurements, and

500 dpm/100 cm” alpha or beta, |® alpha/beta smear samples.

Step out as needed to define area; compare results
to Table 1-1 values.

Surface Residual | Average, maximum, or Consult Boeing Project Manager to determine
Radioactivity removable levels exceed further action, if any.
allowable values in Table 1-1,

2.6 Step 6 — Specify Limits on Decision Errors

False positive (Type 1) and false negative (Type II) decision error rates associated with the
calculation of instrument MDCs and the number of static measurements were set at 0.05 (5%).
Deterministic release criteria will be applied to the data themselves (see Section 1.2).
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3.0 DATACOLLECTION

The data collected according to project DQOs and survey data collection requirements specified
in the FSP are both quantitative and qualitative in nature. Both probability-based (random) and
judgmental (targeted) methods were used to collect data, as described in the survey design in
Section 3.0 of the FSP (CABRERA, 2008). The data were reviewed, verified, and validated during
and after collection. Data were quantitatively analyzed for direct comparison to action levels and
qualitatively reviewed to determine further investigation during the project.

3.1  Survey Units

Building 4006 was divided into 5 Class 3 survey units. Each of the survey units and the data
collection activities in that survey unit are described in the following sections.

3.1.1 High Bay

The high bay occupies the southwest half of Building 4006. The high bay consists of a single
large room. The interior of the high bay in Building 4006 was identified as a single Class 3
survey unit. The floor area of the high bay is approximately 710 m”. The high bay was divided
into 100 square foot (ft) grids. Grids were either 10-feet by 10-feet or 5-feet by 20-feet along
the northeast wall. Figure 3-1 shows the grids defined for the high bay.

Fifteen grids were randomly selected on the floor (A-10, 15, 23, 24, 28, 32, 40, 41, 47, 50, 52,
54, 60, 66, and 70), 4 grids were randomly selected on the walls (B-10, D-4, E-29, and E-43),
and 1 grid was randomly selected on the ceiling (F-42). The random grids are identified on
Figure 3-1. One hundred percent of the accessible surfaces in each randomly selected grid were
surveyed for alpha and beta radiation. Static measurements, dry smears, wet smears, and dose
rate measurements were performed in the center of each randomly selected grid. Targeted
measurements were collected in 3 of the randomly selected grids based on professional
judgment. Grid A-15 included a sink where a static measurement and dry smear were collected,
grid E-29 included an air duct where a static measurement and dry smear were collected, and
grid F-42 (ceiling) included a light where a static measurement and dry smear were collected.

Five grids on the floor included penetrations that were identified for targeted measurements
(A-19, 20, 39, 55, and 68). Six grids on the walls included air ducts and vents that were
identified for targeted measurements (C-20, 26, E-18, 23, 27, and 31). The targeted grids are
identified on Figure 3-1. A static measurement, dry smear, and dose rate reading on contact
were collected from each targeted location.

A total of 39 static measurements, 39 dry smears, 39 dose rate measurements, and 20 wet smears
were collected inside the high bay.

3.1.2 Laboratory Area

The laboratory area occupies the northeast corner of Building 4006. The laboratory area consists
of 2 large rooms and a central hallway. The floor area of the laboratory is approximately 310 m’.
The laboratory area was identified as a single Class 3 survey unit. The laboratory area was
divided into 100 ft* grids. Grids were either 10-feet by 10-feet or 5-feet by 20-feet along the
northeast wall. Figure 3-2 shows the grids defined for the laboratory area.

Ten grids were randomly selected on the floor (N-4, 7, 10, 13, 15, 16, 18, 19, 20, and 21). Four
grids were randomly selected on the walls (P-2, P-3, R-2, and R-4). One grid was randomly
selected on the ceiling (S-4). The random grids are identified on Figure 3-2. One hundred
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percent of the accessible surfaces in each randomly selected grid were surveyed for alpha and
beta radiation. Static measurements, dry smears, wet smears, and dose rate measurements were
performed in the center of each randomly selected grid. Targeted measurements were collected
in 1 of the randomly selected grids based on scanning survey results. Grid N-18 identified a
location with beta radiation potentially exceeding background where a static measurement and
dry smear were collected.

One grid on the floor included a floor drain identified as a targeted location (N-6). Three grids
on the ceiling included lights that were investigated as targeted locations (S-3, S-7, and S-15).
Three grids on the ceiling included air ducts or vents that were investigated as targeted locations
(S-5, S-9, and S-10). The targeted grids are identified on Figure 3-2. A static measurement, dry
smear, and dose rate reading on contact were collected from each targeted location.

A total of 23 static measurements, 23 dry smears, 23 dose rate measurements, and 15 wet smears
were collected inside the laboratory area.

3.1.3 Office Area

The office area occupies the southeast quarter of Building 4006. The office area includes a large
room divided into cubicles, 2 smaller offices, 2 bathrooms, and a utility closet. The office area
has a floor area of approximately 210 m®. The office area was identified as a single Class 3
survey unit. The office area was divided into 100 ft* grids. Grids were either
10-feet by 10-feet or 5-feet by 20-feet along the northeast wall. Figure 3-3 shows the grids
defined for the office area.

Ten grids were randomly selected on the floor (H-1, 2, 10, 12, 16, 25, 32, 33, 34, and 35). Four
grids were randomly selected on the walls (J-6, J-7, K-1, and L-1). One grid was randomly
selected on the ceiling (M-28). The random grids are identified on Figure 3-3. One hundred
percent of the accessible surfaces in each randomly selected grid were surveyed for alpha and
beta radiation. Static measurements, dry smears, wet smears, and dose rate measurements were
performed in the center of each randomly selected grid.

Two grids on the floor included floor drains identified as targeted locations (H-19 and H-20).
Two grids on the wall included sinks identified as targeted locations (J-9 and J-10) Two grids on
the ceiling included lights that were investigated as targeted locations (M-12 and M-15). Two
grids on the ceiling included air ducts or vents that were investigated as targeted locations (M-4
and M-7). The targeted grids are identified on Figure 3-3. A static measurement, dry smear, and
dose rate reading on contact were collected from each targeted location.

A total of 30 static measurements, 30 dry smears, 30 dose rate measurements, and 15 wet smears
were collected inside the office area.

3.1.4 Roof

The roof included the two-story high bay roof (area G), the single story roof for the laboratory
and office areas (area T), and a small overhang on the south side of Building 4006 (area U). The
roof was identified as a single Class 3 survey area. The roof area was approximately 1,300 m®.
The roof was divided into 100 ft* grids. Grids were either 10-feet by 10-feet or 5-feet by 20-feet
along the northeast wall and correspond to the same grid numbers on the corresponding floor
areas. Figures 3-1, 3-2, and 3-3 show the grids defined for the roof.
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Thirteen grids were randomly selected to investigate the roof (G-18, 24, 31, 49, 57, 63, T-35, 37,
41, U-1, 2, 3 and 4). The random grids are identified on Figures 3-1, 3-2, and 3-3. One hundred
percent of the accessible surfaces in each randomly selected grid were surveyed for alpha and
beta radiation. Static measurements, dry smears, and dose rate measurements were performed in
the center of each randomly selected grid. Wet smears were not performed because weathering
outdoors would remove any traces of tritium from building surfaces.

Sixteen grids on the roof were identified as targeted locations because of the presence of air
vents, air conditioning ducts, or fume hoods (G-36, 38, 40, 42, 44, 46, T-5, 8, 15, 16, 18, 20, 23,
27, 30, and 48). Measurements were performed both inside and outside the items located in each
of these grids. The targeted grids are identified on Figures 3-1, 3-2, and 3-3. Static
measurements, dry smears, and dose rate measurements were performed in the center of each
targeted grid.

A total of 48 static measurements, 48 dry smears, and 48 dose rate measurements were collected
on the roof.

3.1.5 Exterior Walls

The exterior walls of Building 4006 were identified as a single Class 3 survey unit. The area of
the exterior walls is approximately 800 m”. The exterior walls were divided into 100 ft* grids.
Grids were either 10-feet by 10-feet or 5-feet by 30-feet at the ends of the high bay. Figure 3-4
shows the grids defined for the exterior walls.

Eight grids were randomly selected to investigate the exterior walls (V-9, V-11, W-37, W-44,
X-10, X-12, Y-20, and Y-28). The random grids are identified in Figure 3-4. One hundred
percent of the accessible surfaces in each randomly selected grid were surveyed for alpha and
beta radiation. Static measurements, dry smears, and dose rate measurements were performed in
the center of each randomly selected grid. Wet smears were not performed because weathering
outdoors would remove any traces of tritium from building surfaces. Targeted measurements
were collected in 2 of the randomly selected grids based on professional judgment. Grid W-44
included an air intake vent where static measurements and dry smears were collected inside and
outside the unit. Grid X-12 included a heater room and a compressor room where static
measurements and dry smears were collected on metal equipment and the concrete floors of the
rooms.

One grid was identified as a targeted location because it included an air intake vent. The area
surrounding the vent was scanned and static measurements and dry smears were collected both
inside and outside the unit. Four grids were identified as targeted locations because they
included doors into the building (V-10, V-12, W-42, and Y-14). The doors were scanned and
direct measurements and dry smears were collected on the door handles. The targeted grids are
identified in Figure 3-4.

A total of 20 static measurements, 20 dry smears, and 20 dose rate measurements were collected
on the exterior walls.

3.2 Survey and Sampling

Survey and sampling were performed in accordance with the FSP. Quality control measures
implemented as part of the data collection process are discussed in Section 5.0.
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3.2.1 Exposure Rate Measurements

Exposure rate measurements were performed using a Bicron MicroRem” tissue-equivalent
scintillation detector. The measurements were taken using the “slow” response time constant
setting. The detector was positioned in contact with the surface being measured and allowed to
stabilize prior to recording the measurement (approximately 30 seconds). Dose rate readings
ranged from 10 to 14 puR/hr with an average of 11 uR/hr. None of the results exceeded the
release criterion of 5 pR/hr above the background dose rate of 11 pR/hr. The individual dose
rate readings are listed in Appendix A. The raw data sheets are provided in Appendix B.

3.2.2 Scan Measurements

Scan measurements were performed to locate radiation anomalies that might indicate areas with
elevated residual radioactivity where further data collection was warranted. Scan measurements
were performed using a Ludlum Model 43-68 126 cm® gas proportional detector with a Ludlum
Model 2360 alpha/beta data logger. The scan coverage was 100% of accessible building
surfaces in grids where measurements were performed. Only one of the scan surveys identified a
potential for beta radiation greater than background in grid N-18 on the floor of the laboratory
area. The static measurement and dry smear collected at this location did not identify any alpha
or beta activity concentrations significantly above background. The raw data sheets
documenting the scan survey results for individual grids are provided in Appendix B.

3.2.3 Static Measurements

Static measurements were performed using a Ludlum Model 43-68 126 cm® gas proportional
detector with a Ludlum Model 2360 alpha/beta data logger. Static measurements were
performed by placing the detector on the surface to be measured, taking one-minute alpha and
beta scaler counts, and recording the readings. Static measurement data are summarized in
Table 3-1.
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Table 3-1 Summary of Static Measurement Results
Survey Unit | Average Standard Median Minimum Maximum Number of
(dpm/100 Deviation (dpm/100 | (dpm/100 (dpm/100 Measurements
cm?) (dpm/100 cm?) cm?) cm?) cm?)
High Bay
Alpha 17 25 15 -15 88 39
High Bay 203 42 202 138 314 39
Beta
Laboratory
Alpha 5.1 34 0.0 -15 147 23
Laboratory 82 306 28 -305 1176 23
Beta
Office
Alpha 23 42 15 -15 162 30
Office 163 284 99 432 843 30
Beta
Roof
Alpha 169 154 96 0.0 529 48
Roof 295 331 305 -376 1148 48
Beta
Exterior
Alpha 59 61 29 0.0 206 20
Exterior 316 312 255 -128 1190 20
Beta

Static measurements were collected at 20 or more measurement locations in each survey unit. A
random pattern was used to select initial measurement locations. Additional targeted locations
were selected based on results of the scanning survey (grid N-18 only) or based on professional
judgment. All floor drains, sinks, and air vents were identified as targeted locations. Hand
drawn maps were used to document measurement locations. Gross counts were converted to net
dpm/100 cm” by subtracting the daily instrument background response check value and dividing
the difference by the total efficiency (see Section 5.2). None of the static measurement results
exceeded the project action level of 2,500 dpm/100 cm®. None of the static measurement results
exceeded the release criterion of 5,000 dpm/100 cm? average or 15,000 dpm/100 cm” maximum.
The individual static measurement readings are listed in Appendix A. The raw data sheets are
provided in Appendix B.

3.2.4 Smear Samples — Alpha/Beta

Alpha/beta smear samples were collected from building surfaces using dry smears over an area
of approximately 100 cm” each. A dry smear sample was collected at each static measurement
location and analyzed onsite for removable alpha and beta radioactivity using a Ludlum Model
43-10-1 dual phosphor Zincsulfide (silver activated) alpha/beta scintillation detector with a
Ludlum Model 2929 alpha/beta scaler using a one-minute count time. The alpha/beta smear
sample results are summarized in Table 3-2. Gross counts were converted to net dpm/100 cm®
by subtracting the daily instrument background response check value and dividing the difference
by the total efficiency (see Section 5.2).
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Table 3-2 Summary of Alpha/Beta Smear Sample Data
Survey Unit | Average Standard Median Minimum Maximum Number of
(dpm/100 Deviation (dpm/100 (dpm/100 (dpm/100 Measurements
cm?) (dpm/100 cm?) cm?) cm?) cm?)
High Bay
Alpha 0.14 1.5 -0.57 -0.85 5.1 39
High Bay 25 e 19 1150 41 39
Beta
Laboratory 0.56 1.9 0.57 0.85 5.1 23
Alpha
Laboratory -38 42 42 -133 32 23
Beta
Office
Alpha 0.23 1.8 -0.85 -0.85 5.4 30
Office 14 38 6.8 91 74 30
Beta
Roof
Alpha 1.4 2.4 0.85 -0.85 8.0 48
Roof 14 8 11 -110 75 48
Beta
Exterior
Alpha 0.48 1.7 -0.57 -0.85 4.8 20
Exterior 4.4 46 23 73 109 20
Beta

None of the alpha/beta smear results exceeded the project action level of 500 dpm/100 cm®.
None of the alpha/beta smear results exceeded the release criterion of 1,000 dpm/100 cm®. The
individual dry smear results are listed in Appendix A. The raw data sheets are provided in
Appendix B.

3.2.5 Smear Samples — Tritium

Tritium smear samples were collected over approximately 100 cm’ using a moistened paper
smear. The smears were placed in 20 milliliters (ml) liquid scintillation counter vials provided
by the offsite laboratory containing 5 ml of de-ionized water. The wet smears were sent to an
analytical laboratory and analyzed for gross beta activity by liquid scintillation counting (LSC).
The region of interest for beta particle energies was set for low-energy beta particles between 0
and 19 kiloelectron volts (keV) and calibrated using tritium as a beta particle source. The tritium
smear sample results are summarized in Table 3-3. Gross counts were converted to dpm by
dividing by the tritium efficiency. The laboratory results are reported in units of dpm. Since
each wet smear was collected over an area of 100 cm®, the tritium smear results are reported in
units of dpm/100 cm®. No tritium smears were collected on exterior building surfaces.

Table 3-3 Summary of Tritium Smear Sample Data

Survey Unit Average Standard Median Minimum Maximum Number of
(dpm/100 Deviation (dpm/100 (dpm/100 (dpm/100 Measurements
cm?) (dpm/100 cm?) cm?) cm?) cm?)
High Bay 0.61 24 0.0 -1.2 11 20
Laboratory 2.1 0.80 1.9 0.81 3.6 15
Office 14 13 9.1 1.2 47 15
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None of the tritium smear results exceeded the release criterion of 10,000 dpm/100 cm®. The
individual trittum smear results are listed in Appendix A. The field survey sheets are provided in
Appendix B. The laboratory results and chains of custody are provided in Appendix C.

3.3  Background Reference Areas

No background reference areas were established, but representative material background
measurements were performed using radiologically non-impacted materials. For example, the
background for sheet metal was determined by performing measurements on a metal storage
container located on the west side of Building 4006. Other non-impacted materials were located
in various locations in the vicinity of Building 4006. Sample location 2 in grid X-12 reported the
highest count rate for beta radiation associated with Building 4006. The concentration is 2,246
dpm/100 cm? without correcting for background (or 1,190 dpm/100 cm? after correcting for
background). Therefore, the selection of background reference materials is not considered
critical for supporting compliance decisions for this site. However media-specific backgrounds
listed in Table 2-1 were subtracted for scan, static and smear measurements.
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Figure 3-1 Building 4006 High Bay Sampling Grids
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Figure 3-2 Building 4006 Laboratory Sampling Grids
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Figure 3-3 Building 4006 Office Sampling Grids
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Figure 3-4 Building 4006 Exterior Walls Sampling Grids
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40 DATAEVALUATION

Data were evaluated to determine whether or not the residual radioactivity exceeds the approved
release criterion listed in Table 1-1. As applied here, the building material is not considered
suitable for unrestricted release unless all of the survey data are less than or equal to the
corresponding release criterion.

4.1 Data Validation and Verification

Survey data were reviewed to verify they are authentic, appropriately documented, and
technically defensible. The review criteria for data acceptability were:

* The instruments used to collect the data were capable of detecting the radiation types
and energies of interest at or below the action levels.

= The calibration of the instruments used to collect the data was current and radioactive
sources used for calibration were NIST traceable.

= Instrument response was checked before and, where required, after instrument use
each day data were collected.

= The MDCs and the assumptions used to develop them were appropriate for the
instruments and the survey methods used to collect the data.

= The survey methods used to collect the data were appropriate for the media and types
of radiation being measured.

= The custody of samples collected for laboratory analysis was tracked from the point
of collection until final results were obtained.

All of the survey data met all of the applicable criteria. All of the survey data were verified and
validated for use in demonstrating compliance with the release criterion.

4.2  Exploratory Data Analysis

The data were evaluated using exploratory data analysis (EDA), which uses statistical tools to
investigate data sets in order to understand their important characteristics. Summary statistics
provided numerical values for measures of central tendency (e.g., mean, median), variation (e.g.,
standard deviation), and spread (e.g., minimum, maximum). Data evaluation and statistical
analysis were performed and a separate decision was made for each of the 5 survey units as to its
suitability for release. Static measurement and smear data are summarized in Tables 3-1, 3-2,
and 3-3.

Exploratory data analysis was used to understand the characteristics of the data populations as
well as to validate assumptions underlying the statistical test, which are that the data are
symmetric, statistically independent, and have no trends. For a normally distributed population
in smaller data sets like these, a range larger than approximately five times the standard deviation
would be considered unusual. None of the populations have an unusually large range since the
ranges are generally between 4 and 5 standard deviations. Large differences between the
average and the median are an indication of the skewness (i.e., non-symmetry) in the data.
Skewness is a function of the difference between the mean and the median relative to the
standard deviation. None of the populations appear to be skewed based on the similar values for
the mean and median and the relatively large standard deviations.
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4.3  Surface Residual Radioactivity Release Criterion

Static measurements of alpha- and beta/gamma-emitting surface residual radioactivity were
compared to the limits for surface contamination of existing structures by alpha- and
beta/gamma-emitting radionuclides given in Table 1-1. The limits for alpha- and beta/gamma-
emitting radionuclides were compared to the appropriate release criterion independently. The
sum of fractions was calculated for each grid location and compared to a release criterion of 1.0.
The sum of fractions for each grid location was calculated using the following equations:

_ Static  + Static S N Tritium
5,000 dpm/100 cm® 10,000 dpm /100 cm®

t

E - Smear o + Smear [ N Tritium
" 1,000 dpm/100 cm* 10,000 dpm /100 cm’
Where:

SOF; = sum of fractions for total radioactivity
SOF, = sum of fractions for removable radioactivity
Static o = static measurement dpm/100 cm” o
Static 3 = static measurement dpm/100 cm?” B
Smear o = dry smear dpm/100 cm” o
Smear 3 = dry smear dpm/100 cm” 8
Tritium = wet smear dpm/100 cm?

The static measurement of total activity at a specific location includes the removable activity
since the static measurement was performed prior to collecting the smear sample. Therefore, it is
not necessary to include both static and smear measurements in the same sum of fractions
calculation because the result would account for the same radioactivity twice. However, to
ensure all the release criteria are accounted for it is necessary to calculate a sum of fractions
based on the total activity and a second sum of fractions based on the removable activity. If
either of the sum of fractions calculations provides a result greater than 1.0, that grid location
does not demonstrate compliance with the release criteria.

When a count rate was less than background providing a negative result, zero was substituted for
the negative result when calculating the sum of fractions. Table 4-1 summarizes the results of
the sum of fractions calculations for each of the survey units in Building 4006. The maximum
sum of fractions for any of the grid locations is 0.31 for location 2 (i.e., outside the vent) in grid
G-44 on the roof of the high bay.
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Table 4-1 Summary of Sum of Fractions Calculations

. Standard . - . Number of
Survey Unit Average Deviation Median Minimum Maximum Measurements
Static Measurements and Tritium
High Bay 0.023 0.029 0.013 0.0 0.13 39
Laboratory 0.031 0.052 0.0059 0.0 0.24 23
Office 0.046 0.051 0.024 0.0 0.18 30
Roof 0.099 0.080 0.085 0.0 0.31 48
Exterior 0.076 0.063 0.069 0.0059 0.25 20
Smear Measurements and Tritium
High Bay 0.0068 0.012 0.000091 0.0 0.043 39
Laboratory 0.0054 0.010 0.00033 0.0 0.034 23
Office 0.010 0.017 0.0022 0.0 0.076 30
Roof 0.013 0.019 0.0028 0.0 0.075 48
Exterior 0.016 0.027 0.0020 0.0 0.11 20

None of the sums of fractions exceeds the release criterion of 1.0. Results of individual sum of
fraction calculations are listed in Appendix A.
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5.0 QUALITY CONTROL

Survey data collection activities were performed in a controlled, deliberate manner by trained
individuals with calibrated instruments following written procedures and/or protocols. Data
were recorded and reviewed, and documentation is auditable. Instrumentation capable of
detecting the radiation types and energies of interest were selected, calibrated, and maintained
for survey data collection (see Appendix D).

5.1  Precision, Accuracy, Representativeness, Comparability, and Completeness

Quality control (QC) measures were implemented to ensure data met known and suitable data
quality criteria, i.e., precision, accuracy, representativeness, comparability, and completeness.
Variables related to data precision and accuracy was monitored by instrument response checks
designed to monitor the performance of the instrumentation used to collect the data. Duplicate
analyses were performed by the analytical laboratory and the results compared. The
representativeness of the data was ensured by the use of standardized data collection methods
and techniques established in written procedures, listed in Table 5-1. Routine monitoring of
surveyor performance and environmental factors was performed to ensure data comparability.
The type and quantity of collected data were reviewed against project DQOs (see Section 2.0) to
ensure data completeness.

Table 5-1 CABRERA Operating Procedures Used for Survey Data Collection

Number Title

OP-001 | Radiological Surveys

OP-005 | Volumetric and Material Sampling

OP-008 | Chain of Custody
OP-009 | Use and Control of Radioactive Check Sources
OP-020 | Operation of Contamination Survey Meters
OP-023 | Operation of Micro-R Meters

5.2  Field Survey Instrumentation

Commercially available radiation detection and measurement instrumentation were selected
based on reliable operation, detection sensitivity, operating characteristics, and expected
performance in the field. Table 5-2 lists the types of field instrumentation used.

Table 5-2 Field Instrumentation

Measurement Detector Physical Detector Area and Instrument Detector
Type Type Window Density Model Model
Exposure Rate | Tissue-equiv. Bicron
Static scintillation N/A MicroRem® N/A
Alpha/Beta Gas 126 cm” Ludlum Ludlum
Scan/Static Proportional | 1.2 mg/cm? aluminized mylar 2360 43-68
Alpha/Beta ZnS(Ag) 2” (5.1cm) diameter Ludlum Ludlum
Smears scintillation 0.4 mg/cm? 2929 43-10-1

5.2.1 Calibration and Maintenance

Survey instruments were calibrated prior to use. Radiation detection instruments were calibrated
for the radiation types and energies of interest. Radioactive sources used for calibration purposes
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are traceable to the National Institute of Standards and Technology (NIST). Instrumentation was
inspected prior to use to ensure its proper working condition, and properly protected against
inclement weather conditions in the operation. Copies of the instrument calibration sheets are
provided in Appendix D.

5.2.2 Instrument Response

Instrument response checks were conducted to assure constancy in instrument response, to verify
the detector was operating properly, and to demonstrate that measurement results were not the
result of detector contamination. Instrument response was checked before and after instrument
use each day data were collected. A check source was used that emits the same type of radiation
(i.e., alpha, beta, and/or gamma) as the radiation being measured and that gives a similar
instrument response. The response check was performed at a set location using a specified
source-detector alignment that could easily be repeated.

Prior to initial instrument use, at least 10 measurements were made using a source representative
of the radiation types and energies of interest. At least 10 one-minute measurements were also
made with the source removed to determine the instrument’s expected response to ambient
background. Background was monitored qualitatively to assess daily variations that may have
impacted instrument MDCs. From the initial source measurements, the mean of the observed
count rate was calculated. The acceptance criterion was = 20% of the mean of the initial source
counts. Source checks were monitored using a control chart, with control limits set at = 20% of
the average count rate. For the alpha/beta smear counter, the acceptance criterion for each
channel was set at + 26 or 3¢ from the mean. If an alpha/beta counting system channel fell
outside 2o of the mean but within 3¢ of the mean, the source check was repeated. The results of
the daily source checks are provided in Appendix D.

5.2.3 Detection Sensitivity

The detection sensitivities of field instrumentation are shown in Table 5-3. The results shown
are based on representative count times, background counts and instrument and surface
efficiencies. Instrument-specific values based on actual field conditions and backgrounds were
used to establish a priori MDC values for scan and static measurements prior to instrument use.
The MDC values were calculated as described in MARSSIM Section 6.7.1.

Table 5-3 Field Instrumentation Detection Sensitivities

Count | Back- Instrument a . b
Detector Model ETrr{?sesi?)fn Tir_ne ground | Efficiency ((?;?nr}ll\gtl)j ch(1;) (?j?r::/cll(\)AODc?r(\;)
(min) (cpm) (cpm/dpm)
Ludlum 43-68 Alpha 1 1 0.054 416 112©
Ludlum 43-68 Beta 1 289 0.112 1,300©9 580
Ludlum 43-10-1 | Alpha 1 <1 0.38© N/A 10
Ludlum 43-10-1 | Beta 1 60 0.18© N/A 150

Notes:

(a) Scan MDC is calculated per MARSSIM Equation 6-10 and assumes a surveyor efficiency of 0.5, and a value of
1.38 for acceptable false indications.

(b) Static MDC is calculated per MARSSIM Equation 6-7.

(c) Based on surface efficiencies for alpha and beta of 0.25 and 0.50, respectively.

(d) Scan MDC is for activity concentration above background as described in Section 2.3.3.

(e) 4w detection efficiency assumed; i.e., surface efficiency equals unity.
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The instrument efficiency, i.e., the ratio between the net count rate of the instrument and the 2n
surface emission rate of a radiation source, was determined by counting the source with the
detector in a fixed position from the source (reproducible geometry). A jig was used to create
the reproducible geometry and a source to detector distance of 1 cm was used for scan
measurements. For static measurements, the detector was placed on contact with the source. A
surface efficiency of 0.5 was used for beta-emitting radiations. A value of 0.25 was used for
alpha-emitting radiations. = These values were established based on surface geometry
considerations. The surface efficiency is the ratio between the number of radiation particles
emerging from the measurement surface of the area being surveyed (the source) and the total
number of radiation particles being released within that source per unit time.

5.3  Analytical Laboratory Performance

Eberline is certified by a state that is authorized to provide National Environmental Laboratory
Accreditation Program (NELAP) certification. Three types of QC samples were analyzed to
evaluate laboratory performance:

= Laboratory control samples to evaluate potential bias in the measurement results.
= Replicate samples to precision and the effectiveness of sample preparation techniques.
= Reagent blank samples to evaluate the potential for laboratory contamination.

The analytical laboratory reviewed the data for consistency and reasonableness and determined
program requirements had been satisfied. The QC sample results are found with the laboratory
analytical data in Appendix C.

5.4  Data Quality Assessment

Survey data were verified to be reliable, appropriately documented, and technically defensible.
Specifically, the following conclusions were made:

= The instruments used to collect the data were capable of detecting the radiation types
and energies of interest at or below the action levels.

= The calibration of the instruments used to collect the data was current and radioactive
sources used for calibration were NIST traceable.

» Instrument response was checked before and after instrument use each day data were
collected.

= The MDCs and the assumptions used to develop them were appropriate for the
instruments and the survey methods used to collect the data.

= The survey methods used to collect the data were appropriate for the media and types
of radiation being measured.

= The custody of samples collected for laboratory analysis was tracked from the point
of collection until final results were obtained.

= The survey data consist of qualified measurement results that are representative of the
area of interest and collected as prescribed by the survey design.
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6.0 SUMMARY AND CONCLUSION

The purpose of the survey was to collect data to demonstrate compliance with the approved
release criteria listed in Table 1-1.

Measurements of alpha- and beta/gamma-emitting surface residual radioactivity were compared
individually to the appropriate release criteria, and sums of fractions for each grid location were
compared to the release criterion of 1.0. None of the individual measurement results for static
measurements or dry smears exceeded any of the individual release criteria. None of the sums of
fractions exceeded the release criterion of 1.0. Therefore, the survey data demonstrate
compliance with the approved release criteria. Building 4006 is recommended for unrestricted
release.
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High Bay Field Results
Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm [ dpm/100 cm?2 | bkgd cpm [ cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2
Al10 1 1 0 225 254 205.5 0.2 0 -0.6 61.4 58 -19.3
A15 (1) 1 2 15 225 159 -467.7 0.2 1 2.3 61.4 64 14.8
Al5 (2) 1 5 59 225 163 -439.3 0.2 0 -0.6 61.4 56 -30.7
Al9 1 2 15 147 168 148.8 0.3 0 -0.9 62 62 0.0
A20 (1) 1 0 -15 147 156 63.8 0.3 0 -0.9 62 65 17.0
A20 (2) 1 4 44 147 173 184.2 0.3 0 -0.9 62 60 -11.4
A23 1 2 15 225 202 -163.0 0.2 0 -0.6 61.4 35 -150.0
A24 1 3 29 225 236 77.9 0.2 0 -0.6 61.4 55 -36.4
A28 1 0 -15 225 245 141.7 0.2 0 -0.6 61.4 62 3.4
A32 1 3 29 225 266 290.5 0.2 1 2.3 61.4 48 -76.1
A39 1 7 88 225 227 14.2 0.3 0 -0.9 62 62 0.0
A40 1 1 0 225 237 85.0 0.2 1 2.3 61.4 61 -2.3
A4l 1 3 29 225 230 35.4 0.2 0 -0.6 61.4 64 14.8
A47 1 4 44 225 278 375.6 0.2 0 -0.6 61.4 58 -19.3
A50 1 2 15 225 218 -49.6 0.2 0 -0.6 61.4 51 -59.1
A52 1 3 29 225 225 0.0 0.2 2 5.1 61.4 60 -8.0
A4 1 4 44 225 179 -326.0 0.2 0 -0.6 61.4 66 26.1
A55 1 4 44 225 233 56.7 0.3 0 -0.9 62 61 -5.7
ABO 1 4 44 225 314 630.7 0.2 0 -0.6 61.4 52 -53.4
A66 1 2 15 225 202 -163.0 0.2 0 -0.6 61.4 45 -93.2
AB8 1 5 59 225 214 -77.9 0.3 0 -0.9 62 53 -51.1
A70 1 1 0 225 282 403.9 0.2 0 -0.6 61.4 44 -98.9
B10 1 1 0 225 205 -141.7 0.3 0 -0.9 59.8 53 -38.6
C20 1 3 29 205 199 -42.5 0.3 0 -0.9 59.8 57 -15.9
C26 1 2 15 180 144 -255.1 0.3 1 2.0 59.8 67 40.9
D4 1 1 0 140 151 77.9 0.3 0 -0.9 62 57 -28.4
E18 1 1 0 180 211 219.7 0.3 1 2.0 59.8 67 40.9
E23 (1) 1 1 0 180 205 177.2 0.3 0 -0.9 59.8 64 23.9
E23 (2) 1 0 -15 180 148 -226.8 0.3 0 -0.9 59.8 66 35.2
E27 1 4 44 180 164 -113.4 0.3 1 2.0 59.8 46 -78.4
E29 (1) 1 1 0 180 171 -63.8 0.3 1 2.0 59.8 48 -67.0
E29 (2) 1 1 0 180 180 0.0 0.3 0 -0.9 59.8 55 -27.3
E31 (1) 1 2 15 180 194 99.2 0.3 1 2.0 59.8 53 -38.6
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High Bay Field Results
Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm [ dpm/100 cm?2 | bkgd cpm [ cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2

E31 (2) 1 0 -15 180 167 -92.1 0.3 1 2.0 59.8 61 6.8
E31 (3) 1 0 -15 180 165 -106.3 0.3 1 2.0 59.8 51 -50.0
E43 1 0 -15 180 138 -297.6 0.3 0 -0.9 59.8 44 -89.8
F20 1 0 -15 180 233 375.6 0.3 0 -0.9 59.8 52 -44.3
F42 (1) 1 1 0 180 194 99.2 0.3 0 -0.9 59.8 62 12.5
F42 (2) 1 3 29 180 175 -35.4 0.3 0 -0.9 59.8 60 1.1
Average 17 203 0.14 -25

St. Dev. 25 42 1.5 43
Median 15 202 -0.57 -19
Minimum -15 138 -0.85 -150
Maximum 88 314 5.1 41

# of Measurements 39 39 39 39
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High Bay Sum of Fraction Results
Direct Reading Dry Smear Wet Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta Tritium (dpm/100 cm?)
Survey Grid dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm?2 Concentration uR/h

A10 0 205.5 -0.6 -19.3 0.063 11 0.0411 0.0000
A15 (1) 15 -467.7 2.3 14.8 -0.472 11 0.0029 0.0170
Al15 (2) 59 -439.3 -0.6 -30.7 11 0.0118 0.0000
A19 15 148.8 -0.9 0.0 12 0.0327 0.0000
A20 (1) -15 63.8 -0.9 17.0 12 0.0128 0.0170
A20 (2) 44 184.2 -0.9 -11.4 12 0.0457 0.0000
A23 15 -163.0 -0.6 -150.0 -0.347 11 0.0029 0.0000
A24 29 77.9 -0.6 -36.4 0.495 11 0.0215 0.0000
A28 -15 141.7 -0.6 3.4 1.73 10 0.0285 0.0036
A32 29 290.5 2.3 -76.1 -0.227 11 0.0640 0.0023
A39 88 14.2 -0.9 0.0 11 0.0205 0.0000
A40 0 85.0 2.3 -2.3 0.13 11 0.0170 0.0023
A4l 29 35.4 -0.6 14.8 1.14 11 0.0131 0.0149
A47 44 375.6 -0.6 -19.3 -0.061 12 0.0839 0.0000
A50 15 -49.6 -0.6 -59.1 -0.251 14 0.0029 0.0000
A52 29 0.0 5.1 -8.0 0.249 12 0.0059 0.0051
A54 44 -326.0 -0.6 26.1 -0.471 12 0.0088 0.0261
AbB5 44 56.7 -0.9 -5.7 11 0.0202 0.0000
A60 44 630.7 -0.6 -53.4 0.021 11 0.1350 0.0000
A66 15 -163.0 -0.6 -93.2 0.906 12 0.0030 0.0001
A68 59 -77.9 -0.9 -51.1 11 0.0118 0.0000
A70 0 403.9 -0.6 -98.9 0.579 13 0.0808 0.0001
B10 0 -141.7 -0.9 -38.6 0.145 11 0.0000 0.0000
C20 29 -42.5 -0.9 -15.9 11 0.0059 0.0000
C26 15 -255.1 2.0 40.9 11 0.0029 0.0429
D4 0 77.9 -0.9 -28.4 -0.533 11 0.0156 0.0000
E18 0 219.7 2.0 40.9 11 0.0439 0.0429
E23 (1) 0 177.2 -0.9 23.9 11 0.0354 0.0239
E23 (2) -15 -226.8 -0.9 35.2 11 0.0000 0.0352
E27 44 -113.4 2.0 -78.4 11 0.0088 0.0020
E29 (1) 0 -63.8 2.0 -67.0 10.5 11 0.0011 0.0030
E29 (2) 0 0.0 -0.9 -27.3 11 0.0000 0.0000
E31 (1) 15 99.2 2.0 -38.6 11 0.0228 0.0020
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High Bay Sum of Fraction Results
Direct Reading Dry Smear Wet Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta Tritium (dpm/100 cm?)
Survey Grid dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm?2 Concentration uR/h
E31 (2) -15 -92.1 2.0 6.8 11 0.0000 0.0088
E31 (3) -15 -106.3 2.0 -50.0 11 0.0000 0.0020
E43 -15 -297.6 -0.9 -89.8 -1.17 11 0.0000 0.0000
F20 -15 375.6 -0.9 -44.3 11 0.0751 0.0000
F42 (1) 0 99.2 -0.9 12.5 -0.213 11 0.0198 0.0125
F42 (2) 29 -35.4 -0.9 1.1 11 0.0059 0.0011
Average 17 18 0.14 -25 0.61 11 0.023 0.0068
St. Dev. 25 230 1.5 43 2.4 0.7 0.029 0.012
Median 15 14 -0.57 -19 0.0 11 0.013 0.000091

Minimum -15 -468 -0.85 -150 -1.2 10 0.0 0.0
Maximum 88 631 5.1 41 11 14 0.13 0.043

# of Measurements 39 39 39 39 20 39 39 39
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Laboratory Field Results

Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm | dpm/100 cm? | bkgd cpm | cpm | dpm/100 cm? | bkgd cpm | cpm | dpm/100 cm? | bkgd cpm | cpm | dpm/100 cm?

N4 1 11 147 140 168 198.4 0.2 1 2.3 61.4 67 31.8
N6 1 1 0 140 132 -56.7 0.3 0 -0.9 62 58 -22.7
N7 1 0 -15 140 171 219.7 0.2 0 -0.6 61.4 49 -70.5

N10 1 1 0 140 171 219.7 0.2 0 -0.6 61.4 61 -2.3
N13 1 0 -15 140 135 -35.4 0.2 0 -0.6 61.4 50 -64.8
N15 1 1 0 140 141 7.1 0.2 0 -0.6 61.4 55 -36.4
N16 1 0 -15 140 128 -85.0 0.2 2 5.1 61.4 57 -25.0
N18 (1) 1 1 0 140 133 -49.6 0.2 1 2.3 61.4 65 20.5

N18 (2) 1 0 -15 140 155 106.3 0.2 0 -0.6 61.4 60 -8.0
N19 1 0 -15 140 179 276.4 0.2 2 5.1 61.4 51 -59.1
N20 1 1 0 140 197 403.9 0.2 0 -0.6 61.4 38 -133.0
N21 1 1 0 140 152 85.0 0.2 0 -0.6 61.4 46 -87.5
P2 1 0 -15 140 143 21.3 0.3 0 -0.9 62 52 -56.8
P3 1 1 0 140 144 28.3 0.2 1 2.3 61.4 52 -53.4
R2 1 2 15 140 124 -113.4 0.3 0 -0.9 62 64 114

R4 1 4 44 140 149 63.8 0.3 0 -0.9 62 63 5.7
S3 1 2 15 180 230 354.3 0.2 0 -0.6 61.4 54 -42.0
S4 1 1 0 140 306 1176.3 0.3 0 -0.9 62 52 -56.8
S5 1 1 0 180 145 -248.0 0.3 1 2.0 62 55 -39.8
S7 1 0 -15 180 137 -304.7 0.3 0 -0.9 62 50 -68.2
S9 1 3 29 180 151 -205.5 0.3 0 -0.9 62 52 -56.8
S10 1 0 -15 180 143 -262.2 0.3 1 2.0 59.8 65 29.5
S15 1 0 -15 180 192 85.0 0.2 1 2.3 61.4 46 -87.5

Average 5.1 82 0.56 -38

St. Dev. 34 306 1.9 41.6

Median 0.0 28 -0.57 -42
Minimum -15 -305 -0.85 -133

Maximum 147 1176 5.1 32

# of Measurements 23 23 23 23
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Laboratory Area Sum of Fraction Results
Direct Reading Dry Smear Wet Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta Tritium (dpm/100 cm?)
Survey Grid dpm/100 cm? dpm/100 cm’ dpm/100 cm? dpm/100 cm’ Concentration uR/h

N4 147 198.4 2.3 31.8 1.93 10 0.0693 0.0343
N6 0 -56.7 -0.9 -22.7 12 0.0000 0.0000
N7 -15 219.7 -0.6 -70.5 2.73 13 0.0442 0.0003
N10 0 219.7 -0.6 -2.3 3.62 12 0.0443 0.0004
N13 -15 -35.4 -0.6 -64.8 2.94 12 0.0003 0.0003
N15 0 7.1 -0.6 -36.4 3.33 12 0.0018 0.0003
N16 -15 -85.0 5.1 -25.0 1.57 12 0.0002 0.0053
N18 (1) 0 -49.6 2.3 20.5 0.808 12 0.0001 0.0228
N18 (2) -15 106.3 -0.6 -8.0 10 0.0213 0.0000
N19 -15 276.4 5.1 -59.1 2.39 12 0.0555 0.0054
N20 0 403.9 -0.6 -133.0 2.05 12 0.0810 0.0002
N21 0 85.0 -0.6 -87.5 15 12 0.0172 0.0002
P2 -15 21.3 -0.9 -56.8 1.62 11 0.0044 0.0002
P3 0 28.3 2.3 -53.4 1.25 12 0.0058 0.0024
R2 15 -113.4 -0.9 11.4 1.26 10 0.0031 0.0115
R4 44 63.8 -0.9 5.7 2.27 10 0.0218 0.0059
S3 15 354.3 -0.6 -42.0 12 0.0738 0.0000
S4 0 1176.3 -0.9 -56.8 1.92 10 0.2355 0.0002
S5 0 -248.0 2.0 -39.8 12 0.0000 0.0020
S7 -15 -304.7 -0.9 -68.2 12 0.0000 0.0000
S9 29 -205.5 -0.9 -56.8 12 0.0059 0.0000
S10 -15 -262.2 2.0 29.5 12 0.0000 0.0315
S15 -15 85.0 2.3 -87.5 12 0.0170 0.0023
Average 5.1 82 0.56 -38 2.1 12 0.031 0.0054

St. Dev. 34 306 1.9 41.6 0.80 0.9 0.052 0.010
Median 0.0 28 -0.57 -42 1.9 12 0.0059 0.00033

Minimum -15 -305 -0.85 -133 0.81 10 0.0 0.0
Maximum 147 1176 5.1 32 3.6 13 0.24 0.034
# of Measurements 23 23 23 23 15 23 23 23
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Office Area Field Results
Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm [ dpm/100 cm?2 | bkgd cpm [ cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2
H1 1 2 15 185 238 375.6 0.2 0 -0.6 61.4 60 -8.0
H2 1 3 29 185 220 248.0 0.2 1 2.3 61.4 64 14.8
H10 1 1 0 140 180 283.4 0.3 0 -0.9 62 61 -5.7
H12 1 0 -15 185 186 7.1 0.2 0 -0.6 61.4 58 -19.3
H16 1 2 15 185 179 -42.5 0.2 0 -0.6 61.4 52 -53.4
H19 (1) 1 2 15 140 160 141.7 0.3 0 -0.9 62 65 17.0
H19 (2) 1 0 -15 140 154 99.2 0.3 0 -0.9 62 48 -79.5
H19 (3) 1 3 29 140 148 56.7 0.3 0 -0.9 62 58 -22.7
H20 (1) 1 1 0 289 340 361.4 0.3 0 -0.9 62 64 11.4
H20 (2) 1 2 15 140 169 205.5 0.3 0 -0.9 62 63 5.7
H20 (3) 1 6 73 140 170 212.6 0.3 0 -0.9 62 55 -39.8
H25 1 4 44 185 192 49.6 0.2 1 2.3 61.4 64 14.8
H32 1 0 -15 185 179 -42.5 0.2 0 -0.6 61.4 68 37.5
H33 1 1 0 185 188 21.3 0.2 2 5.1 61.4 58 -19.3
H34 1 0 -15 185 180 -35.4 0.2 0 -0.6 61.4 58 -19.3
H35 1 0 -15 185 182 -21.3 0.2 1 2.3 61.4 62 3.4
J6 1 0 -15 140 127 -92.1 0.3 0 -0.9 62 51 -62.5
J7 1 0 -15 140 154 99.2 0.3 0 -0.9 62 51 -62.5
J9 (1) 1 6 73 289 408 843.3 0.3 0 -0.9 62 62 0.0
J9 (2) 1 9 118 289 358 488.9 0.3 1 2.0 62 75 73.9
J9 (3) 1 0 -15 289 403 807.8 0.3 0 -0.9 62 53 -51.1
J10 (1) 1 12 162 289 368 559.8 0.1 2 5.4 58.6 60 8.0
J10 (2) 1 3 29 289 348 418.1 0.1 1 2.6 58.6 50 -48.9
K1 1 2 15 140 164 170.1 0.3 0 -0.9 62 61 -5.7
L1 1 6 73 140 149 63.8 0.2 0 -0.6 61.4 66 26.1
M4 1 5 59 180 136 -311.8 0.3 0 -0.9 62 59 -17.0
M7 1 1 0 180 119 -432.3 0.3 1 2.0 62 64 11.4
M12 1 2 15 180 237 403.9 0.3 0 -0.9 62 46 -90.9
M15 1 2 15 180 186 42.5 0.3 0 -0.9 62 50 -68.2
M28 1 1 0 140 127 -92.1 0.3 0 -0.9 62 68 34.1
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Office Area Field Results

Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm [ dpm/100 cm?2 | bkgd cpm [ cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2
Average 23 163 0.23 -14
St. Dev. 42.4 284.4 1.8 38.3
Median 15 99 -0.85 -6.8
Minimum -15 -432 -0.85 -91
Maximum 162 843 5.4 74
# of Measurements 30 30 30 30
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Office Area Sum of Fraction Results
Direct Reading Dry Smear Wet Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta Tritium (dpm/100 cm?)
Survey Grid dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm?2 Concentration uR/h
H1 15 375.6 -0.6 -8.0 17.5 12 0.0798 0.0018
H2 29 248.0 2.3 14.8 34.9 12 0.0590 0.0205
H10 0 283.4 -0.9 -5.7 9.07 13 0.0576 0.0009
H12 -15 7.1 -0.6 -19.3 11.7 12 0.0026 0.0012
H16 15 -42.5 -0.6 -53.4 18.4 13 0.0048 0.0018
H19 (1) 15 141.7 -0.9 17.0 13 0.0313 0.0170
H19 (2) -15 99.2 -0.9 -79.5 12 0.0198 0.0000
H19 (3) 29 56.7 -0.9 -22.7 12 0.0172 0.0000
H20 (1) 0 361.4 -0.9 114 13 0.0723 0.0114
H20 (2) 15 205.5 -0.9 5.7 13 0.0440 0.0057
H20 (3) 73 212.6 -0.9 -39.8 13 0.0572 0.0000
H25 44 49.6 2.3 14.8 3.8 12 0.0191 0.0174
H32 -15 -42.5 -0.6 37.5 46.9 12 0.0047 0.0422
H33 0 21.3 5.1 -19.3 15.5 12 0.0058 0.0067
H34 -15 -35.4 -0.6 -19.3 26.3 12 0.0026 0.0026
H35 -15 -21.3 2.3 3.4 1.98 12 0.0002 0.0059
J6 -15 -92.1 -0.9 -62.5 1.24 12 0.0001 0.0001
J7 -15 99.2 -0.9 -62.5 7.99 12 0.0206 0.0008
J9 (1) 73 843.3 -0.9 0.0 12 0.1833 0.0000
J9 (2) 118 488.9 2.0 73.9 12 0.1213 0.0759
J9 (3) -15 807.8 -0.9 -51.1 12 0.1616 0.0000
J10 (1) 162 559.8 5.4 8.0 12 0.1443 0.0134
J10 (2) 29 418.1 2.6 -48.9 12 0.0895 0.0026
K1 15 170.1 -0.9 -5.7 4.03 12 0.0374 0.0004
L1 73 63.8 -0.6 26.1 5.33 12 0.0280 0.0267
M4 59 -311.8 -0.9 -17.0 11 0.0118 0.0000
M7 0 -432.3 2.0 114 11 0.0000 0.0134
M12 15 403.9 -0.9 -90.9 12 0.0837 0.0000
M15 15 42.5 -0.9 -68.2 11 0.0114 0.0000
M28 0 -92.1 -0.9 34.1 7.67 12 0.0008 0.0349
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Office Area Sum of Fraction Results
Direct Reading Dry Smear Wet Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta Tritium (dpm/100 cm?)
Survey Grid dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm2 | dpm/100 cm?2 Concentration uR/h

Average 23 163 0.23 -14 14 12 0.046 0.010
St. Dev. 42.4 284.4 1.8 38.3 13.1 0.5 0.051 0.017
Median 15 99 -0.85 -6.8 9.1 12 0.024 0.0022

Minimum -15 -432 -0.85 -91 1.2 11 0.0 0.0
Maximum 162 843 5.4 74 47 13 0.18 0.076

# of Measurements 30 30 30 30 15 30 30 30
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Building 4006 Roof Field Results
Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm2 | bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2

G18 1 5 59 210 230 141.7 0.2 0 -0.6 61.4 67 31.8

G24 1 5 59 210 332 864.5 0.2 0 -0.6 61.4 65 20.5

G31 1 5 59 210 265 389.7 0.2 1 2.3 61.4 67 31.8
G36 (1) 1 2 15 180 162 -127.6 0.2 0 -0.6 61.4 73 65.9
G36 (2) 1 37 529 180 252 510.2 0.2 1 2.3 61.4 59 -13.6
G38 (1) 1 4 44 180 145 -248.0 0.2 1 2.3 61.4 53 -47.7
G38 (2) 1 25 353 180 232 368.5 0.2 1 2.3 61.4 50 -64.8
G40 (1) 1 3 29 180 191 77.9 0.2 0 -0.6 61.4 65 20.5
G40 (2) 1 31 441 180 291 786.6 0.2 3 8.0 61.4 66 26.1
G42 (1) 1 2 15 180 200 141.7 0.2 1 2.3 61.4 60 -8.0
G42 (2) 1 25 353 180 293 800.7 0.2 0 -0.6 61.4 62 3.4
G44 (1) 1 6 73 180 157 -163.0 0.2 0 -0.6 61.4 63 9.1
G44 (2) 1 27 382 180 342 1148.0 0.2 2 5.1 61.4 64 14.8
G46 (1) 1 8 103 180 197 120.5 0.2 0 -0.6 61.4 69 43.2
G46 (2) 1 34 485 180 282 722.8 0.2 2 5.1 61.4 64 14.8

G49 1 4 44 210 208 -14.2 0.2 1 2.3 61.4 62 3.4

G57 1 5 59 210 259 347.2 0.2 0 -0.6 61.4 50 -64.8

G63 1 3 29 210 192 -127.6 0.2 1 2.3 61.4 44 -98.9
T5 (1) 1 2 15 180 166 -99.2 0.2 0 -0.6 61.4 43 -104.5
T5 (2) 1 14 191 180 203 163.0 0.2 0 -0.6 61.4 55 -36.4
T8 (1) 1 4 44 210 201 -63.8 0.2 0 -0.6 61.4 60 -8.0
T8 (2) 1 26 367 210 201 -63.8 0.2 2 5.1 61.4 42 -110.2
T15 (1) 1 5 59 180 212 226.8 0.2 1 2.3 61.4 59 -13.6
T15 (2) 1 12 162 180 220 283.4 0.2 3 8.0 61.4 66 26.1
T16 (1) 1 5 59 180 215 248.0 0.2 0 -0.6 61.4 53 -47.7
T16 (2) 1 24 338 180 252 510.2 0.2 2 5.1 61.4 48 -76.1
T16 (3) 1 25 353 180 246 467.7 0.2 2 5.1 61.4 56 -30.7
T18 (1) 1 1 0 180 127 -375.6 0.2 1 2.3 61.4 60 -8.0
T18 (2) 1 14 191 180 226 326.0 0.2 1 2.3 61.4 51 -59.1
T20 (1) 1 2 15 180 145 -248.0 0.2 1 2.3 61.4 52 -53.4
T20 (2) 1 7 88 180 189 63.8 0.2 0 -0.6 61.4 62 3.4
T23 (1) 1 4 44 180 197 120.5 0.2 0 -0.6 61.4 54 -42.0
T23(2) 1 31 441 180 242 439.3 0.2 1 2.3 61.4 60 -8.0
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Building 4006 Roof Field Results
Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm2 | bkgd cpm | cpm | dpm/100 cm?2 | bkgd cpm | cpm | dpm/100 cm?2

T27 (1) 1 4 44 180 191 77.9 0.2 1 2.3 61.4 52 -53.4
T27 (2) 1 18 250 180 233 375.6 0.2 0 -0.6 61.4 62 3.4
T30 (1) 1 4 44 180 205 177.2 0.2 0 -0.6 61.4 74 71.6
T30 (2) 1 28 397 180 231 361.4 0.2 0 -0.6 61.4 63 9.1
T35 1 4 44 210 307 687.4 0.2 2 5.1 61.4 54 -42.0
T37 1 6 73 210 234 170.1 0.1 0 -0.3 59.8 73 75.0
T41 1 4 44 210 291 574.0 0.2 0 -0.6 61.4 66 26.1
T48 (1) 3 26 338 180 284 737.0 0.2 1 2.3 61.4 57 -25.0
T48 (2) 3 12 132 180 206 184.2 0.2 0 -0.6 61.4 52 -53.4
T48 (3) 3 17 206 180 226 326.0 0.2 0 -0.6 61.4 55 -36.4
T48 (4) 3 28 367 180 276 680.3 0.2 0 -0.6 61.4 58 -19.3
Ul 1 10 132 180 261 574.0 0.3 0 -0.9 59.8 57 -15.9
U2 1 12 162 180 264 595.2 0.3 1 2.0 59.8 54 -33.0
U3 1 13 176 180 233 375.6 0.3 0 -0.9 59.8 55 -27.3
U4 1 15 206 180 256 538.5 0.3 1 2.0 59.8 65 29.5
Average 169 295 1.4 -14

St. Dev. 154.0 331.1 2.4 43.4
Median 96 305 0.85 -10.8
Minimum 0.0 -376 -0.85 -110
Maximum 529 1148 8.0 75

# of Measurements 48 48 48 48
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Building 4006 Roof Sum of Fraction Results

Direct Reading Dry Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta
Survey Grid dpm/100 cm?2 dpm/100 cm?2 dpm/100 cm?2 dpm/100 cm?2 uR/h

G18 59 141.7 -0.6 31.8 11 0.0401 0.0318
G24 59 864.5 -0.6 20.5 11 0.1847 0.0205
G31 59 389.7 2.3 31.8 11 0.0897 0.0341
G36 (1) 15 -127.6 -0.6 65.9 11 0.0029 0.0659
G36 (2) 529 510.2 2.3 -13.6 11 0.2079 0.0023
G38 (1) 44 -248.0 2.3 -47.7 11 0.0088 0.0023
G38 (2) 353 368.5 2.3 -64.8 11 0.1442 0.0023
G40 (1) 29 77.9 -0.6 20.5 11 0.0215 0.0205
G40 (2) 441 786.6 8.0 26.1 11 0.2455 0.0341
G42 (1) 15 141.7 2.3 -8.0 11 0.0313 0.0023
G42 (2) 353 800.7 -0.6 3.4 11 0.2307 0.0034
G44 (1) 73 -163.0 -0.6 9.1 11 0.0147 0.0091
G44 (2) 382 1148.0 5.1 14.8 11 0.3060 0.0199
G46 (1) 103 120.5 -0.6 43.2 11 0.0447 0.0432
G46 (2) 485 722.8 5.1 14.8 11 0.2416 0.0199
G49 44 -14.2 2.3 3.4 11 0.0088 0.0057
G57 59 347.2 -0.6 -64.8 11 0.0812 0.0000
G63 29 -127.6 2.3 -98.9 11 0.0059 0.0023
T5 (1) 15 -99.2 -0.6 -104.5 11 0.0029 0.0000
T5 (2) 191 163.0 -0.6 -36.4 11 0.0708 0.0000
T8 (1) 44 -63.8 -0.6 -8.0 11 0.0088 0.0000
T8 (2) 367 -63.8 5.1 -110.2 11 0.0735 0.0051
T15 (1) 59 226.8 2.3 -13.6 11 0.0571 0.0023
T15 (2) 162 283.4 8.0 26.1 11 0.0890 0.0341
T16 (1) 59 248.0 -0.6 -47.7 11 0.0614 0.0000
T16 (2) 338 510.2 5.1 -76.1 11 0.1696 0.0051
T16 (3) 353 467.7 5.1 -30.7 11 0.1641 0.0051
T18 (1) 0 -375.6 2.3 -8.0 11 0.0000 0.0023
T18 (2) 191 326.0 2.3 -59.1 11 0.1034 0.0023
T20 (1) 15 -248.0 2.3 -53.4 11 0.0029 0.0023
T20 (2) 88 63.8 -0.6 3.4 11 0.0304 0.0034
T23 (1) 44 120.5 -0.6 -42.0 11 0.0329 0.0000
T23 (2) 441 439.3 2.3 -8.0 11 0.1761 0.0023
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Building 4006 Roof Sum of Fraction Results

Direct Reading Dry Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta
Survey Grid dpm/100 cm?2 dpm/100 cm?2 dpm/100 cm?2 dpm/100 cm?2 uR/h

T27 (1) 44 77.9 2.3 -53.4 11 0.0244 0.0023
T27 (2) 250 375.6 -0.6 3.4 11 0.1251 0.0034
T30 (1) 44 177.2 -0.6 71.6 11 0.0442 0.0716
T30 (2) 397 361.4 -0.6 9.1 11 0.1516 0.0091
T35 44 687.4 5.1 -42.0 11 0.1463 0.0051
T37 73 170.1 -0.3 75.0 11 0.0487 0.0750
T41 44 574.0 -0.6 26.1 11 0.1236 0.0261
T48 (1) 338 737.0 2.3 -25.0 11 0.2150 0.0023
T48 (2) 132 184.2 -0.6 -53.4 11 0.0633 0.0000
T48 (3) 206 326.0 -0.6 -36.4 11 0.1063 0.0000
T48 (4) 367 680.3 -0.6 -19.3 11 0.2095 0.0000
Ul 132 574.0 -0.9 -15.9 11 0.1413 0.0000
U2 162 595.2 2.0 -33.0 11 0.1514 0.0020
U3 176 375.6 -0.9 -27.3 11 0.1104 0.0000
U4 206 538.5 2.0 29.5 11 0.1489 0.0315
Average 169 295 1.4 -14 11 0.099 0.013
St. Dev. 154.0 331.1 2.4 43.4 0.0 0.080 0.019
Median 96 305 0.85 -10.8 11 0.085 0.0028

Minimum 0.0 -376 -0.85 -110 11.0 0.0 0.0
Maximum 529 1148 8.0 75 11 0.31 0.075

# of Measurements 48 48 48 48 48 48 48
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Exterior Walls Field Results
Direct Reading Dry Smear
Alpha Beta Alpha Beta
Survey Grid| bkgd cpm | cpm | dpm/100 cm2 | bkgd cpm | cpm [ dpm/100 cm2 | bkgd cpm | cpm [ dpm/100 cm2 | bkgd cpm | cpm | dpm/100 cm2

V9 1 5 59 180 187 49.6 0.3 1 2.0 62 61 -5.7
V10 1 1 0 180 202 155.9 0.3 0 -0.9 59.8 58 -10.2
V1l 1 2 15 180 190 70.9 0.3 0 -0.9 62 51 -62.5
V12 1 3 29 180 185 35.4 0.3 0 -0.9 59.8 60 1.1
W37 1 7 88 180 217 262.2 0.3 0 -0.9 62 59 -17.0
W38 (1) 1 4 44 180 227 333.0 0.3 1 2.0 59.8 79 109.1
W38 (2) 1 15 206 180 252 510.2 0.3 1 2.0 59.8 47 -72.7
W42 1 3 29 180 177 -21.3 0.3 1 2.0 59.8 61 6.8
W44 1 2 15 180 249 488.9 0.3 1 2.0 62 60 -11.4
W44 (1) 1 3 29 180 212 226.8 0.3 0 -0.9 59.8 68 46.6
W44 (2) 1 15 206 180 250 496.0 0.3 2 4.8 59.8 65 29.5
X10 1 12 162 180 205 177.2 0.3 0 -0.9 62 53 -51.1
X12 (1) 1 5 59 180 234 382.7 0.3 1 2.0 62 65 17.0
X12 (2) 1 4 44 180 348 1190.5 0.3 0 -0.9 59.8 66 35.2
X12 (3) 1 3 29 180 303 871.6 0.3 0 -0.9 59.8 65 29.5
X12 (4) 1 5 59 180 190 70.9 0.1 0 -0.3 59.8 62 12.5
X12 (5) 1 3 29 180 162 -127.6 0.1 0 -0.3 59.8 63 18.2
Y14 1 2 15 180 215 248.0 0.3 1 2.0 59.8 49 -61.4
Y20 2 4 29 180 246 467.7 0.3 0 -0.9 62 56 -34.1
Y28 2 4 29 180 240 425.2 0.3 0 -0.9 62 50 -68.2
Average 59 316 0.48 -4.4

St. Dev. 60.9 312.4 1.7 45.6
Median 29 255 -0.57 -2.3
Minimum 0 -128 -0.85 -73
Maximum 206 1190 4.8 109

# of Measurements 20 20 20 20
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Exterior Walls Sum of Fraction Results

Direct Reading Dry Smear Dose Rate SOF, SOF,
Alpha Beta Alpha Beta
Survey Grid dpm/100 cm?2 dpm/100 cm?2 dpm/100 cm?2 dpm/100 cm?2 uR/h

V9 59 49.6 2.0 -5.7 11 0.0217 0.0020
V10 0 155.9 -0.9 -10.2 11 0.0312 0.0000
V11 15 70.9 -0.9 -62.5 11 0.0171 0.0000
V12 29 35.4 -0.9 1.1 11 0.0130 0.0011
W37 88 262.2 -0.9 -17.0 11 0.0701 0.0000
W38 (1) 44 333.0 2.0 109.1 11 0.0754 0.1111
W38 (2) 206 510.2 2.0 -72.7 11 0.1432 0.0020
W42 29 -21.3 2.0 6.8 11 0.0059 0.0088
W44 15 488.9 2.0 -11.4 11 0.1007 0.0020
W44 (1) 29 226.8 -0.9 46.6 11 0.0512 0.0466
W44 (2) 206 496.0 4.8 29.5 11 0.1404 0.0344
X10 162 177.2 -0.9 -51.1 11 0.0678 0.0000
X12 (1) 59 382.7 2.0 17.0 11 0.0883 0.0190
X12 (2) 44 1190.5 -0.9 35.2 11 0.2469 0.0352
X12 (3) 29 871.6 -0.9 29.5 11 0.1802 0.0295
X12 (4) 59 70.9 -0.3 12.5 11 0.0259 0.0125
X12 (5) 29 -127.6 -0.3 18.2 11 0.0059 0.0182
Y14 15 248.0 2.0 -61.4 11 0.0525 0.0020
Y20 29 467.7 -0.9 -34.1 11 0.0994 0.0000
Y28 29 425.2 -0.9 -68.2 11 0.0909 0.0000
Average 59 316 0.48 -4.4 11 0.076 0.016
St. Dev. 60.9 312.4 1.7 45.6 0.0 0.063 0.027
Median 29 255 -0.57 -2.3 11 0.069 0.0020

Minimum 0 -128 -0.85 -73 11 0.0059 0.0

Maximum 206 1190 4.8 109 11 0.25 0.11

# of Measurements 20 20 20 20 20 20 20
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Esenuine Anatvricar Conporation

2038 Wright Avenue

Richmond, California 34804-38439

Phone £518) 235-2633 Fax (510) 235-0438

Toll Free (800) B41-5487

www.eherlineservices.com

June 12, 2008

Mr. Tony Mason

Cabrera Services

3620 N. Rancho Dr, Ste. 114
Las Vegas, NV §9130

Ref: Cabrera P.O. 114579 CA 010
Eberline Services Report R805157-8215

Dear Mr. Mason:

Enclosed are tritium results for fifty filter samples received at Eberline Services on May
20, 2008. The samples were analyzed by direct liquid scintillation counting i.e. the
received samples were placed in counting vials with scintillation cocktail and counted.
No problems were encountered during the analyses, all QC sample results were within
the control limits described in Eberline Services Quality Control Procedures Manual.

Please call if you have any questions concerning the enclosed report.

Regards,

Neloer )Yy
Melissa Mannion
Senior Program Manager

MCM/njv

Enclosure: Report/CoC
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Eberline Services

ANALYSIS RESULTS

SDG 8215 Client CABRERA SERV
Work Order R805157-01 Contract 114579 CA 010
Received Date 05/20/08 Matrix FILTER

Client Lab

Sample ID Sample ID Collected Analyzed Nuclide Results + 20 Units MDA
A-10 8215-001 05/16/08 05/30/08 H-3 0.063 + 1.4 DPM/Smp1 2.33
A-15 8215-002 05/16/08 05/30/08 H-3 -0.472 ¢+ 1.3 DPM/Smpl 2.27
A-23 8215-003 05/16/08 05/30/08 H-3 -0.347 + 1.3 DPM/Smpl 2.26
A-24 8215-004 05/16/08 05/30/08 H-3 0.495 + 1.4 DPM/Smpl 2.28
A-28 8215-005 05/16/08 05/30/08 H-3 1.73 + 1.5 DPM/Smpl 2.43
A-32 8215-006 05/16/08 05/30/08 H-3 -0.227 + 1.3 DPM/Smpl 2.28
A-40 8215-007 05/16/08 05/30/08 H-3 0.130 + 1.4 DPM/Smpl 2.40
A-47 8215-008 05/16/08 05/30/08 H-3 -0.061 + 1.3 DPM/Smpl 2.24
A-50 8215-009 05/16/08 05/30/08 H-3 -0.251 + 1.4 DPM/Smpl 2.32
A-52 8215-010 05/16/08 05/30/08 H-3 0.249 + 1.4 DPM/Smpl 2.29
A-54 8215-011 05/16/08 05/30/08 H-3 -0.471 + 1.3 DPM/Smpl 2.26
A-60 8215-012 05/16/08 05/30/08 H-3 0.021 + 1.4 DPM/Smpl 2.32
A-66 8215-013 05/16/08 05/29/08 H-3 0.906 + 1.5 DPM/Smpl 2.45
A-70 8215-014 05/16/08 05/29/08 H-3 0.579 ¢+ 1.5 DPM/Smpl 2.45
B-10 8215-015 05/16/08 05/29/08 H-3 0.145 + 1.5 DPM/Smpl 2.45
D-4 8215-016 05/16/08 05/29/08 H-3 -0.533 + 1.4 DPM/Smpl 2.40
E-29 8215-017 05/16/08 05/23/08 H-3 10.5 ¢ 1.7 DPM/Smpl 2,46
E-43 8215-018 05/16/08 05/29/08 H-3 ~1.17 ¢+ 1.4 DPM/Smpl 2.40
F-42 8215-019 05/16/08 05/29/08 H-3 -0.213 + 1.4 DPM/Smpl 2.40
H-1 8215-020 05/16/08 05/29/08 H-3 17.5 £ 1.9 DPM/Smpl 2.49

Certified by TR

(=4
Report Date 06/11/08

Page 1
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Eberline Services

ANALYSIS RESULTS

SDG 8215 Client CABRERA SERV
Work Order R805157-01 Contract 1145738 CA 010
Received Date 05/20/08 Matrix FILTER

Client Lab
Sample ID Sample ID Collected Analyzed Nuclide Results + 20 Units MDA
H-2 8215-021 05/16/08 05/29/08 H-3 34.9 + 2.3 DPM/Smpl 2.64
H-10 8215-022 05/16/08 05/29/08 H-3 9.07 + 2.1 DPM/Smpl 3.20
H-12 8215-023 05/16/08 05/29/08 H-3 11.7 + 1.8 DPM/Smpl 2.52
H-16 8215-024 05/16/08 05/30/08 H-3 18.4 + 2.0 DPM/Smpl 2.60
H-25 8215-025 05/16/08 05/30/08 H-3 3.80 + 1.6 DPM/Smpl 2.51
H~-32 8215-026 05/16/08 05/30/08 H-3 46.9 + 2.6 DPM/Smpl 2.61
H-33 8215-027 05/16/08 06/05/08 H-3 15.5 + 2.3 DPM/Smpl 3.23
H-34 8215-028 05/16/08 05/30/08 H-3 26.3 + 2.7 DPM/Smpl 3.43
H-35 8215-029 05/16/08 05/30/08 H-3 1.98 + 1.6 DPM/Smpl 2.54
J-6 8215-030 05/16/08 05/30/08 H-3 1.24 + 1.5 DPM/Supl 2.51
J-7 8215-031 05/16/08 05/30/08 H-3 7.99 + 1.7 DPM/Smpl 2.53
K-1 8215-032 05/16/08 05/30/08 H-3 4.03 + 1.6 DPM/Smpl 2.53
L-1 8215-033 05/16/08 05/30/08 H-3 5.33 + 1.7 DPM/Smpl 2.62
M-28 8215-034 05/16/08 05/30/08 H-3 7.67 + 1.7 DPM/Smpl 2.51
N-4 8215-035 05/16/08 05/30/08 H-3 1.93 + 1.5 DPM/Smpl 2.48
N-7 8215-036 05/16/08 05/30/08 H-3 2.73 + 1.6 DPM/Smpl 2.62
N-10 8215-037 05/16/08 05/30/08 H-3 3.62 + 1.6 DPM/Smpl 2.53
N-13 8215-038 05/16/08 05/30/08 H-3 2.94 + 1.6 DPM/Smpl 2.54
N-15 8215-039 05/16/08 05/29/08 H-3 3.33 + 1.6 DPM/Smpl 2.51
N-16 8215-040 05/16/08 05/29/08 H-3 1.57 + 1.5 DPM/Smpl 2.46

Certified by i%:?\ -

Report Date 06/11/08

Page 2
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Eberline Services

ANALYSIS RESULTS

SDG 8215 Client CABRERA SERV
Work Order R805157-01 Contract 114578 CA 010
Received Date 05/20/08 Matrix FILTER
Client Lab
Sample ID Sample ID Collected Analyzed Nuclide Results + 20 Units MDA
N-18 8215-041 05/16/08 05/29/08 H-3 0.808 + 1.4 DPM/Smpl 2.29
N-19 8215-042 05/16/08 05/29/08 H-3 2.39 + 1.5 DPM/Smpl 2.45
N-20 8215-043 05/16/08 05/29/08 H-3 2.05 + 1.6 DPM/Smpl 2.64
N-21 8215-044 05/16/08 05/29/08 H-3 1.50 + 1.4 DPM/Smpl 2.36
P-2 8215-045 05/16/08 05/29/08 H-3 1.62 + 1.4 DPM/Smpl 2.30
P-3 8215-046 05/16/08 05/29/08 H-3 1.25 ¢+ 1.4 DPM/Smpl 2.30
R-2 8215-047 05/16/08 05/29/08 H-3 1.26 + 1.4 DPM/Smpl 2.32
R-4 8215-048 05/16/08 05/29/08 H-3 2.27 + 1.4 DPM/Smpl 2.27
S-4 8215-049 05/16/08 05/29/08 H-3 1.92 + 1.4 DPM/Smpl 2.27
A-41 8215-050 05/16/08 05/29/08 H-3 1.14 + 1.5 DPM/Smpl 2.44
Certified by W h
Report Date 06/11/08
Page 3
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Eberline Services

QC RESULTS

SDG 8215

Work Order R805157-01

Received Date 05/20/08

Client CABRERA SERV
Contract 114579 CA 010

Matrix FILTER

Lab

Sample ID Nuclide Results

LCS

8215-051 H-3 594 + 19

BLANK

8215-052 H-3 -0.796 + 1

LCS

8215-054 H-3 580 + 8

BLANK

8215-055% H-3 -0.134 + 1

LCS

8215-057 H-3 553 + 7

BLANK

8215-058 H-3 0.606 + 1

DUPLICATES

Sample ID Nuclide Results + 20
8215-053 H-3 ~-0.580 + 1.3
8215-056 H-3 19.4 + 2.4
8215-059 H-3 0.825 + 1.4

Units Amount Added MDA Evaluation
DPM/Smpl 523 6.92 114% recovery
.3 DPM/Smpl NA 2.32 <MDA
.3 DPM/Smpl 523 3.10 111% recovery
.4 DPM/Smpl NA 2.43 <MDA
.3 DPM/Smpl 523 2.65 106% recovery
.4 DPM/Smpl NA 2.34 <MDA
ORIGINALS
30
MDA Sample ID Results + 20 MDA RPD (Tot) Eval
2.30 8215-006 -0.227 + 1.3 2.28 - 0 satis
3.12 8215-027 15.5 + 2.3 3.23 22 36 satis.
2.32 8215-049 1.92 + 1.4 2.27 - 0 satis.

Certified by 2

{
Report Date 06/11/08

Page 4
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BERLINE SAMPLE RECEIPT CHECKLIST

RiCHMOND, CA LABORATORY ) ;in/ T /ﬁ;’

Client:

CARIERA SETWICES o  LAS VEBAS g NV

Date/Time received 0S[1e 0K ' :%oc No. STFE -

Container [.D. No. ! e CMT Requested TAT (Days) M P.0O. Received Yes[] No J ]

INSPECTION
1 Custody seals on shipping container intact? Yes [ ] No[ ] N/A b}( ]
2 Custody seals on shipping container dated & signed”? Yes | ] Nol[ T N/A f\ﬁ ]
3. Custody seals on sample containers intact? Yes [ | Nol{ 1 N/A [‘)( 1
4 Custody seals on sample containers dated & signed? Yes [ ] Mol 1 WN/A Y]
5. Packing material is: Wet [ ] Dry [ Y '
6 Number of samples in shipping container. _. C.: o Sample Matrix A’&
7. Number of containers per sample: l (Or see CoC ‘ )
8 Samples are in correct container Yes [y] No [ ]
9 Paperwork agrees with samples? Yes {7( ] Nol ]
10. Samples have: Tape [ ] Hazardlabels| ] Radiabels [ 1 Appropriate sample labels [%']
1 Samples are: in good condition N Leaking | ] Broken Container [} Missing | ]
12 Samples are: Preserved [ ] Notpreserved [ ] pH Preservative
13. Describe any anomalies:
14, Was P .M notified of any anomalies? Yes [ ] No[ ] Date
15. Inspected by ﬁq Date:bgv‘ o Time: {“ S
Customer | Beta/Gamma | lon (’Zharrbe\ Customer Beta/Gamma | lon Chamber ;
Sample No. cpm mR/hr Wipe Sample No. cpm ! mR/hr | wipe
b sy <be
’ [
i
|
|
lon Chambper Ser. No Calibration date
Alpha Meter Ser. No. Calibration daie
Beta/Gamma Meter Ser. No. ” %) 7 L Calibration date g '/% SE?F X
Form SCP-02, 07-30-07 "over 55 years of quality nuclear services”
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Equipment Chi-Square Distribution Worksheet

Count No. X X=X (Xp-X)
1 5731 -96.4 9292.96 Instrument/Detector 2360 w/43-68
2 5627 7.6 57.76 Serial # / Serial# 184951/ PR126794
3 5726 -91.4 8353.96 Date Performed 13-May-08
4 5500 134.6 18117.16 | Count time interval (minutes) 1
5 5602 32.6 1062.76 Source Used TH-230
6 5634 0.6 0.36
7 5657 -22.4 501.76
8 5689 -54.4 2959.36
9 5597 37.6 1413.76
10 5635 -0.4 0.16
11 5649 -14.4 207.36
12 5684 -49.4 2440.36
13 5618 16.6 275.56
14 5583 51.6 2662.56
15 5568 66.6 4435.56
16 5662 -27.4 750.76
17 5575 59.6 3552.16
18 5756 -121.4 14737.96
19 5517 117.6 13829.76
20 5682 -47.4 2246.76
Sum total 112692 86898.8
Xm 5634.6
| X% = 15.42 |

Note: Accept y ? if between 8.91 and 32.8

Appendix D Page 1



PROJECT NAME
[Boeing SSFL RMHF Building Survey |

Instrument Efficiency Calculator (Rev 2)

Initial Source DPM on Date
DPM half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
SOURCE | 26,100 | 7.54E+04 | 4/28/2008 | 9.193E-06 | 5.84 | 26099 |
ISOTOPE SOURCE ID #: CREATION DATE:
| Th-230 | 4006-02 | 6/26/2002 | uCi on Date
Source uCi  half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
I I I I I I |
DPM Based pCi Based

Average Average Source Calculated Calculated Source plus

background plus background Efficiency, Efficiency, Background Background

counts, cpm counts, cpm cpm/dpm cpm/dpm Counts, cpm Counts, cpm
| 1.4 | 4244.0 [[ 0163 | [ 2 4175
0 4256
3 4141
For: 0 4285
Instrument/Probe |Ludlum 2360 | w/43-68 0 4151
Serial numbers 184933/ PR 190490 1 4379
1 4212
2 4364
By: 3 4212
Name Date Performed 2 4265
B. Badaoui 4/8/2008 Average 1.4 4244.0

Appendix D Page 2



Equipment Chi-Square Distribution Worksheet

Count No. X X=X (Xp-X)?
1 4827 193.45 37422.90 Instrument/Detector 2360 w/43-68
2 4977 43.45 1887.90 Serial # / Serial# 184933/ PR190490
3 5014 6.45 41.60 Date Performed 12-May-08
4 5082 -61.55 3788.40 | Count time interval (minutes) 1
5 5116 -95.55 9129.80 Source Used Tc-99
6 5093 -72.55 5263.50
7 4974 46.45 2157.60
8 4999 21.45 460.10
9 5019 1.45 2.10
10 5114 -93.55 8751.60
11 5043 -22.55 508.50
12 5023 -2.55 6.50
13 4941 79.45 6312.30
14 5119 -98.55 9712.10
15 4964 56.45 3186.60
16 5011 9.45 89.30
17 4991 29.45 867.30
18 4982 38.45 1478.40
19 5038 -17.55 308.00
20 5082 -61.55 3788.40
Sum total 100409 95163.0
Xm 5020.5
| X% = 18.96 |

Note: Accept y ? if between 8.91 and 32.8

Appendix D Page 3



PROJECT NAME

[Boeing SSFL RMHF

Building Survey |

Instrument Efficiency Calculator (Rev 2)

Initial Source DPM on Date
DPM half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
SOURCE [ 21,800 | 2.11E+05 | 4/28/2008 | 3.285E-06 | 5.84 | 21800 |
ISOTOPE SOURCE ID #: CREATION DATE:
| Tc-99 | 4003-02 | 6/26/2002 | uCi on Date
Source uCi  half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
I I I I I I |
DPM Based pCi Based

Average Average Source Calculated Calculated Source plus

background plus background Efficiency, Efficiency, Background Background

counts, cpm counts, cpm cpm/dpm cpm/dpm Counts, cpm Counts, cpm
| 131.5 | 5021.5 [[ 0224 | [ 129 4827
137 4977
120 5014
For: 141 5082
Instrument/Probe |Ludlum 2360 | w/43-68 130 5116
Serial numbers 184933/ PR 190490 114 5093
143 4974
126 4999
By: 130 5019
Name Date Performed 145 5114
B. Badaoui 4/8/2008 Average 131.5 5021.5
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CABRERA ALPHA-BETA COUNTING INSTRUMENT (Rev 2)

Counting Instrument: Ludlum 2360 Detector: 43-68 Cal. Date:| 4/22/2008
Serial #: 184933 Serial #: PR190490 Cal. Due Date OK? OK
Detector Active Area or Area Covered by Smear (cm 2): 100
Control Chart
) Control Chart
Original Source Source Required MDA Contrc_)l Chart & Daily Control Chart Control Source-bkg Control Chart
o Activity (DPM) | s Creati Decayed (DPM/lOOcmZ) & Daily Bkg Source- bkg Average | Chart bkg 1 Average a/p source 1
Efficiency | Source |  Source ource Lreation Activity Count Time Sample o/B cpm | sigma, cpm sigma, cpm
(fraction) | Nuclide [ Number Date Ty (yr) Count Time cpm
Alpha 0.1630 Th-230 4006-02 26,100 6/26/2002 7.70E+04 26,099 2500 1 1 1.40 1.17 4318.3 103.31
Beta 0.2240 Tc-99 4003-02 21,800 6/26/2002 2.13E+05 21,800 2500 1 1 131.50 10.08 4890.0 87.64
Date Daily Bkg Counts | Daily Check Source Counts Daily Bkg Rate (cpm) Net Daily Source Rate (cpm) Bkg QC Pass/Fail Source QC Pass/Fall o MDA | B MDA
Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta MDA o, (dpm) | MDA B (dpm){ OK? OK?
5/12/2008 1 113 4377 5048 1.0 113.0 4376.0 4935.0 PASS PASS PASS PASS 46.95 234 Yes Yes
5/13/2008 1 128 4502 5104 1.0 128.0 4501.0 4976.0 PASS PASS PASS PASS 46.95 248 Yes Yes
5/14/2008 0 115 4296 5061 0.0 115.0 4296.0 4946.0 PASS PASS PASS PASS 18.40 236 Yes Yes
5/15/2008 1 126 4416 5141 1.0 126.0 4415.0 5015.0 PASS PASS PASS PASS 46.95 247 Yes Yes
5/16/2008 1 144 4520 5132 1.0 144.0 4519.0 4988.0 PASS PASS PASS PASS 46.95 263 Yes Yes
5/19/2008 0 134 4378 5098 0.0 134.0 4378.0 4964.0 PASS PASS PASS PASS 18.40 254 Yes Yes
Page 1 of 1
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Ludlum Model 2360, Serial #184933

Initial Background and Source Counts for Control Chart

Initial bkg counts

Initial source plus bkg counts

# Alpha cpm Beta cpm Alpha cpm Beta cpm

1 2.00 2 129.00 129 4175 4175 4827 4827

2 0.00 0 137.00 137 4276 4276 4977 4977

3 3.00 3 120.00 120 4482 4482 5014 5014

4 0.00 0 141.00 141 4482 4482 5082 5082

5 0.00 0 130.00 130 4256 4256 5116 5116

6 1.00 1 114.00 114 4242 4242 5093 5093

7 1.00 1 143.00 143 4363 4363 4974 4974

8 2.00 2 126.00 126 4379 4379 4999 4999

9 3.00 3 130.00 130 4285 4285 5019 5019

10 2.00 2 145.00 145 4257 4257 5114 5114
Mean 1.40 131.5 4319.7 5021.5

Sy 1.17 10.08 103.36 87.49
-3 sigma -2.12 101.26 4009.62 4759.02
+3 sigma 4.92 161.74 4629.78 5283.98
-2 sigma -0.95 111.34 4112.98 4846.51
+2 sigma 3.75 151.66 4526.42 5196.49
Mean-bkg| 4318.3 4890.0

S 103.31 87.64
Mean-bkg| -3 sigma | 4008.36 4627.07
Mean-bkg| +3 sigma | 4628.24 5152.93
Mean-bkg| -2 sigma | 4111.68 4714.72
Mean-bkg| +2 sigma | 4524.92 5065.28

Page 1 of 1
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Equipment Chi-Square Distribution Worksheet

Count No. X X=X (Xp-X)
1 4175 57.4 3294.76 Instrument/Detector 2360 w/43-68
2 4276 -43.6 1900.96 Serial # / Serial# 184933/ PR190490
3 4193 39.4 1552.36 Date Performed 12-May-08
4 4190 42.4 1797.76 | Count time interval (minutes) 1
5 4256 -23.6 556.96 Source Used TH-230
6 4242 -9.6 92.16
7 4141 91.4 8353.96
8 4245 -12.6 158.76
9 4285 -52.6 2766.76
10 4257 -24.6 605.16
11 4265 -32.6 1062.76
12 4282 -49.6 2460.16
13 4103 129.4 16744.36
14 4151 81.4 6625.96
15 4379 -146.6 21491.56
16 4141 91.4 8353.96
17 4128 104.4 10899.36
18 4364 -131.6 17318.56
19 4363 -130.6 17056.36
20 4212 20.4 416.16
Sum total 84648 123508.8
Xm 4232.4
| X% = 29.18 |

Note: Accept y ? if between 8.91 and 32.8
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PROJECT NAME

[Boeing SSFL RMHF

Building Survey |

Instrument Efficiency Calculator (Rev 2)

Initial Source DPM on Date
DPM half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
SOURCE | 26,100 | 7.54E+04 | 4/28/2008 | 9.193E-06 | 5.84 | 26099 |
ISOTOPE SOURCE ID #: CREATION DATE:
| Th-230 | 4006-02 | 6/26/2002 | uCi on Date
Source uCi  half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
I I I I I I |
DPM Based pCi Based
Average Average Source Calculated Calculated Source plus
background plus background Efficiency, Efficiency, Background Background
counts, cpm counts, cpm cpm/dpm cpm/dpm Counts, cpm Counts, cpm
| 0.9 | 5631.1 [[ 0216 | [ 0 5726
0 5500
0 5602
For: 1 5634
Instrument/Probe |Ludlum 2360 | w/43-68 0 5657
Serial numbers |184951 w/ PR126794 0 5662
2 5575
2 5756
By: 3 5517
Name Date Performed 1 5682
B. Badaoui 4/8/2008 Average 0.9 5631.1
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Equipment Chi-Square Distribution Worksheet

Count No. X X=X (Xp-X)
1 5108 -31.65 1001.72 Instrument/Detector 2360 w/43-68
2 4940 136.35 18591.32 Serial # / Serial# 184951/ PR126794
3 4999 77.35 5983.02 Date Performed 8-May-08
4 5031 45.35 2056.62 | Count time interval (minutes) 1
5 5165 -88.65 7858.82 Source Used Tc-99
6 5136 -59.65 3558.12
7 5066 10.35 107.12
8 5243 -166.65 27772.22
9 4975 101.35 10271.82
10 5036 40.35 1628.12
11 5100 -23.65 559.32
12 5044 32.35 1046.52
13 4990 86.35 7456.32
14 5134 -57.65 3323.52
15 5265 -188.65 35588.82
16 5049 27.35 748.02
17 5033 43.35 1879.22
18 5009 67.35 4536.02
19 5050 26.35 694.32
20 5154 -77.65 6029.52
Sum total 101527 140690.6
Xm 5076.4
| X% = 27.71 |

Note: Accept y ? if between 8.91 and 32.8
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PROJECT NAME

[Boeing SSFL RMHF

Building Survey |

Instrument Efficiency Calculator (Rev 2)

Initial Source

DPM on Date

DPM half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
SOURCE [ 21,800 | 2.11E+05 | 4/28/2008 | 3.285E-06 | 5.84 | 21800 |
ISOTOPE SOURCE ID #: CREATION DATE:
| Tc-99 | 4003-02 | 6/26/2002 | uCi on Date
Source uCi  half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
I I I I I I |
DPM Based pCi Based

Average Average Source Calculated Calculated Source plus

background plus background Efficiency, Efficiency, Background Background

counts, cpm counts, cpm cpm/dpm cpm/dpm Counts, cpm Counts, cpm
| 185.9 | 5069.9 [[ 0224 | [ 206 5108
200 4940
187 4999
For: 189 5031
Instrument/Probe |Ludlum 2360 | w/43-68 183 5165
Serial numbers |184951 w/ PR126794 158 5136
189 5066
170 5243
By: 199 4975
Name Date Performed 178 5036
B. Badaoui 4/8/2008 Average 185.9 5069.9
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CABRERA ALPHA-BETA COUNTING INSTRUMENT (Rev 2)

Counting Instrument: Ludlum 2360 Detector: 43-68 Cal. Date:| 1/30/2008
Serial #: 184951 Serial #: PR126794 Cal. Due Date OK? OK
Detector Active Area or Area Covered by Smear (cm 2): 100
Control Chart
) Control Chart
Original Source Source Required MDA Contrc_)l Chart & Daily Control Chart Control Source-bkg Control Chart
o Activity (DPM) | s Creati Decayed (DPM/lOOcmZ) & Daily Bkg Source- bkg Average | Chart bkg 1 Average a/p source 1
Efficiency | Source |  Source ource Lreation Activity Count Time Sample o/B cpm | sigma, cpm sigma, cpm
(fraction) | Nuclide [ Number Date Ty (yr) Count Time cpm
Alpha 0.2160 Th-230 4006-02 26,100 6/26/2002 7.70E+04 26,099 2500 1 1 0.90 1.10 5630.2 83.89
Beta 0.2240 Tc-99 4003-02 21,800 6/26/2002 2.13E+05 21,800 2500 1 1 185.90 14.52 4884.0 102.50
Date Daily Bkg Counts | Daily Check Source Counts Daily Bkg Rate (cpm) Net Daily Source Rate (cpm) Bkg QC Pass/Fail Source QC Pass/Fall o MDA | B MDA
Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta MDA o. (dpm) | MDA B (dpm){ OK? OK?
5/13/2008 0 187 5587 5179 0.0 187.0 5587.0 4992.0 PASS PASS PASS PASS 13.89 297 Yes Yes
5/14/2008 0 199 5610 5220 0.0 199.0 5610.0 5021.0 PASS PASS PASS PASS 13.89 306 Yes Yes
5/15/2008 1 190 5520 5087 1.0 190.0 5519.0 4897.0 PASS PASS PASS PASS 35.43 300 Yes Yes
5/16/2008 1 199 5563 5250 1.0 199.0 5562.0 5051.0 PASS PASS PASS PASS 35.43 306 Yes Yes
5/19/2008 1 189 5643 5189 1.0 189.0 5642.0 5000.0 PASS PASS PASS PASS 35.43 299 Yes Yes
5/21/2008 1 198 5730 5108 1.0 198.0 5729.0 4910.0 PASS PASS PASS PASS 35.43 306 Yes Yes
Page 1 of 1
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Ludlum Model 2360, Serial #184951

Initial Background and Source Counts for Control Chart

Initial bkg counts

Initial source plus bkg counts

# Alpha cpm Beta cpm Alpha cpm Beta cpm

1 0.00 0 206.00 206 5726 5726 5108 5108

2 0.00 0 200.00 200 5500 5500 4940 4940

3 0.00 0 187.00 187 5602 5602 4999 4999

4 1.00 1 189.00 189 5634 5634 5031 5031

5 0.00 0 183.00 183 5657 5657 5165 5165

6 0.00 0 158.00 158 5662 5662 5136 5136

7 2.00 2 189.00 189 5575 5575 5066 5066

8 2.00 2 170.00 170 5756 5756 5243 5243

9 3.00 3 199.00 199 5517 5517 4975 4975

10 1.00 1 178.00 178 5682 5682 5036 5036
Mean 0.90 185.9 5631.1 5069.9

Sy 1.10 14.52 83.69 93.34
-3 sigma -2.40 142.35 5380.04 4789.88
+3 sigma 4.20 229.45 5882.16 5349.92
-2 sigma -1.30 156.86 5463.73 4883.22
+2 sigma 3.10 214.94 5798.47 5256.58
Mean-bkg| 5630.2 4884.0
S 83.89 102.50
Mean-bkg| -3 sigma | 5378.52 4576.50
Mean-bkg| +3 sigma | 5881.88 5191.50
Mean-bkg| -2 sigma | 5462.41 4679.00
Mean-bkg| +2 sigma | 5797.99 5089.00

Page 1 of 1
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Equipment Chi-Square Distribution Worksheet

Count No. X X=X (Xp-X)
1 9213 -33.3 1108.89 Instrument/Detector 2929
2 9486 -306.3 93819.69 Serial # / Serial# 137607
3 9140 39.7 1576.09 Date Performed 28-Apr-08
4 9007 172.7 29825.29 | Count time interval (minutes) 1
5 9352 -172.3 29687.29 Source Used TH-230
6 9069 110.7 12254.49
7 9120 59.7 3564.09
8 9237 -57.3 3283.29
9 8995 184.7 34114.09
10 9232 -52.3 2735.29
11 9085 94.7 8968.09
12 9089 90.7 8226.49
13 9163 16.7 278.89
14 9127 52.7 2777.29
15 9096 83.7 7005.69
16 9311 -131.3 17239.69
17 9153 26.7 712.89
18 9140 39.7 1576.09
19 9236 -56.3 3169.69
20 9343 -163.3 26666.89

Sum total 183594 288590.2
Xm 9179.7

| X2 = 31.44 |

Note: Accept y ? if between 8.91 and 32.8
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PROJECT NAME

[Boeing SSFL RMHF Building Survey

Instrument Efficiency Calculator (Rev 2)

Initial Source DPM on Date
DPM half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
SOURCE | 26,100 | 7.54E+04 | 4/28/2008 | 9.193E-06 | 5.84 | 26099 |
ISOTOPE SOURCE ID #: CREATION DATE:
| Th-230 | 4006-02 | 6/26/2002 | uCi on Date
Source uCi  half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
I I I I I I |
DPM Based pCi Based

Average Average Source Calculated Calculated Source plus

background plus background Efficiency, Efficiency, Background Background

counts, cpm counts, cpm cpm/dpm cpm/dpm Counts, cpm Counts, cpm
| 0.5 | 9185.1 [[ 0352 | [ 0.5 9213
0.6 9486
0.3 9140
For: 0.4 9007
Instrument/Probe |[Ludlum 2929 w 43-10-1 1 9352
Serial numbers |137607/PR142936 0.7 9069
0.3 9120
0.6 9237
By: 0.1 8995
Name Date Performed 0.8 9232
B. Badaoui 4/29/2008 Average 0.5 9185.1
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Equipment Chi-Square Distribution Worksheet

Count No. X X=X (Xp-X)
1 3932 -22.25 495.06 Instrument/Detector 2929
2 3866 43.75 1914.06 Serial # / Serial# 137607
3 3905 4.75 22.56 Date Performed 28-Apr-08
4 3864 45,75 2093.06 | Count time interval (minutes) 1
5 3910 -0.25 0.06 Source Used Tc-99
6 3980 -70.25 4935.06
7 3843 66.75 4455.56
8 3997 -87.25 7612.56
9 3808 101.75 10353.06
10 3965 -55.25 3052.56
11 3918 -8.25 68.06
12 3913 -3.25 10.56
13 3875 34.75 1207.56
14 3856 53.75 2889.06
15 3809 100.75 10150.56
16 4061 -151.25 22876.56
17 3900 9.75 95.06
18 3912 -2.25 5.06
19 4005 -95.25 9072.56
20 3876 33.75 1139.06
Sum total 78195 82447.8
Xm 3909.8
| X% = 21.09 |

Note: Accept y ? if between 8.91 and 32.8
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PROJECT NAME

[Boeing SSFL RMHF

Building Survey

Instrument Efficiency Calculator (Rev 2)

Initial Source

DPM on Date

DPM half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
SOURCE [ 21,800 | 2.11E+05 | 4/28/2008 | 3.285E-06 | 5.84 | 21800 |
ISOTOPE SOURCE ID #: CREATION DATE:
| Tc-99 | 4003-02 | 6/26/2002 | uCi on Date
Source uCi  half life, yrs Decay-to-Date lamda, yr-1 decay, yrs Efficiency Performed
I I I I I I |
DPM Based pCi Based

Average Average Source Calculated Calculated Source plus

background plus background Efficiency, Efficiency, Background Background

counts, cpm counts, cpm cpm/dpm cpm/dpm Counts, cpm Counts, cpm
| 59.8 | 3907.0 [[ 0176 | [ 61.1 3932
57.4 3866
56.7 3905
For: 59.5 3864
Instrument/Probe |[Ludlum 2929 w 43-10-1 59.5 3910
Serial numbers |137607/PR142936 60.3 3980
60.7 3843
60.2 3997
By: 61.8 3808
Name Date Performed 60.5 3965
B. Badaoui 4/29/2008 Average 59.8 3907.0
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CABRERA ALPHA-BETA COUNTING INSTRUMENT (Rev 2)

Counting Instrument: Ludlum 2929 Detector: 43-10-1 Cal. Date:| 4/22/2008
Serial #: 137607 Serial #: PR142936 Cal. Due Date OK? OK
Detector Active Area or Area Covered by Smear (cm 2): 100
Control Chart
Original Source Source Required MDA Contrc_)l Chart & Daily Control Chart Control C;:&:g;ihkagrt Control Chart
. - ) Decayed ».| & Daily Bkg Source- [ bkg Average | Chart bkg 1 source 1
Efficiency | Source | =~ Source | Activity (BPM) | Source Creation Activity | (PPM/I00CMY) | 5 Time Sample o/B cpm | sigma, cpm Average a/p sigma, cpm
(fraction) | Nuclide | Number Date Ty (yr) Count Time cpm
Alpha 0.3520 Th-230 4006-02 26,100 6/26/2002 7.70E+04 26,099 500 10 1 0.53 0.27 9184.6 153.20
Beta 0.1760 Tc-99 4003-02 21,800 6/26/2002 2.13E+05 21,800 500 10 1 59.77 1.60 3847.2 62.24
Date Daily Bkg Counts | Daily Check Source Counts Daily Bkg Rate (cpm) Net Daily Source Rate (cpm) Bkg QC Pass/Fail Source QC Pass/Fall o MDA | B MDA
Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta MDA o. (dpm) | MDA B (dpm){ OK? OK?
4/29/2008 6 604 9147 3907 0.6 60.4 9146.4 3846.6 PASS PASS PASS PASS 16.12 169 Yes Yes
4/30/2008 3 589 9122 3895 0.3 58.9 9121.7 3836.1 PASS PASS PASS PASS 13.89 168 Yes Yes
5/1/2008 2 605 9014 3891 0.2 60.5 9013.8 3830.5 PASS PASS PASS PASS 12.91 170 Yes Yes
5/2/2008 1 574 9035 3874 0.1 57.4 9034.9 3816.6 PASS PASS PASS PASS 11.62 166 Yes Yes
5/5/2008 4 625 9099 3900 0.4 62.5 9098.6 3837.5 PASS PASS PASS PASS 14.72 172 Yes Yes
5/6/2008 9 581 9244 3802 0.9 58.1 9243.1 3743.9 PASS PASS PASS PASS 17.82 166 Yes Yes
5/7/2008 2 615 9012 3860 0.2 61.5 9011.8 3798.5 PASS PASS PASS PASS 12.91 171 Yes Yes
5/8/2008 4 603 9097 3908 0.4 60.3 9096.6 3847.7 PASS PASS PASS PASS 14,72 169 Yes Yes
5/9/2008 3 597 9066 3915 0.3 59.7 9065.7 3855.3 PASS PASS PASS PASS 13.89 169 Yes Yes
5/12/2008 1 581 9053 3959 0.1 58.1 9052.9 3900.9 PASS PASS PASS PASS 11.62 166 Yes Yes
5/13/2008 1 628 9118 3950 0.1 62.8 9117.9 3887.2 PASS PASS PASS PASS 11.62 172 Yes Yes
5/14/2008 2 614 9005 3885 0.2 61.4 9004.8 3823.6 PASS PASS PASS PASS 12.91 171 Yes Yes
5/15/2008 3 620 9068 3995 0.3 62.0 9067.7 3933.0 PASS PASS PASS PASS 13.89 171 Yes Yes
5/16/2008 3 598 9195 3998 0.3 59.8 9194.7 3938.2 PASS PASS PASS PASS 13.89 169 Yes Yes
5/19/2008 1 586 9065 3939 0.1 58.6 9064.9 3880.4 PASS PASS PASS PASS 11.62 167 Yes Yes
5/20/2008 2 600 9242 3844 0.2 60.0 92418 3784.0 PASS PASS PASS PASS 12.91 169 Yes Yes
5/21/2008 3 598 9256 3987 0.3 59.8 9255.7 3927.2 PASS PASS PASS PASS 13.89 169 Yes Yes
Page 1 of 1
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Ludlum Model 2929 Smear Counter

Initial Background and Source Counts for Control Chart

Initial bkg counts

Initial source plus bkg counts

# Alpha cpm Beta cpm Alpha cpm Beta cpm

1 5.00 0.5 611.00 61.1 9213 9213 3932 3932

2 6.00 0.6 574.00 57.4 9486 9486 3866 3866

3 3.00 0.3 567.00 56.7 9140 9140 3905 3905

4 4.00 0.4 595.00 59.5 9007 9007 3864 3864

5 10.00 1 595.00 59.5 9352 9352 3910 3910

6 7.00 0.7 603.00 60.3 9069 9069 3980 3980

7 3.00 0.3 607.00 60.7 9120 9120 3843 3843

8 6.00 0.6 602.00 60.2 9237 9237 3997 3997

9 1.00 0.1 618.00 61.8 8995 8995 3808 3808

10 8.00 0.8 605.00 60.5 9232 9232 3965 3965
Mean 0.53 59.8 9185.1 3907.0

Sy 0.27 1.60 153.36 62.23
-3 sigma -0.27 54.98 8725.02 3720.30
+3 sigma 1.33 64.56 9645.18 4093.70
-2 sigma 0.00 56.58 8878.38 3782.53
+2 sigma 1.06 62.96 9491.82 4031.47
Mean-bkg| 9184.6 3847.2

S 153.20 62.24
Mean-bkg| -3 sigma | 8724.98 3660.50
Mean-bkg| +3 sigma | 9644.16 4033.96
Mean-bkg| -2 sigma | 8878.17 3722.74
Mean-bkg| +2 sigma | 9490.97 3971.72

Page 1 of 1
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Inst.# 104556

QC Daily Source

Inst.# 104556

Source Ser. #

53

Initial Source Readings

Nuclide

Co-57

Date Result (cpm)
4/28/2008 10
4/28/2008 12
4/28/2008 10
4/28/2008 10
4/28/2008 15
4/28/2008 12
4/28/2008 10
4/28/2008 10
4/28/2008 15
4/28/2008 15

Average
12

Date Result (cpm) P/F
4/28/2008 10 Pass
4/29/2008 10 Pass
4/30/2008 12 Pass

5/1/2008 10 Pass
5/2/2008 12 Pass
5/5/2008 12 Pass
5/6/2008 10 Pass
5/7/2008 10 Pass
5/8/2008 14 Pass
5/9/2008 14 Pass
5/12/2008 10 Pass
5/13/2008 10 Pass
5/14/2008 10 Pass
5/15/2008 10 Pass
5/16/2008 10 Pass
5/19/2008 10 Pass
5/20/2008 10 Pass
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Inst.# 104556

QC Daily Source

Inst.# 104556

Source Ser. #

1698-03

Initial Source Readings

Nuclide

Cs-137

Date Result (cpm)
4/28/2008 900
4/28/2008 1,000
4/28/2008 900
4/28/2008 1,000
4/28/2008 900
4/28/2008 900
4/28/2008 1,000
4/28/2008 900
4/28/2008 900
4/28/2008 1,000

Average
940

Date Result (cpm) P/F
4/28/2008 1,000 Pass
4/29/2008 900 Pass
4/30/2008 1000 Pass

5/1/2008 900 Pass
5/2/2008 900 Pass
5/5/2008 900 Pass
5/6/2008 1000 Pass
5/7/2008 900 Pass
5/8/2008 900 Pass
5/9/2008 900 Pass
5/12/2008 900 Pass
5/13/2008 900 Pass
5/14/2008 1000 Pass
5/15/2008 900 Pass
5/16/2008 1000 Pass
5/19/2008 900 Pass
5/20/2008 1000 Pass
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EBERLINE

SERVICES

CERTIFICATE OF CALIBRATION

Electroplated Beta Standard

5.C.4 3905
P.O. % 0423

Description of Standard:

Model HNo. DNS-12 Serial No. 4003-02 Isctope Tc-99
Electroplated on polished SS disc, 0.79 mm thick.
Tetal diameter of 4.77 cm and an active diameter of 4,45 cm.

The radioactive material is permanently fixed to the disc by heat treatment without any
covering over the active surfice.

Measurement Method:

The 2pi beta emission rate was measured using an internal gas flow proportional chamber.
Absolute counting of beta particles emitted in the hemisphere above the active surface was
verified by counting above, below, and at the operative wvoltage. The calibration is
traceable to NIST by reference Lo an NIST calibrated beta socurce S/N 2148/90

Measurement Result:

The observed beta count rate from the surface of the disc per minute {cpm) on the
calibration date was:

13,600 + 409

The total disintegration rate {(dpm) assuming 25 % backscatter of beta particles from
the surface of the disc, was:

21,800 + 654 { 0.00983 #Ci)
The uncertainty of the measurement is 3 %, which is the sum of random counting error
at the 98% confidence level, and the estimated upper limit of systematic error in this

measurement.

-
| ‘s
Calibrated by: ART REUST Reviewed by: :5@1}5§4L_4___-__4r“*-
-] S S .
Calibration Technician: E é ¢ Z zé ZAA z Q.4A. Representativ

Calibration Date: 6~26-2002 Reviewed Date: d wl T D2

Analytical Services

7021 Pan American Freeway NE
Albuguerque, New Mexico B7109-4238
{505) 345-3481 Fax (585) 761-5416
TUIM%&%@%-MBS (723-5227)

www.eberlineservices.com




EBERLINE

SERVICES

CERTIFICATE OF CALIBRATION

Electroplated Alpha Standard

S.0. 4 3905
P.O.# 0423
Description of Standard:
Model No. DNS-11 Serial No, 4006-02 Isotope Th-230
Electroplated on polished SS disc, 0.7% mm thick,
Total diameter of 4.77 cm and an active diameter of 4.45 cm.

The radicactive material is permanently fixed to the disc by heat treatment without any
covering -over the active surface.

Measurement Method:

The Z2pi alpha emission rate was measured using an internal gas flow proportional
chamber. BAbsclute counting of alpha particles emitted in the hemisphere above the
active surface was verified by counting above, below, and at the operative voltage.
The calibration 1s traceable to NIST by reference to an NIST calibrated alpha source
S/N 2393/81

Measurement Result:

The observed alpha particles emitted from the surface of the disc per minute |
the calibration date was:

[§]
'
2

O

i

13,200 + 397

The total disintegration rate (dpm) assuming 1.5% backscatter of alpha particles from
the surface of the disc, was:

26,100 + 783 { 0.0118 UCil
The uncertainty of the measurement is 3 %, which 1is the sum of random counting
error at the 99% confidence level, and the estimated upper limit of systematic error in
this measurement,

\ \]
Calibrated by: ART REUST ReVieWEd by: \M :
Calibration Temmcm“‘%ﬁk Representative%zzﬂg&zzéﬁzﬁ2%422

Calipration Date: 5-26-2002 Reviewed Date: é ~A7 -0 A

Analytical Services

7021 Pan American Freeway NE
Albuguergue, New Mexico 87108-4238
{505) 345-3461 Fax {505) 761-5416

ToliMopentB @) Rade RRAS {723-5227)
www.eberlineservices.com




Certificate of Calibration €RG

Environmental Restoration Group, Inc.

2 Channel Sealer Certificate of Calibration 8809 Washington St. NE, Suite 150
Atbuguerqus, NM 7113
(505) 268-4224
Manufacturer: Ludlum Modei: 2929 Serial No.: 137607

All Ranges Calibrated Electronically; Ludlum Pulser Generator Serial No.: 9774300 20193213

‘This calibration conforms to the requirements and acceptable calibration conditions of ANSI N323A - 1997, N323D - 2002
NMRCB Registration No. 481-3 « Calibration of Radiatior Detection Instruments & Devices

EIMechanicat ck. E)Meter Zeroed [DGeotropism ek, [IF/S Response ck. [BJ Audio ck.
OTHR/WIN ck. High Voltage ck. 500v [ 1000v E1500v L Battery ck. (min 4.4 vde)
Alpha Threshold.: 170 mV Beta Threshold.: 4 mV Beta Window.: 50 mV
Voltage setting; 650 volts= 270 o3 HV Dial {Pot)

Instrument found within tolerance (+/- 10%) DOYes No

Reft Alpha Channel Digital Readout Beta Channel Digital Readout
eference
Setting Instrument Integrated Counts Instrument Integrated Counts
"As Found Reading” {1-minute count) "As Found Reading" (1-minute count)
400 Kepm 400 Kcepm 399843 400 Kcpm 399854
40 Kcpm 40 Kepm 39995 40 Kepm 39088
4 Kepm 4 Kepm 3999 4 Kepm 4000
400 cpm 400 cpm 399 400 epm 398
Calibrated By:_(§ S Calibration Date: lf'}rz‘og

Calibration Due: ff’} 2-0 ?
Reviewed By: C/Ln»-{; / L Date: V{/ZS’//E’

ERG Form 1.62D
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Certificate of Calibration €ERG

Environmental Restoration Group, Inc.

Voltage Plateau Form 8809 Washington St. NE, Suite 150
Albuguerque, NM 87113
(503) 298-4224

Detector Mfg.. Ludlum Model:__43-10-1 Sertal No.: PR142036

Counter Mfg.: Ludlum Model: 2929 Serial No.: 137607

“This calibration conforms to the requirements and acceptable calibration conditions of ANSI N323A - 1997.
NMRCB Registration No. 481-3 » Calibration of Radiation Detection Instruments & Devices

Alpha Threshold: 170 mV Beta Threshold: 4 mV  Beta Window: 50 mv
Geometry / Distance to source:____In planchett  Cable Length:[1 39 inch  [JOther:
Alpha Source: [ th230 @ 13,000 dpm (2/14/08) sn: 4098-03 I Other:
Beta Source: [Z] Tc99 @ 16,800 dpm (2/14/08) s 4699-03 B other:
Count Time: I minute(s)
. Alpha Source Counts Beta Source Counts Background Counts Pot.
High Voltage .
Alpha | Beta Alpha Beta Alpha Beta Setting
600 4539 240 3 2493 0 39 2.50
— 650 4742 303 2 3177 1 63 2.70
700 4876 482 4 3915 1 73 390
750 4840 743 5 4135 0 97 3,10
Comments: Recommended Operating High Voltage: 650 volts

Catibrated By: ﬁ Calibration Date: -2 -0&
. Calibration Due: V ’)‘ l - d C))
Reviewed By: (/ Lo f }f? ‘ )—\ Date: ‘f/ 23 / oF

ERG Form 1.03C
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Designer and Manufacturer LUDLUM MEASUREMENTS iINC
of ! y
- . POST OFFICEBOX 810  PH. 325-235-5494
Scientific ang! Industiai
e T CERTIFICATE OF CALIBRATION 501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556, U.S.A.
CUSTOMER ERG [ENVIRO SES GRP) ORDER NO. 282438 / 316559
Mifg. Ludlum Megsurements, Inc. Model 19 SericaiNo. JOYSS 6
Mig. Maodel Serial No.
Cat. Date 24-Aug-07 Cai Due Date 24-Aug-08 Cal. interval 1 Year  Meterface  202-014
Check mark @cppiies to applicable instr. and/or detector IAW mfg, spec. T._ 73 °F RH 59 % Al 6978 mm Hg
T Newlnsirument  insfrument Received mh‘hm Toler. +-10% [ ] 10-20% [ ] Out of Tol. [} Requiing Repalr [ ] Other-See comments
! Mechanical ck. v Meter Zeroed 1 Bockground Subtract [ 1 Input Sens. Linearity
! F/SResp. ck v Reset ck. ™ window Operation ] Geofropism
Wl Audio ck. [ Alarm setting ck. [ Bait, ck. (Min. Voit) ___ 22 vDC
(i Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. [foolibrqted in accordance with LML SCP 14.9 rev 02/07/97.
Threshold mv
Instryment Volf Set 2 SQ v Input Sens. 3_’1 mV Det, Oper, vV at mV  Dial Ratio =
T ] HVY Readout (2 points}  Ref./lnst,. /- VvV Ref./nst. / N4
COMMENTS:
Samma Calibration: GM detectors positioned perpendicular to scurce except for M 44- in which the frant of probe faces source.
' REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
5000 4000 uR/hr . &Hopo o 17171 7)
5000 1000 uR/hr 1000 foon
500 400 UR/hr= 24 G OO Cpr 390 oo
500 100 yR/hr 1o 100
250 . 200 UR/nr= .32 Yan cjg‘-._-.. A00 A00
250 . 100 UR/hr oo 185
50 __716o cpm Ho 40
50 1790 cpm /D LD
25 2740 copm —AO . 20
25 235 cpm S 5
*Uncertainty within = 10%  C.F. within + 20% 50, 25 Range(s) Calibrated Elecironically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*
digitat Log
leadout . Scale _
Jdlum Measurernents, Inc. certifies that the above Insfrument has been calibrated by standards fraceable fo the Natlonat Institute of Standards and Technology., or to the calibration faciliies of
ther International Standards Organization merbers, or have been derived from accepted values of natural physical constants or have been derived by the ratic type of calibration techniques.
e calibration system conforms fo the requirements of ANSINCSL Z540-1-1994 and ANSE N323-1978 State of Texas Calibration License No. LO-1963
Reference Instruments and/or Sources: [ _is3avsnnize [ Inar ran
5137 GammasiN [ 1ne2 [Honz Ulmses Tlsios [Omioos Tltare [less2 [ Jesst [1720 J7ae 1416 L) Neutron Am-241 Be 5/N T-304
{1 Alpha /N ] BetaS/N [] Other
v’ m 500 S/N 189506 1 Oscilloscope S/N v Multimeter S/N 57390613
Calibrated By: {,._)LQ,QM femmalen Date 24 - ﬁu_g»mf ~n7
¥
Reviewsd By: ?\ ol Hn_. - Date _ 2.4 (:L:\‘ vl
This cerfificate shali not be reproduced except in full, without the wiitten approval of Ludium Medasurements, Inc. AC Inst. D Passed Dieleciw@ﬁ@ﬁ’@ﬂ Drléa@erﬁ@uiiy Test
FORM C22A  01/24/2007 only [ Failed:




Certificate of Calibration €nG

Environmental Restoration Group, Inc.
Ratemeter Certificate of Calibration 8809 Washingtion St. NE, Suite 150

Albaguerque, NM 87113
{505)298-4224

Manufacturer;: Ludham Model: 2360 Serial No.: 184951

All Ranges Calibrated Electronically; Ludum Pulser Generator Serial No..  [97743  []201932

This calibration conforms to the requirements and acceptable cafibration conditions of ANSI N323A - 1997,
NMRCB Registration No. 481-3 + Calibration of Radtation Detection Instruments & Devices

[¥]Mechanical ck. [FIMeter Zeroed  [Geotropism ck. [JF/S Respon:e,e ck. BAudio ck.
FITHR/WIN ck. High Voltage ck. I 500v B 1000v [E1500v Battery ck. {min 4.4 vdc)
Alpha Threshold.: 120 1V Beta Threshold.:__ 4 mV Beta Window.: %% mV
[nternal Calibration Date Reset Instrument found within tolerance (+/- 10%) Yes No [

Reference Settin, Instrument Instrument
g "As Found Reading” Meter Reading
400 Kepm +/- 10% 400 Kepm
100 Kepm +/- 10% 100 Kepm
40 Kepm +/- 10% 40 Kcpm
16 Kepm +/- 10% 10 Kepm
4 Kepm +- 10% 4 Kepm
1 Kepm +- 10% 1 Kepm
400 cpm +- 10% 400 cpm
100 cpm +- 10% 100 cpm
, Instrument Integrated Counts
Reference Setting "As Found Reading” (-rainute count)
400 Kepm +i- 10% 358303
40 Kepm +- 10% 39896
. 4003
4 Kcpm +H-10%
400 cpm +/- 10% 400

)
Calibrated By:%l_\ Calibration Date:_1-30~ O g/

Calibration Due:_ /= 30°09

Reviewed By: %@%4/);)4/}(/[ Date: / - 3d-o&

ERG Form 1.02C
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Certificate of Calibration €ERG

Environmental Restoration Group, Inc.
Voltage Plateau Form 8809 Washington St. NE, Suite 150

Albuquerque, NM 87113

(505) 298-4224

Detector Mfg.:_ Ludlum Model:___ 43-68 Serial No.: PR1267%4
Counter Mfg.:_ Ludlum Model; 2360 Serial No.: 184351

This calibration ¢conforms to the requirements and acceptable calibration conditions of ANSI N323A - 1697
NMRCE Registration No. 481-3 = Calibration of Radiation Detection Instruments & Devices

Alpha Threshold: __ 120 mV Beta Threshold: 4 mV Beta Window: 50 mv
Detector geometry to source: M Face, [ Side, T Below, [ Other:

Distance to source: I Contact, [J 6-Inches, [J Other:

Alpha Source - w230 @ 13,300 dpm (1/19/07) sn: 4098-03 T Qther:

Beta Source:lZ] Tc9o @ 17,800 dpm (1/15/07) sn: 4099-03 [J Other:

Count Time:__1 Minute

High Alpha Source Counts Beta Source Counts Background Counts

Voltage Alpha Beta Alpha Beta Alpha Beta

1550 1959 1064 5 4012 3 229

1575 1952 1094 9 4198 3 219

-7 1600 2162 1186 25 4440 4 317
1625 2411 1099 164 3983 4 326

1656 2599 9354 364 3143 21 300

ov &al
Comments: Recommended Operating High Voltage: " 1EER volts

Calibrared By A3Vt Calibration Date: 1= S0 O &
Calibration Due: - I0- O C{

Reviewed By: %JW/} m\,/é Date: /'~ 55) o8

ERG Form 1.03B
Appendix D Page 27



Certificate of Calibration

€RG

Enviroamental Restoration Group, Inc.
Ratemeter Certificate of Calibration 8809 Washingtion St. NE, Suite 150
Albuquerque, MM 87113
{5035) 2984224

Manufacturer:  Ludlum Model: 2360

Serial No.: 184433
All Ranges Calibrated Electronically; Ludlum Pulser Generator Serial No.:

97743 201932

This calibration conforms 0 the requirements and acceptable calibration conditions of ANSI N323A - 1997
NMRCE Registration No. 481-3 » Calibration of Radiation Detection Instruments & Devices

FIMechanical ck. AMeter Zeroed [FAGeotropism ck. [JF/S Response ck.  [#lAudio ck.
EITHR/WIN ck.  High Voltage ck. B500v [A1000v Fi500v

Bane}(cjk. {min 4.4 vdc)
Alpha Threshold.._ 120 mV Beta Threshold..

mV Beta Window.: Hr (G v

jus}
Internal Calibration Date Reset Instrument found within tolerance (+/- 10%) Yes ] No [J

Reference Settin {nstrument Instrument
ene g "As Found Reading” Meter Reading
400 Kcpm 400 Kepm 400 Kcpm
100 Kepm 100 Kepm 100 Kepm
40 Kcpm 40 Kepm 40 Kcpm
10 Kepm 10 Kepm 10 Kcpm
4 Kcpm 4 Kepm 4 Kepm
1 Kcpm 1 Kepm I Kepm
400 cpm 400 cpm 400 epm
100 cpm 100 cpm 100 cpm
. Instrument Integrated Counts
Reference Setting "As Found Reading” {1-minute count}
400 Kepm /- 10% 398814
40 Kepm +/- 10% 39889
4 Kepm +/- 10% 3989
400 cpm +- 10% 399
W\(\
Calibrated By: M . Calibration Date: {-2.2 'Cé’

Calibration Due: 22 ’()C;

Reviewed By: C W

Date: Lff/l 3]/9%’

ERG Form 1.52C

Appendix D Page 28




Certificate of Calibration €RG

Environmental Restoration Group, Inc.

Yoltage Plateau Form 8809 Washington St. NE, Suite 150
Albugquerque, NM 87113
(505) 298-4224
Detector Mfg.: Ludlum Model: 43-68 Serial No.: PR190450 |
Counter Mfg.;__ Ludlum Model:___ 2360 Serial No.: 184533 |

This calibration conforms to the requirements and acceptable calibration conditions of ANSIN323A - 1997,

NMRCB Registration No. 481-3 » Calibration of Radiation Detection Instruments & Devices

Alpha Threshold: 120 mV Beta Threshold: 4 mV Beta Window: 30 mV
Detector geometry to source: B Face, O Side. [3 Below, &3 Other:

Distance to source: ) Contact, [J 6-Inches, [ Other:

Alpha Source :[@lTh236 @ 13,000 dpm (2/14/08) sn: 4098-03 [ Other:

Betz Source:[A Tc99 @ 16,500 dpm (2/14/08) sn- 4099-03 [ Other:

Count Time:__ 1 Minute

High Alpha Source Counts Beta Source Counts Background Counts
Voltage Alpha Beta Alpha Beta apha | Bea
1500 907 1046 16 2967 1 127
1550 1509 1103 21 4248 3 228
1575 1816 1091 37 4324 1 233
— 1600 1813 1157 28 4351 3 3
1625 1816 1091 99 3832 8 295
1650 2035 886 411 3028 29 257
1700 3637 391 4297 289 266 53

Commenis: Recommended Operating High Voltage: 1600 volts

A A

Calibrated By: agf ] Calibration Date:_ 7 22-0&
Calibration Due: q-22- Oq

Reviewed By: C /(JMJQ ,ﬂ 1\ Date: Y ! 23 /0 &

ERG Form 1.03B
Appendix D Page 29



ERG Form 1.03B

Certificate of Calibration €ERG

Environmental Restoration Group, Inc.

Voltage Plateau Form 8809 Washington St. NE, Suite 150
Albuquerque, NM 87113
(505) 298-4224
Detector Mfg.: _ Ludlum Model:___ 43-37 Serial No.: PR113577
Counter Mfg.: _ Ludlum Model:__ 2224 Serial No.: 143031

This calibration ¢enforms to the requirements and acceptable calibration conditions of ANSI N323A - 1997,
NMRCB Registration No. 481-3 + Calibration of Radiation Detection Instruments & Devices

Alpha Threshotd: 190 mV  Beta Threshold: _ 4 mV Beta Window: 40 mv
Detector geometry to source: BB Face, [ Side, [ Below, [J Othes:

Distance to source: [ Contact, [ 6-Inches, [ Other:

Alpha Source B30 @ 13,000 dpm (2/14/08) sn: 4098-03 O other:

Beta Source: I Tco0 @ 16,360 dpm (2/14/08) sa: 4095-03 [[] Other:

Count Time:__I Minute

High Alpha Source Counts Beta Source Counts Background Counts
Voliage Alpha Beta Alpha Beta Alpha Beta
1650 1142 1700 18 4142 21 391
1673 1254 1913 23 4225 13 1116
1700 1580 2273 30 4531 21 1454
1725 1740 2342 126 43359 38 1653
Comments: Recomunended Operating High Voltage: 1675 volts

f’

Reviewed By: ( /LL"-’& ,ﬂ ’ )\ Date: 9 / ?-3/'3’?

Al
Calibrated By: M Calibration Date:_ % *%08

Calibration Dug: #-2 29T
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Certificate of Calibration

€RG

Environmental Restoration Group, Inc.
8309 Washingtion St. NE. Swite 150
Albuquerque, NM 87113

(503) 298-4224

Ratemeter Certificate of Calibration

Manufacturer;  Ludlum Model: 2224

Serial No.: 143031
All Ranges Calibrated Electronically; Ludlum Pulser Generator Serial No.:

397743 201932

This catibration conforms to the requirements and accepiable calibration conditions of ANSI N32Z3A - 1957
NMRCB Registration No. 481-3 + Calibration of Radiation Detection Instruments & Devices

BIMechanical ck. [Meter Zeroed  [FlGeotropism ok, [3F/S Response ck.  BJAudio ck.

CITHR/WIN ck.  High Voltage ck. B 500v B1000v [F1500v

Alpha Threshold.:__ 100

Battery ck. (min 4.4 vdc)
mV Beta Threshold.;_ *

mV Beta Window.. %0 mv
Internal Calibration Date Res%nstmmem found within tolerance {+/- 10%} Yes No ]

. Instrum
Reference Setfing s ent

Instrument
"As Found Reading" Meter Reading
400 Kcpm 400 Kcpm 400 Kcepm
106 Kepm 100 Kepm 100 Kepm
40 Kepm 40 Kcpm 40 Kcpm
10 Kepm 16 Kepm 10 Kepm
4 Kepm 4 Kcpm 4 Kepm
1 Kepm 1 Kepm 1 Kepm
400 cpm 400 cpm 400 cpm
160 ecpm 100 cpm 100 cpm
Reference Settng «As Found Reaing’ oo

400 Kepm e 10% 369801

10 Robm - 10% 39982

4 Kepm e 10% 3994

400 cpm +/- 10% 400

prd

Calibrated B: b Calibration Date:_¥-2 2-0 &

Calibration Due; L/’.LZ.. -© CI‘

Reviewed By: _C/ M /ﬁ ,.)\

Date: L}‘/23/03'

ERG Form 1.02C
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Certificate of Calibration

€RG

Environmental Restoration Group, [nc.
Ratemeter Certificate of Calibration 8309 Washingtion St. NE, Suite 150
Albuquergue, NM 87113
(305) 298-4224

Manufacturer;Ludium Model: 2224 Serial No.: 146714

All Ranges Calibrated Electronically; Ludhum Pulser Generator Serial No.:

97743 201932

This caifbration conforms te the requirements and acceptable calibration conditions of ANST N3234 - 1957
NMRCB Registration No. 481-3 + Calibration of Radiation Detection Instruments & Devices

FIMechanicat ck. [FMeter Zeroed [MGeotropism ck. [JF/S Response ck.  FlAudio ck.

CJTHR/WIN ck.  High Voltage ck. B 500v M 1000v E1500v

Alpha Threshold.: 100 mV Beta Threshold.:_ #

Internai Calibration Date Reset

Battery ok, (min 4.4 vde)
mV Beta Window.._ 40 mv

Instrument found within tolerance (+/- 10%) Yes No [

Reference Setting . Instrument - Insn'mnen't
*As Found Reading Meter Reading
400 Kcpm 400 Kcpm 400 Kcpm
100 Kcpm 100 Kepm 100 Kepm
40 Kcpm 40 Kcptn 40 Kcpm
10 Kepm 10 Kepm 10 Kepm
4 Kepm 4 Kcpm 4 Kepm
1 Kepm 1 Kepm 1 Kepm
400 cpm 400 cpm 400 cpm
100 cpm 100 cpm 100 cpm
Reference Setting Instrument Integrated Counts

"As Found Reading”

{ i-minute count)

400 Kcpm +-10% 398642

40 Kepm +/- 10% 39869
4 Kopm +-10% 3988

400 cpm

AM’L/

Calibrated BYZM Calibration Date: ¥l2-0&

Calibration Due: 4/—‘22' i OT

Reviewed By: C’Mﬂ )-\ Date: ‘leB/‘}é'

/- 10% 399

ERG Form 1.02C
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€RG

Environmental Restoraticn Group, Inc.
8809 Washington St. NE, Suite 150
Albuquerque, NM 87113

Certificate of Calibration

Voltage Plateau Form

(505) 298-4224
Detector Mfz.:  Ludium Model: 43-37 Serial No.: PR124946
Counter Mfg.: _Ludlum Model: 2224 Serial No.: 146714

This calibration conforms to the requirements and aceeptable calibration conditions of ANSI N323A - 1997,
NMRCE Registration No. 481-3 « Calibration of Radiation Detection Instruments & Devices

100

Alpha Threshold: mV Beta Threshold: __ 4 mV Beta Window: 40 mV

Detector geometry to source: B Face, [ Side, [J Betow, £ Other:
Distance to source: M Contact, [} 6-Inches, [0 Other:

Alpha Source :Bn30 @ 13,000 dpm (2/14/08) sn: 4098-05 [ Other:

Beta Source:BTc99 @ 16,800 dpm {2/14/68) sm: 4099-03 [ Other:

Count Time: 1 Minute
High Alpha Source Counts Beta Source Counts Background Counts
Voltage Alpha Beta Alpha Beta Alpha Beta
1650 1257 [553 13 4005 1§ 878
— 1675 1165 1835 9 4220 9 1160
F700 1366 2234 17 4138 17 1445
1725 1530 2112 108 4409 34 1528
Comments: Recommended Operating High Voltage: 1675 volts

Calibrated By: Calibration Date: #-22.-0&

Calibration Due:_ &' -2&-©S
Date:_ Y / 1% I ik

Reviewed By: C )‘“"’e/ L

ERG Form 1.038
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